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Preface

The border territory between normal obstetrics and
critical care is little understood and lightly inhabited.
Pregnancy is a normal event in the lives ofmost women,
undertaken happily with the expectation of a joyful
result.

Yet critical illness may afflict a pregnant woman.
She may have a preexisting medical condition which
complicates, or is complicated by, the fact of preg-
nancy, such as heart disease or renal failure. Or she
may develop acute obstetric morbidity such as hem-
orrhage or eclampsia. Severe acute morbidity, even
mortality, may plague a woman during this time,
converting a joyous time to a tragedy.

Obstetricians and midwives, while accustomed to
supervising the normal process, are well prepared for
common obstetrical complications but not necessarily
for the rare life-threatening event. Intensivists, well versed
in the management of critical illness, are not generally
prepared for either the usual physiological alterations
brought about by pregnancy or for the complicating
presence of a fetus. Anesthesiologists, perhaps better
exposed to both sides, may nevertheless be more focused
on the acutemanagement of crisis in the operating room.

When a new mother, or mother-to-be, ends up in
the intensive care unit, it is a shock to all concerned: to
the woman herself, if she is aware; to her family; and
to the physicians and nurses that care for her in that
situation. Obstetricians are often intimidated by
the staggering complexity of intensive care, while
intensivists are often fetophobic. The balance of care
requires input from an entire team of care providers
with varying expertise.

Hence this book.We havemade an attempt, in these
pages, to review both the obstetric and critical care
issues, and we have solicited input from a distinguished
group of authors on both sides of the aisle. Wherever
feasible, we have sought to have chapters collaboratively
authored by experts in more than a single specialty:
we wanted the most diverse set of viewpoints available.
Understanding that practice may vary across regions,
we have recruited those experts internationally.

It is our hope that the reader, whether novice or
expert, will find something here to be useful or thought
provoking, and that the team approach that drove
this book will echo in the clinical hallways where our
patients, and yours, are managed.

xv





Chapter

1
The scope for maternal critical care:
epidemiology
Victoria M. Allen, Thomas F. Baskett, and Kathryn M. Rowan

Definitions of maternal mortality
and maternal near miss
Pregnancy-related death is defined by the World Health
Organization (WHO) as the death of a woman while
pregnant or within 42 days of termination of pregnancy
despite the cause of death [1]. Although a relatively rare
event in developed countries, accurate assessment
and surveillance of maternal deaths is difficult in the
absence of structured obstetric review [2]. While the
Confidential Enquiries into Maternal Deaths and Child
Health (CEMACH) in the UK is an established assess-
ment of maternal mortality [3], evaluation of maternal
mortality and significant maternal morbidity in North
America has proven to be challenging. In the USA,
surveillance is limited by poorly defined or inconsistent
coding, or absence of documentation of pregnancy on
death certificates [4]. In Canada, the Canadian Perinatal
Surveillance System has identified variability in the
detail and quality of data, under-reporting of maternal
mortality by the Canadian Vital Statistics System, and
discrepancies in rates of selected severe maternal mor-
bidities, among both provincial and national data sour-
ces, as obstacles to the comprehensive determination of
rates of maternal mortality and significant maternal
morbidity [5]. In addition, information in Canada is
not systematically shared across administrative health
jurisdictions [5].

The study of maternal near miss, in addition to
maternal mortality, evaluates the provision of obstet-
ric care and allows for enhancement of such services
with the identification of deficiencies. The WHO
defines maternal near miss as a woman who nearly
died but survived a complication that occurred during
pregnancy, childbirth, or within 42 days of termina-
tion of pregnancy [1]. This definition resolves differ-
ences observed with previous near miss and severe

acute maternal morbidity definitions and is also
aligned with the definition of maternal death in the
International Statistical Classification of Diseases and
Related Health Problems, 10th edition (ICD-10 [1]).

Prevalence of maternal near miss
Maternal morbidity may be described as a continuum of
adverse events, progressing from normal pregnancy to
morbidity to severe morbidity to near miss to death [6].
An national evaluation of delivery hospitalizations in the
USA utilized the International Statistical Classification of
Diseases and Related Health Problems, 9th Revision,
Clinical Modification (ICD-9-CM) [7] codes for severe
maternal morbidity and showed 5 of every 1000 preg-
nant women had at least one indicator of severe morbid-
ity during their delivery hospitalization [8]. They found a
significant increase in coding for blood transfusion dur-
ing the study period (1991–2003), an important indicator
of severe obstetric hemorrhage. A similar study in
Canada from 1991–2001 found a severe maternal mor-
bidity rate of 4.4 per 1000 deliveries, and blood trans-
fusion was a leading contributor of severe morbidity [9].
The presence of major pre-existing conditions increased
the risk of severe maternal morbidity to six-fold [9].

Risk factors for maternal near miss
Extremes of age, pre-existing medical conditions, lan-
guage barriers, ethnicity, and socioeconomic status are
recognized risk factors for maternal and obstetric com-
plications. Older maternal age, African-American race
and Hispanic ethnicity, obesity, prior cesarean section,
and gravidity in particular were identified as risk factors
in a New York population of pregnant women [10]. In
the USA, social, economic, and medical conditions were
considered in an evaluation of maternal near miss in
African-American, Hispanic, and white populations,
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which demonstrated significantly higher rates of
maternal near miss among Hispanic, but not African-
American, women compared with white women (rela-
tive risk 1.45; 95% confidence interval, 1.14–1.84) [11].
In Canada, universal availability of healthcare, through
national and provincial funding programs, minimizes
discrepancies in access to obstetric care. However,
while specific information on vulnerable populations
such as Aboriginal women is not routinely available in
Canada, it is recognized that there are important differ-
ences in health and social indicators of Aboriginal
women compared with non-Aboriginal women [12]
that influence perinatal outcomes such as preterm
birth, stillbirth, and infant death [13]. Challenges to
providing safe obstetric care to Aboriginal communities
include limited resources, large geographic distances,
varying language groups, and differing cultural beliefs
and traditions [12]. Recognition of risk factors modifi-
able through medical care, education, or social support
systems is essential.

Preventability of maternal near miss
In the most recent CEMACH report, poor recognition
of early warning signs of impending maternal collapse
was highlighted as a primary contributor to maternal
morbidity and maternal near miss [3]. The report pro-
vided an example of an obstetric early warning chart to
assist in the timely recognition of women who have, or
are developing, a critical illness [3]. Following an exami-
nation of maternalmorbidity andmortality that showed
an association between preventable determinants and
progression from severe to near miss outcomes, a pre-
ventability model in maternal death and morbidity has
been developed and validated in the USA to identify
quality of care issues, and to apply this information in
the development of appropriate interventions for
change [14]. This analysis demonstrated that one third
of all cases of maternal morbidity and mortality were
preventable, and that the majority of the preventable
events was influenced by provider-related factors such
as delay or failure in diagnosis or recognition of high-
risk patient conditions, inappropriate treatment, and
inadequate documentation [14].

Classification of maternal near miss
An important challenge to the identification of mater-
nal near miss outcomes has historically been varying
definitions between local, national, and interna-
tional institutions. The majority of definitions may be

classified as clinically based, organ system based, or
management/intervention based [15]. Clinical criteria
related to disease-specific morbidities, such as severe
obstetric hemorrhage, are easily interpretable and
quantified and may be collected retrospectively.
Organ-system dysfunction criteria are based on abnor-
malities detected by laboratory tests, such as platelet
levels, and basic critical care monitoring. These criteria
establish patterns of disease and may be collected pro-
spectively, but they are influenced by the quality of care
and access to laboratories and critical care monitoring.
Management-based criteria, such as admissions to
intensive care units, have been employed in North
America to identify relevant patients; however, quality
of data may vary with distance to care, level of care
(intermediate versus intensive), and availability of
intensive care beds [15]. Recent international reviews
of obstetric admissions for critical care have demon-
strated that the overall requirement for intensive care is
low (mean incidence ≤ 5 per 1000 deliveries) [16,17].
While studies showing need for critical care in the USA
alone was consistent with overall rates [16], a recent
Canadian study demonstrated a rate of 0.5/1000 preg-
nant women requiring transfer to intensive care [18].

TheWHO has recently proposed that signs of organ
dysfunction following life-threatening conditions be
used to identify maternal near miss, so that the classi-
fication of underlying causes is consistent for both
maternal deaths and near misses. Comparability across
institutions would be feasible with the uniform use of
these definitions in international surveillance. With a
collaboration of clinicians, epidemiologists, program
implementers, and researchers, WHO established sev-
eral principles guiding a classification system designed
to optimize maternal near miss surveillance [1]; it was
required to be practical and understood by its users, with
underlying causes exclusive of all other conditions, and
compatible with the 11th revision of ICD. The definition
with identification criteria for maternal near miss was
developed and tested in datasets in Brazil and Canada
prior to review by the WHO Advisory Group [1].

TheWHOdefinition proposed a standard terminol-
ogy for cause of maternal death, including direct and
indirect maternal deaths and unanticipated complica-
tions of management, categorized by disease category
and individual underlying causes [1]. In addition,
maternal near miss is identified by a set of markers
that include basic laboratory tests, management-related
markers, and clinical criteria based on clinical assess-
ment (Table 1.1) [1]. Thresholds for these markers were

Section 1: General non-medical considerations
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Table 1.1. World Health Organization identification and classification of maternal near miss

Criteria Features

Clinical criteria

Acute cyanosis

Gasping Terminal respiratory pattern where the breath is convulsively and audibly caught

Respiratory rate >40 or <6/min

Shock Persistent severe hypotension, defined by a systolic blood pressure <90mmHg for ≥60
minutes with a pulse rate of at least 120 beats/min despite aggressive fluid
replacement (>2 L)

Oliguria non-responsive to fluids or diuretics Urinary output 30 mL/h for 4 hours or 400 mL/24 h

Clotting failure Assessed by the bedside clotting test or absence of clotting from an intravenous site
after 7–10 minutes

Loss of consciousness lasting ≥ 12 hours A profound alteration of mental state that involves complete or near-complete lack of
responsiveness to external stimuli; defined as a Coma Glasgow Scale <10 (moderate or
severe coma)

Loss of consciousness and absence of pulse/
heart beat

Stroke Neurological deficit of cerebrovascular cause that persists beyond 24 hours or is
interrupted by death within 24 hours

Uncontrollable fit/total paralysis Brain in a state of continuous seizure

Jaundice in the presence of pre-eclampsia Pre-eclampsia is defined as the presence of hypertension associated with proteinuria.
Hypertension is defined as a blood pressure of ≥140 mmHg (systolic) or ≥90 mmHg
(diastolic) on at least two occasions and at least 4–6 hours apart after the 20th week of
gestation in women known to be normotensive beforehand. Proteinuria is defined as
excretion of ≥300mg protein every 24 hours; if 24 hour urine samples are not available,
proteinuria is defined as a protein concentration of 300mg/L or more (≥1+ on dipstick)
in at least two random urine samples taken at least 4–6 hours apart

Laboratory-based criteria

Oxygen saturation reduced 90% for ≥60 minutes

Arterial oxygenation efficiency reduced Ratio of partial pressure of arterial O2 to the fraction of inspired O2 of 200 mmHg

Creatinine increased ≥300 μmol/L (≥3.5 mg/dL)

Bilirubin increased >100 mmol/L or >6.0 mg/dL

Severe acidosis ≤pH 7.1

Lactate increased >5 mmol/L

Acute thrombocytopenia Platelet count 50 × 109/L or less

Loss of consciousness and the presence of
glucose and ketoacids in urine

Management-based criteria

Use of continuous vasoactive drugs For example, continuous use of any dose of dopamine, epinephrine, or norepinephrine

Hysterectomy following infection or
hemorrhage

Transfusion required ≥5 units red cell transfusion

Intubation and ventilation For ≥60 minutes not related to anesthesia

Dialysis For acute renal failure

Cardiopulmonary resuscitation

Source: Reprinted from Best Practice & Research Clinical Obstetrics & Gynaecology, 23, Say L, Paulo Souza J, Pattinson RC, WHOworking group
on maternal mortality and morbidity classifications. Maternal near miss: towards a standard tool for monitoring quality of maternal
healthcare, pp. 287–296, Copyright (2009), with permission from Elsevier [2].)
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derived from the Sequential Organ Failure Assessment
score [19].

Maternal near miss surveillance
in the UK
In 2006, using management-based criteria of critical
care unit admission for maternal near miss, the
Intensive Care National Audit & Research Centre
incorporated surveillance of maternal near miss into
their national clinical audit, the Case Mix Programme,
covering more than 90% of adult, general critical care
units (intensive care or combined intensive care/high
dependency units) in England, Wales, and Northern
Ireland. Maternal near miss surveillance was incre-
mentally adopted by the participating units during
2006–2007.

For the period April 2008 to March 2011, of 289
669 admissions to 205 adult, general critical care units
(88% of all adult general critical care units), 127 804
(44.1%) admissions were women and 36 244 (28.4%)
were aged between 16 and 50 years. Of these, 2.2%
were currently pregnant and 9.8% were recently preg-
nant (within 42 days of admission to the critical care
unit). On extrapolation, maternal near miss (critical
care admissions of currently or recently pregnant
women) represented approximately 15.0 admissions
per 100 000 women aged 16 to 50 years, approximately
2.8/1000 live births, or approximately 2.8/1000
maternities.

For currently pregnant women, the primary reason
for admission to critical care was non-obstetric for the
majority (92%) while approximately two thirds of
recently pregnant women had an obstetric-related pri-
mary reason for admission. For all women aged
between 16 and 50 years admitted for critical care
and either currently or recently pregnant, Table 1.2
presents age, trimester, acute severity, mortality, and
length of stay. For currently pregnant women, median
gestation at admission to critical care was 26 weeks
(interquartile range (IQR), 19–32) and ranged from 2
to 40 weeks. For recently pregnant women, median
gestation at delivery was 38 weeks (IQR, 33–40) and
ranged from 2 to 45 weeks. Gestation (in weeks) by
outcome of recent pregnancy is presented in
Figure 1.1; 60% of recently pregnant women were
admitted to critical care on the same day as delivery,
a further 28% within 1 week, and 12% between 7 and
42 days following delivery. Delivery method is pre-
sented in Figure 1.2.

Future challenges for maternal
near miss surveillance
In addition to standardizing the identification of cases
of maternal near miss to allow improved data collec-
tion and comparability among institutions, it is
important to recognize factors that alter the rates of
maternal near miss and, therefore, influence a com-
parison of rates over time. Changing maternal chara-
cteristics, such as older maternal age and higher
pre-pregnancy obesity [20], increase the effect of these
risk factors on hypertension and diabetes in pregnancy.
Demographics of obstetric populations are becoming
more multiethnic and multicultural and, so far, data
on the adequacy of prenatal care has been insufficiently
collected [11]. Complications from pre-existing
medical conditions such as chronic heart disease are
emerging as an important cause of maternal near miss,
as improvements in medical care allow more women
to live to reproductive age [21]. Increasing numbers of
multiple gestations linked to the use of assisted repro-
ductive technologies alters the influence of twins and
higher-order multiples on significant adverse mater-
nal outcomes [18]. Increasing rates of cesarean deliv-
ery reflect these changing maternal and obstetric
factors [20]. Developing maternal–fetal medicine
interventions such fetal surgery for fetal structural
abnormalities have been associated with maternal
intensive care unit admissions after the procedures
[22]. Contemporary North American data during
pandemic influenza virus infection demonstrated
significant maternal morbidity and critical care
admission [23,24].

Conclusions
Complete and comprehensive surveillance of mater-
nal mortality and maternal near miss should increase
the consistency and accuracy of the data. Relevant
factors should be determined to delineate the inter-
actions between the healthcare system, the healthcare
provider, and the woman’s social and cultural deter-
minants in contributing to maternal near miss events.
Improved coding with comparable consistency
between institutions, and recognition of changing
obstetric practices such as increasing cesarean deliv-
ery rates and changing maternal characteristics,
could reduce maternal near misses and promote
healthy pregnancy outcomes. Continual surveillance
and reassessment of the influence of maternal disease
and obstetric outcomes on maternal near miss
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Table 1.2. Case mix, outcome, and length of stay for currently and recently pregnant admissions to UK critical care units, 2008 to 2010

Pregnancy status on admission to the critical care unit Currently pregnant Recently pregnanta

Number of admissions (%b) 775 (0.3) 3579 (1.3)

Age (mean years (SD)) 28.0 (6.6) 30.6 (6.4)

Gestation (No. (%))

First trimester 114 (14.9) 270 (7.9)

Second trimester 326 (42.6) 217 (6.4)

Third trimester 326 (42.6) 2926 (85.7)

ICNARC physiology score (mean (SD)) 12.3 (6.8) 11.7 (6.5)

APACHE II score (mean (SD)) 11.3 (5.2) 10.1 (4.7)

Surgical status (No. (%))

Non-surgical 685 (88.4) 1675 (46.8)

Elective/scheduled 11 (1.4) 176 (4.9)

Emergency/urgent 79 (10.2) 1728 (48.3)

No. critical care unit deaths (% (95% CI)) 16 (2.1) (1.3–3.3) 46 (1.3) (1.0–1.7)

No. acute hospital deathsc (% (95% CI) 24 (3.2) (2.2–4.8) 67 (1.9) (1.5–2.4)

Readmissions within the same acute hospital stay (No. (%)) 21 (2.7) 78 (2.2)

Days stay in critical care unit (median (IQR))

All 2.1 (1.0) (4.0) 1.1 (0.7) (2.1)

Unit survivors 2.0 (1.0) (4.0) 1.1 (0.7) (2.1)

Unit non-survivors 6.3 (2.2) (22.2) 3.3 (0.7) (6.5)

Total days stay in acute hospitalc (median (IQR))

All 8 (5) (14) 7 (5) (13)

Hospital survivors 8 (5) (14) 7 (5) (13)

Hospital non-survivors 12 (2) (29) 8 (2) (22)

APACHE, Acute Physiological and Chronic Health Evaluation; CI, confidence interval; ICNARC, Intensive Care National Audit & Research
Centre; IQR, interquartile range; SD, standard deviation
aWithin 42 days prior to admission to the critical care unit.
b Percentage of all admissions to the critical care unit.
c Excluding readmissions to the critical care unit within the same acute hospital stay.

Figure 1.1. Gestation by outcome for recently pregnant admissions
to UK critical care units, 2008 to 2010.

Figure 1.2. Delivery method for recently pregnant admissions to
UK critical care units, 2008 to 2010.
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prevalence should lead to the development or adop-
tion of evidence-supported obstetric care interven-
tions to effectively reduce maternal mortality and
near miss. Effective prevention policies are necessary
to influence the long-term outcomes associated with
maternal near miss.
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Chapter

2
Service organization: hospital
and departmental
Gerda G. Zeeman, Nadir Sharawi, and Geraldine O’Sullivan

Introduction
The evolution of critical care medicine started in the
1960s and guidelines for the design and staffing of critical
care units were developed further during the following
decades. The purpose of maternal high dependency or
critical care is to provide specialized care to the sick
parturient both antenatally and postpartum. The crit-
ically ill parturient is unique in that the needs of both
the mother and fetus have to be considered.

Delivering high-quality care to this high-risk group
can be challenging and involves a multidisciplinary
approach. The needs of such patients can be quite
complicated and may require input from obstetric,
anesthetic, medical, and surgical teams. Although
detailed guidelines for parturients in need of critical
care are sparse, several national professional organiza-
tions have made recommendations pertaining to the
role of critical care in the management of the obstetric
patient [1].

Since the early 1990s, a multitude of reports,
mainly retrospective with small sample sizes, has pro-
vided descriptive analyses of intensive care utilization
by critically ill parturients. Such reports reflect signifi-
cant variations in definitions of major morbidity,
patient populations, unit design, admission criteria,
usage rates, and outcomes [2–8]. Differences in access
to healthcare, nursing policies, hospital settings, and
management protocols add to the observed variations,
which make comparisons of prognostic factors, stand-
ards of care, and recommendations for improvement
difficult. Therefore, proposing maternal morbidity as
an indicator for quality measures of maternal services
is hampered.

Currently more research is needed to determine
the optimal location in a hospital for the sick parturi-
ent. At present, such care is often provided in a dedi-
cated critical care bay in or adjacent to the labor ward.

However the exact arrangement will depend upon the
local hospital configuration and provisions within the
regional area.

This chapter aims to provide an overview of hos-
pital and departmental service delivery issues, which
hospitals may use in formulating a service for the
critically ill parturient. As levels of evidence vary, this
overview is largely based on available consensus and
expert opinion.

What is maternal critical care?
Critical care refers to patients who have life-
threatening conditions and require continuous mon-
itoring with the support of specialist staff, equipment,
and medication. The term critical care encompasses
the older terminology of “high dependency” and
“intensive care.” A very important goal of maternal
critical care should be that of keepingmother and baby
together unless precluded by the clinical situation.

Defining the level of critical care required by preg-
nant or puerperal women will generally depend on the
type of support required as well as the number of
organ systems involved. The levels of support are
best based on clinical needs [9].

The UK Department of Health document
Comprehensive Critical Care [10] has recommended a
classification into four levels depending upon the level
of care required:

level 0: patients whose needs can be met through
normal ward care

level 1: patients at risk of their condition
deteriorating and needing a higher level of
observation or those recently relocated from
higher levels of care

level 2: patients requiring invasive monitoring/
intervention that include support for a single
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failing organ system (excluding advanced
respiratory support)

level 3: patients requiring advanced respiratory
support (mechanical ventilation) alone or basic
respiratory support along with support of at least
one additional organ.

The type of care provided to a patient should be
independent of location. For example, level 2 care
could be provided on the delivery suite (e.g. invasive
blood pressure monitoring for massive hemorrhage or
the management of severe pre-eclampsia).

The role of obstetric critical care
In general, critically ill parturients are cared for in the
delivery unit or in an obstetric high dependency unit
(HDU); alternatively they may be admitted or trans-
ferred to a medical or surgical intensive care unit
(ICU). Use of HDU is a clinically appropriate and
resource effective option when patients need more
care than that provided on a general ward, such as
frequent monitoring of vital signs and/or nursing
interventions, but do not necessarily require ICU
care. The need for critical care will largely be deter-
mined by the number of deliveries, the frequency and
acuity of serious obstetric complications, and the insti-
tution’s own critical care resources. Hospitals provid-
ing maternity services should have a clearly defined
process for ensuring the early recognition of severely
ill pregnant women and enabling prompt access to
either HDU or ICU [11]. While tertiary care centers
and hospitals providingmaternity services of sufficient
volume usually provide HDU care, smaller hospitals
may not be able to fulfill the requirements for such a
unit or they may not encounter enough critically ill
women to maintain contemporaneous skills. In these
situations, transfer to an institution with obstetric
HDU services may be preferable to transfer to ICU.

The current evidence states that approximately
0.5–1% of pregnant or recently pregnant women
would require treatment in a critical care unit
[12,13]. The commonest reasons for admission are
postpartum hemorrhage or hypertensive disorders of
pregnancy. Furthermore, at least 50% of women who
are admitted for ICU care can expect to be discharged
back to the maternity unit within 24 hours.

The high dependency unit
The concept of care in HDU was proposed for
patients who did not require advanced respiratory

support but who needed more sophisticated care
than could be provided on a general ward. Although
HDU care has not been formally assessed nor
adequately defined for obstetric patients, many refer-
ral centers in the USA and throughout Europe have
incorporated this concept using guidelines that have
been extrapolated from those describing intermedi-
ate care issues in the non-pregnant population [14].
Obstetric units providing HDU care are generally
located in hospitals with adult and neonatal intensive
care units. The advantages of an HDU within an
obstetric setting are numerous:

* allows access to multidisciplinary expertise from
midwives, obstetricians, anesthesiologists, obstetric
medicine physicians, and so on

* has the ability to keep mother and infant together,
thereby allowing early bonding

* allows appropriate monitoring of mother and fetus
through access to specialized equipment (such as
continuous fetal monitoring)

* provides a setting of familiarity with obstetric
medicine and pathology, which often allows
reduced use of invasive monitoring, without a
negative impact on patient outcome

* should also reduce the need for maternal transfer to
the general ICU [15].

The introduction of obstetric critical care facilities has
been shown to be cost-effective, particularly as the
most common reasons for obstetric admissions to
ICUs are complications of pre-eclampsia and postpar-
tum hemorrhage [16]. Obstetric HDUs should be able
to manage the majority of these conditions and, there-
fore, potentially reduce admissions and length of stay
to ICUs without increasing hospital length of stay.

Admission and discharge criteria
Identification of the high-risk parturient, whenever
feasible, is key to the prevention of obstetric morbidity
and mortality because it allows time to plan multi-
disciplinary management strategies. Generally, the
HDU may be appropriate for pregnant or puerperal
women who are conscious and who have single-organ
dysfunction. Some examples of conditions that could
qualify for HDU care and adopted in many tertiary
referral centers throughout Europe and the USA are
shown in Table 2.1. However clinical judgment
remains paramount in any decision to admit a
woman to HDU or ICU. Because of the often unex-
pected nature of obstetric complications, the operating
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theater and HDU in the obstetric unit must always be
prepared for emergencies such as massive hemor-
rhage, eclampsia, and maternal collapse.

Discharge of patients from the HDU to the general
maternity ward is appropriate as soon as the woman
has stabilized and the need for comprehensive mon-
itoring is no longer compulsory. Alternatively, trans-
fer to the ICU is appropriate for those women who
need active life support or when this becomes highly
likely.

Location, design, and utilities
for maternity units
In general, maternity units consist of primary inpa-
tient areas such as the birthing rooms, operating thea-
ters and the HDU, with secondary areas consisting of
the reception area, visitor’s room, storage areas, and so
on (Figures 2.1 and 2.2). Ideally, the HDU should be
located in or in close proximity to the labor and
delivery ward. Basic equipment required in a HDU
setting is shown in Box 2.1 [17].

Personnel
The HDU physician director and nurse/midwife direc-
tor can give clinical, administrative and educational
direction through guidelines and education of the
HDU nursing, medical, and other ancillary staff.
There should be regular ward rounds, ideally multi-
disciplinary, and appropriate senior staff should
always be available to provide ongoing daytime and
out of hours supervision. Depending on local practice
and staff availability, maternal–fetal medicine physi-
cians, obstetric anesthesiologists, and/or critical care
physicians are all well suited to provide specialized
care for these patients and leadership in the HDU.

The ideal nurse to patient ratio is 1:1 or 1:2,
depending on acute care needs. Ideally, obstetric
nurses should rotate through the unit and they must
have completed formal training in the care of the
critically ill pregnant woman. Anesthetic personnel
should be immediately available and intensivists
should be on site. Medical and surgical specialties
should also be available in the hospital and should be
capable of providing 24 hour support when needed.

Table 2.1. Criteria for admission to an obstetric high dependency unit

System Criteria

Cardiac Low probability of, or excluded, myocardial infarction
Hemodynamically stable myocardial infarction or arrhythmias
Hemodynamically stable patient without myocardial infarction requiring temporary/permanent pacemaker
Mild/moderate congestive heart failure without shock
Severe hypertension without end-organ damage such as severe pre-eclampsia and/or HELLP syndrome
Eclampsia

Pulmonary Hemodynamically stable patients with evidence of compromised gas exchange with the potential for respiratory
insufficiency/failure who require frequent observation (e.g. asthma or pneumonia)

Patients who require frequent monitoring of vital signs (e.g. suspected/confirmed pulmonary embolism) or
aggressive pulmonary physiotherapy

Neurological Stable central nervous system, neuromuscular, or neurosurgical conditions that require closemonitoring for signs of
neurological deterioration or frequent nursing intervention

Drug overdose A patient requiring frequent neurologic, pulmonary, or cardiac monitoring but who is hemodynamically stable

Gastrointestinal Stable bleeding responsive to fluid therapy
Liver failure with stable vital signs, such as acute fatty liver of pregnancy

Endocrine Stabilization of a woman with diabetic ketoacidosis
Thyrotoxicosis that requires frequent monitoring

Surgical The postoperative patient who, following major surgery, severe hemorrhage or peripartum hysterectomy, is
hemodynamically stable but may require close monitoring and/or fluid resuscitation

Complicated cholecystitis, pancreatitis, or appendicitis

Miscellaneous Appropriately treated and resolving early sepsis
Patients whose condition requires closely titrated intravenous fluid management
Any patient requiring frequent nursing observation such as in sickle cell crisis
Hemofiltration/plasmapheresis

HELLP, hemolysis, elevated liver enzymes, and low platelets.
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Further discussion on personnel can be found in
Chapter 3.

The intensive care unit
There is considerable variation in ICUs with respect
to organizational characteristics, the services pro-
vided, and the level of expertise. Large medical cen-
ters frequently have multiple ICUs defined by (sub)
specialty. Small hospitals may have only one ICU

designed to care for a large variety of critically ill
patients.

The major components of obstetric intensive care
involve the monitoring and care of antepartum or
postpartum women with severe physiological instabil-
ity requiring technical and/or artificial life support
[18]. Most obstetricians and specialized obstetric
nurses do not see sufficient cases to acquire and main-
tain skills related to invasive monitoring and ICU
support systems. The medical management of such
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women presents quite a challenge and often requires
the input of several specialties such as the anesthesiol-
ogist/intensivist. The unique ethical and medical
dilemmas and patient care decisions must be consid-
ered collaboratively between the intensivist, obstetri-
cian, and neonatologist, and should involve the patient
and her family.

Criteria for admission and discharge
from intensive care units
Rather than using specific conditions or diseases to
determine appropriateness of ICU admission, which
can be found in various (inter)national guidelines,
applying specific needs criteria may work best when
considering the obstetric patient. Examples are
women who require mechanical ventilation, usually as
a result of massive hemorrhage and in anticipation of
major fluid shifts or sepsis with pulmonary involve-
ment. In addition, cardiovascular support using ino-
tropic drugs or the need to support two or more organ

systems as well as those with chronic system insuffi-
ciency should be managed in an ICU setting (Box 2.2).

Alternatively, the objective parameters triage
model applies specific criteria to trigger ICU admis-
sion, regardless of diagnosis [1]. Such criteria,
although largely arbitrary, include parameters pertain-
ing to vital signs, laboratory values, imaging, and
physical findings. Research indicating improved out-
come using such specific criteria levels are not avail-
able and when using such criteria it is paramount to
realize that key laboratory and physical findings may
be different in pregnancy (see Chapter 10).

When the need for ICU monitoring and care is no
longer necessary, the patient can be discharged to the
HDU or the maternity ward depending on the level of
care required.

Labor and delivery in the intensive
care unit
The optimal setting for the care of a critically ill
woman in labor will depend on the viability of the

Box 2.1. Monitoring and equipment in the high dependency unit

Monitor for basic vital signs including electrocardiography and oxygen saturation; invasive pressure monitors
(arterial, central) may be appropriate in some HDUs

Piped oxygen and suction
Intravenous fluid and forced air-warming device
Blood gas analyser
Infusion pumps
Massive hemorrhage trolley
Eclampsia box with standard medications
Transfer equipment, monitor and ventilator
Computer terminal to facilitate access to blood results, hospital system, guidelines
Resuscitation trolley with drugs, defibrillator, and airway management equipment

Box 2.2. Criteria for ICU admission and discharge

Patients requiring intense nursing care and titrated patient care for 12 to 24 hours a day
Patients with acute respiratory failure who are intubated or at imminent risk of requiring ventilatory support or who
need airway maintenance

Patients requiring advanced invasive hemodynamic monitoring and/or cardiovascular organ support with vasoactive
therapy such as inotropes, vasopressors, etc.

Patients requiring an intracranial pressure monitor
Patients with abnormal electrocardiography findings requiring intervention, including cardioversion or defibrillation
Patients in coma
Patients with multiorgan failure
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fetus and, more importantly, on factors related to the
safe support of the mother, such as availability of
critical care interventions and staff expertise. The
fetus is always secondary to optimal management of
the maternal condition.

Delivery in the ICU comes with significant disad-
vantages, including limited availability of space for
anesthetic, surgical, and neonatal resuscitation equip-
ment. Frequently, assisted second stage of labor may
be required, because of either an inability to push or
contraindications such as underlying cardiac condi-
tions. Adequate analgesia is often required as pain
may result in hemodynamic derangements. Regional
analgesia may be contraindicated secondary to patient
positioning, coagulopathy, or hemodynamic
instability.

The ICU staff are likely to be unfamiliar with obstet-
ric procedures for labor and delivery. Nosocomial
infections are also a hazard for mother and baby.
Consequently, labor and delivery should not normally
be conducted in an ICU setting. Cesarean delivery in the
ICU should be restricted to absolute emergencies as
transport to the operating theater or delivery room
can usually be achieved safely or quickly.

Transfer of the critically ill
obstetric patient
Smaller hospitals providing maternity care may not
fulfill requirements for a HDU and may need to trans-
fer a woman to another institution when she is in need
of such care. Referring hospitals should have the abil-
ity to provide adequate stabilization and have resour-
ces and guidelines for the transfer of such patients to a
center providing a higher level of care.

Standard guidelines for perinatal transfer that
describe the responsibilities of the referring and
receiving hospitals are available in many countries
[19]. Antenatal rather than neonatal transfer is gener-
ally preferable. In the event that imminent delivery is
expected ormaternal transport is unsafe or impossible,
alternative arrangements for neonatal transport
should be available.

The appropriate arrangements, equipment, and
documentation for inter- and intrahospital transfers
for the obstetric patient are well described [1,9,19]:

* the patient should be meticulously resuscitated and
stabilized prior to transfer

* the patient should be attended in transport by
trained personnel

* venous access should be secured
* there should be regular assessment of vital signs, to

include continuous pulse oximetry and
electrocardiography

* if already in situ, arterial and central lines or other
invasive monitoring devices should be monitored

* in the event of mechanical ventilation, the position
of the endotracheal tube must be confirmed and
secured before transport

* the adequacy of oxygenation and ventilation must
also be assessed before transport

* aortocaval compression should be prevented by left
uterine displacement

* supplemental oxygen should be available
* fetal monitoring, where technically feasible, may

allow for advance preparation for intervention,
including delivery by the receiving hospital.

Clinical governance and record
keeping
The importance of clinical governance within modern
obstetric care cannot be overemphasized. Clinical gov-
ernance is the umbrella term that incorporates clinical
audit, research, risk management, education, training,
and information management. It is these mechanisms
that allow the best outcomes in patient care within the
available resources. The principal aim is that critically
ill parturients should receive the same high-quality
care whether they are cared for on the delivery suite,
in maternal HDU, or a general ICU by staff with the
appropriate competencies [20]. There are numerous
auditable standards for maternal critical care and they
encompass standards such as safety, effectiveness, and
experience [21].

The results of local and national audits should
reveal the main causes of major maternal morbidity
and mortality. Units should have management guide-
lines and training schemes available for staff. For
example, guidelines should be available for the
management of massive hemorrhage, severe pre-
eclampsia/eclampsia, and emergency hysterectomy.
Application of audit recommendations need not be
financially or resource expensive. There is much that
can be achieved by appropriate use of resources and
equipment.

Good record-keeping is an essential part of good
obstetric practice. The use of computers has allowed
the analysis of large quantities of data and the integra-
tion of the anesthetic, analgesia, and appropriate anal-
ysis of the maternal and fetal conditions. Accurate
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Figure 2.3. Early warning observation score chart for obstetrics.
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records are essential in maintaining patient care to the
highest standard and are a valuable source of informa-
tion for medical coding and clinical audit. As manage-
ment of the critically ill obstetric patient involves a
multidisciplinary team, it is important that there is
good communication between different members of
the team and that records of every patient visit are
documented. The nursing chart should clearly display
all the maternal and fetal physiological parameters
including [17]:

* conscious state/orientation
* temperature
* respiratory rate, oxygen saturation, inspired

oxygen concentration
* blood pressure, central venous pressure, pulse rate,

ongoing blood loss
* urine output
* daily blood results
* drains, wound, uterus, lochia
* motor/sensory function (if regional block present)
* fetal monitoring (if applicable).

Figure 2.3 shows an example of an obstetric observa-
tion chart [18].

Simulation and training
Simulation can encompass a large range of activities
ranging from basic skills and drills to more sophisti-
cated multidisciplinary training in purpose-built sim-
ulation centers. Currently there is considerable
evidence to suggest that the use of simulation is lack-
ing. However, obstetric emergencies, although rare,
are frequently life threatening and staff working in
maternal critical care must be seen to maintain their
skills in managing life-threatening obstetric emergen-
cies. Good simulation training can help to achieve
this goal.
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Chapter

3
Competency and personnel
Helen Scholefield and Lauren A. Plante

Introduction
Childbirth is a major life event for women and their
families. The few women who become critically ill
during this time should receive the same standard of
care for both their pregnancy-related and their critical
care needs, delivered by professionals with the same
level of competences, irrespective of whether these are
provided in a maternity or general critical care setting
[1]. This chapter will summarize standards and rec-
ommendations relevant to the care of the pregnant or
recently pregnant critically ill woman for maternity
and critical care.

What is maternal critical care?
The terms maternal critical care, high dependency
care, and high-risk maternity care are not interchange-
able, the term critical care having a more precise
definition. In the UK, the Department of Health docu-
ment Comprehensive Critical Care recommends that
the terms “high dependency” and “intensive care” be
replaced by the term “critical care” [2]. The document
also proposes that the care required by an individual
be independent of location, coining the phrase “critical
care without walls.” In this schema, care is subdivided
into four levels, dependent on organ support and the
level of monitoring required independent of diagnosis.

In the UK, the level of critical care required by the
mother will be dependent on the number of organs
requiring support and the type of support required, as
determined by the Intensive Care Society’s Level of
Care document [3]. This term was first defined in
Comprehensive Critical Care and subsequently
updated in 2009 (Table 3.1). There are four levels of
support (0–3).

Level 0: patients whose needs can be met through
normal ward care.

Level 1: patients at risk of their condition
deteriorating and needing a higher level of
observation, or those recently relocated from
higher levels of care.

Level 2: patients requiring invasive monitoring/
intervention that includes support for a single
failing organ system (excluding advanced
respiratory support).

Level 3: patients requiring advanced respiratory
support (mechanical ventilation) alone or basic
respiratory support along with support of at
least one additional organ.

The USA distinguishes among several types of inten-
sive care and uses the intermediate or stepdown des-
ignation for units caring for patients who need more
nursing care or more monitoring without specifically
needing life-support interventions. These would be
“low-risk monitor admissions” if admitted to a full-
service intensive care unit (ICU) or would be admitted
to an intermediate care unit. The Society of Critical
CareMedicine has guidelines for admission to ICU, by
prioritization (too sick or too well to profit from ICU),
by diagnosis (aortic dissection, hyperosmolar coma,
etc.), or, more applicable to obstetric populations, by
objective parameters (vital signs, laboratory, imaging,
etc.) [4]. The American College of Obstetricians and
Gynecologists recommends the use of an objective
parameters model to determine which obstetric
patients to admit to ICU. High-acuity maternity serv-
ices can manage many of these issues (hemorrhage,
hypertensive crisis, etc.) on their ICU. A few American
institutions have the obstetric equivalent of a step-
down unit.

In the UK, the nature of organ support is captured
using the Critical Care Minimum Dataset [6]. Any
area which satisfies the UK Department of Health
definition for critical care setting will qualify for
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submission of data. The advantage of using this data-
set to reflect organ support in maternity units is
obvious. A standardized platform will provide accu-
rate data and facilitate comparative audit, utilizing
the Intensive Care National Audit and Research
Centre Case Mix Programme. This approach has
been beneficial as it has facilitated some aspects of
critical illness management, particularly some
aspects of level 2 care, to be delivered in alternative
clinical locations with the proviso that the non-
critical care location possesses competent staff with
appropriate clinical expertise to manage the clinical
situation, either with or independently of critical care
consultant medical/nursing/midwifery staff. An
example of such care would be women requiring

invasive cardiovascular monitoring and intervention
for pre-eclampsia or massive hemorrhage on the
delivery suite. Thus, maternal critical care can be
distinguished from “high-risk” obstetrics [1,5]
because:

* fetal issues are excluded
* maternal risk factors or obstetric complications

that require closer observations or intervention,
but not support of an organ system, are also outside
the term.

The case study described through this chapter illustrates
the use of these levels of need and the Early Warning
Score (EWS) in the care of a pregnant woman.

Table 3.1. Examples of maternity critical care required at the differing levels of support outlined by the Intensive Care Society

Level Issues Care required

0: normal ward care None Normal care of low-risk mother

1: additional monitoring or
intervention, or stepdown from higher
level of care

Hemorrhage Risk of hemorrhage
Oxytocin infusion

Hypertension Mild pre-eclampsia, taking oral antihypertensives, with fluid
restriction, etc.

Specific medical
condition

For example, congenital heart disease or diabetic and on insulin
infusion

2: single organ support Basic respiratory
support

50% or more oxygen via face mask to maintain oxygen saturation
Continuous positive airway pressure, bi-level positive airway
pressure

Basic cardiovascular
support

Intravenous antihypertensives to control blood pressure in
pre-eclampsia

Arterial line used for pressure monitoring or sampling
Central venous line used for fluid management and pressure
monitoring to guide therapy

Advanced
cardiovascular
support

Simultaneous use of at least two intravenous,
antiarrythmic/antihypertensive/vasoactive drugs, one of which
must be a vasoactive drug

Need to measure and treat cardiac output

Neurological
support

Magnesium infusion to control seizures (not prophylaxis)
Intracranial pressure monitoring

Hepatic support Management of acute fulminant hepatic failure (e.g. from HELLP
syndrome) or acute fatty liver, such that transplantation is being
considered

3: advanced respiratory support alone
or support of two or more organ
systems above

Advanced
respiratory support

Invasive mechanical ventilation

Support of two or
more organ systems

Renal support and basic respiratory support
Basic respiratory support/basic cardiovascular support and an
additional organ supporteda

aBasic respiratory support/basic cardiovascular support occurring simultaneously during the episode count as a single organ support.
Source: adapted from Wheatly, 2010 [5].
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Case 3.1. A 39-year-old woman in her third
pregnancy: Part 1

Jane Smith is in her third pregnancy. Her body mass
index (BMI) is 38. She has essential hypertension that
is not well controlled because of her poor compliance
with her antihypertensive medication. A growth scan
at 28 weeks shows her baby to be on the 5th centile
for gestational age with umbilical artery Doppler
measurements at the upper end of normal. The liquor
volume is reduced. The placenta is covering the inter-
nal cervical os. Ongoing fetal surveillance is instituted.

A week later, she presents to the maternity unit triage
and assessment area with 300 mL of fresh vaginal
bleeding. Her blood pressure is 144/95 mmHg, pulse
92, and hemoglobin 10 g/dL. She has no proteinuria.
An intravenous line is sited. She is admitted to the
maternity ward in viewof a significant bleed associated
with placenta previa and hypertension. She is started
on iron. The bleeding settles and she appears stable
over the next day.

Competencies required
She has a high-risk pregnancy on both fetal and
maternal grounds. Her EWS is 1

Staff competent to cannulate, take, chart, monitor, and
act appropriately on fetal and maternal observations

Midwifery/obstetric nursing skills.

The recognition of the acutely
ill parturient
Successive maternal mortality enquiries in the UK [7]
have highlighted delayed recognition of the acutely ill
woman as a significant contributor to death and have
recommended that early warning scores should be used
to identify deterioration. In view of this, services should
implement the UK National Institute for Clinical
Excellence (NICE) guideline on the care of the critically
ill in hospital [8]. Admissions to maternity services
should have physiological observations recorded at the
time of their admission or an initial assessment together
with a clear written monitoring plan that specifies
which physiological observations should be recorded
and how often. The plan should take into account:

* whether the woman has a high- or low-risk
pregnancy

* the reason for the admission
* the presence of comorbidities
* an agreed treatment plan.

Physiological observations should be recorded and
acted upon by staff who have been trained to under-
take these procedures and who understand their clin-
ical relevance.

Physiological track and trigger systems should be
used to monitor all antenatal and postnatal admis-
sions. There are a number of charts in use nationally
that take into account physiological changes that occur
in parameters measured, such as blood pressure and
respiratory rate. An example is given in Figure 3.1.
There is not currently, however, a validated chart for
use in pregnancy. A longer-term goal is the production
of a validated system and observation chart for use
nationally in maternity services that is compatible with
the proposed National Early Warning Score (NEWS);
this, in its current iteration, unfortunately excludes
pregnancy [9]. Following labor and delivery, physio-
logical observations should be monitored at least every
12 hours, unless a decision has been made at a senior
level to increase or decrease this frequency for an
individual patient or group of patients. The frequency
of monitoring should increase if abnormal physiology
is detected, as outlined in the recommendation on
graded response strategy.

Staff caring for patients in acute hospital settings
should have competences in monitoring, measure-
ment, interpretation, and prompt response to the
acutely ill patient appropriate to the level of care they
are providing. Education and training should be pro-
vided to ensure staff have these competencies, and they
should be assessed to ensure they can demonstrate
them [10–12].

Case 3.1. A 39-year-old woman in her third
pregnancy: Part 2

On the third day of her admission, Jane spends much
of the time socializing with her family off the ward. On
return, her blood pressure is 152/95 mmHg and pulse
107. Her EWS is 3. She has not had her antihyperten-
sive medication. She is given this, and observations
are repeated in an hour. Her blood pressure is 146/
92 mmHg and pulse 110. There is a small amount of
vaginal bleeding and she has abdominal pain. She
collapses suddenly. Her blood pressure is unrecord-
able and pulse 115 and thready.

Competencies required
Assessment of the critically ill patient [10]
Advanced airway management and resuscitation [11]
Obstetric skills to assess cause collapse [12].
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Figure 3.1. Sample early warning observation score chart (from the Liverpool Women’s NHS Foundation Trust).
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A graded response strategy for patients identified
as being at risk of clinical deterioration should be
agreed and delivered locally. It should consist of
three levels [10] based on EWS score.

Level 1, low-score group (EWS, 3)

* low risk of deterioration
* increase frequency of observations and the

midwife/nurse in charge alerted
* institute appropriate intervention
* rescore.

Level 2, medium-score group (EWS, 4 or 5)

* medium risk of deterioration
* urgent call to team with primary medical

responsibility for the patient
* simultaneous call to personnel with core

competences for acute illness
* these competences can be delivered by a variety

of providers at local level, such as a critical care
outreach team, a hospital-at-night team, or a
specialist trainee in anesthesia, obstetrics, acute
medical, or surgical specialty

* institute appropriate treatment
* hourly observations
* rescore.

Level 3, high-score group (EWS ≥6)

* high risk of deterioration
* emergency call to team with critical care

competences and maternity team
* team should include a medical practitioner

skilled in the assessment of the critically ill
patient and who possesses advanced airway
management and resuscitation skills

* an immediate response is required
* appropriate treatment instituted
* frequent observations
* rescore.

Figure 3.1 shows an example of an early warning
observation chart and Figure 3.2 an associated escala-
tion algorithm.

Obstetric early warning systems are not currently
well developed in the USA. In general services, many
places have a rapid response team that can be

Figure 3.2. Liverpool Woman’s NHS Foundation Trust Modified Early Warning System (MEWS) flowchart.

Section 1: General non-medical considerations

20



summoned for various physiological derangements in
patients not in an ICU, with the idea that a rapid
response and intervention can prevent a cardiac or
respiratory arrest [13]. This has taken off in hospital
medicine as a sort of critical care outreach, but it
remains inadequately developed for obstetric patients.
A few institutions are experimenting with an obstetric
rapid response team [14], although it is early in the
evolutionary phase.

Competences for recognition and care
of the critically ill parturient: practical
concerns
In the UK the acute care competences needed for staff
are defined within the Department of Health docu-
ment Competencies for Recognising and Responding to
Acutely Ill Patients in Hospital [10]. The competences
are targeted at staff who are involved in the care of
acutely ill patients in hospital but they may be adapted
for use in other settings, such as maternity, or across
sectors. They define the knowledge, skills, and atti-
tudes required for safe and effective treatment and
care along the chain of response. It is likely that one
staff group or banding will cover more than one role in
the chain; for example, the recognizer may also fulfill
the role as primary responder or on occasions may
fulfill the recorder role. Units should define who fulfills
the following roles in their own service:

non-clinical supporter, who may also be the
“alerter” and may include the woman or
visitor

recorder, who takes designated measurements,
records observations and information; in
maternity services this could be a maternity
support worker, healthcare assistant, or
midwife/nurse

recognizer, who monitors the patient’s condition,
interprets designated measurements,
observations, and information, and adjusts the
frequency of observations and level of
monitoring; in the maternity setting, this could
be a midwife/obstetric nurse, recovery or other
nurse working within the unit or a junior
doctor

primary responder, who goes beyond recording and
further observation by interpreting the
measurements and initiating a clinical
management plan (e.g. commencing oxygen

therapy, insertion of airway adjuncts, selection
and administration of a bolus of intravenous
fluids); this would be a junior doctor

secondary responder, who is likely to be called to
attend when the patient fails to respond to the
primary intervention or continues to “trigger”
or “re-trigger” a response; this individual (a
more experienced obstetrician or
anesthesiologist) will assess the clinical effect of
the primary intervention, formulate a
diagnosis, refine the management plan, initiate
a secondary response, and will have the
knowledge to recognize when referral to critical
care is indicated

tertiary responder, this role encompasses the acute
care competencies such as advanced airway
management, resuscitation, clinical
assessment, and interpretation of acutely ill
obstetric patients; this would be a senior
anesthesiologist or intensive care physician in
most cases, but might be a senior obstetrician
or maternal–fetal medicine physician with
specialized training.

The acute care competencies required focus primarily
on the clinical and technical aspects of care and the
delivery of effective patient management. They assume
the possession and application at every level of
complementary generic competencies such as record-
keeping, team working, interpersonal skills, and clin-
ical decision making. Of particular note in this context
is the ability to rapidly access hospital information
systems and retrieve patient information, such as
blood results and radiographs.

For units providing level 2 (intermediate/step-
down) care, obstetricians and midwifery staff should
have additional training in the care of the critically ill
women to achieve the relevant competencies.

Case 3.1. A 39-year-old woman in her third
pregnancy: Part 3

Her airway is intact and she is breathing. Oxygen is
administered. Fluid resuscitation is begun. Blood is
sent for urgent cross-matching, full blood count, and
clotting screen. The amount of external bleeding is
not consistent with the clinical condition. A systolic
blood pressure is achieved, but Jane remains very
unwell with tachycardia and tachypnea and a EWS
of 7. She is transferred to the maternity high depend-
ency unit with ongoing resuscitation.
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After colloid, her blood pressure is 110/80mmHg, pulse
120, respiratory rate 26 breaths/min, and her EWS 4.

The fundal height is much larger than dates and
getting bigger.

Ultrasound scan finds no fetal heart pulsations. There
is a large retroplacental clot.

Her clotting studies are extremely deranged, with
no measurable fibrinogen, platelets 16 × 109/L and
hemoglobin 7 g/dL.

Competencies required
Assessment of the critically ill patient [10]
Advanced airway management and resuscitation [11]
Hematology
Obstetric skills [12]
Midwifery/obstetric nursing
Team working/shared decision making.

Implementing competences in care
Maternity services should define which of their staff
take on each one of the above acute care responder
roles and ensure that they have suitable training and
assessment of the competencies they require. The med-
ical clinical competencies required to provide a critical
care service irrespective of location in the UK are
described in the Curriculum for Intensive Care
Medicine. The provision of a level 2 service within a
maternity unit requires consultant anesthetic staff to
have the minimum of step 1 competencies in intensive
care medicine [11]. Nursing competencies for critical
care should be in place in any maternity unit under-
taking level 2 (intermediate/stepdown) critical care. The
point at which there is a need to bring professionals
with the required competences into the maternity unit,
or transfer the woman to a setting where they are
available, should also be defined using this framework
while the continuation of obstetric and midwifery care
is ensured. Arrangements made locally should reflect
the recognition that the holistic needs of the woman,
including maintaining contact with her baby, are para-
mount. The quality of critical care she receives should
not be compromised by providing for holistic needs
where required competencies are not available within
the maternity unit or through critical care outreach.
Equally, the quality of her maternity care should not
be compromised if circumstances require transfer to a
general critical care setting [1]. It is essential to ensure a
seamless pathway to provide for both her critical care
and her maternity needs. Clinical areas of responsibility

for both of these should be identified in local policies.
Implementing the competences will require a system-
wide approach with effective leadership and rigorous
change management from board through to ward [1].
This may include the following:

* identifying a designated clinical and managerial
lead and implementation team, who will also secure
training provision

* monitoring outcomes at all levels with board
reporting and intervention

* critical incident analysis and peer supervision with
regular multidisciplinary meetings to review severe
maternal morbidity cases

* the incorporation of recommendations for
education/training and assessment of competence
into induction and ongoing provision, as well as
into formal performance review and development
processes

* making sure that resources, such as equipment, are
in place

* adapting local policies to support people meeting
the competences and clarifying levels of authority
and responsibility

* developing team working, assertiveness, and
interprofessional working relationships; it is
essential that staff have confidence in the
competence of colleagues and are willing to
challenge and to be challenged.

Case 3.1. A 39-year-old woman in her third
pregnancy: Part 4

The working diagnosis is placental abruption causing
severe coagulopathy associated with her hyperten-
sion and abnormally sited placenta. Jane’s blood pres-
sure improves with fluid and blood transfusion. She
has platelets, fresh frozen plasma, and cryoprecipi-
tate. Her coagulopathy is improving on bedside test-
ing with thromboelastography. The uterus continues
to enlarge and is now term sized and very tense.

The team decides to do a cesarean sectionwhile she is
more stable, anticipating that, with continuing expan-
sion of the retroplacental hemorrhage and likely ute-
rine atony, she will decompensate again without
delivery. A difficult procedure with high risk of bleed-
ing is predicted. The consultant obstetrician and
anesthesiologist are directly involved, with input
from the consultant hematologist. Blood and blood
products are available in the delivery suite. A consul-
tant gynecological oncologist is on standby in case
hysterectomy is required to control bleeding.
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Dialogue with the intensivists takes place. She has
an emergency cesarean section under general anes-
thesia with cell salvage. The uterus is Couvelaire
and filled with about 3 L of clot. A stillborn infant
weighing 800 g is delivered. The placenta has com-
pletely separated.

There is ongoing bleeding that does not respond to
uterotonics. A brace suture is inserted, which controls
the bleeding.

She has invasive arterial blood pressure monitoring. A
central venous line is considered but not placed as
she is much more stable and concerns about coagul-
opathy continue. Her total blood loss is about 5 L.

She is transferred from obstetric theater recovery to
the ICU for ventilation [15].

Competencies required
Assessment of the critically ill patient [10]
Advanced airway management and resuscitation [11]
Hematology
Obstetric and obstetric anesthetic skills [12]
Theater skills: anesthetic assistant, scrub and
supporting
Team working/shared decision making
Transfer [15]
Handover [8,16].

Workforce development
Lead professionals inmaternity services have a respon-
sibility to ensure staff are deemed competent in the
early recognition of acutely ill and deteriorating
patients and are able to perform the initial resuscita-
tion and management. A suggested curriculum is
included at the end of this chapter (Appendix 3.1).
Training is essential to develop the competencies.
This can be through internal training or external
courses, such as Acute Illness Management (AIM) or
Acute Life-threatening Events: Recognition and
Treatment (ALERT) in the UK or, in the USA, the
Advanced Cardiac Life Support (ACLS), the Advanced
Trauma Life Support for Physicians, the Advanced
Life Support in Obstetrics (ALSO), or Fundamentals
of Critical Care Support (FCCM).

Whichever training program is selected, assess-
ment of competences is essential. Scenario-based or
simulation-based training has been found to be valua-
ble, particularly when developing team drills for life-
threatening clinical situations. In addition to these
resources, a number of services have been developed;
local teaching initiatives, acute care sessions at clinical

simulation centers, and some e-learning packages are
also being developed. There are a number of national
certified courses available to support workforce
development.

Case 3.1. A 39-year-old woman in her third
pregnancy: Part 5

Jane is ventilated in ICU. By the following afternoon,
she is stable enough to be extubated. She returns to
the maternal high dependency unit and is cared for
by a midwife with both maternity and critical care
competencies, together with the obstetric anesthesi-
ologists and obstetricians. She has time with her baby
and bereavement support. Mementos are prepared
for her. She has suppression of lactation. Her family
come in to see their brother.

She is well enough to go home on day 5. Initial
debriefing is done before discharge and arrange-
ments made for follow-up to discuss events and
plan for future pregnancies.

Competencies required
Assessment of the critically ill patient [10]
Advanced airway management and resuscitation [11]
Obstetric and obstetric anesthetic skills [12]
Midwifery/obstetric nursing postnatal care [16]
Nutrition
Emotional and bereavement support
Other allied professionals as required
Team working/shared decision making.

Conclusions
The care of a critically ill pregnant or recently deliv-
ered woman poses challenges to health professionals
because of the uniqueness of childbirth as a life event
and alterations in physiology and pathology. The use
of competencies for all of the woman’s care needs,
including both maternity and recognition and man-
agement of acute illness, is a means of ensuring her
healthcare and holistic needs are met.
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APPENDIX 3.1. SUGGESTED CORE
CURRICULUM, MATERNAL CRITICAL
CARE
General
Normal physiology of pregnancy

Respiratory system
* Anatomy and physiology of airway and respiratory

function
* Respiratory failure
* Optimizing airway and respiratory function
* Arterial blood gas and oxygen therapy
* High-flow oxygen therapy and continuous positive

airway pressure
* Chest radiography interpretation

Cardiovascular system
* Anatomy and physiology of heart and conductive

system
* 12-lead electrocardiography interpretation
* Cardiac disease in pregnancy

Other systems
* Hypertensive disease in pregnancy
* Hepatorenal disease in pregnancy
* Diabetes in pregnancy
* Obesity in pregnancy
* Neurological disease or altered conscious level in

pregnancy
* Coagulation and blood products within the high

dependency setting
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General critical care topics
* Transfer of critically ill woman
* Shock and sepsis
* Midwifery Early Warning Score in obstetrics and

the outreach team
* Infections in pregnancy: human

immunodeficiency virus and swine flu
* Infection control

Others
* Sudden collapse in pregnancy
* Complications of anesthesia and pain relief in labor

and pregnancy
* Fluid balance in critical care (including massive

hemorrhage)
* Advanced resuscitation in pregnancy including the

5 minute CS rule
* Audit and documentation
* Competency-based training
* Psychological care after critical illness
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Chapter

4
Planning for elective and emergency
problems
Clemens M. Ortner, Ruth Landau, Clare Fitzpatrick, and Leanne Bricker

Introduction
Caring for the obstetric patient is particularly chal-
lenging as physiological changes during pregnancy
may significantly affect the risk status of pregnant
women and fetal well-being. In addition, the otherwise
healthy woman may develop life-threatening peripar-
tum complications; consequently, providers of obstet-
ric services must at all times be prepared to deliver safe
and effective care in the most timely manner to both
planned and unexpected emergencies. Anesthesia and
critical care providers have become invaluable part-
ners involved more and more in obstetric care, and
evenmore so in the context of the high-risk parturient.
Despite significant efforts in maternity care in Europe
and the USA, maternal mortality has become static
over the last few decades [1,2]. Progress in medical
and obstetric management has resulted in a steady
reduction in the number of direct pregnancy-related
deaths. However, indirect causes of maternal deaths,
such as those from cardiac or psychiatric diseases, are
rising andmirror the constantly increasing proportion
of high-risk pregnancies, indicating that women with
significant comorbidities are no longer discouraged
from considering a pregnancy [2,3]. As a result, meas-
ures to prevent and diagnose early comorbidities and
complications during pregnancy and at the time of
delivery have become indispensable in this century
and are constantly emerging.

The goal of the current chapter is to present an
overview on the current recommendations and guide-
lines that may be implemented to improve the man-
agement of planned and unplanned urgent high-risk
obstetric patients and prevent fatal outcomes for
both mothers and their babies. The proposed meas-
ures include pre-pregnancy counseling, improvements
in patient communication and multidisciplinary spe-
cialist care, development of high-risk pre-anesthesia

clinics, novel strategies to improve medical training
and preparedness for potentially rare cases, such as the
use of simulation training and emergency drills, and
the introduction of modified early warning scoring
(MEOWS) systems and rapid response teams (RRTs).

Maternal morbidity and mortality
Despite a low prevalence for each specific comorbidity
in the context of pregnancy in the developed world,
overall morbidity remains high, with up to 50% of
women suffering at least one complication during the
course of pregnancy and the peripartum period [4].
According to the most recent report of the UK
Confidential Enquiries into Maternal Deaths
(CEMACH), published in 2011, maternal deaths
occurred in more than 11 per 100 000 maternities in
the UK during the 2006–2008 triennium (Figure 4.1)
and pre-existing cardiac diseases are the leading cause
nowadays for maternal death (Figure 4.2) [2]. In the
USA, the absolute risk of pregnancy-related death was
15 per 100 000 births for 2005 (Figure 4.3) [5].

Since the early 1900s, many lives of mothers and
babies have been saved through regularly renewed
health authority recommendations and newly imple-
mented guidelines that focus on improving policies,
procedures, andmedical practice. However, epidemio-
logical reports analyzing each cause of death uni-
formly indicate that more than 50% of maternal
deaths could have been prevented by better medical
patient care, and human- and/or system-related fac-
tors [2,6,7]. Maternal death is the result of a contin-
uum of adverse events, starting from normal/healthy
pregnancy and moving through morbidity to severe
morbidity, to near miss and to death [8,9]. In a high
proportion of cases, the progression along this contin-
uum was deemed preventable by an expert com-
mission, through improvements in (1) patient and

Maternal Critical Care: A Multidisciplinary Approach, ed. Marc Van de Velde, Helen Scholefield, and Lauren A. Plante.
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medical staff communication, (2) identification of the
high-risk status of the parturient, (3) specific staff
training, and (4) healthcare processes [8].

Pre-pregnancy counseling
Pre-existing diseases or medical conditions can severely
affect the outcome of pregnancy and often require
specialized care and modified medical and obstetric
management. Reviewing morbidity and mortality data
over the 10 years from 2000 reveals an increase in the
proportion of indirect causes of maternal deaths and
demonstrates that many of the case-fatalities were

women who did not receive pre-pregnancy counseling
or any specific medical management [2]. With a large
proportion of pregnancies being unplanned, particu-
larly in the sociodemographic groups that are more
prone to suffer pre-existing diseases and insufficient
antenatal care, women of childbearing age should be
informed whenever possible about the impact of preg-
nancy on their pre-existing disease and should be
enrolled in an antenatal program to have amanagement
plan for any pregnancy-related problem by experienced
high-risk obstetric providers.

The report by CEMACH recommends that women
with the following pre-existing diagnoses are offered
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Figure 4.1. Maternal mortality rates per 100 000
maternities in the UK, 1985–2008 [2].
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counseling prior to considering and starting a preg-
nancy [2]:

* congenital or acquired cardiac disease
* asthma
* diabetes
* epilepsy
* autoimmune disorders
* renal disease
* liver disease
* obesity with body mass index >30
* human immunodeficiency virus (HIV) infection
* severe pre-existing or past mental illness.

Patient communication and
multidisciplinary specialist care

Optimizing patient communication
According to the 2010 Report of the Joint Commission
on Accreditation of Healthcare Organizations in the
USA [10] and the 2011 CEMACH report in the UK
[2], root causes for the majority of peripartum death
and injury are related to problems in patient commu-
nication, team work, and organizational culture.

In order to provide optimal patient communica-
tion, the importance of professional interpreter serv-
ices was emphasized in the 2011 CEMACH report [2]
as a means to reduce maternal mortality. In many
European countries, as well as in the USA, the propor-
tion of childbearing women with immigrant back-
ground is increasing. The use of family members
for translation, which often involve children of school
age or close members from the social community, is

particularly not suitable as women may be uncomfort-
able addressing sensitive topics that are related to
pregnancy. Providers of maternity services should,
therefore, ensure that professional and independent
interpretation services are available in the primary
and secondary care settings. Indeed, the basis for
effective two-way communication between the patient
and the healthcare provider relies on core values such
as understanding and trust.

Multidisciplinary care plans
Interdisciplinary care planning and communication
among professionals is essential. In many cases of sub-
standard care, major failures of communication between
obstetricians and specialists have contributed to some
extent to maternal morbidity and mortality. With the
increasing proportion of women with comorbidities
becoming pregnant, a woman’s pregnancy status, risk
status, and additional comorbidities need to be clearly
communicated to all caregivers and appropriate referral
to a tertiary care center needs to occur. However, lack of
appropriate and timely referrals to specialists remains a
problem, and reasons for this are multiple. To overcome
the problem of missed or inappropriate referrals, as well
as potentially incomplete or lacking information from
some providers, organizing a streamlined pathway by
one care provider is one way to reduce mishaps [2].
Based on the medical system and national guidelines,
high-riskobstetric patientsmaybemanagedduringpreg-
nancy by their primary care physicians (e.g. the primary
care physician or general practitioner) or by their obste-
trician as long as there is a multidisciplinary approach
and ongoing concerted management with medical (or
surgical) specialists, obstetric anesthesiologists, critical
care medicine specialists and the neonatologists.

Multidisciplinary care of the pregnant
woman at risk of significant obstetric
complications
Two examples of multidisciplinary care planning are
given: for women who have placenta previa with acreta
and have had a previous cesarean section and for
women with a serious comorbidity.

Placenta previa with acreta in women with previous
cesarean section
With increasing cesarean section rates and rising mater-
nal age, the occurrence of placenta previa and com-
plications of morbid adherence (acreta, increta, or
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percreta) is likely to present more commonly with sig-
nificant risk to both mother and baby. One of the top
recommendations from the CEMACH 2003–2005
report was that all woman with previous cesarean sec-
tion have a scan to determine placental localization and,
if there is previa, a detailed assessment (by ultrasound
and possibly magnetic resonance imaging (MRI) if nec-
essary) to determine whether there is accreta, increta, or
percreta [11]. The management of the placenta accreta,
increta, and percreta is challenging and requires involve-
ment of senior clinicians with appropriate resources to
hand and a multidisciplinary approach. Even if there is
not thought to be morbid adherence in women with
previous cesarean and low-lying placenta or major pla-
centa previa, clinicians should err on the side of caution
and assume there may be clinical difficulties at delivery.
In view of this, the National Patient Safety Agency in the
UK developed a care bundle entitled Placenta Previa
after Cesarean Section [12] to enable optimizing man-
agement and reducing harm in these difficult cases. The
bundle advocates that all women undergoing cesarean
section at high risk of placenta accreta should be man-
aged in line with this care bundle; this includes women
with one ormore previous cesarean section and placenta
previa, and women with a previous scar where imaging
of placental localization has found the placenta to be
lying over the previous scar, even if it is well clear of the
internal cervical os. The six elements of the Placenta
Praevia after Caesarean Section Care Bundle are outlined
in Box 4.1 [12]. The elements include multidisciplinary
assessment and planning and provides a good example
of optimizing care by planning effectively ahead of
potential difficulties and involving the appropriate clini-
cians and ensuring the availability of appropriate
resources. It also demonstrates how all eventualities
and treatment options must be considered and
discussed with the woman herself. With all the
elements in place, the team would be well prepared in
the event of massive hemorrhage at the time of cesarean
section. It is also important for all services dealing with
these high-risk cases to have an agreed approach to
massive hemorrhage, and if this were in a general hos-
pital setting this would need some adaptation for obstet-
ric purposes. Appendix 4.1 shows the UK Mersey
Regional Massive Hemorrhage Algorithm adapted for
obstetric cases.

Pregnant women with serious comorbidity
Women who are planning pregnancy or are pregnant
but have significant comorbidities require appropriate

assessment and planning with involvement of all dis-
ciplines responsible for her care. This is aimed at
optimizing all aspects of her and her baby’s health.
The planning should include considerations relating
to current medication and treatment, disease status
(active, quiescent, well controlled, etc.), effect of preg-
nancy on disease, effect of disease on pregnancy, and
considerations for labor and delivery, including poten-
tial anesthetic issues.

Medication and treatment. It is important when
considering whether to continue or modify
medication to balance risks of stopping with
benefits of continuing. A common problem
faced by obstetric staff looking after women
with comorbidities is that they stop medication
themselves or are inappropriately advised to do
so and their disease/condition flares, which
may result in adverse effects on her health or
that of her unborn child. At times getting
treatment back on track can prove problematic
too.

Effect of pregnancy on disease. Pregnancy may have
lasting effects on the underlying medical
condition and this needs to be considered when
planning care, particularly with regard to
postnatal follow-up. Furthermore, medications
need to be reviewed in light of women wishing
to breastfeed, again considering benefits and
risks.

Effect of disease on pregnancy. The effects of the
condition on pregnancy need to be considered,

Box 4.1. The Placenta Previa After Cesarean
Section Care Bundle

1. Consultant obstetrician planned and directly
supervising delivery

2. Consultant obstetric anesthesiologist planned
and directly supervising anesthesia at delivery

3. Blood and blood products are available on-site
4. Multidisciplinary involvement in preoperative

planning
5. Discussion and consent includes possible

interventions (such as hysterectomy, leaving
placenta in situ, cell salvage, and interventional
radiology)

6. Local availablility of level 2 critical care bed

Source: National Patient Safety Agency, 2010 [12].
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including the additional concerns related to the
physiological adaptations in pregnancy.

Considerations for labor and delivery. A specific
care plan for labor and/or delivery should be
developed such that specific instructions are
given with regard to monitoring, limitations,
and special circumstances. The plan should
include contingency instructions for common
complications such as preterm labor,
hemorrhage.

Ideally joint multidisciplinary consultations are most
effective in planning care before and during preg-
nancy. For example, in the UK Northwest Region,
cardiologists, anesthesiologists, and maternal medi-
cine specialists have developed a regional guideline
for the reproductive management of women with
acquired or congenital heart disease and there are
two regional clinics where women are seen in a joint
consultation with an obstetrician, cardiologist, and
anesthesiologist to plan care for the preconception,
antepartum, intrapartum, and postpartum period,
thus ensuring a seamless transition through these
epochs of time. Appendix 4.2 is an example of the
care plan used for women with cardiac disease. In
most cases, the requirement for a joint consultation/
communication is such that the plan can be developed
once and women can then continue with normal care,
being referred back only if clinical circumstances
change.

Development of an obstetric high-risk
pre-anesthesia clinic
Maternal morbidity and mortality reports demon-
strate repeatedly the continuously rising proportion
of expectant mothers who are at increased risk for
severe complications during pregnancy as a result of
pre-existing conditions [1–4,6,13–15]. The same
reports identify poor recognition of pre-existing con-
ditions and life-threatening illness as major risk factor
for maternal mortality. In response to these observa-
tions, hospitals that care for a high-risk obstetric pop-
ulation have recognized the need and introduced
obstetric high-risk pre-anesthesia assessment clinics
[15]. Anesthestists have become invaluable partners
in managing emergency obstetric cases, as emphasized
by the fact that anesthesia services are called for in up
to 50% of cases resulting in a maternal death [2]. Even
though only a small number of catastrophic events

resulting in maternal death are directly related to anes-
thesia, a review of these fatal cases revealed that some
were caused by delay in the call to the anesthesia team
and fewer to provision of substandard of anesthesia
care.

The primary goal of the pre-anesthesia assess-
ment process is to create a delivery plan that integra-
tes concerns of different specialties involved in the
care of the patient and her baby. As medical condi-
tions often undergo significant changes throughout
pregnancy, patient assessments may require repeated
visits, and various algorithms adapted to the delivery
plan and specific care modalities will need to be
proposed. Initial plans may change as the condition
of the fetus or the mother can suddenly deteriorate
and flexibility in care planning needs to occur. In a
joint statement developed by the American Society of
Anesthesiology and the American College of
Obstetricians and Gynecologists, the availability
of anesthesia and surgery personnel to enable the
start of a cesarean delivery within 30 minutes has
been defined as a standard for good obstetric care
[16]. Despite this arbitrary timing being recently
revisited, it does emphasize the need for obstetri-
cians, nursing staff, anesthesiologists – and possibly
hematologists, cardiologists, nephrologists, interven-
tional radiologists, surgeons, urologists, and neona-
tologists – to be aware of high-risk cases and their
individual formulated plan and potentially be avail-
able if and when needed A survey performed in the
UK in 2005 showed that 30% of maternity clinics run
a dedicated obstetric high-risk pre-anesthesia clinic
for that purpose [15]. Not surprisingly, the higher the
delivery rate of the maternity clinic was, the more
likely it was that a pre-anesthesia clinic would exist.
No clinic with fewer than 1000 deliveries offered this
service, and in units with more than 4000 deliveries,
40% of obstetric clinics offered at least fortnightly a
high-risk pre-anesthesia consultation.

In maternity clinics that do not run a dedicated
pre-anesthesia clinic, anesthesiologists rely on ad-hoc
referrals by their obstetric colleagues. As a conse-
quence, some high-risk women will not be evaluated
by any anesthesiologist at all or the delivery plan might
be formulated too late. Even when a pre-anesthesia
clinic is available, the referral process is crucial as
women that should be seen may end up not been
referred for other specialty consultation. Using
an unstructured referral system may unduly burden a
high-risk clinic with low-risk patients with mild
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conditions unlikely to worsen during pregnancy or
alter anesthetic management. Creating an “anesthesia
review package” as a pre-screening system operated by
the obstetric anesthesia team would ideally allow a
referral plan for each pregnant woman admitted to
the maternity clinic. This package would include (1)
an entrance questionnaire filled by the parturient, (2)
an obstetric summary with a formulated delivery plan
(or plans), and (3), if available, medical records and
notes from other specialty consultations. The package
may be adapted to suit each institutions’ requirements
and case mix. Once reviewed, this initial pre-screening
would allow the obstetric anesthesia team to define the
appropriate pathway; for example the woman:

* may bypass the pre-anesthesia clinic
* will be contacted for a telephone interview to

gather further details
* will have a scheduled anesthesia consultation for an

in-person evaluation.

During or resulting from this process, the expectant
mother may be referred for further specialized evalua-
tions or consultations. The information gathered

should then be reviewed, and the woman may be
reassigned on the algorithm (Figure 4.4). At the end
of this dynamic process, an anesthesia plan may be
formulated and integrated into a final delivery plan
based on the obstetric care plan and input from other
providers involved with the clinical management. This
plan should be made readily accessible to all providers
in charge of the patient when admitted into the labor
and delivery unit.

Anesthesia preoperative assessment
Medical conditions that require specific care during
pregnancy and delivery include some of the diagnoses
listed below; therefore, anesthesiologists planning for
labor and delivery in the pre-anesthesia clinic should
be aware that a detailed care plan will be necessary.
More specific management may be found in dedicated
chapters throughout this book.

* Assessment and recognition of the difficult airway:

* airway complication is the leading cause of
anesthesia-related death [13]

Entry in
maternity
system

Creation of pre-anesthesia
package

Telephone interview
assessment

Appointment for in-
person assessment

Review of
pre-anesthesia package

& pathway allocation

Pre-delivery anesthesia assessment plan

Obstetric high-risk pre-anesthesia clinic

Multidisciplinary delivery care plan

Obstetric
delivery plan

Consultation with other
medical or surgical
specialties

Bypass
pre-anesthesia clinic

(anesthesia plan
formulated at delivery)

Figure 4.4. Patient referral process through obstetric high-risk pre-anesthesia clinic.

Chapter 4: Elective and emergency planning

31



* failed intubation incidence is 1:300 (10× higher
than normal population) [17]

* airway disasters are predictable in 90% of the
cases [18]

* Mallampati score plus thyromental distance
predicts difficult intubation with specificity 98%
and sensitivity 80% [19]

* obesity is associated with a substantial increase
in morbidity and mortality, in part through
increased operative deliveries (either planned or
unscheduled cesarean deliveries)

* all direct anesthesia-related deaths are
associated with obesity [2]

* pre-anesthesia assessment is indicated for all
who are morbidly obese to evaluate upper
airway/intubation difficulties;
bronchoaspiration has been shown to occur also
at the time of extubation and during unattended
transport to recovery room [20]

* neuraxial analgesia placed in laboring obese
women will be useful to reduce the need for a
general anesthetic in the event of an urgent
unplanned cesarean delivery

* thromboembolic prophylaxis is indicated
(stockings and low-molecular weight
heparin)

* obstructive sleep apnea requires appropriate
after-delivery monitoring, particularly after a
cesarean delivery (and with concomitant
opioids for postdelivery analgesia).

* Pregnancy in an HIV-positive woman:

* the majority of women in developed countries
are taking highly active antiretroviral therapy
and are seemingly healthy

* consider CD4 cell count and viral load within
3 months of delivery; if the CD4 cell count is
200 × 106 cells/L and viral load is high, patients
are susceptible for opportunistic infections and
malignancies

* assess general status, drug side effects, and
coagulation, liver, and kidney status

* consider electrocardiography and chest
radiography

* neuraxial analgesia and anesthesia and general
anesthesia can be provided as usual [21,22].

* Allergies and the pregnant patient:

* 10% of patients allergic to penicillin are allergic
to cephalosporins

* 15% of asthmatics are allergic to non-steroidal
anti-inflammatory drugs

* latex allergy is associated with allergies to kiwi
fruit, chestnuts, avocado, and banana and is
more common in healthcare workers and
patients with spina bifida.

Novel approaches to improve
medical training and preparedness
for obstetric emergencies
Comprehensive reviews of pregnancy-related mortal-
ity have shown that lack of training and clinical skills
as well as the delayed identification and appropriate
management of the very sick parturient were impor-
tant root causes for preventable maternal deaths dur-
ing the last decade [2,4,23]. As a consequence, hospital
quality improvement initiatives in the USA [10,22–26]
and the UK [11,27] have emphasized the importance
of emergency drill training, MEOWS systems, and
RRTs as training and medical management tools to
further improve patient safety.

Simulation and emergency drills
Obstetrics is a medical specialty in which stable clinical
conditions carry the potential to quickly deteriorate into
a critical event. At any given time, quick decisions and
actions are made and carried out in order to manage
effectively and safely emergencies within the challenging
realm of a multiprofessional environment. In smaller
maternity clinics, such situations may occur so rarely
that an appropriate and standardized medical response
may create an extremely stressful challenge to the team.
Simulation offers an opportunity of unlimited exposure
to uncommon, complicated, and critical clinical events
in a safe environment for patients and trainees, along
with useful debriefing and continuous opportunities for
improvements of individual performances as well as
team achievements. During recent years, simulator
options have tremendously increased and have been
systemically embedded in medical training programs;
nowadays, they form an integral part of numerous pro-
fessional certification and credentialing programs [28].

Contextually, simulation-based training methods
can be implemented at three levels: task, clinical, and
environmental. Task-level simulation typically focuses
on practicing skills that are required to complete a
procedure. Examples of task-level skill simulation
training include intubation and airway management,
laparoscopic camera navigation, placing a central
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venous catheter or simply placing an intravenous line;
for obstetricians, managing a shoulder dystocia is typ-
ically an example of a task that can be trained in a
simulator. Task-level exercises can lead the learner
through a sequence of more complicated skills until
she/he reaches a certain point where proceeding to the
procedure itself is the natural progression. Clinical-
level simulation addresses the practice of defined
clinical situations such as postpartum hemorrhage,
eclampsia [29], or anesthesia induction for emergency
cesarean section [30]. The goals of simulating clinical
events are to develop improved clinical reasoning,
decision making, diagnostic judgment, and resource
management. However, as most preventable errors
that occur in healthcare are associated with team
behaviors and communication, effective training war-
rants simulation on a contextual or environmental
level. In other words, clinical scenarios and emergen-
cies have to be simulated in the clinical environment
itself, including different medical professions interact-
ing with each other as they would during the real
event. Simulation on an environmental level should
allow team members to learn and practice together
and to develop interdisciplinary team competencies
and optimize crisis resource management (Box 4.2).
Based on multidisciplinary simulation on an environ-
mental level, role responsibilities can be newly rede-
fined and practiced. Concepts of communication, such
as direct or closed-loop communication, can be exem-
plified and trained. Last, but not least, processes that lie
beyond an obvious mistake, such as target fixation, can

be revealed; decision-making processes can be ana-
lyzed, and scenarios can be retrained until participants
feel comfortable in handling the situation.

Reviewing literature from recent years indicates
that simulation, team training, and emergency drills
improve clinical outcome, knowledge, practical skills,
communication, and team performance [29,31–36].

In a retrospective cohort study performed in the
UK, after the introduction of a simulation-based train-
ing on the management of obstetric emergencies
(shoulder dystocia, postpartumhemorrhage, eclampsia,
twin/breech extraction, adult and neonatal resuscita-
tion), the number of children with 5 minute Apgar
scores <6, as well as the incidence of hypoxic–ischemic
encephalopathy, was significantly reduced, with sus-
tained improvements over time [31]. The observed
improved outcomes were attributed to improved
decision-making processes as a direct result of training.
Task and clinical scenario trainings using mannequins
have demonstrated improvements in clinical skills
for management of shoulder dystocia, breech extrac-
tion, and treatment of postpartum hemorrhage or
eclamptic seizure [29,32,33]. As an additional result,
commonly occurring management errors such as
delayed transfer of the bleeding patient to the operating
room, lack of familiarity with prostaglandin adminis-
tration to reverse uterine atony, or poor cardiopulmo-
nary resuscitation techniques, were identified and this
information was then incorporated when new check-
lists were created [29].

Simulation-based training focusing on interperso-
nal skills demonstrated better team performances
from midwives and physicians after practicing emer-
gencies (adult/neonatal resuscitation, eclampsia,
shoulder dystocia, postpartum hemorrhage, electronic
fetal monitoring, fetal cord prolapse, twin and breech
extraction) compared with lecture-based teaching
[34,35]. Another interesting approach during critical
event simulation involves the use of patient-actors in
lieu of mannequins; this more plausible approach to
provide simulation seems to enhance perception of
good communication and safety [36].

Therefore, even though a clear association
between simulation-based programs and tangibly
improved clinical outcomes in rare urgent events is
complicated to establish, there is some evidence sug-
gesting that simulation training promotes patient
safety and better clinical outcome through improve-
ments of clinical skills, knowledge, communication,
and team performance.

Box 4.2 Crisis resource management

1. Role responsibility

* role clarity
* performance as a leader/helper

2. Communication strategies

* direct communication
* closed-loop communication
* transparent thinking
* orient self/other members

3. Situational awareness

* resource allocation
* target fixation

4. Decision making

* prioritization
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Early warning scoring systems
Analyzing clinical antecedents of in-hospital cardiac
arrests and deaths reveals that 66–84% of patients
experiencing a medical crisis show signs of clinical
deterioration within the 6–8 hours preceding the crit-
ical event [37–39]. According to the 2007 and 2011
CEMACH Reports [2,11], the same could be demon-
strated for the obstetric patient, where early warning
signs of impending maternal collapse went unrecog-
nized too often. In a significant number of maternal
deaths, healthcare professionals either failed to iden-
tify that a woman was becoming seriously ill or failed
to manage the critical situation outside their area of
expertise. The relative rarity of such critical events,
combined with the normal changes in physiology
with pregnancy and childbirth, can make early detec-
tion of severe illness in the parturient especially chal-
lenging. Health service authorities in the UK have,
therefore, urgently recommended the introduction of
MEOWS systems to be applied for all pregnant or

postpartum woman entering the acute hospital setting
[11]. This measure includes the regular recording
of clinical parameters on defined charts that allow
early recognition of critical changes and prompt fast
referral to an appropriate practitioner (Figure 4.5)
[40]. A full set of observations includes the physiolog-
ical parameters:

* respiratory rate
* pulse rate
* blood pressure
* temperature
* mental status.

It is assessed at regular intervals defined by the cause of
admission, with a minimum interval of 12 hours.
These physiological parameters include a minimum
set. Additional clinical parameters, such as oxygen
saturation, urine output and fluid balance, symphysis
fundal height, abdominal girth, peripheral tempera-
ture, and laboratory investigations are included to the
scoring chart defined by the clinical condition.

Figure 4.5. Modified early warning scoring system chart [40].
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One or several measurements reaching a certain
threshold trigger immediate following of steps in the
defined algorithms (Figure 4.6) including:

* referral to the appropriate medical level
* increased monitoring
* review of the clinical condition and situation
* additional investigations
* adapted plan of care.

Triggering a response does not necessarily imply a new
diagnosis but definitely indicates that a worsening
clinical condition was recognized and acknowledged,
warranting further monitoring and investigations on
an appropriate level. A number of hospitals in the UK
have implemented the use of the MEOWS chart in
daily routine as a valuable clinical predictor for mor-
bidity [40,41]. Ideally, each maternity clinic will audit
all critical events and determine which observations or
clinical events require which level of bedside person-
nel. The most critical conditions will require a defined
medical emergency response team (RRT) bringing
critical care expertise and equipment within shortest
time to the bedside.

Rapid response teams
In 2005, the Institute for Healthcare Improvement’s
100 000 Lives Campaign recommended the implementa-
tion of RRTs as one of six strategies to reduce preventable
in-hospital deaths in theUSA [24]. Since then, numerous
hospitals in the USA have implemented these as part

of their improvements strategies. Despite the challenge
of defining the impact of such strategies on patient out-
come, several studies have demonstrated a decrease in
unplanned intensive care unit admissions and cardiac
arrests in and outside of the units [42,43]. Based on these
observations, the American College of Obstetricians and
Gynecologists has included the recommendation for
implementing RRTs in obstetrics in their latest consen-
sus on planning for clinical emergencies [23].

The goal of such RRTs is to bring critical expertise
and equipment to the patient without delay, in a
timely manner, and to provide a solution to the prob-
lem in a standardized manner. Establishing a rapid
response system involves a multistep approach [44]
and includes the definition of:

* who is authorized to activate the RRT
* criteria for activation of the RRT
* identified roles and tasks within the RRT
* means of evaluation and process improvement.

In general, an RRT can be structured into four com-
ponents (Figure 4.7):

* activator
* responder
* quality improvement
* administration.

The activators are those individuals who are eligible to
call the RRT and may include non-medical personnel
on the unit, the patient, or a family member. Most

Action:
• Attend within 10 min or send deputy
• Confirm observations
• Take history & examination
• Decide on differential diagnosis

Options:
• Reset trigger levels
• Make intervention (fluid, oxygen, etc.)
• Decide on relocation (CLOMA, theater, ITU)
• Consider involvement of PART team on bleep 2525
• Make referral and consider appropriate escalation

Must:
• Decide when to review
• Write clear plan in notes

Maternity Observation Chart
If Unresponsive Call 2222

Patient Triggers?
(1 Red Score or 2 Yellow

Scores)

YES

Midwife action:
• Start 1/2 hourly observation
• Give oxygen at 10 min–1

• Review observation chart
• Review drug prescription chart
• If pregnant, then tilt

Call Anaesthetic SpR
on bleep 1901

AND Call Obstetric SpR
on bleep 2345

Figure 4.6. Callout algorithm for triggers of early warning scoring system [40].
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importantly is the creation of an atmosphere where
activators feel free to start the process without fear of
being blamed if they have wrongly estimated the grav-
ity of a clinical condition.

Further, indicators that serve as triggers have to be
determined; in obstetrics, this may be defined as any
condition possibly causing harm to fetus or mother,
such as acute vaginal bleeding, difficulty documenting
fetal heart rate, severe abdominal pain, fetal distress,
severe intrapartum bleeding, or eclampsia. Indicators
and activators vary from one setting to the other, and
their definition should be based on hospital chart
review on past critical events or near misses. An exam-
ple of successful RRT implementation comes from
Shands Jacksonville Medical Center, in Jacksonville,
Florida, USA [45], where criteria for staff to activate
the RRT include the following:

* heart rate <40 or >120 beats/min, or significant
change from baseline

* systolic blood pressure <90 mmHg or significant
change from baseline

* respiratory rate <8 or >24 breaths/min
* oxygen saturation <92% or a fall of 4 points from

baseline
* unexplained temperature fall <35.5°C or

rise >38.8°C
* acute mental status change, decrease in

consciousness and/or new agitation or delirium
* acute significant bleeding
* urinary output <50 mL in 4 hours
* seizures
* uncontrolled pain
* arrhythmias.

Experiences from Shands Jacksonville Medical Center
emphasize the usefulness of the patient or the family
member as an activator. Reasons for activation were
more general and may vary, but the most frequent
reason why the patient or family member activated
the RRT was “something just does not feel right.” In
contrast to some people’s concern, this did not lead to
an overload of false positive calls. On the contrary, the
introduction of a RRT system including the patient/
family member as an activator seemed to have reduced
non-intensive care codes, hospital mortality, and res-
cue failures at codes in the hospital [45].

Once the RRT is activated, responders arrive and act
at the bedside. Different approaches can be taken in how
to compose and define team size. In a so-called “ramp
down” approach, a large team is called immediately
at the bedside; following the first evaluation of the
clinical condition, those team members not needed
are dismissed. This approach has the disadvantage
of consuming larger resources and taking hospital pro-
viders away from routine clinical duties. A less resource-
consuming approach is the “ramp-up” approach:
nurses, with an intermediate capability to assess the
patient needs, start basic care to stabilize the patient
and quickly triage the patient to the appropriate level
of care, such as an intensive care unit [46]. However, a
ramp-up approach bears the risk of slower response and
delay in availability of neededworkforce and equipment.

In order to reduce the risk of a huddle at the patient
bed when responders arrive, activators must be pre-
pared to exchange information, and the use of com-
munication protocols, such as SBAR (situation,
background, assessment, and recommendation)
are recommended [47]. Such protocols should allow

• Improvement
  implementation

• Indications
• Activators
• Communication
  tools (“SBAR”)

• Debrief
• Event review
• Process evaluation

• Response phase
• Closed-loop
   communication

Activator

Administration Responders

Quality
improvemnt

Figure 4.7. Structure of rapid response system: if
the patient meets predefined clinical thresholds, the
activator at the patient’s bedside calls for the
emergency response team. Responders rushing to
the bedside attempt to treat the medical emergency.
An integral part of the response system is the event
review and process evaluation in order to plan
process improvements in the future.
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clear and concise information exchange between activa-
tor and responder. During the response phase, other
communication tools may be implemented to enable
organized management of the critical situation. For
example, before getting into action, a “brief” should be
used to assign essential roles, define expectations or goals,
and to speak out. During the response phase, “check
backs,” “time outs,” and “call outs” can keep the action
organized and ensure closed-loop communication.

After the patient’s condition is stabilized and the
emergency is deemed under control, activators and
responders review the events and evaluate the process.
Optimally, the team is supported by a quality improve-
ment team leading through this process with the aim to
identify system factors that lead or had impact on the
critical event. The loop is finally closedwhen the admin-
istration team provides organizational resources and
accordingly implements changes in the care process.

Conclusions
The reduction ofmaternalmortality over the turn of the
century has been impressive, with 99% fewer deaths
since 2000 than in the early 1900s. However, epidemio-
logical inquiries analyzing maternal deaths in the devel-
oped world still report that a significant number of
mothers’ lives could have been saved through improve-
ments in health systems and processes in the mother’s
clinical pathway during and after pregnancy. Criteria
for patients’ transfer to tertiary care centers are critical
in order to avoid high-risk deliveries in centers that
cannot provide adequate care. Enhanced interdiscipli-
nary strategies include high-risk clinics with targeted
pre-anesthesia assessments by dedicated obstetric anes-
thesia experts leading to a streamlined plan of care, as
well as drills and simulation to improve education and
management of rare critical events. Recently developed
tools such as MEOWS charts or RRTs in obstetrics are
recommendations to further reduce maternal morbid-
ity and mortality in the coming years.
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APPENDIX 4.1. UK MERSEY REGIONAL MASSIVE HAEMORRHAGE ALGORITHM,
ADAPTED FOR OBSTETRICS
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APPENDIX 4.2. OBSTETRIC CARDIOLOGY CARE PLAN
_________________________________________________________________________________________________
Cardiac diagnosis/interventions
_________________________________________________________________________________________________
NYHA classification (see reference table below)
_________________________________________________________________________________________________
Comorbidities
_________________________________________________________________________________________________
Level of care (see reference table below)
_________________________________________________________________________________________________
Medication:
_________________________________________________________________________________________________
Long-term thromboprophylaxis/anticoagulation Yes/No
If Yes see haematology care plan
_________________________________________________________________________________________________
Parity EDD
_________________________________________________________________________________________________
Past Obstetric Hx
_________________________________________________________________________________________________
Anaesthetic referral Yes/No; if Yes see anaesthetic
care plan
_________________________________________________________________________________________________
Fetal echocardiography Yes/No
_________________________________________________________________________________________________

IF PATIENT ADMITTED TO LABOUR WARD PLEASE INFORM THE FOLLOWING:

Consultant Obstetrician on call Yes/No
Consultant Anaesthetist on call Yes/No
SpR Obstetrician on call Yes/No
SpR Anaesthetist on call Yes/No
SpR Cardiology Yes/No_____________________________
Consultant Cardiologist Yes/No_____________________________
Other_______________________________________________________

_________________________________________________________________________________________________
Planned mode of delivery: Elective CS Trial of Vaginal Delivery
Indication for Elective CS:
_________________________________________________________________________________________________
Elective CS. If patient admitted in spontaneous labor inform doctors identified previously
_________________________________________________________________________________________________
Preterm labor Atosiban should be first-line management
_________________________________________________________________________________________________
Vaginal delivery first stage management USE A WEDGE TO AVOID SUPINE HYPOTENSION

HDU Chart Yes/No Note: cardiac patients can use entonox

ECG in labour Yes/No

Prophylactic antibiotics Yes/No

Arterial BP monitoring Yes/No

Early epidural analgesia Yes/No

Central Venous Access Yes/No
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Syntocinon [synthetic oxytocin] augmentation of labour guidance: ______________________________________
_________________________________________________________________________________________________
Vaginal delivery second stage management

Normal second stage Yes/No

Active second stage Yes/No

Duration _____ min/hours

Elective forceps/delivery only Yes/No

_________________________________________________________________________________________________
Vaginal delivery third stage management

Normal active management Yes/No

Syntocinon: infuse 5 IU in 20 ml saline over 20 minutes
_________________________________________________________________________________________________
Postpartum haemorrhage

– Inform Consultant Obstetrician/SpR Obstetrician
Consultant Anesthesiologist/SpR Anesthesiologist

– Mechanical compression methods preferable
– Close fluid balance: count all pads/hourly urometer/CVP/arterial line
– Caution using uterotonics: misoprostol in preference to hemabate

_________________________________________________________________________________________________
Post delivery
Minimum stay on labour ward _________hours/days
Length of hospital stay _________days
_________________________________________________________________________________________________
_________________________________________________________________________________________________
Postnatal medication plan
_________________________________________________________________________________________________
Breastfeeding advice
_________________________________________________________________________________________________
Postnatal follow up arrangements
_________________________________________________________________________________________________
Other considerations/instructions

New York Heart Association (NYHA) classification of cardiovascular disease

Class Description

I Patients who are not limited by cardiac disease in their physical activity
Ordinary physical activity does not precipitate the occurrence of symptoms such as fatigue, palpitations, dyspnea and angina

II Patients in whom the cardiac disease causes a slight limitation in physical activity

III Patients in whom the cardiac disease results in a marked limitation of physical activity. They are comfortable at rest but less
than ordinary physical activity will precipitate symptoms

IV Patients in whom the cardiac disease results in the inability to carry on physical activity without discomfort. Symptomsmay be
present even at rest, and discomfort is increased by any physical activity

Level of care

Level 1 Highly complex lesions:
repairs with conduits, Rastelli, Fontan, Marfan syndrome with dilated aortic root, Ebstein anomaly, pulmonary atresia,
Eisenmenger syndrome, repaired transposition of great arteries (arterial switch or atrial switch), congenitally corrected
transposition of great arteries, pulmonary hypertension, cynanotic congenital heart disease
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Level 2 Lesions of moderate complexity:
coarctation of aorta (repaired/native), repaired atrioventricular septal defect, aortic stenosis, pulmonary stenosis/regurgitation,
tetralogy of Fallot, ventricular septal defect and aortic regurgitation, mechanical valves, hypertrophic cardiomyopathy, dilated
cardiomyopathy

Level 3 Simple lesions:
repaired patent ductus arteriosus/ventriculoseptal defect/total anomalous pulmonary drainage/atrial septal defect, mild
pulmonary stenosis/pulmonary regurgitation, small ventricular septal defect

Level 1 = Exclusive care in specialized unit
Level 2 = May have shared care with regional adult cardiology unit
Level 3 = Care predominantly in a general adult cardiology unit
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Chapter

5
Midwifery and nursing issues
in the intensive care setting
Wendy Pollock and Kate Morse

Introduction
The admission of a critically ill pregnant or post-
partum woman to an intensive care unit (ICU) pro-
vides unique challenges to nursing staff for a variety
of reasons. The physiological adaptations of preg-
nancy underscore a different set of “what is normal.”
Obstetric conditions that ICU staff may be unfamiliar
with, nursing needs unique to this population, such
as checking the fundus and supporting the establish-
ment of lactation, and the presence of the fetus, all
contribute to making the pregnant and postpartum
woman a challenge. Similarly, midwives and obstetric
nurses may find caring for critically ill pregnant and
postpartum women testing given the potential insta-
bility of each woman’s condition and the additional
monitoring and technological support she may
require. It can present a challenge for two healthcare
teams, critical care and maternal health, and requires
clear communication, explicit patient goals, and
sometimes negotiation to promote the health of the
mother and fetus.

Little research has been done to provide an evi-
dence base to guide the management of critically ill
pregnant and postpartum women. Consequently,
much that has been written is experiential observatio-
nal work or extrapolated from the non-obstetric crit-
ical care literature [1]. The purpose of this chapter is to
provide meaningful information for nurses and mid-
wives caring for critically ill pregnant and postpartum
women. This chapter discusses the various clinical
settings in which critically ill parturients may be
cared for, along with the common nursing and mid-
wifery staffing arrangements. Modifications to routine
ICU care for pregnant women are outlined as well as
the routine maternity care for pregnant women in
ICU. Maternity care for critically ill postpartum
women is described in detail.

Background and context
Critical illness is characterized by the presence of
actual or potential life-threatening health problems
where there is a requirement for continuous observa-
tion and intervention to prevent complications and
restore health where possible. Critically ill patients
often require invasive monitoring, technological sup-
port, and intense nursing surveillance and interven-
tion to maintain basic organ function. Critically ill
pregnant and postpartum women may be cared for
in a variety of clinical settings, such as a general adult
ICU, a specialist obstetric ICU, a high dependency unit
(HDU), or in a birth suite within the maternity hospi-
tal. Approximately two thirds of women with severe
maternal morbidity remain in the care of maternity
services with one third admitted to an ICU [2].

However, the term ICU may mean different things
in different places and the admission criteria vary
across institutions and countries. Generally speaking,
an ICU is a defined geographical area within a hospital
where the necessary professional skills and competen-
cies, technical equipment, and resources are assembled
for patients with life-threatening illnesses, injuries, or
complications; usually admission requires advanced
respiratory support or support of two or more failing
organ systems. An HDU refers to a dedicated space
(which may or may not be within an ICU) that pro-
vides comprehensive monitoring and intervention to
patients with, or at risk of developing, single organ
failure, with the exception of those needing advanced
respiratory support. The HDU may also be referred to
as a stepdown unit or intermediate care unit in theUSA
or a medium care unit in certain mainland European
countries.

Various terminology and training requirements
exist for nurses and midwives providing care to preg-
nant and postpartum women. For example, in
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Australia, Belgium, and the UK, an individual may
complete a Bachelor of Midwifery and obtain registra-
tion to practice as a midwife with no nursing prereq-
uisite, qualification, or experience. The midwife is the
health professional prepared to care for and support
the woman and her partner/family through the jour-
ney of pregnancy and childbirth. Midwifery is based
within the wellness paradigm, with pregnancy and
childbirth viewed as normal healthy life events. A reg-
istered nurse may complete a specialist postgraduate
formal study program, such as a Graduate Diploma of
Midwifery, to obtain registration to practice as a mid-
wife. Normally, only staff with a midwifery qualifica-
tion are employed to care for pregnant and postpartum
women in a maternity setting (e.g. hospital, primary
health clinic) or are able to establish an independent
practice. The title midwife is protected by legislation,
with only those who have completed the required edu-
cation and registered as a midwife able to use the title.
The term obstetric nurse is not used in Australia, New
Zealand, the UK, or much of Europe.

The education and training of staff caring for preg-
nant and postpartum women in North America has
evolved along a different path. According to the
American College of Nurse Midwives, there are three
possible designations for midwifery credentials in the
USA: certified nurse–midwife, certified midwife, and
certified professional midwife. The certified nurse–
midwife requires a nursing degree whereas the certified
midwife does not require an active nursing license. The
certified nurse–midwife is awarded a master or doc-
toral degree and the certified midwife is awarded a
master degree; both are eligible to sit for the
American Midwifery Certification Board examina-
tions. The certified nurse–midwife and certified mid-
wife are eligible to be licensed in 50 states plus the
District of Columbia and US territories, whereas the
certified professional midwife is not board eligible and
a degree is not required. The certified professional
midwife is currently regulated in 26 states.
Prescriptive authority varies from state to state and
the focus is on the healthy, normal pregnancy. Care
may be provided in a variety of settings, including the
home, hospital, and birthing centers, which may or
may not be freestanding or geographically associated
with a hospital. Midwives work in collaboration with
medical providers. In Canada, the Canadian
Association of Midwives describes the midwife as a
professional who provides primary care to women
and their babies during pregnancy. There are six

midwifery programs in Canada and the schools offer
baccalaureate programs taking 4 years. However, in
both the USA and Canada, most women give birth in
hospital under the care of obstetricians and specially
trained registered nurses. Nurses working with active
labor patients are commonly referred to as labor and
delivery nurses, while the before and after care is pro-
vided on the maternity floor by nurses commonly
referred to as obstetric nurses. For the purposes of
this chapter, both these specially trained registered
nurse roles will be referred to as obstetric nurses.

The one constant that critically ill pregnant and
postpartum women require the world over, regardless
of training and employment models, is the receipt of
both critical care nursing and midwifery care. Few
nurses and midwives are specialist in maternal critical
care and there is a potential knowledge and skill gap,
with critical care nurses ill-equipped to cater for the
woman’s maternity needs and midwives not educated
to care for critically ill women [3,4]. Ideally, nurses and
midwives caring for critically ill pregnant and postpar-
tum women should undergo a specialized education
program to provide the necessary knowledge and com-
petencies to meet the needs of women. Such a program
may be modular and some topics may involve nurses
and midwives learning together. Educational programs
may be conducted by health service providers or aca-
demic institutions; preferably, any program should offer
the opportunity for the study to articulate with an aca-
demic award for advanced standing/credit (recognition
of prior learning). Suggested content for a maternal
critical care education program includes the physiolog-
ical adaptations of pregnancy and how they relate to
critical illness; assessment, monitoring, and interven-
tions to support the critically ill woman; specific con-
ditions of pregnancy and their management; medical
conditions in pregnancy; maternity care during preg-
nancy (including assessment of fetal well-being); mater-
nity care postpartum; communication and psychosocial
care of critically ill women; and emergency situations
and their management. Content on clinical audit and
evaluation of care specific to maternal critical care
would also be of benefit [5].

Maintaining knowledge and competency in the care
of critically ill parturients is also a challenge given that
many staff care for women infrequently and there is
limited opportunity to build consolidated experience in
the set of skills. Dedicated resource manuals, special
interest journal club meetings, regular emergency drills
involving the whole maternal critical care team, and
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combined seminar events with critical care nurses and
midwives would assist in maintaining the knowledge
base. Other options to maintain competency include
staff rotations between areas; for example midwives/
obstetric nurses could rotate to a general ICU for super-
numerary time to be reacquainted with skills in a con-
centrated block, such as zeroing arterial lines and taking
blood samples from arterial lines. Additionally, care can
be planned jointly – the ICU nurse addressing the
critical care needs and the obstetric nurse or midwife
addressing those pregnancy-specific needs, with daily
case conference to plan care. In the USA, midwives
rarely continue care in the ICU, but it may be a future
practice model. Similarly, ICU nurses could spend
supernumerary time on a postnatal ward checking fun-
dal height and condition with a midwife and consoli-
dating their understanding of how to support the
establishment of lactation. A further notion would be
to have dedicated “maternal critical care” personnel
who are always drawn upon to care for critically ill
pregnant and postnatal women. These staff would
have completed a maternal critical care education pro-
gram and have developed competencies in the care of
critically ill pregnant and postpartum women.

The type of collaborative program will be partially
driven by state or countrywide regulation, scope of prac-
tice, and hospital policies regarding practice. The ideal
collaboration would be between the midwife, the obstet-
ric team (which may include physicians and nurses), the
critical care team (which may include nurse practi-
tioners, physician assistants, nurses, physicians, respira-
tory therapists, pharmacists), and the broader healthcare
team (social worker, case manager, allied health).

Midwifery and nursing care
of pregnant women
Pregnant women admitted to ICU are more likely to be
admitted with a non-obstetric diagnosis than as a result
of a complication of pregnancy. The ICU length of stay
will vary according to clinical need and, although many
pregnant women have a relatively short ICU length of
stay (i.e. 2 days), some women require a long period of
ICU support (i.e. extending to weeks). Conditions that
may require long ICU stays include Guillain–Barré
syndrome, influenza/pneumonia, and trauma.

Regardless of the length of stay, pregnant women in
ICU have maternity care needs as well as a need to
modify routine ICU care because of the physiological
changes of pregnancy and presence of the fetus. The

mnemonic “MUM’S FAST HUG” is one way to assist
nurses and midwives to remember how to incorporate
all of the pregnant woman’s needs into the care provided
(Table 5.1). The “MUM’S” element (or MOM’s in the
USA) contains all the additional care required related to
the pregnancy and the “FAST HUG” is an adaption of
the usual ICUmnemonic [6] tomodify routine ICU care
to accommodate for the pregnancy. These components
are discussed below and listed in Table 5.1.

Monitoring fetal well-being
There are two components of fetal well-being to be
considered in a pregnant woman in ICU. The first is
assessment of the normal growth and development of
the fetus. The second is assessment of the real-time
well-being of the fetus needed to aid decision making
around the optimal time for delivery. Fetal assessment
is discussed fully in Chapter 13.

Normal growth and development is routinely
monitored by measuring the symphysis pubis–fundal
height and, more accurately, by serial ultrasound
measurements. In the ICU setting, the fetus may be
considered at risk for restricted growth, and serial
ultrasound measurements should be undertaken.
Women who may require serial fetal growth assess-
ment are those with long ICU stays, for example
pregnant women in ICU with Guillain–Barré syn-
drome. Standard tools to assess real-time well-being
of the fetus include biophysical profile and cardioto-
cography. Early research on the measurement of
hypoxia-induced mRNA in maternal blood to detect
fetal hypoxia in utero is showing some promise [7].
The main challenge is in the interpretation of the
standard tools used, as the interpretation may be
impacted by the medication that the woman is receiv-
ing. A sedated woman may result in a sedated fetus,
resulting in reducedmovements, reduced cardiotocog-
raphy variability, and reduced biophysical profile
scores. Furthermore, current mRNA blood tests can-
not distinguish between fetal andmaternal hypoxemia.
Theoretically, uterine artery and fetal middle cerebral
artery Doppler flow studies may be of benefit, but they
have not been investigated in the setting of maternal
critical illness.

Undertake/observe routine antenatal care
Routine antenatal care consists of confirming the preg-
nancy and gestation, preventing rhesus isoimmuniza-
tion, multidisciplinary planning for labor/delivery as
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appropriate, and surveillance of the common compli-
cations of pregnancy that may arise during an ICU
admission.

Confirmation of pregnancy and estimation of gestation
The presence of pregnancy should be considered in all
female patients of childbearing age, although whether
all such women admitted to ICU should undergo a
pregnancy test is not clear. Enquiries should be made
for every woman of childbearing admitted to ICU, as to
whether the woman is known to be pregnant. A preg-
nancy can be detected by the presence of human cho-
rionic gonadotropin in serum or urine; gestation as
early as 3 weeks can be detected in this way, with the

level of human chorionic gonadotropin doubling to its
peak level at 10–12 weeks of gestation before reducing
and stabilizing at an elevated level for the remainder of
the pregnancy [8]. Ultrasound can determine a rela-
tively accurate gestation by measuring the crown–
rump length of the fetus. For women who are obviously
pregnant, a quick non-technical way to estimate gesta-
tion is tomeasure the length from the pubis to the top of
the fundus – the number of centimeters equates roughly
to the number of weeks of gestation (e.g. 24 cm indi-
cates 24 weeks). Otherwise, the fundus at the level of the
umbilicus is often representative of about 20 weeks of
gestation. Factors such as multiple pregnancy and poly-
hydramnios will impact on these estimations.

Table 5.1. “MUM’S FAST HUG” covers the incorporation of all of the pregnant woman’s needs into the care provided

Item Features

M Monitor fetal well-being Growth & development
Real-time well-being

U Undertake routine antenatal care (UK)
or
Observe routine antenatal care (USA)

Confirmation of pregnancy and estimation of gestation
Rhesus isoimmunization prevention
Surveillance of maternal complications
Multidisciplinary planning for labor/delivery

M Maternal complications Gestational diabetes
Pre-eclampsia
Preterm rupture of membranes
Preterm labor

S Special considerations Effective communication between critical care and maternity teams
Impact of normal physiology of pregnancy on:

* patient assessment
* ventilation and airway management
* patient positioning
* oral care
* medications

Preparation for delivery

F Feeding Additional nutrition needs in pregnancy
Consider supplements (e.g. folic acid, vitamin D)

A Analgesia Woman should not experience pain but excessive analgesia should be avoided
Consider impact of maternal analgesia on interpretation of fetal well-being tests and
ability of neonate to establish respiration when born

S Sedation Woman should not experience discomfort; excessive sedation should be avoided
Consider impact of maternal sedation on interpretation of fetal well-being tests and
ability of neonate to establish respiration when born

T Thromboembolic prophylaxis Active thromboprophylaxis in the form of antiembolic stockings or sequential
compression devices

All critically ill pregnant women should be considered for medical
thromboprophylaxis.

H Head-of-bed elevation Optimal is 45°, unless contraindicated – if intubated to prevent ventilator-acquired
pneumonia

Consider patient positioning and potential for aortocaval compression

U Stress ulcer prevention Consider histamine H2 antagonists or proton pump inhibitors

G Glucose control Avoid hypoglycemia and hyperglycemia
Mild hyperglycemia is associated with worse perinatal outcomes
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Prevention of rhesus isoimmunization
Rhesus isoimmunization occurs when rhesus-positive
fetal blood enters the rhesus-negative maternal circu-
lation, resulting in the development of anti-D anti-
bodies by the mother. These antibodies then cross
the placenta and destroy the rhesus-positive fetal red
blood cells in a subsequent pregnancy. Events that are
likely to result in fetal blood entering the maternal
circulation include miscarriage, abdominal trauma,
and antepartum hemorrhage. Anti-D immunoglobu-
lin should be administered proactively following any
known potential sensitizing event. The dose of anti-D
immunoglobulin required is dependent on the volume
of fetomaternal hemorrhage. The Kleihauer–Betke test
is a commonly used test on maternal blood to estimate
the volume of fetomaternal hemorrhage. However,
sensitization of the maternal blood can occur without
any “event” as such, and it is standard maternity prac-
tice to administer anti-D to all rhesus-negative
women, usually at around 28 weeks and 34 weeks of
gestation, and again within 72 hours of delivery, in the
absence of any notable “event” [9].

Maternal complications surveillance
Pregnant woman admitted to ICU have the potential
to develop complications of pregnancy just as any
pregnant woman, and the complication may not be
related to the diagnosis that led to ICU admission.
Notable pregnancy complications include gestational
diabetes, pre-eclampsia, preterm prelabor rupture of
the membranes, and preterm labor. As detailed below,
gestational diabetes and pre-eclampsia are difficult to
identify in the setting of critical illness. Identification
of prelabor ruptured membranes and preterm labor
both require an alert clinician and warrant early refer-
ral to maternity staff.

Gestational diabetes
Pregnant women are routinely screened for gestational
diabetes in many developed countries, during the sec-
ond half of the second trimester, as it is associated with
adverse perinatal outcomes. Treatment usually com-
mences with dietary and exercise changes, with insulin
common as the first-line medical treatment. However,
given that critical illness is associated with altered
carbohydrate metabolism, screening for gestational
diabetes while a pregnant woman is in ICU would
not be indicated. Rather, assessing blood glucose
levels as one normally would during critical illness is

required, keeping in mind that maternal hyperglyce-
mia should be actively avoided.

Pre-eclampsia
Pre-eclampsia is a systemic disorder of pregnancy
characterized by hypertension and sometimes by mul-
tisystem involvement (see Chapter 36). The classic
triad of symptoms – hypertension, proteinuria, and
edema – is no longer required for diagnosis. The
problem with identifying the onset of pre-eclampsia
in a critically ill pregnant woman is that organ dys-
function/failure may occur because of the underlying
cause of critical illness. For example, raised liver
enzymes, renal impairment, and low platelet levels
may result from the cause of the critical illness or
may represent the development of pre-eclampsia. It
is important to keep an open mind when considering
the causes of organ dysfunction and to manage the
woman based on multidisciplinary advice.

Preterm/prelabor rupture of the membranes
Preterm (<37 weeks of gestation) and/or prelabor
(before the onset of labor) rupture of the membranes
may occur and result in leakage of amniotic fluid from
the vagina. This is of concern because of the risk of
ascending infection, resulting in chorioamnionitis,
and the loss of amniotic fluid, which could result in
insufficient amniotic fluid for normal fetal lung
growth and development. Preterm rupture of the
membranes is usually diagnosed by the clinical pre-
sentation (leaking or sudden gush of fluid from vag-
ina). It can be confirmed by a sterile speculum
examination that demonstrates a pool of liquid in the
vagina, a positive nitrazine test (shows the liquid has a
ph >6.5) or positive “ferning” pattern of the liquid
when viewed under the microscope. More recently,
tests have been developed to identify a specific
biochemical marker present in amniotic fluid,
such as placental alpha-microglobulin-1 or alpha-
fetoprotein, with mixed success. The test for placental
alpha-microglobulin-1, the Amnisure product, has
demonstrated the best sensitivity and specificity in
the detection of ruptured amniotic membrane [10]
and is achieved with a single vaginal swab (no spec-
ulum needed). It may be of benefit to nurse a pregnant
woman in ICU with a sanitary napkin in situ to assist
in the identification of any possible amniotic fluid leak.
A major potential sequela of preterm rupture of the
membranes is chorioamnionitis; characterized by
maternal pyrexia and tachycardia, fetal tachycardia,
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uterine tenderness, and offensive vaginal discharge: it
is a key cause of neonatal sepsis. The other chief con-
sequence may be the onset of labor.

Preterm labor
Identification of the onset of labor may be challenging
in a pregnant woman in ICU, particularly if she is
sedated. Labor is normally recognized by the com-
mencement of regular, painful contractions, the loss
of the cervical mucus plug (a “show’), cervical dilata-
tion and effacement, and fetal descent. However, the
only sign that may initially be evident in a ventilated
and sedated pregnant woman may be increasing agi-
tation, with increasing sedation needs. Use of a sani-
tary napkin will help to identify the presence of a
mucus plug. The uterus contracts during pregnancy,
although these are usually painless. The frequency of
such contractions is not a useful sign of the likelihood
for preterm labor. Despite uterine contraction being
normal during pregnancy, it remains worthwhile to
assess the contractions to assess whether labor may
have started. Contractions, felt by gently pressing fin-
gertips into the fundus to assess the tone of the uterus –
whether it is contracted and hard or relaxed and soft –
can be assessed for regularity and pattern. Preterm
labor may be experienced more as lower back or pelvic
pain rather than the more classic uterine contraction
pain. However, the back/pelvic pain is usually not
constant but rather more rhythmic in pattern when
indicative of labor. The maternity team should be
informed and attend the woman if there are regular
uterine contractions, or vaginal loss of clear fluid or a
cervical mucus plug.

Transvaginal cervical ultrasound is very helpful in
assessing the risk of preterm delivery; women with a
long cervical length (>3.0 cm) are very unlikely to
deliver in the following week [10]. Likewise, a negative
fetal fibronectin test in cervical/vaginal fluids reduces
the chance that the woman will go into preterm labor.
However, none of the studies that has led to these
findings have been conducted in a critically ill preg-
nant population.

Planning for labor/delivery
Multidisciplinary discussions should be held to plan
for labor and delivery in a woman with a viable preg-
nancy who is in the ICU setting. The anesthesiologist,
intensivist, home team consultant (e.g. cardiologist,
respiratory specialist), and maternity team caring for
the woman should develop a plan including what

maternal condition would trigger elective delivery;
preferred type of anesthesia, delivery, and third stage
management; and the resources and staff required if
delivery becomes necessary (e.g. neonatal team). If
feasible, the woman should be involved in planning
for labor/delivery.

In ICU settings that care for pregnant women, the
possibility of unplanned delivery should be considered
and a strategy in place to manage such a delivery. This
strategy should include appropriate skill mix of clinical
staff, equipment (e.g. cardiotocography machine,
humidicrib), and medication (e.g. to treat third stage,
neonatal naloxone) for support during labor, delivery,
and potential resuscitation of the newborn. This is
discussed further under the heading Preparing for
delivery.

Special considerations for pregnancy
in intensive care setting
Pregnant women have unique needs in the critical care
setting and effective communication of the critical care
and maternity teams is necessary. The physiology of
pregnancy impacts particularly on what may be con-
sidered “normal” parameters when conducting a
patient assessment, as well as on the provision of
mechanical ventilation, patient positioning, and oral
care. Medication use in pregnancy and preparation for
delivery are also “special considerations” when caring
for a pregnant woman in ICU.

Communication and coordination
of the healthcare team
Non-ICUmedical specialists consulting on the patient
in ICU (e.g. obstetrician, neurologist) commonly do
not communicate with each other, which leaves the
ICU nurse/team as the central hub for communica-
tion. Consequently, the bedside nurse/midwife allo-
cated to the patient in the ICU setting is often the
coordinating health professional in the care of a crit-
ically ill woman. The nurse at the bedside is fully up to
date with the patient’s condition and is usually present
when various medical specialties consult on the
patient. It is important to ensure that any visiting
medical staff document their visit and consultation
in the medical notes; they may need assistance with
this if the ICU is using a paperless clinical information
system that visiting medical staff are unfamiliar
with. Daily patient care conferences with specialists
may improve team communication and planning.
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Communication with the patient and family regarding
plan of care is critical to the well-being of both.

Critical care staff should record a named midwife
and obstetrician to maintain communication about
the woman’s well-being. The midwife and obstetrician
should visit the woman as part of a daily round and
they should have input into the care of the woman.
The plan for transfer from ICU should be made in
conjunction with the maternity team.

Also important is for the bedside nurse to commu-
nicate the scope of practice that she/he is competent in
regarding the care of critically ill pregnant and post-
partum women. General nurses (with no obstetric
nursing or midwifery training) must communicate
any limitations in their scope of practice to the nurse
in charge. For example, it would be inappropriate for
such a nurse to assist with induction of labor and to
monitor the progress of labor in a pregnant woman in
ICU. Similarly, midwives (without additional highly
acute care education) should not care for women on
continuous intravenous antihypertensive medication
or with invasive monitoring. Nurses and midwives are
accountable for the care they provide and they should
not provide care that is outside of their scope of prac-
tice. On occasions, it may be necessary to have both a
critical care nurse and a midwife (labor and delivery
nurse) caring for a woman throughout a shift together.
More often the midwife (labor and delivery nurse)
provides intermittent care only (e.g. once a shift),
and clear communication between the critical care
nurse and midwife/labor and delivery nurse is
necessary.

Patient assessment
The basis for any patient assessment is an understand-
ing of what is “normal.” Chapter 10 outlines the nor-
mal physiological adaptations of pregnancy that need
to be considered when conducting a patient assess-
ment. Additionally, other pertinent information
should be obtained when a pregnant woman is admit-
ted to an ICU environment, including relevant past
medical history; mental health history, including
social supports; routine medications prior to the
onset of acute illness; past obstetric history; and tar-
geted questioning on the clinical presentation of the
current illness. Relevant details will inform the indi-
vidualized care plan.

Any physical assessment must be interpreted in rela-
tion to normal physiology (see Chapter 10). For exam-
ple, the hemodynamic profile in a pregnant womanmay

be mistaken for a septic picture, given the high cardiac
output and low systemic vascular resistance that are
normal in pregnancy. Every system is affected by phys-
iological adaptations during pregnancy and, as a conse-
quence, assessment of a pregnant woman must take
these changes into consideration. Table 5.2 outlines
key changes to the assessment criteria to take into
account when conducting an assessment of a pregnant
woman in the ICU setting.

Although fever in critical illness may be left
untreated if the patient’s hemodynamic stability is not
compromised by the fever, this is not the case when the
patient is pregnant. Maternal fever has the potential to
have a negative impact on the fetus at all stages of
gestation and should be avoided [11], keeping in mind
that fetal temperature is commonly 0.5°C higher than
maternal temperature [12]. In particular, prolonged
and/or high maternal fever (e.g. >38.5°C) may be prob-
lematic. Maternal fever is associated with fetal hypoxe-
mia, acidosis, and tachycardia, and with an increase in
uterine activity. An antipyretic, such as acetaminophen
(paracetamol), may be used to treat fever in the first
instance (as long as there are no contraindications such
as liver failure), or other cooling mechanisms should be
used to achieve normothermia. Non-steroidal anti-
inflammatory medications are probably best avoided,
particularly if the woman is near term or delivery is
imminent, because of potential patent ductus and
reduced fetal urine production. While managing fever
is important in pregnancy, the underlying cause of the
fever should be investigated and treated.

Ventilation and airway management
It is well acknowledged that the airway in pregnancy is
considered “high risk,” with the failure to intubate
rate estimated to be eight times higher in pregnancy.
There are a host of physiological adaptations that
contribute to this increased risk [13] (see
Chapter 17). Additionally, clinicians rarely need to
intubate the airway of a pregnant woman in contem-
porary maternity care, with as many as 95% of cesar-
ean sections conducted under regional anesthesia in
developed countries. From a nursing perspective, it is
important to ensure that any artificial airway is
secured appropriately and that there is a plan prepared
for accidental extubation or failure to intubate. Nurses
working in ICU environments that cater for intubated
pregnant women should be familiar with the hospital’s
“failure to intubate” policy or emergency airway pro-
cedures in their institution, and with the equipment

Chapter 5: Midwifery and nursing in ICU

49



that is available to address a failed intubation (e.g.
emergency airway tray). Note that pregnancy is asso-
ciated with a poor tolerance of short-term apnea, for
example during induction of anesthesia and/or intu-
bation, and preoxygenation is important. Also, preg-
nant women are more likely to aspirate because of
delayed gastric emptying and relaxed cardiac sphinc-
ter. The application of cricoid pressure during cardio-
pulmonary resuscitation is no longer recommended;
its role during airway instrumentation in the non-
arrest situation is debatable, with questions around
the safety and effectiveness recently raised [14]. If

applied, cricoid pressure should be done by adequately
trained staff only.

The provision of mechanical ventilation is covered
in detail in Chapter 17, with little available evidence to
guide the “best practice” for pregnant women.
Principles to remember include:

* fetal arterial carbon dioxide partial pressure
(Paco2) is is higher than maternal Paco2 as carbon
dioxide passively diffuses across the placenta

* normal maternal Paco2 is in the range
28–32 mmHg

Table 5.2. Pregnancy-specific considerations related to physical assessment

System Variance to “normal” assessment criteriaa during pregnancy

Neurological
system

Severe headache and/or visual disturbances (e.g. blurred vision, black spots in vision) may be associated with
pre-eclampsia

Cardiovascular
system

Heart rate up to 110 beats/min is normal
High cardiac output and low systemic vascular resistance is normal during pregnancy and may not be indicative
of sepsis

Central venous pressure and pulmonary artery pressures are unchanged during pregnancy and can be
interpreted using the same normal parameters as non-pregnant values

Serum albumin levels are reduced during pregnancy
With a reduced colloid osmotic pressure, dependent edema is common; non-dependent edema (e.g. facial) is
abnormal

Elevated D-dimer and fibrinogen levels during pregnancy; by 36 weeks of gestation, virtually all pregnant women
have D-dimer values at or above the conventional cut-off point for thromboembolism

With a larger circulating volume and hyperdynamic state, the cardiovascular system can accommodate significant
blood loss before a sudden and deleterious deterioration occurs; this required awareness of subtle changes in
vital signs

Respiratory
system

Respiratory rate unchanged in pregnancy; respiratory rate >20 breaths/min at rest is abnormal
Up to 75% of pregnant women experience a feeling of “breathlessness,” associated with needing to
accommodate a 40–50% higher minute volume; dyspnea at rest is an abnormal sign

Pulse oximetry should remain ≥95% even with exertion
Arterial blood gas analysis interpretation should be based on the normal values for pregnancy, e.g. partial pressure
for CO2 28–32 mmHg (see Chapters 10 and 17)

Renal system Although the “normal pregnancy” urine output has been poorly examined, a minimum urine output of 0.5 mL/kg
should be expected

Serum urea and creatinine are lower during pregnancy: BUN in pregnancy 1.7–4.9 mmol/L (4.8–13.7 mg/dL;
normal non-pregnant range is 2.1–8.2 mmol/L (6–23mg/dL); creatinine 43–74 μmol/L (0.5–0.8 mg/dL) up to 35
weeks of gestation before increasing towards the end of pregnancy up to 87 μmol/L (normal non-pregnant
range 53–88 μmol/L (0.6–1.0 mg/dL)) [29]

Up to 300 mg proteinuria per day and some glycosuria are normal during pregnancy; this is because of an
overloading of the renal tubule active transport systems

Assess for and treat asymptomatic bacteriuria associated with pyelonephritis (and preterm labor); minimize use of
an indwelling urinary catheter

Gastrointestinal
system

Heartburn is not uncommon in pregnancy owing to a relaxed cardiac sphincter; however severe or unrelieved
epigastric pain may be a sign of pre-eclampsia

The liver enzymes aspartate aminotransferase and alanine aminotransferase maintain normal non-pregnant
values during pregnancy, although they may rise slightly above normal non-pregnant values during the
postpartum phase [29]

Both obstetric and non-obstetric causes of abdominal pain (e.g. appendicitis, bowel obstruction) should be
considered when examining an acute abdomen; abdominal organs shift and are compressed by the
expanding uterus and signs of non-obstetric conditions may be missed

Cholestasis is more common in pregnancy
Constipation is more common in pregnancy

aNon-pregnant values and assessment.
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* permissive hypercapnia, although a commonly
adopted ventilation strategy, has not been
evaluated in pregnant women

* fetal hemoglobin has a higher affinity for oxygen
than adult hemoglobin

* increasing the ventilator rate to meet the required
higher minute volume is more common than
increasing the tidal volume (“normal” physiology is
40% increase in tidal volume) although no study
has examined this area

* no mode of ventilation is recommended over any
other in the setting of pregnancy.

Patient positioning
Once the pregnancy reaches 20 weeks of gestation and
thereafter, it is advisable to nurse the woman on her
side or with a left lateral tilt if she is lying on her back.
At 20 weeks of gestation, the fundus is commonly at
about the umbilicus. In the second half of pregnancy,
the weight of the uterus compresses the main vessels
(aorta and inferior vena cava) and impedes both

cardiac output and venous return. While positioning
the woman on her side is preferred, if the woman is
nursed on her back then a wedge/pillow needs to be
placed under one hip to shift the weight of the uterus
off the main vessels, achieving a tilt of about 15°
(Figure 5.1) [15]. However, taking into consideration
the current recommendations for maximizing placen-
tal blood flow, minimizing the risk of ventilator-
acquired pneumonia, and optimizing the tolerance of
enteral nutrition, it is unclear what the best position is
to routinely nurse the critically ill pregnant woman in
the ICU setting. Monitoring of maternal breathing
effort, oxygen saturation, arterial blood gas results,
heart rate, blood pressure, cardiac output, and fetal
heart rate may be useful to determine a suitable
position.

Nevertheless, it is important to keep the weight of
the uterus off the main vessels after 20 weeks of ges-
tation. During cardiopulmonary resuscitation, it is
possible to manually shift the uterus off the main
vessels by the nurse standing on the left side of the
bed, placing two hands on the right side of the uterus,

(a) (b)

(c)

Figure 5.1. Different positions for pregnant patients admitted in order to optimize uteroplacental perfusion. (a) Patient is flat on her back. (b)
Patient positioned supine with left lateral tilt from the wedge. (c) A wedge under the right hip tips the patient and relieves aortocaval
compression.

Chapter 5: Midwifery and nursing in ICU

51



and displacing the uterus by lifting the uterus towards
the nurse [16].

As with any critically ill patient, care should be
taken to minimize pressure sore development, includ-
ing assessment of any pressure points, regular move-
ment to relieve pressure points, and use of any
appropriate pressure-relieving products.

Oral care
Pregnant women have a propensity for gingivitis and
bleeding gums as a result of vasodilatation of the vascu-
lature. The gums may also become more sensitive. Oral
care is particularly important during pregnancy because
of the association between poor oral health and preterm
labor. A soft-bristled toothbrush is recommended and
oral care should be attended to with gentle brushing
twice a day, in addition to any other mouth care rou-
tinely provided in the ICU [17]. Furthermore, poor oral
health is associated with the development of ventilator-
acquired pneumonia owing to the colonization of the
oral cavity with pathological organisms.

Medication considerations in pregnancy
Pregnancy is a time when medication use is particu-
larly scrutinized and the benefit and risk of taking the
medication is weighed up before the decision is made
to prescribe/take a medication. Unfortunately, many
of the medications used in the critical care setting have
not been evaluated for use by pregnant women, and in
those medications where safety has been established,
the efficacy of the medication has often not been
studied. Many of the physiological adaptations of
pregnancy have the potential to influence the effect
of medication [18] including:

* reduced serum protein levels (reduced protein-
binding capacity)

* increased circulating volume (potential for
dilution)

* delayed gut motility (potential for increased gut
absorption)

* increased glomerular filtration rate (potential for
increased excretion)

* changes to maternal drug-metabolizing enzymes
(difficult to predict metabolism pattern of regular
drugs).

Consequently, pregnant women may require different
dosing regimens to those used for men or for non-
pregnant women, and monitoring of the drug is

required to ensure that it is having the desired effect
and that toxicity is not evident.

From a nursing perspective, it is worth noting that
the timing of drug administration is also highly relevant
when considering the delivery of medication to preg-
nant women. The first trimester, in particular, is asso-
ciated with the risk of teratogenicity and Chapter 14
goes into the pharmacological considerations in detail.
The 24 hours prior to delivery is also an important time
as the baby may be affected by maternal sedation given
in the day prior to birth and require respiratory support
following birth. All babies born to women who are
critically ill should involve the attendance of a neona-
tologist/pediatrician at the birth. For women expected
to deliver prior to 34 weeks of gestation, a course of
antenatal steroids to enhance fetal lung maturity is
recommended. A common regimen is two doses of
11.4 mg betamethasone (or 12 mg depending on man-
ufacturer), administered intramuscularly, 24 hours
apart. However, administration of betamethasone to
enhance fetal lung maturity to a pregnant woman who
has a systemic infection (e.g. varicella, tuberculosis) or
who is septic, is contraindicated [19]. There is increas-
ing evidence that magnesium sulfate administered ante-
natally prior to a very preterm birth is protective against
the development of cerebral palsy and should be con-
sidered [20] if not contraindicated.

Finally, it is worth mentioning the importance for
women with pre-existing disease to remain on any
medication unless advised otherwise by their medical
doctor. In most circumstances, the benefits of main-
taining a stable medical condition, such as in asthma
or mental illness, outweigh any potential risk of taking
the medication during pregnancy.

Preparation for delivery
Any pregnant woman may deliver while in the critical
care environment. Many women who deliver while a
patient in ICU do so by cesarean section [21]. Vaginal
birth does occur in the ICU setting sometimes, which
may be a planned event or unexpected. As with any
situation, planning ahead and being proactive is help-
ful should the unexpected occur. For example, even
hospitals that do not offer a maternity service usually
have a delivery pack somewhere – most often in the
emergency department. When caring for a critically ill
pregnant patient, the minimum planning for delivery
requirements include:

* name and contact details of the obstetrician and
maternity team
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* the continuous presence of a midwife/labor and
delivery nurse to monitor the progress of labor and
fetal well-being if the woman is in labor

* details on how to contact the neonatologist or
newborn transport service

* equipment that is likely to be needed available (e.g.
cardiotocography machine, delivery pack)

* medication that is likely to be needed available –
particularly uterotonics such as oxytocin
(Syntocinon) or ergometrine/methylergonovine
(normally stored in the refrigerator), neonatal
naloxone.

Feeding
It is important to recognize that critical illness invokes
a range of inflammatory, metabolic, and endocrine
responses that independently of pregnancy require
specific nutritional support strategies (see
Chapter 20). Nutritional support in the critical care
setting is an area of intense research; however, preg-
nant patients are often excluded from trials and the
evidence for providing adequate and appropriate
nutrition to a critically ill pregnant woman is lacking.
Nevertheless, the principles of nutritional support
should still apply to the critically ill pregnant woman
including early (i.e. within 24–48 hours of admission
to ICU) commencement of enteral nutrition. Given
the additional nutritional requirements of pregnancy,
early referral to a dietician is warranted and the use of
supplemental combined vitamins and trace elements
should be considered, including routine pregnancy
nutritional supplements such as folic acid and vitamin
D. Additionally, commencement of nutritional sup-
port should not be delayed on the assumption that the
woman may have a short stay in ICU.

The physiological adaptations of pregnancy
include a relaxed cardiac sphincter, delayed emptying
of the stomach, and slowed peristalsis, which contrib-
ute to an increased likelihood of aspiration and con-
stipation and an overall unknown effect on enteral
feeding tolerance. Common strategies, such as keeping
the head of the bed elevated 45°, the use of a gastro-
prokinetic agent (e.g. metoclompramide), and the
placement of a postpyloric feeding tube, may be help-
ful to optimize feeding delivery [22].

Analgesia
Analgesia should not be withheld from a critically ill
woman because she is pregnant. Most analgesics are

safe in pregnancy although, as mentioned above, non-
steroidal anti-inflammatory drugs should be avoided.
Opioids are safe, although it must be remembered that
they may potentiate the constipation that is more
common in pregnancy. Importantly, consider the
impact of maternal analgesia on interpretation of
fetal well-being tests and ability to establish respiration
when born, if administered within a couple of days
prior to delivery. A shorter acting opioid, such as
fentanyl, may be preferred over longer-acting drugs.
The aim is to provide adequate pain relief without
giving excessive amounts of analgesia. Consideration
should also be given to long-term use of opioids and
the potential to generate neonatal withdrawal symp-
toms. Much of the literature on neonatal abstinence
syndrome relates to maternal drug dependence and
polypharmacy illicit drug use, and the impact of
short-term opioid use in the management of a crit-
ically ill pregnant woman has not been examined.

Sedation
Likewise, sedation should not be withheld from a crit-
ically ill pregnant woman because of concerns for
effects on the fetus. The ICU environment and associ-
ated treatments can be uncomfortable, and an agitated,
uncooperative patient poses risks (e.g. self-extubation).
Many sedation agents are safe in pregnancy, and a calm,
comfortable, and collaborative patient should be the
aim [6]. Advice from the pharmacist may be of benefit
to determine the best sedation agents to use at different
stages of pregnancy. As with analgesia, consider the
impact of maternal sedation on interpretation of fetal
well-being tests and the ability to establish respiration
when born, if administered within a couple of days
prior to delivery. Note that long-term use of benzodia-
zepines can also lead to neonatal withdrawal symptoms.
The aim is to achieve a therapeutic effect by using the
fewest drugs at the lowest doses and for the shortest
durations possible.

Thromboprophylaxis
Pregnancy is associated with an increased risk of
thrombus formation, and the immobility associated
with an ICU admission along with the impact of crit-
ical illness contribute to a high risk of thrombosis and
pulmonary embolism in the critically ill pregnant
woman. Consequently, all pregnant women in the
ICU setting should have active thromboprophylaxis
in the form of antiembolic stockings or sequential
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compression devices as soon as practicable, and all
critically ill pregnant women should be considered
for medical thromboprophylaxis. Low-molecular-
weight heparins are the preferred agents for antenatal
thromboprophylaxis [23]. Administration should be
stopped if the woman goes into labor or delivery is
planned. The Royal College of Obstetricians and
Gynaecologists guideline provides a useful antenatal
thromboprophylaxis framework [23].

Head-of-bed elevation
When there are no contraindications, it is advised to
position ventilated patients 45° upright, to reduce gas-
tric reflux and the incidence of ventilator-acquired
pneumonia [6]. However, the impact of the heavily
gravid uterus, on both the respiratory physiology and
hemodynamic status, in this position has not been
examined.

Stress ulcer prevention
Histamine H2 blockers and proton pump inhibitors
are both safe for use during pregnancy although it is
not known how pregnancy affects the likelihood of a
gastric stress ulcer during critical illness [24,25].

Glucose control
The appropriate glycemic target is not clear given the
adverse obstetric and neonatal outcomes associated with

relatively mild hyperglycemia [26]. The appropriate tar-
get for glycemic control in the general ICU population is
inconclusive, with some ICU clinicians sitting in the
“tight” glycemic control camp (4.4–6.1 mmol/L (80–
110 mg/dL)) and others in the moderate glycemic con-
trol camp (8.0–10.0 mmol/L (140–180 mg/dL). While it
is agreed that both hyperglycemia and hypoglycemia
should be avoided, no glycemic target has been inves-
tigated in the critically ill pregnant population.

Care for postpartum women
Most obstetric patients admitted to ICU are postpar-
tum; the 6 weeks following birth during which the
woman’s body returns to the pre-pregnant state. In
addition, most of these women are within the first 24
hours following birth. Despite the onset of critical
illness at this time, women still require their routine
postpartum needs attended to. Many critical care
nurses are taught patient assessment using the “head
to toe” approach and the 7Bs of postpartum care
adopts this approach to assist critical care nurses to
remember the specific needs of postpartum women
[27]. Importantly, the 7Bs of postpartum care include
consideration of the mother–infant bond and the part-
ner/broader family in recognition of the need to pro-
vide holistic care to critically ill patients. The 7Bs of
postpartum care are blues, breasts, belly, bottom,
body, baby, and beloved (Table 5.3).

Table 5.3. The 7Bs of postpartum care

B Features

Blues “The baby blues” are a normal psychological physiology of the postpartum; short-term tearfulness, anxiety or feelings of
inadequacy, occurring 3–4 days postpartum

Abnormal psychological physiology of the postpartum: postnatal depression, puerperal psychosis

Breasts Examine the breasts at least once per shift: look for signs of mastitis
Establishing lactation: at least six expressions within 24 hours (including one overnight) is recommended
Suppress lactation: if the baby has died or the woman’s preference is not to breastfeed

Belly Uterine involution

Bottom Assessment of perineum
Assessment of lochia
Diuresis is normal in the first few postpartum days
Prevent constipation

Body Assess for deep vein thrombosis and consider thromboprophylaxis
Lowest serum albumin levels occur 7–10 days postpartum

Baby Ensure any legalities of birth registration (and death registration if required) are met
Nurture a healthy mother–infant attachment
Creation of a momento if the baby has died

Beloved Remember to include the partner; consideration for other children
Foster and support the development of the family unit
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Blues
The delivery of the placenta heralds a substantial drop
in circulatingmaternal hormones and the “baby blues”
is a common response in the first few days postpartum.
The “blues” are characterized by short-term tearful-
ness, anxiety or feelings of inadequacy, labile emo-
tions; they occur 3 to 4 days postpartum and last for
a couple of days at most. They are considered normal
psychological physiology of the postpartum. The
“blues” are normally self-limiting and if severe or
prolonged may indicate an increased likelihood of
postnatal depression.

Postnatal depression is a non-psychotic depressive
illness that usually presents within 1–3 months of
giving birth. It is more common in women with a
pre-existing mental health condition, women with
poor social supports, with relationship conflict, and
women who have experienced recent major life events.
Most obstetric patients admitted to ICU postpartum
are admitted in the early postpartum phase (within 24
hours following birth) and postpartum depression is
not usually a concern at this stage.

Postpartum psychosis, also known as puerperal
psychosis, is a rare complication of pregnancy when
the woman presents with hallucinations and is fre-
quently delusional. It commonly presents within the
first 2 weeks postpartum and is a very serious mental
health condition with a risk of infanticide and suicide.
The onset of this condition is more common in
women with a pre-existing mental health condition,
such as bipolar disorder, and requires hospitalization
of the woman for acute psychiatric treatment. Rarely,
an affected woman may require ICU admission for a
self-harm event associated with the condition.

The onset of critical illness around the time of birth
is commonly sudden and not predicted, and the
“blues” part of the 7Bs is also a reminder to assess
the psychological well-being of the woman.

Breasts
The process of lactation is a hormone-mediated one
and even in the setting of maternal critical illness it is
possible to establish lactation. Normally, a small
amount of colostrum is produced in the first few
days; this is rich in protein and antibodies and is a
highly valuable fluid for the newborn baby. The milk
“comes in” within a few days postpartum in response
to the drop in progesterone and maintained levels of
prolactin and cortisol. Although very few studies

have examined the establishment of lactation in the
setting of maternal critical illness, it is likely that
women will experience a delayed response, with
milk “coming in” at a later stage than the normal
3–4 days postpartum [28]. However, the “coming
in” of milk will likely occur regardless of whether
the woman intends to breastfeed. If the woman has
indicated that she would like to breastfeed her infant,
then lactation can be commenced while she is in ICU.
If the woman does not want to breastfeed, or if her
baby has died, then breast milk production can be
suppressed.

Establishing lactation
If the woman has indicated a desire to breastfeed her
infant, it seems reasonable to support her decision
and support the establishment of lactation. Most
women admitted to ICU postpartum are admitted
within 24 hours of birth, have a short length of stay,
and recover from their acute illness fairly quickly.
Consequently, there is a real potential to establish
breastfeeding with long-term successful breastfeed-
ing feasible. The basic premise of breast milk produc-
tion is that milk removal stimulates milk production.
If the mother’s and baby’s conditions allow, and there
are no contraindications, then the baby can suckle at
the mother’s breast in ICU. More commonly, the
mother and baby are separated (often in different
hospitals), or the condition of either the mother or
baby precludes this option. Therefore, the most fre-
quent practice to commence lactation in ICU is by
breast expression. A summary of initiating lactation
by expression is in Table 5.4.

Hand expressing is recommended in the first few
days postpartum until the milk comes in. Even when
breast milk production is established, hand expressing
is recommended to start and finish each expressing
episode, along with the use of a breast pump. Hand
expression achieves a better stimulus and promotes
the “let-down” reflex, which increases the flow of
milk. Hand and machine expression should not be
painful. In the first couple of days, small amounts of
colostrummay be expressed, whichmay be as little as 1
or 2 mL to begin with at each expression. A 2 or 5 mL
syringe may be used to collect the drops to facilitate
easy storage and use. As the volumes increase, a small
container, such as those used to collect urine samples,
may be more appropriate until the milk production
increases and bottles can be used. Colostrum/milk
should be collected in a new container for each
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expression with the woman’s details and the date and
time clearly labeled. Colostrum/milk must be stored in
the refrigerator and may be frozen.

Having been informed of the woman’s intent to
breastfeed or obtaining approval to initiate lactation,
the first step is to ensure that the woman is comfortable.
A warm washer can be used, along with massage of any
lumpy breast tissue, to facilitate the expressing episode.
The thumb and forefinger are placed just outside the
areola, where the collecting ducts are located. Gentle
pinching together of the forefinger and thumb with a
slightly inwardmotion will stimulate the breasts, release
oxytocin, and produce small amounts of colostrum
initially. Both breasts should be expressed, and shorter
more frequent expressions are better than infrequent
long expressions. Once themilk comes in, more volume
will be produced with as much as 100 to 200 mL each
expression possible, even in a woman who is critically
ill. Care should be taken with the use of breast pumps,
as nipple damage can occur if excessive suction is
applied or if the pump is placed inappropriately.

Breast expression is recommended a minimum of
six times in a 24 hour period, with at least one expres-
sion overnight, to establish milk production. More
frequent expression and more milk removal will stim-
ulate more milk production. Common ICU drugs may

affect milk production, for example dopamine inhibits
milk production while metoclopromide enhances it.

Suppressing lactation
If the baby has died or the woman has chosen to
formula feed her infant, the process of lactation can be
suppressed. In the past, medications such as bromoc-
riptine were used to inhibit milk production, but there
were a number of serious side effects observed, includ-
ing puerperal psychosis and cardiovascular and cere-
brovascular events; consequently, such drugs are
prescribed less commonly now. The common method
to suppress lactation consists of providing no stimulus
to the breasts (i.e. no breast expression) and comfort
measures to the woman to relieve any discomfort asso-
ciated with the milk coming in (hard, hot, engorged
breasts), including the use of cool compresses and mild
analgesics (e.g. acetaminophen). In practice, major
problems with engorged breasts are not likely when a
woman has experienced critical illness around the time
of birth. However, breast engorgement, even in the
absence of mastitis, can produce fever.

Signs and symptoms of mastitis
Whether the woman is intending to breastfeed or not,
the clinician should observe for any signs and symptoms

Table 5.4. Summary of initiating lactation when mother and baby are separated

Factors

Expression timing Expression and milk removal stimulates milk production
Minimum of six expressions in 24 hours is recommended, with at least one overnight
Commence expression as soon as practicable, the earlier the better

Expressing
process

Wash hands before starting
Use a clean container to collect milk for each expressing episode; do not top-up a container that has milk from an

earlier expressing episode
Use hand expression only until the milk comes in
Use hand expression to start and finish an expressing episode, in conjunction with a breast pump when the milk

has come in
Expression should not be painful or cause nipple damage

Expressed
amount

First day or two, only small amounts of colostrum are produced, 1–2 mL per expression to begin with, building
to 5mL; there may be more than this but these small volumes are common in women who are critically ill

Small volumes does not mean that milk production cannot be established
Milk usually “comes in” around day 3 or 4 postpartum but may be delayed in women who are critically ill
Once milk “comes in,” the breasts may become engorged or have a full feeling; the volume of milk produced is

now increased
Removing more milk will stimulate more milk production; by 1 week postpartum, each expression may produce

anywhere between 50 and 200 mL of milk

Storage of milk Label each collected expressed milk with: mother’s name and hospital number plus date and time of
expression
Keep expressed milk in the refrigerator
Transport expressed milk in a cooler bag to where the baby is
Expressed milk may be frozen
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of mastitis. Mastitis occurs when there is a blocked milk
duct in the presence of infection. Milk engorgement or
stasis, for example when the milk first “comes in” or if
there is a sudden reduction in milk removal, can lead to
blockage in the milk duct and milk is forced in to the
surrounding breast tissue, causing inflammation.
Infection is commonly caused by staphylococci and is
more likely if there is nipple damage such as a cracked
nipple (providing a portal of entry). Mastitis is charac-
terized by both systemic and local signs and symptoms,
including high temperature and general aches and pains;
locally there may be a reddened, hot and painful spot or
wedge of breast. Antibiotics are usually required to treat
mastitis. Other important treatment is continuing the
process of breast milk removal, whether by breast
expression (hand and pump) or the baby suckling if
the mother’s and baby’s conditions allow. Use of a
warm compress and massage of the blocked duct prior
to expression may be useful, along with a cool compress
following expression to ease any local pain associated
with the mastitis.

Medication considerations in the lactating woman
When the mother is receiving medication, there are a
number of factors to consider regarding the safety of
the breast milk for the infant. The amount of medi-
cation in the breast milk, the oral bioavailability of the
medication, and the condition of the neonate to clear
the medication (e.g. very premature infant, infant with
liver failure) are each relevant. Consequently, the hos-
pital pharmacist and the infant’s medical team may
collaborate in determining whether the breast milk is
safe for the infant. Breast milk has many positive
effects, for the premature infant in particular, and
breast milk may be recommended to be given to the
infant in the absence of any proven harm associated
with the mother’s medication. If the mother is taking
medication that is harmful to the infant, if it is likely to
be long-term medication usage, and there are no other
safer options, then it is probable that the mother will
need to suppress lactation and choose another infant
feeding regimen. If the medication is short term only,
then the milk can be discarded and the establishment
of lactation continued to be supported in readiness for
when the medication stops and the mother can com-
mence breastfeeding.

Belly
The main focus of the “belly” is assessment of the
uterine fundus (the upper edge of the uterus) to ensure

that normal involution is occurring. Uterine involu-
tion is the normal process by which the uterus returns
to the non-pregnant state. Assessment of the fundus
includes the height of the fundus in relation to the
umbilicus or symphysis pubis, the centrality of the
fundus, and the “feel” of the fundus, to determine its
state of contraction. Immediately following birth, the
uterine fundus usually sits at about or just below the
umbilicus. The fundus should be centrally located and
well contracted (feels very hard when palpated –
unable to push the fingertips in). If the fundus is not
central (i.e. located to the side), then the most likely
reason is a full bladder. A “boggy” uterus (one that
feels “spongy” on palpation) indicates that the uterus is
not contracting properly, which may be caused by
uterine atony or retained products or clots. A
“boggy” uterus can initially be treated by “rubbing
up” the fundus, as the uterus is a tactile organ and
will contract in response. A poorly contracted uterus
may contribute to further postpartum blood loss, and
a series of strategies may be required for effective
treatment; for further details see Chapter 39. For the
first 24 hours following delivery, the fundal height,
position, and texture should be assessed initially
hourly for the first 4 hours, and then every 2–4 hours
depending on the findings and context (Figure 5.2). If
there is ongoing blood loss and a poorly contracted
uterus, assessment of the fundus may need to be done
more frequently. After the first 24 hours, the fundal
assessment can be done once a shift as long as the
findings are normal. The date, time, and findings of
fundal assessment should be documented. Fundal pal-
pation and assessment should not be painful.

The rate of involution varies from woman to
woman; however, it may be expected that the fundus
reduces in height and recedes deeper each day; it
should remain well contracted and central. Usually,
the fundus is no longer palpable above the symphysis
pubis by 7 to 10 days postpartum. Delayed involution
or the reversal of fundal involution may indicate
retained products or emerging infection. The final
component of assessing normal involution is assess-
ment of the lochia (the shedding of the uterine lining),
which is outlined under “bottom” below.

The routine incision for a cesarean section is along
the “bikini line” normally done for a “lower uterine
segment cesarean section.”. Sometimes a “classical”
cesarean section is required when the uterus is incised
medially through the uterine body. Sometimes this
means that the skin incision looks like a laparotomy
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incision. Standard assessment of the wound is needed,
regardless of the incision location. Obese women, in
particular, are at risk of cesarean section wound infec-
tions, and care should be taken to keep all suture lines
clean and dry. Obstetric advice should be obtained as
to the management and removal of any sutures in situ.

Finally, in the early postpartum period, some
women may have a diastasis rectus – separation of
the abdominal muscles along the midline. For these
women, a gap in the abdominal musculature of up to
three or four fingerwidths is evident along the midline
andmay be particularly evident when she contracts the
muscles to sit up. In the first few days postpartum, the
woman should be assisted to roll on to her side to sit
up and to avoid the “sit-up” action. As the connective
tissue between the left and right sides of the muscle
returns to the pre-pregnant state, the diastasis rectus
should reduce in width. Women with a severe or
persistent diastasis rectus should be referred for post-
natal physiotherapy to optimize recovery.

Bottom
The focus of the “bottom” is essentially two-fold:
assessment of the perineum and assessment of the
lochia (vaginal loss occurring postpartum).
Regardless of the mode of delivery, the woman’s peri-
neum should be inspected as part of an admission
assessment following birth and then at the beginning
of each shift. Even following an operative birth, vagi-
nal varicosities or hematoma are possible, and visual
inspection of the perineum to ensure that it is healthy
is important.

If the woman has had an episiotomy or experi-
enced a perineal tear, the wound needs to be assessed

for alignment, signs of infection, and evidence of
healthy healing. The common suturing material used
to repair a perineal tear or episiotomy is self-absorbing
and does not need to be removed. However, check the
type of suturing material that has been used when
assessing the area. If the woman is experiencing peri-
neal pain in the first day or two following birth, an ice
pack can be used to help to provide comfort, for 10–20
minute segments, in addition to any systemic analge-
sics. It is important to keep the area as clean and dry as
possible to minimize the likelihood of a wound
infection.

The color and volume of lochia changes as the
involution of the uterus progresses. Immediately
after birth, the lochia is a dark red color and may be
quite heavy – requiring a sanitary napkin change every
3–4 hours. In the first 24 hours postpartum, regular
assessment of per vagina loss is important, along with
the fundus check, to assess for any postpartum hem-
orrhage. How frequently to check depends on the
blood loss; if the loss is heavy (soaked pad within 1–2
hours) then the per vagina loss may need to be checked
every hour. If the per vagina loss is minimal and the
fundus is well contracted and central, the minimum
check should be every 4 hours in the first 24 hours. The
volume of loss should ease within the first few hours –
it does not normally stay heavy for the first 24 hours
(Figure 5.3). Any clots must be reported as theymay be
remnants of placental tissue. The per vagina loss is
documented each time it is assessed and a record
kept of when pads are changed.

Usually, by 3 or 4 days postpartum, the lochia
changes to an old brownish color. The per vagina
loss should now be far less and require less frequent

(b)(a)

Figure 5.2. Assessing a fundus postpartum. (a) At day 1, the fundus is central and at the level of the umbilicus. (b) Manual evaluation
of the height of the uterine fundus. This should not exceed the level of the umbilicus at postpartum day 1.
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pad changes. By 1 week postpartum, the lochia
changes to a yellowy color. Lochia is not offensive to
smell – any offensive per vagina loss or if the color of
the lochia reverts back to red should be reported.
Secondary postpartum hemorrhage occurs more
than 24 hours postpartum and commonly occurs in
the setting of a uterine infection – about 7 to 10 days
postpartum. If the woman has had a hysterectomy,
there will be no lochia and any per vagina loss will be
coming from the surgical site.

Some women have trouble passing their first bowel
motion postpartum because of constipation and fear
of the potential pain that may result. All bowel actions
should be documented on the observation chart and if
the woman has not passed an action within 2 days
postpartum, consideration should be given to the
need for a laxative. It is normal in the first few days
postpartum for a sustained diuresis to occur. This
restores the cardiovascular volume to the pre-pregnant
state.

Body
The “body” component of the 7Bs refers to the general
return of the woman’s body to the pre-pregnant state.
Although the postpartum is defined as the 6 weeks
following the birth/termination of pregnancy during
which the woman’s body returns to the pre-pregnant
state, this time frame is rather arbitrary and parts of
the body take shorter and longer than this time frame.
For example, it is likely that the respiratory changes
resolve fully by the end of the postpartum period,
although some of the associated anatomical changes,
such as flaring of the ribs, remain. In some women,
cardiac output remains elevated for as long as 12
months postpartum. Notably, the lowest serum

albumin levels are recorded in the first week or two
postpartum before the levels start to climb back to pre-
pregnant levels [29]. Overall, the major physiological
adaptations of pregnancy pertinent to critical care
practice resolve over the first couple of weeks postpar-
tum, and with no fetus on board there is less motiva-
tion to match the normal physiology of the
postpartum exactly.

The postpartum period is well recognized as a
high-risk time for the development of deep vein
thrombosis and pulmonary embolism. Women who
experience critical illness around the time of birth have
often undergone lengthy surgical procedures, had
lengthy periods of relative immobility, and have expe-
rienced pre-eclampsia and/or obstetric hemorrhage.
Each of these factors further increases the risk of
deep vein thrombosis. Consequently, all postpartum
critically ill women should have active thrombopro-
phylaxis in the form of antiembolic stockings or
sequential compression devices as soon as practicable
and medical thromboprophylaxis, such as low-
molecular-weight heparin, as soon as active bleeding
is controlled.

Baby
Part of routine postpartum care is nurturing a healthy
mother–infant attachment. The mother and infant
should be kept together to facilitate that bond when-
ever possible. However, when the mother becomes
critically ill around the time of birth, it is more com-
mon that the mother and baby are separated because
of the organizational structures of adult ICU and neo-
natal care. If the mother has been sedated, it is impor-
tant to orient her to the birth of her infant as she
awakens. Obtain photographs of the infant to show

(a) (b)

Figure 5.3. Normal (a) and abnormal (b) lochial loss.
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the mother; some units use technological communica-
tions, such as Skype, to close the gap and to assist with
the creation of a relationship. Another option is the use
of diaries – one could be written for the woman’s time
in ICU and another for the infant’s time away from the
mother. Adult ICU diaries typically contain entries
written by the nursing staff about the woman’s condi-
tion and daily events, entries by visitors, and photo-
graphs of the ICUpatient and key staff. Neonatal diaries
contain photographs of key events, such as first weigh
and first bath, and entries by staff about the infant’s
condition and daily events. However, the use of diaries
to assist the mother–infant attachment has not been
studied and is a theoretical option that may offer bene-
fit. Furthermore, visiting of either the mother or the
infant to each other, depending on which is able to be
transported, should be facilitated.

If the baby has died, there are a number of options
to consider which may support the mother. Many
maternity units create a “memento” booklet that con-
tains a handprint, footprint, lock of hair, and perhaps a
photograph of the baby dressed. This is offered to the
mother and her partner and if not taken remains in the
medical history of the mother in case she changes her
mind at a later date and wishes to retrieve it. The baby
may be kept in the morgue until the mother is well
enough to see and hold the baby if she wants to.
Depending on the circumstances, it may be appropri-
ate for an autopsy to be offered to identify a cause of
death. At some point, the mother and/or the partner
need to be informed about the practicalities of holding
a funeral service if they wish to. The involvement of
pastoral care staff or a social worker may assist with
the early grieving process, with prayers or other sup-
port offered. Referral to a perinatal death community
support group may also be warranted.

Finally, the registration requirements pertaining to
“birth” and “death” need to be completed.What defines
a “birth” varies from country to country. In Australia
and New Zealand, any live or stillborn infant born after
20 weeks of gestation, or more than 400 g if the gesta-
tion is unknown, must be registered as a birth [30]. In
the UK, a birth must be registered if it occurred after 24
weeks of gestation or showed signs of life [31]. Any
liveborn infant that subsequently diesmust have a death
certificate filed and the death registered [32].

In the USA, the definition of live birth is based on
the World Health Organization definition, with input
from the American Academy of Pediatrics and the
American College of Obstetricians and Gynecologists.

While there may be slight variations from state to state,
a live birth is defined as the “expulsion or extraction
from its mother of a product of human consumption”
that demonstrates any signs of life. Duration of preg-
nancy does not define life and all states require the
reporting of a live birth regardless of the weight or
gestation. In the USA, fetal death is death prior to
delivery and while reporting requirements vary from
state to state, generally each fetal death of 350 g or more
or, if the weight is unknown, of >20weeks of gestation is
required to be reported [32].

Beloved
The final B in the 7Bs is the woman’s beloved – her
partner – who must not be forgotten in the care of the
woman. The critical illness of the woman can be very
difficult for the partner when it is associated with
pregnancy and birth, as some men feel partly respon-
sible. There is further stress when the mother and
infant are cared for separately, because the partner is
unsure where to be – at the woman’s bedside or their
newborn child’s. The partner should be kept informed
about the condition of both mother and infant and
encouraged to visit and talk with both. The partner can
be involved in the care of the newborn (e.g. bathe the
infant, change nappies) if the infant is well enough.
Likewise, a partner may like to be involved in the
woman’s care (e.g. comb her hair, rub hand moistur-
izer in) if comfortable doing so. The partner may need
referral to pastoral care or social work to assist them
during the acute phase of the critical illness, even for
essential practicalities like reduced hospital car park-
ing fees and cafeteria vouchers. Partners may need to
be encouraged to eat and drink and reminded of the
need to look after themselves.

If there are other children, the partner may need
assistance with organizing support at home or time off
work. Also, depending on the age of the children, it may
be appropriate for them to visit their mother and new
sibling. If possible, nursing and midwifery staff should
foster and support the development of the family unit
by maintaining good communication, including family
members, and welcoming them at the bedside.

Finally, many partners experience the acute phase
of the maternal critical illness as though it were a
dream or a blur. Both the woman and her partner
may benefit from an ICU follow-up clinic visit, once
the woman has recovered, where the events can be
explained in detail and any questions answered.
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Conclusions
Caring for pregnant and postpartum women in ICU
provides challenges to all members of the healthcare
team given the physiological adaptations and unique
clinical needs. Nurses and midwives should undergo
specialist additional education to ensure that they can
cater for these women’s complex needs. The woman
and her family should be involved in care decisions
whenever possible. Finally, effective communication
and coordination of the health care team are impor-
tant elements for the best outcomes to be achieved for
the woman, her baby, and family.

Key learning points

1. Critically ill pregnant and postpartum women can
present a challenge for two healthcare teams,
critical care andmaternal health, and require clear
communication, explicit patient goals, and
sometimes negotiation to promote the health of
the mother and fetus.

2. Critical care staff should record a named midwife
and obstetrician to maintain communication and
contact details.

3. Critically ill pregnant and postpartum women
may be cared for in a variety of clinical settings,
such as a general adult ICU, a specialist obstetric
ICU, a high dependency unit, or in a birth suite
within the maternity hospital.

4. The one constant that critically ill pregnant and
postpartum women require, regardless of
training and employmentmodels, is the receipt of
both critical care nursing and midwifery care.

5. Ideally, nurses andmidwives caring for critically ill
pregnant and postpartum women should
undergo a specialized education program to
provide the necessary knowledge and
competencies to meet the needs of critically ill
parturient women.

6. Every system is affected by physiological
adaptations during pregnancy; consequently,
assessment and care of a pregnant woman must
take these normal changes into consideration.

7. After 20 weeks of gestation, a woman should be
nursed on her side or with a left lateral tilt of at
least 15°.

8. The airway in pregnancy is considered “high risk;”
nurses working in ICU environments that cater for
intubated pregnant women should be familiar
with the hospital’s “failure to intubate” policy or
emergency airway procedures in their
institution.

9. While evidence for providing adequate and
appropriate nutrition to a critically ill pregnant
woman is lacking, the principles of nutritional
support in critical illness should still apply –
commencement of nutritional support should not
be delayed on the assumption that the woman
may have a short stay in ICU.

10. Both hyperglycemia and hypoglycemia should be
avoided; the ideal target for glycemic control in
critically ill pregnant and postpartum women is
not known.

11. Pregnancy is associated with an increased risk of
thrombus formation; consequently, all pregnant
women in the ICU setting should be considered
for active thromboprophylaxis.

12. It may be of benefit to nurse a pregnant woman in
ICU with a sanitary napkin in situ to assist in the
identification of any possible amniotic fluid leak
or loss of mucus plug.

13. Rhesus isoimmunization prevention should not
be overlooked in the pregnant ICU patient.

14. The timing of drug administration is relevant
when considering the delivery of medication to
pregnant women; the first trimester in particular
carries the risk of teratogenicity. Medication
administered in the 24 hours prior to delivery (e.g.
sedative agents) may impact on the newborn’s
ability to establish respiration.

15. Any pregnant woman may deliver while in the
critical care environment; staff should be
proactive and plan ahead for any planned or
unplanned delivery.

16. For women expected to deliver prior to 34 weeks
of gestation, a course of antenatal steroids to
enhance fetal lung maturity is recommended in
the week prior to delivery. A course of
magnesium sulfate should also be considered to
reduce the risk of cerebral palsy developing in the
neonate.

17. All babies born to women who are critically ill
should involve the attendance of a neonatologist/
pediatrician at birth.

18. Women who become critically ill postpartum
still require their routine postpartum needs
attended to – the 7Bs of postpartum care –
blues, breasts, belly, bottom, body, baby, and
beloved.

19. Hand expressing is recommended to start
and finish each expressing episode, along
with the use of a breast pump only once the milk
has “come in;” more frequent expression
and more milk removal will stimulate milk
production.
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20. Whether the woman is intending to breastfeed or
not, the clinician should observe for any signs and
symptoms of mastitis.

21. Postpartum assessment of the fundus includes
the height of the fundus in relation to the
umbilicus or symphysis pubis, the centrality of the
fundus, and the “feel” of the fundus, to determine
its state of contraction; it should remain well
contracted and central.

22. Any cesarean wound or episiotomy/perineal tear
should be assessed for alignment, signs of
infection, and evidence of healthy healing.

23. All postpartum critically ill women should have
active thromboprophylaxis in the form of
antiembolic stockings or sequential compression
devices as soon as practicable and medical
thromboprophylaxis, such as low-molecular-
weight heparin, as soon as active bleeding is
controlled.

24. Nurses and midwives can actively nurture
mother–infant attachment by communicating
about the baby, providing pictures, and keeping a
diary of events.

25. The partner should be included in the care of the
woman and the practical and support needs of
the partner and family must be considered.

26. The woman and her family should be involved in
planning her care.
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Chapter

6
Decisions related to the beginning
and end of life
Frank A. Chervenak and Laurence B. McCullough

Introduction
Ethics is an essential dimension of maternal critical
care [1]. This is an area of clinical practice with a high
potential for ethical conflict in all cultural and national
settings around the world. Rather than wait for such
conflict to occur, it is far better for patients, their
families, and healthcare professionals to anticipate
and seek to prevent ethical conflicts. This chapter,
therefore, emphasizes a transcultural, transnational,
and transreligious preventive ethics approach that
appreciates the potential for ethical conflicts and
adopts ethically justified strategies to prevent those
conflicts from occurring. Preventive ethics helps to
build and sustain a strong physician–patient relation-
ship. The chapter commences with a definition of
ethics, medical ethics, and the fundamental ethical
principles of medical ethics: beneficence and respect
for autonomy. The ethical concept of the fetus as a
patient is then considered before continuing to define
critical care as a trial of management, with short- and
long-term goals. Finally, an ethical framework for a
preventive ethics approach to maternal critical care is
provided.

Ethics, medical ethics, and ethical
principles
Ethics has been understood in the global histories of
philosophy and theology to be the disciplined study of
morality. Medical ethics should, therefore, be under-
stood to be the disciplined study of morality in med-
icine and to concern the obligations of physicians and
healthcare organizations to patients as well as the
obligations of patients. Medical ethics should not be
confused with the many sources of morality that
exist in particular societies. These can include, but
are not limited to, law, the world’s religions, ethnic

and cultural traditions, families, the traditions and
practices of medicine (including medical education
and training), and personal experience. Medical ethics
since the eighteenth century European and American
Enlightenments has been secular [2]. It makes no
reference to God or revealed tradition, but to what
rational discourse requires and produces. At the
same time, secular medical ethics is not intrinsically
hostile to religious beliefs. Therefore, ethical principles
and virtues should be understood to apply to all physi-
cians in all countries, regardless of their personal reli-
gious and spiritual beliefs [3]. The resulting
professional responsibility model of obstetric ethics
[4] is transnational and transcultural.

The traditions and practices of medicine provide
an important reference point for medical ethics
because they are based on the obligation to protect
and promote the health-related interests of the patient.
This obligation tells physicians what morality in med-
icine ought to be, but in very general abstract terms.
Providing a more concrete, clinically applicable
account of that obligation is the central task of medical
ethics, using ethical principles [1–3].

The ethical principle of beneficence in its general
meaning and application requires one to act in a way
that is expected reliably to produce the greater balance of
benefits over harms in the lives of others. To put this
principle into clinical practice requires a reliable account
of the clinical benefits and harms relevant to the care of
the patient, and of how those clinical goods and harms
should be reasonably balanced against each other when
not all of them can be achieved in a particular clinical
situation, such as a request for an elective cesarean
delivery. In medicine, the principle of beneficence
requires the physician to act in a way that is reliably
expected to produce the greater balance of clinical ben-
efits over harms for the patient [1–3].
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Beneficence-based clinical judgment has an ancient
pedigree, with its first expression found in the
Hippocratic oath and accompanying texts [5].
Beneficence-based clinical judgment makes an impor-
tant claim: to interpret reliably the health-related inter-
ests of the patient from medicine’s perspective. This
perspective is provided by accumulated scientific
research, clinical experience, and reasoned responses to
uncertainty. As rigorously evidence-based, beneficence-
based judgment is, therefore, not the function of the
individual clinical perspective of any particular physi-
cian, it should not be based merely on the clinical
impression or intuition of an individual physician. On
the basis of this rigorous clinical perspective, focused on
the best available evidence, beneficence-based clinical
judgment identifies the benefits that can be achieved
for the patient in clinical practice based on the compe-
tencies of medicine. The benefits that medicine is com-
petent to seek for patients are the prevention and
management of disease, injury, disability, and unneces-
sary pain and suffering, and the prevention of premature
or unnecessary death. Pain and suffering become
unnecessary when they do not result in achieving the
other goods of medical care, for example allowing a
woman to labor without effective analgesia [1–3].

Non-maleficence is an ethical principle that obli-
gates the physician to prevent causing harm. Non-
maleficence should be best understood as expressing
the limits of beneficence. Non-maleficence is better
known to physicians as primum non nocere, or “first
do no harm.” This commonly invoked dogma is really a
Latinized misinterpretation of the Hippocratic texts,
which emphasized beneficence while avoiding harm
when approaching the limits of medicine. Non-
maleficence should be incorporated into beneficence-
based clinical judgment: when the physician approaches
the limits of beneficence-based clinical judgment (i.e.
when the evidence for expected benefit diminishes and
the risks of clinical harm increase), then the physician
should proceed with great caution. The physician
should be particularly concerned to prevent serious,
far-reaching, and irreversible clinical harm to the
patient [1–3].

There is an inherent risk of paternalism in
beneficence-based clinical judgment that must be
responsibly managed. Beneficence-based clinical judg-
ment, when it is mistakenly considered to be the sole
source of moral responsibility and therefore moral
authority in medical care, invites the unwary physician
to conclude that beneficence-based judgments can be

imposed on the patient in violation of his/her
autonomy. Paternalism is a dehumanizing response
to the patient and, therefore, should be avoided in
the practice of maternal critical care.

The ethical principle of respect for autonomy
stands in contrast with the principle of beneficence.
Respect for autonomy obligates the physician to
empower the patient to make informed decisions
about his/her medical care and to implement his/
her value-based preferences, unless there is compel-
ling ethical justification for not doing so. The preg-
nant patient increasingly brings to her medical care
her own perspective on what is in her interest. The
principle of respect for autonomy translates this fact
into autonomy-based clinical judgment. Because
each patient’s perspective on his/her interests is a
function of his/her values and beliefs, it is impossible
to specify the benefits and harms of autonomy-based
clinical judgment in advance. Indeed, it would be
inappropriate for the physician to do so, because the
definition of benefits and harms and their balancing
are the prerogative of the patient. Not surprisingly,
autonomy-based clinical judgment is strongly anti-
paternalistic in nature [1–3].

Beneficence and respect for autonomy both shape
the informed consent process. The physician has the
beneficence-based obligation to identify and present to
the patient all of the medically reasonable forms of
clinical management for the management of the con-
dition, disease, or injury. “Medically reasonable”
means that a form of clinical management is physically
available, technically possible, and supported in
evidence-based reasoning as having an outcome that,
on balance, will be clinically beneficial. There is no
ethical obligation to offer clinical management that
meets only the first two criteria. Failure to recognize
this creates preventable ethical conflict in critical care.
The physician should describe the nature and expected
outcomes of medically reasonable alternatives, along
with their expected risks and how these will be man-
aged should they occur.

The pregnant patient’s role has iterative steps. She
should (a) pay attention; (b) absorb, retain, and recall
information about her condition and the medically
reasonable alternatives for managing it; (c) understand
thesematters; (d) understand that thesematters apply to
her; (e) evaluate the outcomes of the medically reason-
able alternatives based on her own values (i.e. what is
important to her); and (f) express a value-based prefer-
ence. The physician has a role to play in supporting each
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of these steps. The physician should recognize the
capacity of each patient to deal with medical informa-
tion (and not to underestimate that capacity), provide
information (i.e. disclose and explain all medically rea-
sonable alternatives), and recognize the validity of the
values and beliefs of the patient. The physician should
try not to interfere with but, when necessary, to assist
the patient in her evaluation and ranking of diagnostic
and therapeutic alternatives formanaging her condition
and then elicit and implement the patient’s value-based
preference [1].

In the USA, the legal obligations of the physician
regarding informed consent were established in a
series of cases during the twentieth century. In 1914,
Schloendorff v. The Society of The New York Hospital
established the concept of simple consent, that is,
whether the patient says yes or no to medical inter-
vention [6,7]. To this day in the medical and bioethics
literature, this decision is quoted: “Every human
being of adult years and sound mind has the right
to determine what shall be done with his body, and a
surgeon who performs an operation without his
patient’s consent commits an assault for which he is
liable in damages” [6]. The legal requirement of con-
sent further evolved to include disclosure of informa-
tion sufficient to enable patients to make informed
decisions about whether to say yes or no to medical
intervention [7].

The ethical concept of the fetus
as a patient
The ethical concept of the fetus as a patient is essential
to maternal critical care in all cultural and national
settings. Developments in fetal diagnosis and manage-
ment strategies to optimize fetal outcome have become
widely accepted, encouraging the development of this
concept. This concept has considerable clinical signifi-
cance because, when the fetus is a patient, directive
counseling (i.e. recommending a form of manage-
ment) for fetal benefit is appropriate, and when the
fetus is not a patient, non-directive counseling (i.e.
offering but not recommending a form of manage-
ment for fetal benefit) is appropriate. However, there
can be uncertainty about when the fetus is a patient.
One approach to resolving this uncertainty would be
to argue that the fetus is or is not a patient in virtue of
personhood, or some other form of independent
moral status. The following discussion shows that

this approach fails to resolve the uncertainty and,
therefore, supports an alternative approach that does
resolve the uncertainty.

One prominent approach for establishing whether
or not the fetus is a patient has involved attempts to
show whether or not the fetus has independent moral
status. Independent moral status for the fetus means
that one or more characteristic that the fetus possesses
in and of itself and, therefore, independently of the
pregnant woman or any other factor, generates and
grounds obligations to the fetus on the part of the
pregnant woman and her physician. Despite an ever-
expanding theological and philosophical literature on
this subject, there has been no closure on a single
authoritative account of the independent moral status
of the fetus. This is an unsurprising outcome because,
given the absence of a single method that would be
authoritative for all of the markedly diverse theological
and philosophical schools of thought involved in this
endless debate, closure is impossible. For closure ever
to be possible, debates about such a final authority
within and between theological and philosophical tra-
ditions would have to be resolved in a way satisfactory
to all, an inconceivable intellectual and cultural event.
In terms of the independent moral status of the fetus,
the concept of the fetus as a patient has no stable or
clinically applicable meaning. Maternal–fetal medi-
cine, therefore, should abandon these futile attempts
to understand the ethical concept of the fetus as a
patient in terms of independent moral status of the
fetus and turn to an alternative approach that makes it
possible to identify ethically distinct senses of the fetus
as a patient and their clinical implications for directive
and non-directive counseling [1].

This alternative approach is based on the concept
of the dependent moral status of the fetus and the
recognition that being a patient does not require that
one possesses independent moral status. Rather, being
a patient means that one can benefit from the applica-
tions of the clinical skills of the physician. Put more
precisely, a human being becomes a patient when two
conditions are met: that a human being is presented to
the physician, and that clinical interventions exist that
are medically reasonable in that they are reliably
expected to result in a greater balance of clinical bene-
fits over harms for the human being in question. These
two criteria are obviously transcultural, transnational,
and transreligious. This is the sense in which the
ethical concept of the fetus as a patient should be
understood in all cultural and national settings.
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The authors have argued elsewhere that
beneficence-based obligations to the fetus exist when
the fetus is reliably expected later to achieve independ-
ent moral status as a child and person [1]. That is, the
fetus is a patient when the fetus is presented for med-
ical interventions, whether diagnostic or therapeutic,
that reasonably can be expected to result in a greater
balance of goods over harms for the child and person
the fetus can later become during early childhood. The
ethical significance of the concept of the fetus as a
patient, therefore, depends on links that can be estab-
lished between the fetus and its later achieving inde-
pendent moral status.

The viable fetal patient
One such link between the fetus and its later achieving
independent moral status is viability. Viability, how-
ever, must be understood in terms of both biological
and technological factors. It is only by virtue of both
factors that a viable fetus can exist ex utero and thus
achieve independent moral status. When a fetus is
viable – that is, when it is of sufficient maturity so
that it can survive into the neonatal period and achieve
independent moral status given the availability of the
requisite technological support – and when it is pre-
sented to the physician, the fetus is a patient.

Viability exists as a function of biomedical and
technological capacities, which vary in different parts
of the world. As a consequence, there is, at the present
time, no worldwide, uniform gestational age to define
viability. In developed countries, we believe, viability
presently occurs at approximately 24 weeks of gesta-
tional age [8]. Clearly, in less developed countries
viability can occur later because of variation in the
technological ability to support premature infants.
This variability may affect decision making about
intrapartum management and resuscitation of the
neonate.

The previable fetal patient
The only possible link between the previable fetus and
the child it can become is the pregnant woman’s
autonomy. This is because technological factors can-
not result in the previable fetus becoming a child. The
link between a fetus and the child it can become when
the fetus is previable can be established only by the
pregnant woman’s decision to confer the status of
being a patient on her previable fetus. The previable
fetus, therefore, has no claim to the status of being a

patient independently of the pregnant woman’s
autonomy. The pregnant woman is free to withhold,
confer, or, having once conferred, withdraw the status
of being a patient on or from her previable fetus
according to her own values and beliefs. The previable
fetus is presented to the physician as a function of the
pregnant woman’s autonomy [1]. Some countries out-
law abortion of all previable fetuses, the result of which
is ethically impermissible restriction of the pregnant
woman’s autonomy by state power. Physicians in these
countries should work for change in such public
policies.

When the fetus is a patient, directive counseling for
fetal benefit is ethically justified. “Directive counsel-
ing” means that the physician should make recom-
mendations that would benefit the fetus. It is
emphasized that directive counseling for fetal benefit
must occur in the context of balancing beneficence-
based obligations to the fetus against beneficence-
based and autonomy-based obligations to the pregnant
woman. Any such balancing must recognize that a
pregnant woman is obligated only to take reasonable
risks of medical interventions that are reliably expected
to benefit the viable fetus or child later.

Obviously, any strategy for directive counseling for
fetal benefit that takes account of obligations to the
pregnant woman must be open to the possibility of
conflict between the physician’s recommendation and
a pregnant woman’s autonomous decision to the con-
trary. Such conflict is best managed preventively
through the informed consent process as an ongoing
dialogue throughout a woman’s pregnancy, aug-
mented as necessary by negotiation and respectful
persuasion [9].

Critical care as a trial
of management
Critical care should be understood not as an all-or-
nothing intervention but as a trial of management that
can justifiably be discontinued when its goals are
unlikely to be met. This may seem a jarring concept
when a younger, previously healthy population of
patients, such as pregnant women, is concerned.
However, conditions, diseases, or injuries that warrant
admission of a pregnant woman to a critical care unit
are by definition very serious, which means that the
limits of medicine to alter the course of disease or
injury may be reached in the course of a critical care
admission. Losing sight of this clinical reality sets up
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ethical conflict for the physician, the critical care team,
the patient, and her family. Critical care may reach
such limits with respect to either its short-term or its
long-term goals.

Critical care has a short-term goal, the prevention
of imminent death. Critical care is usually very effec-
tive at achieving this goal. When it is no longer rea-
sonable in evidence-based consideration to expect that
imminent death can be prevented, there is no
beneficence-based obligation to continue.

Critical care also has a long-term goal, survival
with an acceptable outcome. “Acceptable outcome”
should be understood from either a clinical or a
patient’s perspective. The clinical perspective is benef-
icence based. When critical care is no longer expected
to achieve survival with at least some interactive
capacity, there is no beneficence-based obligation to
continue. The patient’s perspective is autonomy based.
When critical care is expected to achieve survival with
at least some interactive capacity but with a quality of
life not acceptable to the patient, there is no
autonomy-based obligation to continue. “Quality of
life”means engaging in life tasks such as family life and
pursuing meaningful activities and deriving satisfac-
tion from doing so. There is no philosophical theory to
support any claim about what life tasks are worth
pursuing and how much satisfaction from doing so is
enough. These are matters for each patient to deter-
mine for herself.

The stopping rules for critical care as a trial of
intervention should be based on whether the short-
term goal can be achieved. When it is no longer rea-
sonable to expect this goal to be achieved, the
beneficence-based obligation to continue critical care
as a trial of intervention no longer exists. The stopping
rules should also be based on the whether the long-
term goals can be achieved. When it is no longer
reasonable to expect that the long-term goals, from
either a clinical or patient’s perspective, can be
achieved, then, respectively, the beneficence-based
obligation or the autonomy-based obligation to con-
tinue critical care as a trial of intervention no longer
exists.

Maternal critical care is ethically more complex
when the fetus is a patient. After viability, discontin-
uation of critical care management should include
delivery of the fetal patient. This is because there is
beneficence-based obligation to protect the fetal
patient’s life and health, and delivery, including
immediate postmortem delivery, does not violate

beneficence-based obligations to the pregnant
woman. For the previable fetus, continuation of crit-
ical management for fetal benefit, including continu-
ation after the pregnant woman is determined to be
dead by accepted brain-function criteria, should be
undertaken only when she has explicitly authorized
this or when a valid surrogate authorizes it on the
basis of the patient’s wishes and there is a plan for the
delivery of the viable fetal patient if continued critical
care becomes ineffective in maintaining the pregnant
woman in a stable condition.

A preventive ethics approach to
decisions about maternal critical care
Preventive ethics uses the informed consent process to
anticipate and prevent ethical conflict between
patients and their physicians [9]. Preventive ethics
should play a very prominent role in maternal critical
care. There are distinctive, but complementary, roles
for the physician and patient.

The physician’s role is to explain to the pregnant
patient before critical care is initiated its nature as a
trial of management. The physician should explain
both the short-term and the long-term goals and the
possibility that they might not be achieved. The physi-
cian should explain that, if this becomes the case,
discontinuing critical care management and discharg-
ing the patient to hospice care is the ethical standard of
care. The patient’s wishes should be elicited. The
physician should make every effort to help patients
who request that everything be done to understand
that not every reduction in the risk of mortality is
worth the disease-related and iatrogenic morbidity
that result, because these can greatly reduce or even
eliminate the ability of the patient to experience a
quality of life that she would want for herself.
Seriously ill patients who “want everything done”
often do not appreciate what this means in clinical
reality, setting up preventable ethical conflict.

It is now possible for patients to formally express
their wishes about maternal critical care in the form of
what in the USA are called “advance directives,” a
concept and practice pioneered in the USA. The prac-
tice of medicine in the American federal system of self-
government is regulated by the individual states.
Spurred by the famous case of Karen Quinlan in
New Jersey in 1976 [10], the first end-of-life case to
be adjudicated, all states have enacted advance direc-
tive legislation [11]. Some states do not allow an

Section 1: General non-medical considerations

68



advance directive to be applied to limit life-sustaining
treatment of a terminally or irreversibly ill pregnant
patient. This restriction has not been challenged in the
courts.

The basic ethical idea of an advance directive is
independent of how it is implemented in law and
public policy in the USA. The ethical idea is that a
patient, when autonomous, can make decisions
regarding her medical management in advance of a
time during which she becomes incapable of making
her own healthcare decisions. The ethical dimensions
of autonomy that are relevant here are the following. A
patient may exercise her autonomy now in the form of
a request for or refusal of life-prolonging interven-
tions. Autonomy-based request or refusal, expressed
in the past and left unchanged, remains in effect for
any future time during which the patient becomes
non-autonomous (i.e. in the clinical judgment of her
attending physician, she no longer has decision-
making capacity). That past autonomy-based request
or refusal, therefore, creates the physician’s obligations
at the time the patient becomes unable to participate in
the informed consent process. In particular, refusal of
life-prolonging medical intervention should translate
into the withholding or withdrawal of such interven-
tions, including discontinuation of maternal critical
care as a trial of intervention. This ethical reasoning
can be applied clinically in countries without advance
directive legislation, guided by competent legal advice.

The living will or directive to physicians is an
instrument that permits the patient to make a direct
decision, usually to refuse life-prolonging medical
intervention in the future. The living will becomes
effective when the patient is a “qualified patient,” usu-
ally terminally or irreversibly ill, and is also not able to
participate in the informed consent process as judged
by her physician. Court review is not required.
Obviously, terminally or irreversibly ill patients who
are able to participate in the informed consent process
retain their autonomy to make their own decisions.
Some states prescribe the wording of the living will,
and others do not. A living will, to be useful and
effective, should be as explicit as possible. Readers in
jurisdictions that sanction such advance directives
should become familiar with them and with organiza-
tional policies for their preparation, documentation in
the record, and implementation.

The concept of a durable power of attorney or
medical power of attorney is that any autonomous
adult, in the event that that person later becomes

unable to participate in the informed consent proc-
ess, can assign decision-making authority to another
person. The advantage of the durable power of attor-
ney for healthcare is that it applies only when the
patient has lost decision-making capacity, as judged
by his or her physician. Court review is not required.
It does not, as does the living will, also require that the
patient also be terminally or irreversibly ill. However,
unlike the living will, the durable power of attorney
does not necessarily provide explicit direction, only
the explicit assignment of decision-making authority
to an identified individual or “agent.” Obviously, any
patient who assigns durable power of attorney for
healthcare to someone else has an interest in commu-
nicating his or her values, beliefs, and preferences to
that person. The physician can play a facilitating role
in this process. Indeed, in order to protect the
patient’s autonomy, the physician should play an
active role in encouraging this communication proc-
ess so that there will be minimal doubt about whether
the person holding durable power of attorney is faith-
fully representing the wishes of the patient. The preg-
nant patient is free to name anyone of her choosing to
act as her agent.

The main clinical advantages of these two forms of
advance directives are that they encourage patients to
think carefully in advance about their request for or
refusal of medical intervention, and that these direc-
tives, therefore, help to prevent ethical conflicts and
crises in the management, particularly, of terminally
or irreversibly ill patients who no longer have
decision-making capacity and for whom the stopping
rules of critical care as a trial of intervention apply. The
reader is encouraged to think of advance directives as
powerful, practical strategies for preventive ethics for
end-of-life care, and to encourage patients who are
candidates for maternal critical care to consider them
seriously. The use of advance directives prevents the
experience of increased burden of decision making in
the absence of reliable information about the patient’s
values and beliefs [12].

For patients without advance directives, medical
ethics accepts surrogate decision making. Many legal
jurisdictions do as well. Two standards, in priority,
guide surrogate decision making. The first is the “sub-
stituted judgment” standard. This standard is
autonomy based. This calls for the surrogate, as best
as he or she can, to make decisions based on the values
and beliefs of the patient. The physician can help
surrogates to implement this standard by asking the
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surrogate to describe what was important to the
patient, particularly life tasks that she valued. The
physician can then provide his or her best judgment
about the projected functional status of the patient
and its implications for undertaking those life tasks.
Doing so helps the surrogate to make a reliable deci-
sion about whether the long-term goal of critical care
from the patient’s perspective can be achieved. When
a surrogate cannot meet the substituted judgment
standard, which is probably unlikely for a married
pregnant patient, the best interests standard applies.
This standard is beneficence based. The physician,
therefore, plays a leading role in implementing this
standard. When the short-term goal of critical care
cannot be achieved, the physician should explain that
this is the case and that it is consistent with good
medical care to discontinue critical care and transfer
the patient to a hospice program. The physician’s role
is the same when the long-term goal from a clinical
perspective cannot be achieved.

Conclusions
Maternal critical care is an essential component of
comprehensive obstetric care. Maternal critical care
is ethically challenging because it involves recognizing
the limits of medicine to alter the course of serious
injury or disease in the context of pregnancy.
Physicians should respond to these ethical challenges
with a preventive ethics approach. Like all critical care,
maternal critical care should be understood by physi-
cians and presented to pregnant patients or their sur-
rogates as a trial of management with both short-term
and long-term goals. Beneficence-based and
autonomy-based stopping rules for the trial of inter-
vention should shape the physician’s role in the
informed consent process for continuation of mater-
nal critical care. Patients in jurisdictions that provide
for them should be encouraged to formalize their
decisions with advance directives and to have open

and honest discussions in advance with those who
could become surrogate decision makers.
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Chapter

7
Support of the family and staff
Renee D. Boss and Carl Waldman

Introduction
A critical illness in a pregnant woman is often a crisis
for her entire family – the woman herself, her fetus,
her partner, other children, and extended family and
loved ones. The family burden becomes even greater if
the infant is delivered and requires intensive care while
the mother remains critically ill. In addition to stabi-
lizing and treating the patient’s acute medical prob-
lems, interdisciplinary clinicians must also anticipate
and address the family’s needs; this optimizes their
ability to be fully engaged in supporting the patient,
supporting each other, and acting as surrogate deci-
sion makers. While individual families have unique
challenges and needs, a number of resources from
clinicians and the healthcare system can benefit most
families.

Critical care staff caring for the patient and her
fetus or newborn also benefit from systematic sup-
ports, as they are repeatedly exposed to patient trauma,
family crisis, and loss. Failure to routinely address staff
moral and emotional distress can result in compassion
fatigue and burnout.

This chapter will review the supports that can be
provided to both families and staff in these scenarios.

Case 7.1. A 32-year-old woman at 23 weeks of
gestation with a male fetus: Part 1

Ana Martinez is a 32-year-old woman currently preg-
nant at 23 weeks of gestation with a male fetus.
Today, her husband has just dropped off their healthy
5- and 7-year-old daughters at school when his phone
rings. Ana tells him that the headache she has had
since yesterday is getting much worse. Can he take
her to the doctor? When Raul arrives at home, Ana is
lying on the kitchen floor, unresponsive and pale. Raul
calls an ambulance, and Ana is taken to the emer-
gency department of the local community hospital.

After 3 hours, doctors tell Raul that his wife is being
transferred to the university hospital in the nearest
city. He calls a neighbor to arrange for her to pick up
his children after school, then drives 100 miles to see
his wife in the intensive care unit. There he is told that
Ana has suffered a large stroke and is on a breathing
machine. The doctors are performing tests to better
understand why this happened. The fetal heart rate
is good now, but they worry that Ana’s condition
could harm the fetus. When Raul asks, “But my wife
and baby are going to be okay, right?” he is told the
doctors are doing everything they can.

Practical concerns
For family members and loved ones faced with the
critical illness of a pregnant woman, multiple practical
concerns can impair their ability to assimilate compli-
cated medical information and remain engaged with
the medical team. Families who perceive a lack of clear
and timely information about their loved one’s con-
dition in the intensive care unit (ICU) are more likely
to display symptoms of acute stress disorder [1].
Therefore, it is vital both to deliver this information
to families and, equally, to minimize practical stressors
so that they can be ready to understand that informa-
tion. Cost-effective interdisciplinary supports can be
instituted upon ICU admission with a goal of keeping
families from becoming so overwhelmed that they
cannot adequately support the patient or each other
[2–4].

Regionalization of hospitals equipped to manage
both critically ill pregnant women and critically ill
neonates means that many families will have to travel
significant distances between home and hospital.
Occasionally, it is possible that the mother may remain
in a critical care unit in one hospital while the baby is
transferred to a regional neonatal critical care facility
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some distance away; this puts relatives under added
stress as they will have to be present in two hospitals.
This can continue for weeks or months, even after the
mother recovers if the infant remains in the neonatal
ICU, resulting in both a logistical and a financial
burden for many families [5]. Families place great
importance on being able to remain physically close
to the ICU patient [4,6]. Hospitals can assist families
with vouchers for petrol, parking, taxis, and buses.
Families can also benefit from opportunities to stay
in hospital-sponsored housing, where families may
stay from days to weeks during the hospitalization. It
is important to be aware of which housing options are
unavailable to young families, either because small
children or parents younger than 18 years of age are
not permitted.

Financial concerns are often very immediate and
distressing to families, who may rely on the mother’s
income to meet living expenses. Not only is this
income suddenly gone, but her ability to return to
work may also be uncertain. In many settings, the
woman’s health insurance, and that for her infant,
may also be threatened by the loss of her job or her
partner’s job. In addition, family members may also
have inflexible leave policies and may have to choose
between being present in the ICU and continuing to
work to support the family. Helping families to nego-
tiate these concerns, such as providing letters to
explain work absences and flexible visiting hours, is
beneficial. In situations where the mother’s illness
either leads to or occurs at the time of delivery, families
must also manage the stressor of a newborn, and
possibly a sick newborn. Developing strategies to sup-
port families that bridge the adult and neonatal ICUs
can help families to divide their time between these
locations.

Many families struggle to secure safe, flexible, and
reliable child care for the patient’s children while she is
hospitalized. Small children require full-time care;
older children need help maintaining routines of
school and activities. Hospital and ICU policies may
limit the visitation by children, which, in turn, limits
visits by other family members. When children are
allowed to visit their mother or new sibling in the
ICU, it is important to help the family prepare chil-
dren for what they will see, in order to minimize
additional stress [7,8]. While staff may have concerns
that children will be unduly upset by seeing their
parent or sibling in the ICU, data suggest that properly
supporting children through these visits can be

beneficial, particularly when it is possible that the
patient could die [8].

Benefits afforded to new mothers in the form of
maternity leave and/or paid support differ widely and
impact patients recovering from complicated preg-
nancies and deliveries. In the USA, a woman can take
up to 12 weeks of leave by law but her employer is
under no obligation to pay her for that time. Women
in the UK have extensive statutory rights to maternity
benefits. Patients may need help accessing the benefits
that are due to them.

An important step toward making interventions
for families both relevant and cost-effective is ongoing
evaluation of family satisfaction. Examples of such
instruments are the Critical Care Family Needs
Inventory [9], the Critical Care Family Satisfaction
Survey [10], and the Needs Met Inventory [11].

Case 7.1. A 32-year-old woman at 23 weeks of
gestation with a male fetus: Part 2

Ana Martinez remains intubated and responsive to
pain only. The first evening of her ICU stay, a social
worker helps Raul Martinez to arrange for his sister to
care for his children for at least a few days, and also
arranges for local housing for him during that time. A
letter is faxed to his employee explaining his absence.
Raul receives vouchers for the hospital cafeteria. A
nurse practitioner sends a prescription for his asthma
medication to the hospital pharmacy as he forgot to
bring his medicines with him. The ICU doctors tell him
they will plan to meet again at 8 a.m. to discuss Ana’s
progress; Ana’s nurse confirms that she will accom-
pany Raul during the conversation. Although Raul
speaks English very well, he is offered, and accepts,
the presence of a Spanish medical interpreter for all
conversations with the clinical team.

Informational needs
With systems in place to address the practical needs
of families in ICU, clinicians can begin the ongoing
process of helping the family to understand the
patient’s medical condition. Studies of families
whose loved one is being transported to [5] and
hospitalized in [4] the ICU suggest that families con-
sistently want clinicians to provide them with timely
information about their loved one’s condition.
This information can be broadly divided into three
types: information about the current medical condi-
tion, information about management plans and
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options, and prognostic information about potential
short- and long-term outcomes for mother and fetus.
Depending on the individual family’s composition,
details of legal surrogacy, or concerns regarding pro-
tected patient information, not all family members
will want or receive all types of information.

Before initiating conversations with family about
the patient’s condition, management, and prognosis, it
is important to ask those individuals how detailed they
would like this information to be. Some families will
want to know about every aspect of the patient’s care,
from overall condition to names of medications. Other
families can tolerate no more than a general under-
standing of what is happening. Clinicians should
respect family preferences for information as much
as possible. Recognizing that some situations are so
urgent that only a brief conversation is possible prior
to a change in patient status or need for management
decision, whenever possible it is preferable to deliver
smaller amounts of information over several conver-
sations with the family. This allows them time to digest
information and formulate questions more effectively.

For most families, the threats to the health of the
mother and fetus will be sudden and unexpected.
Families commonly have no preparation for under-
standing the medical complications or the realities of
ICU care. In some situations, a woman’s critical illness
will be a known complication of a chronic medical
condition, such as for women with pre-existing severe
renal disease. In these scenarios, the family may be
fairly well informed and ready to understand fairly
complex information from early on in the hospital-
ization. Clinicians can tailor information to the fam-
ily’s understanding by first asking what they know
about the current medical problems; the family’s
responses will offer clinicians insight into how detailed
and sophisticated the initial conversations can be. It
should always be remembered that intense emotion
interferes with families’ abilities to hear and process
cognitive information; families should be given oppor-
tunities to have information repeated and ask ques-
tions as often as possible.

Intensive care units should develop routine times,
locations, and triggers for meeting with families to
deliver information. Particularly early on in the hos-
pitalization, families appreciate clear explanations
about the ICU routines, the types of personnel caring
for the patient, and the technologies and equipment
being used. Many ICUs invite families to be present for
daily rounds. Families benefit from this opportunity

not only to receive an update on the patient’s condi-
tion but also to be engaged in the deliberation of
management decisions [12]. Communicating with
families regularly during rounds can also increase
efficiency for clinicians, who are able to regularly
anticipate when a family will be available for
conversation.

Clinicians should strive to provide consistent
information to families, as families are stressed by
conflicting information about their loved one’s care.
This task is made challenging by the rapid rate of
clinical change within an ICU environment and the
number of different clinicians interacting with fami-
lies. Communication strategies such as weekly inter-
disciplinary rounds to coordinate patient care can be
very effective [13]. Developing regular expectations for
communication among the medical team can also
reduce distress among staff.

Families’ needs for information may continue after
ICU discharge. Families, including the patient herself,
may have ongoing questions about the medical prob-
lems and implications for future health and pregnan-
cies. Designating a team member to regularly contact
the patient and/or family in the days or weeks follow-
ing ICU discharge can identify these concerns; families
with significant concerns should be offered an oppor-
tunity to meet face to face with clinicians.

In the UK, there is an increasing trend for patients
managed in a critical care environment to be
“followed-up” with their relatives in an ICU follow-
up clinic. This should be a multidisciplinary service
to ensure the physical, psychological, and cognitive
aftermath of a stay in a critical care unit is addressed.
In the UK, care of patients after critical care has been
very limited and very variable. One large three-center
study, PRaCTICAL, showed no difference in out-
come after a nurse-led follow-up service was imple-
mented for patients after critical illness [14]. It would
be interesting in the future to do a similar study
where follow-up was performed by a multidiscipli-
nary team.

Shared decision making
When a pregnant woman becomes critically ill, the
threats to her health and that of her fetus may neces-
sitate multiple decisions about medical management.
When the patient is not able to participate in these
decisions, conversations about preferred management
and informed consent may occur with surrogate
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decision makers from the family. These discussions
may be fairly routine, such as obtaining informed
consent for a transfusion, or they may require complex
decision making that weighs risk and benefit to both
mother and fetus.

The degree to which family members are involved
in medical decision making certainly varies among
cultures and countries. In some settings, clinicians
make all management decisions with no expectation
that the patient or family will be asked to participate or
will even be made aware of management options. In
many settings, patients and families are afforded sig-
nificant autonomy, as when choosing among various
treatment strategies for a disease or weighing the risks
and benefits of non-standard therapies. Whether fam-
ilies have full or limited autonomy in medical decision
making, feeling supported by clinicians throughout
the process may be just as important to them as the
decisions themselves [15].

Even in cultures where patients and families are
expected to participate in decision making, clinicians
should begin this process by assessing the individual
patient’s and family’s desire for decision-making
responsibility. Most patients and families want to
make decisions with clinicians; a minority want to
make decisions completely independently, and some
prefer not to participate in decisions at all. Clinicians
should be ready to respect a patient’s or family’s pref-
erences. If a patient is not competent, identifying the
legal surrogate decisionmaker is of paramount impor-
tance. The legal surrogate for the mother may not be
the legal surrogate for the newborn. For example, the
legal surrogate for a 16-year-old mother may be her
parents, while the legal surrogate for the neonate may
be mother’s 17-year-old boyfriend and the father of
the infant.

Unique conflicts may arise when the mother’s
health problems, or the medical treatments indicated
for those problems, threaten the health of the fetus
[16,17]. Deliberating decisions about the mother’s care
can be accompanied by significant conflict – among
family members, between family members and clini-
cians, or among clinicians. Clinicians are not tradi-
tionally well trained to manage conflict, and they
should incorporate institutional resources into the
decision-making process. In some situations, it may
be difficult to establish an approach to care that bal-
ances the competing interests of mother and fetus; in
such settings, consultation with local ethicists or hos-
pital ethics committees is indicated.

Case 7.1. A 32-year-old woman at 23 weeks of
gestation with a male fetus: Part 3

Raul Martinez attends rounds in the ICU daily, nearly
always with the Spanish medical interpreter. Ana has
suffered a ruptured cerebral aneurism, and by day 4
of her ICU hospitalization it appears that her intra-
cranial pressure is beginning to normalize and she is
intermittently more responsive. Raul is the legal sur-
rogate and has been asked to sign consent forms for
transfusions and central lines. He often discusses
these decisions with his brother and his sister-in-law;
sometimes clinicians talk with the extended family by
phone at Raul’s request. The Martinez children plan to
visit on the weekend with a child life consultant.

On day 5 of the ICU admission, Ana begins to have
contractions. Because premature delivery is possible,
a neonatologist counsels the family about predicted
outcomes and complications of prematurity. The fam-
ily is very worried that the baby could be born early,
and even more worried that childbirth could make
Ana sicker. They are confused by discussions about
steroids and fetal monitoring, and possible cesarean
section. Raul wishes someone would tell him what is
the right thing to do. Some staff members are also
upset, particularly that a cesarean section might be
performed for a baby who would be so likely to die
even with neonatal intensive care.

On hospital day 6, Ana’s contractions continue and
cervical dilation ensues. She remains intubated, with
no increasing awareness. Her husband is sad and over-
whelmed and becomes angry when the new ICU
physician seems unaware of the conversations had
the day before. The patient’s nurse suggests a family
meeting that afternoon, to be attended by Raul and his
brother and sister-in-law, the interpreter, the social
worker, a chaplain, two nurses, the neonatologist,
three physicians regularly involved in the patient’s
care, and a member of the hospital ethics committee.

Emotional support for family
members
Pregnant patients in the ICU who are conscious
require the emotional and psychological support
needed by any adult with a critical illness. This
includes opportunities to articulate goals and values,
to ask questions, and to express worries and fears. The
pregnant patient often has unique stressors that, left
unaddressed, can further complicate her recovery. The
pregnant patient may feel tremendous responsibility
and guilt that she has done something to harm her
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fetus, or that she could have premature labor [18].
Regardless of the outcome of the mother’s critical ill-
ness, she may need support as she grieves the loss of a
“normal” pregnancy. Clinicians should guide patients
through discussions about how to hope for the best
while preparing for the worst [19].

Staff should also anticipate that the patient’s family
will also need emotional support, as family members
who feel emotionally abandoned by clinicians in the
ICU are more likely to have acute stress disorder [1].
The patient’s husband or next of kin must suddenly
assume new responsibilities and roles that can be very
overwhelming, and is likely to be afraid of losing both
the patient and their baby. In situations where the
patient delivers the infant, it can be very difficult to
manage the care of the new baby with the mother’s
medical condition. Extended family members can also
be devastated by the hospitalization. Practical and
emotional support from ICU staff can help to main-
tain the integrity of the family.

For patients who have other children, staff should
be prepared to help them to understand their mother’s
illness and the disruption of their family. In some
scenarios, they will also need help in understanding
their newborn sibling’s illness. This support should be
delivered in a developmentally appropriate way. Child
life specialists can be wonderful resources for the ICU
team.

Many families find solace in their religious or
spiritual beliefs, and involving a chaplain early in the
hospitalization can be helpful. Because a family’s reli-
gious beliefs may impact their approach to health,
disease, pregnancy, and decision making, it is impor-
tant to explore these beliefs. While clinicians are not
trained to engage in these discussions alone, a willing-
ness to initiate these conversations and to involve
members of the pastoral care team is necessary.

End-of-life issues
While maternal, fetal, and neonatal mortality rates
continue to fall worldwide, there will still be situations
where clinicians are unable to save the life of the
mother and/or infant. Given that pregnant women
are often young, without serious pre-existing medical
problems, and with other small children, this loss can
be completely unexpected and devastating for family
and staff alike.

As opposed to other areas of critical care, very
rarely does a pregnant woman, or a neonate, have an
advance directive. Should the ICU patient at any

point be able to participate in discussions regarding
advance directives for herself or her infant, she
should be asked to name a surrogate for herself and
the infant should that become necessary. Decisions
about life-sustaining therapies should be discussed
and documented. Clinicians need to also be aware
of legal exceptions related to advance directives dur-
ing pregnancy. For example, several states in the USA
invalidate advance directives during pregnancy, or
require a dated and signed directive for each of a
woman’s pregnancies.

Where available, consultation from a palliative
care team should be sought to assist with goals of
care, end-of-life planning, promoting patient comfort
and quality of life, and supporting staff. Prenatal pal-
liative care is increasingly available for patients who
anticipate or experience a fetal or neonatal death [20].
These supports will be particularly important for fam-
ilies who also anticipate the possibility of maternal
death. For the pregnant patient with a life-limiting
condition who does not need intensive care, the poten-
tial for labor requires specialized hospice arrange-
ments, which includes guidelines for neonatal
interventions.

Families require support in the ICU of their antici-
patory grief surrounding the loss of the woman and/or
her fetus. Bereavement support should be readily
available to families both during the hospitalization
and, whenever possible, for months to years following
the death. Because bereaved families may most benefit
from the support of family and friends, clinicians have
an important role in making sure that these supports
are engaged.

Supporting staff
The interdisciplinary teammay struggle with the stress
and emotions of caring for critically ill pregnant
women. The patient’s obstetrician or midwife may
worry that he or she failed to prevent the pregnancy
complications and may feel excluded from the ICU.
Where a pregnant women is hospitalized in a medical
ICU, the ICU nurses and doctors may be unfamiliar
with the complexities of managing both mother and
fetus. Staff may confront fears about their own preg-
nancies or children. Conflict may exist within the
clinical team. Individual team members may experi-
ence moral distress if asked to provide care for the
mother that could harm the fetus. Concerns about
malpractice may add to the stress.
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In 2009, the first influenza pandemic for 40 years
developed through the novel 2009/H1N1 virus and
became a worldwide challenge to modern intensive
care medicine. In the Journal of the Intensive Care
Society, a case was presented illustrating how a preg-
nant woman was managed. It was already well known
that pregnancy increased susceptibility to influenza
and the risk of complications was greater, but at the
time of the pandemic, experience in the management
of this group of patients in the critical care environ-
ment was limited.

The case of a young pregnant patient with
2009/H1N1 pneumonitis illustrates these issues by
exploring the difficult decision to perform a poten-
tially life-threatening procedure in the absence of
consent and without knowledge of unequivocal ben-
efit. While this case occurred during the “swine flu”
pandemic, the issues raised equally well apply to the
care of any pregnant, obtunded patients within the
ICU [21].

In English law, the fetus has no rights until it is
born. This may be morally difficult, but the legal
position is clear [22].

If the mother lacked capacity to consent, then the
fetus would still not accrue any rights, and treatment
should be determined by the best interests of the
mother (although this might include consideration
for her unborn child).

Supporting staff members and enabling them to
continue their important work requires a culture
which permits expression of emotion, confusion, and
conflict. Organizational supports such as regular
debriefing opportunities with mental health professio-
nals, rituals of patient remembrance, and educational
offerings around coping with stress and grief can all be
beneficial.

Case 7.1. A 32-year-old woman at 23 weeks of
gestation with a male fetus: Part 4

One hour before the interdisciplinary team could
meet with the Martinez family, fetal heart tones
were lost. Because of ongoing worry about the
patient’s health and the periviable gestational age, a
cesarean section was not performed. The chaplain
and palliative care team were called to support the
family and to help Raul prepare to tell his wife about
the loss of their baby once she was more awake. Plans
were made with the child life specialist for the chil-
dren to visit their mother and to be told about the
fetal death.
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Chapter

8
Recovery from intensive care
and the next pregnancy
Hennie Lombaard and Neil S. Seligman

Introduction
Severely ill obstetric patients are admitted to intensive
care units for various reasons. These include the fol-
lowing [1–3]:

* pregnancy related, for example:

* hypertensive emergencies
* obstetric hemorrhage
* amniotic fluid embolism

* medical conditions aggravated by pregnancy, for
example:

* congenital/acquired heart disease
* renal failure

* conditions not related to pregnancy, such as
trauma.

The process of recovery continues past the discharge
from the intensive care unit (ICU). It is important that
the healthcare provider understands that there are
different types of morbidity that can occur in these
patients. These morbidities can be grouped into two
major groups [1,4,5]:

* physical morbidity
* non-physical morbidity

Following discharge from ICU, it is important to focus
on the management of the condition that resulted in
the admission to ICU, as well as the physical and
psychological morbidities.

Physical morbidity
Physical morbidity can result from the complications
of the primary condition, prolonged ventilation, seda-
tion, and immobility in ICU. Admission to ICU often
results in a prolonged period of immobility, which has
the effects outlined in Table 8.1 [4,6].

Intensive care unit-acquired weakness
Weakness is caused by either critical illness polyneur-
opathy or critical illness myopathy. The diagnosis can
be made using electrophysiological testing or muscle
biopsies. Management of both conditions is the same
and so it is more important to diagnose functional
weakness and treat it than spending time on making
an exact diagnosis [7].

The incidence of ICU-acquired weakness
depends on the diagnostic tools used. It varies between
25 and 58% after 7 days of ventilation. In patients with
sepsis, the incidence is as high as 50% to 100% [7].
Surveying patients’ activity of daily living and instru-
mental activities of daily living and evaluating their
walk distance in 6 minutes are commonly used tools to
evaluate the ICU survivors’ physical functioning [8].

The risk factors for developing ICU-acquired
weakness are immobility, presence of systemic inflam-
matory response syndrome, multiple organ failure,
mechanical ventilation, sepsis, length of ICU admis-
sion, malnutrition, hypercapnia, hypoxia, treatment
with corticosteroids and neuromuscular-blocking
agents, initial heavy sedation, and glycemic control
[4,7,9]. Studies have found that tighter glucose control
was associated with less muscle weakness.

Rehabilitation should be aimed at obtaining early
mobilization. The process starts at the time of admis-
sion to ICU, with maintenance of the correct posture
and passive mobilization of the limbs. As the patient
improves, measures such as sitting up in bed, and there-
after sitting in a chair, are used. The aim of rehabilita-
tion is the return of muscle strength so that the patient
can perform basic activities of everyday life [4,6].

Early mobility helps with the recovery from ICU
and decreases the time spent in hospital. Several stud-
ies have shown improved outcomes after early mobi-
lity [9]. In a study that used the following four level
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early mobility program, the authors showed an
improved outcome:

* level 1: unconscious patients received passive limb
mobilization three times per day

* level 2: active limb mobilization in cooperative
patients

* level 3: sitting on the edge of the bed
* level 4: active transfer to a chair or walking under

strict supervision.

These levels of early mobilization should be adjusted as
per the patient’s condition. Obstetric patients who have
been admitted to ICU because of an underlying medical
condition will be able to mobilize earlier than those
patients admitted following extensive surgery. It is impor-
tant to initiate these steps as early as possible so that the
patient can take care of herself and her newborn baby.

Other preventative measures for ICU-acquired
weakness include aggressive management to prevent

sepsis and multiorgan failure, judicious use of seda-
tives (i.e. avoid deep sedation, or if sedation is neces-
sary, a process of daily interruption or downward
titration of sedation), tighter glucose control, and the
cautious use of corticosteroids [9,10].

The long-term outcome of ICU-acquired weakness
has far-reaching consequences for the patient. Inmany
cases, the physicians are satisfied when the patient is
discharged from ICU and subsequently from hospital.
Because of a lack of resources, patients are sometimes
discharged prematurely from the ICU. The lack of
complete recovery may have far-reaching implications
for the patient. Studies in a general population have
found that patients recovering from ICU have
reported poor function as a result of muscle bulk
loss, fatigue, and proximal muscle weakness. This
had significant implications on their employment sta-
tus [10]. If this is extrapolated to the obstetric patient,
the surviving mother will have difficulties in caring for
her baby and the rest of her family.

The basis for treatment of ICU-acquired weakness
is early mobilization and prevention. Themobilization
can start as early as 36 to 72 hours after intubation
[8,10,11]. Advanced technology can also be included
in the rehabilitation. This includes neuromuscular
electrical stimulation and a dynamic tilt table.
Cycling exercises that are started in ICU, even in
ventilated patients, also improves their recovery time
[8]. A randomized study found that a rehabilitation
program of 6 weeks improved the physical outcome of
the patients measured at the 8 weeks and 6 months
post-ICU follow-up [11]. The UK National Institute
for Health and Clinical Excellence guideline on reha-
bilitation after critical care recommends that an
individualized, structured rehabilitation program
should be initiated as early as possible during
ICU care. This program should continue following
transfer to the general ward from ICU. The patient
should be discharged from hospital with a self-guided
rehabilitation program [1,8]. Figure 8.1 summarizes
causes and interventions for ICU-acquired weakness.

Non-physical morbidity
Healthy postpartum women are at increased risk of
postpartum depression. Reported incidences of post-
partum depression differ between studies. It ranges
between 7 and 15% in the first 3 months after delivery
[12], up to an overall incidence of 13–21% [13]. When
postpartum women are assessed for major depressive
disorder, the incidence is 5 to 7% [12].

Table 8.1. A summary of the physical and non-physical effects
associated with admission to intensive care

Morbidity Changes

Physical

Skeletal muscles 2%muscle protein loss per day
3–4% reduction in muscle
fibers [6]

Transformation of muscle
fibers from type IIa to IIb

Decrease in the number and
density of mitochondria

Cardiovascular function
and blood composition

Decreased cardiac output and
stroke volume

Increased heart rate during
exercise

Increased risk of thrombosis

Respiratory function
changes

Decrease in the functional
capacity

Decreased lung compliance
Retained secretions
Atelectasis

Body composition Bone demineralization
Protein wastage
Decrease in total body water
and sodium

Loss of body weight
Increase in percentage of
body fat

Central nervous system Problems with
proprioception

Decrease in intellectual
function

Non-physical effects Depression
Anxiety
Post-traumatic stress disorder
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Non-physical morbidity includes:

* depression in 25 to 50% of patients [11]
* anxiety, dependent on the oxygen partial pressure

ratio and length of mechanical ventilation
* post-traumatic stress disorder (PTSD) in 5–63% [5]
* cognitive dysfunction
* decreased quality of life.

Depression
The risk factors for the development of depression in
ICU survivors are [5,8,14,15]:

* young age
* significant alcohol dependence
* length of ICU admission
* duration of mechanical ventilation
* surgical trauma
* maximum organ failure score
* higher body mass index
* history of depression or anxiety
* mean benzodiazepine dose
* poor recollection of ICU stay

* memories of nightmares or fearfulness while in
ICU that persist more than 5 days following
discharge

* psychotic episodes
* depressive symptoms at the time of discharge
* cognitive impairment
* problems in physical function that persist for 2 to 6

months after discharge from ICU.

In addition, some women would have suffered a peri-
natal loss, while others may have babies who are also
admitted to ICU. Suicide accounts for 20% of maternal
deaths in the developed world [16].

The following are potential pathways for the devel-
opment of psychiatric problems [14]:

* organ dysfunction
* medications
* pain
* sleep deprivation
* ICU treatment
* elevated cytokines
* stress-related activation of the hypothalamic–

pituitary axis

SIRS

Decreased
quality of life

Immobility
Mechanical
ventilation,
hypercapnia,
hypoxia

Malnutrition

Sepsis

Multiorgan
Failure

Glycemic
control

ICU-AW

Drugs,
e.g.
steroids,
neuro
muscular-
blocking
agents,
sedatives

Interventions

  • Tighter glucose control
  • Early mobilization
  • Aggressive management to prevent sepsis
    and multiorgan failure
  • Judicious use of sedatives
  • Cautious use of corticosteroids

Figure 8.1. A summary of causes and interventions related to intensive care unit-acquired weakness.
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* hypoxemia
* neurotransmitter dysfunction.

Depression is a significant risk factor in the obstetric
ICU survivor. Screening for depression should form
an integral part of the follow-up and rehabilitation
of these patients. One of the tools that can be used
in the screening of the postpartum ICU survivor is
the Edinburgh Postnatal Depression Scale [17]
(Table 8.2).

The screening should start at the time of discharge
from the hospital and a depression scale assessment
should continue at each visit following discharge from
hospital. The patient should also be informed of the
risk of developing depression and the danger signs to
be aware of.

The treatment of postpartum depression has a
biopsychosocial basis. Figure 8.2 illustrates the
treatment.

Studies have shown that interpersonal psychother-
apy and cognitive-behavioral therapy are effective
interventions for the treatment of women with post-
partum depression [18,19]. Group therapy benefits the
woman who feels socially isolated.

In lactating women, group therapy and interper-
sonal psychotherapy can be the first line of therapy,
but in ICU survivors it should form part of the treat-
ment plan and not be the only option.

The antidepressant of choice in lactating women is
the selective serotonin reuptake inhibitor (SSRI) [18].
Sertraline is regarded as the drug of choice because it
has fewer side effects for the mother and neonate.
Second-line options include paroxetine and nortripty-
line. Since there is a risk of neonatal effects with anti-
depressants, the woman should be instructed to take
the drug so that it does not have peak plasma concen-
trations at the time of breastfeeding [18].

Sleep disturbances should be minimized. Such dis-
turbance may result from the inhibition of melatonin
production through light exposure during the night
while caring for the neonate. This can be reduced by
wearing glasses, using blue-blocking light bulbs, or
working in settings with very dim light [18].

Light therapy is commonly used for the treatment
of postpartum depression. It has a favorable side effect
profile, but there is limited research to support its
efficacy. Aerobic exercise and walking outside with a
pram can also be of value. The added benefit of weight
loss and improved muscle tone seems to contribute to
the feeling of well-being [18]. Studies have shown that

Table 8.2. Edinburgh Postnatal Depression Scalea

In the past seven days:

1. I have been unable to
laugh and see the funny
side of things

a. As much as I always could
b. Not quite as much now
c. Definitely not as much now
d. Not at all

2. I have looked forward
with enjoyment to things

a. As much as I ever did
b. Rather less than I used to
c. Definitely less than I used to
d. Hardly at all

3. I have blamed myself
unnecessarily when things
went wrong

a. Yes, most of the time
b. Yes, some of the time
c. Not very often
d. No, never

4. I have been anxious or
worried for no good reason

a. No, not at all
b. Hardly ever
c. Yes, sometimes
d. Yes, very often

5. I have felt scared or
panicky for no very good
reason

a. Yes, quite a lot
b. Yes, sometimes
c. No, not much
d. No, not at all

6. Things have been
getting on top of me

a. Yes, most of the time I have
been unable to cope at all

b. Yes, sometimes I haven’t
been coping as well as
usual

c. No, most of the time I coped
quite well

d. No, I have been coping as
well as ever

7. I have been so unhappy
that I had difficulty in
sleeping

a. Yes, most of the time
b. Yes, sometimes
c. Not very often
d. No, not at all

8. I have felt sad or
miserable

a. Yes, most of the time
b. Yes, sometimes
c. Not very often
d. No, not at all

9. I have been so unhappy
that I have been crying:

a. Yes, most of the time
b. Yes, quite often
c. Only occasionally
d. No, never

10. The thought of harming
myself has occurred to me

a. Yes, quite often
b. Sometimes
c. Hardly ever
d. Never

aScores are 0, 1, 2, 3 for answers a–d, respectively. Questions 3,
5, 6, 7, 8, 9, and 10 are scored in reverse. A total score above
12/13 indicates the presence of depression.
Source : Cox JL, Holden JM, Sagovsky R. Detection of postnatal
depression. Development of the 10-item Edinburgh Postnatal
Depression Scale. Br J Psychiatry 1987; 150: 782–786.
[17]. © 1987 Royal College of Psychiatrists.

Chapter 8: Recovery from ICU and the next pregnancy

81



massage by a partner for 20 minutes twice per week for
16 weeks significantly improved depression and anxi-
ety symptoms [18].

In conclusion women recovering from ICU should
be screened for depression regularly. Early detection
and aggressive management with a multidisciplinary
team and family involvement is important.

Post-traumatic stress disorder
The incidence of PTSD differs in the literature
between 5% and 63% [6]. Improvement in PTSD
may not be seen over the first 12 months after dis-
charge and it can last up to 8 years. Risk factors for
PTSD include the following [6,8]:

* recall of delusional memories
* prolonged sedation
* history of pre-existing psychological problems
* physical restraint without sedation
* agitation
* benzodiazepine use.

It is important to recognize women at risk for the
development of PTSD and certain measures can be
taken to reduce the risk of developing it. These include
lighter sedation or daily interruption of sedation, pre-
venting hypoglycemia, and using hydrocortisone,
which may be protective [8].

The treatment of PTSD starts in ICU. During
follow-up, it is important to ask patients about the
symptoms of PTSD and refer appropriately.

Cognitive impairment and delirium
The incidence of cognitive impairment in ICU survi-
vors is between 30 and 73% [8,14]. It appears that this
is a long-term complication of critical illness, with 45%
of patients still affected at 1 year and 25% at 6 years
after discharge [8,14]. Risk factors include delirium,
hypoxemia, inflammation, hypotension, hypoglyce-
mia, and sedative and analgesic use. The areas of
cognitive function that are affected are tasks requiring
memory, executive functioning, and mental process-
ing ability [8,14]. The level of affectation is in many
cases severe, with patients falling below the 6th centile
of the normal distribution [14], which results in a 41%
disability in the patients [5].

Delirium can be present in up to 80% of ICU
survivors [5,14]. Delirium results in altered perfusion
of the brain, including the frontal, temporal, and sub-
cortical areas. Decreased blood flow in the subcortical
area is associated with impaired executive functioning
[14]. Magnetic resonance imaging studies have shown
brain atrophy and ventricular enlargement in patients
with delirium [8,14].

Delirium is linked to the following adverse out-
comes [14]:

    Biological

• SSRI
• Exercise
• Massage
• Managing sleep
  disturbances
• Light therapy
• Electro-
  convulsive
  therapy

       Social

• Social support
   interventions

   Psychological

• Interpersonal
  psychotherapy
• Cognitive-
  behavioral therapy
• Group therapy
• Family and marital
    therapy

Figure 8.2. Treatment of postpartum
depression.
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* prolonged hospitalization
* poor surgical recovery
* increased morbidity
* increased mortality.

In order to help the obstetric patient to recover fully
from ICU and enable her to have a good quality of life,
measures must be taken to prevent cognitive impair-
ment and delirium. A good understanding of the
potential risk factors will help the attending physician
to manage the patient in such a way that these risks are
limited.

Pregnancy after critical illness
Fertility and pregnancy after recovery from critical ill-
ness presents a challenge because of the limited data on
which to base counseling. Interest in long-term out-
comes is growing because of improvements in survival
[20], yet there is a paucity of information and partic-
ularly information that would be generalizable to
women of reproductive age. Most patients report their
health status to be as good as or better than their base-
line [21]. However, patients with certain illnesses fare
worse than others. For example, survivors of acute
respiratory distress syndrome suffer significant decre-
ment in quality of life [20]. Severe illness may have a
wide range of adverse consequences on reproductive
function through psychosocial maladjustment (see
non-physical morbidity above) and/or sexual dysfunc-
tion, infertility, and changes in maternal medical con-
dition that predispose to adverse obstetric and neonatal
outcomes [22]. This is particularly true following trau-
matic brain injury. The female reproductive system is
sensitive to stress and injury to the central nervous
system [22]. Alterations in follicle-stimulating hormone
and luteinizing hormone have been documented in
women following traumatic brain injury, leading to
menstrual irregularities such as skipped periods or
amenorrhea [22,23]. In telephone interviews, signifi-
cantly more women reported skipped periods following
traumatic brain injury (23.3% before injury versus 90%
after injury; p < 0.001) [22]. In this study, the duration
of amenorrhea ranged from 20 to 344 days and corre-
lated with the severity of brain injury; amenorrhea
resolved after approximately 2 months in 50% of
women regardless of the severity of injury.
Additionally, there were no reported differences in
itemsmeasuring fertility; however, only a small number
of women (n= 4) reported ever becoming pregnant.

In our review of the literature, only a few studies
assessed fertility and pregnancy following critical ill-
ness. Colantonio et al. [24] evaluated 29 women who
attempted to conceive or became pregnant after trau-
matic brain injury compared with matched controls
They found no differences in fertility but the number
of live births was lower in the brain injury group (62%
versus 91%; p = 0.0045). Additionally, significantly
more women in the brain injury group reported post-
partum difficulties, most common of which were
fatigue, pain, depression, and mobility problems. The
reproductive sequelae of severe maternal morbidity
during pregnancy is unclear. Murphy and Charlett
[25] reported a high percentage of fertility loss in
women admitted to the ICU during pregnancy,
labor, or postpartum. Camargo et al. [26] suggested
that the effect on fertility was at least in part “surgical
consequences of childbirth complications.” Excluding
women who had a hysterectomy or tubal ligation in
the index pregnancy, they reported no difference in the
rate of subsequent pregnancy compared with healthy
healthy controls (92% versus 90.7%).

A novel finding of the study by Camargo et al. [26]
was that the survivors of a maternal near miss events
were more likely to experience complications in the
subsequent pregnancy (odds ratio, 5.15; 95% confi-
dence interval, 1.12–23.64). The effects of critical ill-
ness on subsequent pregnancy outcomes, if any, are
at least partially dependent on the type of illness or
injury and treatment. For example, pregnancy follow-
ing spinal cord injury is associated with an increase
in urinary tract infections and pyelonephritis, wor-
sening respiratory impairment, unattended preterm
or term birth, autonomic dysreflexia, and other
complications [27,28]. Another example is hemor-
rhage during delivery, which may require admission
to ICU. Uterine artery embolization, an alternative
to surgical therapy, has been used to control life-
threatening bleeding while preserving fertility
[29,30]. Pregnancies conceived following uterine
artery embolization are generally successful but may
be at risk for growth restriction and recurrent hem-
orrhage [31]. Likewise, gestational hypertensive dis-
orders such as pre-eclampsia also occasionally require
admission to the ICU. Fertility is typically unaffected
but recurrence rates of 25–65% have been reported,
depending on severity (mild pre-eclampsia versus
HELLP syndrome), gestational age at onset, and
underlying medical conditions, particularly chronic
hypertension [32].
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It is difficult to generalize recommendations for
women who wish to conceive or are currently preg-
nant after recovery from admission to the ICU because
of the significant heterogeneity in the reasons for ICU
admission, course of illness and recovery, prior state of
health, and sequelae. Ideally, women who wish to
conceive after recovery from critical illness should be
seen for preconception consultation by a specialist in
maternal–fetal medicine. Since approximately half of
all pregnancies in the USA are unplanned [33],
adequate contraception and a daily prenatal vitamin
with at least 400 μg folic acid should be routinely
recommended prior to discharge from the hospital.
Reproductive-age women in the ICU for conditions
unrelated to pregnancy are probably not routinely
counseled about prenatal vitamins and contraception
as it falls outside the purview of most intensivists/
specialists.

A comprehensive preconception consultation
should include discussion about pregnancy timing,
and a review of the medical history, reason for hospital-
ization and course, and changes in medical condition
resulting from the illness or injury. The World Health
Organization (WHO) [34] recommends an interpreg-
nancy interval (the number of months between the date
of outcome the preceding pregnancy and conception of
the subsequent pregnancy) of at least 24months follow-
ing a live birth. A meta-analysis of 26 observational
studies concluded that both short and long interpreg-
nancy intervals are associated with an increased risk of
adverse perinatal outcomes [35]. Conde-Agudelo et al.
[35] demonstrated that pregnancies conceived within
18 months of the preceding pregnancy were at
increased risk of preterm birth, low birth weight
(<2500 g), small for gestational age (birth weight
<10th percentile), and stillbirth. Our counseling is con-
sistent with the WHO recommendations regardless of
whether the pregnancy was complicated by admission
to the ICU. The optimal timing of pregnancy following
admission to the ICU for non-obstetric reasons is
unclear. Nonetheless, we suggest delaying conception
when there are modifiable risk factors. For example, a
woman with diabetes who was recently admitted to the
ICU for diabetic ketoacidosis and whose hemoglobin
A1c is still elevated should be counseled to improve her
blood sugar control before conceiving.

Equally, if not more, important is a thorough review
of the medical history, reason for hospitalization and
course, and changes in medical condition resulting
from the illness or injury.Mostmaternal–fetalmedicine

specialists are well versed in counseling about medical
conditions ranging from asthma to solid organ trans-
plant; however, counseling for women who have recov-
ered from critical illness is much more complex. As
discussed above, the risks of pregnancy following
recovery from critical illness are not generalizable;
myocardial infarction, for example, cannot be com-
pared with pregnancy after a motor vehicle accident.
Counseling should address any risks to the pregnancy
that might result from the inciting event or condition
as well as any new risks resulting from sequelae
(e.g. progression of a pre-existing illness such as
worsening glomerular filtration rate in a woman
with chronic renal disease).

For most conditions, counseling can be divided
into two parts: the risk of pregnancy on the condition
(e.g. the risk of maternal mortality with dilated cardi-
omyopathy) and the risk of the condition on preg-
nancy (e.g. chronic hypertension and pre-eclampsia).
In some circumstances, pregnancy may not be advis-
able (e.g. pulmonary hypertension, Eisenmenger syn-
drome). It is our practice to attempt to obtain and
review all of the records pertaining to the illness and
follow-up care. Often the reason for ICU admission
needs to be interpreted within the context of the
resources of the treating hospital. In other words, an
illness or injury requiring ICU management in one
hospital may be equally well managed on a regular unit
in another hospital. Medications may be added or
changed. The decision to continue any medication
during pregnancy should be based on a careful assess-
ment of the risks and benefits. Useful resources for
assessing medication risks during pregnancy and
lactation include Reprotox [36], TERIS [37], Drugs
in Pregnancy and Lactation [38], Drugs During
Pregnancy and Lactation [39], and Lactmed [40].

Depression is a common problem in ICU survivors
(see above), which exemplifies several of the issues in
counseling women who are pregnant or are contem-
plating pregnancy after recovery from critical
illness. Depression during pregnancy increases the
risk of poor prenatal care, poor weight gain, comorbid
psychiatric conditions, self-medication, worsening
depression, and postpartum depression. Other adverse
outcomes such as low birth weight and preterm birth
have been reported, but a causal link has not been
clearly established [41]. Neonates of depressed parents
are at increased risk of psychiatric problems and
non-psychiatric medical disorders compared with
infants of non-depressed parents [41]. Selective SSRIs
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are commonly used as the first-line agent for medical
treatment of depression. There are no confirmed birth
defects associated with their use and most fall into US
Food and Drug Administration category C (risks can-
not be ruled out in humans) [38]; however, SSRI use
during pregnancy has been associated with transient
neonatal withdrawal issues and an unconfirmed
increase in primary pulmonary hypertension (6–12
per 1000 women) [42]. Relapse of depression is
much more common among women who discontinue
medication during pregnancy (68% versus 25%) [43];
therefore, we recommend that women continue anti-
depressant medications during pregnancy.

The ususal preconception recommendations about
lifestyle should be offered. Women who become
pregnant should be referred for counseling as soon
as possible after conception. While preconception
counseling is ideal, the principles of counseling
women who are already pregnant are essentially the
same, including a review of the history, condition that
led to ICU admission, hospital course, and sequelae.
Since critical illness and severe maternal morbidity
can be so emotionally intense that it leads to psycho-
logical sequelae, the need for added and frequent
patient and family support should be anticipated.
Intimate partner, family, and other social support
should be carefully evaluated. Care should be struc-
tured in such a way that the woman feels that she is in
control, and situations which could potentially trig-
ger anxiety, depression, or PTSD symptoms should
be avoided. Quality interactions with office/hospital
staff at all levels from the reception desk to the obste-
trician is important in maintaining a positive experi-
ence for these women.

Case 8.1. A 37-year-old woman at 36 weeks of
gestation with vaginal bleeding and severe
abdominal pain

A 37-year-old gravida 1 para 0 presented to the hos-
pital at 36 weeks with vaginal bleeding and severe
abdominal pain. With the exception of maternal
age over 35 years, her antenatal course was uncom-
plicated. In the spirit of non-intervention, she had
declined aneuploidy screening and antenatal surveil-
lance. Her birth plan was for labor without induction
or augmentation, no analgesia, intermittent fetal
monitoring, skin-to-skin after birth, and rooming in
with her infant. In the hospital, she was diagnosed
with abruption and intrauterine fetal demise. The
patient rapidly developed a consumptive coagulop-
athy and became hemodynamically unstable. She

was transferred to the ICU and transfused blood and
blood products. The patient survived the event and
was discharged home.

After several months of physical and psychologi-
cal recovery, the patient conceived her second preg-
nancy. When she presented for prenatal care, she was
highly anxious and sought frequent medical surveil-
lance and intervention including serial ultrasound,
fetal non-stresss tests, and requesting cesarean sec-
tion at 36 weeks. Ultimately the patient settled for
cesarean section on maternal request after demon-
strating fetal lung maturity by amniocentesis. She
delivered a healthy baby girl and had an unremark-
able postpartum course.

Conclusions
An area of future research of value would develop a
self-help manual that focused on PSTD for the women
discussed in this chapter.

A careful follow-up plan should be made upon
discharge of the woman from hospital. This should
include follow-up appointments at which the physical
and mental health of the patient can be evaluated. Care
should be taken to identify women at risk of develop-
ing delirium, depression, and PTSD after a period in
ICU.
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Chapter

9
Maternal critical care in
the developing world
Fathima Paruk, Jack Moodley, Paul Westhead,
and Josaphat K. Byamugisha

Introduction
Global maternal mortality exceeds 287 000 each year,
and almost all of these deaths occur in the developing
world. For every maternal death, there are many more
women who have severemorbidity. Recent appraisal at
the half-way stage of the United Nations’ Millennium
Development Goal 5 (to improve maternal care and
specifically to reduce the maternal mortality ratio by
75% by 2015) suggests that progress has been disap-
pointingly slow and particularly poor in South Asia
and sub-Saharan Africa [1]. There are 49 countries
classified as least developed, 32 in Africa, 8 in Asia
and 9 Island nations. The burden of disease in these
countries necessitates the need for critical care, yet
there is a paucity of infrastructure, transport, skilled
human resources, and basic resuscitative and life-
saving equipment in many regions.

Riviello et al. [2] noted that critical care faces the
same challenges as other aspects of healthcare in the
developing world. However, critical care faces an addi-
tional challenge in that it has often been deemed too
costly or complicated for resource-poor settings. This
lack of prioritization is not justified. Hospital care for
the sickest patients affects overall mortality, and public
health interventions depend on community confidence
in healthcare to ensure participation and adherence.
Some of the most effective critical care interventions,
including rapid fluid resuscitation, early antibiotics,
and patient monitoring, are relatively inexpensive.
Although cost-effectiveness studies on critical care in
resource-poor settings have not been done, evidence
from the surgical literature suggests that even resource-
intensive interventions can be cost-effective in compar-
ison with immunizations and care of those with HIV
infection. In the developing world, where many crit-
ically ill patients are younger and have fewer comorbid-
ities, strategies for early recognition of the deteriorating

woman, triage, and critical care management present a
remarkable opportunity to provide significant incre-
mental benefit, arguably much more so than in the
developed world (Table 9.1).

Obstacles to overcome for access
to maternal critical care in low to
middle income countries

Global and regional issues
The marked disparities of health expenditure in devel-
oped and what the World Bank describes as low to
middle income countries parallels the “10/90 gap,”
where 10% of the global expenditure on health research
and development is disproportionately directed towards
90% of the global disease burden [3]. Over half of
governments in Africa spend less than $10 per person
per year on health, and health financing is often domi-
nated by inequitable, catastrophic, and impoverishing
direct out-of-pocket payments [4]. Even if aid funds are
given, there are problems with disbursement and
accounting from multiple donors. With extremely
limited material and human resources, and low govern-
ment spending on health, they must also cope with the
weak absorptive capacity in terms of administrative and
managerial support and a huge burden of disease [2].

Inter- and intraregional socioeconomic differences
have, however, resulted in the emergence of modern
critical care facilities in select areas. The provision of
resources to manage critically ill patients (including
obstetric patients) varies enormously between coun-
tries in the middle and low income group, from the
sophisticated intensive care units (ICUs) of urban
centers in South Africa to the very limited facilities of
much of sub-Saharan Africa. In these units, where the
supply of oxygen, electricity, drugs, and disposables
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may be erratic, the ICU may provide little more than
better monitoring and care from a superior quality of
nursing staff, and dependence on oxygen concentra-
tors and generators rather than piped gas supplies may
be the norm.

Inequity in resource, facilities,
and knowledge
Internationally, many countries, including well-
resourced ones, are often characterized by superior

devices for the more financially privileged every-
one else, with a dichotomy between the public and
private healthcare sectors. In the public sector, the
vast majority of the ICUs are located in developed
areas, or attached to centers of academic excellence/
universities.

For example, in Indonesia, Adisasmita et al. [5]
reported that close to a fifth of admissions in public
hospitals were associated with maternal mortality near
miss, and the critical state in which the women arrived
suggest important delays in reaching the hospitals.

Table 9.1. Key areas of consideration in developing maternal critical care in resource-poor settings

Area Features

Personnel and training

The value of human resources Some effective critical care interventions, are more labor intensive than technology
intensive

Skill development and staff retention Strategies for training and retaining skilled labor including: tying education to service
commitment, incentives to stay, training modules that require less personal teaching
time

Essential skills training Early recognition of the sick woman, emergency obstetric care skills, resuscitation

Training in protocols and checklists Surgical safety checklist, surviving sepsis, intensive care unit bundles (see text)

Equipment and support services

Cardiopulmonary monitoring Non-invasive monitoring can be adequate; manual devices at each bedside in case of
equipment malfunction or power loss

Oxygen and pulse oximetry Oxygen cylinder tanks are bulky and expensive but do not require electricity;
concentrators are cheaper but require electricity and may be difficult to maintain over
several years; piped oxygen could be ideal but requires underlying infrastructure and
capital funds (see Lifebox provision of oximeters in text)

Ventilators Focus on one model to maximize availability, cost of parts, and availability of skilled
biotechnicians

Laboratory, radiology, reliable electricity,
and administrative capacity.

Increasing support services for critical care can raise the level of care for all patients in the
hospital

Relevant technology This should not be an excuse for poorly made devices but rather an opportunity to
develop devices particularly suited to the context; concomitant uses for military and
humanitarian emergencies can increase incentives for development of relevant
technology

Ethics

Global disparity in healthcare Efforts to increase resources for poor patients must be an ongoing endeavor; the United
Nations’ Millenium Development Goal 5 is to improve maternal health; sustainable aid
programs

Prioritizing limited resources Daily decisionsmust bemade in the reality of constrained resources; factors that can help
include data on prognosis and cost, transparent discussions and policies on how tomake
difficult decisions with critically ill patients

Research and audit

Research performed in the developing
world

This should include critical care illness epidemiology, current available services, and
perceived needs across regions and for individual hospitals; needs assessments;
prognostic scores; cost-effectiveness, including relative value of different interventions
and difficult-to-measure benefits

Source: adapted from Riviello et al., 2011 [2]
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Even though the private sector takes an increasingly
larger share of facility-based births in Indonesia, man-
aging obstetric emergencies remains the domain of
the public sector. The prevalence of near miss was
much greater in public than in private hospitals.
Hemorrhage and hypertensive diseases were the most
common diagnoses associated with near miss, and
vascular dysfunction was the most common criterion
of organ dysfunction. The majority (70.7%) of woman
with near miss in public hospitals were in a critical
state at admission, but this proportion was much
lower in private hospitals (31.9%).

Maternal critical care is not a formalized discipline
and, as such, access to this scarce resource constitutes a
major concern. The quality of maternal critical care
may vary from the provision of state-of-the-art med-
icine to a complete absence of the basic requirements
of critical or emergency obstetric care.

In South Africa, the socioeconomically advantaged
population (about 10% of the population) is serviced
by a very well-resourced private medical sector with
outcomes comparable to that in highly developed
countries. The majority of the population in South
Africa, however, relies on an overburdened public
health service, and in other countries there may
be no universal public sector health system at all.
While academic and central hospitals are reasonably
resourced, the majority of the South African popula-
tion is often disadvantaged through lack of healthcare
facilities, accessibility issues, or a lack of essential
services. This is particularly true in the rural regions.
The annual South African Government health expen-
diture per person of US $114 is a far cry from the
annual expenditure in the USA of $2548 per person
[6]. This is reflected in the unacceptably high mater-
nal mortality rate. The plan by the South African
Government to implement a national health insur-
ance in the near future has involved discussions
between the government and key opinion leaders in
the health sector.

The per capita budget for healthcare in Uganda is
£10 per year [7]. As with most developing countries,
costs for inpatient treatment easily exceed the govern-
ment provision. Some form of formal or informal
cost-sharing process or direct subsidy is necessary for
standard hospital care, and when the cost of intensive
care is added to this burden, then the clinician must
consider the overall sustainability of the unit [8]. The
limited data comparing ICU care in Africa and Europe
show that the overall age of the African patient is

younger and the prior health status better. Good out-
comes from ICU in Africa are, therefore, more likely
to result in a healthier patient who will also have good
economic potential [9,10].

While the lack of antenatal care and the delay in
seeking medical assistance are patient-related factors,
it is not known if this reflects lack of patient knowledge
or accessibility issues. The identification of adminis-
trative factors such as accessibility issues, transport
issues, the lack of healthcare facilities, the absence of
blood products, and the paucity of adequately trained
staff is helpful as a national health strategic plan can
address these issues. Healthcare worker issues such as
inappropriate assessment and substandard care need
to be addressed nationally as they will be present at all
levels of healthcare. The higher prevalence of health-
care worker issues at level I institutions (clinics and
district hospitals) compared with level III institutions
(academic and central hospitals) is probably related to
the lack of adequately trained staff at the former; con-
sequently, an effective and sustainable educational
strategy needs to be identified and implemented. The
occurrence of a greater number of deaths at district
and regional hospitals compared with tertiary health
facilities may be attributed to administrative problems
or inappropriate care –or it may be attributed to a
shortage of tertiary health facilities and poor referral
mechanisms and systems.

Case 9.1. A 35-year-old woman at term in
her fifth pregnancy: Part 1

Carol is a 35-year-old woman at term in her fifth
pregnancy. She had developed quite strong contrac-
tions while at home but was only able to attend the
local birth center once a family member arrived to
help with her other children.

On arrival at the center, she expressed concern that
this labor seemed more painful than her others, but
the staff at the clinic reassured her that this was
normal and although the midwife was not sure of
the position of the head, she and Carol felt that the
clinic could deliver her again particularly in view of
her previous deliveries.

The burden of morbidity
In South Africa, the estimates of maternal mortality
ratio vary between 150 and 625 per 100 000 live births
[11,12]. The National Committee for the Confidential
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Enquiries into Maternal Deaths (NCCEMD) has set in
place a mechanism to improve the reporting of mater-
nal deaths. The major causes of maternal mortality are
non-pregnancy-related infections (mainly HIV
related), hemorrhage, hypertensive disorders of preg-
nancy, pregnancy-related infections, and pre-existing
medical disease (largely cardiac disease). The main
causes of maternal mortality are once again infections,
hemorrhage, and hypertensive disorders. Maternal
mortality statistics for 2010 reveal rates for South
Africa of 300 per 100 000 live births, compared with
the sub-Saharan Africa as a whole in the region of 500
per 100 000 live births.

There is a dearth of information pertaining to
maternal morbidity in South Africa [13–18]. A report
pertaining to ICU utilization by obstetric patients
in South Africa indicates an ICU utilization rate of
9/1000 deliveries [19]. Mortality rates are difficult to
compare because of the disparate patient populations
and the different periods in time that the studies were
conducted [19–21]. In Africa, the majority of ICU
admissions are attributed to infections, hemorrhage,
and hypertension. Other important indications
include severe malaria, viral hepatitis, tuberculosis,
tetanus, rheumatic valve disease, and anemia; this
can be compared with admissions to ICU in the UK
reported by the Intensive Care National Audit &
Research Centre (see Chapter 1). It is evident from
these figures that there is a substantial need for obstet-
ric critical care services in Africa.

Elsewhere in the world, differences in admissions
to obstetric critical care services have also been noted
between different populations. Munnur et al. [22]
compared admissions in an American and an
Indian public hospital. The most common diagnosis
in patients from both hospitals was pre-eclampsia/
eclampsia, which was seen in 417 (44.9%) patients.
The HELLP syndrome (puerperal sepsis, placental
anomalies, and peripartum cardiomyopathy) were
more common in US women admitted to ICU,
whereas intrauterine fetal death was more common
in Indian patients. Other abnormalities were equally
common in both hospitals. There were also differ-
ences in medical disorders responsible for ICU
admission. Malaria, viral hepatitis, cerebral venous
thrombosis (confirmed angiographically), central
nervous system infections, leptospirosis, tetanus,
and typhoid were seen exclusively in Indian patients
whereas drug abuse, trauma, and anaphylaxis were
seen only in the US patients. Of the other disorders

which occurred in both groups of patients, compli-
cated urinary tract infection, acute abdomen, peri-
partum cardiomyopathy, primary bacteremia,
malignancy, and bronchial asthma were more fre-
quent in American patients, whereas cardiac arrest
prior to ICU admission was more common in Indian
ICU patients.

The HIV status of a patient does not impact on
material outcomes for unrelated ICU admission
indications [23,24]. There are many ethical problems
in treating ICU patients in a developing country,
which include the potential for financially impoveri-
shing the patient’s entire extended family, particu-
larly if in the end the result is death or a poor
outcome. However, for carefully selected patients,
the prospects for survival in ICU are much greater
than with care in the general ward, where one trained
nurse cares for 70 patients or more, many of whom
are seriously ill [7].

While South Africa is much more developed than
the majority of Africa, it does have better data collec-
tion and provides useful information that is transfer-
able to less developed regions. It is believed that
maternal deaths are still under-reported in South
Africa. Although the Saving Mothers Report [25]
describes an improvement in institution-based mater-
nal death notification with each progressive trien-
nium, it is still believed that only 20–66% of rural
deaths occur in health institutions, with the remainder
being unreported. The report by the NCCEMD for
the triennium 2005–2007 illustrates that women
younger than 20 years of age are at greatest risk of
hypertension-associated mortality and that women
older than 35 years of age are at particular risk of
mortality associated with hemorrhage, embolism,
ectopic pregnancy, acute collapse, and pre-existing
medical disease [25]. Of the maternal deaths, 38%
were classified as avoidable from a health system per-
spective (administrative- and healthcare worker-
related issues). Patient-related factors, administrative
issues, healthcare worker issues, or inappropriate
resuscitative measures were identified in many cases
and are summarized in Table 9.2.

Thaddeus and Maine [26] identified many issues
that contribute to maternal mortality. As pregnancy is
considered a normal event, death during labor and
delivery may sometimes be considered expected. Such
fatalistic views can lead to the perception that the con-
dition is not amenable to treatment and can, thus, act as
effective barriers to a timely decision to seek care.
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Culture
The status of women in many parts of the world means
that women do not decide on their own to seek care; the
decision belongs to a spouse or to senior members of
the family. Obtaining medical care for women with
obstetric complications begins with the recognition of
danger signs. Access to such information and under-
standing of the gravity of symptoms, such as bleeding or
prolonged labor, help a woman and her family to seek
timely treatment. Beliefs as they relate to the etiology
of illness and maternal complications also play some
part in the decision whether to seek modern obstetric
care. These beliefs play a lesser role as societies change
through urbanization and increasing recognition of the
effectiveness of modern medicine [26].

Distance
Long distances can be an actual obstacle to reaching a
health facility, and they can be a disincentive to even
trying to seek care. In addition, the effect of distance
becomes stronger when combined with lack of trans-
portation and poor roads. The need to travel long dis-
tances also often results in delaying the decision to seek
healthcare. This delay further exacerbates the patient’s
physiological derangement at the time of presentation
for healthcare services. Presumably they waited longer
because distance was acting as a disincentive to seek
care earlier, thus delaying their decision [26].

Cost
The financial cost of receiving care include transpor-
tation costs, physician and facility fees (when they
exist), the cost of medications and other supplies,
and opportunity costs. Cost and distance often go
hand in hand as considerations in the decision-making
process as longer distances entail higher transporta-
tion costs. The other important component is the
opportunity cost of the time used to seek health serv-
ices. Time spent getting to, waiting for, and receiving
health services is time lost from other more productive
activities, such as farming, fetching water and wood
for fuel, herding, trading, and cooking [26].

Case 9.1. A 35-year-old woman at term
in her fifth pregnancy: Part 2

Because the center was busy, Carol was not examined
until several hours later. The midwife was concerned
that there was the possibility of a brow presentation.
The midwife explained that the patient would need
delivery at a center that had access to a theater.
Carol expressed her fears that from her tribe’s experi-
ence women only went there to die. The midwife
also changed her mind and felt that in view of her
previous deliveries there was a chance that this posi-
tionmay resolve and she remained at the birth center.
After 2 hours, her pain became intense and she deci-
ded to seek help from the larger obstetric unit.

Table 9.2. The Confidential Enquiries into Maternal Deaths in South Africa for the triennium 2005–2007: avoidable factors

Avoidable factors Major areas Percentage

Patient orientated No antenatal care, infrequent antenatal care, delay in seeking medical help, unsafe
abortion

45.9

Administrative Transport from home to institution or between institutions, barriers to entry, lack of
accessibility, lack of specific healthcare facilities or intensive care facilities, lack of blood
for transfusion, lack of personnel or appropriately trained staff, communication problems

29.9

Health worker related Initial assessment, problem with recognition/diagnosis, delay in referring patient,
managed at inappropriate level, incorrect management (incorrect diagnosis),
substandard management (correct diagnosis) but not monitored/infrequently
monitored, prolonged abnormal monitoring without action

Health worker related at
district (level 1)

58

Health worker related at
regional (level 2)

49

Health worker related at
tertiary (level 3)

30.1

Resuscitation 22.7

Source: National Committee on Confidential Enquiries into Maternal Deaths [25].
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Unfortunately, the clinic had no access to an
ambulance; therefore, a local taxi was used to trans-
port Carol to the hospital. Although the distance was
relatively short, the overcrowded and poorly main-
tained roads led to a travel time of a further 2 hours.
During this time, the patient’s birth attendant noticed
she was no longer complaining of pain and that the
bumps in the road no longer seemed to be bothering
her. By the time they arrived at the hospital, Carol was
completely unresponsive.

Key areas of consideration in
developing maternal critical care
in resource-poor settings

Human resources
There is a disparity in the distribution of the health
workforce, with Africa having a workforce density of
only 2.3 per 1000 population, much lower than the
global average of 9.3 per 1000 population [27].

This difference is mirrored at a national⁄ regional
level where the distribution of the health workforce is
skewed in favor of towns and cities. This has enormous
implications for the delivery of healthcare in rural
settings, particularly in countries like India where
60% of the population is predominantly rural. Some
of the major issues facing the workforce in developing
countries are migration, illnesses, and absenteeism.

Skilled personnel (nurses and medical specialists)
form the backbone of emergency obstetric services.
Attracting and retaining such staff constitutes a
major obstacle in the delivery of these services. The
most skilled staff are lured by the better working con-
ditions, higher salaries, or attractive opportunities
associated with working in the urban private sector
setting or emigrating. This often results in an under-
staffed and overworked scenario. Staff members are
often tasked with responsibilities beyond their capa-
bilities. The lack of appreciation and poor patient out-
comes is demoralizing and creates work apathy or
movement to greener pastures.

To overcome these issues, it is important to recog-
nize the value of human resources. Many effective
critical care interventions and monitoring of the sick
woman are more labor than technology intensive [2].

Novel and creative methods are required to attract
and retain skilled staff. Strategies may include the pro-
vision of improved working conditions, better living
quarters, higher salaries, and contractual obligations

for sponsored trainees. The build up of frustration
and negativity should be anticipated. Strategies to
address this include the use of motivational speakers,
identification of burnout, debriefing, conveying appre-
ciation of effort when necessary, and organizing group
activities to permit “de-stressing.” The introduction of
mandatory community service as well as the rural and
scarce skill allowance in South Africa for healthcare
appointments attempts to address the issue of providing
staffing. While the former provides health personnel in
existing facilities, it does not address the issue of pro-
viding skilled personnel.

Training
Training needs to be delivered in innovative ways to
reduce time away from delivering care. It should be
targeted to provide essential skills, particularly effec-
tive triage and early recognition of the sick woman to
reduce avoidable delay in providing appropriate care.
The use of protocols and check lists has resulted in
huge improvements in care, the Surviving Sepsis
Campaign Bundle for the management of severe
sepsis and septic shock [28] and the World Health
Organization (WHO) surgical safety checklist [29]
being good examples to consider. Examples of triage,
modified early warning score, and escalation protocols
used at Mulago Hospital in Kampala are included in
Appendices 9.1–9.3. In most situations, timely appro-
priate monitoring and care will avoid the need for
intensive care (level 3). Training needs to provide
sufficient numbers of staff with the competencies to
provide high dependency (level 2) care. A smaller
number of staff will need training to provide intensive
care competencies (see Chapter 3).

Towey and Ojara [7] have noted that trained nurses
are vital for an effective ICU, but clinicians are rarely
full time in the unit [30]. The nurse’s role often encom-
passes duties that may be regarded as medical duties in
some countries, although they rarely have any financial
reward for increased responsibility and workload.
Specific training for ICU nurses in sub-Saharan Africa
is very rare. Nurses who remain in these posts may be
attracted by the challenge and remain particularlymoti-
vated. Identification of such nurses and encouragement
for them to remain in post can enhance the general
quality of care offered. Often the hospital administra-
tion fails to appreciate the specialist nature of ICU
nursing and rotates nurses throughout all wards as a
routine. This practice can be detrimental to establishing
a core of locally trained and experienced ICU nursing
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staff. In the larger units in sub-Saharan Africa, physi-
cian anesthesiologists provide the major medical input
to ICUs. In rural areas, where physicians of any
speciality are very few, this responsibility often falls on
non physicians such as the anesthetic clinical officers,
who may also be committed to a busy workload in the
operating theater [7]. Emphasis on intensive care in the
training of anesthetic clinical officers would be appro-
priate to prepare them for future developments in ICU
for the rural areas.

Cost-effective and practical training solutions may
include the following.

The implementation of check lists and protocol-driven
care. The use of protocols and care bundles in
the critical care setting has been shown to yield
benefits in terms of patient outcomes. Their use
in the scenario of limited skilled resources may
lead to fewer errors of care.

Guidelines. Readily available guidelines are needed
for cardiopulmonary resuscitation (for
pregnant women and after delivery), medical
emergencies, infection control, and the major
causes of maternal deaths.

Language. Protocols, guidelines, and emergency
algorithms should be available in all national
languages as well as the languages of foreign
employees.

Outreach. Scheduled on-site ward rounds,
morbidity and mortality meetings, workshops,
or educational meetings chaired by experienced
nurses and physicians would not only impact
on staff mortality but also improve knowledge
and clinical practices.

Competency certification. Attendance at accredited
practical courses that provide a competency
certificate need to be supported. The spin-off
may be that the more skilled attendees may be
identified and encouraged to become course
instructors and possibly in-house course
directors for their region.

Communication technology. The availabilty of a
toll-free call, telemedicine, Skype, or email
could provide immediate guidance from a
more experienced individual. A regional or
national roster can be devised so that there is
always someone “on-call” to advise. These
strategies can be negotiated with and be
sponsored by businesses in the private sector,
including mobile network providers.

Skilled birth attendants. These provide important
delivery services and should be educated on
issues related to recognition of the need to refer
patients as well as in basic resuscitation skills.
This would be useful as many women die at
home or present late with such advanced
physiological derangement that the institution
of medical care would be futile. The use of
traditional birth attendants is more
controversial.

Midwifery skill training courses and ongoing
certification. This should be offered to staff at
healthcare facilities as well as to midwives who
serve the community in a private capacity.
However, it should be remembered that
attendance at courses or workshops, or even
completion of a “test” following a course, is not
synonymous with the ability to practically
apply that knowledge.

Facilities
The situation in South Africa is illustrative of the
issues elsewhere. Critical care provision is not consid-
ered to be a major priority as the focus is instead on
primary healthcare provision. The ratio of ICU beds to
hospital beds is 1.7% in the public sector and the ICU
beds are largely confined to urban and academic cen-
ters; this is much lower than the US allocation of 13.4%
[31]. A national problem in the public sector is the
immense shortage of ICU beds in relation to the
demand. This necessitates the practice of patient
triage (Appendices 9.1 and 9.2). Ethical challenges
are further compounded in the scenario of the preg-
nant patient with a living fetus. Design of ICUs often
does not conform to acceptable standards as they are
often created as “add-on” areas. The lack of critical
care facilities in periurban and rural areas is further
compounded by the inaccessibility of referral centers
through transport and communications issues. In
rural areas, home deliveries are not uncommon and
they are often managed by traditional birth attendants.
If such deliveries develop complications, the time to
presentation at a healthcare facility is largely depend-
ent on the obstacles discussed above.

The WHO recognize that one way of reducing
maternal mortality is by improving the availability,
accessibility, quality, and use of services for the treat-
ment of complications that arise during pregnancy
and childbirth. These services are collectively known
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as emergency obstetric care. The WHO minimum
recommendation is there are at least five emergency
obstetric care facilities (Table 9.3), including one com-
prehensive facility, per 500,000 population. They have
developed indicators [32] to help countries assess if:

* there are enough facilities providing emergency
obstetric care

* the facilities are well distributed
* enough women are using the facilities
* the appropriate patients (i.e. women with obstetric

complications) are using the facilities
* enough critical services are being provided
* the quality of the services are adequate.

The scarcity of ICUs (level 3) makes it extremely
important that basic emergency obstetric facilities
function effectively to minimize the number of
women becoming critically ill and that comprehensive
emergency obstetric facilities can provide at least basic
facilities for high dependency (level 2) care. Key deci-
sion makers in government need to be engaged with
regarding the need for the equitable provision of emer-
gency obstetric care and critical care facilities. There
needs to be a plan to ensure that the facilities have
adequate equipment, communication technology,
essential drugs, and an adequate staff complement
with appropriate skills. The inability to communicate
(uncharged mobile, malfunctioning telephone/fax/
internet, or no air time) is not uncommon and needs
to be addressed.

Equipment and drugs
There is evidence that mortality in ICU is related to
the availability of appropriate technical equipment
[33]. Any planning for an ICU facility must relate to

the economic background of the community the hos-
pital intends to serve. A clinical area where there is a
rational use of oxygen, good basic nursing, and mon-
itoring may be the entry point and an inexpensive
first step. An appropriate ventilator independent of
compressed gases and disposable circuits is ideal [34].
Invasive arterial monitoring and hemodialysis
require a significant cost in disposables that make
them beyond the scope of all except private hospitals
in the major cities of sub-Saharan Africa, or univer-
sity hospitals, where there is also a substantial patient
cost-sharing input and is unlikely to be an option in
the rural areas of Africa for many decades. Although
donated equipment is usually sent with genuine
desire to help, it is important that this equipment
will be useful to the recipient. Sending broken or
partially working equipment is not helpful as main-
tenance or spare parts can be difficult to obtain.
Airport taxes may be needed to be paid by the recip-
ient in some cases, which may nullify the benefit of
the donation. It is usually best to ask the recipient
exactly what they want and see if this can be matched
rather than waste time and money on sending some-
thing unsuitable.

The lack of basic equipment and drugs and the
purchase and use of exorbitantly expensive unfamiliar,
complex and unnecessary equipment or drugs are
equally important causes of ineffective care. There
are a number of schemes, such as the Programme for
Appropriate Technology in Health (PATH) [35] that
are working to improve these issues. In rural regions,
oxygen cylinders and oxygen concentrators may need
to be relied upon rather than piped gases. Monitors,
ventilators, defibrillators, manual sphygmomanome-
ters, Ambu bags, and laryngoscopes are in short sup-
ply and may need to be shared by several patients and
even a few wards. Blood and blood products are often
unavailable. There needs to be a paradigm shift in
terms of the requisites of critical care. The notion
that expensive technology and drugs are essential
needs reconsideration. The focus should be in indi-
vidualizing and defining the essentials for emergency
obstetric services and critical care for specific sites. The
WHO publishes a model list of essential medicines
[36]. In addition to this, a basic requisite equipment
list needs to be determined.

Simple solutions can be very helpful; for example,
basic equipment for observations that will allow early
recognition of the deteriorating woman often goes
missing. The Liverpool–Mulago Partnership have

Table 9.3. Emergency obstetric care facilities

Facility Provision

Basic Administer parenteral antibiotics
Administer parenteral oxytocin
Administer parenteral magnesium

sulfate
Manually remove placenta
Remove retained products of conception
Perform assisted vaginal delivery
Perform basic neonatal resuscitation

Comprehensive As basic facility plus perform surgery and
blood transfusion
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developed an equipment kit in a bag for midwives to
wear during working hours (Figure 9.1). This is given
to her as her own personal kit to be kept with her at all
times so that she has an incentive to take care of it and
have immediate access to the necessary basic equip-
ment for taking physiological observations. The
equipment kit shown includes a fob-watch, ther-
mometer, fingertip pulse oximeter, an aneroid sphyg-
momanometer, and stethoscope in a bag. The total
cost for each midwife is about £50. Other examples
are the use of a condom and foley catheter for uterine
tamponade in massive obstetric hemorrhage
(Figure 9.2), rather than expensive bespoke catheters
as described in Chapter 39. Sepsis bundles can be
adapted for use in low resource settings by using the
basic physiological observation parameters and
developing systems for early access to antibiotics
(see Chapter 31). Intramuscular magnesium sulfate
regimens for eclampsia and severe pre-eclampsia
avoid the need for expensive infusion devices (see
Chapter 36).

Lifebox [37], in consultation with an international
panel of experts, have developed a pulse oximeter that

exceeds the highest World Federation of Societies
of Anaesthesiologists/WHO specifications and is
intended for targeted sale in low-resource countries.
At $250 including delivery, the price is unmatched and
within reach. It comes with an educational CD-Rom
that contains an award-winning video and materials
about oximetry for use in self-learning or classroom
teaching; the project will make surgery safer for mil-
lions of patients around the world.

The equipment list for units should include car-
diorespiratory monitoring tools, oxygen supply, air-
way management, back-up generator capacity, and
electricity surge-protecting mechanisms and, in ter-
tiary units, mechanical ventilators. The nature of the
equipment (simple or sophisticated, new or previ-
ously used) would largely depend on purchasing
capacity as well as the robustness, simplicity, and
technical support/after-service for a particular
brand of equipment. To minimize cost, items such
as monitors and ventilators are best secured from a
single supplier. Apart from obtaining a better price
per unit, only one service contract will be required.
Additionally, staff will require less in-house training
and patient safety will be enhanced. Manual tools
such as powerful torches, blood pressure manome-
ters, Ambu bags, and oxygen cylinders need to be
available to address the issue of malfunctioning of
equipment or power outages. There is an increasing
awareness for the “specialized needs” of under-
resourced countries. This has resulted in investment
in the development of equipment that addresses these
issues. This includes equipment with longer battery
lives and solar-powered equipment. Depending on
the level of service, a drug list in addition to the
South African Essential Drug List needs to be formu-
lated. A mechanism needs to be created such that
there is an adequate supply of these drugs at all
times. Blood should be readily available to all insti-
tutions that provide obstetric services.

Water and electricity
A regular supply of water and electricity cannot be
guaranteed even in the capital cities of many develop-
ing countries and the situation is often worse in the
rural areas, where up to 80% of the population live [8].
An irregular supply of water is not in itself a limitation
to the ICU as hospital staff become adept at managing
with a system of rationing and storing water on the
wards. Cross-infection is, no doubt, more of a risk, but
an acceptable standard of care can be given. AnFigure 9.1. Midwife with basic equipment kit.
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irregular electricity supply is a more serious problem,
particularly when oxygen concentrators are in use.
Back-up generators in many hospitals provide an
important source of power when main supplies fail,
but this back-up may take a significant time to con-
nect. Nursing staff must remain alert to this possibility
if subsequent mortality andmorbidity is to be avoided,
particularly for the ventilated patient. Monitoring
equipment and ventilators are at risk of damage from
voltage surges, which should be prevented. An irregu-
lar supply of water and electricity to a hospital is,
therefore, not a complete bar to developing some
ICU facility, but staff need to be trained to deal with
the local conditions [6].

Oxygen
Providing a regular supply of oxygen cylinders to any
hospital in rural Africa is both expensive and logisti-
cally difficult [7]. The most important development in
the last 15 years in oxygen supply is the oxygen con-
centrator [38]. Although the concentrator requires an
initial capital outlay, the cost of oxygen production is
then very low. A regular safe electricity supply is
essential, although it may be obtained by varying
methods over time, as well as technical support for
maintenance. Rational oxygen therapy is most practi-
cally guided by pulse oximetry.

Supporting services
Basic laboratory services for emergency obstetric serv-
ices should include the determination of hemoglobin,
white cell count, platelet count, urea, and electrolytes,
and microscopy. The quality of ICU care depends
upon supporting laboratory and radiology depart-
ments. Hemoglobin, white cell counts, HIV testing,
and blood transfusion capabilities are usually available
in even remote areas of Africa, but even in major cities
of sub-Saharan Africa, blood gas, creatinine, and
serum electrolyte estimations are usually unavailable.
This affects clinical care as well as the ability to esti-
mate international severity sickness scores [7].

Blood transfusion services are usually under great
strain and fewer than 70 of the 191 WHO Member
States meet theWHO recommendations for a national
blood program. Microbiological services are very rare
and often unreliable. While many remote hospitals
may have a basic radiology service, few have the ability
to offer a portable service to the wards and the same is
true of ultrasound imaging [7].

Case 9.1. A 35-year-old woman at term in
her fifth pregnancy: Part 3

On arrival, Carol was assessed by the triage midwife
who noted that the patient was peripherally shut
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Figure 9.2. Ballon tamponade catheters.
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down, tachycardic and her blood pressure was unrec-
ordable. The midwife immediately contacted the
senior house officer, who gave intravenous fluids.
Fetal parts were easily palpable and the patient
was taken straight to theater, where a laparotomy
was performed. A ruptured uterus was confirmed
and a fresh stillbirth was found. A large amount of
blood was seen abdominally and an estimated blood
loss of 3 L was made. The surgeon was unable to
achieve hemostasis and a hysterectomy was per-
formed. A blood transfusion was requested but was
unavailable until later in the afternoon because of
shortages in supply. Carol was transferred to the
maternal high dependency unit and was followed
using the African Midwifery Early Warning Score
chart. She was given regular intravenous fluids to
maintain her blood pressure while awaiting
transfusion.

Organizational issues and policies
The head of the emergency obstetric services or crit-
ical care facility needs to have the support of the
medical and financial administrator. Policies or pro-
tocols pertaining to standard operating procedures,
admission criteria, triage (Appendices 9.1 and 9.2),
patient referral patterns, emergency contacts, treat-
ment withdrawal, sourcing of equipment, servicing of
equipment, and disaster management need to be
agreed upon and be available in a written format.

Box 9.1 illustrates the working of an intensive care
unit in Uganda.

Community
Engaging with influential community leaders and even
the formation of community advisory boards may be
valuable as the communication may facilitate the
involvement of the community. Initiatives to improve
antenatal attendance, early presentation for medical
assistance, or even training of traditional birth attend-
ants may be viewed more positively.

Research/audits
The research agenda in the developing world should
include [2]:

* epidemiology
* current available services
* perceived needs across regions and for individuals
* prognostic scores
* cost-effectiveness
* ascertaining reasons for poor antenatal attendance
* ascertaining if existing health facilities (clinic,

hospitals, ICUs) are sufficient and appropriately
distributed

* factors that influence staff retention in periurban
areas

* cost-effective educational strategies

Box 9.1. St Mary’s Hospital Lacor intensive care unit

St Mary’s Hospital Lacor, Gulu, in Uganda is a church-supported general hospital of 476 beds where 87% of patient
costs are subsidized. It is in a remote rural area where for the last 20 years there has been a significant security
problem. For 10 years it has had a small four-bed ICU near the operating theater, which was recently upgraded to an
eight-bed unit.

It is predominantly a general postoperative ICU but also accommodates women with eclampsia, which forms a
major part of the workload, and recently delivered women after surgery.

The nurses and clinical officer anesthesiologists are trained in central line placement and its interpretation. The
central lines are donated. One Glostavent and one Puritan Bennet ventilator with an internal compressor are
available. There are no infusion pumps and inotropes are rarely used. Laboratory results are slow to reach the
ward and there is a limited quantity of bedside Glucostix strips. There is no capacity for peritoneal dialysis or
hemodialysis as, despite significant overseas assistance, this specialist area has not been sustainable. There is no
fresh frozen plasma, platelets, parenteral nutrition, or activated protein C and no facility for invasive arterial
monitoring. The nurse-to-patient ratio is approximately one trained nurse to four patients, but assistant nurses
who have no formal training are present on each shift. The surgical and medical teams share care with one physician
anesthesiologist and one non-physicianmedical clinical officer, both attached to the ICU full-time. One non-physician
anesthetic clinical officer shares duties on the ICU with theater duties.

Source: adapted from Towey and Ojara, 2007 [7].
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* cost-containment strategies in under-resourced
countries

* audit and revision of existing practices at individual
centers.

Early identification of the
critically ill woman
Early identification of the critically ill woman in devel-
oping regions is equally important as focusing, for
critically ill obstetric patients, on basic infrastructure
(facilities, transport, and electricity), accessibility,
basic equipment, essential drugs for advanced life sup-
port, blood, human resources, and quality of care.
Strategies to reduce the demand for this scarce
resource include:

* primary prevention: prevent pregnancy
* secondary prevention: strategies to reduce the

occurrence of obstetric complications
* tertiary prevention: strategies to recognize life-

threatening complications early.

The last is particularly important as delays in treat-
ment initiation impact negatively on outcomes.
Further, obstetric patients admitted to ICU have
been demonstrated to have better outcomes than
medical patients. The importance of early recogni-
tion of the severely ill pregnant patient is emphasized
in the Confidential Enquiry into Maternal and Child
Health report for the triennium 2003–2005 in the UK
[39]. In the UK, these scoring systems to identify the
severely ill pregnant patient include multiple physio-
logical parameters, including oxygen saturation.
Singh et al. [40] have published a validation study
showing that pulse, blood pressure, and respiratory
rate are the most significant parameters. This allows a
simplified score to be used in a low resource setting
where minimal equipment is available. Mulago
Hospital Uganda has developed the African
Midwifery Early Warning Score (AMEWS). This
helps to identify deteriorating patients quickly and
with minimal equipment (sphygmomometer and
clock). Like many early warning systems, it applies a
score to each physiological parameter and a cumula-
tive score can be calculated (Appendix 9.3). The esca-
lation algorithm used is also shown in Appendix 9.3.
If the score is >6 then an immediate review is
required, and if >4 a review within 30 minutes is
expected. If this is not achieved, there is an escalation
policy to mandate contact with more senior grades.

The parameters measured are pulse rate, blood pres-
sure, respiratory rate, and consciousness level On
review by the doctor, a thorough examination is
performed and other parameters such as temperature
are checked as indicated and management instituted
as required.

Management of the critically
ill obstetric patient in poorly
resourced settings
The challenge in the management of the critically
ill antenatal or peripartum patient in these settings is
the need to tailor treatment around the significant car-
diorespiratory, immunological, hematological, and
metabolic alterations that accompany the gravid state.

These and other aspects of critical care are dis-
cussed in the relevant chapters. Patients with need
for rigorous monitoring, single organ dysfunction or
de-escalation from ICU can often be managed in a
high dependency or high care unit (HDU; level 2)
rather than an ICU (level 3). This can be provided at
relatively low cost within the maternity unit. An
example is the obstetric HDU at Mulago Hospital
(Box 9.2).

Case 9.1. A 35-year-old woman at term in
her fifth pregnancy: Part 4

Three hours later. . .

The midwife in the HDU found an increase from 4 to 6
on Carol’s AMEWS chart and requested a review from
the senior house officer. Along with the raised
AMEWS score, the patient’s hourly urine output was
also noted to be low. The senior house officer initially
increased the intravenous fluids but after 30 minutes
the patient became increasingly tachycardic and
hypotensive. The senior house officer requested a
senior review. The specialist decided to take the
patient to theater where a bleeding pedicle was
found. The blood was availed during the operation
and the patient was transfused. The patient was then
taken back to the HDU for close monitoring. She
remained stable and was discharged back to the
postnatal ward after 2 days.
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APPENDIX 9.1. THE MULAGO
HOSPITAL GUIDE TO TRIAGE
(PRIORITISATION OF PATIENTS)
ON ADMISSION TO THE
LABOUR WARD
The aim of triage is:

* To identify those patients who are sickest, at
the point of admission to the labour ward so
that prompt medical attention can be given to
those who need it most, first.

* To ensure a more streamlined patient journey
through the labour suite so that:

i. those who do not require emergency
care can be seen in a more appropriate
environment such as the antenatal clinic or
managed an outpatient and sent home

ii. those who need immediate intervention,
receive definitive care in as short a time as
possible.

* This will hopefully reduce mortality and long-term
morbidity for mothers and babies who are treated
on the labour suite.

Note: Triage is aimed ONLY at categorising patie-
nts on admission, and is not a replacement for cli-
nical judgement, nor does it dictate what happens
to the patient for the rest of their stay on labour
suite.
HOW TO USE THE TRIAGE ASSESSMENT FORM

* All patients are to have the primary survey
(Appendix 9.3) completed in full as soon as
possible on arrival on labour suite.

* Triage patients in order of arrival by admission
midwife or shift in charge or labour suite in
charge or other designated person. The doctors
will initially participate in this process as it is being
streamlined.

* If several patients arrive at the same time, triage
those with any obvious life-threatening obstetric
emergency and any that have been referred from
Old Mulago or other clinics first.

* Once you have completed the primary survey (i.e.
the first page) check the findings against the table. If
the patient has any of the findings listed in the table,
she fails the primary survey and is automatically
categorised as triage code RED. She requires
immediate medical review. The doctor should be
requested to attend immediately – if not present on
labour ward contact by telephone. The time of
informing the doctor should be noted on the triage
sheet. It is not necessary to proceed to secondary
survey, as this will not change the patient’s triage
category. They still need to see a doctor urgently. In
case the intern sees them first, after initial
resuscitation he or she ought to inform the SHO
[senior house officer] and or specialist as soon as
possible.

* If the patient passes the primary survey, proceed to
the secondary survey (focused triage). The
secondary survey should complete in full.

* Once you have completed the secondary survey
you should be able to reach a differential diagnosis.
If you are unable to reach a diagnosis or are unsure
as to the appropriate triage category, seek medical
advice. The doctor will then see the patient fully
and triage accordingly.

* Check your differential diagnosis against the triage
category table on the wall [shown below], and
assign a triage category.

CATEGORY ACTION

Red The patient requires immediate
medical attention. Place the file in the
red tray in time order, and inform the
doctor on duty, either in person or by
telephone. These patients should be
prioritised over other categories, as
they have potentially immediately life-
threatening problems.

Yellow The patient requires medical review
soon, but not immediately, and does
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CATEGORY ACTION

not take priority over red patients. If the
doctor is not present on the labour
ward they should be informed that
there are patients waiting for review.
Patients who are categorised as yellow
have the potential to deteriorate if not
reviewed in a timely manner.

Green The patient does not require a medical
review and can be assessed and
examined by a midwife. If the midwife
has any cause for concern after she has
assessed her patient, she should seek
medical review/advice.

Blue The patient does not need to be
reviewed on labour suite, and can be
given an appointment for the next
antenatal clinic and sent home.

REMEMBER THAT TRIAGE IS A SORTING
PROCESS THAT SHOULD IDENTIFY THOSE
THAT NEED TO BE SEEN SOONEST. PATIENT
CONDITION CAN CHANGE. MEDICAL ADVICE

SHOULD ALWAYS BE SOUGHT IF YOU ARE IN
DOUBT OR HAVE ANY CONCERNS ABOUT
YOUR PATIENT.

Once patient is triaged, she will be sent to the
relevant healthcare professional for review

If a further problem is detected, the patient’s triage
category can be revised.

Midwives and doctors assessing patients should
perform a routine physical examination, including a
detailed obstetric examination.

Where a midwife assesses a patient, if she feels that

* there is a malpresentation
* there is a malposition
* there is clinical evidence of an obstructed labour
* there is an undiagnosed multiple pregnancy
* if she has any other specific concern

she should discuss the case with the doctor on duty at
the earliest possible opportunity, and if appropriate
the patient should be recategorised and reviewed.
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APPENDIX 9.2. MULAGO HOSPITAL OBSTETRIC TRIAGE PROFORMA

Findings and Action: Tick (√ )Triage code RED or Other triage Code then proceed

Airway Unable to talk/noisy breathing Needs immediate medical review

Breathing Respiratory rate more than 29 or less than 5 Triage code RED

Circulation Pulse greater than 120 beats/min
Blood Pressure
Systolic more than 160 or less than 90 mmHg
Diastolic more than 100 mmHg

THESE PATIENTS HAVE FAILED THEIR PRIMARY
SURVEY

DO NOT PROCEED TO SECONDARY SURVEY
THEY ARE CATEGORY RED

Disability Unresponsive to voice or pain/restless

Obvious obstetric emergency Any of the above listed problems

Patient does not have any of the above findings Triage other
Then secondary survey
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APPENDIX 9.3. AFRICAN MIDWIFERY EARLY WARNING SCORE
The table below shows the data that give the early warning score.

Score

Systolic blood
pressure

Pulse 75–105 bpm

15–20 resps/min
20–25 or

10–15 resps/min
25–30 or

5–10 resps/min
> 30 or

< 5 resps/min

105–110 or
60–70 bpm

110–130 or
40–60 bpm

> 130 bpm or
< 40 bpm

Respiratory
rate

Conscious
level (AVPU

score)
Alert Responds

to voice
Confused
or agitated

Unconscious
or unresponsive

to pain

90–140 mmHg
140–150

or
 80–90 mmHg

150–200 mmHg
> 200 mmHg
or <80 mmHg

0 1 2 3

The escalation algorithm shown below is used for patients with scores above or below 4 (SHO, senior house officer).

AMEWS of 4 or more?

AMEWS of 6 or more?
Continue observations as

instructed

Call intern immediately and
request attendance within

60 minutes

Responds within 60
minutes?

Patient improves with
treatment?

Call SHO immediately and request
immediate attendance and transfer

patient to PET side

Call SHO immediately and request
immediate attendance

Perform observations
hourly until AMEWS

less than 2

Request urgent
specialist review

Patient improves with
treatment?

NoYes

Yes

Yes

YesYes

No

No

NoNo
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Chapter

10
Physiological changes of pregnancy
Lisa E. Moore and Nigel Pereira

Introduction
The physiological changes of pregnancy consist of
adaptations designed to enable adequate oxygen and
nutrient delivery to both the mother and developing
fetus. Thorough understanding of these changes is
essential to differentiate between normal physiological
alterations of pregnancy and pathological abnormal-
ities. Many physiological and biochemical changes
of pregnancy can modify the reference ranges of com-
mon laboratory results during different trimesters.
Using reference ranges derived from non-pregnant
women to evaluate and interpret laboratory values in
pregnant women may lead to erroneous clinical impli-
cations. This chapter, therefore, reviews the major
physiological adaptations during pregnancy and also
highlights changes in the reference ranges of common
laboratory values encountered in pregnancy.

Body fluid homeostasis
The expansion in total body fluid volume is one of
the most significant changes during pregnancy, and
this increase is distributed throughout the maternal–
fetal unit. At term, the overall increase in body fluid
volume is estimated to be 6.5 to 8.5 L [1]. While the
fluid volume of the fetus, placenta, and amniotic cavity
account for about 3.5 L, maternal blood volume
increases 1.5–1.6 L, of which 1.2–1.3 L is plasma vol-
ume and 0.3–0.4 L is red blood cell volume [1,2]. The
rest is attributed to the expansion of maternal extrac-
ellular fluid volume, breast as well as adipose tissue [1].

Immediately following conception, expansion of
the plasma volume begins; this, in turn, decreases
serum osmolality [1,3]. At 12 weeks of gestational
age, serum osmolality is 8 to 10 mOsm/kg lower than
the non-pregnant state [3]. In addition, the osmotic
threshold for thirst and antidiuretic hormone release is

lowered by 10 mosmol, resulting in increased water
intake and retention [3]. Over the course of an entire
pregnancy, 500–900 mmol sodium and 350 mmol
potassium are usually retained. However, despite
retention, the mean sodium and potassium concentra-
tions are lower (3–4 mEq/L (mmol/L) and 0.2 mEq/L
(mmol/L), respectively) after 12 weeks of gestational
age compared with the non-pregnant state [3]. This
decrease in the serum sodium and potassium concen-
trations is attributed to water retention, which exceeds
sodium and potassium retention [3]. Table 10.1
summarizes the effects of maternal plasma volume
expansion on the reference values of common serum
electrolytes during pregnancy.

Cardiovascular system
Pregnancy induces a myriad of changes in the cardio-
vascular system, which include changes in cardiac
output, heart rate, blood pressure, vascular compli-
ance, capacitance, vascular resistance, and ventricular
dimensions [5]. Many of these changes are thought to
be caused by the hormonal milieu of pregnancy,
and they may occur as early as 4–5 weeks of gestational
age [6].

Maternal heart rate increases 10 to 20 beats/min
over the course of pregnancy, peaking in the early
third trimester, which in combination with a 25%
increase in stroke volume, produces a 50% increase
in overall cardiac output (i.e. heart rate multiplied by
stroke volume) (Figure 10.1). Most of this increased
cardiac output is directed towards the gravid uterus,
placenta, and breasts. At term, the uterus and breasts
receive 17% and 2% of cardiac output, respectively [1].

Labor and the immediate puerperium are associ-
ated with additional increases in cardiac output,
which increases 12% in the first stage of labor and
is primarily mediated by an increase in stroke
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volume [1]. This increase is thought to occur as a
result of increased preload from additional blood
expressed from the uterus during each contraction,
a phenomenon sometimes called “uterine autotrans-
fusion” [6]. During the second stage of labor, cardiac
output can increase by up to 34%, with an initial
increase from an increase in stroke volume following
which additional increase in cardiac output mainly
reflects increased heart rate [1]. Immediately post-
partum (i.e. 10 to 30 minutes following delivery),
approximately 300–500 mL of blood, which had
previously been shunted to the uterus, is transferred
to the maternal circulation, [6,7]. This increase in
preload and stroke volume leads to a further increase
in cardiac output by 10–20% [6]. This represents a
particularly delicate time for patients with underly-
ing cardiovascular disease for the development of
pulmonary edema or congestive heart failure.
Cardiac output values then return to pre-pregnancy
levels by 2 weeks postpartum and to non-pregnant
levels by 6 weeks postpartum [6,7].

Cardiac output is also affected by maternal posi-
tion, with greatest output noted in knee–chest or
lateral recumbent positions [1]. The gravid uterus
compresses the inferior vena cava in the supine posi-
tion and may completely occlude venous return from
the lower extremities. Of note, 5–10% of pregnant
women may experience nausea, diaphoresis, light-
headedness, or even syncope because of the supine
position, which can be alleviated by gentle leftward
tilt [1].

Progesterone-mediated smooth muscle relaxation
causes vasodilatation and a fall in systemic vascular
resistance by approximately 20% [1]. This effect begins
at 5 weeks and will nadir between 20 and 32 weeks of
gestation, after which systemic vascular resistance
will gradually rise until term [1]. The decrease in
systemic vascular resistance manifests as decreased
blood pressure, even in light of increased cardiac
output. Diastolic blood pressure decreases by
12 mmHg in mid-pregnancy, followed by a gradual
increase of 10 mmHg by term [3]. Systolic blood
pressure shows minimal change until a slight rise at
36 weeks of gestational age [3]. Therefore, the mean
arterial blood pressure nadirs by mid-gestation,
returning to pre-pregnancy levels by term [1,3].

Although all four chambers of the heart will
increase in some size from the first trimester to the
end of the third trimester, left ventricular hypertrophy
and dilatation are particularly significant [1,3]. An
increase in left ventricular end-diastolic volume can
be seen by 10 weeks of gestation that peaks in the third
trimester (Figure 10.1). The structural changes of the
left ventricle are consistent with eccentric hypertro-
phy, which are similar to changes in exercise [1,9].
This is in contrast to concentric hypertrophy, which
is usually seen as a long-term adaption to chronic
hypertension. Eccentric hypertrophy enhances the
efficiency and pumping capacity of the heart in the
context of increased left end-diastolic volumes.

Central hemodynamic measurement may some-
times become necessary for critically ill pregnant

Table 10.1. Reference ranges of serum electrolytes in pregnancy

Serum electrolyte Non-pregnant
adult

First trimester Second
trimester

Third
trimester

Bicarbonate (mEq/L or mmol/L) 21–30 20–24 20–24 20–24

Calcium, ionized (mmol/L [mg/dL]) 1.1–1.4 (4.5–5.6) 1.1–1.3 (4.5–5.1) 1.1–1.2 (4.4–5.0) 1.1–1.3 (4.4–5.3)

Calcium, total (mmol/L [mg/dL]) 2.2–2.6 (9.0–10.5) 2.2–2.6 (8.8–10.6) 2.0–2.2 (8.2–9.0) 2.0–2.4 (8.2–9.7)

Chloride (mEq/L or mmol/L) 98–106 101–105 97–109 97–109

Magnesium (mmol/L [mg/dL]) 0.8–1.2 (1.8–3.0) 0.7–0.9 (1.6–2.2) 0.6–0.9 (1.5–2.2) 0.4–0.9 (1.1–2.2)

Osmolality (mOsm/kg or mmol/kg serum
water)

285–295 275–280 276–289 278–280

Phosphate (mmol/L [mg/dL]) 1.0–1.4 (3.0–4.5) 1.0–1.5 (3.1–4.6) 0.8–1.5 (2.5–4.6) 0.9–1.5 (2.8–4.6)

Potassium (mEq/L or mmol/L) 3.5–5.0 3.6–5.0 3.3–5.0 3.3–5.1

Sodium (mEq/L or mmol/L) 136–145 133–148 129–148 130–148

Sources: Kratz, et al., 2004 [3]; Abbassi-Ghanavati, et al., 2009 [4].
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patients. Table 10.2 summarizes central hemodynamic
measurements obtained via arterial lines and Swan–
Ganz catheters in term pregnancies [8]. Pulmonary
edema may develop when pulmonary capillary wedge
pressure exceeds a threshold of 24 mmHg, and also
when it exceeds the colloid oncotic pressure by more
than 4mmHg [1,8]. However, because colloid oncotic
pressure decreases in pregnancy, pregnant patients
may develop pulmonary edema at lower pulmonary
capillary wedge pressures.

Respiratory system
Marked changes occur in the structure and function of
the respiratory system during pregnancy. Apart from
connective tissue changes in the upper airway and

thorax, pregnancy affects static lung volumes, gas
exchange, and ventilation [9].

The upper respiratory tract becomes edematous,
hyperemic, congested, and friable at the beginning of
the first trimester [9,10]. These changes, which are
thought to be mediated by estrogen, persist through-
out pregnancy, and peak in the third trimester [9,10].
The effects of estrogen on the nasal mucosa may
explain why 30% of pregnant women experience
rhinitis-like symptoms during pregnancy, as well as
occasional nosebleeds [9].

The enlarging uterus constantly changes the con-
figuration and dimensions of the thoracic cavity dur-
ing pregnancy [1,9]. With progressive increases in
uterine size, the circumference of the abdomen and
lower chest wall increases, the costal angles widen, and
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Figure 10.1. Variations in heart rate
(a), cardiac output (b), stroke volume,
and end-diastolic volume (c) before,
during, and after pregnancy [6].
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the resting position of the diaphragm elevates [9].
During pregnancy, both the anterior–posterior and
transverse diameters of the chest wall increase, leading
to an overall increase of 5–7 cm of the circumference
of the lower chest wall [9]. The costal angles also widen
by 50%, from 68° to 103° [9,10]. Furthermore, the
resting position of the diaphragm is elevated 4–5 cm
[9,10]. Although most of these changes are primarily
mechanical effects of the enlarging uterus, relaxation
of the ligamentous attachments to the ribs may con-
tribute to earlier changes in the shape of the thoracic
cavity [9,10]. Changes in the configuration of the
thoracic cavity appear to peak at about 37 weeks of
gestation, returning to normal dimensions within
24 weeks following delivery [9].

Structural changes of the thoracic cavity can trans-
late into functional changes of the respiratory system,
particularly static lung volumes. The functional residual
capacity (FRC) decreases 300 to 500 mL (i.e. 17–20%),
and this decrease is a direct effect of the elevated resting
position of the diaphragm. The FRC can be further
subdivided into expiratory reserve volume and residual
volume, which decrease 100–300 mL (15–20%) and
200–300 mL (20–25%), respectively. The reduction in
FRC causes a concomitant increase in the inspiratory
capacity volume by 100–300 mL (5–10%) [9,10]. This
decrease in FRC is clinically important as it increases the
uptake and clearance of inhaled anesthetic agents [10].

Although some lung volumes are affected by the
pregnancy-related changes of the thoracic cavity, the
total lung capacity and vital capacity remain relatively
unchanged by pregnancy [10]. Similarly, spirometric
measurements reveal unchanged bronchial flow, sug-
gesting that airway function remains stable during
pregnancy [1,10]. Table 10.3 summarizes the changes
in static lung volumes observed during pregnancy.

Oxygen consumption increases in pregnancy by
up to 20% to meet the increasing metabolic demands
of the mother and developing fetus. Logically, multi-
fetal gestation increases oxygen consumption even
more [10]. Additionally, during labor, oxygen con-
sumption may increase by up to 60% [10]. Increasing
progesterone levels stimulate the respiratory center of
the medulla, causing an increase in the respiratory
drive [1,10]. By 8 weeks of gestation, the minute
ventilation increases 30 to 50%, primarily owing to a
40% increase in tidal volume (minute ventilation= tidal
volume × respiratory rate) (Table 10.3) [1,10].

Table 10.2. Central hemodynamic measurements in normal
term pregnancies

Hemodynamic
measurement

Term pregnancy
(36–38 weeks of
gestation)

Change
from non-
pregnant
state

Heart rate
(beats/min)

83 ± 10 ↑

Cardiac output
(L/min)

6.2 ± 1 ↑

Systemic vascular
resistance
(dyne.s/cm5)

1210 ± 266 ↓

Colloid oncotic
pressure (mmHg)

18 ± 1.5 ↓

Pulmonary
capillary wedge
pressure (mmHg)

3.6 ± 2.5 No change

Central venous
pressure (mmHg)

3.6 ± 2.5 No change

Source: Clapp and Capeless, 1997 [5].

Table 10.3. Changes in static lung volumes observed during
pregnancy

Lung
volume

Definition Change in
pregnancy

Tidal
volume

Volume of air inspired and
expired in a normal breath

↑ (30 to 40%)

Inspiratory
reserve
volume

Maximum volume of air
that can be inspired at the
end of a normal
inspiration

No change

Expiratory
reserve
volume

Maximum volume of air
that can be expired at the
end of a normal expiration

↓ (15–20%)

Inspiratory
capacity

Maximum volume of air
that can be inspired at the
end of a normal expiration

↑ (5–10%)

Vital
capacity

Maximum volume of air
that can be forcibly
expired after a maximal
inspiration

No change

Functional
residual
capacity

Volume of air remaining in
the lungs at the end of a
normal expiration

↓ (17–20%)

Residual
volume

Volume of air remaining in
the lungs at the end of a
maximal expiration

↓ (20–25%)

Total lung
capacity

Total volume of air in the
lungs at the end of a
maximal expiration

No change
to ↓ (5%)

Sources: Gabbe, et al., 2012 [1]; Crapo, 1996 [8]; Bobrowski,
2010 [9].
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The increase in minute ventilation, combined with a
physiological decrease in FRC, leads to a 50–70%
increase in alveolar ventilation, thereby increasing
alveolar oxygen partial pressure (Pao2), decreasing
arterial carbon dioxide partial pressure (Paco2), and
mildly increasing blood pH [1,9,10]. Decreased Paco2
is critical in maintaining a carbon dioxide gradient
that facilitates its transfer from the fetus to the mother.
In addition, lower Paco2 leads to mild respiratory
alkalosis, with renal compensation occurring by
increased bicarbonate excretion [1,9,10]. Variations
in arterial blood gas values in a term pregnancy
are summarized in Table 10.4. Because of increased
oxygen consumption and decreased FRC, the maternal
oxygen reserve is reduced; therefore, pregnant women
are more susceptible to effects of apnea, particularly
during intubation [1]. Hence, preoxygenation prior
to intubation becomes necessary to prevent acute
hypoxia and respiratory acidosis.

Pregnancy is also associated with changes in sleep
patterns and sleep disorders that may continue post-
partum. Although a detailed discussion of pregnancy-
associated sleep patterns and disorders is beyond the
scope of this chapter, several key points are worth
highlighting. First, pregnancy is associated with an
overall decrease in rapid-eye movement (REM) sleep
and stage 3 and 4 non-REM sleep [1,10]. Second, with
increasing gestational age, sleep efficiency and con-
tinuity decrease, while daytime somnolence and
night-time awakenings increase [1]. Third, women
who complain of excessive daytime sleepiness,
night-time awakening, loud snoring, or self-reported
or witnessed apneic spells must be evaluated with
polysomnography for obstructive sleep apnea [1,10].

As obstructive sleep apnea leads to chronic hypoxe-
mia, women with this apnea are at an increased risk
of developing intrauterine growth restriction and
gestational hypertension [1,10]. Finally, pregnancy
may cause restless leg syndrome, a neurological dis-
order that can prevent women from falling asleep [1].
Although the prevalence of restless leg syndrome in
pregnancy is not known, up to 23% of pregnant
women may develop some component of this disorder
in the third trimester [1].

Gastrointestinal and hepatobiliary
systems and nutrition
Pregnancy-related hormones substantially influence
the motility and synthetic function of the gastrointes-
tinal and hepatobiliary systems. Modifications of these
functions may manifest as clinical symptoms during
pregnancy or may cause variations in the results of
common laboratory values.

Nausea and vomiting are perhaps the most com-
mon symptoms experienced, possibly complicating
up to 70% of pregnancies [1]. These symptoms typi-
cally peak at 9 weeks of gestation, with 60% resolving
by the end of the first trimester, and 90% by 20 weeks
of gestation [11]. Although the precise physiological
mechanisms underlying nausea and vomiting remain
unclear, rising human chorionic gonadotropin levels
causing estrogen production is thought to be the most
likely mechanism [11]. In most women, these symp-
toms resolve with minimal support; however, a small
minority may suffer from hyperemesis gravidarum,
a condition associated with persistent vomiting, pro-
found dehydration, electrolyte imbalance, and weight
loss, necessitating hospitalization [1,11].

As pregnancy progresses, many women experience
gastroesophageal reflux caused by a combination of
progesterone-mediated reduction in gastroesophageal
sphincter tone and gastric compression by the enlarging
uterus [1,3]. Progesterone and estrogen also decrease
gastrointestinal motility, tone, and gall bladder empty-
ing, resulting in modification of bowel habits and
propensity to develop biliary sludge and stones [1,3].

Despite minimal change in the absolute blood flow
to the liver during pregnancy, its synthetic capacity
and activity increases several fold [3]. In addition to
increased production of serum albumin, prealbumin
and total protein, hepatic synthesis of fibrinogen,
transferrin, ceruloplasmin, and the binding proteins
for sex steroids, corticosteroids, and thyroid hormones

Table 10.4. Variations in arterial blood gas values in a term
pregnancy

Blood gas
measurement

Non-
pregnant
adult

Third
trimester

pH 7.38–7.44 7.39–7.45

Arterial partial pressure
of oxygen (mmHg [kPa])

80–100 (11–13) 92–107
(12.3–14.3)

Arterial partial pressure
of carbon dioxide
(mmHg [kPa])

35–45 (4.7–5.9) 25–33
(3.3–4.4)

Bicarbonate (mmol/L or
mEq/L)

21–30 16–22

Sources: Clark, et al., 1989 [7]; Crapo, 1996 [8].
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increases during pregnancy [1,3]. It is estimated that
albumin mass increases by 15% to 123 g at 28 weeks of
gestation compared with 107 g in the non-pregnant
state [3]. Alkaline phosphatase levels also increase
dramatically after 24 weeks of gestation, although
this is attributed to a heat-stable isoenzyme produced
from the placenta [1,3]. The measured levels of other
liver enzymes, however, remain unchanged during
pregnancy. Circulating estrogen can influence bile
acid production and secretion, leading to mild sub-
clinical cholestasis, even though fasting levels of
bile acids remain unaffected by pregnancy [1]. These
variations in commonly reported laboratory results
are highlighted in Table 10.5.

Some women may exhibit unique clinical and labo-
ratory findings that, although are within the physiolog-
ical norms of pregnancy, may otherwise be considered as
signs of liver disease. These include estrogen-related
spider angiomata and palmar erythema, which resolve
soon after delivery, as well as lowered serum albumin
and total protein concentrations [1,3]. Although the
overall concentrations of serum albumin and total pro-
tein increase during pregnancy, dilutional effects of
the expanded plasma volume will lower measured con-
centrations (Table 10.5) [1,3]. The decreased serum albu-
min concentration may be reflected in the measurement
of albumin-bound substances such as unconjugated

bilirubin, calcium, and zinc, even though their total
circulating levels may be higher (Table 10.5) [3].

In the absence of clinically significant nausea and
vomiting, most women experience increased appetite,
with caloric intake increasing by almost 300 kcal/day
[1]. Pica, a peculiar craving for odd food such as iron,
clay, detergent, or ice, may also occur [1]. In addition,
many women may also complain of increased saliva-
tion. This condition, also known as ptyalism, may lead
to losses of 1–2 L of saliva per day and actually repre-
sents the inability of nauseated women to swallow
normal amounts of saliva rather than a true overpro-
duction of saliva [1].

Cholesterol and triglyceride concentrations also
change throughout pregnancy [3]. By 12 weeks of
gestation, high density lipoprotein-cholesterol levels
have increased by 20% compared with non-pregnant
levels and continue to increase until term [3].
Similarly, low density lipoprotein-cholesterol levels
begin to increase at 18 weeks of gestation, continuing
to term [3]. Triglyceride levels increase by 40% at 18
weeks of gestational age, and are almost 250% higher
than non-pregnant levels at term [3]. Table 10.6
summarizes the changes in lipid, cholesterol and
triglycerides levels during pregnancy.

Adequate quantities of vitamins and certain trace
minerals are necessary to ensure proper growth and

Table 10.5. Variations in the measured concentrations of markers of hepatic synthetic activity

Serum analyte Non-pregnant
adult

First trimester Second
trimester

Third trimester

Alanine transaminase (U/L [μkat/L]) 0–35 (0–0.58) 3–30 (0.05–0.5) 2–33 (0.03–0.55) 2–25 (0.03–0.42)

Albumin (g/L) 35–55 31–51 26–45 23–42

Alkaline phosphatase (U/L [nkat/L]) 30–120 (0.5–2.0) 17–88 (0.28–1.47) 25–126 (0.42–2.1) 38–229 (0.63–3.82)

Alpha-1 antitrypsin (g/L) 0.8–2.1 2.2–3.2 2.7–3.9 3.3–4.9

Asparatate transaminase (U/L [μkat/L]) 0–35 (0–0.58) 3–23 (0.05–0.38) 3–33 (0.03–0.55) 4–32 (0.07–0.53)

Bilirubin, total (mmol/L [mg/dL]) 5.1–17.0 (0.3–1.0) 1.7–6.8 (0.1–0.4) 1.7–13.7 (0.1–0.8) 1.7–18.8 (0.1–1.1)

Bilirubin, unconjugated
(mmol/L [mg/dL])

1.7–5.1 (0.1–0.3) 1.7–8.5 (0.1–0.5) 1.7–6.8 (0.1–0.4) 1.7–8.5 (0.1–0.5)

Bilirubin, conjugated
(mmol/L [mg/dL])

3.4–12.0 (0.2–0.7) 0–1.7 (0–0.1) 0–1.7 (0–0.1) (0–1.7 (0–0.1)

Ceruloplasmin (mg/L) 270–370 300–490 400–530 430–780

Gamma-glutamyl transpeptidase (U/L) 1–94 2–23 4–22 3–26

Lactate dehydrogenase (U/L [μkat/L]) 100–190 (1.7–3.2) 78–433 (1.3–7.2) 80–447 (1.3–7.5) 82–524 (1.4–8.7)

Prealbumin (mg/L) 195–358 150–270 200–270 140–230

Protein, total (g/L) 55–80 62–76 57–69 56–67

Sources: Kratz, et al., 2004 [3]; Abbassi-Ghanavati, et al., 2009 [4].
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development of the fetus. While retinol (vitamin A) is
lower during pregnancy, α-tocopherol (vitamin E) levels
parallel the increase in cholesterol [3]. Overall levels of
1,25-dihydroxyvitamin D increase in pregnancy, but
25-hydroxyvitamin D generally does not change [1,3].
Circulating concentrations of trace minerals are influ-
enced by their respective carrier proteins and serum
albumin levels. In this context, copper concentrations
increase in pregnancy because of increased hepatic syn-
thesis of ceruloplasmin [1,3]. By contrast, lowered zinc
concentrations correlate with lowered serum albumin
levels [1,3]. These trends in vitamin andmineral concen-
trations during pregnancy are also listed in Table 10.6.

Genitourinary system
Similar to the cardiovascular and respiratory systems,
the genitourinary system undergoes several anatomical

and functional changes during pregnancy. The size and
weight of the kidney increases during pregnancy
through an increase in interstitial volume, renal vascu-
lature, and urinary dead space [1,12]. Substantial dilata-
tion of the renal calyx, pelvis, and ureters occurs, which
contributes to the urinary dead space [1,3,12]. Dilatation
of the ureters and renal pelves begins by the 8 weeks of
gestation and peaks during the second trimester, when
the ureteric diameter may be up to 2 cm. Often, dilata-
tion of the right ureter exceeds that of the left [1]. On
occasion, the physiological findings of ureteral and pel-
vicaliceal dilatation may interfere with radiological eval-
uation of urinary tract obstruction [1]. Pregnancy is also
marked by anatomical changes in the bladder, which
include elevation of the trigone and increased vascular
tortuosity throughout the bladder. These changes pri-
marily cause an increased incidence of microscopic
hematuria [1]. Furthermore, bladder capacity decreases

Table 10.6. Lipid, vitamin and mineral concentrations during pregnancy

Serum analyte Non-pregnant
adult

First trimester Second trimester Third trimester

Cholesterol, total (mmol/L [mg/dL]) <5.17 (<200) 3.65–5.44 (141–210) 4.56–7.74 (176–299) 5.67–9.04 (219–349)

High density
lipoprotein-cholesterol
(mmol/L [mg/dL])

1.03–1.55 (40–60) 1.03–2.02 (40–78) 1.35–2.25 (52–87) 1.24–2.25 (48–87)

Low density
lipoprotein-cholesterol
(mmol/L [mg/dL])

<2.59 (<100) 1.55–3.96 (60–153) 1.99–4.77 (77–184) 2.62–5.80 (101–224)

Very low density
lipoprotein-cholesterol
(mmol/L [mg/dL])

0.16–1.04 (6–40) 0.26–0.47 (10–18) 0.34–0.60 (13–23) 0.54–0.93 (21–36)

Triglyceride (mmol/L [mg/dL]) <1.8 (<160) 1.0–4.1 (40–159) 1.9–9.9 (75–382) 3.4–11.7 (131–453)

Apolipoprotein A1 (g/L) 1.2–2.4 1.1–1.5 1.4–2.5 1.4–2.6

Apolipoprotein B (g/L) 0.52–1.63 0.58–0.81 0.66–1.88 0.85–2.38

Retinol (vitamin A) (μmol/L [μg/dL]) 0.7–3.5 (20–100) 1.1–1.6 (32–47) 1.2–1.5 (35–44) 1.0–1.5 (29–42)

Vitamin B12 (pmol/L [ng/dL]) 205–712 (27.9–96.6) 87–323 (11.8–43.8) 96–484 (13.0–65.6) 73–388 (9.9–52.6)

Ascorbic acid (vitamin C) (μmol/L
[mg/dL])

23–57 (0.4–1.0) Not reported Not reported 51–74 (0.9–1.3)

1,25-Dihydroxyvitamin D (pmol/L
[ng/dL])

60–108 (2.5–4.5) 52–169 (2.0–6.5) 187–416 (7.2–16.0) 156–309 (6.0–11.9)

25-Dihydroxyvitamin D (nmol/L
[μg/dL])

25–169 (1.0–6.8) 45–67 (1.8–2.7) 25–55 (1.0–2.2) 25–45 (1.0–1.8)

Alpha-tocopherol (vitamin E)
(μmol/L [mg/dL])

116–279 (0.5–1.8 162–302 (0.7–1.3 232–371 (1.0–1.6 302–534 (1.3–2.3

Copper (μmol/L [μg/dL]) 11–22 (70–140) 18–31 (112–199) 26–35 (165–221) 20–38 (130–240)

Zinc (μmol/L [μg/dL]) 11–18 (75–120) 9–13 (57–88) 8–12 (51–80) 8–12 (50–77)

Sources: Kratz, et al., 2004 [3]; Abbassi-Ghanavati, et al., 2009 [4].
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because of the enlargement of the uterus, leading to
increased urinary frequency, urgency, and possibly
stress incontinence [1].

Renal plasma flow increases gradually during
the first half of pregnancy, reaching values that are
60–80% greater by mid-pregnancy. At term, renal
plasma flow is about 50% greater than non-pregnant
levels [3,12]. Similarly, the glomerular filtration rate
rises 40–50% by 9–11 weeks of gestation, and this
value is generally sustained until 36 weeks of gestation
[3,12]. The net effect of these changes is represented by a
decrease in plasma concentrations of creatinine, uric
acid, and blood urea nitrogen.With creatinine clearance
increasing to 150–200 mL/min in pregnancy, compared
with 120 mL/min in the non-pregnant state, serum
creatinine and blood urea nitrogen concentrations
decrease concurrently [1,3]. Serum uric acid concentra-
tions decline in early pregnancy as a result of the
increased glomerular filtration rate, reaching a nadir
by 24 weeks of gestation [1,3]. Shortly after, uric acid
concentrations begin to rise and reach preconceptional
levels by the end of pregnancy [1,3]. These changes in
renal physiology are listed in Table 10.7.

Increased renal plasma flow and glomerular filtra-
tion rate also increase urinary excretion of glucose,
amino acids, and protein [3,12]. As a result, glycosuria
is common in most pregnant women, although the
mechanism does involve modified tubular reabsorptive
capability [1]. Pregnant women may also lose up to 2 g
of amino acids per day, compared with <0.5 g in the
non-pregnant state [3]. Similarly, total urinary protein
and microalbumin excretion almost doubles, with
upper limits of 300 mg for proteinuria and 30 mg for
albuminuria considered the norm during pregnancy

[1,3]. Urinary calcium excretion also increases steadily
until term, reaching 8.75–15.5 mmol/day, compared
with 2.5–6.25 mmol/day in non-pregnant women
[1,3]. The physiological changes in urinary excretion
are also summarized in Table 10.7. Importantly,
changes in urinary excretion in conjunction with
increased volume of distribution alter drug distribution
during pregnancy, necessitating higher drug doses to
compensate for urinary excretion.

Hematology and coagulation
During pregnancy, several changes occur in the mater-
nal hematological system to support the growing
maternal–fetal unit [2]. Total maternal blood volume
increases by 1500 to 1600 mL, of which 1200 to
1300 mL is plasma volume and 300 to 400 mL is red
blood cell volume [1,2]. Maternal blood volume begins
to increase by 6 weeks of gestation, reaching its peak
between 30 and 34 weeks of gestation, after which it
plateaus until delivery [1,2]. The overall magnitude
of maternal blood volume expansion is greater in
multifetal gestations and multiparous women [3,9].
In contrast, lower than normal plasma volume expan-
sion is known to be associated with intrauterine
growth restriction as well as pre-eclampsia [3,9].

The necessity for red blood cell mass increase is
obvious considering the increased physiological
requirements of the developing maternal–fetal unit [2].
The mechanism of red blood cell production is complex
and involves hormonal mediators such as erythropoie-
tin, human placental lactogen, estrogen, and progester-
one. Although red blood cell volume increases during
pregnancy, this rate of increase differs from the rate of

Table 10.7. Variations in measured concentrations of serum and urine analytes reflecting renal physiological adaptations

Serum/urine analyte Non-pregnant adult First trimester Second trimester Third trimester

Creatinine (mmol/L [mg/dL]) 38–69 (0.5–0.9) 30–53 (0.4–0.7) 30–61 (0.4–0.8) 30–69 (0.4–0.9)

Urea nitrogen (mmol/L [mg/dL]) 3.6–7.1 (10–20) 2.5–4.3 (7–12) 1.1–4.6 (3–13) 1.1–3.9 (3–11)

Uric acid (mmol/L [mg/dL]) 90–360 (1.5–6.0) 119–250 (2.0–4.2) 143–291 (2.4–4.9) 184–375 (3.1–6.3)

Calcium excretion, 24 hour (mmol) <7.5 1.6–5.2 0.3–6.9 0.8–4.2

Creatinine excretion, 24 hour (mmol) 8.8–1.4 10.6–11.6 10.3–11.5 10.2–11.4

Potassium excretion, 24 hour
(mmol)

25–100 17–33 10–38 11–35

Protein excretion, 24 hour (mg) <150 19–141 47–186 46–185

Sodium excretion, 24 hour (mmol) 100–260 53–215 34–213 37–149

Sources: Kratz, et al., 2004 [3]; Abbassi-Ghanavati, et al., 2009 [4].
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increase in the maternal plasma volume. As a result of
the rapid increase in maternal plasma volume in early
pregnancy and the later rise in the volume of red blood
cells, the hematocrit falls by as much as 10% in the first
trimester; this trend continues through the second tri-
mester, finally stabilizing near term [1,2]. This apparent
decrease in hematocrit and hemoglobin concentrations
during pregnancy is often called the “physiological ane-
mia of pregnancy” [1,2].

Following delivery and blood loss, maternal blood
volume does not re-expand or redistribute to predelivery
levels. Instead, an overall diuresis of the expanded plasma
volume occurs in the postpartum period [1]. This results
in a gradual increase in hematocrit and normalization
of maternal blood volume [2]. If hematocrit and
hemoglobin concentrations at 5–7 days following deliv-
ery remain considerably lower than predelivery levels,
then either the magnitude of blood loss was underesti-
mated or the degree of pregnancy-induced blood volume
expansion was low – or possibly both [1,2].

In a normal pregnancy, the peripheral white blood
cell count starts to increase by mid-first trimester,
reaching its peak by 30 weeks of gestation [1,2].
White blood cell count increases with the onset of
labor, possibly reaching levels of up to 25 × 109/L to
30 × 109/L [2] (Table 10.8). This physiological increase
in white blood cell count is primarily caused by an
increase in circulating numbers of segmented neutro-
phils and granulocytes [1,2]. Care should be taken
when interpreting the white blood cell count to deter-
mine the presence of an infection, particularly during
labor. Counts return to non-pregnant levels within
1–2 weeks following delivery [1,2].

Prior to the introduction of automated analyzers,
studies of platelet counts during pregnancy revealed
conflicting results [1,12]. However, even after the
introduction of automatic counting machines, studies
remained non-confirmatory, primarily due to discrep-
ancies in methodology and variations in study popu-
lations [1,2]. Despite these limitations, several experts

Table 10.8. Variations in red blood cells, white blood cells, platelets, and other hematological analytes during pregnancy

Hematological analyte Non-pregnant
adult

First trimester Second trimester Third trimester

Erythropoietin (IU/L) 4–27 12–25 8–67 14–222

Ferritin (μg/L) 10–200 6–130 2–230 0–116

Folate, red blood cell (nmol/L
[μg/dL])

340–1020 (15.0–45.0) 310–1335 (13.7–58.9) 213–1876 (9.4–82.8) 247–1502 (10.9–66.3)

Folate, serum (nmol/L [μg/dL]) 7.0–39.7 (0.31–1.75) 5.9–34.0 (0.26–1.50) 1.8–54.4 (0.08–2.40) 3.2–46.9 (0.14–2.07)

Hemoglobin (g/L) 120–160 116–139 97–148 95–150

Hematocrit (%) 36.0–46.0 31.0–41.0 30.0–39.0 28.0–40.0

Iron, serum (mmol/L [μg/dL]) 5.4–28.7 (30–160) 12.9–25.6 (72–143) 7.9–31.9 (44–178) 5.4–34.6 (30–193)

Mean corpuscular hemoglobin
(pg/cell)

26–34 30–32 30–33 29–32

Mean corpuscular volume
(μm3 or fl)

80–100 81–96 82–97 81–99

Platelet count (× 109/L) 165–415 174–391 155–409 146–429

Red blood cell count (× 109/L) 4.00–5.20 3.42–4.55 2.81–4. 2.71–4.43

Red cell distribution width (%) 11.5–14.5 12.5–14.1 13.4–13.6 12.7–15.3

White blood cell count (× 109/L) 4.5–11.0 5.7–13.6 5.6–14.8 5.9–16.9

Neutrophils (× 109/L) 1.4–4.6 3.6–10.1 3.8–12.3 3.9–13.1

Lymphocytes (× 109/L) 0.7–4.6 1.1–3.6 0.9–3.9 1.0–3.6

Monocytes (× 109/L) 0.1–0.7 0.1–1.1 0.1–1.1 0.1–1.4

Eosinophils (× 109/L) 0–0.6 0–0.6 0–0.6 0–0.6

Basophils (× 109/L) 0–0.2 0–0.1 0–0.1 0–0.1

Sources: Kratz, et al., 2004 [3]; Abbassi-Ghanavati, et al., 2009 [4].
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agree that the platelet count in pregnancy seldom falls
below 150 × 109/L [1,2]. Although a mild decrease in
platelet count (70 × 109/L to 150 × 109/L) may be
seen in women with gestational thrombocytopenia,
dramatic decreases in platelet counts may be seen in
conditions such as pre-eclampsia, placental abruption,
or HELLP syndrome [1,2]. Changes observed in RBC,
WBC platelet count, and other hematological param-
eters during pregnancy are summarized in Table 10.8.

The anatomical and physiological changes that occur
during pregnancy increase the risk of thromboembolic
events by four- to five-fold compared with non-pregnant
women; these changes are consistent with Virchow’s
triad: vessel wall injury, increased venous stasis, and
hypercoagulability [1,13]. Increased venous status in
the lower extremities primarily results from compres-
sion of the inferior vena cava and pelvic veins by the
enlarging uterus [1,13]. Pregnancy also alters the delicate
balance of procoagulant, anticoagulant, and fibrinolytic
activity, leading to overall hypercoagulability; while
factors I (plasma fibrinogen), VII, VIII, and X are mark-
edly increased, factors II, V, and IX remain unchanged
[1,13]. In addition, pregnancy causes a decrease in the
fibrinolytic activity through an increase in plasminogen
activator inhibitor 1 and 2 [1,13]. Similarly, a progressive

decrease in the levels of total and free protein S is noted
in pregnancy without alteration of protein C and antith-
rombin III [1,13]. These changes in activity of the coag-
ulation system are summarized in Tables 10.9 and 10.10.

Endocrine system
Several biochemical and metabolic changes are medi-
ated by the interaction of different protein and steroid
hormones during pregnancy. These changes are
not only necessary for early embryonic and later fetal
growth but are also important in mobilizing energy
stores and transporting nutrients during pregnancy.
Hence, endocrine disorders during pregnancy can
adversely affect maternal and fetal outcome [1,3].
Table 10.11 summarizes physiological alterations of
hormone levels during different trimesters of
pregnancy.

Adrenal glands
Pregnancy is associated with an overall increase in the
serum concentrations of total cortisol, free cortisol,
aldosterone, deoxycorticosterone, corticosteroid-
binding globulin, and adrenocorticotropic hormone
[1,3]. Although the weight of the adrenal glands do
not change significantly during pregnancy, expansion
of the zona fasciculate is observed [1]. Corticosteroid-
binding globulin concentrations begin to increase
during the second trimester and rise to twice non-
pregnant levels by term; total and free cortisol concen-
trations show a parallel increase beginning early
second trimester (Table 10.11) [3]. Diurnal pattern of
cortisol production is maintained during pregnancy,
with significantly higher values found in the morning
than in the afternoon [1,3]. The adrenal gland is
more responsive to adrenocorticotropic hormone
during pregnancy, causing a greater rise in cortisol
concentration for a given dose of adrenocorticotropic
hormone [3]. Despite these changes, the urinary excre-
tion of catecholamines, vanillylmandelic acid, and
metanephrines do not change during pregnancy
(Table 10.11) [3].

Pancreas
Pregnancy results in fasting hypoglycemia, postpran-
dial hyperglycemia, and hyperinsulinemia [1]. Early in
pregnancy, estrogen and progesterone stimulate islet
cell enlargement, hyperplasia of beta-cells, insulin
secretion, and increased sensitivity of peripheral

Table 10.9. Changes in coagulation factors during pregnancy

Coagulation factor Change from
non-pregnant state

Antithrombin III No change

Plasma fibrinogen
(factor I)

↑

Factor II No change

Factor V No change

Factor VII ↑

Factor VIII ↑

Factor IX No change

Factor X ↑

Free protein S ↓

Plasminogen activator
inhibitor 1

↑

Plasminogen activator
inhibitor 2

↑

Protein C No change

von Willebrand factor ↑

Source: American College of Obstetricians and Gynecologists,
2011 [13].
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Table 10.10. Changes in the levels of coagulation factors during pregnancy

Coagulation factor Non-pregnant
adult

First trimester Second
trimester

Third trimester

Antithrombin III, functional (% [U/L]) 80–130 (0.8–1.3) 89–114 (0.89–1.14) 88–112 (0.88–1.12) 82–116 (0.82–1.16)

D-dimer (mg/L) <0.5 0.05–0.95 0.32–1.29 0.13–1.7

Plasma fibrinogen (factor I) (g/L) 1.5–4.0 2.44–5.1 2.91–5.38 3.73–6.19

Factor VII (%) 60–140 100–146 95–153 149–211

Factor VIII (%) 50–200 90–210 97–312 143–253

International normalized ratio 0.9–1.04 0.89–1.05 0.85–0.97 0.80–0.94

Partial thromboplastin time,
activated (s)

22.1–35.1 24.3–38.9 24.2–38.1 24.7–35.0

Prothrobin time (s) 11.1–13.1 9.7–13.5 9.5–13.4 9.6–12.9

Protein C, functional (%) 70–140 78–121 83–133 67–135

Protein S, total (%) 70–140 39–105 27–101 33–101

Protein S, free (%) 70–140 34–133 19–113 20–65

Tissue plasminogen activator (μg/L) 1.6–13 1.8–6.0 2.4–6.6 3.3–9.2

Tissue plasminogen activator inhibitor
1 (μg/L)

4–43 16–33 36–55 67–92

Von Willebrand factor (%) 75–125 Not reported Not reported 121–260

Sources: Kratz, et al., 2004 [3]; Abbassi-Ghanavati, et al., 2009 [4].

Table 10.11. Physiological alterations in different hormone levels during pregnancy

Hematological
parameter

Non-pregnant
adult

First trimester Second trimester Third trimester

Aldosterone (pmol/L
[ng/dL])

55–250 (2–9) 166–1885 (6–104) 250–1885 (9–104) 416–2802 (15–101)

Angiotensin-converting
enzyme (U/L [nkat/L])

<670 (<40) 1–38 (16–633) 1–36 (16–600) 1–39 (16–650)

Cortisol (nmol/L [μg/dL]) 0–690 (0–25) 193–524 (7–19) 276–1159 (10–42) 331–1379 (12–50)

Estradiol (nmol/L
[ng/dL])

0.07–1.63 (2.0–44.3) 0.69–9.17 (18.8–249.7) 4.69–26.40 (127.8–719.2) 22.53–127.0 (613.7–346.0)

Hemoglobin A1c (%) 3.8–6.4 4–6 4–6 4–7

Parathyroid hormone
(ng/L)

10–60 10–15 18–25 9–26

Parathyroid hormone-
related protein (pmol/L)

<1.3 0.7–0.9 1.8–2.2 2.5–2.8

Progesterone (nmol/L
[μg/dL])

0.64–64 ( 0.02–2.0) 25.4–153 ( 0.8–4.8) Not reported 315–1088 ( 9.9–34.2)

Prolactin (μg/L) 0–20 36–213 110–330 137–372

Sex hormone-binding
globulin (nmol/L)

18–114 39–131 214–717 216–724

Thyroid-stimulating
hormone (mU/L)

0.5–4.7 0.60–3.4 0.37–3.6 0.38–4.04

Thyroxine, free (pmol/L
[ng/dL])

10.3–35.0 (0.8–2.7) 10.3–15.5 (0.8–1.2) 7.7–12.9 (0.6–1.0) 6.4–10.3 (0.5–0.8)

Sources: Kratz, et al., 2004 [3]; Abbassi-Ghanavati, et al., 2009 [4].
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tissues to insulin [3]. The overall result is an anabolic
state associated with increased glucose utilization,
decreased gluconeogenesis, and increased glycogen
storage [3]. In the latter half of pregnancy, however,
rising levels of progesterone, cortisol, glucagon,
human placental lactogen, and prolactin, along
with decreased insulin receptor binding, contribute
to insulin resistance [3]. After feeding, insulin resist-
ance maintains high blood glucose levels, thereby
enhancing glucose transport to the fetus [3]. These
diabetogenic changes in some pregnant women may
result in gestational diabetes [1,3].

Pituitary gland
Pituitary enlargement occurs in pregnancy by estrogen-
mediated proliferation of prolactin-producing cells.
This enlargement may render the pituitary gland more
susceptible to alterations in blood supply, specifically
increasing the risk for infarction in the context of exces-
sive postpartum hemorrhage [1,3]. Serum prolactin
levels begin to increase early first trimester and are 10
times higher at term. In non-lactating women, prolactin
levels return to baseline by 3 months after delivery.
However, in lactating women, this return may take
several months and is influenced by the length and
frequency of nursing [1]. Oxytocin levels increase
throughout pregnancy: 10 ng/L in the first trimester,
30 ng/L in the third trimester, and 75 ng/L at term.
These levels dramatically increase and peak during
labor [1].

Thyroid
Pregnancy is an overall euthyroid state, although alter-
ations in thyroid morphology and histology occur [1,3].
With adequate iodine intake, the size of the thyroid
gland remains unchanged or increases slightly [1]. In
addition, thyroid vascularity increases and histological
evidence of follicular hyperplasia is noted [1]. However,
the development of a goiter anytime during pregnancy
is considered abnormal and should be evaluated [1,3].

During the first trimester of pregnancy, total thyro-
xine and total triiodothyronine concentrations begin to
increase and peak at mid-gestation, primarily as a result
of increased production of thyroid-binding globulin
[1,3]. Free thyroxine concentrations, however, remain
unchanged during the first trimester, after which there
is a 25% decrease in mean concentrations during the
second and third trimester [1,3]. Thyroid-stimulating
hormone decreases transiently in the first trimester.

Following this initial decrease, concentrations rise to
non-pregnant levels by the end of the first trimester
and then remain stable throughout the remainder of
pregnancy [1,3]. The transient decrease in thyroid-
stimulating hormone is thought be to mediated by the
thyrotropic effects of human chorionic gonadotropin
and coincides with the first trimester increase in free
thyroxine [1,3].

Immunology
The immunological adaptations of pregnancy,
particularly at the maternal–fetal interface, comprise
complex mechanisms that enable the fetus to grow
while preventing the mother from rejecting the fetus
[1,14]. These mechanisms include fetal factors such as
altered major histocompatibility complex class I expres-
sion as well as maternal factors such as uterine natural
killer cells and a shifting of the T-helper cell cytokine
profile from type 1 to type 2 [1,14]. This shift in T-helper
type 1-mediated cellular immunity to type 2-mediated
humoral immunity may explain why pregnant women
are more susceptible to viral infections [1,14].
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Chapter

11
Management of coagulopathy
Lawrence C. Tsen and Dianne Plews

Introduction
The enhancement of the coagulation system, which
begins as early as fetal conception and extends into the
4th postpartum week, is among the most complex alter-
ations induced by pregnancy [1]. However, these
alterations may not fully mitigate the spectrum of coa-
gulopathies that have continued from the non-pregnant
state or are witnessed during the intra- or postpartum
periods. Inherited bleeding disorders can produce sig-
nificant management difficulties during pregnancy,
although the most severe disorders are frequently diag-
nosed earlier in life and respond to discrete therapeutic
interventions (e.g. individual factor replacement).
Adverse drug events, particularly relating to the pres-
ence, dose, and timing of antiplatelet and coagulation-
related medications (e.g. aspirin, heparin, thrombin
inhibitors, thrombolytics, etc.), may also result in seri-
ous, critically relevant outcomes, but these are usually
amenable to specific (e.g. protamine) or generalized (e.g.
fresh frozen plasma) therapies.

By contrast, the management of major maternal
hemorrhage, particularly when accompanied by dis-
seminated intravascular coagulation (DIC) or the
microangiopathies of pregnancy, can be complicated
and controversial; admission and care in a critical care
unit is frequently required. Maternal hemorrhage is
the second leading cause, following pre-eclampsia-
related complications, for admission of an obstetric
patient to a critical care unit in both developed and
developing countries (0.7/1000 deliveries; range 0.1–
2.3) [2]. Disseminated intravascular coagulation can
be a unifying factor between these and other entities;
pre-eclampsia may also be associated with microangi-
opathy resulting in hemolysis, elevated liver enzymes,
and low platelets (the HELLP syndrome). A final,
equally complex microangiopathy that can complicate
pregnancy is thrombotic thrombocytopenic purpura

(TTP). These three entities, DIC, HELLP, and TTP,
represent unique and critical threats to the well-being
of mother and fetus during the peripartum period and
will consequently be the focus of this chapter.

Normal hemostasis in pregnancy
Normal hemostasis is a multistep process leading to
stable clot formation and subsequent degradation at
the site of vessel injury. It involves a dynamic relation-
ship between the blood vessel epithelium, platelets, the
coagulation cascade, anticoagulation elements, and the
fibrinolytic system (Figure 11.1).

Following vascular injury, platelets rapidly adhere
to exposed subendothelial collagen and von
Willebrand factor. Various agonists (collagen, throm-
bin, epinephrine, ADP, and thromboxane A2) then
stimulate the platelets to release their alpha and
dense granule contents, which promote further plate-
let recruitment, activation, and aggregation (primary
hemostasis). Simultaneously, the coagulation cascade
is activated, resulting in the generation of cross-linked
fibrin, which interlaces with the platelet plug to form a
stable clot (secondary hemostasis). Clot formation is
limited by antithrombin, protein C, and protein S.

The normal thrombus undergoes degradation after
endothelial healing occurs. An activated fibrinolytic sys-
tem produces plasmin, which alters the cross-linked
fibrin into degradation products. The degraded products
from the thrombus are removed by normal blood flow.

During pregnancy, the majority of coagulation
factors undergo a progressive increase, reaching max-
imal levels at time of delivery (Table 11.1). By contrast,
levels of the natural anticoagulants and the activity of
the fibrinolytic system decrease. The platelet count
also decreases during normal pregnancy, most likely
as a result of hemodilution and increased platelet
destruction [1].
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Tests of coagulation
Laboratory testing of coagulation is based on the time
required to produce an in vitro clot. The tests are
relatively insensitive, requiring a loss of up to 50% of
coagulation factor activity before there is a significant
prolongation of results. Interpretation is further com-
plicated by pregnancy, when some of the expected
physiological changes in coagulation factors produce
a relative shortening of “normal” values.

The simple laboratory tests of coagulation are sum-
marized in Table 11.2. As a screening test, the prothrom-
bin time (PT) should be evaluated rather than the
international normalized ratio, which is only validated
for monitoring of patients on oral anticoagulants (e.g.
warfarin). A platelet count is an additional useful screen-
ing tool, although it provides information limited to

platelet numbers and not function. Fibrinogen levels
may be derived using activated partial thromboplastin
time/prothrombin time (aPTT/PT) assays or directly
measured using the Clauss method; it must be remem-
bered that fibrinogen levels are increased in pregnancy
and apparently “normal” fibrinogen levels of 2 g/L can
still be associated with maternal hemorrhage. The meas-
urement of bleeding time, which requires making small,
shallow incisions or puncture in the skin, is no longer
recommended as it is invasive, unreliable, highly oper-
ator dependent, and unsuitable for repeated tests [1].

Thromboelastography provides useful real-time
information about the various stages of coagulation
and fibrinolysis and is now available in many centers,
either as near-patient testing or within the laboratory.
There are significant differences between pregnant and

Intrinsic pathway

Damaged surface
platelet factors

Clotting factors
XII, XI, IX, X,
IV (calcium)

Creates Xa

Extrinsic pathway

Tissue factors

Clotting factors
VII, IV (calcium)

Creates Xa

Anticoagulation

TFPI
(anti-VIIa, -Xa)

Protein C
(anti-VIIIa, -Va)

Anti-thrombin

Fibrinolysis

TAFI

Plasminogen
+ TAFla/tPA = plasmin

Plasmin
+ Fibrin clot = FDP

Common pathway

Prothrombin (II)
+ Xa/Va = thrombin

Fibrinogen (I)
+ thrombin = fibrin

Fibrin + XIIIa = cross-
linked fibrin clot

aPTT PT

TT

Figure 11.1. The process of normal hemostasis. aPTT, activated partial thromboplastin time; FDP, fibrinogen degradation products; PT,
prothrombin time; TAFI, thrombin-activatable fibrinolysis inhibitor; TFPI, tissue factor pathway inhibitor (antithrombin); TT, thrombin time.

Table 11.1. Hemostatic changes in pregnancy

Coagulation factors Fibrinolytic activity

Increased Factors VII (up to 1000% by term), VIII, X, XII; von
Willebrand factor, ristoceitin cofactor, fibrinogen

Plasminogen activator inhibitor 1 and 2, thrombin-
activatable fibrinolysis inhibitor, D-dimers

Reduced Factor XIII, protein S Tissue plasminogen activator

Source: Thornton and Douglas, 2010 [1].
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non-pregnant women in all thromboelastography
parameters and new reference limits have recently
been recommended in pregnancy [2]. The absence of
both standardized testing procedures and large clinical
trials of its use during pregnancy have limited its
routine application; however, as more experimental
and clinical trial data become available, thromboelas-
tography may provide accurate and needed interpre-
tation of coagulopathies in pregnancy.

Platelet function assays measure the speed of for-
mation of a platelet plug in vitro. Some studies in
parturients suggest that such assays may be an effective
bedside test of platelet function, but there is no evi-
dence currently to support its routine use [1].

Disseminated intravascular
coagulation
Disseminated intravascular coagulation is a syndrome
characterized by systemic activation of pathways lead-
ing to and regulating coagulation (Figure 11.1), which

can result in the generation of fibrin clots and con-
sumption of coagulation factors and platelets; these
clots may subsequently cause organ failure with con-
comitant consumption of platelets and coagulation
factors that may result in clinical bleeding [3].

Etiology
Disseminated intravascular coagulation cannot origi-
nate spontaneously or in isolation [3] but rather arises
in association with a spectrum of disorders or ante-
cedent events, some of which are unique to pregnancy
(Table 11.3).

The pathogenesis of DIC is believed to originate
with the exposure of procoagulant surfaces or substan-
ces, or the enhanced generation of thrombin in vivo
[3], which induces the formation and deposition of
fibrin clot, the occlusion of small vessels, and subse-
quent tissue ischemia. Organ dysfunction, including
cerebral infarction, acute respiratory distress syn-
drome, hepatic and renal failure, can result from DIC
and may undergo further exacerbation with continued
bleeding and hypoperfusion. Associated immunolog-
ical or inflammatory mediators may further accentu-
ate the coagulation distortion.

In obstetrics, thromboembolic phenomena, pla-
cental abruption, and pre-eclampsia are the most com-
mon precursors to DIC. A unifying factor associated
with these entities appears to be the placental release of
tissue immunological or inflammatory factors. The
placenta contains fetal trophoblastic cells, which can
alter hemostatic properties through the expression of
tissue factor, suppression of anticoagulation and
fibrinolysis, and presentation of anionic phospholi-
pids [4]. Immune-mediated processes may assist in
the biochemical signaling of the trophoblastic cell
invasion of the uterine wall, or act as a potential

Table 11.3. Obstetric conditions associated with
disseminated intravascular coagulation

Disease processes Obstetric events

Acute fatty liver Amniotic fluid embolism

Dilutional coagulopathy Dilutional coagulopathy

Gestational trophoblastic
disease

Intrauterine fetal demise

Hemolysis, elevated liver
enzymes, low platelets

Placental abruption (most
common cause)

Hemolytic transfusion
reaction

Placental previa

Sepsis Pre-eclampsia/eclampsia

Trauma

Table 11.2. Tests of coagulation

Screening test Abnormalities indicated by prolongation Commonest causes of abnormality

Thrombin time Deficiency or abnormality of fibrinogen or inhibition of
thrombin by heparin or fibrinogen degradation products

DIC, heparin therapy

Prothrombin time Deficiency or inhibition of one or more of the following
coagulation factors: factors II, V, VII, and X, fibrinogen

Liver disease, vitamin K deficiency,
warfarin therapy, DIC

Activated partial
thromboplastin
time

Deficiency or inhibition of one or more of the following
coagulation factors: factors XII, XI, IX, VIII

Hemophilia A or B, von Willebrands
disease DIC, heparin therapy, lupus
anticoagulant

DIC, disseminated intravascular coagulation.
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cofactor in the production of coagulation abnormal-
ities that result in DIC.

Placental abruption, separation, or partial reten-
tion interrupts the decidual–placental interface and
allows the entry of tissue factor into the maternal
systemic circulation; the degree of placental separation
can correlate with the extent of fibrin formation and
thrombocytopenia. Immunological and inflammatory
factors have been associated with premature placental
separation. Pre-eclampsia is also believed to originate
from placental irregularities, with abnormal cytotro-
phoblast invasion of maternal spiral arteries in the
endometrium causing placental hypoxia, intrauterine
hypoxemia, and release of placental debris. Placental
deterioration, as witnessed in multiple gestation, dia-
betes, prolonged pregnancy, sepsis, and intrauterine
fetal demise, may invoke a similar sequence of events
[5]. Mechanical disruption of placentation or preg-
nancy, as occurs with dilatation and evacuation or
curettage, can provoke a similar cascade, particularly
if the procedure is performed later in pregnancy and is
associated with a fetal demise.

Clinical features
The clinical expression of DIC is variable. Acute DIC
usually presents as difficulty in achieving hemostasis,
which can be manifested by oozing from venipuncture
sites, hematuria, pink-tinged pulmonary fluid, purpura,
or petechiae. Chronic, compensated DIC is generally
associated with thrombosis overbleeding and conse-
quently more commonly presents as minor mucosal
bleeding, hematuria, epistaxis, and easy bruising. Both
hemorrhagic and thrombotic expressions of DIC are
relevant to the management and final outcomes.

Investigations
There is no single diagnostic test for DIC. It is impor-
tant to consider the clinical condition of the patient,
the diagnosis, and all available laboratory results.

The dynamic nature of DIC is reflected in the
need for serial measurements of coagulation factor
consumption and activation (e.g. platelet count, PT,
aPTT) as well as fibrin formation and lysis (e.g. fibrin
D-dimers). An analysis of 900 patients in five inde-
pendent reports indicated the most frequent labora-
tory abnormalities were, in decreasing order of
frequency, thrombocytopenia, elevated fibrin degrada-
tion products (FDPs), prolonged PT, prolonged aPTT,
and low fibrinogen [3]. Further studies are needed to

examine whether the same order of prevalence is pre-
served in pregnant patients, given the many alterations
observed in normal pregnancy, including thrombocy-
topenia, elevated FDPs, and enhanced fibrinogen.

Platelet count
A reduction or downward trend in platelet counts,
even if within the “normal” range (150 × 109/L to
400 × 109/L), may reflect DIC caused by thrombin-
induced platelet aggregation. Thrombocytopenia is a
feature in up to 98% of those with DIC [3].

However, thrombocytopenia is not uncommon in
pregnancy, with gestational thrombocytopenia being
the most common (75%), followed by microangio-
pathic purpuras (21%; e.g. pre-eclampsia), auto- and
alloimmune causes (3%), and other causes (<1%) [6].
These entities may often be distinguished from DIC
by presentation earlier in pregnancy (first trimester:
immune thrombocytopenic purpura; second trimes-
ter: gestational thrombocytopenia, pre-eclampsia);
moreover, with gestational thrombocytopenia, it
is exceptional for platelet counts to fall below
80 × 109/L [7].

Prothrombin time and activated partial
thromboplastin time
Consumption of coagulation factors is the main rea-
son for prolongation of PT or aPTT in 50–60% of
those with DIC; however, impaired synthesis or loss
of coagulation proteins may also be contributory [3].
Normal or shortened PT and aPTT values may exist
during DIC because of activated clotting factors,
which can accelerate the formation of thrombin.

Fibrin degradation products and D-dimers
Fibrin degradation products, which are measures of
fibrinolytic activity, do not discriminate between deg-
radation of cross-linked fibrin or fibrinogen. Levels
may be increased in many conditions including nor-
mal pregnancy, recent surgery, trauma, and venous
thromboembolic disease, as well as in DIC; FDP levels
also may be altered by impairment of liver metabolism
or kidney excretion. Raised FDPs and D-dimers are,
therefore, not diagnostic of DIC as a stand-alone test
and “significant” increases in FDPs have yet to be
defined [3]. However, FDPs may be indicative of DIC
when witnessed in the setting of a falling platelet
count, prolonged coagulation times, and a consistent
clinical evaluation.
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The measurement of soluble fibrin monomers
may more directly reflect thrombin’s action on fibri-
nogen because such monomers are only generated
intravascularly and, therefore, this avoids the poten-
tial contributions of extravascular inflammation or
trauma. Although the presence of soluble fibrin
monomers is associated with a 90–100% sensitivity
for the diagnosis of DIC and an improvement in
the specificity of the International Society on
Thrombosis and Haemostasis DIC scoring system
(noted below) when substituted for D-dimer, the
very low specificity for DIC and wide discordance
among assay systems limit its use [3].

Fibrinogen
The sensitivity of low fibrinogen levels for the diagno-
sis of DIC appears low (28%), with hypofibrinogene-
mia being detected only in very severe cases of DIC [3].
In addition, fibrinogen levels are significantly elevated
during pregnancy, particularly during the third tri-
mester. As a result, sequential measurements may be
helpful in indicating a trend, although high FDPs may
interfere with its measurement.

Other hemostatic markers
Fragmented red blood cells can be found in DIC but
are rarely greater than 10% of the red cells and are
neither sensitive nor specific for DIC. When seen in

increased numbers, other causes (e.g. a thrombotic
microangiopathy such as TTP) should be considered.

Antithrombin and protein C are frequently
reduced in DIC but lack the sensitivity and specificity
to diagnose the disorder.

Diagnosis
The diagnosis of DIC cannot rely on a single clinical
sign, symptom or laboratory test; instead, a combina-
tion of clinical and laboratory information is neces-
sary. The International Society of Thrombosis and
Haemostasis has proposed a diagnostic algorithm to
calculate a DIC score using the simple laboratory tests
that are available at most hospitals (Tables 11.2 and
11.4) [3]. Overt DIC in either acute or chronic settings
is indicated by cumulative score ≥5; this scoring thresh-
old has 91% sensitivity, 97% specificity, 96% positive
predictive value, and 97% negative predictive value
for DIC diagnosed by blinded “expert” assessments
[8]. Protein C, antithrombin, thrombin–antithrombin
complexes, fibrinogen, and soluble fibrin varied signifi-
cantly in patients with and without DIC, and did not
increase the accuracy of the score [8].

Subsequent diagnostic scoring systems for DIC
have been developed with different threshold values
(Table 11.4); a prospective study of 413 mixed gender,
older (mean age, 64 years) subjects with diseases asso-
ciated with DIC evaluated the three most common

Table 11.4. Diagnostic algorithms for disseminated intravascular coagulation

Establish Algorithm (points given for item)

JMHW ISTH JAAM

Underlying disease Present (1) Necessary (1) Necessary (1)

Clinical symptoms Bleeding (1a), organ failure (1) NA SIRS (1)

Platelet count
(× 109/L)

>80 but <120 (1a), >50 but <80
(2a), <50 (3a)

<100 (1), <50 (2) >80 but <120 (1b),
<80 (2c)

Fibrin-related
markers

FDP (mg/L): >10 but <20 (1), >20
but <40 (2), >40 (3)

FDP, SF, or D-dimer: moderate
increase (2), severe increase (3)

FDP (mg/L): >10 but
<25 (1), >25 (3)

Fibrinogen (g/L) >1 but <1.5 (1) <1 (1) NA

Prothrombin time (s) >1.25 but <1.5 (1), >1.67 (2) >3 but <6 (1), >6 (2) >1.2 (1)

Point accumulation
to diagnose DIC

≥7 ≥5 ≥4

FDP, fibrinogen degradation products; ISTH, International Society on Thrombosis and Haemostasis, JAAM, Japanese Association for
Acute Medicine; JMHW, Japanese Ministry of Health and Welfare; SF, soluble fibrin; SIRS, systemic inflammatory response syndrome;
PT, prothrombin time; NA, non-applicable.
a In patients with hematopoietic malignancy, 0 points.
b Can also be a 30% reduction in platelet count.
c Can also be a 50% reduction in platelet count.
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scoring systems [9]. The Japanese Association for
Acute Medicine and the International Society on
Thrombosis and Haemostasis criteria were found to
have the highest sensitivity and specificity for DIC,
respectively. Regardless of the criteria used, the early
stages of DIC may be missed because of the limited
ability of global coagulation tests (platelets, PT, aPTT,
FDP) to identify such alterations. Ultimately, hemo-
static molecular markers such as thrombin–antith-
rombin complexes and soluble fibrin may prove to
be better indicators of early DIC stages [9].

Confounding issues
Major obstetric hemorrhage is frequently associated
with coagulopathy, either from inadequate number or
function of the coagulation components or from con-
ditions unfavorable to the process.

Hemodilution has been associated with coagula-
tion disorders, with increasing attention being placed
on the type of intravenous solutions used for volume
replacement and/or expansion. Colloid solutions
(e.g. hydroxyethyl starch) have been observed to
have both direct and indirect effects on hemostatic
components, resulting in the inhibition of platelets, a
reduction in coagulation factors and fibrinogen, and
an augmentation of fibrinolysis [10]. The adverse
hemostatic effects are more prevalent with colloids
of greater molecular weight and degree of hydroxy-
lation [10]. In an ex vivo model, dilution of blood
with hydroxyethyl starch (130 kDa/0.4 and 200 kDa/
0.5) at levels as low as 10% was associated with greater
inhibition of platelet aggregation and fibrin forma-
tion when compared with saline [10]. Administration
of crystalloid solutions, particularly when given in
large volumes, can result in hemostatic alterations
stemming from hypothermia, displacement of estab-
lished clots, dilutional coagulopathy, acidosis, and
tissue edema [11].

Acidosis and hypothermia have noted effects on
coagulation. In (non-pregnant) adults without major
brain injury or pre-existing coagulopathy and under-
going trauma resuscitation, the development of coagul-
opathy was associated with pH <7.1 (relative risk (RR),
12.3), core temperature <34°C, an injury severity score
>25 (RR, 7.7) and a systolic blood pressure <70 mmHg
(RR, 5.8) [12]. A pH of 7.0 reduces the activity of
enzymatic enzymes, factor VIIa, factor VIIa/tissue fac-
tor complex, and factors Xa/Va (prothrombinase) com-
plex by 55–90% [13]. Hydrogen ions interfere with
ionic interactions between coagulation proteins as well

as with the negatively charged phospholipids on acti-
vated platelets.

Each 1 °C decrease in temperature reduces the
activity of coagulation factor enzymes by approxi-
mately 10%. Platelets have greater sensitivity to low
temperatures, with the interaction between platelet
glycoprotein Ib/IX and vonWillebrand factor virtually
non-existent at 30 °C [12]. Hypothermia can also
result in decreased citrate metabolism, hepatic metab-
olism, drug clearance, and synthesis of acute phase
proteins and clotting factors [13].

Resuscitation efforts with blood and fluids should
always consider the potential for adverse reactions.
Such reactions include transfusion-associated circu-
latory overload, transfusion-related acute lung
injury, allergic reactions, hemolysis, and hypotension
[14]. The incidence, etiology, prevention, and therapy
for these complications have recently been reviewed
[14]. Citrate, which is added to packed red blood
cells to prevent clotting by complexing with calcium,
may result in both hypocalcemia and hypo-
magnesemia when the packed red blood cells are
transfused; these electrolyte disorders subsequently
may impair coagulation and other cellular functions.
Hyperkalemia from lysed red cells, particularly in
older units of packed red blood cells, may also be
observed with such transfusions and lead to electrical
conduction and cellular function disorders. When
replacing calcium, calcium chloride contains three
times the amount of elemental calcium as calcium
gluconate [13].

Management
The response to DIC must be directed primarily at
treating the underlying conditions; however, suppor-
tive therapy is often required in the presence of bleed-
ing or a high risk for bleeding (e.g. patients who are to
undergo an invasive procedure or are recovering post-
operatively). An understanding of the efficacy and
safety of therapeutic measures is limited by the heter-
ogeneity of DIC definitions and the paucity of evi-
dence; in particular, there are very few studies
evaluating a comparison with controlled groups
using no-treatment or placebo.

Plasma and platelets
In non-bleeding patients with DIC, platelets and factor
replacement should not be administered prophylacti-
cally or based on laboratory tests alone [3]. In the
presence or perceived risk of bleeding, a platelet
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count of <50 × 109/L or a prolonged PT/aPTT warrant
consideration of platelet and fresh frozen plasma
administration, respectively (Table 11.5) [3]. Severe
hypofibrinogenemia (<1 g/L) that persists despite
replacement with fresh frozen plasma may be treated
with fibrinogen concentrate or cryoprecipitate. If
the patient is currently fluid overloaded, factor con-
centrates (e.g. prothrombin complex concentrate) can
be used, recognizing that only partial correction of the
deficit will be observed because these complexes con-
tain an incomplete panel of factors. There is a theoret-
ical increased risk of thrombosis when factor
concentrates are used in DIC, which must be consid-
ered prior to usage. Of interest, the use of high (versus
low) ratios of plasma and platelets to red blood cells
(≥1:2) may be of less benefit in women than in men,
which may reflect gender-related differences in coag-
ulation [15].

Anticoagulants
In the setting of DIC and thrombosis (e.g. arterial or
venous thromboembolism, severe purpura fulminans
associated with acral ischemia, or vascular skin infarc-
tion), anticoagulant therapy can be considered despite
the absence of randomized, controlled clinical trials
demonstrating improvement in clinical outcomes [3].
Heparin may partially inhibit the activation of coagu-
lation in DIC and improve the associated laboratory
anomalies. In patients at high risk of bleeding, unfrac-
tionated heparin may be administered by continuous
infusion, as it has a short half-life and reversibility.
Weight-adjusted doses (e.g. 10 mg/kg per hour) may
be used without arbitrary therapy-directed goals (e.g.
aPTT ratio of 1.5–2.5 times control), as these patients
may be difficult to titrate [3]; clinical bleeding should
serve as an important guide. Such therapies are stand-
ard care in patients with DIC, particularly in individ-
uals at high risk of venous thromboembolic events

(e.g. advanced age, recent surgery, immobilization,
in-dwelling vascular catheters, prior thromboembolic
events) [3].

The replacement of low concentrations of antico-
agulant agents, such as antithrombin III and protein
C, in the setting of DIC is controversial; some guide-
lines advocate against their use, particularly in the
absence of concomitant heparin use. Few studies
have evaluated antithrombin III in this setting, partic-
ularly in the obstetric patient. In one randomized
controlled trial of DIC secondary to placental abrupt-
ion and postpartum bleeding, antithrombin III
(3000 U/day) resulted in an improvement of coagula-
tion parameters in 92% of patients; in the same study,
gabexate mesilate (a serine protease inhibitor; 20–
39 mg/kg per day) resulted in an improvement of
coagulation paramaters in 53% of patients [16]. No
adverse events were reported in either group. Pre- and
postadministration levels of antithrombin III (goal
>70%) can be predicted by the concentration of
serum total protein and albumin (molecular weight
63 000) [17]; low levels of these proteins may indicate
that capillary leak is present, particularly in DIC-
related entities such as sepsis. Such capillary perme-
ability would make it less likely for smaller molecules,
such as antithrombin III (molecular weight 56 000), to
stay intravascular.

Recombinant human activated protein C (24 mg/kg
per hour continuous infusion for 96 hours) given in the
setting of DIC and severe sepsis has been demonstrated
to reduce the risk of 28-day mortality and thrombotic
events when compared with placebo. In a cohort of 16
patients with DIC secondary to placental abruption,
plasma-derived activated protein C (5000–10 000 IU
for 48 hours) was noted to significantly modify all
laboratory parameters except for platelet count; resolu-
tion of theDICwas observed at 24 hours [18]. Activated
protein C is considered appropriate in the setting of
severe sepsis but has not yet been recommended for

Table 11.5. Considerations for transfusion of blood products

Threshold for therapy Therapy initial dose

Bleeding
patient

Non-bleeding
patient

Platelets
(× 109/L)

<50 10–20 240 (one pool of 5 units)

Plasma 10–15 mL/kg fresh frozen plasma

Fibrinogen
(g/L)

<1 <1 Fresh frozen plasma 10–15mL/kg, cryoprecipitate 5–10mL/
kg, fibrinogen concentrate 3 g
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other obstetric complications associated with DIC.
Activated protein C should be discontinued prior to
invasive procedures (elimination half-life is approxi-
mately 20 minutes) and resumed a few hours after,
depending on the clinical situation. In patients at high
risk of bleeding or with platelet counts <30 × 109/L,
protein C should not be given.

Additional therapies, including dermatan sulfate,
recombinant factor VIIa, gabexate, plasma exchange,
and thrombomodulin, appear to offer some promise
in selected situations; however, they remain investiga-
tional and are not recommended at this time.

Antifibrinolytic agents
In the presence of DIC, the use of antifibrinolytic
agents is generally not recommended; an exception
would be in the setting of primary or secondary hyper-
fibrinolysis, which can be observed with some leuke-
mias and malignancies.

The HELLP syndrome: hemolysis,
elevated liver enzymes, and low
platelet count
The HELLP triad represents a syndrome present in
0.5–0.9% of all pregnancies and 4–14% of those with
severe pre-eclampsia/eclampsia [19]. Typically consid-
ered a variant or complication of severe pre-eclampsia,
HELLP represents a serious condition with significant
implications for mother and fetus.

Etiology
The pathogenesis of HELLP is believed to represent
more than an epiphenomenon of hypertension or pre-
eclampsia; plasma cellular fibronectin and markers of
platelet activation and aggregation have been observed
to precede the presence of severe pre-eclampsia [20].
Aberrant placental development and oxidative stress
may play a role in releasing factors that injure the
endothelium. The complement system (C1q and C5b–
C9)may augment the thrombogenic properties of blood
and induce an upregulation of platelet adhesion mole-
cules on endothelial cells, resulting in coagulation and
inhibition of endothelial-derived vasorelaxation [19].

Hemolysis represents red cell fragmentation from
high-velocity passage through damaged endothelium;
as such, HELLP is considered a form of microangio-
pathic hemolytic anemia.

Those with HELLP exhibit prominent endothelial
damage in the liver, resulting in altered function,

congestion, ischemia, necrosis, and an elevation of
liver enzymes. Recent investigations have evaluated
the role of a ligand produced by the placenta, CD95
(APO01, Fas), which causes hepatocyte apoptosis;
blocking this mediator has been observed to reduce
cytotoxic and apoptotic activity in the hepatocytes of
women with HELLP [19].

Renal dysfunction may occur from damaged
microcirculation or intravascular volume depletion
from plasma extravasation in the altered systemic
microcirculation.

Clinical features
In 70% of cases, HELLP syndrome occurs before deliv-
ery with a frequency peak between the 27th and 37th
gestational week [21]. When presenting in the post-
partum period, HELLP usually develops within the
first 48 hours (but can develop later as well), partic-
ularly in women who experienced proteinuria and
hypertension prior to delivery. Postpartum onset is
associated with a significantly greater risk of renal
failure and pulmonary edema. In approximately 10–
20% of cases, hypertension and proteinuria are absent,
whereas excessive weight gain and generalized edema
precede the syndrome in over 50%.

Typical clinical symptoms include right upper
abdominal quadrant or epigastric pain, which may
fluctuate in intensity and result in nausea and vomit-
ing. Patients may present with a history of malaise or
other non-specific flu-like symptoms several days
prior to the presentation. Between 30 and 60% of
HELLP patients may report a headache, with 20%
also indicating visual symptoms; symptoms have
been characterized by exacerbations during the night,
with recovery during the day.

Hepatic Doppler blood flow examination in
patients with HELLP indicates decreased flow and
hypovolemia, with ischemia resulting in infarction,
subcapsular hematomas, intraparenchymatous hem-
orrhage, and, although rarely, hepatic rupture [19].
Rupture usually occurs in the right liver lobe and is
accompanied by sudden-onset, severe epigastric and
right upper abdominal pain radiating to the back or
right shoulder, anemia, and hypotension. Ultrasound,
computed tomography (CT), or MRI examination can
aid in the diagnosis.

Neurological complications associated with
HELLP include cerebral and brainstem hemorrhage,
thrombosis, infarction, and edema. Wound hemato-
mas, placental abruption, and maternal hemorrhage
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are more common in the setting of HELLP, which may
culminate in DIC; in women with HELLP, higher
concentrations of fibronectin and D-dimer, and
lower antithrombin levels, are observed when com-
pared with women with normal pregnancies or pre-
eclampsia only [21].

The HELLP syndrome can result in death of the
mother, particularly when associated with cerebral
hemorrhage or hepatic rupture. Fetal morbidity and
mortality (range, 7–34%) in pregnancies associated
with HELLP is greatly influenced by the gestational
age of the fetus at birth. Prematurity, placental insuffi-
ciency, intrauterine growth restriction, placental
abruption, and maternal hepatic rupture are associ-
ated with greater perinatal mortality. Neonatal throm-
bocytopenia occurs in 15–38% of cases of HELLP,
which can augment the risk of intraventricular hem-
orrhage and other complications [21].

Investigations
The diagnosis of the HELLP syndrome relies on the
demonstration of three elements (Table 11.6).

Hemolysis is demonstrated by an abnormal
peripheral blood smear, the presence of unconjugated
serum bilirubin, elevated lactate dehydrogenase
(LDH), and low or undetectable haptoglobin. Red
blood cells that are fragmented (schizocytes) or con-
tracted with spicula (Burr cells) are representative of
the hemolytic process, with increased reticulocyte
counts reflecting a compensatory release of immature
red cells into the peripheral blood. Destruction of red
blood cells causes decreased hemoglobin concentra-
tions and increased serum LDH. Hemoglobin is con-
verted to unconjugated bilirubin in the spleen, or
bound by haptoglobin and removed by the liver,
resulting in very low or undetectable haptoglobin lev-
els (<1 to <0.2 g/L).

Elevated liver enzymes
Liver biopsies demonstrate periportal hemorrhage,
focal parenchymatous necrosis and macrovesicular
steatosis in up to 33% of patients with HELLP; how-
ever, these histological findings are not specific for the
disease process nor do they necessarily correlate with
the clinical presentation [19]. Fibrin and hyaline
deposits can be seen by immunofluorescence in the
liver sinusoids. Elevation of liver enzymes reflects the
hemolytic and liver processes. As noted above, hemol-
ysis elevates levels of LDH; liver injury results in
increased levels of aspartate aminotransferase, alanine
aminotransferase, and gamma-glutamyltransferase).
Elevation of plasma glutathione S-transferase-α1 may
represent a more sensitive earlier marker of liver dam-
age, but its measuement is not widely available.

Thrombocytopenia is the result of increased con-
sumption following greater platelet activation and
adherence to endothelial cells.

Diagnosis
“True” or “complete” HELLP syndrome requires that
the complete triad be present. The diagnosis has been
complicated and obscured by different criteria, includ-
ing the presence or absence of hypertension or pre-
eclampsia, and the use of different biochemical levels
[21]. Currently, two classifications of diagnostic crite-
ria exist for HELLP syndrome (Table 11.7).

Partial or incomplete HELLP has been reported
where only some of the elements (or thresholds) are
present, including the complete absence of hemolysis
(i.e. ELLP). The use of lower LDH and alanine amino-
transferase thresholds has also been considered.

Differential diagnosis
The differential diagnosis of HELLP syndrome includes
a number of disease entities (Table 11.8) [21,22].

Table 11.6. The HELLP triad

Entity Characteristics Severe maternal morbiditya

Hemolysis Abnormal peripheral smear, total
bilirubin ≥12 mg/L

Lactate dehydrogenase >1400 U/L

Elevated liver
enzymes

AST >70 IU/L, GGT >70 IU/L AST >150 U/L, ALT >100 U/L, uric acid
(>460 mmol/L) (>7.8 mg/dL)

Low platelet
count

<100 × 109/L

ALT, alanine aminotransferase (also known as serum glutamic pyruvic transaminase); AST, aspartate aminotransferase;
GGT, gamma-glutamyltransferase; HELLP, hemolysis, elevated liver enzymes, and low platelets.
a Criteria associated with >75% risk of serious maternal morbidity [21].
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Thrombocytopenia can be observed with gestation
(59%), immune thrombocytopenic purpura (11%),
pre-eclampsia (10%), and HELLP (12%) [21].
Immune thrombocytopenic purpura has limited
maternal or fetal morbidity or mortality. Folate defi-
ciency may result in hemolytic anemia, thrombocyto-
penia, and coagulopathy.

Infectious and inflammatory diseases, not specifically
related to pregnancy, maymimicHELLP, including viral
hepatitis, cholangitis, cholecystitis, upper urinary tract
infection, gastritis, gastric ulcer, or acute pancreatitis.

Management
Clinical management of HELLP is directed by
maternal and fetal status, gestational age, presence
of labor, cervical status, obstetric history, and lab-
oratory or other associated findings. The treatment
of HELLP involves monitoring and responding to
maternal signs and symptoms, particularly when
pre-eclampsia is present, and includes fluid man-
agement and the use of antihypertensive agents
and magnesium sulfate for seizure prophylaxis

Table 11.8. Differential diagnosis of the HELLP syndrome

Entity Elements Distinguishing differences

Acute fatty liver of
pregnancy

30–38th gestational week; 1–2 weeks of malaise,
anorexia, nausea, vomiting, epigastric or right upper
abdominal pain, headache, jaundice; liver biopsy can
confirm diagnosis

Hypertension and proteinuria usually absent;
hypoglycemia and prolongation of prothrombin
time often present; ultrasound and CT of liver may
show increased echogenicity and decreased
attenuation, respectively

Hemolytic uremic
syndrome

Endothelial injury, platelet aggregation,
microthrombi, thrombocytopenia, anemia; treated
with plasma exchange and intensive care support

Microvascular injury affects primarily kidneys; usually
develops postpartum

Most cases in children and adolescents caused by
enterotoxin (Escherichia coli) or rare genetic
abnormality of complement system

Thrombotic
thrombocytopenic
purpura

Neurological dysfunction including headache, visual
disturbances, confusion, aphasia, paresis, weakness,
seizures; treated with plasma exchange and intensive
care support

Rare during pregnancy; increased
high-molecular-weight von Willebrand factor
resulting from a virtually absence of the enzyme
ADAMTS13

Systemic lupus
erythematosus

Antigen–antibody deposits in capillaries affecting
multiple organs (kidneys, lungs, heart, liver, and brain);
can mimic severe pre-eclampsia; thrombocytopenia
in 40–50% and hemolytic anemia in 14–23%

Anti-phospholipid antibodies (lupus anticoagulant
and/or anti-cardiolipin) present in 30–40%;
antibodies may result in recurrent thrombosis, and
may be associated with HELLP

HELLP, hemolysis, elevated liver enzymes, and low platelets.

Table 11.7. Diagnostic criteria for the HELLP syndrome

HELLP class Criteria Tennessee classification Mississippi classification

1 LDH (IU/L) ≥600 ≥600

AST (IU/L) ≥70 ≥70 (or ALT)

Platelets (× 109/L) ≤100 ≤50

2 LDH (IU/L) ≥600

AST (IU/L) ≥70 (or ALT)

Platelets (× 109/L) ≤50 to 100

3 LDH (IU/L) ≥600

AST (IU/L) ≥70 (or ALT)

Platelets (× 109/L) ≤100 to 150

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HELLP, hemolysis, elevated liver enzymes, and low
platelets; LDH, lactate dehydrogenase.
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and fetal neuroprotection (to the 32nd week of
gestation).

The use of corticosteroids for the promotion of
fetal lung maturity has been advocated in the presence
of a threatened preterm delivery, particularly between
24 and 33 weeks of gestation. Corticosteroids in this
setting have been noted to reduce the risks of neonatal
respiratory distress syndrome, as well as neonatal
intraventricular hemorrhage and cerebral palsy.
Betamethasone appears to have an improved thera-
peutic ratio when compared with dexamethasone for
these neonatal effects.

The value of corticosteroid therapy in the treat-
ment of HELLP has been questioned. A recent
Cochrane analysis of women with HELLP concluded
that maternal and perinatal/infant mortality or severe
morbidity were not affected by corticosteroid therapy;
however, significant increases in maternal platelet
counts were observed, particularly with the use of
dexamethasone compared with betamethasone [23].
Dexamethasone does not appear to be a useful treat-
ment for postpartum HELLP.

Ongoing hemolysis, thrombocytopenia, and hypo-
proteinemia can require massive transfusion of red
blood cells and platelets, and the administration of
albumin. Severe biochemical derangements or pro-
gressive elevation of bilirubin or creatinine for more
than 72 hours following delivery may benefit from
plasma exchange with fresh frozen plasma or
hemodialysis.

Rupture of subcapsular liver hematomas are
often treated surgically by laparotomy (packing pref-
erable to lobectomy), arterial ligation, and, in
extreme cases, liver transplant; selective arterial
embolization may also be performed. Recombinant
factor VIIa has been used in the setting of pre-
eclampsia with an expanding or ruptured subcapsu-
lar liver hematoma.

Antithrombin and glutathione offer some benefit
in the treatment of severe pre-eclampsia but require
further evaluation, particularly in the setting of
HELLP [21]. Antithrombin supplementation has
favorably altered levels of the plasmin–plasmin inhib-
itor complex, D-dimer, and platelets, and has
improved fetal outcomes (gestosis index and biophys-
ical profiles). S-Nitrosoglutathione in women with
severe pre-eclampsia has been observed to lower
mean arterial pressure, platelet activation, and uterine
artery resistance without compromising fetal Doppler
indices.

Thrombotic thrombocytopenic
purpura
Thrombotic thrombocytopenic purpura is characterized
by a pentad of thrombocytopenia, microangiopathic
hemolytic anemia, renal impairment, fluctuating neuro-
logical signs, and fever, although all features do not have
to be present to make the diagnosis (Table 11.9). It is a
rare disorder with an incidence of 3.7 per million in the
general population, although some reports indicate that
as many as 20–25% of cases are associated with preg-
nancy, giving a pregnancy-related incidence up to 1 in
25 000 pregnancies [24].

Pathophysiology
Congenital and acquired deficiency of ADAMTS-13 (a
disintegrin and metalloprotease, with thrombospondin-
1-like domains) is now recognized as the key factor in
the pathophysiology of TTP [24]. The gene for
ADAMTS-13 maps to the long arm of chromosome 9.
The enzyme is predominantly synthesized in the liver,
with additional production in the endothelial cells.
Several mutations of ADAMTS13 have been described
in familial forms of TTP, but inhibitory antibodies are
detected in patients with acquired forms of the disease.
The enzyme is a protease that cleaves von Willebrand
factor; consequently, reduced or absent ADAMTS-13
allow the circulation of ultra-large von Willebrand fac-
tor fragments that mediate excessive platelet aggregation
when the plasma is subjected to shear stress. Platelet
microvascular thrombi develop, which primarily affect
the renal and cerebral circulation.

Clinical features
Over 50% of pregnancy-associated TTP presents at or
before 24 weeks of gestation [25]. Later presentation or
postpartum TTP is harder to diagnose clinically
because of the overlap of symptoms with other micro-
angiopathic hemolytic anemias (Table 11.9), but cor-
rect diagnosis is essential to ensure appropriate
management.

Renal function is normal in the majority of
patients, however, the Canadian Apheresis Group
have reported that 18% of their patients presented
with renal impairment. Significant renal impairment
can be evaluated by a biopsy, which indicates arteriolar
and capillary thromboses largely composed of platelets
and von Willebrand factor. Limited fibrin and
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fibrinogen contribution is observed, in contrast to the
thrombi associated with DIC.

Multiple neurological manifestations may be seen,
including headache, transient sensorimotor deficits,
altered or bizarre behavior, seizures, and coma.
Approximately 35% of patients have no neurological
symptoms on presentation; the presence of coma is a
poor prognostic indicator.

Hepatic ischemia is present in some patients,
which can be reflected by increased biliribin and trans-
aminase levels. Mesenteric ischemia may also be
observed and presents with abdominal pain.

Investigations
Several different methods have recently been devel-
oped to measure ADAMTS-13 activity and detect the
presence of inhibitors, but a rapid diagnostic test is
still not widely available. Moreover, there is currently
no international standard, quality control materials,
or recognized units for measurement, further com-
pounding the problems of accurate measurement and

interpretation [26]. Activity of ADAMTS-13 is
reduced or absent in the acute phase of classical
TTP, but levels may be normal in pregnancy-
associated TTP. Baseline and repeated measurements
in individuals with a prior history of TTP may be
helpful during pregnancy, when decreasing levels
may predict a relapse. Recommended diagnostic lab-
oratory investigations at presentation of TTP are:

* full blood count and blood film
* reticulocyte count
* clotting screen including fibrinogen and D-dimers
* urea and electrolytes
* liver function tests
* LDH
* urinalysis
* direct antiglobulin test.

Abnormalities of von Willebrand factor multimers
are observed in 86% of patients, including the presence
of ultra-high-molecular-weight multimers or a rela-
tive decrease in the largest plasma forms [25]. The

Table 11.9. Thrombotic microangiopathies in pregnancy [23]

Diagnosis Classic TTP Postpartum
HUS

HELLP Pre-eclampsia/
eclampsia

Time of onset <24 weeks Postpartum >34 weeks >34 weeks

Histopathology of
lesions

Widespread platelet
thrombi

Thrombi in
renal
glomeruli only

Hepatocyte necrosis and
fibrin deposition in
peripheral sinusoids

Glomerular endothelial
hypertrophy and
occlusion of placental
vessels

Hemolysis +++ ++ ++ +

Thrombocytopenia +++ ++ ++ ++

Coagulopathy − − +/− +/−

Central nervous
system symptoms

+++ +/− +/− +/−

Liver disease +/− +/− +++ +/−

Renal disease +/− +++ + +

Hypertension Rare +/− +/− +++

Effect on fetus Placental infarct can lead to
intrauterine growth
retardation and death

None, if
maternal
disease is
controlled

Associated with placental
ischemia and increased
neonatal mortality

Intrauterine growth
retardation, occasional
death

Effect of delivery
on disease

None None Recovery, but may
transiently worsen

Recovery, but may
transiently worsen

Management Early plasma exchange is
imperative

Supportive ±
plasma
exchange

Supportive, consider
plasma exchange if
persists

Supportive ± plasma
exchange

HELLP, hemolysis, elevated liver enzymes, and low platelets; HUS, hemolytic uremic syndrome; TTP, thrombotic thrombocytopenic purpura
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measurement of von Willebrand factor multimers is
difficult and not widely available; therefore, they would
be unlikely to provide rapid diagnostic information.

An association with thrombocytopenia is always
seen in TTP and this is generally severe. A platelet
count of <20 × 109/L at diagnosis is associated with a
poor prognosis.

Microangiopathic hemolysis is generally present
but may not be identifiable in the first 24–48 hours
of diagnosis. The peripheral blood film demonstrates
striking fragmentation of the red cells (schistocytes)
and polychromasia. Other features of hemolysis are
also present, including a raised LDH, raised bilirubin,
and reduced, or absent, haptoglobins.

The coagulation profile is usually normal, although
slight increases in D-dimers and FDPs may occur.
Secondary DIC can result from ongoing tissue ischemia
and is associated with a poor clinical outcome [25].

Renal function is abnormal in 18% of patients [3].
Liver function tests are generally normal, but trans-
aminases may be raised if hepatic ischemia is present.

Management
Termination of pregnancy or early delivery of the fetus
has not been shown to alter the clinical course in
pregnancy-associated TTP and is, therefore, not rec-
ommended unless the mother fails to respond to
standard treatment or there are fetal issues indicating
a need for early delivery. The response to treatment is
similar in pregnancy-associated TTP and classical
TTP, with survival rates over 90% with optimal care.
No cases of fetal thrombocytopenia have been
reported in children born to mothers with TTP [25].

Plasma exchange is the treatment of choice for
TTP and should be commenced as soon as practicable,
and definitely within 24 hours of presentation. A delay
in treatment may be associated with an increased risk
of treatment failure. The response to plasma exchange
does not appear to be reduced by pregnancy [25]. The
optimal plasma exchange regimen has not been deter-
mined, but treatment is initiated with daily single
volume exchanges. Exchanges should continue for a
minimum of 2 days after complete remission is
achieved, defined as normal neurological status, plate-
let count and LDH with an increasing hemoglobin
level. Fresh frozen plasma is generally accepted as the
standard exchange fluid, with current UK guidance
advocating virally inactivated fresh frozen plasma.
There is theoretical concern that methylene blue-
treated plasma may not be as effective as solvent

detergent-treated plasma in the management of TTP.
Cryosupernatant (cryoprecipitate-poor plasma) lacks
the largest von Willebrand factor multimers and
appears to be as effective as fresh frozen plasma as an
exchange fluid, particularly for resistant TTP.

Corticosteroids are frequently used in the manage-
ment of TTP, although limited evidence exists to sup-
port their use, and there is no consensus on optimal
dosing or route of administration [25].

Platelet transfusions are generally contraindicated
in TTP and can worsen the immediate clinical state of
the patient. Antiplatelet agents remain controversial in
the management of TTP. No overall benefit has been
demonstrated when low-dose aspirin and dipyrida-
mole are added to plasma exchange in the initial treat-
ment of TTP, but a trend towards reduced mortality is
observed as platelet counts rise (>50 × 109/L) [25].

The management of resistant TTP is complex and
should be done in conjunction with specialists in this
area. In general, an increased frequency of plasma
exchanges is indicated and the use of other immuno-
suppressants (e.g. rituximab) should be considered.

Conclusions
Although pregnancy represents a state of heightened
coagulation, disorders in this process, including DIC,
HELLP, and TTP, are not uncommon and frequently
require management within a critical care environ-
ment. The diagnosis, monitoring, and treatment of
these disorders require knowledge of the relevant
pathophysiology, diagnostic classifications, and spe-
cific laboratory tests and therapies. The optimal treat-
ment regimen for obstetric coagulation disorders
continues to evolve, given the frequently dynamic
clinical situation, the presence and health of the
fetus, and a growing interest in conducting investiga-
tions during the peripartum period.
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Chapter

12
Acute collapse and resuscitation
Larry Leeman and Alexandre Mignon

Introduction
Maternal collapse includes a variety of acute life-
threatening events involving maternal cardiorespira-
tory or central nervous systems. Although these events
have a variety of etiologies, the immediate considera-
tion is rapid maternal resuscitation to prevent mater-
nal mortality, long-term maternal morbidity, or
adverse neonatal outcomes. Maternal resuscitation in
pregnancy is based on standard Advanced Cardiac Life
Support (ACLS) management guidelines [1]; however,
resuscitative efforts must be informed by knowledge of
pregnancy-related alterations in maternal anatomy
and physiology (see Chapter 10), pregnancy-specific
resuscitation recommendations, awareness of condi-
tions unique to pregnancy, and consideration of peri-
mortem cesarean delivery.

Causes of maternal collapse
Obstetrical hemorrhage is the most common cause of
maternal mortality in the developing world, predom-
inantly through uterine atony, and the most common
cause of maternal collapse in developed nations
(Table 12.1) [2]. In high-resource nations cesarean
hemorrhage from invasive placental disease has
become the leading cause of peripartum hysterectomy
[3,4]. An increasing proportion of uterine atony in the
USA is associated with primary or repeat cesarean
delivery [5]. Pulmonary embolism from venous
thromboembolic disease was the leading cause of
maternal death in the UK Seventh Confidential
Enquiries into Maternal and Child Health
(CEMACH) 2003–2005 [2]. A review of pregnancy-
related mortality in the USA from 1998 to 2005 dem-
onstrated that six different etiologies were each
responsible for 10–13% of maternal deaths: obstetric
hemorrhage, hypertensive disorders of pregnancy,

pulmonary embolism, cardiomyopathy, cardiovascu-
lar disease, and infection [6]. If cardiomyopathy is
combined with cardiovascular disease, then primary
cardiac disease is the leading cause of maternal mortal-
ity [6]. Myocardial infarction and aortic dissection are
the leading cardiovascular disease etiologies [7]. The
growing population of reproductive-age women with
congenital heart disease accompanied by pulmonary
hypertension is another population at risk for cardiac
arrest [8], which may occur in the setting of arrhyth-
mias or heart failure.

Pregnancy-specific etiologies include amniotic fluid
embolism, hypertensive disorders of pregnancy and
peripartum cardiomyopathy. Amniotic fluid embolism
may occur in the low-risk parturient, where sudden
collapse may initially be confused with the more famil-
iar entities of pulmonary embolism, myocardial infarc-
tion, and cerebrovascular accident until the other
etiologies are ruled out or the often rapidly fulminant
disseminated intravascular coagulation common to
amniotic fluid embolism is recognized [9]. Maternal
collapse can occur from iatrogenic drug toxicities, the
most common being magnesium sulfate, which is com-
monly used either for seizure prophylaxis in pre-
eclampsia or for tocolysis in preterm labor. Another
very uncommon but potentially lethal drug reaction is
the potential for local anesthetic agents to cause sys-
temic toxicity resulting in neurological symptoms
(including agitation, seizures, coma) and cardiovascular
collapse (including cardiac arrhythmias, bradycardia,
reduced cardiac output and cardiac arrest) [10]. Spinal
or epidural anesthesia can cause an excessive
anesthesia-related inhibition of sympathetic efferents,
leading to massive vasodilatation and redistribution of
blood to the splanchnic beds and lower extremities, in
turn leading to decreased venous return and thereby
decreasing preload and causing vagal stimulation. This
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may have an even more important role in those who
have existing decreased preload (e.g. from hemor-
rhage). Careful attention to the level of anesthesia and
blood pressureminute byminute in the first 15minutes
following spinal anesthesia and prophylactic treatment
with vasopressors, such as phenylephrine, may decrease
the incidence of this catastrophic accident. Finally, non-
obstetric causes include anaphylaxis, sepsis, trauma,
psychiatric disease, cerebrovascular disease, or status
asthmaticus. Obesity, a condition which is increasing
worldwide, increases the risk of both obstetric and non-
obstetric causes of maternal mortality.

Prediction of maternal collapse
or severe obstetric morbidity
Early warning systems (EWS) are used for hospitalized
medical and surgical patients with abnormal physio-
logical signs to identify patients at risk for death,
intensive care unit admission, or severe morbidity.
The audit of maternal morbidity in the UK
CEMACH 2003–2005 identified several cases of
maternal death that involved substandard care in
which abnormal signs and symptoms were present
but not identified during the time preceeding maternal
collapse [2]. The Enquiry recommended the use of a
modified obstetric EWS (MEOWS). Because of the low
incidence of maternal mortality or need for intensive
care, MEOWSwas developed to predict serious obstet-
ric morbidity, including obstetric hemorrhage, pre-
eclampsia, infection, pulmonary embolism, central
venous sinus thrombosis, intracranial bleed, acute
asthma, status epileptic, diabetic ketoacidosis, myocar-
dial infarction, pulmonary edema, and anesthesia
complications [11]. The parameters are the usual
vital signs, oxygen saturation, pain score, and ability

to respond to voice or pain. In a validation study, the
MEOWS score when applied to 676 consecutive
obstetric admissions had a 8% sensitivity with a 79%
specificity and 39% positive predictive value [11]. A
disease-specific morbidity predictor, the fullPIERS
model, has been developed for patients with pre-
eclampsia to identify women at risk for dying or seri-
ous obstetric complications. The model was found to
have a high predictive ability in a prospective multi-
center study [12].

Responding to maternal collapse

Initial response
The initial response to maternal collapse, regardless of
etiology, is the rapid initiation of resuscitation directed
to airway, breathing, and circulation, followed by con-
sideration of fetal viability and well-being when col-
lapse occurs prior to delivery. As the resuscitation
progresses, it is important to consider etiologies
requiring specific therapies, such as intravenous cal-
cium gluconate for magnesium toxicity, decompres-
sion of tension pneumothorax, and initiation of
antibiotics for sepsis. Specific etiologies are addressed
in depth in other chapters.

When maternal collapse occurs in a labor and
delivery setting, the nursing and maternity care pro-
vider staff should rapidly request assistance, which
may include anesthesia personnel, a rapid response
or code team based on hospital-specific protocols,
and neonatal personnel if delivery of a viable infant
is a possibility. When the collapse results from mater-
nal hemorrhage or disseminated intravascular coagu-
lation is occurring (e.g. amniotic fluid embolism), a
massive transfusion protocol with involvement of
blood bank or laboratory personnel will facilitate
adequate supplies of blood products, including packed
red blood cells, fresh frozen plasma, patient’s blood, or
cryoprecipitate, as well as consideration for factor VII
replacement for life-threatening hemorrhage.

Intravenous access is critical and should include
two large-bore catheters in peripheral veins and con-
sideration of the need for central lines for rapid
administration of crystalloid, colloid, or blood prod-
ucts, as well as monitoring of central venous process. A
patient with hypotension or hypertension that does
not respond to initial therapies may require an arterial
line to accurately monitor pressures and facilitate
management with vasopressor agents (norephinephr-
ine, phenylephrine, dopamine) or antihypertensives

Table 12.1. Causes of maternal collapse

Obstetric Non-obstetric

Postpartum hemorrhage Myocardial infarction

Amniotic fluid embolism Aortic dissection

Peripartum cardiomyopathy Congenital heart
disease

Hypertensive pregnancy
disorders

Anaphylaxis

Magnesium toxicity Sepsis

Local anesthetic toxicity Status asthmaticus

Status epileptiicus
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(labetalol, calcium channel blockers, hydralazine).
A Foley catheter should be placed to monitor urine
output and as preparation for potential cesarean delivery
if the gestational age warrants, and continuous cardiac
and oxygen saturation monitoring should be initiated.

Cardiopulmonary resuscitation
Maternal resuscitation follows standard ACLS guide-
lines with a limited number of pregnancy-specific
alterations. Little research has been done on cardiopul-
monary resuscitation in pregnancy, as this is a rare event
occurring in approximately one in 20 000 to 30 000
pregnancies [13]. Outcome is critically dependent both
on the underlying cause of the arrest and on the speed of
resuscitation efforts. All efforts including the most des-
perate must be performed, since cardiac arrest in preg-
nancy is a devastating event for the mother and fetus, as
well as all involved in their care [13].

A systematic review was conducted in 2011 by
Jeejeebhoy and colleagues pertaining to resuscitation
of the pregnant patient with cardiac arrest [13]. They
identified 1305 articles but only five were selected for
further review, none of them being randomized trials.
Chest compression, left lateral displacement, and the
use of perimortem cesarean delivery were the only
subjects studied.

The primary variation from non-pregnancy guide-
lines is the requirement to displace the gravid uterus
laterally to increase cardiac output. Cardiac output
during closed chest massage in cardiopulmonary
resuscitation (CPR) is approximately 30% of normal.
Since cardiac output in the normal supine pregnant
woman is decreased 30–50% through aortocaval com-
pression, the combined effect may be no cardiac out-
put. Traditionally, displacement of the gravid uterus
has been done by maternal tilt from 15 to 30° to
facilitate increased venous return and cardiac output.
The logistical difficulty is the maintenance of adequate
chest compressions once tilt has been accomplished.
The gravid uterus will adversely affect maternal resus-
citation when it reaches the umbilicus at around 20
weeks of gestation. After this gestational age/uterine
size, uterine displacement will be needed and perimor-
tem cesarean considered if resuscitation is not success-
ful within 4 minutes, even though fetal viability is not
present until 23–24 weeks. Therefore, cesarean deliv-
ery may be undertaken as a component of maternal
resuscitation even at a gestational age (20–23 weeks) at
which perinatal survival is not expected.

As the degree of lateral maternal tilt increases
toward 30°, cardiac output is improved; however, the
ability to effectively compress the chest in CPR is
decreased. A study by Rees and Willis [14] demon-
strated that maximum force was 67% of body weight
when supine compared with 36% of body weight when
the patient was in the 30° left lateral tilt position. At
more than 30°, the angle was sufficient to cause the
body to roll on the incline. They recommended the 27°
as optimal, and this is the maternal tilt provided by the
Cardiff wedge through the use of a wooden frame. At
this angle, 55% of body weight is transmitted through
CPR, which is 80% of the force transmitted when the
patient is supine [14]. The ACLS and European
Resuscitation Council Guidelines in 2010 recommen-
ded 15–30° of tilt [1,7].

An alternative to maternal tilt is lateral manual
uterine displacement, which allows for the mainte-
nance of the supine position and maximizes the force
of the chest compressions. A study randomizing
women going for cesarean delivery to 15° table tilt or
left lateral manual uterine displacement demonstrated
an effect on blood pressure in the manual displace-
ment group [15]. The American Heart Association’s
2010 guidelines recommended initially performing
manual displacement with a two- or one-handed tech-
nique (Figure 12.1) while performing chest compres-
sions in the supine position. If this is unsuccessful,
then using a firm wedge to support the pelvis and
thorax and provide 27–30° of tilt is recommended
(Figure 12.2) [1].

Special considerations for maintenance of the
maternal airway and adequate breathing are based on
the anatomic alteration of the airway, as well as the
physiological need to maintain fetal oxygenation and
the reduced functional capacity and increased carbon
dioxide levels in pregnancy. The maternal airway in
pregnancy is more edematous and hyperemic and has
additional secretions; the upper airway appears to be
narrowed in the third trimester [1]. These alterations
to the maternal airway are responsible for the higher
proportion of failed intubations in pregnancy
(Box 12.1). Oxygen at 100% should be used through-
out the resuscitation if available, and consideration
given to obtaining a definitive airway sooner than
might be the case in the non-gravid woman.

Chest compressions should be provided at a posi-
tion that is slightly higher on the sternum to adjust for
the elevation of the diaphragm and abdominal con-
tents caused by the gravid uterus. Chest compressions
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should be provided based on the American Heart
Association’s 2005 and 2010 guidelines to “push hard
and fast,” with the goal of 100 compressions per
minute while allowing for full chest recoil between
compressions. These guidelines also emphasize that
compressions should be provided continually, while
other resuscitative efforts are in place, with periods
without compressions limited to less than 10 seconds
other than for defibrillation.

Defibrillation is based on the standard ACLS algo-
rithms and should not be delayed for obstetric or fetal
concerns, as the earlier that defibrillation is provided
in an arrest, the more likely it is to be effective. A study
of transthoracic impedance in pregnant and postpar-
tum women did not find a significant difference, sup-
porting the use of standard energy requirements.
Theoretical concerns for the potential arcing of electric
current because of the presence of fetal monitors and

(b)(a)

Figure 12.1. Manual displacement of the uterus during cardiopulmonary resuscitation using (a) a two-handed and (b) a one-handed
technique. (With permission from Vanden Hoek TL, Morrison, LJ, Shuster M, et al. American Heart Association guidelines for cardiopulmonary
resuscitation and emergency cardiovascular care. Part 12: Cardiac arrest in special situations. Circulation 2010; 122: S829–861 [1].)

Figure 12.2. Left lateral tilt during cardiopulmonary
resuscitation. (With permission from Vanden Hoek TL,
Morrison, LJ, Shuster M, et al. American Heart Association
guidelines for cardiopulmonary resuscitation and
emergency cardiovascular care. Part 12: Cardiac arrest in
special situations. Circulation 2010; 122: S829–861 [1].)
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amniotic fluid in the uterus have not occurred in
practice and should not delay defibrillation, although
it is acceptable to remove fetal monitors during cardiac
arrest [1].

All ACLS medicines, including epinephrine, vaso-
pressin, lidocaine, amiodarone, and pressor agents,
should be administered as indicated by ACLS algo-
rithms without delay based on any concerns regarding
effect on uteroplacental perfusion. The restoration of
maternal pulse and circulation will produce the best
fetal outcomes. Perimortem cesarean section will be
initiated at the 4–5 minute mark in the ALCS algo-
rithms for asystole, ventricular fibrillation, pulseless
ventricular tachycardia, and pulseless electrical
activity.

If local anesthetic-induced systemic toxicity is sus-
pected, it should be treated with the rapid infusion of a
lipid emulsion (Intralipid 20% 1.5 mL/kg as a bolus
followed by an infusion of 0.25 mL/kg per min; bolus
can be repeated) [10]. Lipids are believed to bind local
anesthetics and to improve myocardial energy produc-
tion, hence reversing cardiac side effects of local anes-
thetics and significantly improving outcome. A whole
series of isolated heart and intact animal experiments
by Weinberg and coworkers [16] have conclusively
demonstrated the benefit of administering lipid emul-
sions in this situation.

A study of videotaped resuscitation after a simu-
lated cardiac arrest from amniotic fluid embolism
demonstrated the difficulty obstetric personnel may

have with effectively performing maternal resuscita-
tion. Lateral displacement of the uterus and effective
chest compression were only provided in 56%
and effective ventilation in only 50% of simulated
resuscitations done by provider groups containing
obstetricians, labor and delivery nurses, and an anes-
thesiologist [17].

Diagnostic evaluation of maternal collapse
After initial resuscitative efforts have led to stabiliza-
tion of the maternal airway, breathing, and circulatory
functions, efforts are directed to determining or con-
firming the etiology of the collapse. The etiology may
be readily apparent, such as the postpartum woman
with severe vaginal bleeding from postpartum hemor-
rhage in uterine atony. Alternatively, sudden cardiac
arrest may occur in the previously well parturient
without apparent etiology, suggesting amniotic
fluid embolism, pulmonary embolism, myocardial
infarction, cardiac arrhythmias, or a cerebrovascular
accident.

Initial laboratory studies will usually include a
complete blood count, coagulation studies (prothrom-
bin time, partial thromboplastin time international
normalized ratio, fibrinogen), serum electrolytes,
serum lactate, type and cross-match for blood prod-
ucts, and arterial blood gases. Magnesium sulfate
should be obtained if a magnesium sulfate infusion is
being administered. Diagnostic tests will include a
chest radiograph if intubated to confirm tube position
and exclude other pulmonary pathology, as well as a
12-lead electrocardiogram. Diagnosis of pulmonary
embolism by a ventilation/perfusion scan or spiral
CT may not be possible if maternal or fetal status
precludes transfer from labor and delivery or an inten-
sive care unit; however, lower extremity venous
Doppler studies can often be carried out in these set-
tings and, if positive, allow for presumptive diagnosis
of pulmonary embolism if there are no other likely
etiologies. The presence of severe disseminated intra-
vascular coagulation in the setting of rapid maternal
collapse in the previously healthy woman is supportive
of amniotic fluid embolism.

Immediate mask ventilation and administration of
supplemental 100% oxygen, followed by rapid control
of the airway through endotracheal intubation early in
the resuscitation effort, are particularly important in
the pregnant cardiac arrest victim. In addition to the
increased susceptibility of the mother to rapid devel-
opment of hypoxia, because of her reduced functional

Box 12.1. Alterations in cardiopulmonary
resuscitation in pregnancy

* Uterine displacement: manual displacement or
25–30° left tilt

* Airway management: because of edema consider
intubation sooner and the greater need for cricoid
pressure

* Chest compression site: hands midsternum
(superior to non-pregnant) and deeper
compressions

* Advanced Cardiac Life Support medications: no
change

* Defibrillation: no change
* Fetal assessment throughout if estimated to be >22
to 23 weeks of gestation

* Five minute rule for initiating hysterotomy if
estimated to be >20 weeks of gestation
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residual capacity and increased oxygen consumption,
pregnant patients are at increased risk of aspiration of
gastric contents through their normally delayed gastric
emptying and reduced lower esophageal sphincter
tone. This risk of aspiration may be further exacer-
bated by gastric distention from air insufflation during
prolonged bag-mask ventilation. It is, therefore, nec-
essary to apply cricoid pressure as soon as possible,
and early intubation is recommended. Airway access
and intubation may be more difficult. Hyperemia and
friability lead to increased risk of bleeding with intro-
duction of gastric or tracheal tubes, which may limit
visibility. This risk may be even higher in patients with
complications such as thrombocytopenia occurring in
association with pre-eclampsia or the HELLP (hemol-
ysis, elevated liver enzymes, and low platelets) syn-
drome. Intubation is, therefore, often more difficult
in the pregnant patient and a smaller endotracheal
tube size may be necessary. Alternative airway devices,
such as a laryngeal mask airways or video laryngo-
scopy, should also be immediately available.

Pharmacological interventions during ACLS are
not modified during pregnancy, although alpha-
adrenergic agents may theoretically reduce uteropla-
cental blood flow. There have been no studies
evaluating medication dosing and pharmacokinetics
during resuscitation in pregnancy. Therefore, recom-
mendations are to follow the current adult ACLS med-
ication guidelines. In case of refractory shock,
extracorporeal life support may be considered, mainly
when there is a reversible cause of cardiac arrest, by use
of a femorofemoral bypass [18].

Finally, therapeutic hypothermia is now commonly
used to improve neurological outcomes in eligible
patients after cardiac arrest; however, no randomized
study has included a pregnant woman. Rittenberger
et al. [19] have reported a case of a patient with a cardiac
arrest at 13 weeks of gestation who was resuscitated,
underwent therapeutic hypothermia, and delivered a
healthy baby at term. Despite the lack of evidence, the
American Heart Association recommends considera-
tion of hypothermia based on guidelines for non-
pregnant patients, and to consider continuous fetal
monitoring throughout the treatment [1].

Perimortem cesarean
Postmortem cesarean delivery dates back to the time
of Roman law Lex Regis de Inferendo Mortus in 715 BC
[20], which mandated that the abdomen be cut open as

soon as possible to remove the baby if a mother died
during a pregnancy. Neonatal survival was rare, and
the primary motivation was religious to allow for
proper burial. A study performed by the Berlin
Obstetrical Society in 1864 demonstrated that only 3
of 147 postmortem cesareans resulted in the birth of
live infants [20].

The modern introduction of perimortem cesarean
delivery is attributed to a review by Katz et al. in 1986
[20]. Although historically advocated for fetal survival,
the review described the potential for maternal bene-
fits based on four case reports of intact maternal sur-
vival with cesarean delivery performed within 5
minutes of cardiac arrest [20]. Perimortem cesarean
delivery is now performed for maternal benefit as well
as fetal survival and should not be viewed as indicating
that a maternal resuscitation will not be successful.
The relief of aortocaval compression by the gravid
uterus results in increased venous return and cardiac
output, which can lead to a dramatic improvement in
maternal resuscitative efforts and to a successful
maternal outcome [21].

Perimortem cesarean delivery is indicated when-
ever maternal resuscitative efforts have not been suc-
cessful for 4 minutes, and the estimated gestational age
is 20 weeks or greater. The neonate should be delivered
within 5 minutes of maternal arrest in order to max-
imize the chances of a successful neonatal outcome.
The cut-off of 20 weeks of gestation is not for fetal
viability, which does not occur until 22–24 weeks, but
is based on the size of the uterus at which maternal
uterine decompression through cesarean delivery has
the potential for significant improvement in maternal
venous return and cardiac output. A woman with an
18 week twin gestation resulting in a uterus closer in
size to that at 24 weeks may benefit from perimortem
cesarean even though her fetuses will not.

A perimortem cesarean delivery should be per-
formed in the setting in which the resuscitative efforts
have occurred, which may be a delivery room, operat-
ing room, or emergency room depending on the clin-
ical scenario. The time required to transport the
patient to a surgical facility will likely decrease
the potential for a successful maternal or neonatal
outcome and is not recommended. In these cases, in
which time is of the essence, even physicians who are
not fully trained or accredited in elective cesarean
delivery may appropriately perform the cesarean
delivery. Emergency room physicians, family
medicine, or general practice physicians, or even a
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nurse–midwife with experience assisting cesarean
delivery, all should be familiar enough with the anat-
omy and technique to successfully perform the proce-
dure. Anesthesia is not required because of the time
constraints and moribund maternal state. However, in
some settings, the woman will have had endotracheal
intubation and can be placed on ventilator support. A
quick abdominal splash of an appropriate disinfectant
material is indicated while the surgical team is prepar-
ing to initiate the procedure. A neonatal team, or at
least a physician or nurse skilled in neonatal resusci-
tation, should be contacted as soon as it becomes
apparent to the maternal resuscitation team that
immediate delivery is being contemplated.
Cardiopulmonary resuscitation including chest com-
pressions and ventilation should continue through the
cesarean delivery.

Few instruments are strictly required for a rapid
perimortem cesarean delivery, which can be accom-
plished with a scalpel, manual retraction, and blunt
dissection. If a cesarean delivery kit is available, this
will be helpful in the event of adhesions needing lysis
to accomplish delivery and for possible surgical clo-
sure after delivery. A vertical abdominal and uterine
incision will be the most rapid route of delivery for
most surgeons to accomplish delivery and minimize
risk of injury to the urinary bladder and uterine
arteries. Because of the deceased cardiac output despite
chest compressions, the perimortem cesarean is usu-
ally a relatively bloodless delivery compared with typ-
ical cesarean deliveries.

After delivery has been accomplished, the uterus
and peritoneal cavity do not need to be immediately
closed if the team performing the emergency surgery is
not skilled at closure. Pressure, packing, and surgical
compression of bleeding vessels can temporize until
appropriate surgical assistance is available. If after-
delivery maternal resuscitative efforts are successful,
then the uterus should be closed in the usual fashion
after a careful examination for potential injury to
bowel, bladder, and other organs. Antibiotic prophy-
laxis should be given as soon as possible in the scenario
of successful resuscitation. If the resuscitation has not
been successful, then the hysterotomy and abdominal
incision do not need to be repaired and the decision
regarding removal of intravenous lines, packing, or
endotracheal tubes should be based on local forensic
guidelines.

In 2005, Katz et al. [22] reviewed the case report
literature that had evolved since the 1986 article

recommending perimortem cesarean section and the
adoption of the 4 minute rule by the American Heart
Association. Only 12 of the 25 perimortem cesarean
deliveries with a known time from cardiac arrest to
delivery occurred in 5 minutes or less [22]. The
authors did find that four of the seven infants delivered
at over 15 minutes from arrest were apparently devel-
opmentally normal [22]. In 12 of the 22 cases with
adequate information regarding the effect of the cesar-
ean on maternal hemodynamics, there was a sudden
and often impressive improvement in maternal status
after cesarean [22]. Eight of the remaining 10 women
were felt to have had lethal injuries that prevented any
improvement in maternal status [22]. The authors
acknowledged that the presence of reporting bias
with regard to the collated case reports prevents an
accurate determination of the likelihood of maternal
and fetal benefits but found the results encouraging
[22]. None of the women suffered a worsening of
maternal status after her hysterotomy was performed
[22]. A case series of 12 perimortem cesarean sections
from the Netherlands demonstrated that none
occurred within the 5 minute interval, and eight
occurred in the range 15–45 minutes. Similar to the
series of Katz et al. [22], the maternal response to
perimortem cesarean section was good, with 8 of the
12 women regaining maternal cardiac output and 2
surviving to hospital discharge.

Perimortem delivery need not always require hys-
terotomy as operative vaginal delivery is an option in
the rare situation when a patient has a cardiac arrest in
the second stage of labor. There is one report in the
literature of perimortem vacuum delivery [23]; how-
ever, obstetric forceps may be preferred as they are less
dependent on maternal effort to effect a successful and
rapid vaginal delivery.

Improving management of maternal
collapse
The rarity of cardiac arrest in pregnancy fortunately
prevents physicians, midwives, or nurses from learn-
ing through clinical experience. Alternatives include
participation in simulations, inclusion of maternal
collapse in standardized emergency care courses
(ACLS, Advanced Trauma Life Support), and courses
designed specifically for obstetric emergencies
(Advanced Life Support in Obstetrics [24], Advances
in Labour and Risk Management [25], and Managing
Obstetric Emergencies and Trauma [26]). The use of
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perimortem cesarean is recommended in the standard
ACLS and Advanced Trauma Life Support courses.
The Advanced Life Support in Obstetrics course
includes a workshop in maternal resuscitation, includ-
ing a case requiring perimortem cesarean, as does
the Managing Obstetric Emergencies and Trauma
course [26].

Team training with obstetric simulation and drills
is recommended by the Institute of Medicine and Joint
Commission to prevent medical errors and improve
patient safety [27,28]. The optimal approach to using
simulations and drills remains controversial with
regards to whether training is performed during
standard clinical work hour times and settings or in
distinct training course and simulation centers. Small
studies of physicians in California and labor ward
clinicians in Israel demonstrated a limited fund of
knowledge of the basic concepts for maternal resusci-
tation [29,30]. A study of the utilization of perimortem
cesarean delivery after implementation of the
Managing Obstetric Emergencies and Trauma course
in the Netherlands demonstrated increased utilization
of the procedure from four in 11 years (12.5% of
cardiac arrests) to eight in 5 years (35% of cardiac
arrests), which was a statistically significant increase
(p = 0.01) despite the small numbers [31].

Conclusions
Cardiac arrest is a rare event during pregnancy. The
resuscitation protocol is the same as for non-pregnant
victims of cardiac arrest, with a few important modifi-
cations, including early intubation, superior hand
placement for chest compression, relief of aortocaval
compression by the gravid uterus with left lateral dis-
placement or if unsuccessful the use of a firm wedge to
provide a 30° tilt, and rapid perimortem cesarean deliv-
ery when indicated. The use of these combined techni-
ques may increase the ACLS success rate of the mother,
as well as improve neonatal outcome. The immediate
awareness of the need to perform perimortem cesarean
delivery 4 minutes after persistent cardiopulmonary
arrest and the availability of an emergency kit for sur-
gery can result in faster delivery of the baby, faster
return of the maternal circulation, and better clinical
outcomes for both mother and child. Education and
protocols should to be instituted in all maternity care
units, while simulation exercises may maintain knowl-
edge, performance, and skills of obstetric teams rarely
confronted by maternal collapse.
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Chapter

13
But what about the fetus?
Lauren A. Plante and Alex Sia

Introduction
The obstetrician with a patient in the intensive care
unit (ICU) finds that “What about the fetus?” is very
common question posed by colleagues in other spe-
cialties. Sometimes it is asked explicitly; sometimes it
is only implied, as a background to a more specific
question, for example “Is that safe for the baby?” This
whole issue could probably be generally condensed
into one sentence, maybe two: “Don’t worry about
the fetus. Keep the mother healthy and the rest will
follow.” Obstetricians are used to managing two
patients at a time, one of whom (the fetus) is entirely
dependent upon the other and not generally accessible
to its own interventions. However, colleagues in other
specialties may not be accustomed to this type of
double perspective and may worry about the myth of
maternal–fetal conflict. As a rule, however, the best
way to maintain fetal stability is to maintain maternal
stability.

While the principal goal of intensive care medicine
remains unaltered, the presence of the fetus may affect
management. For example, in women who are admit-
ted to the ICU because of primary obstetric disorders,
delivery may dramatically reverse the pathology.
Similarly, cardiopulmonary resuscitation performed
in a woman after mid-pregnancy is more effective
when the uterus is empty. Aside from these situations,
restoring maternal physiology is still key in ensuring
the ultimate well-being of the fetus, and the interests of
the fetus are not in conflict with those of themother. In
general, the fetus is relatively robust in spite of mater-
nal illness, and any intervention or therapy that pre-
serves or improves the physiological status of the
mother is favorable to the fetus.

For the most part, obstetric patients who are
admitted to the ICU have a better prognosis than
their general medical non-obstetric counterparts,

although both obstetric and non-obstetric critical
illnesses may adversely affect fetal and neonatal
outcomes.

The principles of pregnancy physiology are
addressed in this textbook in Chapter 10, while the
pharmacokinetics and pharmacodynamics are covered
in Chapter 14. These important topics will not be
discussed here except to note that normal pregnancy
alters physiology and drug handling to a great extent
and, therefore, must be kept in mind in intensive care
management.

Fetal growth and development
Human pregnancy lasts an average of 266 days, count-
ing from conception. More commonly, pregnancy is
considered to last 280 days, counting from the first day
of the last menstrual period: this equates to 40 weeks,
even though – because conception usually occurs 2
weeks after the first day of the last menstrual period –
the woman is not actually pregnant for the first 2 of
those weeks. Implantation of the zygote into the uterus
occurs 1 week after conception, at which time human
beta-chorionic gonadotropin can first be detected and
a sensitive pregnancy test shows as positive. By con-
vention, gestational age (or weeks of pregnancy) is
dated from the last menstrual period, since this is
easier to fix than the conception date. These 40 weeks
are divided into trimesters, which last roughly 13
weeks each. Organogenesis is complete by the end of
the first trimester; growth, including brain growth,
continues throughout. Because organogenesis is com-
plete before 12 weeks, the only period in which terato-
genesis is of concern is during that time. Exposures
(drugs, radiation, etc.) after that time may affect fetal
growth, neurodevelopment, or renal or cardiac func-
tion but cannot precipitate the development of con-
genital anomalies.
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In 2012, the lower limit of gestational age at which
extrauterine survival was feasible is about 24 weeks in
high-resource settings. Preterm birth refers to delivery
between 24 weeks (20 in some classification schemes)
and 36 weeks, while term or full-term birth refers to
37–41 weeks. Pregnancies ending before 20 weeks are
referred to as abortions, spontaneous abortions, or
miscarriages.

Placental structure and function
The placenta is a temporary organ that serves multiple
functions duringmammalian pregnancy. These include
gas exchange, excretory functions, water balance, elab-
oration of various hormones, immunological functions,
nutrient transfer, and heat transfer. It substitutes in one
way or another for lung, liver, endocrine system, gut,
and kidney [1]. Remarkably, it develops from both
embryofetal and maternal tissues, the former from cho-
rion and the latter from endometrium.

The human placenta is a hemochorial barrier: that
is, fetal andmaternal blood nevermix. The trophoblast
is bathed in maternal blood once the trophoblast
invades the uterine vessels supplying the myometrium
and replaces the endothelium, a process which takes
up to about 16 weeks of gestation. This leaves only fetal
endothelium and the syncytiotrophoblast itself as

interposing layers. Other mammalian placentae have
as many as six layers.

The spiral arteries of the maternal endometrium
discharge blood into the intervillous space of the
placenta. Villi project into this space that contain
fetal capillary units [2]. As maternal blood washes
over placental villi, gas exchange and transfer of
nutrients and waste products occur (Figures 13.1
and 13.2) [3,4].

Uteroplacental circulation and fetal
well-being in the intensive care unit
Fetal well-being is intimately linked to, and critically
dependent upon, the satisfactory perfusion of the
uteroplacental unit. Up to 15% of the total maternal
cardiac output supplies the uterus at term pregnancy.
As invading trophoblast replaces vasoactive endo-
thelium in the spiral arterioles of the uterus that
supply the intervillous space in early pregnancy,
uteroplacental perfusion becomes predominantly
(if not entirely) dependent on arterial pressure;
there is miminal capability for autoregulation.
Consequently, the fetus does not tolerate maternal
hypotension and great care must be exercised in
preventing this condition, including avoiding supine
aortocaval compression.

(a) (b) (c)
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Figure 13.1. Maternal and fetal blood are separate in the placenta. (a,b) Maternal blood does not mix with fetal blood; the placental villi,
containing fetal blood, project into the intervillous space, which contains maternal blood. The section in the square in (a) is expanded in (b) (c)
Cross-section of a placental villus, bathed in maternal blood in the intervillous space. AV, anchoring villi; FV, floating villi; iCTB, invasive
cytotrophoblast; vCTB, villous cytotrophoblast; SynT, syncytiotrophoblast. (With permission fromMaltepe E, Bakardijev AI, Fisher SJ. The placenta:
transcriptional, epigenetic physiological integration during development. J Clin Invest 2010; 120: 1016–1025 [4].)
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As fetal blood is conducted to the placental villi by
the two umbilical arteries (more highly oxygenated
blood is returned from the placenta to the fetus by the
single umbilical vein), exchange of oxygen and other
substances happens in the intervillous space, which
allows passive diffusion but distinctly separates
maternal and fetal circulations. Transfer of oxygen
and other molecules requires adequate perfusion and
a concentration gradient; these factors can, to an
extent, be altered in ICU. Other factors that may
impede the transfer of substances between the mater-
nal and fetal circulations, such as gross placental
pathology or compression of the umbilical cord, are
not amenable to supportive care in ICU. Fortunately,
as these factors are unlikely to be primarily deranged
in an otherwise normal pregnancy, and provided that
the oxygen content of maternal blood is adequate,

ensuring an uninterrupted uterine blood flow is the
key issue in addressing the interest of the fetus in a
critically ill mother.

Principles of placental gas exchange
Oxygen and carbon dioxide are transferred across the
placenta by simple diffusion. Factors affecting oxygen
transport to the fetus includematernal oxygen delivery
to the placenta (blood flow multiplied by the oxygen
content of maternal blood, which is a product of
maternal hemoglobin and oxygen saturation), fetal
umbilical arterial blood flow, oxygen capacity and
oxygen affinity of fetal blood, efficacy of the exchange
mechanism, oxygen-diffusing capacity of the placenta,
and the metabolic requirements and oxygen consump-
tion of the placenta itself [5].
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Figure 13.2. Fetal circulation within chorionic villi. (a) Oxygenated blood from the umbilical vein and deoxygenated blood from the umbilical
arteries travel to the chorionic villi where gas and nutrient transfer occur. (b, c) Cross-section of villus at (b) 10 weeks and (c) full term. Note that as
pregnancy progresses, the layer of cytotrophoblast atrophies, so the distance between fetal blood within the villus andmaternal blood outside it
decreases. (With permission from Gude NM, Roberts CT, Kalionis B, King RG. Growth and function of the normal human placenta. Thromb Res
2004; 114: 397–407 [3].)
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Oxyhemoglobin saturation of maternal blood
approximates 100% in most conditions. Because the
oxygen affinity of fetal blood is much higher than that
of maternal blood, transfer to the fetus is facilitated.
The partial pressure of oxygen at which fetal hemo-
globin is 50% saturated is about 20 torr (2.7 kPa) (NB
under most conditions, 1 mmHg is approximately
equal to 1 torr) compared with about 27 torr
(3.6 kPa) in adult hemoglobin [6]. Fetal hemoglobin
contains two α-chains that are identical to those in the
adult, and two γ-chains, which differ from adult
β-chains in their binding of 2,3-diphosphoglycerate.
Although the fetus begins to produce some adult
hemoglobin in the third trimester, conversion is not
complete until after birth.

Normal fetal arterial oxygen partial pressure
(Pao2) ranges from 20 to 35 torr (2.7–4.7 kPa; i.e.
50–80% oxyhemoglobin saturation), and normal fetal
pH is about 7.3. The carbon dioxide partial pressure
(Pco2) in the umbilical vein is 38–42 torr (5.1–5.6 kPa)
(higher than the maternal arterial carbon dioxide par-
tial pressure (Paco2) because of the effect of pregnancy
on maternal minute ventilation) and in the umbilical
artery it is 49–55 torr (6.5–7.3 kPa). Oxygen delivery is
maintained in the normal fetus by its higher hemoglo-
bin concentration, its increased cardiac output relative
to weight, and the higher oxygen affinity of fetal hemo-
globin. Fetal Pco2 is higher than maternal, being 42–
50 torr (5.6–6.7 kPa) [7]. Both oxygen and carbon
dioxide are transferred across the placenta down a
maternal–fetal gradient. Diffusion across the villous
interface is facilitated because the distance is short and
the number of intervening layers minimal.

Although the placenta of some mammalian species
is a counter-current exchanger, the human placenta
appears to be a concurrent exchange model of placen-
tal gas transport [8]. The extreme example of concur-
rent exchange is a venous equilibrator [9]. Imagine
two streams of blood flowing in the same direction,
separated by a permeable membrane. Blood entering
the arterial end of these streams differs in its Po2: that
in maternal blood is much higher than that in the fetal
blood, which creates a gradient that drives oxygen into
the lower-value fetal stream. However, as the streams
continue toward the venous end, depending on the
length of the path, the fetal stream becomes more
highly oxygenated and thematernal less so. In a perfect
venous equilibrator, of course, the two streams would
have identical Po2 at the venous end. This model
assumes, however, that the dividing membrane has

no oxygen demands of its own, which would be a
rash assumption given that it is known that the oxygen
uptake of the placenta equals or exceeds that of the
fetus. The placenta is highly metabolically active. The
model, however, makes it clear that umbilical Po2
venous relates more directly to uterine venous Po2
than to maternal arterial Po2 per se.

Changes in maternal Pao2 can, certainly, affect
umbilical venous Po2, which is the most highly oxy-
genated blood in the fetus. As Meschia [9] makes clear,
it would take a large decrement in maternal arterial
oxygenation to effect enough of a difference in uterine
venous saturation that the umbilical venous saturation
would slide down the slope of the fetal oxyhemoglobin
dissociation curve into territory associated with meta-
bolic acidosis (less than 50% in the fetal lamb model).
Table 13.1 shows a theoretical modeling of these dif-
ferences, based on ovine data [10]. The “safe” lower
level of maternal oxygenation is not known with any
certainty in the human, despite repeated expert pro-
nouncements that maternal oxygen saturation should
be kept at or above 95%, or 90%. A small experimental
trial of healthy volunteers in their third trimester
breathing a hypoxic gas mixture with a fraction of
inspired oxygen of approximately 0.1 for 10 minutes
showed a fall in maternal oxygen saturation of 15%
without an obvious change in non-invasive measures

Table 13.1. Theoretical exercise in acute hypoxemia
(sheep model)

Vessel Normoxemic Hypoxemic

Uterine artery

Po2 (mmHga) 102 44

pH 7.45 7.50

Oxygen saturation (%) 96 85

Uterine vein

Po2 (mmHga) 35 27

pH 7.42 7.47

Oxygen saturation (%) 71 60

Umbilical vein

Po2 (mmHga) 28 20

pH 7.41 7.46

Oxygen saturation (%) 70 55

Po2, oxygen partial pressure.
a 1 torr is approximately the same as 1 mmHg.
Source: Meschia 2011 [10].
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of fetal oxygenation and acid–base balance. Fetal oxy-
genation was not sampled directly in this study, but the
indices of fetal well-being reported (fetal heart rate
tracing, Doppler velocimetry) are generally considered
a proxy for fetal oxygenation and acid–base status. No
adverse fetal outcomes were reported [11].

Fetoplacental oxygen delivery, of course, will also
depend on uteroplacental blood flow, to a degree that
is often underappreciated in the ICU. Factors that
depress the maternal cardiac output will significantly
affect fetal oxygen delivery: these may include mater-
nal hypotension, positional compression of the infe-
rior vena cava, or high levels of positive end-expiratory
pressure, among others.

Understanding basic principles of placental gas
exchange is important when caring for a pregnant
patient in the ICU. Maintenance of uteroplacental per-
fusion is crucial. A lower limit of maternal oxygen
saturation is not known, but analysis of the fetal heart
rate tracing in many cases will help to determine
whether the level of maternal oxygenation achieved is
satisfactory for the fetus. There might be less concern
about thematernal Pao2 than about thematernal Paco2,
since fetal acid–base balance requires diffusion of fetally
generated carbon dioxide across the placenta, following
a fetomaternal gradient. The normally decreasedmater-
nal Paco2 of 28–32 torr (3.7–4.3 kPa) during pregnancy
allows this transfer to take place, but a policy of permis-
sive hypercapnia, which is current standard of care in
ventilation for acute respiratory distress syndrome, may
preclude it. In a small trial of carbon dioxide rebreath-
ing among healthy pregnant women, the Paco2 was
allowed to rise as high as 60 torr (8.0 kPa), and more
than 50% of the fetuses demonstrated alterations in the
fetal heart rate tracing that were suspicious for acidemia;
most of these alterations reversed after maternal Paco2
returned to normal [12].

Principles of management
Aside from the few cases in which delivery is the pre-
ferred therapy, managing a pregnant patient in ICU
should focus primarily on maternal well-being and
only secondarily on the effects of interventions on
the fetus. These interventions may include pharmaco-
therapy, mechanical ventilation, surgery, and so on,
which are covered elsewhere in this book. The
physician, nurse, or other professional must be cogni-
zant of uteroplacental physiology and transplacental

pharmacokinetics. For example, maintaining adequate
maternal blood pressure may require inotropes or vaso-
pressors. The transplacental distribution of these agents
may have repercussions for the fetus. For example,
ephedrine, which formerly was the most widely used
vasopressor in obstetric anesthesia, has been associated
with an increased risk of fetal acidosis, possibly through
a direct effect on fetal metabolism after its relatively
uninhibited passage through the human placenta. This
effect was not evident in previous studies on the sheep
model because of the inherent difference: the ovine
placenta does not allow free passage of ephedrine into
the fetal circulation. A propensity for intrafetal accumu-
lation of basic drugs of low molecular weight but high
lipophilicity is also pertinent: fetal plasma has a lower
pH and lower capacity for protein binding relative to
maternal plasma. The interactions can be complex and
ability to specifically assess the fetus is limited.

In the first trimester of pregnancy, the well-being
of the fetus cannot separately be investigated at all. By
the third trimester, however, electronic fetal moni-
toring is technically feasible and is believed to repre-
sent fetal acid–base status, level of oxygenation, and
the integrity of the central nervous system. More
subtle fetal effects such as interference with fetal
growth or neurodevelopment cannot realistically be
followed in ICU and, in fact, may not even be appa-
rent at the time of birth.

While the practicioner would want, if possible to
maintain normal maternal acid–base status, normal
gas exchange, normal electrolytes, and normal hemo-
dynamics when a pregnant patient is in ICU, it is not
clear in all cases how to do so. Although the role of
permissive hypercapnea is well established in non-
pregnant patients for the acute respiratory distress
syndrome, a high carbon dioxide tension (above
60 torr (8.0 kPa)) has been related to increased uterine
vascular resistance and reduced uterine blood flow in
the sheep model of pregnancy. Furthermore, hyper-
capnea may result in fetal acidosis through loss of the
carbon dioxide gradient and a reduced oxygen-
carrying capacity caused by the right shift of the
hemoglobin oxygen dissociation curve. The
institution of positive-pressure ventilation to ensure
oxygenation may reduce perfusion to the uteroplacen-
tal unit either by decreasing venous return to the
heart, and thereby decreasing cardiac output, or by
increasing intra-abdominal pressure. Use of drugs to
support maternal cardiorespiratory or other systems
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will result in exposure of the fetus to these agents, a
risk whichmust be balanced against their benefit to the
mother.

Enhancing fetal health: monitoring
and interventions
External cardiotocography is technically feasible some
time after 24 weeks, depending on maternal habitus,
and can be employed on a continuous or intermittent
basis. Although cardiotocography is not a consistently
reliable predictor of fetal welfare, it is widely used.
Normal fetal heart rate, normal baseline variability,
and the presence of cardioaccelerations are all indica-
tors that the fetal central nervous system has not been
compromised by hypoxia or metabolic acidosis.
Absence of these factors or the finding of heart rate
decelerations would generally be a cause for concern
and should prompt a search for remediable factors.
Often, however, an alteration in the cardiotocograph
tracing indicates that the maternal condition should be
corrected, after which the fetal condition corrects itself.
One should also be cautious not to overtreat. The classic
example is in the treatment of severe maternal hyper-
tension, when overaggressive lowering of blood pres-
sure results in fetal heart rate decelerations. These are
best treated by restoring maternal blood pressure to
acceptable levels, since the placenta does not autoregu-
late. The presence of a non-reassuring fetal heart rate
pattern, such as persistent fetal bradycardia or tachy-
cardia, poor variability, and late decelerations, is used as
an empirical surrogate for impending fetal decompen-
sation, barring other causes such as cardiac anomalies
and hypothermia. The suspicion of non-reassuring fetal
status is often the trigger to provide intrauterine “resus-
citation” such as maternal position changes or admin-
istration of an intravenous fluid bolus or supplemental
oxygen.

Additional fetal assessment is possible with
B-mode or Doppler ultrasound. Direct assessment
of fetal acid–base status, while technically feasible
by cordocentesis, would seldom if ever be indicated
in ICU.

If preterm delivery is anticipated, administration
of antenatal corticosteroids to the mother will decrease
rates of common complications of prematurity for the
newborn. Dexamethasone and betamethasone, which
cross the placenta efficiently, have been shown to
decrease rates of respiratory distress syndrome, intra-
ventricular hemorrhage, and necrotizing enterocolitis

among infants born at 24–33 weeks of gestation; the
benefit is maximal for those infants delivered between
24 hours and 7 days after the mother receives a course
of steroids [13]. There also seems to be a role for
maternal magnesium sulfate in decreasing neurologi-
cal morbidity (specifically, cerebral palsy) among
infants born preterm; consequently, this too may be
considered if a significantly preterm delivery is antici-
pated [14].

As discussed above, the usual rule is to optimize the
maternal medical condition and allow the fetus and
placenta to take care of themselves. Near term, however,
delivery may be appropriate in order to simplify man-
agement or to allow interventions that would otherwise
be logistically difficult (e.g. prone positioning). The
major complications of prematurity are decreased
after about 34 weeks of gestation, and delivery may be
undertaken without the expectation of major neonatal
morbidity to be added to the stresses on the family.
Certain fetal conditions such as severe intrauterine
growth restrictionmay also provide a reason to separate
the fetus from themother. There are a few conditions in
which the presence of the fetus or placenta actually
compromises maternal health and, therefore, delivery
may be indicated formaternal reasons at any gestational
age. Classic examples are eclampsia, severe pre-
eclampsia, HELLP syndrome (hemolysis, elevated liver
enzymes, and low platelets), acute fatty liver of preg-
nancy, and significant placental abruption.

Conclusions
The well-being of the fetus is strongly influenced by
the status of the critically ill mother. It is imperative to
ensure that homeostasis is maintained as close to the
normal physiological state as possible. Under circum-
stances in which a preterm delivery is to be considered,
administration of corticosteroids (betamethasone or
dexamethasone, which cross placenta efficiently) to
the mother will accelerate fetal lung maturity. In
pregnancy-triggered critical illnesses such as severe
or complicated pre-eclampsia, the separation of the
fetus from the mother is the definitive treatment,
hence the potential conflict of the mother’s health
(best served by delivery regardless of gestational age)
with the infant’s outcome (highly dependent upon
gestational age). In most other critical maternal illness,
this trade-off is not required.

A decision to effect delivery, whether for fetal or
maternal indications, must be accompanied by a
thoughtful analysis of the risks of labor or cesarean
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delivery. Both labor and major abdominal surgery
impose risks upon a medically fragile mother, as well
as imposing complicated logistics upon the resources
and the staff providing care.

Whenmaking decisions about pregnant patients in
ICU, we would urge a modification of the Hippocratic
pronouncement to read primum matrem non nocere.
Hasty modifications of standard care in an attempt to
keep the fetus “safe” risk both the mother’s health and,
thereby, that of the fetus.
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Chapter

14
Pharmacology, pharmacokinetics,
and management of the patient
after overdose
Edward J. Hayes and Warwick D. Ngan Kee

Introduction
Knowledge of the way that pregnancy affects pharma-
cological response is essential to optimal management
of the critically ill parturient. Pregnancy is a state of
flux with the placental–fetal unit undergoing constant
changes that affect both pharmacodynamics and phar-
macokinetics of many drugs. Additionally, it is impor-
tant to consider placental transfer and metabolism,
and fetal effects and handling of drugs. The changes
of pregnancy affect not only prescribed drugs but also
impact the management of patients with overdose and
patients intoxicated with illicit drugs.

When considering pharmacology in the parturi-
ent, it is important to note that, for practical and
ethical reasons, experimental data are limited in
quality and quantity and it often may not be valid
to extrapolate animal data because of species differ-
ences. Therefore, some of the available knowledge
may be based on theoretical considerations and
application of basic principles. As a result, a com-
prehensive model that will predict response to most
individual drugs is lacking. Furthermore, the
dynamic physiological changes of pregnancy mean
that dose adjustment may be necessary not only
because of pregnancy but also according to the dif-
ferent stages of pregnancy.

Safety of drugs in pregnancy
Although some drugs have been proven safe and some
are known to be harmful in pregnancy, there are many
drugs for which insufficient data are available. The US
Food and Drug Administration has introduced a clas-
sification system for use of drugs in pregnancy based
on possible fetal risks (Table 14.1) [1]. However,
because this system has limited ability to accurately
and consistently convey risk and benefit, it is currently

under review and is likely to be changed or eliminated.
Currently, the majority of drugs marketed in the USA
are classified in category C (risks cannot be ruled out
in humans) and although some drugs in this category
may be harmful, there are many drugs that are not
licensed for use in pregnancy because of insufficient
data but are considered by clinicians as having benefits
that outweigh potential risks; these drugs are some-
times used on an “off-label” basis.

One of the most important concerns when pre-
scribing drugs is the potential for teratogenicity.
Teratogenicity has traditionally referred to occurrence
of structural defects in an embryo or fetus which was
developing normally prior to exposure. Teratogenicity
is determined according to specific criteria and may
vary among species. The method of administration of
drugs may be an important factor, as small, repeated,
or sequential dosing may have a different effect to
large bolus doses. The most sensitive time for drug
exposure is considered to be during the period of
organogenesis (3–8 weeks postconception or 35–70
days after the last menstrual period). However, drug
exposure at later stages in pregnancy may also be
associated with possible effects on morphology and
function of the growing fetus, including growth
restriction and developmental effects, as well as having
potential effects during parturition and nursing. As an
example, exposure to non-steroidal anti-inflammatory
drugs in late pregnancy is associated with a risk of
premature closure of the fetal ductus arteriosus [2].
Databases of drugs that are contraindicated in preg-
nancy are available online and are regularly updated
[3]. In addition, pregnancy exposure registries exist for
ongoing collection of data on use of medications and
vaccines during pregnancy [1].

Note that although in general it is prudent to avoid
drugs with known harmful effects during pregnancy, it
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is essential to appreciate that these considerations
should not prevent use of appropriate emergency
drugs during maternal resuscitation.

Pharmacodynamics
It is well recognized that pregnancy affects the clinical
response to many drugs that are used in the settings of
critical care and anesthesia, although the mechanisms
underlying these observations are less well defined.
Studies in animals and humans have shown that
requirement (minimum alveolar concentration) for
inhalational anesthetics is decreased by approximately
one quarter, from early pregnancy to the early puer-
perium. Requirements for intravenous induction
agents such as thiopental and propofol are also
reduced in pregnancy [4]. It has been suggested that
these increases in drug sensitivity may be related to
increased progesterone, based on animal research that
showed that chronic progesterone administration
decreased volatile anesthetic requirements. However,
other factors may also contribute, such as increased
endorphin response, and pharmacokinetic changes
may also be a factor. In pregnancy, there is also
increased sensitivity to local anesthetics. This is evi-
denced by in vitro studies that have demonstrated
increased sensitivity of nerves from pregnant animals
to block from local anesthetics and clinical evidence of
increased spread of spinal and epidural anesthesia,
although changes in spinal canal volume caused by
epidural vein engorgement are thought to also con-
tribute to the latter.

Pharmacokinetics
The major physiological changes that occur during
pregnancy have important effects on pharmacoki-
netics of many drugs.

Absorption
Although it is thought that gastric emptying is delayed
in pregnancy, evidence is inconsistent. Gastric empty-
ing is also delayed during labor, by pain, and after
administration of opioids. Intestinal motility is
decreased in pregnancy, leading to prolongation of
intestinal passage, which is greater in the second and
third trimesters [5]. These changes may lead to
enhanced absorption of slowly absorbed drugs and
delayed absorption of well-absorbed drugs [5].
Although gastric secretion remains acidic during preg-
nancy, gastric pH is greater than in non-pregnancy
because of a 40% reduction in hydrogen ion secretion
and increased mucus production [6]. This may reduce
the absorption of drugs that are weak acids by increas-
ing their ionization, particularly for single doses.
However, despite the above considerations, the overall
effect of pregnancy on bioavailability of oral drugs is
thought to be minor [7]. However, nausea and vomit-
ing associated with pregnancy may be a significant
physical impediment to oral drug absorption.

Increased cardiac output, tissue flow, and vaso-
dilatation during pregnancy may enhance absorption
of drugs administered subcutaneously, intramuscu-
larly, epidurally, transvaginally, and via mucous
membranes.

Table 14.1. US Food and Drug Administration classification of drugs in pregnancy based on possible fetal risks

Category Fetal risk

A Adequate and well-controlled human studies have failed to demonstrate a risk to the fetus in the first trimester of
pregnancy (and there is no evidence of risk in later trimesters)

B Animal reproduction studies have failed to demonstrate a risk to the fetus and there are no adequate and well-controlled
studies in pregnant women, or animal studies have shown an adverse effect but adequate and well-controlled studies in
pregnant women have failed to demonstrate a risk to the fetus in any trimester

C Animal reproduction studies have shown an adverse effect on the fetus and there are no adequate and well-controlled
studies in humans, but potential benefits may warrant use of the drug in pregnant women despite potential risks

D There is positive evidence of human fetal risk based on adverse reaction data from investigational or marketing
experience or studies in humans, but potential benefits may warrant use of the drug in pregnant women despite
potential risks

X Studies in animals or humans have demonstrated fetal abnormalities and/or there is positive evidence of human fetal risk
based on adverse reaction data from investigational or marketing experience, and the risks involved in use of the drug in
pregnant women clearly outweigh potential benefits

Source: US Food and Drug Administration [1].
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Minute ventilation is substantially increased dur-
ing pregnancy from 7–8 weeks of gestation, whichmay
enhance absorption from the lungs of drugs such as
bronchodilators as well as pollutants and cigarette
smoke. However, the effect on uptake of inhaled anes-
thetics is complex. Increased alveolar ventilation and
reduced functional residual capacity favor a faster rise
in the alveolar concentration of volatile anesthetics
and faster induction, but this is countered by the
increase in cardiac output during pregnancy, which
increases drug removal from the lung and slows the
rate of rise of alveolar partial pressure of volatile drugs.
These effects of ventilation and cardiac output are
more pronounced with more soluble agents.

Distribution
Many factors contribute to changes in drug distribu-
tion in pregnancy, including marked increases in total
body water (approximately 8 L), extracellular fluid,
and plasma volume (approximately 40% or 1.3 L);
decreased concentration of plasma proteins; increased
body fat; and increased cardiac output [8]. These fluid
changes have substantial effects on distribution and
elimination of drugs, especially those that are polar
and water soluble. For example, hydrophilic drugs
such as neuromuscular-blocking agents have a greater
space in which to distribute, leading to increased cal-
culated values of volume of distribution. This also
results in a decrease in the peak plasma concentrations
of hydrophilic drugs, although the clinical effect of this
may be offset by changes in protein binding [7]. Body
fat increases in pregnancy by approximately 3–4 kg,
but although this increases the volume of distribution
of lipophilic drugs, the effect of this is small relative to
the large baseline value.

The plasma concentration of albumin is decreased
by about 30% (from approximately 4.2 to 3.6 g/dL)
during pregnancy, although this may reflect a dilu-
tional effect of the increase in plasma volume [8].
Since the concentration of α1-acid glycoprotein is rel-
atively unaffected, this may represent a reduction in
albumin synthesis or an increase in its catabolism [9].
The result is a decrease in protein binding of many
weakly acidic and weakly basic drugs and a consequent
increase in the free fraction of drug. Steroid and pla-
cental hormones may also displace some drugs from
their protein-binding sites [7]. These changes in pro-
tein binding are important because the free fraction of
drug is responsible for both drug activity and drug
toxicity, and only the free fraction can cross the

placenta. Although an increased free fraction of drug
would be anticipated to increase drug action, this effect
is offset by the fact that a greater proportion of the
drug will be available for hepatic biotransformation
and/or renal elimination; this increased clearance
means that the overall clinical effect of increased free
fraction is minimal for chronic administration of most
drugs [6]. However, for drugs that are highly bound to
albumin, such as anticonvulsants and serotonin reup-
take inhibitors, there may be a significant increase in
drug effect. Conversely, there is little effect for basic
drugs that bind to α1-acid glycoprotein, such as
opioids, tricyclic antidepressants and beta-blockers.

Changes in plasma protein binding are also impor-
tant for monitoring of therapeutic drugs when atten-
tion should be given to whether reference values and
measured concentrations are for total drug or free
drug. For example, phenytoin is approximately 90%
bound to albumin but monitored concentrations are
usually reported as total (bound plus free) values;
therefore an adjustment should be made taking into
account reduced albumin levels when adjusting doses
in pregnant patients.

Transplacental transfer
The human placenta is described as hemochorial with
a structure that places the fetal and maternal blood
circulations in close proximity. Trophoblast covering
the placental villous tree is the main barrier for most
substances. Most substances cross the placenta by pas-
sive diffusion down a concentration gradient, the
extent of which is determined by properties such as
molecular weight, dissociation constant, lipid solubil-
ity, and the extent of plasma protein binding of the
substance. Generally, non-ionized lipophilic mole-
cules with molecular weights up to 600 Da cross the
placenta. Some drugs with structural similarity to
endogenous compounds may be transferred by
nutrient transporters.

Drug efflux transporters
Transporter proteins that facilitate active transport of
drugs and xenobiotics are found in the placenta. In
particular, these include the large group of ATP-
binding cassette (ABC) transporters, which include
P-glycoprotein, breast cancer resistant protein, and
multidrug resistance proteins [10,11]. In addition,
there are ATP-dependent transporters in the solute
carrier protein (SLC) family. These transporters
require energy and are able to transfer drugs and
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other xenobiotics across the placental barrier against a
concentration gradient in a fetus to maternal direction
and thus limit fetal exposure to some drugs and toxins.
For example, drugs that are substrates for these trans-
porters include cytotoxics, protease inhibitors, anti-
biotics, opiods, and antiemetics [5]. Expression and
activity of drug efflux transporters is influenced by
gestational age and pregnancy-related hormones and
growth factors [11]. Drug interactions are possible if
substrates or inhibitors of transporters are coadminis-
tered, and drug-induced induction of downregulation
of inhibitors may occur [11]. Theoretically, choosing a
drug that is a substrate for drug efflux transporter
protein may be advantageous since fetomaternal trans-
fer will be facilitated, thereby limiting fetal drug
exposure. Conversely, if the fetus is the target of phar-
macotherapy, selection of a drug that is not a substrate
would be preferred [5].

Metabolism
Pregnancy-induced changes in protein binding, hep-
atic blood flow, and drug-metabolizing enzymes have
an important influence on the metabolism of drugs.
However, the overall effect on drug activity varies
since clearance may be enhanced for some drugs but
inhibited for others. Furthermore, the overall effect of
pregnancy-induced changes in metabolism may be
complex for prodrugs, which require metabolism to
an active form, and may also affect the formation and
clearance of active and toxic metabolites of some
drugs.

Protein binding
As highlighted above, a decrease in protein binding
increases the free fraction of drug that is available for
metabolism.

Hepatic blood flow
Despite the global increase in overall cardiac output
during pregnancy, studies quantifying changes in hep-
atic blood flow have had conflicting results, probably
reflecting different methodologies used as well as the
possibility of reciprocal changes in the flows of hepatic
arterial and portal venous blood flow, which contrib-
ute approximately 25% and 75% of total hepatic blood
flow, respectively. Studies that utilized hepatic vein
catheterization and the Fick principle with indocya-
nine green clearance found that hepatic blood flow did
not increase in pregnancy. However, evaluation using
Doppler ultrasonography found that total hepatic

blood flow in the third trimester was increased to
about 160% of non-pregnancy values, but this was
related to an increase in portal venous blood flow
with no significant increase found in hepatic arterial
blood flow [12]. This is significant because portal
venous flow is responsible for the first-pass metabo-
lism of drugs.

The increase in hepatic blood flow in pregnancy has
a variable effect on drug metabolism. Theoretically,
drugs with a high hepatic extraction ratio should be
affected the most since their clearance is more depend-
ent on blood flow than for drugs with a low ratio.
However, results have been variable for some high
extraction ratio drugs such as morphine, propranolol,
and midazolam, suggesting that other factors are
involved [13].

Hepatic biotransformation
Pregnancy affects hepatic biotransformation in an
enzyme-specific manner. Increased concentration of
various hormones including estrogen, progesterone,
placental growth hormones, and prolactin exert regu-
latory effects on the expression of drug-metabolizing
enzymes by activating nuclear receptors. The activity
of enzymes involved with both phase I and phase II
hepatic biotransformation may be altered in preg-
nancy. The activity of some isoenzymes may be
increased while others are decreased; consequently, it
is not possible to produce a general model and knowl-
edge of the metabolic handling of individual drugs is
necessary to understand the effect of pregnancy on
clearance of specific drugs.

Phase I enzymes

The cytochrome P450 (CYP) mixed function oxidase
system is the most important enzyme family involved
in drug metabolism. It is a large family of membrane-
bound heme proteins that is responsible for themetab-
olism of a large range of endogenous and exogenous
compounds, including drugs, toxins, and other xeno-
biotics. There are a large number of different CYP
isoenzymes and these are classified with numbers
and letters that indicate their gene family, subfamily,
and individual gene.

The CYP isoenymes showing increased activity
during pregnancy include CYP3A4, CYP2C9,
CYP2D6, CYP2A6.

CYP3A4. This is the most important CYP
isoenzyme, responsible for the metabolism of
over 40% of all drugs. For example,
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investigation of the pharmacokinetics of oral
nifedipine in patients with pregnancy-
induced hypertension showed a shorter
half-life, more rapid clearance, and lower
maximum plasma concentration compared
with non-pregnant controls. This suggests
that efficacy would be improved by reducing
the dosing interval [14]. Studies in pregnant
women with HIV infection have shown
increased metabolism of the protease
inhibitor antiretroviral drugs indinavir,
saquinavir, ritonavir and lopinavir,
suggesting that dosage adjustment during
pregnancy should be considered. Increased
clearance of and lower plasma concentrations
were found for methadone during pregnancy,
suggesting that increased doses may be
required for preventing withdrawal symptoms
in heroin addicts on methadone maintenance.

CYP2C9. The 40-hydroxylation of phenytoin by
CYP2CP is increased in pregnancy, resulting in
a decrease in both total and free plasma
concentrations. Careful monitoring and
consideration of dosage adjustment is indicated
to prevent loss of seizure control [13].

CYP2D6. Drugs reported to be metabolized by
CYP2D6 include metoprolol,
dextromethorphan, and many antidepressants
used in pregnancy, including paroxetine,
duloxetine, fluoxetine, and citalopram.

CYP2A6. Clearance of nicotine and cotinine, which
are metabolized by CYP2A6, is increased
during pregnancy.

The CYP isoenymes showing decreased activity during
pregnancy include CYP1A2 and CYP2C19.

CYP1A2. Metabolism of caffeine by CYP1A2 is
decreased in pregnancy. Decreased metabolism
of theophylline may require dosage reduction
to avoid toxicity. This isoenzyme also
metabolizes clozapine, cyclobenzaprine,
olanzapine, and ondansetron [13].

CYP2C19. The metabolism of the antimalarial
drug proguanil to the active metabolite
cycloguanil is catalyzed by CYP2C19.
Decreased concentration of ycloguanil in
pregnancy may indicate the need for dosage
increase [13]. Metabolism of nelfinavir to its
hydoxylated active metabolite is also catalyzed
by CYP2C19.

Phase II enzymes

The activity of phase II enzymes may also be altered
during pregnancy.

Uridine diphosphate glucuronosyltransferases. This
family of microsomal enzymes catalyzes
covalent addition of glucuronic acid to
lipophilic endogenous and exogenous
compounds, which increases their water
solubility and promotes excretion into bile or
urine. Increased activity has been shown for the
isoenzymes that metabolize drugs, including
lamotrigine, lorazepam, and acetaminophen
(paracetamol). This results in increased
clearance; consequently, dosing adjustment
may be required to maintain therapeutic
plasma concentrations during pregnancy [13].
For example, seizure control was shown to
deteriorate when there was inadequate
adjustment of lamotrigine in pregnancy [15].

N-Acetyltranferase. This is the first drug-
metabolizing enzyme for which genetic
polymorphism was discovered. Studies suggest
that its activity is decreased during pregnancy.
It catalyzes N-acetylation of a number of drugs
including isoniazid, dapsone, and
sulfamethoxazole.

Extrahepatic metabolism
The small intestine contains almost all of the biotrans-
formation enzymes present in the liver, although in
smaller amounts. Phase I and phase II metabolism
occurs in the intestine and is an important contributor
to first-pass metabolism of drugs. However, little
information is available to indicate whether
pregnancy-associated enzyme changes in the intestine
are quantitatively different to those in the liver.
Similarly, many biotransformation enzymes are also
present in the kidney. Plasma cholinesterase activity is
decreased by about 30% in pregnancy, but this is not
associated with a prolonged effect of succinylcholine,
probably because of the offsetting effect of increased
volume of distribution. The placenta also contains
some biotransformation enzymes that may play a
part in preventing entry of xenobiotics into the fetal
circulation. Phase I enzymes are present, of which
CYP1A1 and CYP2E1 have demonstrable metabolic
activity, and some phase II enzymes are also present
[13]. Although not reaching full activity until after
birth, the fetal liver contains biotransformation
enzymes but data are limited regarding their activity.
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Phase II metabolism of drugs by the fetus may prolong
fetal exposure to potentially toxic metabolites because
the more water-soluble conjugates do not readily cross
the placenta to the maternal circulation for elimina-
tion. If excreted in fetal urine they may be recycled in
the fetus by swallowing and reabsorption by the
intestine.

Elimination
Renal excretion depends on the glomerular filtration
rate and tubular secretion and absorption. By the end
of the first trimester, the glomerular filtration rate has
increased by 50% or more, which is related to an
increase in renal blood flow, decreased renal vascular
resistance, and increased cardiac output. It continues
to increase during pregnancy, although it has been
shown to decrease in the last three weeks of gestation.
The increase in glomerular filtration rate favors an
increase in excretion of hydrophilic drugs and metab-
olites. Increased free fraction in pregnancy also con-
tributes to greater glomerular filtration of drugs.
Drugs that have been shown to exhibit an increase in
renal excretion in pregnancy include lithium, atenolol,
digoxin, and antibiotics such as penicillins, cephalo-
sporins, aminoglycosides, and sulfonamides [5]. Little
information is available on the effect of pregnancy on
tubular secretion and absorption of drugs.

Increased alveolar ventilation will enhance elimi-
nation of volatile anesthestics.

Pharmacogenetics
Genotype of mother and fetus can affect individual
susceptibility to some drugs. For example, fetuses
with low levels of the enzyme epoxide hydrolase are
more likely to manifest the fetal hydantoin syndrome
than those with normal levels. Although genetic differ-
ences will contribute to variability of drug response
regardless of whether the patient is pregnant, much of
the research that has been done in this area has been
performed in patients who are pregnant or postpar-
tum [16]. Much recent research has focused on the
effect of single nucleotide polymorphisms. For exam-
ple, genetic variability of the β2-adrenoceptor affects
response and neonatal outcome when beta-2 agonists
are used for tocolysis and also affects vasopressor
requirement during spinal anesthesia for cesarean
delivery. Genetic variability of the opioid mu-receptor
has been shown to affect response to both intrathecal
and systemic opioids. The ATP-binding cassette

transporter proteins also display genetic polymor-
phisms [17].

Vasoactive drugs
During pregnancy, a generalized reduction in the
response to endogenous and exogenous vasoconstric-
tors occurs. However, the relative refractoriness of the
systemic and uteroplacental circulation varies for dif-
ferent agents. For example, there is decreased sensitiv-
ity and reduced vasoconstrictor response to
epinephrine, norepinephrine, and phenylephrine
[18]. Clinically, this means that increased doses of
vasopressors may be required for a given effect, for
example the maintenance of blood pressure during
regional anesthesia for cesarean delivery [19]. Of
note, the uterine circulation is more responsive than
the systemic circulation to the vasoconstrictor effects
of alpha agonists [18], which means that during peri-
ods of high catecholamine release (e.g. hemorrhage) or
during therapeutic administration of vasopressors,
uteroplacental perfusion is unlikely to be preferentially
preserved. The potential for vasoconstriction in the
uteroplacental circulation should be balanced against
the benefits of increased perfusion pressure, both to
the uteroplacental circulation and to the vital organs.

In contrast, although the vasopressor response to
angiotensin II is also reduced in pregnancy, the uterine
circulation is less responsive to this agent than the
systemic circulation [20]. This is thought to be an
adaptive response to pregnancy that contributes to
the redistribution of cardiac output and the increase
in uterine blood flow.

Overdose
The treatment of drug overdose in pregnancy presents
a unique challenge because of changes in the pharma-
codynamics and pharmacokinetics of drugs during the
gravid state. In addition to the drug’s maternal effects,
it is important to consider placental transfer, metabo-
lism, and fetal effects. The goal of therapy in an over-
dose during pregnancy is aimed at preserving
maternal well-being while attempting to limit the risk
to the fetus.

The most frequently used agents for self-inflicted
poisoning during pregnancy are analgesics, antipyret-
ics, and antirheumatics [21]. It is difficult to quantify
the number of women who overdose on these agents
during pregnancy because of the resistance of individ-
uals to report or seek medical help after exposure.
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Appreciating the limitations previously noted, an esti-
mate of the incidence is provided by a recent review of
attempted suicides reported in the State of California
between 1991 and 1999. During that period, there were
2132 pregnancies complicated by attempted suicide
(0.4 per 1000 pregnancies), and of these 86% were by
ingestion of solid or liquid. Since the vast majority
were purposeful ingestion of a substance, this cohort
can be used to extrapolate an approximate incidence of
overdose of 0.4 per 1000 pregnancies [22].

This cohort also allows an estimation of maternal
and perinatal outcomes following an overdose.
Women who overdose during pregnancy have higher
rates of the obstetric complications, premature labor,
cesarean delivery, or a blood transfusion [22]. If the
woman undergoes delivery during her hospitalization
for her attempted suicide, then the newborn is at
increased risk for respiratory distress syndrome and
neonatal and infant death [22].

Acetaminophen overdose
The most common agent used for an overdose during
pregnancy is acetaminophen [23]. Acetaminophen is
metabolized by the liver primarily to form non-toxic
glucuronides and sulfates, which are excreted in the
urine. However, the liver enzyme CYP2E1 metabolizes
a small fraction to highly reactive oxides such as
N-acetyl-p-benzoquinoneimine (NAPQI). This is
quickly bound by glutathione and excreted in the
urine when the recommended dose of acetaminophen
has been ingested.

When a toxic dose of acetaminophen is ingested,
the primary site of cellular injury is in the liver. The
primary enzyme pathways become saturated and a
higher percentage of acetaminophen is converted to
NAPQI by CYP2E1. If the amount of the toxic metab-
olite NAPQI formed in the hepatocyte exceeds the
binding capacity of glutathione, hepatocellular injury
occurs [23]. This damage may not be limited to the
maternal unit since acetaminophen crosses the pla-
centa and, in a similar fashion, the fetal primary enzy-
matic pathways may also become saturated, leading to
the formation of sufficient levels of NAPQI to cause
hepatic injury in the fetus or neonate [23].
Appreciating the increased risk to both the fetus and
mother, the current practice guideline for the
American Association of Poison Control Centers rec-
ommends pregnant woman be sent to the hospital for
evaluation if more than 4 g or 100 mg/kg of acetami-
nophen has been consumed within a 24 hour time

period. This threshold for hospital evaluation is
lower than the 10 g or 200 mg/kg consumed in 24
hours in the non-pregnant adult [24].

After the ingestion of a lethal dose of acetamino-
phen, the patient will experience three stages of clinical
symptoms, which may culminate with her demise
unless she seeks out medical therapy. The first phase
begins within several hours of ingestion and lasts, on
average, less than 12 hours. The gastrointestinal symp-
toms of anorexia, nausea, vomiting dominate, and the
patient rarely presents in shock. Phase II is heralded by
improving gastrointestinal symptoms but there is bio-
chemical evidence of hepatic injury. Phase III begins
on day 3 to 5 and is dominant by signs and symptoms
of overt hepatic damage, with a third of patients pro-
gressing to fulminant hepatic failure. This will be seen
clinically as coagulopathy with hepatic encephalop-
athy, which may progress to maternal and fetal death.

The treatment of acetaminophen overdose is
aimed at decreasing the absorption of acetaminophen
and protecting the hepatocytes from the toxic effects of
the highly reactive metabolites. After initial assess-
ment and stabilization, the patient should undergo
gastrointestinal decontamination with activated char-
coal. The use of activated charcoal has been shown to
decrease the incidence of liver injury compared with
that in individuals who did not undergo treatment,
without affecting the efficacy of N-acetylcysteine given
subsequently [25]. The N-acetylcysteine is given to
bind NAPQI and, therefore, protect the maternal and
fetal hepatocytes from the toxic metabolites produced
from an overdose of acetaminophen. The protocol is
presented in Box 14.1.

Iron
The second most common drug implicated in inten-
tional overdose in pregnancy is iron. This mostly likely
reflects its readily availability to the gravid patient.
Following a toxic ingestion of iron, the patient may
progress through four clinical stages. The first stage
occurs within 6 hours of ingestion and is dominated by
symptoms of gastrointestinal irritation: nausea, vom-
iting, or abdominal pain. Stage II follows, starting 6
hours after ingestion, during which the patient devel-
ops metabolic acidosis and increased capillary perme-
ability, leading to hypotension. Stage III results from
iron’s direct cytotoxicity and manifests as hepatic,
renal, and, in some cases, cardiac failure, which if
untreated may lead to the patient’s demise. For those
patients who survive stage III, stage IV occurs weeks to
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months after the acute event and results in gastro-
intestinal scarring. Iron overdose in the pregnant
patient also increases the rate of the obstetric compli-
cations, spontaneous abortion, and preterm delivery.
The risk of adverse pregnancy outcome is not corre-
lated to the dose ingested, reflected by serum levels, but
whether the patient progresses to stage III [27].

The principle behind the treatment of iron overdose
during pregnancy is to limit the amount of iron
absorbed from the gastrointestinal tract and to safely
eliminate it from the patient to prevent progression to
stage III. Gastric lavage with normal saline or intestinal
irrigation with polyethylence glycol electrolyte solution
is recommended to remove any residual iron tablets
and attempt to limit absorption, Deferoxamine is used
to bind and eliminate the excess iron once it has been
absorbed. Deferoxamine is an iron chelator, which on
binding the ferric iron results in the formation of fer-
rioxamine. Ferrioxamine is excreted renally and is
responsible for the vin rose urine frequently experi-
enced by patients undergoing treatment. The drug has
not been associated with human malformations and
does not cross the placenta [27].

The indications for treatment with deferoxamine
after ingestion of iron overdose are as follows: patient
is symptomatic [2]; patient has ingested >20 mg/kg of

elemental iron [4]; or patient’s serum iron is >4 mg/L
[5]. The treatment protocol is presented in Box 14.2.

Aspirin (acetylsalicylic acid) overdose
Aspirin’s therapeutic window, 100–300 mg/L, is in
close proximity to its toxic range, >400 mg/L. A preg-
nant patient who has ingested a toxic amount of
aspirin usually presents with a classic triad of symp-
toms: hyperventilation, tinnitus, and gastrointestinal
symptoms such as nausea and vomiting. These symp-
toms may be quickly followed by changes in mental
status, resulting from three major mechanisms: direct
toxicity of salicylate species in the central nervous
system, cerebral edema, and neuroglycopenia [28].

When aspirin is ingested, it is quickly metabolized
to salicylate. The treatment of aspirin poisoning is to
use sodium bicarbonate to increase the systemic pH
and trap the salicylate ions in the blood, since charged
molecules cannot easily diffuse across the blood–brain
barrier into the central nervous system [28].
Alkalinization also traps salicylate anions within the
renal tubule, thus inhibiting reabsorption and enhanc-
ing excretion.

The treatment of aspirin overdose does not vary from
the non-pregnant state and is presented in Box 14.3.

Carbon monoxide intoxication
in pregnancy
Carbonmonoxide is formed by the burning of carbon-
containing compounds such as coal, wood, or
petroleum-based fuels. Since carbon monoxide is a

Box 14.1 Treatment of acetaminophen overdose
in pregnancy

Step 1. Limit absorption from the
gastrointestinal tract
Activated charcoal 1 g/kg up to 50 g

Step 2. Bind toxic metabolites in the circulation
1. Determine blood level of acetaminophen
2. Use N-acetylcysteine (NAC)

• able to tolerate oral NAC 140 mg/kg orally
followed by 17 maintenance doses of 70 mg/
kg every 4 hours

• oral cannot be tolerated; use loading dose of
150 mg/kg intravenous over 60 minutes and
then infuse at 12.5 mg/kg per hour for the first
4 hours and 6.25 mg/kg per hour for the next
16 hours

Step 3. Follow-up acetaminophen level
1. If the level during the initial period of 4 to 16

hours is found to be predictive of no liver injury,
the NAC can be stopped

Adapted from Heard and Dart, 2012 [26].

Box 14.2 Treatment of iron overdose in
pregnancy

Step 1. Hydration
Intravenous hydration with isotonic solution

Step 2. Elimination of residual iron tablets from
the gastrointestinal tract
Gastric lavage with normal saline or intestinal irriga-
tion with polyethylene glycol electrolyte solution

Step 3. Bind iron in the circulation with
deforxamine
Deforaxamine is infused at a rate of 15 mg/kg per
hour until symptoms resolve, serum iron levels return
to normal, or vin rose urine if any resolves

Adapted from Tran et al., 2000 [27].
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tasteless, odorless, and colorless gas, exposed individ-
uals may not appreciate that they have been poisoned.
Carbon monoxide leads to tissue hypoxia because of
its strong affinity for hemoglobin. It has 200 times
higher affinity than oxygen and displaces the oxygen
dissociation curve to the left, decreasing oxygen deliv-
ery to the tissue [29]. Carbon monoxide dissolves in
maternal plasma and easily diffuses across the placen-
tal barrier, where it quickly binds with fetal hemoglo-
bin. Carbon monoxide binds 2.5 to 3 times more
aggressively to fetal hemoglobin than to adult hemo-
globin, which results in its longer half-life of 7 hours in
the fetus compared with 2 hours for the mother [29].
This higher affinity of fetal hemoglobin for carbon
monoxide can be observed clinically in the difference

between the maternal mortality rate of 19–24% and
fetal mortality rate of 36–67% after carbon monoxide
poisoning [30]. The therapeutic approach in carbon
monoxide poisoning is to deliver high-dose oxygen to
displace carbon monoxide from the hemoglobin mol-
ecule. The treatment varies according to the delivery
method available and is presented in Box 14.4.
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Chapter

15
Shock
Sreedhar Gaddipati and Marcel Vercauteren

Introduction
While shock is commonly assumed to be synonymous
with hypotension, shock actually represents the clinical
manifestation of tissue dysoxia, resulting from a failure
to sustain the oxygen demands of organs at the cellular
level. At this level, the hypoxic cell will change its
metabolism from aerobic to anaerobic glycolysis, lead-
ing to cellular accumulation of lactate, hydrogen ion,
and inorganic phosphates. Other consequences of shock
at the tissue level include altered membrane potentials
by dysregulated ion channels, and cellular edema.
Production of ATP is inhibited without a decrease in
ATP consumption, which leads to mitochondrial dys-
function and damage, and eventually to apoptosis and
release of intracellular contents into the extracellular
space. The release of hydrogen ions and lactate leads
to lactic acidosis: this has been used as a surrogate for
inadequate tissue perfusion. However, dysfunction at
the cellular level is a result of dysfunction at the circu-
latory level, manifested by inadequate or altered
regional distribution of blood flow between organs
and within organs, leading to a differential in injury
either by severity or in number of systems involved.
Progression of shock eventually leads to multisystem
organ failure and death [1,2].

Clinically, shock may manifest as hypotension,
tachycardia, altered mental status, delayed capillary
refill, oliguria, and temperature changes in the skin or
extremities. While most pregnant patients infrequently
enter clinical states that predispose them to shock, the
obstetricianmust be prepared. Obstetricians most com-
monly encounter shock in the form of hemorrhage, but
it is important to realize that shock can be classified in
several types [3], and correction of the physiological
derangement can correct the dysoxia at the tissue level
before shock becomes irreversible.

Case 15.1 A 32-year-old primigravida presented
to the hospital in preterm labor

A 32-year-old woman in her first pregnancy presented
to the hospital in preterm labor, with her past medical
history notable for quiescent Crohn’s disease and a
history of bowel obstruction. She received penicillin as
is common for women in preterm labor. During labor,
non-reassuring fetal heart patterns necessitated urgent
delivery via cesarean section under general anesthetic.
The procedure itself was uncomplicated except for
intra-abdominal adhesions. Blood loss was estimated
to be 1200mL. On postoperative day 2, she complained
of nausea and vomiting. She was made nil by mouth,
continued on intravenous hydration, and monitored.
Later in the afternoon, she was febrile, tachycardic
(130 beats/min), and her abdominal distension had
worsened. Antibiotics were restarted. Computed
tomographic imaging with contrast was attempted
but interrupted when she vomited the oral contrast
agent. Upon return to the ward, she was hypotensive,
shocky, and confused. The team considered hypovole-
mic, septic, and anaphylactoid etiologies for shock.

She was taken to the operating room, where ileal
perforation was found; she was then moved postop-
eratively to the intensive care unit, intubated and
given vasopressors, pain relief, and antibiotics.

Classification of shock
Shock can be classified by etiology or hemodynamics.

Hypovolemic shock. Shock from loss of circulating
volume. Peripheral vasoconstriction is a
compensatory response.

Cardiogenic shock. Shock from cardiac dysfunction
with low cardiac output: clinical or hemodynamic
parameters show elevated filling pressures.
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Distributive (including septic) shock. Shock where
vasodilatation is a hallmark feature; cardiac
output is elevated and systemic vascular
resistance is low.

Obstructive shock. Shock where obstruction to
cardiac ejection, whether by vasoconstriction,
occlusion, or by external compression, is the
key feature.

These will be further described in this and other chap-
ters but it is important to remember that there also
may be features of several types of shock within one
clinical entity (Figure 15.1).

In broad terms, shock is, ideally, recognized and
evaluated before any alteration in mental status so that
the patient’s history and review of symptoms can aid
in the differential diagnosis. When this is impossible,
other sources must be relied upon, including informa-
tion from relatives, prior medical records, and other
medical personnel. Vital signs and physical examina-
tion can help to narrow the possible precipitant of the
shock state. Laboratory testing and imaging can be of
benefit, although again, depending on the progression
of shock, the clinical picture may be mixed. Standard
laboratory tests would include a complete blood count
with differential, complete electrolyte panel including
creatinine and blood urea nitrogen, liver function
tests, amylase/lipase, troponin, indices of coagulation,
arterial blood gases, toxicology screen, and serum lac-
tate; these should provide a baseline of body functions
and possibly provide clues for diagnosis and treat-
ment. Additional testing such as blood cultures and
urine culture should be obtained if there is suspicion

for infection. Imaging studies such as radiography,
ultrasound, CT, or MRI may be helpful; electrocar-
diography or echocardiography can also be useful in
diagnosis and directing therapy.

Hypovolemic shock
Tissue dysoxia in hypovolemic shock is precipitated by
loss of circulating volume. In obstetrics, this is mainly
but not exclusively caused by hemorrhage. A classic
cause of hypovolemia in pregnancy is diabetic ketoa-
cidosis. While diabetic ketoacidosis can occur in preg-
nancy at lower glucose levels than in the non-pregnant
woman, it is a rare gravida who sustains such an
osmotic diuresis that ends in cardiovascular compro-
mise. Other rare causes of hypovolemic shock that
may occur in pregnancy are adrenal insufficiency,
extensive gastrointestinal losses by diarrhea and/or
vomiting, burns over a sufficiently large surface area,
and disorders leading to third-space accumulation of
fluid, such as intestinal obstruction, severe pancreati-
tis, crush injuries, and peritonitis.

Hemorrhage can generally be divided into obstetric
and non-obstetric causes. Causes of obstetric hemor-
rhage include placenta previa, placenta accreta, placen-
tal abruption, retained placenta, uterine atony, uterine
inversion, trauma associated with delivery (lacerations,
uterine rupture), and ectopic pregnancy. Non-obstetric
causes of hemorrhage include hereditary bleeding dia-
theses (hemophilia, factor XI deficiency) and trauma.
Once hemorrhage occurs, bleeding must be arrested
before there is loss of clotting factors leading to disse-
minated intravascular coagulopathy. Obstetric hemor-
rhage is also covered in Chapter 39 and coagulopathy in
Chapter 11. Classic studies of hemodynamic monitor-
ing in normal pregnancy have allowed us to recognize
changes that occur in pregnancy (Table 15.1) [4].
Cardiac output (CO) increases in pregnancy, because
both stroke volume and heart rate increase: during
pregnancy, prior to labor, CO rises by 50% [4].
Moreover, the proportion of CO directed to the uterus
increases from 2% of output in the first trimester to
17% by term, so that blood flow to the uterus at term is
approximately 450–650 mL/min. Labor diverts still
more of the CO to the uterus (20–25%). During preg-
nancy, blood volume expands, plasma volume more so
than red cell mass, which allows for blood loss at
delivery and may serve to improve placental perfusion.

Hemorrhage has been staged into four classes
(Table 15.2). Although these classes are based on a
70 kg man, they can still aid in recognition of the

Cardiogenic Distributive

ObstructiveHypovolemic

Septic

Allergic

AFE

Co low
SVR high
FP high

Co high
SVR low

Co low
SVR high FP high

Figure 15.1. Different types of shock. AFE, amniotic fluid embolus;
CO, cardiac output; FP, filling pressure; SVR, systemic vascular
resistance.
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condition and in fluid management [5]. As hemorrhage
progresses, heart rate is the first change, followed by
peripheral vasoconstriction, then by hypotension and
clinical signs of hypoperfusion.

The hemodynamic picture of hypovolemic shock is
decreased preload and increased peripheral resistance.

A pulmonary artery catheter would show low filling
pressures and low CO; systemic venous resistance, a
calculated variable, is high. Peripheral vasoconstriction
preserves central perfusion and preload at the expense
of peripheral tissues, and mixed venous oxygen satura-
tion will decrease as more oxygen is unloaded to tissues.

Since the uterus has the capability of hemorrhaging
500 mL/min, there is an increased risk for shock to
develop. Studies have shown that blood loss at delivery
(classically defined averages are 500 mL for vaginal
delivery and 1 L for cesarean section) is underestimated
by obstetricians, and this failure to recognize and/or to
communicate the situation to the rest of the medical
team puts these women at risk [6]. Hemorrhage can be
so brisk that despite the appropriate pharmacological
and surgical techniques deployed in a timely fashion,
shock may still result. As the emerging field of simu-
lation in medicine matures, hemorrhage drills and
improved team communication between obstetrician,
obstetric anesthesiologist, nursing, and blood bank serv-
ices may reduce the need for subsequent intensive care.

Treatment
As a first step in treating hemorrhage, intravenous fluid
resuscitation is employed. Much has been debated on
amounts of fluid to give, strategies for resuscitation
(fixed versus restrictive versus goal-directed resuscita-
tion), and type of fluid to be used. If using crystalloids,
normal saline may be preferred in initial resuscitation,
but excessive use of saline has been associated with
hyperchloremic metabolic acidosis (normal anion gap
metabolic acidosis). Normal saline may also be pre-
ferred in situations where fluid resuscitation is initiated

Table 15.2. Staging of hemorrhage

Parameter Class I Class II Class III Class IV

Blood loss (mL) 750 750–1500 1500–2000 >2000

Percentage circulating volume 15 15–30 30–40 >40

Heart rate (beats/min) 100 >100 >120 >140

Blood pressure Normal Decreased Decreased Decreased

Pulse pressure Normal Decreased Decreased Decreased

Capillary refill test (s) 2 >2 >2 >2

Respiration rate (per min) 14–20 20–30 30–40 >40

Urine output (mL/h) >30 20–30 5–15 Negligible

Mental status Slightly anxious Mildly anxious Anxious, confused Lethargic

Replacement fluid Crystalloid Crystalloid Crystalloid/blood Crystalloid/blood

Table 15.1.Hemodynamic parameters in non-pregnancy and
term pregnancy

Normal
non-pregnant

Term
pregnancy,
not in labor

Cardiac output
(L/min)

4.3 ± 0.9 6.2 ± 1.0

Heart rate
(beats/min)

71 ± 10 83 ± 10

Systemic vascular
resistance
(dyne.s/cm5)

1530 ± 520 1210 ± 266

Pulmonary vascular
resistance
(dyne.s/cm5)

119 ± 47 78 ± 22

Central venous
pressure (mmHg)

4 ± 3 4 ± 3

Pulmonary capillary
wedge pressure
(mmHg)

6 ± 2 8 ± 2

Serum colloid
oncotic pressure
(mmHg)

20.8 ± 1 18.0 ± 1.5

Left ventricular
stroke work index

41 ± 8 48 ± 6

Source: adapted from Clark et al., 1988 [4].
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en route to a medical facility, and in the initial resusci-
tation for patients with diabetic ketoacidosis. Balanced
electrolyte solutions (e.g. lactated Ringer’s, PlasmaLyte)
approximate the electrolyte composition of plasma
while still being isotonic and are commonly utilized in
the operating room. Excessive use of lactated Ringer’s
may be associated with metabolic alkalosis. However,
excessive use of any of the isotonic crystalloidsmay alter
platelet function, dilute coagulation factors and worsen
coagulopathy, and contribute to the development of
cardiac dysfunction, pulmonary edema, ileus, and
abdominal compartment syndrome.

Hydroxyethyl starches (e.g. Hespan, Hextend) and
albumin are also utilized in intravascular volume
expansion, with the theoretical benefits resulting from
colloidal solutions but having a higher likelihood of
remaining intravascular: 20–30% of infused crystalloid
volume remains intravascular compared with 70% with
an albumin infusion. Despite a slightly longer presence
in the intravascular space compared with saline (2–4
hours with albumin compared with <30 minutes with
saline), albumin does not confer persistent improve-
ment in intravascular oncotic pressure, and in clinical
states of high permeability across capillary membranes
(e.g. pre-eclampsia, burns, ongoing development of
shock), albumin may then also enter the interstitium.
There is neither increased nor decreased risk for pul-
monary edema with albumin compared with crystal-
loid. Hydroxyethyl starches are better retained in the
intravascular space than either crystalloid or albumin
(100% of the volume remains intravascular over 24–36
hours) but they have been associated with renal toxicity
and, in excessive use, may contribute to coagulopathy
[3,7,8].

The specific cause of bleeding must be addressed. In
postpartum hemorrhage caused by uterine atony, ute-
rotonics (ergot alkaloids, prostaglandin E1, E2, F2α, and
oxytocin) are employed to arrest bleeding. Occlusive
and surgical management of hemorrhage includes
intrauterine packing or an intracavitary balloon (e.g.
Bakri balloon) to compress dilated spiral arteries, and
suture techniques to compress and ligate vessels.
Topical hemostatic sealants are increasingly employed
in the surgical theater, and if the gravida is hemody-
namically stable, selective arterial embolization by inter-
ventional radiology may arrest bleeding sufficiently to
allow for coagulopathy to correct. Ultimately, hysterec-
tomy is used as a life-saving technique. Current practice
in massive transfusion is to replace packed red cells,
fresh frozen plasma, and platelets in a 1:1:1 ratio.

Blood replacement is indicated for hemorrhagic
shock that has either not responded or only responded
transiently to initial fluid replacement, which suggests
that blood loss is more profound than estimated. A
restrictive approach to fluid management in uncon-
trolled hemorrhage has been studied in the prehospital
management of major trauma, with the hypothesis that
controlled hypotension that still maintains acceptable
organ perfusion would be preferable to the demon-
strated disadvantages of aggressive fluid replacement,
namely inhibition of coagulation, hypothermia, and
dilution of coagulation factors. This approach, while
interesting, is unlikely to be applicable to the pregnant
patient, where uteroplacental perfusion must be main-
tained for fetal reasons, but may possibly have a role in
severe postpartum hemorrhage [9]. Goal-directed fluid
management targets mean arterial blood pressure, sys-
tolic blood pressure, heart rate, urine output, or inva-
sive hemodynamic parameters to monitor therapy.

The management of hypovolemic shock caused by
hemorrhage [10,11] can be summarized in two stages:
initial and secondary treatment.

Initial treatment
1. Assessment of airway management, breathing/

respiratory effort, and circulation. If the patient is
encountered before arrest, circulation will be the
main focus.

2. Creation of an appropriate intravenous access
(minimum 18G, preferably 16G, two sites
cannulated at minimum).

3. Fluid resuscitation with 2 L crystalloid, wide open,
warmed to 37°C. If there is no improvement in
hypotension, then this is changed to blood
replacement. If hemorrhage is massive (50%
circulating volume within 3 hours, or whole blood
volume in 24 hours), a massive transfusion
protocol is initiated but overtransfusion should be
minimized (hemocrit kept to <35%).

4. Provision of supplemental oxygen.

Secondary treatment
1. Provision of left lateral tilt to displace the gravid

uterus and improve CO.
2. Consideration of invasive monitoring with central

venous or pulmonary artery catheter in patients
whose volume status does not respond to
resuscitative measures, and whose central volume
status is, therefore, unknown. Alternatively, non-
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invasive monitoring (echocardiography, tissue
hemoglobin oxygen saturation monitor) can be
used. Pulmonary artery occlusion pressure or
pulmonary capillary wedge pressure, a measure of
central pressure, is actually a proxy for left
ventricular end-diastolic volume, which can be
measured directly with echocardiography.

3. Monitoring of the fetus is instituted aftermaternal
condition has been stabilized, assuming delivery
has not already occurred.

4. Urine output is monitored to assess end-organ
perfusion.

Cardiogenic shock
Cardiogenic shock arises from cardiac dysfunction in
the setting of normal intravascular volume, leading to
decreased perfusion at the tissue level. Unless perfu-
sion is corrected, ischemia at the cellular level further
worsens pump function, leading to a decrease in stroke
volume and in perfusion to the coronary arteries.
Elevated left-sided filling pressures lead to pulmonary
congestion and pulmonary edema, further contribu-
ting to hypoxia. This represents a downward spiral
that leads to end-organ damage and death [12].

The causes of cardiogenic shock are multiple:

* infarction
* ventricular septal wall rupture
* rupture of papillary muscle or chordae tendinae

(acute mitral regurgitation)
* rupture of free wall of left ventricle
* valvular dysfunction or obstruction
* outflow tract obstruction (e.g. idiopathic

hypertrophic subaortic stenosis, left atrial
myxoma)

* arrrhythmia
* pericardial effusion or tamponade
* myocarditis
* post-cardiopulmonary bypass
* cardiomyopathies
* left ventricular apical ballooning.

The most common cause is acute coronary syndromes,
specifically acute myocardial infarction (MI). Most
acute MIs are left ventricular infarction, but infarction
at any location can lead to cardiogenic shock. Anterior
wall infarction of > 40% of the left ventricle reliably
causes cardiogenic shock, but smaller areas of infarction
can lead to shock in a compromised heart (e.g. previ-
ously infarcted area, cardiomyopathy, right ventricular

infarct, or inferior infarct). Mechanical complications
from acute MI can also lead to shock, such as ventric-
ular septal wall rupture, ruptured papillary muscle or
chordae tendinae leading to acute mitral regurgitation,
and rupture of the free wall of the left ventricle.

In the setting of low CO, the patient will exhibit
weakness and fatigue. If pulmonary congestion is part
of the presentation, cough, dyspnea, orthopnea, and
paroxysmal noctural dyspnea may also be present. Of
note, pulmonary congestion may not be apparent on
physical examination, nor is it usually associated with
acute MI of the right ventricle or other causes of right
ventricular pump failure. In the presence of right-sided
pump failure, signs of systemic congestion may be
noted, such as distended neck veins and edema; non-
specific symptoms of nausea and abdominal pain may
also be present. Cardiac findings on examination may
include S3 gallop. With compressive causes of cardio-
genic shock (i.e. pericardial tamponade), clinical find-
ings include muffled heart sounds, but in most cases of
cardiogenic shock, chest radiography, and, crucially,
rapid access to echocardiography will establish the
cause and help to dictate the treatment.

While pulmonary artery catheterization is not
required for a diagnosis of cardiogenic shock, it can aid
in monitoring therapeutic interventions. Hemodynamic
parameters characteristic of cardiogenic shock are severe
depression of the cardiac index (<2.2 L/min per m2) and
sustained systolic arterial hypotension (<90 mmHg)
despite an elevated filling pressure (>18 mmHg.)
Systemic vascular resistance – a variable calculated
from CO and mean arterial pressure – is elevated.

Treatment
Therapy for cardiogenic shock requires restoration of
adequate coronary perfusion in order to minimize fur-
ther myocardial depression and necrosis (Box 15.1).
If acuteMI is suspected, standard protocols for its treat-
ment should be employed, such as aspirin, heparin,
morphine, nitrates, and assessment for fibrinolytic
therapy [13]. In the setting of cardiogenic shock, beta-
blockade and angiotensin-converting enzyme (ACE)
inhibitors should be avoided; ACE inhibitors would
be contraindicated in pregnancy in any event.
Intravenous fluid may be judiciously given to provide
adequate preload and improve hypotension if present.
In the setting of pulmonary edema, however, vasopres-
sors rather than additional volume will be employed.
Norepinephrine is a potent vasoconstrictive agent but
also has mild inotropic effects and is an appropriate
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first choice. Dopamine has chronotropic and inotropic
effects, but at higher infusion rates will stimulate
α-adrenoceptors and produce vasoconstriction.
Although either medication is appropriate, studies
have noted a higher arrhythmogenic potential with
dopamine, and there may be increased mortality with
dopamine in cardiogenic shock. Dobutamine is not
used in hypotension because of its potential to cause
vasodilation. Milrinone, a phosphodiesterase inhibitor,
also has inotropic effects, and while it may have a lower
arrhythmogenic potential, it too can potentiate hypo-
tension. Lastly, levosimendan has properties similar to
dobutamine with inotropic and vasodilatory effects
without chronotropic effects [14].

If shock is refractory to medical management,
placement of an intra-aortic balloon pump may be
crucial in stabilizing the patient, thus decreasing the
likelihood of progression of ischemia and shock. Its

use is primarily a bridge to definitive therapy (stenting
or bypass surgery), but there are case reports of its use
in pregnancy to prolong pregnancy. An intra-aortic
balloon pump is not appropriate for aortic regurgita-
tion or aortic dissection. Whether a left ventricular
assist device is also meant to be a bridge to therapy
versus a destination (i.e. the device as a definitive
therapy) is beyond the scope of this chapter.

In pregnancy, acute MI is a still a rare event, occur-
ring in 2.8 to 6.2 per 100 000 pregnancies. Risk factors
in pregnancy include age >35 years, hypertension, dia-
betes, and obesity. Although pregnancy has not tradi-
tionally been thought to increase the risk, recent data
suggest that pregnancy may increase the risk for acute
MI by three- to four-fold. In a series from 1985, two
thirds of the acute MIs in pregnancy occurred in the
third trimester, and mortality was higher in the third
trimester compared with the earlier two (45% versus
23%) [14]. More recent studies have suggested a 5–7%
fatality rate. Since mortality is known to be higher if
delivery occurs within the first 2–3 weeks after the MI,
delivery should be avoided if possible during this time,
but tocolytics would be ill-advised. If needed, fibrino-
lytic therapy can be used, with the caveat that there is a
risk for bleeding. Postpartum use of fibrinolytic therapy
is riskier than antepartum use because of the potential
for hemorrhage, although if utilized 8 hours after deliv-
ery, the risk may be lower than otherwise feared.

Distributive shock
While distributive shock is not as familiar to obstetri-
cians as hemorrhage, distributive shock is indeed pos-
sible in parturients. This type of shock is marked by
normal or increased CO but pathologically dilated
peripheral circulation. Anaphylactic shock falls into
this category. Sepsis also is generally a distributive
shock, although a mixed picture may also be seen. As
septic shock is addressed in Chapter 31, it will not be
covered here.

Distributive shock may occur after induction of
general anesthesia and would be characterized by a
moderate decrease in arterial blood pressure; but this
is not common among parturients. Arterial blood
pressure and CO may also fall after neuraxial techni-
ques as a physiological consequence of sympathetic
blockade, and this may be pronounced among obstet-
ric patients. Third, distributive shock may occur
through anaphylactic or hypersensivity reactions to
substances to which the parturient is exposed during
the surgical and anesthetic procedure. This section will

Box 15.1. Approach to cardiogenic shock

Initial treatment
1. Assessment of airway management, breathing/

respiratory effort, and circulation. Provide
oxygenation and intravenous access

2. Assess cardiac status, presence of pulmonary
edema, blood pressure. Obtain chest radiograph,
electrocardiography, maternal echocardiography.
Mechanical causes or compressive causes may
warrant urgent surgical intervention

3. If acute myocardial infarction is suspected, initiate
protocols for therapy

4. If low cardiac output noted in setting of
hypotension, initiate vasopressor therapy. In the
absence of pulmonary edema, may judiciously
provide intravenous fluids. If no hypotension,
initiate pure inotrope (e.g. dobutamine)

5. Once therapy has been initiated, assess the fetus,
provide left lateral tilt to displace the gravid
uterus to improve cardiac output

Secondary treatment
1. Consider invasive monitoring with pulmonary

artery catheterization in patients with cardiogenic
shock, particularly where there is poor response
to vasopressor therapy. Pulmonary artery
catheterization or echocardiography can be used
to assess effectiveness of treatment

2. Move to cardiac catheterization if appropriate,
consider intra-aortic balloon pump to minimize
progression of ischemia
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focus exclusively on allergic reactions and their diag-
nosis and management.

Allergic reactions
An anaphylactic reaction is an immediate type hyper-
sensitivity reaction to a substance or drug, causing acute
life-threatening symptoms in two or more organ sys-
tems. Immunoglobulin E (IgE) antibodies are involved
in more than 70% [15]. The reaction is independent of
the pharmacological actions and the dose of the sub-
stance or drug. The term anaphylaxis is used when IgE
antibodies are involved. An anaphylactoid reaction is
clinically indistinguishable from an anaphylactic reac-
tion but is not mediated by IgE. Therefore, the distinc-
tion can only be made after investigation [16–18]. In
the clinical situation, the term “suspected anaphylactic
reaction” should be used. However, since in the liter-
ature there is confusion about the terminology, some
have suggested abandoning the term anaphylactoid all
together: anesthesiologists treat the syndrome regard-
less of the definition.

During anesthesia, many different drugs are used in
rapid succession: not only anesthetics but also antibi-
otics, colloids, local anesthetics, non-steroidal anti-
inflammatory drugs, and so on. In addition, the patient
is exposed to materials such as latex and skin prepara-
tion solutions. Since most drugs given during anesthe-
sia are given intravenously and in bolus, they bypass
the body’s primary immune filters and present high
concentrations of antigen directly to the mast cells and
basophils. So it is difficult to say which drug caused the
suspected reaction, or whether a reaction was the result
from the additive side effects of several drugs injected
simultaneously.

Pathophysiology
In a “classical” anaphylactic reaction, previous contact
with the drug is necessary. Nevertheless, reactions are
possible after first contact with a substance, which is
attributed to cross-sensivity with related substances
present in some medications, cosmetics, bacteria,
or ambient air. On first exposure to an antigen,
B-lymphocytes produce IgE antibodies, which bind
to high-affinity receptors on the surface of mast cells
and the basophils. On second exposure, the antigen
causes bridging of two adjacent IgE antibodies, result-
ing in degranulation of the mast cells and the basophils
[16,18,19].

Mediators can be divided into three groups, depend-
ing on the time they are liberated after stimulation of
the mast cell and the basophil. There is an immediate
release of preformed mediators such as histamine,
tryptase, heparin, and eosinophil and neutrophil che-
motactic factors. Within minutes, newly synthesized
inflammatory mediators from the cell membrane are
liberated: leukotrienes via the lipoxygenase pathway,
prostaglandins via the cyclooxygenase pathway, and
platelet activating factor. Finally, for several hours, cyto-
kines are produced and liberated [16,18–20].

The effects of these mediators are decreased myo-
cardial contractility, increased heart rate, coronary and
pulmonary vasoconstriction, peripheral vasodilata-
tion, increased hepatic venous resistance with pooling
of blood in the splanchnic system, increased perme-
ability (with up to 40% loss of intravascular fluid),
smooth muscle contraction in the bronchi and the
gastrointestinal tract, increased mucus production,
stimulation of sensory nerve endings, and attraction
of other inflammatory cells. In addition, these media-
tors and inflammatory cells activate the coagulation,
the complement, and the kinin–kallikrein pathways
[16,18–20].

In an anaphylactoid reaction, IgE antibodies are not
involved. Previous contact with the drug is not required.
Themechanism ofmast cell and basophil degranulation
is either non-immunological histamine release or
immunological (immunoglobulins G or M) or non-
immunological complement activation with the pro-
duction of anaphylatoxins [16,18,19]. Anaphylatoxins
increase vascular permeability, contract smooth muscle
and attract, aggregate, and activate leukocytes and pla-
telets [19]. This may cause pulmonary leukostasis and
even worsen pulmonary hypertension.

Non-immunological or direct histamine release
will primarily affect the mast cells; the most important
mediator is histamine, which is liberated in a dose-
dependent fashion [19]. The clinical effects are usually
mild [21]. Most drugs release histamine from the mast
cell of the skin, which is harmless. However, some other
drugs, such as atracurium and propofol, also release
histamine from the lung mast cell. Only atracurium
releases histamine from the mast cell of the heart.

Differential diagnosis
Based upon simulation sessions, it appears that anes-
thesiologists require at least 10 minutes before making
a correct diagnosis of an anaphylactic reaction [22].
In clinical circumstances, this may become even more
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difficult, particularly when a patient with known
allergy is pretreated with drugs such as antihistamines
or steroids. During anesthesia, several other possibil-
ities may mimic an allergic reaction. Some substances
do not cause an instant reaction after administration,
such as latex, antibiotics, and local anesthetics. In
obstetric anesthesia, the most important situations
causing hypotension, which may be confused with
anaphylaxis, are local anesthetic-induced sympathetic
blockade, local anesthetic toxicity, vasovagal reaction,
high or total spinal block, neuraxial opioid-induced
side effects, and pulmonary embolism.

Obstetric patients may sustain different types of
embolic complication. Rates of venous thromboemb-
olism, including pulmonary embolus, are increased
(see Chapter 25.)

Air embolism is caused by the entrance of air via
the placental uterine bed, facilitated by the exterioriza-
tion of the uterus during cesarean section. Fortunately,
the amount of air entering the pulmonary circulation
is usually limited and unnoticed, though the possibility
must be kept in mind.

The most devastating event complicating the dif-
ferential diagnosis of anaphylaxis is amniotic fluid
embolism (see Chapter 40). The diagnosis of this life-
threatening complication is most commonly made by
exclusion or, sometimes, alas, at autopsy. As serum
tryptase levels have been found to be increased [23,24],
the difficulty in distinguishing amniotic fluid embo-
lism from anaphylaxis is not surprising. In fact, a
proposed synonym for this entity is “anaphylactoid
syndrome of pregnancy.”

General epidemiology
The incidence of an anaphylactic reaction during anes-
thesia is estimated to be between 1:3500 and 1:20 000
[15,16]. Adult females are more likely to be affected
[15]. There is a geographical variation in incidence,
being lower in the USA and South Africa and higher in
France and New Zealand [16]. However, it is difficult
to calculate the exact incidence because of inaccuracies
in recognizing and reporting anaphylactic reactions
and differences in the definition and investigation of
an anaphylactic reaction. Death from a suspected ana-
phylactic reaction is between 3 and 5% [15–18].

An allergy network in France (Groupe d’Etudes des
Réactions Anaphylactoïdes Peranesthésiques) [15,17]
recently reported a nationwide survey over 8 years
and following more than 2000 referrals: 72% of the
reactions were IgE mediated; females were involved

three times more than males; and 58% was caused by
neuromuscular-blocking drugs, followed by latex and
antibiotics.

Obstetric epidemiology
Although anaphylactic reactions have been reported
for all types of substance used during anesthesia, the
obstetric literature contains only a limited number of
such reactions during childbirth.

Obstetric patients may be relatively protected
because of the tendency to employ regional rather than
general anesthetic techniques and the avoidance of poly-
pharmacy where possible in anesthesia.

The most common substances to which a patient
admitted for labor or surgical delivery is exposed are
induction agents, muscle relaxants, analgesic substan-
ces, latex, antibiotics, oxytocic drugs, and histamine
receptor antagonists.

Although the overall incidence of anaphylactic reac-
tions during anesthesia is highest following the use of
neuromuscular-blocking agents [15–18], reporting of
such reactions in the obstetric literature is rather sparse.
Most probably, the low incidence in obstetric anesthesia
is attributable to the low number of general anesthesia
procedures undertaken nowadays. Succinylcholine is
still considered the mainstay for rapid sequence
induction, and the few reports on anaphylaxis to
neuromuscular-blocking agents during cesarean section
are exclusively related to succinylcholine. Mechanisms
may be either a true anaphylaxis or direct histamine
release from mast cells.

Amongst the neuromuscular-blocking agents,
there is a strong female predominance of anaphylactic
reactions, with a female to male ratio ranging from 2:1
to 8:1. The antigenic determinant is probably the qua-
ternary ammonium ion, which is abundantly present
in drugs, cosmetics, and household products, thus
facilitating an anaphylactic reaction on first exposure
to the neuromuscular-blocking agent. There is contro-
versy about the increased use of rocuronium in some
countries (France and Norway) compared with other
neuromuscular-blocking agents [15]. As rocuronium
can be antagonized now very quickly with sugamma-
dex, it may replace succinylcholine for rapid sequence
intubation during cesarean section, thus undoubtedly
resulting in the appearance sooner or later of anaphy-
lactic reactions.

The most commonly reported allergic reactions
during delivery are related to antibiotics and latex.
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Latex causes IgE-mediated reactions. Symptoms
occur 30–60 minutes after the start of the exposure.
As there may be no relationship with any drug admin-
istration, the diagnosis of an allergic reaction is seldom
made promptly, causing a significant delay in the start
of accurate treatment. Patients with atopy, asthma,
spina bifida, spinal cord injury, allergy to tropical fruits,
multiple prior surgical procedures, or who are them-
selves healthcare workers, are at risk for an anaphylactic
reaction to latex [16–18]. The incidence of latex allergy
has been declining as latex-free rooms and equipment
are becoming more accessible. Nevertheless, latex
allergy is actually the most frequently reported reaction
in obstetric anesthesia. Patients at risk should be first to
have their operation in the morning. Recent literature
has suggested that parturients may be more at risk for
latex allergy than females operated for non-obstetric
reasons [21]. Any allergic reaction occurring at a long
interval after any drug administration should raise sus-
picion that latex is responsible.

Antibiotics may induce several types and clinical
manifestations of allergy; common culprits are ampicil-
lin, penicillin, ceftriaxone, and cefazolin. A recent review
found an incidence of 2.9 per 100 000 deliveries [25].

Colloids have been found to be superior to crystal-
loids in preventing hypotension during cesarean section
under neuraxial, mainly spinal, techniques Dextrans,
gelatins, and starches may be administered. Dextrans
have fallen out of favor because of the potential to cause
anaphylaxis and coagulopathy. Gelatins have also
largely been abandoned because of an allergic potency
as high as 1 in 300 [26]. Starches may be considered a
safer alternative as allergy seems to occur in fewer than
1 in 2500 patients, but allergic reactions are still possible
[26]. There seem to be nomajor differences with respect
to the risk of an allergic reaction among starches of a
comparable molecular weight, or starches made from
corn versus potato.

Reactions to local anesthetics are also generally rare.
The risk is higher for esters (e.g. chloroprocaine, tetra-
caine) than for amide substances (e.g. bupivacaine, ropi-
vacaine). Of 205 patients referred to an allergy clinic for
a suspected anaphylactic reaction to local anesthetics,
only four had a true anaphylactic reaction and four
had delayed allergic reactions [22]. Most of the alleged
allergic reactions were noticed in dentistry practice
and caused by toxicity and/or epinephrine, vasovagal
reactions, or reactions to the preservatives (e.g. methyl-
paraben or bisulfites). In obstetric anesthesia, only
three cases have been reported with proven allergy for

bupivacaine. In patients at high risk for such a reaction,
infiltration with diphenhydramine 0.5–1% has been
proposed for repair of episiotomy as this substance
appears to have weak anesthetic properties [11].

When a parturient claims to be allergic to a certain
local anesthetic, a provocative challenge with an alter-
native agent should be performed. For ropivacaine and
levobupivacaine, no adverse reactions consistent with
hypersensivity has been reported in obstetric anesthe-
sia over more than a decade of use.

Allergic reactions have been reported to uterotonic
drugs, which are universally used on maternity units
[25]. Since these substances are mostly in the hands
of the obstetrician, the anesthesiologist may not be
present at the moment the reaction occurs. Oxytocin
may also cause bronchospasm directly without immu-
nological involvement, making an immediate correct
diagnosis difficult.

Surprisingly, anaphylactoid reactions have been
found to occur with ranitidine, a histamine H2 recep-
tor antagonist used for aspiration prophylaxis prior to
cesarean section This is of particular concern because
histamine H2 receptor antagonists are often recom-
mended as as a secondary treatment option when
anaphylaxis occurs.

Anaphylactic reactions to opioids are extremely rare.
Non-immunological histamine release, however, is
rather frequent, particularly with codeine, morphine,
and meperidine, rarely used now during labor or cesar-
ean section. The mast cells of the skin, more than in
other organs, are extremely sensitive to opioids and will
precipitate reactions, which are generally harmless.
Although allergy to the fentanyl analogues is ignorable,
one obstetric case has been described of an allergic
reaction to neuraxial administration of fentanyl.

Finally, other solitary cases of anaphylaxis have
been reported in obstetric patients, attributed to diclo-
fenac, iron, ethylene oxide (used for equipment steri-
lization), propofol, and metabisulfite (within a local
anesthetic–epinephrine combination). No allergic reac-
tions have been reported to thiopental, etomidate, or
ketamine, the most widely used induction agents for
general anesthesia for cesarean section.

Symptoms and diagnosis
In more than 90% of cases, symptoms start within
minutes after exposure to the inciting agent; latex,
antibiotics, and local anesthetics, however, may be
exceptions in that symptoms may be delayed even for
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hours. Anaphylactic (IgE-mediated) and anaphy-
lactoid (non-IgE-mediated) reactions are clinically
indistinguishable, although the symptoms and signs
of anaphylactic reactions tend to be more severe [3].
The involved target organs are the skin and the respi-
ratory, cardiovascular, and gastrointestinal systems
(Table 15.3). The full range of clinical manifestations
does not occur in every patient [16,18,19].

The incidence of cardiac arrest is about 10%.
Cutaneous symptoms may be recognized in 70% of
the patients. In the 30% in which cutaneous symptoms
are absent, they may have been missed, particularly if
patients were anesthetized or under drapes; the inci-
dence of cutaneous symptoms is higher outside the
anesthesia setting. Bronchospasm is the most promi-
nent feature in 20%, and is almost inevitable in patients
with pre-existing asthma. For obvious reasons, gastro-
intestinal features are uncommon during anesthesia.
The most common initial features during anesthesia
are absence of pulse, oxygen desaturation, difficulty in
ventilating the lungs, and flushing.

Factors that increase the severity of the reaction are
a history of asthma, use of beta-adrenergic blocking
drugs, and neuraxial anesthesia. All of these states are
associated with a reduced efficiency of the endogenous
catecholamine response.

Treatment
The goals of management of anaphylaxis are inter-
rupting contact with the responsible drug, modulating
the effects of the released mediators, and preventing
further mediator production and release [16–19].

Box 15.2 summarizes the management of a suspected
anaphylactic reaction.

The initial therapy consists of discontinuing the
administration of the suspected trigger to prevent fur-
ther activation of mast cells and basophils and stopping
or minimizing administration of agents that may fur-
ther aggravate hemodynamic instability. Endotracheal
intubation should be performed immediately if the
airway appears to be at risk (e.g. stridor, edema of the
face or upper airway). To compensate for intravascular
fluid loss, intravenous crystalloids are administered.
Although colloids may be given, they may cause or
worsen anaphylaxis, and because of increased mem-
brane permeability they may leak out of the intravas-
cular compartment. Leg elevation will increase the
circulating volume by more than 0.5 L.

The cornerstone of successful therapy is epinephrine
[16,18,23]. Epinephrine counteracts some of the effects
of mediator release: stimulation of α1-adrenoceptors
directly constricts capacitance and resistance blood ves-
sels; stimulation of β1-adrenoceptors increases myocar-
dial contractility; and stimulation of β2-adrenoceptors
dilates the bronchioles, decreases hepatic venous resist-
ance (and as a consequence increases venous return)
and increases cyclic AMP in the mast cells basophils,
thereby decreasing mediator release. Because of its
β-adrenoceptor effects, epinephrine is more useful
than the pure alpha-adrenergic agonists (e.g. norepi-
nephrine). The dose of intravenous epinephrine
depends on the severity of symptoms. If the patient is
hypotensive, boluses of 5 to 10 μg are given every 1 to 2
minutes. In the case of cardiovascular collapse, boluses
up to 100 μg are administered every minute together

Table 15.3. Clinical manifestations of a suspected anaphylactic or anaphylactoid reaction

Organ system Symptom Sign Specific sign during anesthesia

Cutaneous Itching Goose-flesh
Rash, erythema, flushing
Urticaria
Periorbital and perioral

edema

Respiratory Lump in the throat Stridor (laryngeal edema) Difficult to ventilate
Hoarseness Wheezing (bronchospasm) ↑ Peak airway pressure
Dysphonia Pulmonary edema ↓ Oxygen saturation
Dyspnea Cyanosis ↑ End-tidal carbon dioxide

Cardiovascular Angina Tachycardia ↓ End-tidal carbon dioxide
Light-headedness Hypotension–cardiac arrest ↑ Hematocrit
Faintness Dysrhythmias

Gastrointestinal Nausea Vomiting
Abdominal pain Diarrhoea
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with closed chest cardiac compressions. A higher dose is
needed during anesthesia than in the non-anesthesia
setting, because both general and regional anesthesia
impair the sympathetic response. Patients taking beta-
blockers are more resistant to the effects of epinephrine
and show unopposed α-adrenoceptor effects. Glucagon,
1–5 mg intravenously, increases intracellular cyclic
AMP independent of the β-adrenoceptors and may be
helpful in patients taking beta-blockers. Patients taking
antidepressants (tricyclic antidepressants, monoamine
oxidase inhibitors) or cocaine are more sensitive to
the effects of epinephrine. Mortality in anaphylaxis
increases if epinephrine is delayed or given inappropri-
ately, and in patients with asthma or cardiovascular
disease.

Histamine H1 receptor antagonists (e.g. prometha-
zine) compete with histamine at the receptor sites.
The use of histamine H2 receptor antagonists is con-
troversial because they may induce or aggravate bron-
choconstriction through unblocked histamine H1

receptor activity. Corticosteroids are of limited useful-
ness in acute anaphylaxis because they require 12–24
hours to work.

Treatment considerations in the parturient
In order to increase venous return, parturients with
severe hypotension should be turned into the left lat-
eral position unless emergency delivery of the fetus is
warranted or cardiac massage is mandatory.

Severe hypotension in a pregnant woman, as in
life-threatening anaphylaxis, raises the question of
whether to use vasopressors. In situations with a bad
neonatal outcome following an anaphylactic reaction
in the mother, it is not possible to determine whether
neonatal morbidity or death was the consequence of
the cardiovascular collapse, the hypoxia resulting from
bronchial constriction, drugs used in the treatment
of this event, or a combination of all these elements.
The placenta and umbilical cord have no compensa-
tory mechanisms when perfusion is endangered. The
blood flow to the placenta is mainly dependent on the
maternal systolic blood pressure and CO as placental
blood vessels are almost maximally dilated in normal
pregnancy. As a consequence, maternal hypotension
will be directly translated into less uteroplacental
perfusion. However, when treating hypotension, care
should be taken to ensure that raising the maternal
blood pressure is not achieved at the expense of sig-
nificant constriction of the uterine arteries, which
supply the circulation reaching the fetus. Ephedrine,
still the most commonly used vasopressor in obstetric
anesthesia, is a direct acting adrenergic agonist and
an indirect sympathomimetic. Despite its general vas-
oconstrictive effects, the uterine vessels may be selec-
tively spared unless high doses are given. However, for
the treatment of anaphylactic shock, even high doses
may fail to correct hypotension. Small doses of 10–
20 μg epinephrine, as recommended for treating mod-
erate anaphylactic reactions, result in a 30–40% reduc-
tion of uterine blood flow, at least in normotensive
subjects. In hypotension, the restoration of blood pres-
sure may be the paramount effect. An uneventful fetal
outcome has been reported after a low-dose infusion
of epinephrine for 4 hours [24]. If bronchocons-
triction is the sole symptom, direct intratracheal
administration may be considered so as to reduce the
systemic effects of epinephrine upon uteroplacental
perfusion.

Similarly, phenylephrine, a selective alpha-adrenergic
agonist, has constrictive effects upon the fetal blood
supply, but doses up to 100 μg may not compromise
neonatal outcome because the increase ofmaternal blood
pressure may outweigh the increased resistance of the
uterine vasculature. Although in resistant cases the use of

Box 15.2. Management of a suspected
anaphylactic reaction

Initial therapy
1. Stop administration of the agent, call for help;

interrupt ongoing procedures such as surgery
2. Give 100% oxygen and assess and secure the

airway
3. Initiate volume expansion; elevate legs
4. Give epinephrine (norepinephrine) 5–100 μg

intravenous; use closed chest cardiac
compressions if pulseless

Secondary therapies
The following may be considered:

1. Histamine H1 receptor antagonists, e.g.
promethazine 50 mg intramuscular

2. Histamine H2 receptor antagonists, e.g. ranitidine
50 mg intravenous

3. For persistent hypotension, norepinephrine
infusion with starting dose 2–4 µg/min

4. For refractory bronchoconstriction, nebulization
of bronchodilators (salbutamol or albuterol)

5. Corticosteroids: hydrocortisone 5 mg/kg
intravenous
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norepinephrine has been suggested, in parturients this
option may be of concern because of both heightened
uterine vasoconstriction and increased uterine tone. Less
experience exists with amnirone and milrinone, which
both have inotropic and vasodilatory effects. These may
only be useful in patients with decreased CO caused by
heart failure.

Investigation of a suspected anaphylactic
reaction
The goals of the investigation [16,17] are to:

* determine the nature of the reaction
* identify the responsible drug and

* determine if there is cross-reactivity between the
culprit drug and other substances

* select substances that are probably safe for future
procedures.

Investigations start with a detailed clinical history,
including the previous medical, drug, and anesthetic
history; previous allergies; the drugs used before
and during the suspected anaphylactic reaction; the
severity of the symptoms; and the timing of the suspected
trigger in relation to the symptoms. Further investigation
may consist of immediate and delayed tests. The purpose
of immediate testing is to try to determine whether the
reaction is immune mediated, while the delayed tests
seek to identify the responsible agent.

Immediate or intraoperative testing
Immediate testing, such as levels of histamine or mast
cell tryptase, is geared toward ascertaining whether
the reaction is immune mediated. Unfortunately, the
half-life of the mediators is short, and resuscitation
rather than testing is the priority. Resuscitation is the
same whether the reaction is IgE mediated or not.

Delayed or postoperative testing
Delayed testing is typically done by skin tests 4–6 weeks
after the suspected anaphylactic reaction, and is beyond
the scope of this chapter. Radioallergosorbent testing
is available for specific IgE antibodies in serum and
is done in vitro. Finally, because of the risk of life-
threatening reactions, challenge tests are not used
except for local anesthetics.

Summary
Anaphylactic and anaphylactoid reactions are clini-
cally indistinguishable. The most incriminated agents

in obstetric anesthesia are antibiotics, succinylcholine,
and latex. Treatment consists of instant interruption of
contact with suspected trigger, 100% oxygen, airway
support including intubation, volume expansion, and
vasopressors where necessary. Further investigation is
mandatory to find the responsible drug and to make
future healthcare interactions safer.

Obstructive shock
A fourth type of shock is obstructive shock, in which
there is mechanical or pressure obstruction to empty-
ing of the ventricles. This may be embolic, as in
pulmonary embolus (Chapter 25) or amniotic fluid
embolus (Chapter 40) or constrictive, as in pericardial
tamponade.

Although this is very rare, pericardial effusion,
possibly resulting in life-threatening tamponade, may
be caused by infection (bacterial or viral), trauma
(including myocardial perforation following central
vein catheterization), MI, hypothyroidism, intracar-
diac space-occupying lesions, carcinomatous neoplas-
tic effusion, autoimmune disease, end-stage renal
disease, or may be idiopathic. It is not an “all-or-
none” phenomenon as symptoms may be very varia-
ble. Most important symptoms consist of dyspnea/
orthopnea, chest pain, tachycardia, and hypotension/
shock. Diagnosis is suggested by jugular vein disten-
tion, pulsus paradoxus, pericardial friction rub, and
right ventricular failure (particularly with pericardial
constriction in case of chronic inflammation). The
effusate may be serous, suppurative, hemorrhagic, or
serosanguineous. Treatment consists of pericardio-
centesis, preferentially under echocardiographic guid-
ance [27].

Mixed shock types
There are several clinical entities where, because of
progression of the clinical state, more than one type
of shock is manifested. Septic shock may have a dis-
tributive component (through activation of the sys-
temic inflammatory response system), a hypovolemic
component (i.e. hemorrhage in coagulopathy), a car-
diogenic component (myocardial dysfunction in the
systemic inflammatory response syndrome and with
toxins associated with septicemia), and an obstructive
component in septic embolism (see Chapter 31).
Although amniotic fluid embolism has been classically
considered to cause shock by obstructing the pulmo-
nary vascular system, pathophysiology in humans

Chapter 15: Shock

171



suggests vasospasm in the pulmonary vasculature and,
therefore, right as well as left ventricular failure.
Amniotic fluid embolism has also been called “ana-
phylactoid syndrome of pregnancy” and has features
of both cardiogenic and distributive shock, plus –
because coagulopathy also occurs in this syndrome –
hypovolemic shock may be superimposed (see
Chapter 40).

Fetal/maternal considerations
While many articles that address the need for intensive
care for the gravida, few provide a detailed accounting
of shock in pregnancy. Although the likelihood of the
gravida entering a shock state is, fortunately, low, it is
important for all members of the care team to realize
that first and foremost, the woman is the primary
focus of care and their important patient. This fact is
sometimes lost even for the obstetrician, and while the
fetus is also of clinical importance, its needs should
never supersede those of the mother, and it should
only become the primary patient once it clear that
resuscitative measures are futile.

To this extent, therapies and treatment that have
been reviewed in this chapter should not be withheld
from a gravid patient; the state of pregnancy should
never penalize a woman nor relegate her to second
class status.
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Chapter

16
Brain death and somatic support
Sarah Armstrong and Roshan Fernando

Brain death in pregnancy
"Brain death" describes the irreversible loss of brain-
stem function in a patient receiving artificial organ
support that delays the onset of cardiac arrest and
somatic death [1]. It is a concept legally recognized
in most countries. Brain death is ultimately followed
by somatic death, often within days, and it is generally
considered futile and, therefore, unethical to continue
to support vital organ function once a diagnosis of
brain death has been made [2]. In the case of a preg-
nant woman, the mother and fetus may be considered
as two distinct organisms and consideration should be
given to the appropriateness of continuing maternal
somatic support to prolong gestation to attain fetal
viability [3]. The incidence of brainstem death in
pregnant women is, fortunately, very low and there
are only around 30 case reports of extended life sup-
port after brain death in pregnancy in the literature.
Suddaby et al. [4] found that of 252 brain-dead
patients, only 5 (2.8%) involved pregnant women
between 15 and 45 years of age.

Fetal viability and the extent of maternal
somatic support
The likelihood of a successful outcome for the fetus
depends primarily on the duration of time required for
the fetus to attain viability. It is clear that the nearer the
pregnancy to term, the more likely the chance of fetal
survival. A gestational age of 32 weeks is commonly
considered to be a reasonable time for delivery in this
context in order to achieve a good chance of survival
with a low risk of handicap [5]. The upper physiolog-
ical limit to the prolongation of somatic function in
the absence of brainstem function is not known. In a
UK study, median time to cardiac arrest following

brainstem death in non-pregnant patients was 3.5–
4.5 days [6] and in their series of 1200 brain-dead
non-pregnant patients, Jennett and Hessett were
unable to find a single case of somatic survival beyond
14 days [7]. The longest reported duration of success-
ful maternal somatic support following brain death to
date is 107 days [8]. In this case, maternal somatic
function remained relatively stable up until delivery
of the infant at approximately 32 weeks, when organ
support was discontinued. At present, there is no clear
lower limit to the gestational age from which the
pregnancy should be supported. It has been suggested
that attempts to prolong maternal somatic function
are futile in all cases where the pregnancy is less than
16 weeks of gestation at the time of maternal brain
death, as this approaches the maximum duration of
sustained maternal somatic function to date. This has
not been extended in 15 years of case reports, despite
dramatic advances in organ support therapies in the
interim [3]. There are three reported cases in the
literature where maternal organ donation was carried
out after successful delivery of the fetus and the role of
the mother as a potential organ donor should also be
borne in mind [9–11]. In the review by Suddaby et al.
of 252 brainstem-dead potential donors [4], five of
seven pregnant women functioned as organ donors
for 20 transplant recipients.

The mechanism of maternal death may be a key
factor in the determination of fetal outcome. The fetal
central nervous system may be affected by any
hypoxic or metabolic insults that resulted in mater-
nal brainstem death. Maternal pathophysiological
processes may be present in the fetus or may com-
promise placental function (such as maternal throm-
bocytosis) as may any drug therapy given to the
mother between the onset of the fatal illness and
maternal brainstem death [12]. These factors must
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all be taken into consideration when deciding on the
likely success of maintaining maternal somatic func-
tion after brainstem death.

Medical management of brain death
in pregnancy
Prolongation of maternal somatic function constitutes
experimental care where the physician must consult
case reports [2,8,13,14] and reviews [15] and extrap-
olate from experiences in sustaining organ function
after brain death to facilitate organ donation [16].
During extended life support, patients are likely to
follow a relatively predictable course of complications,
including sepsis, hemodynamic instability, panhypo-
pituitarism, loss of temperature regulation, metabolic
instability, and eventual cardiac arrest.

Specific attention should be paid to mechanical ven-
tilation in pregnant patients. Carbon dioxide elimina-
tion in the fetus is facilitated in pregnancy by a
progesterone-induced increase in tidal volume and res-
piratory rate, while an increase in renal bicarbonate
excretion compensates for hypocarbia [17]. Ventilation
should maintain arterial partial pressure of carbon diox-
ide and oxygen within the normal pregnancy physiolog-
ical ranges.

Cardiovascular instability most commonly
presents as hypotension, which should be treated
by optimizing intravascular fluid status and colloid
oncotic pressure within physiological ranges [18].
Vasopressors such as dopamine or dobutamine may
be required, and adrenocortical failure should be
considered in hypotension unresponsive to these
measures. Invasive and minimally invasive hemody-
namic monitoring such as the lithium-dilution
cardiac output method or the pulse-contour contin-
uous cardiac output method may be considered to
guide treatment. Labetalol, methyldopa, beta-
blockers, prazosin, calcium channel blockers, and/
or hydralazine may be used for treatment of hyper-
tension in pregnancy. Angiotensin-converting
enzyme inhibitors and angiotensin receptor block-
ers should be avoided as they can cause fetal renal
tubular dysgenesis, oligohydramnios, and fetal
death [19].

Pituitary failure may mandate hormonal replace-
ment with thyroxine and corticosteroids. Diabetes
insipidus may occur, which should be treated with
aggressive fluid replacement and vasopressin in non-
pregnant patients. In pregnancy, vasopressin should

be used with caution because it may have a detrimental
effect on uterine blood flow and in one case report
initiated premature uterine contractions [20,21].
Adrenal insufficiency requires treatment with systemic
steroids, and prednisolone or methylprednisolone
have been recommended because they do not cross
the placenta readily, thus minimizing fetal exposure
[22]. Glucose intolerance is common and may require
insulin therapy.

Maternal thermodynamic instability may be par-
ticularly problematic to manage, manifesting as hypo-
thermia or hyperthermia. Active and passive measures
may be required to maintain temperature homeosta-
sis. Pregnant women are hypercoagulable and this is
exacerbated following brainstem death by flaccid para-
lysis and immobility. They are at a high risk of venous
thrombosis, and prophylaxis using fractionated or
unfractionated heparin should be considered.
Warfarin should be avoided because of its potential
teratogenic effects on the fetal skeletal and central
nervous systems [3].

Maternal seizures may occur before brainstem
death and anticonvulsants are commonly required
for their control. Issues of possible teratogenesis
with anticonvulsant drugs are irrelevant once orga-
nogenesis is complete, that is, after the first trimester.
As with all drugs used in pregnancy it is necessary to
establish both the benefits and risks of the treatment
as well as the potential risk of the untreated condition
on the fetus.

Nutritional support should be initiated early and
preferably via the enteral route. Special attention
should be paid to the management of gastroesopha-
geal reflux in the context of pregnancy and of the
reduced motility of the gastrointestinal tract in
brain-dead patients. The basal energy expenditure
and nutritional requirements of a brainstem-dead
pregnant woman are thought to be around 75% of a
healthy pregnant woman’s requirements, and expen-
diture and nutritional supplementation should be
tailored to this [23].

Three main sources of sepsis may complicate pro-
longed somatic support, including ventilator-
associated pneumonia, urinary tract infections from
indwelling catheters, and infection of intravascular
catheters. These may be by organisms resistant to a
wide variety of antibacterial agents. It has been sug-
gested that these infections should be treated with the
most effective agent available, regardless of any poten-
tial effect on the fetus [24–26]. Strict asepsis, including
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isolation of the maternal body, has been recommen-
ded to reduce the risk of infection [3].

Fetal and neonatal considerations
The gestational age and the condition of the fetus are
the most important factors affecting perinatal outcome
[16]. Most case reports have described daily fetal mon-
itoring using cardiotocography or non-stress testing. It
has also been suggested that serial ultrasound examina-
tions should be performed to evaluate the fetoplacental
unit, amniotic fluid, and fetal growth [27–29].

Conclusions
Brainstem death in the pregnant patient is a tragic but
fortunately rare event that involves complex medical,
ethical, and legal issues. The goal of extended maternal
somatic support is to attempt to facilitate fetal matu-
ration in order to deliver a healthy, viable infant. The
likelihood of a successful outcome determines whether
extended maternal somatic support after brain death
should be attempted. It has been suggested that a
dialogue involving the immediate family, the wishes
of the mother (whether expressed or implied), and
advice from appropriate legal external and multidisci-
plinary medical experts is central to resolving this
issue. From a medical point of view, the management
of the brainstem-dead mother should follow standard
guidelines and recommendations for organ preserva-
tion alongside an awareness of the physiological and
pharmacological implications of pregnancy.
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Chapter

17
Airway management
Felicity Plaat and Alison MacArthur

Introduction
Maternal mortality is regarded as a major indicator of
the quality of healthcare of a nation, and inadequate
airway management remains a significant cause of
anesthetic-related mortality in the obstetric popula-
tion. Failure to intubate the trachea of a pregnant
woman is associated not only with maternal morbidity
andmortality but also, potentially, with fetal demise or
compromise. The aftermath may profoundly affect
family members (particularly those who may have
witnessed the event) and medical and nursing staff.

Airway issues in the pregnant woman
The problems in the pregnant woman are universal:
physiological changes during pregnancy lead to a
reduction in time from onset of apnea to oxygen
desaturation and to an increased likelihood of regur-
gitation from a full stomach. There is also increased
difficulty with visualization at intubation. The specific
challenges in obstetric airway management in North
America reflect the increasing comorbidities of the
obstetric population associated with advancing age
and obesity, and the way care is delivered within the
North American system. The increased concerns for
medicolegal risk and, potentially, a service setting
where not all anesthesia providers are physicians and
other salient factors.

Although the higher incidence of failed tracheal
intubation compared with the non-pregnant state is
well documented, it has been recently disputed [1].
Nevertheless, recent prospectively collected cohort
studies from Australia and New Zealand confirm the
increased risk of morbidity associated with the obstet-
ric airway compared with women who are not preg-
nant [2]. Most cases are unanticipated, occur in
emergency situations, and frequently outside “office”

hours. The incidence of failed intubation is in the
region of eight times that in the non-obstetric popu-
lation [3]. The use of cuffed endotracheal tubes fol-
lowed publication of work by Mendelson in the1950s
on aspiration pneumonia [4].

The unfortunate and paradoxical consequence of
this change of practice in the UK was an increase in
anesthetic-related maternal mortality from failed intu-
bation and failure to oxygenate (Figure 17.1). Between
1970 and 1972, there were 32 direct anesthesia deaths
in the UK, although by 2000–2002 this number had
fallen to six. In the earlier period, most of the deaths
were related to general anesthesia, whereas in the lat-
ter, all were associated with general anesthesia and
three were from unrecognized esophageal intubation.
Although guidelines for the management of failed
intubation were introduced [5], there is still lack of
consensus over the specific drill to be used in obstetrics
and a variety are currently in use [6]. Established
algorithms used in the wider setting fail to address
the obstetric airway [7].

Subsequent developments in airway management
have been driven by the safety imperative. In the UK,
the challenges have included changes in medical
training and practice that have led to a decrease in
the airway management experience of British-trained
anesthesiologists. Use of general anesthesia has
decreased from 83% of cesarean sections in the
1990s to 23% in 2011. Exposure of trainees to obstet-
ric general anesthesia has reduced by a third in some
units [8]. With the reduction in use of general anes-
thesia in the USA, there has been a corresponding
reduction in maternal mortality by a factor of 17
between 1985 and 1990 [9].

Why is the pregnant airway more difficult?
Comparison of the airway at 12 and 38 weeks of
gestation revealed a 14% increase in the incidence
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of patients with grade IV Mallampati scores [10].
Labor and delivery have also been shown to be asso-
ciated with worsening Mallampati scores, although
the effects of the observed changes on ease of intu-
bation have not been determined [11]. It has been
suggested that pharyngeal edema might account for
some of these changes. Progesterone-induced edema
of the airways, tongue, cords, face, and neck may be
exacerbated by pregnancy-induced hypertension,
oxytocin infusion, and a Trendelenberg position
during labor. Valsalva maneuvers associated with
pushing in the second stage of labor may cause lar-
yngeal edema.

During pregnancy, body weight increases by 10 to
20 kg. North American anesthesiology providers must
face what has become an “endemic” problem of obe-
sity amongst women in their reproductive years. Most
North American studies estimate that >20% of the
pregnant population has a body mass index (BMI) of
>30 kg/m2 prior to pregnancy [12], and 5%may have a
BMI of >40 [13]. The accompanying comorbidities
include obstructive sleep apnea, type 2 diabetes melli-
tus, pregnancy-induced hypertension, and the
increased likelihood of an operative delivery. In
North America, it has become common for most
maternity centers delivering women with a BMI >40
to refer them for an antenatal anesthesia consultation.
The prevalence of obesity (BMI ≥30) in the general
population in the UK has increased markedly since the
early 1990s. In 2004, 24% women over 16 were obese
and a national cohort study gave an estimated preva-
lence of morbid obesity (BMI >50) of 87 per 100 000
maternities [14]. A report on maternal mortality in the
UKmade the specific recommendation that “morbidly
obese women should not be anesthetised by trainees
without direct supervision” and “management by con-
sultant anesthesiologists is essential and difficulties

with airway management and intubation should be
anticipated” [15]. In a recent UK nationwide audit of
major complications of airway management, 75% of
obstetric patients were obese and half had significant
medical conditions [16].

Management
An antenatal visit allows the airway to be evaluated
and discussion to be held with the parturient about the
use of invasive monitors such as invasive arterial blood
pressure monitoring and the use of continuous pos-
itive airway pressure devices during and after labor
and delivery. Women with BMI >50 require particular
antenatal planning as laboring beds and operating
tables must be able to operate at their weight and
have sufficient width to contain them. Preparation
for these patients and identification of their arrival at
time of delivery helps to minimize circumstances of
preventable airway mishaps.

Obese parturients may well benefit from early
regional anesthesia, including placement of an epi-
dural catheter in the intrathecal space should inadver-
tent dural puncture occur [17]. The establishment of
functioning regional anesthesia has long been contro-
versial in the face of potential airway difficulties; how-
ever, the likelihood of converting to a general
anesthetic is less with a good functioning epidural or
intrathecal catheter. Ultrasound identification of mid-
line spinous processes when bony landmarks are not
palpable may improve success, and testing mecha-
nisms, such as the Tsui test, can help to confirm the
location of catheters [18]. Contraindications to
regional anesthesia techniques, such as established
maternal hemorrhage, can be minimized by adequate
preparation and early communication with obstetric
colleagues [19].

A recent development in the management of the
airway in the obese patient is the use of the so-called
“ramped” position. The trunk, neck, and head are
aligned so that the sternal notch and external auditory
meatus are at the same level (Figure 17.2). A towel roll
or folded blanket under shoulders and head compen-
sates for the exaggerated flexion caused by postcervical
fat. Specifically designed wedges are also available.
Laryngoscopy and intubation are facilitated, and the
head-up position provides some protection against
aspiration, should regurgitation occur. Respiratory
mechanics are also improved (better diaphragmatic
excursion on inspiration), delaying the onset of hypo-
xia [20].

30

25

R
at

e 
pe

r 
m

ill
io

n 
m

at
er

ni
tie

s

20

15

10

5

0
1952 1961 2000

Figure 17.1. Maternal anesthetic-related death rates in the UK.
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In addition of the problems created by obesity,
other prevalent conditions that increase the likelihood
of operative delivery, and thus a potential for sudden
general anesthesia induction, are increasing maternal
age; chronic maternal diseases such as pre-existing
hypertension, acquired or congenital cardiac diseases;
or lack of adequate antenatal care in indigent popula-
tions such as poor communities of urban cities or
native Indian populations in the rural areas of
Canada and the USA [19,21].

With evidence that these comorbidities are
increasing amongst pregnant women and that the
overall cesarean delivery rate increased to 32.3% in
2008 in the USA [22] and 26.3% in 2006 in Canada,
the absolute number of general obstetric anesthetics
administered in North America may actually be
increasing. However, one center in Canada has
reported the reverse trend [23].

Although all units have guidelines, a recent survey
in the UK found that in 50% of failed intubation in
obstetrics, there was failure to follow these guidelines
[24]. Nevertheless, the need for guidelines is indisput-
able as the potential for administering an emergency
general anesthetic to a parturient will always exist and
the anesthesiologist will need to provide safe and rapid
general anesthesia for all parturients who require it
[25]. No one algorithm has proven to be superior to
another.

Figure 17.3 illustrates the algorithm taught to anes-
thesia residents at Mount Sinai Hospital during their

obstetric anesthesia rotation in the event of a difficult
obstetric airway following induction of general anes-
thesia prior to delivery. Important points in the algo-
rithm to comment on include the second intubation
attempt and the attempts to establishing a supraglottic
airway. During the second intubation attempt, man-
oeuvers to improve visualization should be incorpo-
rated quickly as oxygen desaturation below 90%
mandates manual ventilation. Such manoeuvers
include use of videoscope devices, improving position
of patient’s head’s sniffing position, and use of differ-
ent laryngoscope blades or bougie. Once two attempts
have been made without success, it is critical to quickly
focus on adequate oxygenation and ventilation of the
parturient. The choice of laryngeal mask airway is
between the classic or the ProSeal laryngeal mask air-
way, the latter offering an advantage if a patient has a
full stomach but can be more difficult for an inexper-
ienced user to place. Again the priority is establish-
ment of adequate gas exchange, and both are suitable.
Lastly, in consideration of carrying on with a cesarean
delivery with a supraglottic airway, the parturient is
usually allowed to breathe spontaneously as long as gas
exchange is adequate. This may be difficult with an
obese parturient or one with significant cardiopulmo-
nary compromise. Muscle relaxation is generally not
advocated after the initial induction dose of succinyl-
choline and must only be considered when weighing
the risk of airway device dislodging compared with
improving ventilation with paralysis.

Figure 17.2. Ramped position for airway
optimization.
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From a 20-year study of a homogeneous population
in eastern Canada delivering at a university teaching
hospital, investigators reported a remarkably low inci-
dence of failed intubations amongst their delivery pop-
ulation and a declining number of general anesthetics
for cesarean delivery. The key to their success was
summarized in the leading editorial by one of
Canada’s distinguished obstetric anesthesiologists, Dr.
Joanne Douglas [26]. She succinctly identified the fac-
tors important in the unexpectedly low incidence of
difficult and failed intubations and diminishing num-
ber of general anesthetics: “24-hour in-house service by
obstetric anaesthesiologists, the opportunity for airway
assessment either antepartum or early in labour, and
appropriate planning, including avoidance of GA in
patient with a predicted difficult airway”. Both the
total number and the proportion of general anesthetics
in the Canadian study were noted to decline over the 20
years. The incidence of general anesthetics in later years

of this study (1999–2003; 2.6%) compares with the 1
year rate during 2005–2006 of the Australian study
(2.2%). Another explanation for the Canadian study’s
falling incidence of general anesthesia and accuracy of
intubation visualization was the retrospective study
design. Misclassification is more likely with a retrospec-
tive study than with a prospective study, as was the
Australian, resulting in underestimation of the popula-
tion incidence. Only 17% of women’s anesthetic charts
contained information on airway evaluations, and the
women were primarily a Caucasian population, with
potentially less difficult intubations compared with the
mixed ethnicity population examined in Australia.

Perhaps the main factor responsible for a higher
incidence of difficulties in airway management is that
general anesthesia is generally reserved for extreme
obstetric emergencies: certainly the overwhelming
majority of reported deaths is associated with emer-
gency cesarean sections. All the obstetric cases
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reported to the national UK audit of airway manage-
ment complications were out of hours. In 50%, general
anesthesia had not been planned but was attempted
perioperatively, with obvious implications for the ease
of intubation. In the emergency situation, conditions
for airway management may be worsened by lack of
attention to positioning, poorly applied cricoid pres-
sure, and pressure of time leading to inadequate
oxygenation.

In a recent audit, the main cause of death was
aspiration of gastric contents, and this was a non-
fatal complication in one of the obstetric patients
[16]. Although gastric acidity prophylaxis (with hista-
mine H2 receptor blockers, proton pump inhibitors,
prokinetic drugs, and/or non-particulate antacids) is
reported to be routine by 98% of UK units prior to
emergency cesarean section, a decreasing number of
units routinely give it to high-risk women in labor
[27]. The short duration of action of non-particulate
antacids such as sodium citrate needs to be borne in
mind. In the UK, only a very small minority of units
advised a nil by mouth policy for women in labor, and
in some a light diet is actively encouraged [28]. The use
of a large-bore orogastric tube to empty the stomach
before extubation has been recommended. Extubation
should be delayed until the patient is able to protect
her own airway.

A survey from the south of England covering a
period of 5 years also found that the majority of
cases were emergencies and all had been in the hands
of non-consultant grade anesthesiologists [24]. This
highlights the problem of remote supervision of train-
ees, particularly as a significant proportion of UK
maternity units are separate from general inpatient
facilities. This separation of facilities also highlights
the need for properly trained assistance for the anes-
thesiologist. Management of patients recovering from
general anesthesia is also an area for concern: although
in the UK, midwives in recovery units manage the
majority of obstetric patients, such management is
not a core competency of the midwifery training pro-
gram. Furthermore, the majority of midwives do not
undertake nursing training prior to midwifery. The
decline in the use of general anesthesia means that
even those who have received appropriate training
may find it challenging to maintain those skills.

However, only a third of obstetric units in the UK
undertake difficult intubation training. Although
simulation is well established in general medical edu-
cation, it has only recently begun to be utilized in

obstetric anesthesia. In two obstetric patients with
major airway complications, the reporters com-
mented on the lack of awareness and/or help from
the non-anesthetic staff present. Skills and drills
courses devoted to obstetric emergencies that include
advanced airway skills and management are now
available across the UK. By providing the opportu-
nity for multidisciplinary training they may go some
way to solving such problems.

In North America, a corresponding challenge is the
presence of non-physician providers in some obstetric
anesthesia settings. In a health services review of
anesthesia-provider models, representing over one
million women delivering across six states, certified
registered nurse anesthesiologists were present in
approximately 60% of labor and delivery units. They
commonly provided services along with physician–
anesthesia providers [29]. Only 23% of the labor and
delivery units had services provided only by certified
registered nurse anesthesiologists. The study was
unable to demonstrate any increased risk of maternal
complications on discharge summaries related to
anesthesia by provider type based upon codes in the
International Statistical Classification of Diseases and
Related Health Problems (ICD) [30]. A specific review
of malpractice claims against nurse anesthesiologists
between 1990 and 1996 indicated that 19/41 (46%)
were for general anesthesia (compared with 17% in
similar time period for anesthesiologists) [31]. The
severity of injury in the 19 claims involving general
anesthesia were higher than regional techniques and
included difficult or failed intubation (7/19) and
esophageal intubation (1/19). The incidence of airway
difficulties for certified registered nurse anesthesiolo-
gists was higher than that reported for anesthesiolo-
gists (16/73) [32]. Changes in practice may not be as
quickly adopted amongst nurse anesthesiologists but
further study will need to confirm whether an
increased risk for obstetric airway emergencies exists
amongst certified registered nurse anesthesiologists.

The use of supraglottic airways in the management
of the obstetric airway is undergoing evaluation. The
role in establishing an airway lost during a “can’t
intubate, can’t ventilate” situation is established, but
the type of device used is not. As oxygenation/ventila-
tion as rapidly as possible is needed in this situation,
some argue that the device with which the anesthesi-
ologist has most experience should be used. In the UK,
this is the classic laryngeal mask airway. However since
aspiration is a specific concern in the obstetric
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population, there are a growing number who recom-
mend that a second-generation device should be used
that would provide protection against aspiration and
aid insertion of a definitive airway. The use of such a
device, the ProSeal laryngeal mask airway has been
described in 3000 cesarean sections. Cricoid pressure
was applied during insertion of the airway and obste-
tricians were warned to apply gentle fundal pressure to
limit intra-abdominal pressure. All the patients, how-
ever, were receiving elective surgery. The authors of
the national survey recommend that obstetric anes-
thesiologists should become familiar with the use of
such devices. Which device should be used, particu-
larly where waking the patient up is not an option
[16]? The ProSeal has been found to be easy to insert,
providing a better seal and more effective ventilation
than a standard laryngeal mask airway, with the poten-
tial for gastric drainage and protection against aspira-
tion. It has been used during emergency cesarean
section, with release of cricoid pressure after insertion
and ventilatory pressures between 26 and 35 cmH2O
with no evidence of air leak. A gastric tube was easily
passed on the first attempt [33]. Awake flexible fiber-
oscopic intubation is another recommended skill,
although far from universal amongst UK anesthesiol-
ogists [34]. A recent UK survey found that although all
obstetric units had a “difficult airway trolley,” the
equipment available varied [35].

A high failure rate with emergency cannula crico-
thyroidotomy was a feature of both obstetric and
non-obstetric cases in the national audit. This was
attributed to lack of familiarity with the equipment,
lack of training, and lack of practice. Some of the
skills and drills courses described above do teach
such advanced airway management techniques,
which could go some way to addressing this problem.
In the UK, the McCoy laryngoscope (Figure 17.4) has
overtaken the polio blade in popularity. The role of
videolaryngoscopy is yet to be defined, although an
increasing number of units are adding such equipment
to their difficult intubation trolleys (F. Plaat, personal
communication). In one survey of failed and difficult
intubation in obstetrics, the most commonly used
additional piece of equipment initially used was a
gum elastic bougie [36].

There is lack of consensus over the optimum
method of preoxygenation, particularly in an emer-
gency. When eight vital capacity breaths were com-
pared with a standard 3 minute preoxygenation, no
differences in maternal oxygenation or fetal

outcome were detected. Eight vital capacity breaths
taken over 1 minute were associated with better out-
comes than four vital capacity breaths over 30 sec-
onds [37].

Rapid sequence induction, with cricoid pressure
and intubation, remain the initial management plan
of choice for all obstetric cases in the UK. The view of
the larynx achieved with one-handed cricoid pressure
is significantly better than when two-handed cricoid
pressure is applied and the latter is no longer recom-
mended [38].

Succinylcholine is still the relaxant of choice,
although high-dose rocuronium,with reversal by sugam-
madex, has been described for cesarean section [39].

As to the specific difficult airway equipment sug-
gested for obstetric units, most academic units in the
USA and Canada have a separate cart in or near the
delivery operating room [40,41].

Suggested equipment to maintain in the difficult
airway cart is compiled from University of Toronto,
Mount Sinai Hospital labor and delivery unit and
delivery units in Nashville, Tennessee and the Mayo
Clinic (Box 17.1). An excellent review of the equip-
ment is provided by Mhyre and Healy for aids to
improve laryngoscopy and supraglottic devices [25].

Figure 17.4. McCoy laryngoscope.
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The important feature is that all colleagues providing
anesthesia coverage in labor and delivery must have
available the equipment options they would choose to
improve the intubating conditions of a second
attempt: different laryngoscope blade or videolaryngo-
scope or surgical airway devices (cricothyroidotomy
equipment or kit). In addition, the maintenance of this
cart requires specific personnel and scheduling, as is
done with the cardiac arrest equipment.

Medical legal concerns are greater in North
America than most other developed countries, with
an average of $600 000 paid on behalf of anesthesiol-
ogists for claims of outcomes such as maternal death
and brain damage [32]. Reviews of the insurance
claims resulting in litigation have provided insight
into changing obstetric anesthesia practice patterns.
Amongst recent reviews of North American claims
involving obstetric anesthetic services, the proportion
of general anesthetic-related claims has fallen as have
the number of claims resulting from esophageal intu-
bations or inadequate oxygenation/ventilation [32].

This is a direct result of the publications in the
early 1990s reporting that general anesthesia was asso-
ciated with greater maternal mortality and morbidity.

Practice patterns have changed and regional anesthesia
has predominated in most larger delivery units in
North America. It is reassuring that occurrences of
maternal hypoxic injury appear to be more infrequent
than in the past, regardless of whether this has been
propelled by the litigious medicolegal climate or
improved practice methods.
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Mechanical ventilation
Paul E. Marik, David Grooms, and Malachy O. Columb

Introduction
Fortunately, the admission of the critically ill obstet-
ric patient to the intensive care unit (ICU) is an
infrequent event. Even more reassuring is that the
mortality rates are much lower for obstetric patients
than for matched non-pregnant women (2.3%
compared with 14.7%) [1]. The requirement for
endotracheal intubation and mechanical ventilation
is the most common indication for admission to
ICU. The most common reason for mechanical
ventilation is hypoxic respiratory failure (type I
respiratory failure). In addition, patients with
hypercarbic respiratory failure (type II respiratory
failure) who have failed non-invasive modes of
ventilation (NIV) require endotracheal intubation
and mechanical ventilation. With the development,
refinement, and popularization of non-invasive
positive pressure ventilation as a primary mode of
ventilatory support (continuous positive airway
pressure (CPAP) and bilevel positive airway pres-
sure (Bi-PAP)), many patients who previously
would have required intubation and mechanical
ventilation are now treated with NIV [2–4]. The
most common indications in the general population
for NIV are an acute exacerbation of chronic
obstructive pulmonary disease and acute cardio-
genic pulmonary edema. Use of NIV is generally
inappropriate for patients with severe respiratory
failure caused by pneumonia, aspiration pneumo-
nitis, asthma, or acute lung injury. These acute
conditions are more likely to affect the obstetric
patient, who is also likely to be at increased risk of
gastroesophageal reflux and aspiration pneumonitis
with NIV. This chapter will initially deal with issues
related to mechanical ventilation in general and then
consider those relevant to the obstetric patient.

General issues with mechanical
ventilation
The most common indications for intubation and
mechanical ventilation are:

* hypoxic respiratory failure

* deliver a high fraction of inspired oxygen (Fio2)
* reduce shunt
* apply positive end-expiratory pressure (PEEP)

* hypercapnic respiratory acidosis

* reduce the work of breathing and thus prevent
respiratory muscle fatigue

* maintain adequate alveolar ventilation

* unprotected or unstable airways (e.g. coma)

* secure the airway
* reduce the risk of aspiration
* maintain adequate alveolar ventilation

* other: to facilitate procedure (bronchoscopy),
bronchial suctioning.

Mechanical ventilation is not without risks. The com-
plications associated with mechanical ventilation are
discussed below.

It should be recognized that intubation eliminates
the respiratory protective reflexes (patient cannot
cough effectively) and interferes with the mucociliary
escalator; these effects significantly increase the risk
for the development of pneumonia (ventilator-
associated pneumonia). In addition, mechanical ven-
tilation is never a curative intervention but rather
provides ventilatory assistance while the underlying
disorder improves. Consequently, the decision to
initiate mechanical ventilation is often difficult, and
the clinician should weigh the risks and benefits of the
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intervention. It is also important to recognize that
positive pressure ventilation is potentially lethal in
patients with severe pulmonary hypertension. The
decision to intubate and initiate mechanical ventila-
tion is essentially one of clinical judgment and
should be based on a number of factors including the
respiratory rate, heart rate, blood pressure, signs of
respiratory distress (nasal flaring, use of accessory
muscles, use of abdominal muscles, grunting, etc.),
arterial blood gas analysis (ABG; for arterial partial
pressure of carbon dioxide (Paco2) and oxygen (Pao2),
pH), and/or pulse oximetry, as well as the patient’s
comorbidities, acute medical problem, and the likely
response to medical interventions.

In recent years, a convincing body of evidence has
accumulated that the “traditional” modes of mechan-
ical ventilation frequently caused the disease we were
trying to treat: acute lung injury. A landmark study
published by the Acute Respiratory Distress Syndrome
Network in 2000 demonstrated that a strategy of
volume-control (VC) continuous mandatory ventila-
tion (CMV), otherwise referred to as assist/control
ventilation, using a low tidal volume (VT) of 6 mL/kg
predicted body weight (PBW), coupled with limiting
end-inspiratory alveolar pressure (plateau pressure)
to ≤30 cm H2O, was associated with a significant
reduction in 28-day all-cause mortality compared
with ventilation with traditional VT (12 mL/kg PBW)
in patients with acute lung injury and acute respiratory
distress syndrome (ARDS) [5]. Such an approach,
called the “lung protective strategy,” is now considered
the standard of care and applies to all mechanically
ventilated patients, not just those with ARDS [6–8]. It
is important to use PBW and not actual body weight
for these calculations in order to normalize VT to lung
size, since lung size depends most strongly on height
and sex. The use of VT based on PBW is particularly
important in obese and pregnant patients as lung
volumes do not increase in size with these conditions,
and, in fact, decrease. For example, a person who
ideally weighs 70 kg and who then gains 35 kg has
essentially the same lung size as she did at her previous
weight of 70 kg: she should not receive ventilation with
a higher VT because of the weight gain. The PBW
should be calculated for all patients undergoing
mechanical ventilation. The formula for women is:

PBW kgð Þ ¼ 45:5 þ 0:91 height cmð Þ � 152:4ð Þ
Alveolar overdistention has been shown to damage
normal as well as injured lungs. A number of
studies have demonstrated that large VT values are

independently associated with increases in inflamma-
tory biomarkers and the development of acute lung
injury in patients who did not have acute lung injury at
the onset of mechanical ventilation [9–12]. A recent
population-based cohort study suggested that ARDS is
mainly a healthcare-related syndrome: 67% developed
ARDS after hospital admission, and of those who did
not have ARDS at admission, more than half had had a
recent interaction with the heathcare system such as
recent hospitalization [13]. The strongest evidence
for the benefit of a “protective lung ventilation” strat-
egy in patients without acute lung injury comes from a
randomized clinical trial in postoperative patients
[14]. Intubated, mechanically ventilated patients in a
surgical ICU were randomly assigned to mechanical
ventilation with a VT of 12 or 6 mL/kg PBW. The
incidence of pulmonary infection was lower and dura-
tions of intubation and ICU stay were shorter for
patients randomly assigned to the lower VT strategy,
suggesting that morbidity may be decreased.
Regardless of the mode of mechanical ventilation and
the underlying medical condition, the VT of all
patients undergoing mechanical ventilation should
not exceed 6–8 mL/kg PBW, and this VT should be
coupled with a plateau pressure <30 cmH2O.

Ventilator variables and modes
of ventilation
Current nomenclature related to mechanical ventila-
tion is outdated and confusing. For example, the 8th
edition of Mosby’s Respiratory Care Equipment lists
56 unique names for ventilator mode labels [15].
However, when analyzing the targeting schemes (the
feedback control system the ventilator uses to deliver a
specific ventilatory pattern) in detail, only about 25 of
these modes are “unique” and identifiable using six
basic targeting schemes. Standardization of terminol-
ogy is urgently needed [16,17].

The clinician should be familiar with a number
of modes of ventilation, all of which have specific
indications. Standard ventilator terminology and
variables are listed in Table 18.1 while initial (default)
ventilator settings are listed in Table 18.2. Ventilator
phase variables are illustrated in Figure 18.1.

The most common mode of mechanical ventila-
tion in the ICU is VC-CMV and this can be considered
a “default mode” (Figure 18.2).

Pressure-controlled (PC) CMV (also termed
pressure control ventilation) is equally considered as
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a default/standard mode, particularly in ICUs that
have a highly involved respiratory therapy presence
and a protocol in which the exhaled VT is closely
monitored (Figure 18.2).

Continuous spontaneous ventilation (also termed
pressure-support ventilation (PSV)), where the breath
sequence consisting of only spontaneous breaths, or
CPAP is commonly used in ventilator-dependent
patients with chronic respiratory failure (Figure 18.3)
[16] and is a level 1, evidence-based recommendation

for ventilator liberation (weaning). Because the word
“assist” describes the elevation of airway pressure
above baseline during inspiration, PSV breath types
are assisted, whereas CPAP breaths are unassisted.

Intermittent mandatory ventilation (IMV) with vol-
ume control (VC-IMV) is also known as synchronized
IMV (SIMV; the addition of the letter “S” is no longer
necessary because all modern ventilators can be patient
triggered) has a limited role, mainly in patients with
asthma and those with unresolved respiratory alkalosis.

Table 18.1. Ventilator terminology and parameters

Term Definition

Fio2 Fraction of inspired oxygen, i.e. the percentage of oxygen in the air the patient is breathing

Pco2 Partial pressure carbon dioxide (Paco2, arterial)

Po2 Partial pressure oxygen (Pao2, arterial; Pao2, alveolar)

Rate Respiratory rate or number of breaths per minute

VT Tidal volume, the volume of each breath (usually in mL)

Sensitivity How responsive the ventilator is to the patient’s efforts

Peak flow The maximum flow rate used to deliver each breath to the patient (usually in L/min)

Inspiratory time The time spent in the inspiratory phase of the ventilatory cycle

I:E ratio The ratio of inspiratory time to expiratory time; the sum of inspiratory time and expiratory time is the total cycle time

Flow pattern The shape of the inspiratory flow profile representing the breath type or patient effort; it can be square wave,
sinusoidal, or decelerating

Mode A predetermined pattern of patient–ventilator interaction; the mode can be described at various levels of detail,
e.g. just specifying the control variable (volume or pressure), adding the breath sequence (e.g. volume- or
pressure-controlled continuous mandatory ventilation, pressure-controlled intermittent mandatory ventilation)
and finally including the targeting scheme (e.g. pressure-controlled continuous spontaneous ventilation with
adaptive pressure targeting)

CMV Continuous mandatory ventilation; a breath sequence that does not allow spontaneous breaths between
mandatory breaths

CSV Continuous spontaneous ventilation; a breath sequence consisting of only spontaneous breaths

Cycling The change from inspiration to expiration

Expiration The phase of a breath from the start of expiratory flow to the start of inspiratory flow

IMV Intermittent mandatory ventilation; a breath sequence that allows spontaneous breaths to occur between
mandatory breaths

Inspiration The phase of a breath from the start of inspiratory flow to the start of expiratory flow

Target A predetermined goal of ventilator output such as inspiratory pressure, tidal volume, inspiratory flow, or minute
ventilation

Targeting
scheme

A model of the relationship between operator inputs and ventilator outputs to achieve a specific ventilatory
pattern; the targeting scheme is a key component of a mode description

Mandatory
breath

A breath for which inspiration is machine triggered and/or machine cycled

Spontaneous
breath

A breath for which inspiration is both patient triggered and patient cycled

Trigger To start inspiration; triggering may be machine initiated (e.g. by a preset frequency) or patient initiated (e.g. by
sensing an inspiratory effort using a pressure or flow signal)

PEEP Positive end-expiratory pressure (usually measured in cmH2O)
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It is the only mode of ventilation not recommended for
the ventilator liberation process [16] (Figure 18.4).

Use of PC-CMV and airway pressure release ventila-
tion (APRV) should be considered in patients with severe
ARDSwho have “failed” conventional lowVT ventilation
in the VC-CMV mode. In some centers, APRV is con-
sidered the default mode for acute lung injury/ARDS as
well as for cardiogenic pulmonary edema [18]. Airway

pressure release ventilation is a useful mode in patients
with atelectasis and reduced chest wall compliance.

Ventilator variables
Table 18.1 outlines the various variables, which are
discussed further below.

Cycling
Ventilators have traditionally been classified according
to the cycling method (i.e. termination of inspiration).
However, modern ventilators have microprocessors
that allow them to function in many different modes
with enormous versatility. Therefore cycling is either
machine or patient cycled. Machine cycling is required
if the patient is unable to change the inspiratory time
with inspiratory or expiratory efforts or changes to the
respiratory system time constant; types of machine
cycling include volume and time cycling.

Volume cycled. The ventilator delivers fresh gas
until the preselected volume of gas is delivered.
Alveolar pressure is proportional to respiratory
system elastance and inversely proportional to
compliance. Airway pressure is a function of
volume and flow for a given elastance and
resistance.

Time cycled. Inspiration continues for a preset
interval, with exhalation beginning when this
time interval has elapsed, regardless of airway
pressure or volume delivered.

Patient cycling refers to the influence of the patient
on changing inspiratory time by making changes in
inspiratory or expiratory effort, or respiratory system
time constant. Pressure and flow cycling are examples
of patient cycling.

Pressure cycled. Inspiration continues until a
predetermined peak airway pressure is reached.
The VT is variable (from breath to breath) and
depends on pulmonary time constant,
inspiratory time, and flow rate.

Flow cycled. Inspiration continues until the
inspiratory flow decays to a preset value (usually
a preset flow rate or a percentage of the peak
inspiratory flow rate).

Ventilator trigger variables
With all modes of mechanical ventilation, a predeter-
mined threshold must be reached by the patient or the
ventilator before the ventilator will deliver gas flow. In

Table 18.2. Initial (default) ventilator settingsa

Description

Initial setting

Mode Volume-controlled CMV
(also known as assist/
control ventilation) or
pressure-controlled CMV

VT 8 mL/kg predicted body
weight

Rate 6–12/min

PEEP 5 cmH2O

Fio2 1.0 (100%)

Flow rate 40–80 L/min

Waveform Decelerating

Settings dynamically
adjusted according to
plateau pressures

keep 30 cmH2O (unless stiff
chest wall disorder is present,
e.g. kyphoscoliosis, morbid
obesity, increased abdominal
pressures, neuromuscular
disease)

Arterial hemoglobin
saturation/pulse oximetry

92–96%

pH and Pco2

Intrinsic PEEP

Flow and pressure
waveforms
a See Table 18.1 for definitions.

A Trigger

B Limit

B

C

A
C Cycle

Patient (assisted)

Machine (controlled)

Flow
Pressure

Volume
Time

Figure 18.1. Ventilator phase variables.
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spontaneously breathing patients, pressure and flow
triggering are the most commonly used trigger varia-
bles. With pressure triggering, a set negative pressure
(relative to PEEP) must be attained for the ventilator
to deliver fresh gas into the inspiratory circuit. This is
commonly set at –2 cmH2O. The higher (more neg-
ative) the trigger sensitivity, the harder the patient has
to work to trigger a breath. With flow triggering, the
patient must inspire a predetermined inspiratory flow
rate (usually between 1 and 4 L/min) to start inspira-
tion. During the initial phase of inspiration, the patient
is able to inspire fresh gas, which is supplied from a
base flow that circulates continuously throughout the
inhalation and exhalation circuit. The initial demand
for flow is satisfied by the base flow, while at the same
time generating the inspiratory flow signal according
to the set flow sensitivity. In both the healthy subject
and in the intubated patient, the inspiratory muscle
work has been demonstrated to be significantly higher
with pressure-triggered CPAP (without PSV) than
with flow-triggered CPAP. However, pressure support
of 5 cmH2O has been demonstrated to reduce the

inspiratory muscle work of pressure-triggered CPAP
to a level comparable with that of flow-triggered
CPAP. The goal of the bedside clinician is to reduce
the trigger sensitivity as much as possible in an attempt
to minimize the patient work to trigger without creat-
ing inadvertent ventilator auto-triggering.

Inspiratory to expiratory ratio
Some ventilators allow the operator to set the inspir-
atory to expiratory ratio directly. Other ventilators
allow adjustment of the ratio by altering the flow
rate, respiratory rate, and inspiratory time or percent-
age (including an inspiratory pause). For most adults,
a normal inspiratory to expiratory ratio of 1:2 or 1:3 is
used. In patients with chronic obstructive lung disease
and asthma, longer ratios (>1:4) are necessary to allow
the lungs time to exhale to resting functional residual
capacity (FRC) and to avoid hyperinflation. Patients
who are hypoxemic secondary to ARDS require
increased mean airway pressure to increase the FRC
and allow more surface area for gas transfer to occur.
This can be achieved using either PEEP or inverse ratio

Pressure Pressure

FlowFlow
Time Time

Volume ventilation Pressure ventilation Figure 18.2. Volume- and pressure-limited ventilation.

20

10

0

PSV PSV + CPAP

PEEP

–10

Figure 18.3. Pressure support ventilation (PSV) and
continuous positive airway pressure (CPAP). PEEP, positive
end-expiratory pressure.

Pressure

Time Patient effort

Synchronized machine breath Figure 18.4. Synchronized intermittent mandatory
ventilation.
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ventilation. In addition, studies have demonstrated
that prolonging inspiration can result in a more
homogeneous distribution of ventilation within
abnormal lungs. When the inspiratory to expiratory
ratio is increased to 1:1 or more, the inspiratory pres-
sure is maintained for a longer period of time, but the
peak inspiratory pressure does not increase.

Common modes of mechanical ventilation
The most common modes of mechanical ventilation
are given in Table 18.3.

Volume-controlled continuous mandatory ventilation
In the VC-CMV mode, the ventilator delivers a preset
VT, inspiratory flow pattern, flow rate, and inspiratory
time, within a machine- or patient-triggered breath
(Figure 18.2). In this mode, the control parameter is
VT, which also implies flow control. The inspiratory
pressure will fluctuate from breath to breath. In the
patient who does not spontaneously initiate a breath, a
set frequency determines the rate of mandatory breath
delivery. In the spontaneously breathing patient, if the

patient effort is detected before the next time-triggered
mandatory breath is scheduled to be delivered, the
ventilator will deliver the breath to the patient. The
set rate also serves as a back-up rate in the event of
apnea. Unless the patient is ventilated using a mode
that allows her to dictate her own frequency (in which
the mandatory breath delivery is not based on a time
cycle,) this mode will always deliver ventilation at the
set frequency.

Pressure-controlled continuous mandatory ventilation
The PC-CMV mode delivers a preset pressure and
inspiratory time within a machine- or patient-triggered
breath. The control parameters are pressure and time.
Both VT and inspiratory flow will vary for each breath as
determined by respiratory systemmechanics and patient
inspiratory effort. As the lungs are filled, the inspiratory
flow decreases (decelerating wave) in order tomaintain a
constant pressure. The point at which inspiratory flow
decays to zero represents completed filling of the lung at
the preset pressure. This inspiratory waveform has been
shown to result in a more homogeneous distribution

Table 18.3. Common modalities of mechanical ventilation

Common
mode
terminology

Breathing
pattern

Mandatory breaths Patient-initiated
breaths

Advantage Disadvantage

Trigger Target Cycle Trigger Target Cycle

Assist/control VC-CMV T, P, F F, V V NA NA NA Consistent VT Prone to flow
dysychrony

Pressure control PC-CMV T, P, F P T NA NA NA Improved flow
synchrony

Inconsistent VT
delivery

Pressure-
regulated
volume control

VC-CMV T, P, F F, V, P T NA NA NA Auto-pressure control
adjustment to sustain
consistent VT

Pressure control
reduction when
inspired VT >
delivered VT

Synchronized
intermittent
mandatory
ventilation

VC-IMV,
PC-IMV

T, P, F F, V, P V, T P, F P F Allows spontaneous
breathing

Longer weaning
times and breath
type mismatching

Continuous
positive airway
pressure

PC-CSV NA NA NA P, F P P Improved synchrony Hemodynamic
compromise

Pressure-
support
ventilation

PC-CSV NA NA NA P, F P F, P Improved synchrony Inconsistent VT
delivery

Airway pressure
release
ventilation

PC-CSV T P T P, F P F Can sustain mean
airway pressure with
lower plateau pressure

Inconsistent VT
delivery

CMV, continuous mandatory ventilation; F, flow; IMV, intermittent mandatory ventilation; P, pressure; PC, pressure controlled; T, time;
V, volume; VC, volume controlled; VT, tidal volume.

Section 3: Critical care tools and techniques

192



of gas flow in patients with ARDS. Improved patient
comfort and lower work of breathing have been
observed in spontaneously breathing patients with the
use of PC-CMV in comparison to VC-CMV [19,20].

Volume-controlled and pressure-controlled
intermittent mandatory ventilation
When using a mode that provides an IMV breath
sequence, the patient may be given two different
breath types: (1) a mandatory volume-controlled
or pressure-controlled breath, or (2) a spontaneous
breath that may be assisted (e.g. with pressure support)
or unassisted (pressure does not rise above PEEP dur-
ing inspiration). The original clinical intent was to
partition ventilatory support between assisted and
unassisted breaths. Historically, this was an evolution-
ary milestone in mechanical ventilation, as it was
the first breath sequence of its kind to allow patients
to breathe spontaneously through the ventilator
circuit at a VT and acute lung injury that he/she deter-
mined according to need. Although it is perceived to
“synchronize” with the patient’s respiratory efforts
(i.e. SIMV), this was later realized to be untrue, as
synchrony is based on the ventilator’s frequency of
breath detection, satisfying inspiratory flow demand,
and ability to cycle into exhalation, which are now
present in most modes of ventilation (see Figure 18.4).

Continuous mandatory ventilation
The acronym CMV has been used by ventilator man-
ufacturers to define a variety of modes of ventilation
and has blurred the historical distinction between
CMV and IMV [17]. With CMV (commonly known
as assist/control ventilation), all breaths are manda-
tory unless there is provision for spontaneous breaths
during mandatory breaths (i.e. using a so-called active
exhalation valve). The defining characteristic of CMV is
that spontaneous breaths are not permitted between
mandatory breaths because an inspiratory effort after
a mandatory breath triggers another mandatory breath.
Typically, CMV provides a preset mandatory breath
frequency in the case of apnea, but the actual breathing
frequency at any time is a function of the patient’s
inspiratory efforts (the actual frequency is usually
higher than the set frequency).

Continuous spontaneous ventilation with pressure
support ventilation
The development of PSV (classified as a type
of pressure-controlled continuous spontaneous

ventilation) was intended to reduce the work of
spontaneous breathing in the IMV and CPAP
modes (Figure 18.3). With pressure support, each
breath is patient triggered, pressure targeted, and
flow cycled, This is different from a PC-CMV
breath, for which breaths are patient or machine
triggered, pressure targeted, and time cycled.
Therefore, this breath type allows the patient to
have a more flexible inspiratory time. Use of PSV
also compensates for the inherent impedance of the
ventilator circuit and endotracheal tube, enabling
the patient to establish a more natural breathing
pattern. A PSV of 5–10 cmH2O will overcome the
resistance of the ventilator circuit and endotracheal
tube. With PSV, the patient controls the rate,
volume, and duration of each breath.

Airway pressure release ventilation
The time-triggered, pressure-targeted, time-cycled
APRV mode of ventilation allows unrestricted sponta-
neous breathing throughout the entire ventilatory
cycle (Figure 18.5). It is an alternative approach to
the “open-lung” ventilation strategy [21]. Although
recruitment maneuvers may be effective in improving
gas exchange and compliance, these effects are not
sustained, and APRV may be viewed as a nearly con-
tinuous recruitment maneuver [22]. The ventilator
maintains a high-pressure setting for the bulk of the
respiratory cycle, which is followed by a periodic
release to a low pressure [23]. The periodic releases
aid in carbon dioxide elimination. The release periods
at low pressure are kept short (0.2–1.0 seconds) in
order to induce a level of intrinsic auto-PEEP, which
prevents alveolar derecruitment and enhances sponta-
neous breathing during the high-pressure period
[21,24]. The advantages of APRV over VC-CMV
include an increase in mean alveolar pressure with
alveolar recruitment, improved patient/ventilator
synchrony, the hemodynamic and ventilatory benefits
associated with spontaneous breathing, and the
reduced requirement for sedation.

Positive end-expiratory pressure
Use of PEEP provides an end-expiratory pressure
above atmospheric pressure (Figure 18.3). The mean
airway pressure increases in proportion to the level of
PEEP. In patients with pulmonary edema, PEEP
shifts the pressure–volume inflation curve toward nor-
mal, increasing compliance, recruiting alveoli, and
increasing FRC. Use of PEEP also decreases the left
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ventricular transmural pressure gradient and tension,
thus decreasing afterload. It is also thought that PEEP
redistributes lung water. In patients with a large
(>30%) shunt, increasing Fio2 has little effect on
Pao2: increased PEEP is required to increase Pao2 in
patients with a large shunt. It should be noted that
although PEEP is “good” for left ventricular function,
it may cause cardiovascular collapse in patients with
severe right ventricular dysfunction. Some clinicians
use “physiological” or prophylactic PEEP (5 cmH2O)
to prevent atelectasis/pneumonia. Manzano et al. [25]
randomized 131 mechanically ventilated patients with
normal chest radiograph and Pao2/Fio2 >250 to
receive mechanical ventilation with 5–8 cmH2O
PEEP or no PEEP. Ventilator-associated pneumonia
was detected in 16 (25.4%) patients in the control

group and 6 (9.4%) in the PEEP group. The number
of patients who developed hypoxemia was significantly
higher in the control group (34 of 63; 54%) than in the
PEEP group (12 of 64; 19%).

Increased PEEP (>5 cmH2O) is primarily used
in patients with pulmonary edema (cardiogenic and
non-cardiogenic) and a large intrapulmonary shunt
who become refractory to increasing Fio2. The opti-
mal method of setting PEEP in patients with ARDS
is controversial. Excessive PEEP will overinflate
compliant lungs and increase ventilation/perfusion
mismatching as well as reducing cardiac output.
However, inadequate PEEP may result in airway
collapse at the end of expiration, leading to the cyclic
opening and closing of alveolar units, which may
further perpetuate lung injury. The goal is to set
PEEP at a level that does not overdistend healthy
alveoli but at the same time does not let diseased air-
ways collapse. The term “open lung approach” has
been used to describe this method of ventilation [26].
It has been reported that a mean PEEP of 15 cmH2O is
required to sustain alveolar opening at end-expiration
in patients with ARDS [26]. While the beneficial
effects of a low tidal volume strategy is largely
accepted, the role of PEEP as part of the “lung protec-
tive strategy” is more controversial [27–29]. A meta-
analysis demonstrated a trend towards improved
mortality with high PEEP, with the pooled cumulative
risk of 0.90 (95% confidence interval, 0.72–1.02;
p = 0.077) [30]. “Best PEEP” can be estimated by
plotting a static pressure–volume curve measuring
airway pressure at each incrementally higher tidal
volume (Figure 18.6). This curve classically demon-
strates an upper and lower inflection point, represent-
ing respiratory system opening and overdistention.
The level of PEEP should be set above the lower
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Figure 18.5. Airway pressure-release ventilation.
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inflection point such that the sum of the PEEP and the
inspiratory pressure should be 30 cm H2O (a plateau
pressure up to 35 cmH2O may be acceptable) or the
upper inflection point. Should an inflection point not
be present on the pressure–volume curve, or it is not
possible to perform this maneuver, the initial PEEP
should be set between 10 and 15 cmH2O.

Ideally, both VT and PEEP should be adjusted
according to transpulmonary pressures (airway pres-
sure minus pleural pressure) to maintain oxygenation
while minimizing both repeated alveolar collapse
(negative end-expiratory transpulmonary pressure)
and alveolar overdistension (high end-inspiratory
transpulmonary pressure). While pleural pressure is
very difficult to measure clinically, it can be estimated
using esophageal manometry [31].

Monitoring patients undergoing
mechanical ventilation
All patients receiving mechanical ventilation should be
monitored by pulse oximetry. Analysis of ABGs should
be performed during the initial ventilator adjustments
and then when clinically indicated. The arterial hemo-
globin saturation, as measured by pulse oximetry,
provides adequate information for managing most ven-
tilated patients. Patients with carbon dioxide retention
and those with complex metabolic derangements gen-
erally require regular ABG analyses. It is not necessary to
perform an ABG analysis after every ventilator change.
In fact, studies have demonstrated that obtaining a
routine ABG following completion of a spontaneous
breathing trial did not affect extubation decisionmaking
and that outcomes were similar to those who did not
receive routine ABG measurements [32,33]. Routine
ABG analysis following a spontaneous breathing trial
is not recommended unless clinically indicated. All
the ventilator parameters, including plateau pressure,
mean airway pressure, VT, and minute volume, should
be monitored periodically. A chest radiograph should
be performed after intubation and repeated as clinically
indicated. Routine daily chest radiographs are not
cost-effective [34].

Mechanical ventilation during
pregnancy
In the era before the H1N1 influenza pandemic, ARDS
was reported to account for as many as 19% of obstet-
ric ICU admissions, with a maternal mortality as high

as 44% [35–38]. The commonest causes of ARDS
included community-acquired pneumonia (particu-
larly in patients with HIV infection), aspiration pneu-
monitis, septic abortion, and eclampsia/pre-eclampsia
[35–38]. The H1N1 influenza virus has a predilection
to cause severe ARDS in pregnant patients [39].
Consequently, the number of pregnant patients admit-
ted to the ICU with severe respiratory failure increased
dramatically during the pandemic of 2009.

The clinical criteria for intubating a pregnant
patient are similar to those in non-pregnant patients
and include increased work of breathing, mental status
deterioration, hemodynamic instability, and inability
to protect the airway or manage secretions [40]. Blood
gas criteria for intubation may vary depending on the
gestational age of the pregnancy, but later in preg-
nancy, which is when most cases of ARDS in preg-
nancy occur, a normal Paco2 should be interpreted as
a sign of impending respiratory failure. Inability to
maintain a Pao2 of >70 mmHg (9 kPa), or a blood
oxygen saturation of >95%, with conservative therapy
should also be interpreted as a sign of respiratory
compromise requiring intubation [40].

The physiological changes of pregnancy have a sig-
nificant impact on the pathophysiology of ARDS. The
mechanical effect of pregnancy causes a decrease in
chest wall compliance, particularly in late pregnancy
[41]. This compounds the decrease in lung compliance
associated with ARDS, causing a significant fall in total
compliance. The FRC and residual volume decrease
with advancing pregnancy [41]. These changes increase
the risk of alveolar collapse, particularly in the depend-
ent areas of the lung. Although a Pao2 of 55 mmHg
(7.5 kPa) and an oxygen saturation of 88% is well
tolerated in non-pregnant patients with ARDS, “classic
teaching” states that fetal oxygenation requires a Pao2
of >70mmHg (9 kPa), which corresponds to a maternal
oxygen saturation of approximately 95% [40,42].

There are no published studies that have investigated
a low VT ventilatory strategy in pregnant women
with ARDS and such a strategy may result in severe
lung derecruitment. Furthermore, because of the
increased oxygen demands, a lowVT ventilatory strategy
may be unable to maintain adequate arterial oxygen-
ation. Permissive hypercapnia has not been studied
in pregnancy. Theoretically, maternal respiratory acido-
sis could lead to fetal acidosis, a shift of the fetal
oxyhemoglobin dissociation curve to the right, and con-
sequently impaired oxygenation of fetal hemoglobin. An
animal model suggested that maternal hypercapnia
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(Paco2 >60 mmHg (8 kPa)) may lead to increased
uterine vascular resistance and decreased uteroplacental
blood flow [43]. However, good pregnancy outcomes
have been reported with the use of permissive
hypercapnia in a few pregnant patients with status
asthmaticus [44]. Observational data on the higher VT

ventilation technique that predated the current standard
suggest that pregnant women with ARDS are evenmore
susceptible to barotrauma than the non-pregnant
population [36,38]. This may have been because of the
higher airway pressures required to deliver a set VT

because of the decreased extra-thoracic compliance.
These data suggest that in pregnant patients undergoing
a low VT ventilatory strategy, esophageal manometry
may be essential to optimize PEEP and VT. In patients
who have “failed” a low VT ventilatory strategy, APRV
should be considered. In fact, APRV may be an ideal
ventilatorymode in pregnant patients with severeARDS,
as the increased mean alveolar pressure with short
release time will recruit collapsed dependent lung while
preventing overdistension of ventilated alveoli. We have
previously reported two pregnant patients with life-
threatening ARDS who were successfully managed
with APRV [45]. We believe that APRV should be
considered as an alternative ventilatory strategy in preg-
nant patients with severe ARDS. During the H1N1 influ-
enza outbreak, many patients failed “conventional”
modes of ventilation and required inhaled nitric oxide,
high-frequency oscillatory ventilation, and/or extracor-
poral membrane oxygenation [39,46,47].

Sedation is crucial to achieve optimal ventilation,
particularly with a low VT strategy, which is often
poorly tolerated. However, the safety of continuous
sedative usage in pregnant patients is not known [48]
(see also Chapters 14 and 18). Use of APRV has the
distinct advantage of requiring minimal sedation.

Positioning of the mechanically ventilated patient
in the flexed 30° head-up position has been promoted
to reduce the risk of gastroesophageal reflux and aspi-
ration and the subsequent development of ventilator-
associated pneumonia. Although there is no specific
guidance in mechanically ventilated obstetric patients,
there is some recent evidence of the benefit of a 30°
head-up position in improving FRC in awake preg-
nant subjects, where FRC increased significantly by
188 mL in changing from the supine position [49].
It also was noticeable in this study that there was
a trend to less benefit in increasing FRC with increas-
ing body mass index. Nevertheless, there may be
some benefits to be gained in possibly avoiding

derecruitment. Although position of the pregnant
woman does cause significant changes in cardiac
index and other hemodynamic variables [50,51], in
practice these are small and not likely to affect overall
cardiorespiratory efficiency, although direct aorto-
caval compression should of course be avoided.

Shortly after beginning care for a pregnant woman
with ARDS, fetal assessment should take place and
plans for possible delivery should be made. These
plans are influenced by the gestational age of the
fetus, fetal status, maternal status, and the gestational
age at which the treating institution can support a
preterm infant, which is often 24–26 weeks for larger
centers [40]. As is often the case in the management of
the critically ill pregnant women, difficult decisions
have to be taken in circumstances when optimal
management of the mother may reduce the chance of
a good fetal outcome.

Non-invasive ventilation in pregnancy
Non-invasive ventilation can be delivered nasally or by
face mask, using either a conventional mechanical
ventilator or a machine designed specifically for this
purpose. There are two major modes of supplying
NIV support: CPAP and BiPAP. Use of CPAP pro-
vides continuous positive pressure throughout the
respiratory cycle; recruits underventilated alveoli by
increasing lung volume at the end of expiration, result-
ing in improved gas exchange; and is also effective
in decreasing work of breathing compared with
unsupported ventilation.

The advantages of NIV include improved patient
comfort; reduced need for sedation; and avoidance of
the complications of endotracheal intubation, including
upper airway trauma, sinusitis, and nosocomial pneu-
monia. Furthermore, airway defense mechanisms and
speech and swallowing are left intact, and the patient
remains alert and communicative. Non-invasive ventila-
tion has been used successfully to treat acute respiratory
failure in postoperative patients and in those with pul-
monary edema, chronic obstructive pulmonary disease,
and obstructive sleep apnea. It has also been used to
facilitate weaning from ventilation support. There is
very little experience worldwide with the use of NIV in
pregnancy [52]. Gastric distension and vomiting with
NIV are more likely in the pregnant patient because of
the reduced tone of the lower esophageal sphincter. A
careful trial of NIV may be appropriate in selected
patients with respiratory failure that is likely to be rapidly
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reversible. The patient should understand the risks
involved and be highly cooperative. High inspiratory
pressures should be avoided, with a low threshold for
endotracheal intubation.

Conclusions
This chapter has dealt with mechanical ventilator
strategies in general and for the critically ill pregnant
patient in particular. It has also the range of terminol-
ogies that abound and the respiratory physiology that
underpins these. The indications for, and modes of,
mechanical ventilation for the population of patients
in critical care are similar to those for the obstetric
patient. The 2009 H1N1 influenza pandemic and the
particular susceptibility of pregnancy in such circum-
stances reinforce the need to appraise the rationale
for mechanical ventilation in such patients. Finally,
APRV as a ventilatory paradigm, in particular, may
be particularly useful in the pregnant patient with
pneumonits, acute lung injury, or ARDS.
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Chapter

19
Sedation and pain management
Thierry Girard

Introduction
There are several reasons why critically ill patients
might need analgesia and/or sedation in the intensive
care unit (ICU). Analgesia aims to prevent, treat, and
manage pain during a stay in the ICU. Analgesia is
obviously needed for postoperative pain, for pain
following trauma, or for painful procedures per-
formed in the ICU. Sedation aims to provide anxiol-
ysis to the patient and to prevent agitation. Sedation
might be needed because the patient is agitated,
frequently as an accompaniment to mechanical venti-
lation, or to improve neurological outcome in patients
with intracranial pathologies. Analgesia and sedation
should be dosed according to the needs of the patient.
The correct dosage for analgesia and sedation is not
easily determined and as many as half of the patients
on the ICU can be oversedated [1]. There are a number
of different scoring systems to evaluate analgesia and
sedation in ICU patients. One of the better validated
scores is the Richmond Sedation and Agitation
Score (Table 19.1). In general, sedation of patients in
ICU is used much more restrictively now than in the
past. Analgesia is by far the more important compo-
nent, and sufficient analgesia can reduce or eliminate
the need for sedation. Even in intubated and mechan-
ically ventilated patients, there is a clear tendency
now towards much less sedation than previously.
Sedation in ICU is associated with delirium and
prolonged ICU stay. If patients need sedation, then –
with the exception of severe intracranial pressure or
brain damage – it should be interrupted on a daily
basis and the patient given the opportunity to arouse.
Caution is also required for renal or hepatic failure
as this might influence the depth of analgesia and
sedation and might prolong the action of many
sedative or analgesic drugs.

Since pregnancy also affects pharmacokinetics and
dynamics of many drugs, knowledge of these changes is
required to correctly use these drugs in pregnancy.
Chapter 14 has more in-depth information on this
topic. Almost none of the drugs used for analgesia and
sedation in the ICU have been extensively investigated
in pregnant patients; however, many of these drugs are
used during anesthesia and there is literature about
anesthesia of the pregnant patient [2,3]. From these
studies it is known that none of these drugs seems to
have a teratogenic effect [2]. There is a small increase in
miscarriage and preterm delivery among women who
underwent surgery and anesthesia during pregnancy,
but this seems to be unrelated to the drugs used.

Analgesia
Whenever possible, a regional anesthetic technique
should be chosen for pain control [4]. Intravenous
drugs cross the placenta and have the potential to
influence the fetus. In contrast, continuous infusion
of local anesthetics, as used for regional techniques,
leads to minimal plasma concentrations. Thoracic epi-
dural analgesia is a very effective analgesic technique
for patients with rib fractures. Peripheral nerve blocks
can be used for patients with trauma to the upper or
lower extremities. Inadequately controlled pain leads
to a generalized stress response, with secondary effects
on circulation, metabolism, oxygen consumption, and
immune function. In patients with whom communi-
cation is possible, the numeric rating scale is a valuable
tool to measure pain. The scale uses a 0 (no pain) to 10
(worst pain) scale and has been validated in critically ill
patients. Appropriate pain control can eliminate the
need for sedation in patients in ICU. Non-steroidal
anti-inflammatory agents are useful drugs to provide
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analgesia but should be avoided from the third trimes-
ter onwards as they can cause premature closure of the
ductus arteriosus.

The drugs most frequently used for pain control
are opioids. All opioids increase vagal tone and can,
therefore, decrease fetal heart rate and reduce fetal
heart rate variability. These effects are pharmacolog-
ical and are not signs of adverse effects on the fetus.
However, as a result, one of the signs of acute fetal
distress is no longer helpful to assess the fetus during
ICU stay. Repetitive or continuous application of
drugs can lead to a substantial accumulation. It is,
therefore, important to keep metabolic pathways and
the presence or absence of active metabolites in mind.
Accumulation of lipophilic drugs in adipose tissue
can also lead to significant prolongation of drug
half-life. Particularly in lipophilic drugs, half-life is
very much dependent on the duration of infusion.
Therefore the term “context-sensitive half-life” is of
great importance. This describes the half-life of a
drug based on the duration of infusion. The half-
lives of diazepam, thiopental, and fentanyl increases
rapidly with increasing duration of infusion. A very

notable exception is remifentanil. Remifentanil is a
synthetic opioid that is hydrolyzed by plasma
esterases independent of liver or renal function.
Remifentanil has a reliably short half-life that is not
dependent on the duration of infusion. This constant
context-sensitive half-life, favors remifentanil for
prolonged analgesia [5]. However, some short-acting
opioids, particularly remifentanil, have been shown
to be involved in opioid-induced hyperalgesia. Opioid-
induced hyperalgesia is a “paradoxical” reduction in
pain threshold in patients who have received opioids.
There seems to be an involvement of the N-methyl-d-
aspartate (NMDA) receptors, and ketamine, which is an
antagonist of NMDA, decreases opioid-induced
hyperalgesia. As a result, patients who have received
remifentanil might experience more severe pain,
particularly when remifentanil was given during a lon-
ger period [6].

Probably the most commonly used opioid for
analgesia in the ICU is fentanyl. Fentanyl has a potency
approximately 100 times higher than morphine.
Fentanyl is a lipophilic drug and the context-sensitive
half-life is, therefore, not constant. The main advantage
of fentanyl is that elimination is mostly independent of
organ function and there is – in contrast to morphine –
no active metabolite.

Morphine and diamorphine are also used, and com-
monly used, in certain areas. Extrapolating from studies
on labor analgesia, meperidine (pethidine) and the
mixed agonist/antagonist agents nalbuphine and butor-
phanol may be used during pregnancy. These will
seldom be relevant for the critically ill pregnant patient,
however, as these drugs are not much used in the ICU.

Summary
Appropriate analgesia is of great importance in ICU
patients. Fentanyl is the most frequently used drug for
this purpose but can lead to a substantial “overhang”
after prolonged administration. Remifentanil is a
promising alternative with a stable context-sensitive
half-life. However, additional options such as mor-
phine are also excellent choices for sedation. As
mentioned above, adequate analgesia can frequently
reduce the need for sedation.

Sedation
Agitation is the most frequent reason to sedate the
patient, and the drug of choice is usually midazolam.
Midazolam is lipophilic and accumulates in adipose

Table 19.1. Richmond agitation–sedation score

Score Term Description

+4 Combative Overtly combative or violent;
immediate danger to staff

+3 Very agitated Pulls on or removes tube(s) or
catheter(s) or has aggressive
behavior towards staff

+2 Agitated Frequent non-purposeful
movement or patient–
ventilator dyssynchrony

+1 Restless Anxious or apprehensive but
movements not aggressive or
vigorous

0 Alert and calm

−1 Drowsy Not fully alert but has
sustained (>10 seconds)
awakening, with eye contact,
to voice

−2 Light sedation Briefly (10 seconds) awakens
with eye contact to voice

−3 Moderate
sedation

Any movement (but no eye
contact) to voice

−4 Deep sedation No response to voice, but any
movement to physical
stimulation

−5 Unarousable No response to voice or
physical stimulation
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tissue, leading to an inconstant context-sensitive
half-life. Clearance of midazolam is dependent on
cytochrome P450 and is reduced in pathological liver
dysfunction. Elimination of the active metabolite
1-hydroxymidazolam glucuronide is dependent on
renal function. Apart from their accumulation, the
main disadvantage of benzodiazepines is a withdrawal
syndrome and a high incidence of delirium following
sedation. These side effects delay extubation and
prolong ICU stay. Flumazenil can be used as reversal
agent. However its effects on pregnancy are unclear.

There is a growing trend to use propofol in ICU
sedation. Propofol has the advantage of less accumula-
tion and, therefore, has a more stable context-sensitive
half-life. Although propofol seems to be an almost ideal
sedative, there is concern about the propofol infusion
syndrome. The etiology is not known in detail, but fatty
acid metabolism and mitochondrial function seem to
be involved [7]. Propofol infusion syndrome was
first described in children under prolonged sedation
(>48 hours) with high doses of propofol. Propofol infu-
sion syndrome has a high mortality and there is no
specific therapy. Although most frequently described
in children, there are also reports of its occurrence in
adults. Because propofol does cross the placenta, it may
not be a wise choice for long-term (>24 hours) sedation
of pregnant patients. This recommendation is absolutely
arbitrary, as there are no data and no official recom-
mendation on the use of propofol for ICU sedation in
pregnant patients. It is unclear if there is a fetal form of
the propofol infusion syndrome.

Another andmore recently introduced drug for ICU
sedation is the alpha-2 agonist dexmedetomidine.
Dexmedetomidine has both sedative and analgesic prop-
erties and the short half-life is another advantage.
Dexmedetomidine is associated with less delirium
when compared with benzodiazepines for ICU sedation.
Dexmedetomidine has not yet been investigated in preg-
nant patients and can, therefore, not be recommended.

Volatile anesthetics are frequently used for anesthesia
in pregnant patients. More recently, volatile anesthetics
have also been used for sedation in the ICU. They are
delivered through the AnaConDa device. The main
advantage is the lack of substantial accumulation.
There are, however, no safety records on usage of volatile
anesthetics over prolonged periods in pregnant women.

Other drugs
Although muscle relaxants are often used in ICU
to facilitate mechanical ventilation, they are not

absolutely required and in many instances, they are
redundant. Since they cross the placenta, a cautious
approach reducing their use is a good idea. However,
when they are required, (cis)atracurium is our per-
sonal preference because of its unique pharmacoki-
netic profile (Hoffman degeneration not requiring
enzymatic breakdown).

Conclusions
Analgesia and sedation are frequently used in ICU
patients. Adequate analgesia is more important and
can reduce the need for sedation. Whenever possible,
a regional anesthesia technique should be used for
analgesia. Accumulation is a major problem in long-
term sedation and analgesia. It is, therefore, recom-
mended that sedation and analgesia are interrupted
on a daily basis and the patient allowed to awaken.
Scoring systems should be used to quantify the level
of both analgesia and sedation. There are little to no
data about sedation and analgesia of the pregnant
patient. From the data available, remifentanil and
fentanyl seem to be reasonable choices for analgesia,
as is midazolam for sedation. Propofol is commonly
used but it is unclear if the drug is safe for prolonged
sedation (>24 hours).
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Chapter

20
Nutrition
Michael P. Casaer, Jean T. Cox, and Sharon T. Phelan

Introduction
Women of reproductive age are generally healthy.
However, because of direct complications of pregnancy
(e.g. pre-eclampsia with hypertensive events or hyper-
emesis gravidarum), indirect complications of pregnancy
(e.g. worsening cardiac disease, community-acquired
pneumonia, urosepsis), or unrelated pathology (e.g.
trauma, burns, cancer), approximately 1% of pregnant
womenmay require intensive care unit (ICU) admission,
with a fetal mortality rate up to 32% and maternal
mortality rate of 12–20%. Sepsis-related multiple organ
failure is the leading cause of maternal death, followed
by intracranial hemorrhage [1]. Often women admitted
to an ICU are unable to maintain their normal diet
and nutritional intake. Maternal basal metabolism and
nutrient oxidation is increased by inflammation and
infection. Critical illness catabolism, however, provides
a high flux of endogenous nutrients through proteolysis
and lipolysis. This induced tissue breakdown, mediated
by catecholamines, cortisol, interleukins, glucagon and
others, is not effectively suppressed by enhanced nutri-
tional intake [2,3]. Although a fetus can tolerate a day or
two of minimal nutrient intake, prolonged malnourish-
ment may have significant impact on both the woman
and her fetus and further complicate the disease that
initially prompted the ICU admission. To aid in the
nutritional care of such patients, this chapter will outline
typical nutritional needs for a pregnant woman, review
some of the unique issues of administering adequate
nutrition for the benefit of the maternal–fetal dyad, and
will provide an overview of some of the more common
clinical situations. While recommendations on optimal
feeding during pregnancy are supported by robust
data from adequately powered randomized controlled
trials [4–6] and epidemiological analyses mainly focused
on the child’s well-being [7,8], critical care nutrition is
largely based on association, assumption, and rather

small methodologically weaker randomized controlled
trials [9]. Evidence to guide nutrition in the pregnant
critically ill patient is not available. The main message,
therefore, is to prevent micronutrient deficiencies, avoid
hypo- and hyperglycemia, and to hesitate before initiat-
ing aggressive therapy not supported by reliable scientific
evidence.

Maternal nutritional requirements
for a pregnancy
In general, calorie, protein, vitamin, and mineral
requirements during pregnancy are increased over
non-pregnant needs as the mother has increased
demands herself and is nourishing a very metabolically
active growing fetus. On average, a normal pregnant
women needs approximately 300 kcal more per day to
meet demands of a singleton pregnancy, particularly
during the last half of the pregnancy, when up to an
additional 450 kcal/day may be required. The increase
in both maternal and fetal tissue enhances the oxygen
requirements and the basal metabolic rate by 15–20%.
If a patient is undernourished, she will need another
300 kcal more from early in the pregnancy and even
more later because of the greater fetal requirements.

The infant is dependent on glucose for its primary
energy source so it will effectively take glucose from
the mother regardless of her nutritional status.
Additional glucose requirements at term may be over
30 g/day. However, hyperglycemia is as problematic as
hypoglycemia. Hyperglycemia promotes fetal macro-
somia, anomalies (if present during organogenesis),
and premature aging of the placenta through toxic
effects of hyperglycemia on placental and fetal blood
vessels. Each of these can result in a complicated
pregnancy and/or delivery. Ideally blood sugar should
be in the range 70–120 mg/dL (3.9–6.5 mmol/L)
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consistently throughout the day to optimally meet the
needs of both individuals.

Free fatty acids, especially the essential ones, are
needed for the development of the fetal central nerv-
ous system. The essential fatty acids linoleic acid and
alpha-linolenic acid are precursors of arachidonic acid
and docosahexanoic acid, respectively, and are partic-
ularly important in brain and blood vessel develop-
ment. The placenta is very effective in transferring
these free fatty acids. The presence of the hormone
human placental lactogen promotes lipolysis of mater-
nal adipose tissue, thereby increasing the amount of
free fatty acids in maternal serum later in pregnancy.
Moreover, mobilization of this maternal caloric source
protects more of the maternal glucose for the fetal
growth. The presence of human placental lactogen,
however, makes pregnant women somewhat insulin
resistant and can precipitate gestational diabetes or
worsen pre-existing diabetes. Lipid intake should
account for 20–25% of the non-protein calories to
meet the essential fatty acid requirements.

Protein requirements are initially about 60 g/day
(approximately 1 g/kg maternal weight) for the average
woman. This needs to be increased by about 20% as
the pregnancy progresses into the second and third
trimesters [10]. The protein sources should be balanced
and primarily of high biological value. Because of
changes in maternal physiology, monitoring status by
serum protein levels and urea nitrogen excretion may
not work well [10].

With adequate nutrition, the expected weight gain
during a typical singleton pregnancy in an average
weight woman is around 25–35 pounds (11.5–16.0 kg).
Women who enter a pregnancy markedly underweight
(body mass index (BMI) <18.5 kg/m2) or as very young
adolescents will often benefit from a weight gain in the
range 28–40 pounds (12.5–18 kg). Women entering
pregnancy already obese (BMI ≥30) may be advised to
gain only 11–20 pounds (5–9 kg) [11]. The important
point for the provider is that actual weight gain is only
a proxy of nutritional status. A woman can gain an
“appropriate” amount of weight with a very nutrition-
ally inadequate diet. This can be even more problematic
in the ICU where fluid shifts, edema, and other con-
founders may make maternal weight an ineffective way
to assess nutrient intake. Weight gain recommendations
will vary based on maternal status going into the preg-
nancy. Clearly, poorly nourished and underweight
women or women with a multiple gestation are more
at risk of fetal compromise through nutritional issues

during pregnancy. They also have less reserve in the
event of a major medical complication. It is important
to remember that obese womenmay be calorically over-
supplied but commonly have poor nutritional intake of
protein, vitamins, and key minerals. There is a tendency
to assume that an obese woman (pregnant or not) is in
less need of nutritional assessment and that she might
benefit from fasting. This is a poor assumption and can
cause harm to both the woman and her fetus.

Fetal implications of poor maternal
nutrition
To compound these concerns, it is becoming more
apparent that the environment that a fetus experiences
in utero has long-term effects on its health and survival
[12]. Inadequate maternal nutrition may be associated
with a low infant birth weight and is significantly corre-
lated with later development of adult diseases such as
cardiovascular disease, stroke, obesity and type 2 dia-
betes mellitus, even when adjusting for lifestyle factors.
This is thought to be a consequence of upregulation in
utero by the fetal “thrifty genes” [13]. Maternal obesity
also significantly increases (by 30%) fetal and neonatal
adiposity, which increases risk of obesity in the child in
later life. If poor fetal growth is caused by maternal
starvation, there may be neurological impairment
[14]. Other increasing populations at risk for nutri-
tional problems are women with bariatric surgery or
those with significant underlying eating disorders. A
provider needs to understand the impact of the surgical
intervention for absorption in the setting of bariatric
surgery – Roux-en-Y (malabsorption) versus a banding
(restrictive) procedure. In either there is a risk of nutri-
tional deficiencies, particularly iron, folate, calcium,
vitamins A, B12, and K. In the setting of severe eating
disorders, the deficiency can be prolonged and severe
with not only nutritional concerns but also severe met-
abolic derangements that can seriously compromise
maternal and fetal status.

Nutritional considerations during
critical illness
The first step is to stabilize the patient as quickly as
possible from the initial insult. Ultimately, the extent
of the initial insult and the rapid stabilization of
the mother has more impact on the patient and the
fetus than the management of the specific issues of
pregnancy-related nutrition. However, once the
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woman is stabilized, consideration must be quickly
given to the need for nutritional support during the
remainder of the ICU and hospital stay. This involves
determining whether current intake meets the nutri-
tional needs of the patient, given her medical status,
along with the requirements of the pregnancy. If not,
the best method to achieve this balance needs to be
determined considering the indicated dietary restric-
tions of the mother (e.g. liver failure may require
decreased protein intake) and how best to provide the
additional nutrients. Although this can be accomplished
through oral intake, tube feeding, or intravenous nutri-
tion, there are significant advantages and risks to each
modality in a critically ill pregnant woman. The risk–
benefits of each mode need to be considered prior to
implementation.

The optimal energy and nutrient intake would be
the one resulting in improved clinical outcome during
critical illness. Unfortunately, different energy doses
have never been adequately compared in the critically
ill population even outside of pregnancy, let alone in
the critically ill pregnant patient. Indirect calorimetry is
considered to be the gold standard to determine energy
requirements in the critically ill. This uses respiratory
gas exchange to estimate the caloric consumption.
Since gas exchange is key to the calculations, any
interference such as oxygen supplementation, unsta-
ble cardiovascular status, fever, and other medical
complications will compromise the estimate. Also
interventions such as chest drains, high inspiratory
oxygen fraction, renal replacement therapy, and so on
add to measurement errors with this method [15].
Enhanced nutrition itself increases measured energy
expenditure values [16]. More fundamentally, there is
no reason to assume that the amount of energy being
burned is an indication of the amount of energy that
should be given to the critically ill patient. As men-
tioned above, much of this will be drawn frommuscle
and adipose tissue, and this flux of endogenous
nutrients will not stop when exogenous nutrition is
added [2,3]. The first pilot trial comparing nutrition
guided by indirect calorimetry to standard formula
calculation-based nutrition showed more complica-
tions and prolonged organ failure but an unexplained
decrease in hospital mortality with indirect calorim-
etry [17]. However, energy calculations – traditionally
the Harris–Benedict formula with adjustments for
pregnancy and particular medical conditions – are
also not recommended, since they confer a degree of
precision that evidence does not support.

Administering nutrients to patients
in intensive care

General considerations
The goal of optimized nutrition during critical illness is
to improve outcome by attenuating catabolism. It is,
however, unclear if enhanced nutrition can suppress
catabolism. Indeed, the driving force behind catabolism
in the critically ill is not the decreased intake of food
but the inflammatory response [2,3,18]. International
guidelines on nutrition in the (non-pregnant) critically
ill adult agree, however, that enteral nutrition should be
initiated as soon as possible in order to prevent nutri-
tional debt from accumulating [19,20]. Large observa-
tional trials indeed showed an association between
inadequate nutrition early during critical illness and
increased morbidity, even mortality [21,22]. Although
these data are a good basis for hypothesis generation,
they are not enough for guiding therapy. This is true for
all observational data but in particular for nutrition and
recovery; they are closely linked, making it impossible
to draw conclusions on causality. Interestingly, very few
studies have randomized critically ill patients to nutri-
tion versus no-nutrition or delayed nutrition, the only
approach that could detect whether enhanced feeding
is beneficial. These trials suggested reduced mortality
with feeding but even their meta-analyses were 10-fold
underpowered [23]. Recent randomized trials compar-
ing minimal versus closer to target enteral nutrition
showed no benefit at all with higher intakes [24,25]. In
two large cluster randomized studies implementing
nutrition guidelines, while the first study demonstrated
shortened hospital stay in the intervention hospitals,
the second found no improvement of clinical outcome
despite enhanced nutrition [26]. European and
American/Canadian guidelines disagree on the initia-
tion of parenteral nutrition (PN) when enteral nutrition
(EN) is not sufficient. The first advise considering PN
within 48 hours in order to prevent nutritional deficit
to accumulate, the latter prefer tolerating hypocaloric
feeding for up to 1 week [19,27].

The EPaNIC trial recently compared the impact
of early initiation of PN to supplement insufficient
EN up to nutritional target (early PN group) to with-
holding parenteral nutrition during the first
week in ICU (late PN group), accepting in the latter
approach that an important nutritional deficit would
build up over the first week of critical illness. Patients
in both groups received parenteral micronutrients
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until adequate EN was achieved. The EPaNIC trial is
the first randomized controlled trial on nutrition in
(non-pregnant) critically ill patients with enough
power to detect or rule out clinically meaningful differ-
ences in outcome. Of a total of 4640 patients, 2312
patients were allocated to the early PN group and 2328
to the late PN group. All analyzes were on an intention-
to-treat basis and defined in a previously published
statistical analysis plan [28,29].

Unexpectedly, the EPaNIC trial showed a clear
benefit from late PN. Recovery of organ functions was
enhanced and the incidence of new infections was
reduced from 26.2 to 22.8% (p = 0.04). Time to alive
discharge from the ICU was the primary efficacy end-
point. The likelihood of being discharged earlier in the
late PN group was 1.06 (95% confidence interval (CI),
1.00–1.13; p = 0.04) compared with early PN in a Cox
proportional hazard analysis corrected for type and
severity of disease. Use of late PN also shortened median
hospital stay by 2 days (hazard ratio, 1.06; 95% CI,
1.00–1.13; p = 0.04) without affecting functionality at
hospital discharge and it reduced mean healthcare-
related costs during hospitalization per patient by €1110
(p = 0.04). The beneficial effect of late PN was even more
pronounced in patients with a contraindication for EN
at ICU admission even though in these patients the
intervention came down to almost no feeding.

Other similar studies have been submitted for pub-
lication or are ongoing and will help to further guide
our view on what is optimal for patients unable to feed
themselves because of critical illness. Unfortunately,
there are no large-scale studies addressing this issue in
pregnant ICU patients.

Enteral feeding. This is probably less dangerous
than PN since it is less invasive and utilizes the
normal physiology of the gastrointestinal tract,
thereby precluding the administration of high
doses of macronutrients. The gastrointestinal
tract also modulates the absorption of many
nutrients such as calcium, iron, and
magnesium, thus avoiding toxic excess [30].
This, in turn, makes it easier to maintain
maternal homeostasis, particularly
normoglycemia. The first pass through the
portal system is a crucial step in the regulation
of glucose and amino acid metabolism. The use
of enteral feeding may help to maintain bowel
function and mucosal integrity, thus
potentially preventing bacterial translocation
to the bloodstream and remote organs. By

avoiding PN, EN reduces the risk of infections
and eventually thrombosis. Although oral
intake is least invasive, many patients are too
weak or mentally unable to deal with the effort
to effectively swallow adequate volumes. This
can be overcome with the use of tube feeding.
Nasogastric tube feeding can provide
concentrated nutritional sources but still
depends on an intact and functional intestinal
system. The rate of the infusion may require
careful titration of flow rates. These flow rates
may need to be modified in pregnancy to
minimize the risk of reflux and aspiration,
which can be greater because of the upward
displacement of the stomach and relaxation of
the esophageal–gastric sphincter. This may be
further influenced by medications being used
or the underlying medical/trauma insult that
prompted the admission. When determining
flow rates, the normal slower emptying rate of
the maternal stomach and slower intestinal
transit time must be taken into consideration.
Continuous feeding with periodic checks of
residual volume to guide the rate of infusion
may help to avoid gastric distention and the
associated risk of regurgitation [30], although
checking gastric residual volume has not
proven to be beneficial in the general ICU
population [31]. Contraindications to enteral
feedings include gastrointestinal obstruction,
fistulas, or bleeds; ileus; and severe diarrhea.

Parenteral nutrition. Many of the pathologies
requiring ICU admission will compromise
gastrointestinal function through hypotensive
shock, septic shock, ileus from bowel injury, or
surgery. Whether, how, and when these
patients benefit from intravenous nutrition
through a peripheral or central line is debated.
Nevertheless, this approach allows the
gastrointestinal system to be bypassed while
still providing adequate calories and essential
nutrients for maternal and fetal support.
However total parenteral nutrition has (TPN)
numerous risks in addition to the basic risks of
a central line. Pregnant women are
immunologically suppressed, which may make
them less responsive when exposed to an
infectious insult. The combination of
pregnancy, medical insult with ICU admission,
and an invasive line increases the risk of
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maternal sepsis significantly [10,30,32]. In
some review studies, up to one third of
pregnant patients on TPN experience an
infectious complication and over 66% require
treatment for infections, thromboembolism, or
both. The increased incidence of infections
with early PN as compared with hypocaloric
feeding has been discussed above [29]. The
relative insulin resistance of the maternal
physiology makes control of glucose levels
challenging. Although the infant can tolerate
hypoglycemia in the mother, being able to
selectively transport glucose across the
placenta, hyperglycemia is problematic [33].
The detrimental effects of hyperglycemia
include polyhydramnios, fetal macrosomia,
fetal hepatomegaly, fetal cardiomegaly,
congenital anomalies (if occurring during the
first trimester), and perinatal death. Maternal
hyperglycemia causes fetal hyperglycemia,
which, in turn, increases insulin release in the
fetus and subsequent increased fetal oxygen
demands. If these demands are not met, the
fetus can become hypoxic and acidotic. Since

hyperglycemia itself can reduce perfusion of
the placenta, placental insufficiency is a
significant risk in the setting of a critically ill
patient.

The challenge for the clinician will, therefore, be to
balance the well-known PN-related risks in a setting
where transient (~1 week) hypocaloric feeding might
have unpredictable consequences for mother and child.
Vigilant monitoring for signs of evident macronutrient
deficiency when choosing to withhold PN seems advis-
able. The focus should be directed towards hypoglycemia
since hypoalbuminemia, ketones, and electrolyte abnor-
malities can be caused either by the disease process or
by nutritional problems. Spontaneous hypoglycemia (in
the absence of insulin administration) should prompt
administration of at least some parenteral nutrition.

Many of the commercial solutions for either EN or
TPN are not designed for pregnancy and commonly
do not have adequate iron, trace elements, and vitamins
for the requirements of the maternal–fetal dyad. The
actual recommendations for each nutrient vary by coun-
try and professional organizations. Table 20.1 represents
the US recommendations. Close monitoring of liver

Table 20.1. Selected nutritional recommended intakes for the healthy non-pregnant and pregnant women in the USA

Nutrient Non-pregnant
recommended,
daily

Pregnant
recommended,
daily

Maximum
supplementation
for pregnancya

Special considerations,
daily

Protein (g) 46 71 ~1 g/kg maternal weight

Carbohydrates (g) 130 175

Fat (g)

Total ND ND

Linoleic acid (g) 12 13

Alpha-linolenic acid (g) 1.1 1.4

Vitamins

A (retinol) (μg) 700 770 3000 Excessive levels may increase
fetal anomalies

C (mg) 75 85 2000 Deficiencies associated with
premature rupture of
membranes

D (μg) 15 15 100 Increased recently

E (mg) 15 15 1000 Low birth weight or growth
restriction with low levels

K (μg) 90 90 ND Bleeding in fetus can cause
injury; may require
intramuscular supplementation

B1 (thiamine) (mg) 1.1 1.4 ND
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function tests, iron, ferritin, vitamin B12, folate, thiamine,
and trace elements are indicated. A recent article outlined
recommended serum levels at different times during
pregnancy and can be used as a reference as needed
[35] (Table 20.2). Non-pregnant laboratory values are
often inappropriate. For example, when monitoring tri-
glyceride and lipid levels, it must be realized that during
pregnancy these levels are commonly increased by 40%
or more.

Although peripheral intravenous administration
might have fewer complications, it rarely can achieve
the nutrient loads of calories, protein, and fats required
by the maternal–fetal dyad without excessive fluid load.
Sometimes multiple approaches to nutritional supple-
mentation may be necessary simultaneously.

The key issue is that attention must be given to
ongoing nutritional assessment and support within
24–48 hours of admission to an ICU, or sooner once

Table 20.1. (cont.)

Nutrient Non-pregnant
recommended,
daily

Pregnant
recommended,
daily

Maximum
supplementation
for pregnancya

Special considerations,
daily

B2 (riboflavin) (mg) 1.1 1.4 ND

B3 (niacin) (mg) 14 18 35

B6 (mg) 1.3 1.9 100

Folate (μg) 400 600 1000 Deficiency impairs cell division
and protein synthesis, giving
megaloblastic anemia in
mother and neural tube defect
and low birth weight in infant

B12 (μg) 2.4 2.6 ND

Minerals

Iron (mg) 18 27 45 Deficiency more common in
pregnancy and/or obesity; may
be associated with low birth
weight

Calcium (mg) 1000 1000 2.5 Teenagers may need up to
1300 mg/day; deficiency
associated with decreased fetal
bone density

Copper (μg) 900 1000 10 000 Both increased zinc intake (for
wound healing or to improve
immune response) and iron
intake can depress copper levels

Iodine (μg) 150 220 1100 Usually not a problem because
of the use of iodine antiseptic
preparations

Magnesium (mg) 310 350 350, as supplements Deficiency from renal loss or
gastrointestinal loss through
malabsorption

Selenium (μg) 55 60 400

Zinc (mg) 8 11–12 40 Needed for DNA,
immunological response, and
wound healing; deficiency
often after trauma or prolonged
total parenteral nutrition;
associated with fetal
intrauterine growth retardation

ND, not determined.
a The maximum refers to daily routine use maximums and not therapeutic levels.
Source: adapted from Otten et al., 2006 [34].
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the pregnant patient is stabilized. In all patients not
adequately fed by mouth, micronutrients (in particu-
lar selenium) should be administered; EN should be
attempted and blood glucose fluctuations should be
avoided. It is probably safe to give 200–400 kcal of
parenteral glucose 5% plus potassium and phosphorus
until some EN is achieved. The goal for nutrition in
the pregnant patient is not simply to maintain the
mother’s status but also to build a fetus. The decision
when to opt for more enhanced EN methods, such
as postbulbar feeding, or gastroprokinetics (e.g. meto-
clopramide or erythromycin) and when to initiate PN
in order to obtain these goals should be taken
cautiously.

Specific situations that prompt
admission to intensive care
The situations that prompt admission to ICU can be
direct complications of pregnancy or unrelated to the
pregnancy but still impact the pregnancy.

Complications of pre-eclampsia with renal,
neurological, or liver compromise
Patients with pre-eclampsia or eclampsia are at signifi-
cant risk for adult respiratory distress syndrome
(ARDS), cardiac dysfunction, seizure, and/or stroke.
Eclampsia is a multiorgan disease that causes vascular

Table 20.2. Selected laboratory studies by trimester of pregnancy compared with non-pregnant women

Common laboratory tests Non-pregnant Pregnanta

First trimester Second trimester Third trimester

Albumin (g/dL) 4.1–5.3 3.1–5.1 2.6–4.5 2.3–4.2

Protein, total (g/dL) 6.7–8.6 6.2–7.6 5.7–6.9 5.6–6.7

Creatinine (mg/dL) 0.5–0.9 0.4–0.7 0.4–0.8 0.4–0.9

Cholesterol, total (mg/dL) <200 141–210 176–299 219–349

Triglycerides (mg/dL) <150 40–159 75–382 131–453

Vitamin A (retinol) (μg/dL) 20–100 32–47 35–44 29–42

Vitamin C (mg/dL) 0.4–1.0 ND ND 0.9–1.3

25-Hydroxyvitamin D (ng/mL) 14–80 18–27 10–22 10–18

Vitamin E (alpha-tocopherol) (μg/mL) 5–18 7–13 10–16 13–23

Folate, serum (ng/mL) 5.4–18.0 2.6–15.0 0.8–24.0 1.4–20.7

Vitamin B12 (pg/mL) 279–966 118–438 130–656 99–526

Thiamine (ng/mL) 44–52 24–40 24–42 23–45

Hemoglobin (g/dL) 12–15.8 11.6–13.9 9.7–14.8 9.5–15.0

Hematocrit (%) 35.4–44.4 31.0–41.0 30.0–39.0 28.0–40.0

Ferritin (ng/mL) 10–150 6–130 2–230 0–116

Iron, serum (μg/dL) 41–141 72–143 44–178 30–193

Calcium, total (mg/dL) 8.7–10.2 8.8–10.6 8.2–9.0 8.2–9.7

Copper (μg/dL) 70–140 112–199 165–221 130–240

Magnesium (mg/dL) 1.5–2.3 1.6–2.2 1.5–2.2 1.1–2.2

Phosphate (mg/dL) 2.5–4.3 3.1–4.6 2.5–4.6 2.8–4.6

Selenium (μg/L) 63–160 116–146 75–145 71–133

Zinc (μg/dL) 75–120 57–88 51–80 50–77

Creatinine, 24 hour clearance (mL/min) 91–130 69–140 55–136 50–166

ND, not determined.
These are only generalizations to serve as a guide. They are derived through combinations of data reviews and direct patient evaluations
during pregnancy of healthy women without major medical confounders.
Sources: adapted from Abbassi-Ghanavati, et al., 2009 [32]; Baker, et al., 2002 [35].
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bed spasm with marked third spacing of fluid, hemo-
concentration, and ischemic changes in liver and kid-
neys; it may even precipitate disseminated intravascular
coagulation or neurological events. Although pre-
eclampsia or eclampsia tend to be self-limiting, with
resolution shortly after birth, the complicating events
(renal failure, intracerebral bleeding, liver failure, or
ARDS) can result in a long complicated hospital stay.
Since delivery often happens about the same time as
the need for ICU admission, the nutritional concerns
relative to the fetus are often not an issue in the ICU. In
the situation where the obstetric plan is to provide ante-
natal steroids prior to delivery, a pregnant patientmay be
admitted to ICU for a few days. In the setting of pre-
eclampsia, fluid management is difficult and aims to
allow maintenance of fluid perfusion of organs while
not precipitating ARDS.

In the setting of pre-eclampsia and eclampsia,
withholding PN for up to 1 week while attempting to
start some EN will probably be the safest option. The
risk for prolonged fetal underfeeding is low and early
recovery of gastrointestinal function is very likely.

Sepsis
Because of the downregulation of the immune system,
pregnant patients are more at risk from sepsis, partic-
ularly urosepsis and pneumonia [1]. Sepsis, like other
inflammatory conditions, is a catabolic state. An
inflammatory state differs from what is typically seen
in chronic starvation. With starvation, there are initial
physiological mechanisms that tend to protect lean
muscle mass in the non-pregnant adult. The inflam-
matory state, however, is characterized by early and
not suppressible muscle breakdown [2,3]. It is unclear
if this is the same or worse in the pregnant patient and
if nutrition can attenuate the consequences for mother
and child. In the setting of shock, blood flow is directed
from the gastrointestinal tract to the central nervous
and cardiac systems. Consequently, perfusion of the
gastrointestinal mucosa is compromised and this may
result in ischemic injury because the intestines have a
high metabolic rate; this, in turn, increases the risk of
intestinal bacteria getting into the circulation. Some
recommend that the mucosal pH is followed to track
this problem but there are no studies to see if this is
useful in the pregnant patient. These are the patients
who are most likely to have a prolonged stay with
insufficient EN while still carrying a child, but they
are also more likely to suffer from the complications of
early PN. Our general recommendation still holds: to

try some EN with background 200–400 kcal glucose
and micronutrients, and maintain close monitoring
for hypo- and hyperglycemia.

Burns
Extensive burns result in a very serious metabolical
burden for all patients. Nutritional needs for the
mother alone may double, not accounting for possible
increasing fetal needs. Unfortunately, predictive formu-
las for patients with burns are not very reliable because
of huge individual variability [36]. Therefore, the risks
of over- or underfeeding should be feared. For this
reason, indirect calorimetry may be the best method
to estimate needs. Moreover, patients with extended
burn wounds have increased losses of all micronu-
trients in the wound secretions. Central and peripheral
line access may also be compromised and the risk
for catheter-related bloodstream infection increased.
Nutritional consultation and intervention is needed
early in care. Ideally, severely burned pregnant patients
should be taken care of by an experienced burn team
with input from the maternal–fetal medicine team.

Multiple trauma: hypovolemia with
extensive soft tissue and bony injury
In the setting of extensive trauma, there can be major
fluid shifts and third spacing. In pregnancy, these shifts
can often be hard to assess. These changes make
maternal weight irrelevant as a tool to assess nutritional
status. Detailed evaluation and assessment of needs
must be done proactively and followed with laboratory
testing for ketones, which increase when caloric needs
are met by increased lipolysis, nitrites, and other abnor-
malities. Given blood loss-induced anemia and the
impact of altered (upregulated) hepcidin, appropriate
iron supplementation can be difficult to ascertain.

Adult respiratory distress syndrome
provoked by sepsis, shock, or infections
The commonly occurring respiratory acidosis of ARDS
results in hyperkalemia, which, in turn, causes hypo-
phosphatemia and can trigger muscle weakness. This
can be problematic with the pregnant woman’s need to
“breathe for two.” Also, these patients tend be critically
ill for a longer time (median 18 days; interquartile
range, 10–20) in community-acquired pneumonia [1],
so the option to accept a short period of moderately
hypocaloric feeding until physical recovery and
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spontaneous feeding occurs becomes rather unrealistic.
Luckily, these patients most often do tolerate some EN.

Cardiac decompensation
Given the 40% increase in vascular volume during preg-
nancy, women with cardiac disease characterized by a
fixed output, may decompensate during pregnancy. This
poses the challenge of meeting nutritional needs while
not fluid overloading the mother. In patients
on successful EN, energy-dense nutrition can be consid-
ered, with increased caution for overfeeding and for
glycemic dysregulationduring and after nutrition pauses.

Renal failure
Pregnant patients with renal failure will often require
additional protein and calorie intake, particularly in the
setting of dialysis. Whether positive nitrogen balances
improve outcome for the mother–fetal dyad is unclear.
The often cited study investigating this issue in non-
pregnant adults demonstrated that improved nitrogen
balance with enhanced protein intake did not improve
outcome [37]. To provide the additional nutrients with-
out fluid overloading the patient who is not yet on
dialysis will be challenging. Continuous renal replace-
ment therapy simplifies fluidmanagement but can result
in increased losses of macro- and micronutrients [38].

Cancer and other chronic diseases
Severe chronic disease can contribute both to poor
nutritional status and marked anemia. In cancer this
can result from both treatment with chemotherapy
or radiation and suppressed erythropoietin response
from long-standing cancer. This can be further com-
plicated in the pregnant patient because of the nausea
and vomiting common in pregnancy.

Severe hyperemesis
Patients with severe hyperemesis typically are not admit-
ted to ICU but they can get severe electrolyte imbalance
and, through chronic malnutrition, need aggressive but
careful nutritional support. These patients need thiamine
and typically vitamin B6 early in their care since intro-
duction of high levels of only glucose as a calorie source
may precipitate a refeeding syndrome, including
Wernicke’s encephalopathy. Use of TPN is fraught with
septic risks, as seen readily in the medical literature, and
can even result in death from sepsis. Since most of these
patients have an intact intestinal system, TPN should be

used as a last resort when pharmaceutical interventions
and tube feeding are unable to maintain nutrient intake.

Generalized issues of nutritional
concerns in the intensive care setting
Refeeding syndrome is a dangerous complication of
nutrition therapy initiated after a period of starvation.
Indeed, starvation is characterized by gluconeogenesis,
protein catabolism, and losses of water, vitamins, and
minerals. The time frame in which this develops can be
variable, depending on patient’s nutritional status
prior to the event that prompted the ICU admission,
the metabolic demands of the event (i.e. sepsis versus
pre-eclampsia), and nutritional intake. Upon initia-
tion of nutrition, often with glucose initially, blood
insulin and cell glucose uptake increase, resulting in
increased thiamine utilization and eventually thiamine
deficiency. This increased glucose intake, in turn,
increases intracellular transport of magnesium, and
potassium, resulting in hypophosphatemia, hypomag-
nesemia, and hypokalemia. The hypophosphatemia
can lead to severe if not fatal cardiopulmonary dys-
function, convulsions, and altered mental status [30].
This is the situation experienced by the patient with
severe hyperemesis, severe eating disorders, pancreati-
tis, cancer, or prolonged hospitalization without atten-
tion to nutritional status. In one study [39], up to one
third of ICU patients demonstrated refeeding hypo-
phosphatemia. Such at-risk patients need to be moni-
tored for complications by following laboratory results
for hypophosphatemia, hypokalemia, and hypomagne-
semia as well as for the other nutrients already dis-
cussed. Electrolytes may need to be followed more
frequently when initially refeeding, but once the patient
is stabilized monitoring may be decreased to every 1–3
days depending on the underlying medical situation.

During pregnancy, the vascular volume must
increase by 40%, which requires increased production
of red blood cells. For this reason, iron deficiency-
related anemia is common in pregnancy, particularly
in the latter half of gestation. Anemia is common in the
setting of chronic inflammatory diseases (cancer, irri-
table bowel syndrome, congestive heart failure) as well
as in sepsis and renal failure. Anemia in the critically ill
patient is a reflection of both inflammation and iron
deficiency. This is thought to result from a series of
events including shortened red blood cell life span,
inadequate erythropoietin response to the severity of
anemia, erythroid cells not being as receptive to eryth-
ropoietin, and inhibited red cell proliferation and
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differentiation. Through a complicated pathway, this
leads to low serum iron and decreased transferrin sat-
uration despite normal or high ferritin [40]. To com-
plicate the situation further, a liver-derived peptide that
is a negative regulator of iron stores, hepcidin, has now
been described. Typically, it is suppressed by erythro-
poiesis and iron deficiency and upregulated with iron
overload [41]. Inflammatory processes or stress path-
ways will increase hepcidin levels. Hepcidin works by
decreasing iron absorption across the gastrointestinal
tract and the release of iron from the reticuloendothelial
system. There is no information currently available on
how pregnancy affects this process [41].

Because ferritin synthesis is induced by inflamma-
tion independently of iron stores, increased ferritin
concentration does not necessarily indicate adequate
iron stores. However, most critically ill patients have
varying degrees of iron-deficiency anemia. The typical
estimated blood loss from blood draws in an intensive
care setting is over 125 mL/day. Nutritional sources are
typically low in iron. Thus in the setting of high ferritin
levels, iron status must be determined more by serum
iron, hypochromicmicrocytic red blood cells, and a low
reticulocyte count for the level of anemia [40].

Folate deficiency determination by assessment of
mean corpuscular volume is very insensitive, particularly
in the setting of iron deficiency. Folate deficiency is a
reflection of the folate balance overmanymonths. Folate
determination needs to be done by direct measurement
of folate in serum or plasma. This is a very sensitive
assessment of recent folate intake and utilization [42].

Vitamin B12 status is also challenging in preg-
nancy. In pregnancy, low serum cobalamin does not
accurately reflect tissue levels even when <150 ng/L.
Functional biomarkers such as serum methylmalonic
acid and serum total homocysteine reflect an accumu-
lation of unmetabolized precursors because of the lack
of adequate vitamin B12. However, these markers
are also limited as they will be changed also by folate
deficiency and become uncoupled from vitamin B12

status with advanced gestation. Patients with a prior
good nutritional status are unlikely to have vitamin
B12 deficiency. However in the setting of an ICU
admission, particularly with chronic disease, weekly
supplementation is likely a reasonable approach.

Supplementation
Carbohydrates are typically given as dextrose, which
yields about 4 kcal/g. However, when this is metabo-
lized it uses more oxygen, generates increased carbon

dioxide production, and can increase lipogenesis, which
may worsen the status of an ICU patient, particularly
those with cardiopulmonary problems [10].

Fat emulsions can provide a denser source of calo-
ries (9 kcal/g). The metabolism of fats uses less oxygen
and produces less carbon dioxide while providing
essential fatty acids for fetal brain development, nerve
myelination, and lung surfactant. The emulsions used
are commonly infused for only 12 hours per day. This
gives a higher concentration gradient to improve pla-
cental passive diffusion. There is a great deal of debate
among intensivists regarding the best fat emulsion to
use (fish oil, olive oil, etc.). This should be a discussion
between the ICU physicians and the obstetrician, with
input from the nutritionist.

Protein requirements during pregnancy are signifi-
cantly increased in the average gravida, as a source of
both energy (4 kcal/g) and amino acids for tissue for-
mation. Animal experiments have found that protein
deficiency results in the pregnant animal losing weight.
The earlier the deficiency the more severe the adverse
effects, including fetal pup mortality and morbidity,
including growth restriction. However, a significant
protein deficiency often is accompanied by a marked
decrease in calories and other nutrients. The specific
effects of protein deficiency in the setting of adequate
calorie and micronutrient supplementation in the crit-
ically ill gravida is unclear [30]. There will be decreased
protein synthesis as well as decreased serum albumin,
transferrin, prealbumin, and binding globulins. Given
that albumin is also decreased in the inflammatory
response, it may not be the best marker for nutritional
status in the acutely ill patient, particularly the pregnant
patient. Monitoring of protein status is challenging,
particularly during pregnancy when both nitrogen
balance and creatinine clearance are markedly altered.
Most commercially available amino acid products seem
to be adequate to support fetal growth [10].

Water supplementation during an ICU stay can be
challenging. Although the total body water content of a
woman during pregnancy increases by 8 to 9 L, this
translates only to 30–50 mL more fluid/day of preg-
nancy. However, because of increased urine output and
pulmonary losses from tachypnea of pregnancy, fluid
demands in pregnancy are clearly increased beyond
this. In the setting of trauma, burns, or sepsis, the
baseline needs for water are greatly increased in preg-
nancy and those must be accommodated. In contrast,
fluid restriction may be necessary to prevent exacerba-
tion of cardiopulmonary status in those with either
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Start glucose control and potassium
control once/2 h

use of blood gas analyzer
Focus on maternal stabilization

Day 1

Day 2: planning
nutrition for day 3

Days 3–6:
planning nutrition 

for the next day

ICU admission

Start D5% 40 mL/h

Will this patient
eat tomorrow?

• Continue D5% 40
mL/h
• Order food

• Start EN unless contra indicated
• Start D5% at the flow rate required
for adequate hydration
• Start trace elements  and vitamins

Day X (3–6)
Is oral intake

sufficient?

Planning nutrition for day 8 and after: increase EN if possible and eventually
complete with PN up to target; stop artificial nutrition if adequate intake by mouth

YES NO

• Increase EN flow rate twice
daily until energy target is
reached
• Adjust flow rate D5% for
adequate hydration, accept
eventual underfeeding

Will this patient
eat tomorrow?

Plan for day X + 1:
• D5%  20 mL/h
• Stop EN
• Order food

• Plan for day X+1:
• Adjust flow rate 
D5% for adequate 
hydration
• Stop EN

Evaluation of
nutrition intake

day X + 1

YES NO

YES

NO

day 4, 5
and 6

After day 6

Stop vitamins if
EN ≥ 1500 mL/day

• Enteral nutrition is reduced
if there is diarrhea or high
gastric residual volume
• Consider gastroprokinetics
and duodenal feeding when
gastric residual volume
remains high

Prescribe vitamins and trace
elements  if not yet prescribed

• Register height and weight
• Register recent nutrition

• Evaluate thiamine, phosphate,
  and potassium status

Figure 20.1. A dynamic early nutrional assessment and management protocol. EN, enteral nutrition; PN, parenteral nutrition; D5%, dextrose 5%
(sodium chloride and potassium phosphate are added to this solution according to the plasma levels and renal function).
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congestive heart failure or ARDS. Practically, titration
based on diuresis, hemodynamics, peripheral andwound
circulation, and evolution of creatinine clearance appears
the only option for fluid management.

Conclusions
During normal pregnancy, metabolic needs are
increased and glucose and lipid homeostasis are altered
dramatically. Prolonged macro- and micronutrient
deficiencies compromise the future for mother and
child. Unfortunately, the biochemical and physical
assessment of nutritional status is complicated by
pregnancy, and the nutritional needs of the critically ill
obstetric patient are unknown.

Avoidance of iatrogenic harm should be the first
concern in this setting since enhanced nutrition has
not yet proven to benefit outcome in the ICU and
might increase the incidence of infections and

prolonged organ failure. The initial focus for nutritional
supplementation should be to optimize the micronu-
trients, avoid hypo- or hyperglycemia, and maintain an
appropriate fluid balance (Figure 20.1). As the situation
stabilizes, then efforts towards adequate macronutrients
and calories can be undertaken, while avoiding refeed-
ing syndrome, avoiding overfeeding, and balancing the
iatrogenic complications of aggressive EN or PN against
the risks of underfeeding (Box 20.1). This is often best
done with the guidance of a professional trained in the
complexities of nutrition therapy.

Key points

* Stabilize the condition of the mother first. The best
thing for the fetus is a good maternal
cardiopulmonary status. Keep maternal status and
well-being paramount.

* There is no need to rush to provide adequate
macronutrients if micronutrients are provided
early. The fetus can handle a few days as needed to
stabilize the mother.

* Try to use enteral supplementation as much as
feasible since it has fewer risks.

* Realize that pregnant women have a different
physiology and so nutritional needs and laboratory
testing will vary from a non-pregnant patient.

* Try to avoid hypo- or hyperglycemia. Measure
glucose frequently by blood gas analyzer.

* Upon initiation of feeding after fasting, be aware of
the refeeding syndrome: give potassium, thiamine,
and phosphate.

* Acknowledge that many of the recommendations
for critical care nutrition in the pregnant woman
are extrapolated from non-pregnant patients or are
“expert” opinion with little serious research in
support.

* A team approach is best, with an intensivist,
nutritionist, and obstetrician/perinatologist being
actively involved.
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Chapter

21
Monitoring the critically ill gravida
Emily Gordon, Lauren A. Plante, and Clifford S. Deutschman

Introduction
One of the most important functions of any intensive
care unit (ICU) is to enable patients to arrive at specific,
goal-directed endpoints of care. The exact nature of this
care plan is individualized based on the character of the
patient, the disease process, the unit, and the ICU team;
to ensure that care is proceeding along the desired tra-
jectory requires objective data. These data aremost often
provided by monitors – devices that measure specific
physiological variables. Collection of data over time
allows for minute-to-minute assessment of trends in a
patient’s physiological state. Intensivists, physicians spe-
cially trained in critical care medicine, and other mem-
bers of the ICU care teammay have in-depth knowledge
of monitors not available to the practitioner, who does
not use them on a daily basis. It is important that these
non-intensivists understand the utility, indications/
contraindications, and basic interpretation of the infor-
mation provided by the monitors currently in use.

Non-invasive monitors do not require significant
intrusion into a patient’s body. The most commonly
encountered non-invasive monitors are electrocardiog-
raphy (ECG), pulse oximetry, blood pressure measure-
ment by manometry, urine output, pulse oximetry and
end-tidal carbon dioxidemonitoring. Invasivemonitors
are those which require encroachment on a patient’s
body such as cannulation of vessels, insertion of neuro-
logical monitors, or insertion of pressure monitors.

Non-invasive monitoring

Electrocardiography
Monitoring with ECG is vitally important in the ICU
and many other settings. It is inexpensive, non-invasive
and, once a certain level of competence is achieved,
relatively easy to interpret. It provides real-time data,

details beat-to-beat variability in rate and rhythm, and
alerts to the possibility of myocardial ischemia.

Most ECGmonitors display two leads, most often II
and V5. Lead II allows for close monitoring of P waves
(to detect atrial arrhythmias) while lead V5 is highly
sensitive to ischemic changes.

Ischemia monitoring typically is accomplished
using an ST segment monitoring system. The computer
initially creates a template of the patient’s normal QRS
complex and imprints the QRS complexes and the
J point. This allows the computer to “memorize” the
location of an isoelectirc point just before theQRS and a
similar point in the ST segment 60–80 millisecond after
the J point [1]. The distance between horizontal lines
drawn through each of these points is determined and
compared with the same distance in subsequent com-
plexes. A deviation of >2 mm suggests ischemia.

Sphygmomanometry: non-invasive blood
pressure monitoring
The mercury manometer remains the standard for
blood pressure measurement. A cuff placed above an
artery is inflated to a pressure that occludes the artery
and then slowly released while the examiner listens
with a stethoscope. The appearance of Korotkoff
sounds indicates the systolic pressure while the loss
of these sounds denotes the diastolic.

Automated blood pressure cuffs are now utilized
in most locations. These devices inflate the cuff to a
pressure that occludes the artery before releasing
the pressure. As the pressure decreases, a piezo-electric
crystal measures arterial waveforms distal to the deflat-
ing cuff. The return of oscillations corresponds to the
systolic pressure. The point of maximal oscillations is
found at the mean pressure while the diastolic blood
pressure is denoted by a loss of oscillations [2]. As one
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would suspect based on the mechanism, the mean
pressure is the most accurate of the three numbers
obtained. However, most automated blood pressure
units have not been validated for accuracy in preg-
nancy, and some have been found to underestimate
blood pressure in womenwith pre-eclampsia compared
with intra-arterial measurements [3]; consequently,
caution may be advised in this population.

Urine output
It is customary to measure the amount of urine pro-
duced within a specific time period in the critically ill
patient. The underlying assumption is that urine pro-
duction reflects renal perfusion, which, in turn, is a
function of the adequacy of blood volume. This num-
ber, however, is easily misinterpreted. The production
of urine at 0.5 mL/kg body weight is often felt to be
“adequate.” This number reflects “normal physiology.”
When eating a normal diet, the normal individual
produces approximately 12 Osm of nitrogenous waste
in a 24 hour period, or about 500 mOsm/h. The max-
imal ability to concentrate the urine is about 1200
mOsm/mL. Thus,

500 mOsm=h per kg=1200 mOsm=mL
¼ 0:42 mL=h per kg

This value is close to the 0.5 mL/h per kg body weight
that is taken as the norm. However, many factors
present in both pregnant and critically ill patients may
alter this number. First, diet is variable – nitrogenous
load may increase, decrease, or be unchanged. Second,
and most importantly, metabolism, and thus nitrogen
production, is characteristically increased in pregnancy,
increasing the denominator. Third, maximal concen-
tration of the urine is decreased in pregnancy and by the
capillary leak and redistribution of renal blood flow
found in critically ill patients. These changes decrease
the denominator. Finally, a slight change in renal func-
tion may have immense effects on the value of renal
function. For example,

if 1 L/min fluid is filtered and the kidney is 99.9%
efficient, the net result is production of
1 mL/min urine

if the kidney is slightly damaged so that it becomes
only 99% efficient, 10 mL urine will be
produced in that same minute

if a 90% decrease in filtration is then imposed on
this slightly damaged system, it will result in

production of 1 mL/min urine, the same as
would occur in the “normal” kidney.

This example clearly illustrates the limitations inherent
in relying on UOP as a monitor in isolation of other
measures.

Pulse oximetry
Pulse oximeters detect the absorption of light across
a tissue bed, most often a finger, containing pulsatile
blood flow. Red (660 nm) and infrared (940 nm)
light is absorbed by oxygenated and deoxygenated
hemoglobin, respectively [4,5]. The percentage of oxy-
genated blood can be calculated based on the relative
absorption at each wavelength [6] (Figure 21.1). The
heart rate also can be detected. Monitoring the satu-
ration of hemoglobin provides some assurance that a
patient is receiving an adequate supply of oxygen.
Oxygen saturation measured by pulse oximetry is
denoted by the term Spo2.

A number of factors can interfere with accurate deter-
mination of Spo2 by pulse oximetry. The algorithm used
to determine saturation is not fully accurate at arterial
values (Sao2) <70% [7] or when the venous values (Svo2)
and Sao2 differ by <3%. Dyshemoglobinemia, such as
occurs when there are high levels of carboxyhemoglobin
or methemoglobin [8]), and sluggish flow also limit
accuracy. Anemia itself does not affect the accuracy of
Spo2 measurements [9,10]. Dark skin tone [11] or the
presence of fingernail polish [12,13] also affect readings.

Pulse oximetry is probably most useful in any
patient receiving supplemental oxygenation in the
ICU setting. It may also be used to determine responses
to therapeutic intervention. The accuracy of pulse oxi-
metry at moderate to high levels of arterial oxygen
partial pressure (Pao2) and hemoglobin has been vali-
dated in multiple studies [14]. The measures become
less reliable as each of these variables decrease. Pulse
oximeter is superior to periodically obtaining arterial
blood gases because it is less expensive, non-invasive,
better tolerated by patients, able to instantaneously
detect significant hypoxemic episodes, and has virtually
no potential for harm. Clearly, oximetry does not pro-
vide other measurements that can be obtained with
arterial blood gas analysis, such as pH, arterial carbon
dioxide partial pressure (Paco2), additional chemistry,
and hematology results. In addition, while pulse oxi-
metry is able to detect episodes of hypoxemia in the
postoperative setting, its use has never been shown to
alter morbidity or mortality [15–18].
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End-tidal carbon dioxide
The end-tidal carbon dioxide (ETco2) measurement is
used to assess the patient’s ventilatory status. In essence,
it functions as a surrogate for Paco2 [19]. In general,
the measurement is plotted continuously against time,
although some monitors will plot ETco2 as a function
of expired volume, a more useful measurement.
Monitoring is based on infrared light absorption at
4300 nm by exhaled carbon dioxide in the airway.
Carbon dioxide analyzers can be placed in the expira-
tory limb of ventilator tubing or on specialized nasal
cannulas. Infrared carbon dioxide detectors have a
rapid response and can measure changes in carbon
dioxide during a single exhalation. The measurement
is useful in the management of sedation, chronic
obstructive pulmonary disease, bronchospasm, narcotic
administration, some drug overdoses, and hypo/hyper-
ventilation. It is particularly useful to confirm appro-
priate placement of an endotracheal tube [19–21].
Measurement of ETco2 has been found to be more
reliable than other methods in detecting esophageal
intubation [22].

The Pco2 at the onset of exhalation is minimal
because the gas in the upper airways is the first to
leave the lungs. As exhalation continues, the carbon
dioxide rises steadily until it reaches a plateau and it
remains there until inhalation commences. If the lungs
are normal, then the Pco2 at the end of exhalation is
close to the Pco2 in end-capillary (arterial) blood [23].

The gradient between the aveolar carbon dioxide
(Paco2) and the ETco2 is typically <5. In general, differ-
ences between Paco2 and ETco2 reflect the amount of
dead space. Therefore, disorders such as chronic obstruc-
tive pulmonary disease or obstructive sleep apnea, which
increase dead space, limit the reliability of the measure-
ment. Both anatomical and physiological dead space
contribute to the discrepancy. It has been assumed that
this gradient is constant as long as the patient’s condition
remains unchanged. In the face of disease processes that
vary over time, changes in exogenous ventilation, and/or
mode of support or fluid therapy, the gradient between
Paco2 and ETco2 may change very quickly. Changes
in patient management that affect gas exchange (i.e.
changes in ventilator settings) also may change this
gradient, which will have to be recalculated.

There is a progesterone-induced increase in minute
ventilation seen soon after conception. This change
leads to a 40% increase in minute ventilation in the
second trimester and this results in a baseline Paco2 of
27–32 mmHg [24]. The development of respiratory
alkalosis is countered by a compensatory decrease in
serum bicarbonate (Table 21.1).

Invasive monitoring

Intra-arterial blood pressure monitoring
Intra-arterial blood pressure monitoring is indicated
when there is a need for tight blood pressure control,
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a potential for rapid, unheralded changes in blood
pressure with adverse consequences, or a need to titrate
inotropic and/or vasoactive medications. Common
clinical scenarios requiring monitoring include hyper-
tensive crisis, acute respiratory failure, shock (hemor-
rhagic, distributive, cardiogenic), pre-eclampsia, and
massive blood loss.

Virtually any artery other than the carotid can be
cannulated for invasive arterial monitoring. Most com-
mon sites are the radial arteries, but use of the ulnar,
brachial, axillary, dorsalispedis, or femoral artery is not
uncommon. Care must be taken when using an end-
artery suchas the brachial or anartery close to the cerebral
circulation (axillary) where inadvertent air or particulate
embolism imposes a risk of neurological injury.

Accurate arterial blood pressure monitoring
requires a continuous column of fluid from the cannula
to the transducer. Air bubbles or particulate matter will
dampen the system [26]. This defect should have only a
minor effect on mean blood pressure but can radically
alter systolic and diastolic pressures. The pulsation in
the vasculature acts as an underdamped second-order
harmonic oscillator. Consequently, the observed wave-
form often is biphasic, the result of measuring both
forward and reflected flow.

The only absolute contraindication to arterial can-
nulation is distal ischemia. Relative contraindications
include blood diathesis, current anticoagulant use, and
thrombolytic agents. Site-specific indications include
full-thickness burns, presence of vascular prosthesis,
infection at the proposed site of placement, or severe
arterial disease with distal ischemia.

Complications of arterial cannulation included
thrombosis/distal ischemia, bleeding, or infection at
the site of insertion. Following radial artery cannula-
tion, the rate of distal ischemia approaches 0.1% [27].
Most other complications are related to equipment
failure or misinterpretation of data.

Central venous pressure
Central venous pressure (CVP) is measured by placing
a catheter into or near the right atrium or vena cava.
The validity of the measurement, however, depends on
the proximity to these major structures; the greater the
distance from the right atrium, the less accurate the
measurement, even if the column of fluid separating
the catheter from the right atrium is uninterrupted.
Practically speaking, the numerical value of measured
venous pressure is significantly affected by the extra-
mural pressure. In the abdomen or extremities, this
may be nil or positive. However, in the chest of a
spontaneously breathing (not mechanically ventilated)
patient, the pressure is most often zero (at end inspira-
tion) or negative (during inspiration) and only becomes
positive when expiration is active or occurs against a
closed glottis (Valsalva maneuver) These normal pres-
sures. change with the use on mechanical ventilation or
ventilator-support modes. In addition, valvular insuffi-
ciency may alter the waveform and make identification
of the actual plateau pressure difficult. Thus, the abso-
lute value of the CVP must be interpreted with caution.

The importance of measuring CVP lies in the belief
that this number is an index of preload or venous return
to the heart and, therefore, is predictive of stroke volume
or overall volume status. These theories are of question-
able validity because they are based on a number of
potentially erroneous assumptions. First, the assump-
tion that this pressure is related to volume, either the
volume of blood entering the right heart or the total
blood volume, requires that there be a consistent, pre-
dictable, reproducible linear relationship between pres-
sure and volume. In both the right ventricle and the
entire vascular system, which is constructed not of rigid
pipes but of compliant vessels whose caliber changes as
pressure changes, alterations in pressure or volume
will alter the pressure–volume relationship. In addition,
because preload on the left side of the heart is left
ventricular end-diastolic volume, the assumption that
CVP reflects preload in the left ventricle requires that
the pressure measured in the right ventricle or superior
vena cava be proportional to the pressure in the left
ventricle. This, in turn, mandates that the column of
fluid connecting the left ventricle to the right atrium or
superior vena cava be continuous and arising from a
single source. Neither is true – valves and a profuse
vascular tree that may expand or contract continuously
separate CVP from the pressure in the left ventricle, and
the return to the left atrium arises not just from the
pulmonary circulation but also from the bronchial and

Table 21.1. Arterial blood gas measurementsa

Antepartum Postpartum

pH 7.43 ± 0.027 7.41 ± 0.013

Arterial partial pressure
of CO2 (mmHg)

30.4 ± 2.7 35.3 ± 3.1

Arterial partial pressure
of O2 (mmHg)

102 ± 5 95 ± 7

a Arterial blood gas values from measurements reported in
Templeton and Kelman, 1976 (25), obtained in semirecumbent
positionwith 15°pelvic tilt at 38 weeks of gestation and 5 weeks
after delivery.
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thebesian circulations. This argument again mandates
that CVP be interpreted cautiously.

Catheters for CVP measurement can be placed at
many different sites. These include the internal jugular
vein, subclavian vein, femoral vein, and antecubital
veins. The internal jugular route is often preferred
because it is technically simpler to perform and is
less likely to result in arterial puncture because the
nearby carotid artery can be palpated and both the
vein and artery are easily visualized using ultrasonog-
raphy, which reduces complications. Further, if the
artery is inadvertently perforated it is simple to apply
direct pressure and thus control bleeding. In contrast,
the subclavian vein is technically more challenging,
not as amenable to ultrasound identification, and, if
the artery is entered, control of the arterial bleeding
is more difficult. However, some studies suggest that
catheters placed in the subclavian vein may have the
lowest risk of infection [28–30]. Placement via the
femoral route should be reserved for urgent/emer-
gency situations where internal jugular or subclavian
placement is difficult or contraindicated. Because of its
remote location, the pressure measured in the femoral
vein may not be a good approximation of right atrial
pressure. The femoral vein is a poor choice in the
pregnant patient because of difficulty in maintaining
sterility and the potential for interference with obstet-
ric procedures. Placement via the antecubital site
requires that the catheter be threaded centrally. This
approach has recently gained popularity for long-term
use. However, the length of the catheter increases the
risk for thrombosis and may make rapid administra-
tion of fluids problematic.

The CVP waveform is directly related to the cardiac
cycle and, therefore, to the ECG (Figure 21.2). Alterations
in the CVP waveform can be seen in a number of patho-
logical conditions, such as tricuspid regurgitation (large v
waves) and cardiac arrhythmias.

Other indications for central line placement include
the infusion of medications that must be given cen-
trally, rapid administration of fluids, administration of
parenteral nutrition, and administration of vasoactive
medications.

There are no absolute contraindications to central
line insertion, but relative contraindicationsmay include
anatomical abnormalities, previous injury to the vessel,
bleeding diathesis or coagulopathy, a patient’s inability
to tolerate the procedure if awake, the potentially dire
consequences of a pneumothorax in some patients, or
superior vena cava syndrome.

The risks associated with central venous cannula-
tion include vascular rupture, hemorrhage, pneumo-
thorax, thrombosis, catheter-related infection, and
arterial puncture during placement. Vascular erosion
is seen most commonly with left internal or external
jugular cannulation [31]. The most common compli-
cation is inadvertent puncture of the internal carotid
artery. In a large meta-analysis, the rate of pneumo-
thorax associated with internal jugular catheterization
was 1.3% versus 1.5% with subclavian vein cannula-
tion [32]. Long-term complications include migration
of the catheter [33,34] and infection (line sepsis). The
rates of infection have decreased dramatically since
the institution of guidelines for the prevention of
catheter-related infections [30,35]. The National
Nosocomial Infection Surveillance system reports the
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descent wave is produced by the tricuspid valve opening in
diastole with blood flowing into the right ventricle and it
occurs prior to the P wave.
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rate of central venous catheter-related infection as
approximately 3.2–4.0 per 1000 catheter days in
medical–surgical ICUs [36].While the risk of catheter-
associated bacteremia has been reported to be as high
as 3–8%, recent studies utilizing improved sterile tech-
nique and catheter technologies have reported rates
below 2% [35,37].

Pulmonary artery catheter
The pulmonary artery catheter (PAC) is inserted via a
central vein and, directed by a balloon inflated at its
tip, is advanced through the tricuspid valve, the right
ventricle, and the pulmonary valve into the outflow
tract of the right ventricle. Using appropriately placed
transducers, direct measurements of pressure can be
made from the right atrium, right ventricle, and pulmo-
nary artery. The balloon may be inflated in the pulmo-
nary artery until flow is stopped. A transducer distal to
the balloon then records the pressure in the pulmonary
artery, presumably unaffected by inflow. This has been
termed the “wedge,” “pulmonary capillary wedge,” or
“pulmonary artery occlusion” pressure. It may be taken
as an index of left ventricular end-diastolic pressure,
which, in turn, is used as an approximation of left
ventricular end-diastolic volume: in other words, left
ventricular preload. As noted above in the discussion
of CVP, these assumptions are not well justified because
of changes in the pressure–volume relationship and
because of the presence of collateral circulation that
interferes with the continuity of the fluid column
separating the left ventricle from the PAC tip in the
pulmonary artery [37,38]. Therefore, use of the wedge
pressure as a gauge of preload is problematic.
Fortunately, most PACs in use today also are equipped
with a thermistor that, using thermodilution, allows
measurement of right ventricular stroke volume.
Software included in the module used for pressure
transduction collects stroke volume values for several
minutes and averages them to determine the output (in
L/min) from the right heart. Because, over time, the
output from the left heart must equal that of the right,
this permits determination of cardiac output. The com-
bination of pressure and cardiac output measurements
provides a very powerful tool for assessing the effects
of changes in volume status or cardiac contractility and
in the use of vasoactive medications. In addition, most
PACs contain an electrode to measure mixed Svo2.
This value, coupled with Sao2 value obtained from an
arterial sample or transcutaneously, allows for the

calculation of oxygen extraction, which has been taken
as an index of the adequacy of perfusion. Finally, data
from the PAC have been used to calculate values
invented to describe important physiological parame-
ters. Thus, pulmonary and systemic vascular resistance
are calculated by dividing the pressure gradient across
the vascular bed by the cardiac output. In theory, this
provides an index of “vascular tone,” that is, a descrip-
tion of the extent to which these beds are constricted or
dilated. However, a change in cardiac output alone can
alter pulmonary and systemic vascular resistance with-
out any change in the vasculature itself. Therefore,
once again, these numbers must be interpreted with
caution. Combining oxygen content or extraction with
cardiac output permits calculation of oxygen delivery
and consumption.

Clinically, PACs are most helpful in two settings.
The first involves clarification of a clinically confusing
picture, for example unexplained hypotension. The
PAC allows differentiation of hypovolemia (such as
may occur in hemorrhage) from vasodilatation (often
present in sepsis), from primary cardiac dysfunction.
The first is characterized by a low cardiac output, the
second by high cardiac output/stroke volume in the
face of an overly dilated vasculature, and the last by
persistently low cardiac output/stroke volume despite
resuscitation. All will require fluid administration,
but the PAC may help to determine the type of fluid
required, the tests needed for source identification,
the indications for other therapeutic interventions
(i.e. blood products, antibiotics, inotropes), and the
endpoints of resuscitation. The PAC measurement
also is quite useful in determining fluid needs, partic-
ularly during active resuscitation. Consequently, fluid
challenges can be attempted until cardiac output/
stroke volume no longer changes. This finding usually
indicates that preload has been optimized and that
other approaches to improving tissue perfusion, such
as inotropic agents or vasodilators, are necessary.
Finally, the PAC may be useful in identifying elevated
pulmonary artery pressures and thus right heart out-
flow obstruction and in minimizing fluids in patients
with respiratory distress.

Clark et al. [39] examined hemodynamic parame-
ters during pregnancy and postpartum. These data
demonstrate that the obstetric patient has increases in
cardiac output and decreases in both systemic and pul-
monary vascular resistance (Table 21.2). Consequently,
the normal hemodynamic picture in pregnancy resem-
bles that of sepsis.
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The complications associated with PAC insertion
include those associated with placing central venous
access – bleeding, arterial puncture, pneuomthorax,
air embolism – and those associated specifically with
the PAC itself – arrhythmias, air embolism from bal-
loon rupture, entanglement in and damage to cardiac
structures, valvular insufficiency, pulmonary infarction
secondary to pulmonary artery occlusion, thrombosis,
pulmonary infarction, and pulmonary artery rupture.
Most of these are easily reversed (arrhythmias by repo-
sitioning of the catheter) or exceedingly rare (pulmo-
nary artery rupture). The risk of pulmonary artery
rupture has been reported to be 0.1–0.2% [40–42].

Although the PAC has been used in obstetric
patients, especially in patients with severe pre-eclampsia
in which fluid management is difficult, use has been
declining, probably as a reflection of the general rate of
decline in use in recent years [43–45].

Minimally invasive techniques
for hemodynamic monitoring
Pulse contour methods determine cardiac output
semi-invasively using standard arterial access and facil-
itate monitoring of many physiological parameters,

including cardiac output, volumetric preload, extrava-
scular lung water, afterload, contractility, and volume
responsiveness. Monitoring is achieved through the
insertion of an arterial cannula into the femoral, axil-
lary, or brachial arteries. The pulse contour cardiac
output method utilizes both transpulmonary thermo-
dilution and arterial pulse contour analysis principles.

Pulse contour analysis provides beat-to-beat param-
eters obtained from the arterial pressure waveform.
The technique is capable of computing a single stroke
volume from a single pulse after calibration with an
initial transpulmonary thermodilution measurement.
The rise and fall of the blood pressure curve is based
upon the distensibility of an individual patient’s arteries.
Stroke volume will vary depending on when it is
assessed during the ventilatory cycle, and this is repre-
sented by the stroke volume variation. This parameter is
seen as a surrogate for preload responsiveness but it
is only accurate in mechanically ventilated patients
who are in sinus rhythm and it is seen as a surrogate
for preload responsiveness. The pulse contour cardiac
output monitor may give inaccurate measurements in
patients with arrhythmias, intracardiac shunts, aortic
aneurysms, aortic stenosis, rapid temperature changes,
pneumonectomy, significant lung embolism, or during
extracorporeal circulation.

Given that volume status and responsiveness is one
of the most difficult assessments to make in the ICU,
the stroke volume variation, pulse pressure variation,
and volumetric preload can assist the ICU physician
in making this determination. Studies showing that
pulse pressure variation is an accurate indicator of
fluid responsiveness in septic, mechanically ventilated
patients [46] or that it is a good predictor of cardiac
output response in patients after a coronary artery
bypass graft have been difficult to replicate although
these measures appeared to be more valuable than
CVP and pulmonary artery occlusion pressure in
these patients [47]. In a prospective clinical study of
patients with septic shock, volumetric preload calcu-
lated from the pulse contour cardiac output monitor
was found to be a better index of cardiac preload than
CVP in a prospective clinical study [48]. There are case
reports detailing use of pulse contour cardiac output
or pulse contour wave analysis during cesarean section
in patients with pre-eclampsia [49,50], and this might
be extrapolated to ICU management in pregnancy.

This technology’s greatest valuemay lie in the ability
to acquire hemodynamic data without right heart
catheterization. Measurements rely upon assessment

Table 21.2. Normal cardiovascular and arterial blood gas
values for women at term and postpartuma

Antepartum Postpartum

Cardiac output
(L/min [±SD])

6.2 ± 1.0 4.3 ± 0.9

Heart rate
(beats/min [±SD])

83 ± 10 71 ± 10

Mean arterial pressure
(mmHg [±SD])

90 ± 6 86 ± 7

Systemic vascular
resistance
(dyne.s/cm5 [±SD])

1210 ± 266 1530 ± 520

Pulmonary vascular
resistance
(dyne.s/cm5 [±SD])

78 ± 22 119 ± 47.0

Colloid osmotic
pressure
(mmHg [±SD])

18.0 ± 1.5 20.8 ± 1.0

Pulmonary capillary
wedge pressure
(mmHg [±SD])

7.5 ± 1.8 6.3 ± 2.1

The cardiovascular values from Clark et al., 1989 [39] were
obtained in left lateral recumbent position at 36–38 weeks of
gestation and 11–13 weeks after delivery.
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of the dilution of a lithium bolus administered through
a via central or peripheral venous catheter and meas-
ured at an arterial catheter (pulse contour cardiac out-
put monitor or a LiDCO cardiac sensor system). The
lithium dilution technique has also been used in preg-
nancy [51] as the total lithium dose is very small and
teratogenesis is not of concern past the first trimester.

Intracranial pressure monitoring
Continuous, clinically useful intracranial pressure
(ICP) monitoring was initially developed for patients
with traumatic brain injury [52], where it has been
shown to give prognostic information and assist in
management decisions; it has also been suggested that
it improves outcomes [53–55]. It has since been used in
a number of other settings, including subarachnoid
hemorrhage, hepatic encephalopathy, encephalitis, and
stroke. Monitoring of ICP in the critically ill patient can
be invaluable as the signs and symptoms of increased
ICP are unreliable in this setting [56].

The indications for ICP monitoring following trau-
matic brain injury have been addressed by the Brain
Trauma Foundation. Patients should be considered
for ICP monitoring if they have a Glasgow Coma
Score of ≤8 or an abnormal CT scan: that is, they may
have contusions, hematomas, edema, or compressed
ventricles [57].

The physiological basis for monitoring ICP is
based on two separate but related mechanisms that
contribute to cerebral ischemia. The ischemic brain
will swell, eventually filling the cranial vault and caus-
ing herniation of brain tissue into the area surround-
ing the brainstem or out of the foramen magnum into
the spinal canal, damaging the primitive brain that
controls most autonomic function [58].

In the first putative mechanism, it is postulated that
an ischemia-induced elevation in the pressure in the
brain parenchyma that exceed about 18mmHgwill lead
to venous collapse, which will increase brain swelling by
obstructing outflow. The net result is further ischemia
and ultimately herniation. Intraparenchymal pressure
is most often approximated by ICP. This theory
explains why treatment of raised ICP is usually initiated
at pressures between 15 and 20 mmHg. In practice, it is
not known to what extent venous collapse contributes
to the progression of brain injury.

The second justification for measuring ICP lies in
the relationship between cerebral perfusion pressure,
the difference between the mean blood pressure and

some “downstream” pressure, and cerebral blood flow.
To avoid ischemia, normal, intact brain tissue is
perfused at a relatively constant flow rate. In normal
brain, vasoconstriction and vasodilatation assure min-
imal variation in blood flow across a range of blood
pressures. In the injured brain, this relationship may
be attenuated or altogether abolished, and flow to
the brain becomes dependent on cerebral perfusion
pressure. The downstream pressure used to calculate
cerebral perfusion pressure is either the venous pressure,
most often the CVP, or the pressure within the brain
itself, most often approximated by the ICP, whichever is
higher [59]. If cerebral perfusion pressure falls, blood
flow becomes insufficient and ischemia develops. This
again increases swelling and the risk of herniation. If
cerebral perfusion pressure becomes elevated and cere-
bral blood flow rises, pressure itself (from an increase
in blood volume within the fixed cranial vault) may
directly damage the brain or lead to herniation.
Therefore, the mainstay of treatment for injured brain
is control of ischemia, pressure damage, and herniation
by limiting ICP or optimizing cerebral perfusion pres-
sure. The Brain Trauma Foundation recommend amin-
imum cerebral perfusion pressure of 60 mmHg [59].

There are four general types of systems used to
monitor ICP: ventriculostomies (ventricular catheter),
subarachnoid bolts, fiberoptic sensors, and catheter tip
strain gauges.

The ventriculostomy is a hollow cannula placed into
one of the lateral cerebral ventricles and connected to a
fluid-filled signal transduction system that can generate
an electric signal. It can be inserted at the bedside and
used for both diagnosis –measuring ICP – and therapy,
that is drainage of cerebrospinal fluid. Graphing pres-
sure over time generates a waveform that can provide
information about dynamic cerebrovascular responses.
Most often, the mean pressure is calculated and that
number is taken as the ICP.

Ventriculostomies can become infected;most centers
report infection rates between 1 and 10%. Hemorrhage
during catheter placement occurs 1–2% of the time and
rarely requires surgical exploration. Placement can be
technically challenging as there may be significant diffi-
culty in locating small, compressed or shifted ventricles.

A subarachnoid bolt is screwed into a small burr
hole in the skull. The dura at the tip of the device is
punctured, placing cerebrospinal fluid in continuity
with the fluid-filled hollow core of the bolt and the
attached transduction system. In contrast to ventricu-
lostomy, the subarachnoid bolt cannot be used to drain
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fluid. Readings from subarachnoid bolts tend to be
lower than those from a ventriculostomy. Placement
of a subarachnoid bolt carries a very low complication
rate. Damage to the brain itself is rare, but intracerebral
hematoma secondary to a placement mishap can occur.

Fiberoptic ICP monitors involve placement of a
miniature transducer into the cerebrospinal fluid (either
ventricular or subarachnoid) or even into brain tissue
itself. Fiberoptic cables carry a light that is projected
onto amirror at the catheter tip. The extent to which the
light is displaced is a function of ICP [60]. This monitor
does not require fluid-filled systems, removing a poten-
tial source of dampening and thus error. As with all
invasive devices, there is risk of infection, but it is
significantly less than that observed in other systems
because of the absence of fluid in the device. The inci-
dence of complications such as hemorrhage and infec-
tion is also less than in other ICP monitors.

A catheter tip strain-gauge catheter consists of a
solid-state pressure sensor in a titanium box that is
placed at the tip of a long, thin, flexible nylon tube. The
transducer tip consists of a microchip with diffuse
piezoresistive strain gauges, connected to wires that
traverse the length of the tube [61].

Brain tissue oxygenation
Brain tissue oxygenation can be measured via a small
microcatheter inserted into the frontal white matter.
Normal brain tissue oxygen tension has been estimated
to be 40 mmHg [62–66]. Lower values putatively sug-
gest increased oxygen extraction to compensate for
reduced delivery(i.e. reduced cerebral blood flow). Use
of these measurements is controversial. True normal
values are not really known. It is unclear what informa-
tion on global or focal brain injury can be derived from
ameasurementmade in one discrete region of the brain
that may or may not be injured. The value of trending
also is unsubstantiated. There are no studies evaluating
the relationship between changes in brain tissue oxy-
genation and outcome, nor is it clear that intervention
to alter this oxygenation is beneficial. Thus, measure-
ment of brain tissue oxygenation is, at this time, of
unknown value.

Fetal monitoring
Fetal monitoring, in practice, is generally limited to the
generation and interpretation of fetal heart rate patterns
obtained through Doppler ultrasound. Unless mem-
branes are ruptured and the woman is in labor, the

signal is obtained transabdominally. The fetal heart
rate signal is displayed over time as an irregular line, in
which the interval between events in the cardiac cycle is
recorded. The original method of measuring fetal heart
rate was using a direct fetal ECG and displaying the R-R
interval, but this required direct fetal access in the form
of a stainless steel electrode screwed into the fetal scalp.

Interpretation of the fetal heart rate tracing or car-
diotocograph is second nature to obstetricians, but
will be unfamiliar to most other physicians in the ICU
setting. The underlying principle is that the intact fetal
central nervous system will manifest a balance between
sympathetic and parasympathetic influences, but hypo-
xemia or acidemia can effect a number of changes in the
tracing [67]. General signs indicative of the absence of
metabolic acidemia in the fetus include cardioaccelera-
tions, either spontaneous or provoked by acoustic stim-
ulation, and the presence of normal baseline fetal heart
rate variability (Figure 21.3). While these are signs of
fetal health, their absence does not indicate fetal com-
promise: fetal sleep cycles or maternal medications may
vitiate them. The presence of decelerations in the tracing
suggests some interruption of the oxygen transfer path-
way between maternal lungs and fetal central nervous
system, but in the absence of significant metabolic acid-
emia, fetal injury remains unlikely. It is important to
note here that fetal heart rate patterns are better under-
stood in labor than in the antepartum setting, and that
electronic fetal heart rate monitoring was introduced
more than 50 years ago without randomized trials.

Extrapolation to the antepartum setting is com-
mon, although largely unsupported by randomized
trials [68]. The “non-stress test” refers to the fetal
heart rate tracing obtained in the absence of uterine
contractions (which inevitably interrupt fetoplacental
perfusion.) If fetal well-being is questioned on the
basis of the fetal heart rate trace, further information
can be obtained through real-time ultrasound, looking
for parameters of fetal activity. The components of the
biophysical profile include fetal tone, fetal movements,
fetal breathing, and an assessment of amniotic fluid.
With the exception of amniotic fluid, these parameters
are also subject to alteration depending on maternal
medications. Opioid or sedative drugs that cross the
placenta – and that would be most of them – will also
suppress fetal activity.

Despite the absence of good-quality data demon-
strating a benefit from antenatal fetal heart rate mon-
itoring or cardiotocography [69], current medicolegal
practice in the USA at least holds obstetricians to this
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standard for mothers or fetuses perceived to be at
increased risk. Consequently, it would be expected to
be deployed for pregnant patients in the ICU, at least
in the third trimester. Practice may vary from inter-
mittent to continuous monitoring. The tracings gen-
erated should be interpreted by physicians or nurses
with expertise in the area. Diminished fetal heart
rate variability or the presence of decelerations may,
in the ICU setting, reflect maternal acid–base status,
hypotension, electrolyte disturbances, hypoxemia, or
medication, and may respond to correction of the
underlying maternal condition in many cases. An
argument can be made that the fetal heart rate tracing
in this setting is an indicator of uteroplacental perfu-
sion in the same way that the maternal ECG is an
indicator of coronary perfusion.

Variability refers to the jiggle in the tracing in
labor, this may be obtained from a direct fetal ECG,

obtained from an electrode screwed into the fetal scalp,
and variability reflects the R-R intervals in the cardiac
cycle. In the case of external fetal monitoring, which
would be the rule in the ICU, the auditory events of
the cardiac cycle, obtained by Doppler, are autocorre-
lated for calculation and display. Accelerations are
deflections significantly above baseline (by 10 or 15
beats/min, depending on gestational age;); and decel-
erations refer to deflections significantly below base-
line. Variable decelerations are visually abrupt in both
onset and recovery and are thought to reflect umbilical
cord compression. Gradual, symmetrical, uniform
deceleration is unusual except in labor; when they
occur at the time of contractions they are attributed
to baroreceptor stimulation as the fetal head is
compressed, while those that occur after contractions
are believed to represent diminished uteroplacental
perfusion.

(a) (b)

(c)

Figure 21.3. Examples of fetal heart rate tracings. The lower channel for uterine contractions (tocodynamometry or tocometry) is not shown
here. (a) Average baseline variability (normal, no concerns about fetal status). (b) Average baseline variability with accelerations (arrowed):
normal, no concerns about fetal status. (c) Minimal variability (less than 5 beats/min) plus decelerations (arrowed): requires further assessment
and perhaps correction of modifiable factors.
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Imaging issues in maternal critical care
Melina Pectasides, Filip Claus, and Susanna I. Lee

Introduction
Radiological imaging of the critically ill pregnant
woman poses many challenges and constraints unique
to this patient population. Correct choice of an imag-
ing examination must take into account not only
the clinical scenario but also the potential effects of
radiation exposure and intravenous contrast agent
administration to both the mother and the fetus.
Unfortunately, the appropriate indications, safety con-
cerns, and diagnostic performance associated with the
multitude of radiological studies represent a knowl-
edge gap for many physicians. Among physicians and
the public as a whole, the perception of fetal risk
associated with imaging is generally higher than the
actual risk. Moreover, in the intensive care unit (ICU)
setting, a missed or delayed diagnosis usually poses a
much greater risk to the woman and her pregnancy
than the hazards of a radiological examination.

Close consultation between the clinical team and the
radiologist is essential to optimize the choice and per-
formance of the radiological examination. Seamless
communication is required to expedite addressing the
diagnostic dilemma while minimizing the risk to either
the mother or the fetus. This chapter describes the
various imaging modalities and the safety concerns
associated with each when used during pregnancy or
in the immediate postpartum period. The relative
advantages and disadvantages of imaging modalities
are discussed in the context of specific clinical scenarios
relating to maternal critical care.

Effects of radiation on the fetus
The radiation effects to the fetus are categorized into
deterministic and stochastic effects (Box 22.1).
Deterministic effects are non-stochastic, dose related
and are seen above a baseline threshold dose. Examples

of deterministic effects include pregnancy loss, growth
restriction, mental retardation, and organ malforma-
tion. In contrast, stochastic effects are possible at any
level of radiation exposure with no minimum thresh-
old and with the likelihood increasing with dose. In
pregnancy, stochastic effects primarily refer to risk of
childhood cancer. The type and severity of determin-
istic effects and the likelihood of stochastic effects vary
with gestational age at the time of exposure and with
radiation dose delivered to the uterus [1].

The American College of Radiologists practice
guidelines for imaging pregnant patients, issued in
2010, provided a summary of induced deterministic
radiation effects in utero at various gestational ages
and radiation exposures [2]. This summary suggests
that risks are unlikely at doses smaller than 100 mGy.
At doses above 100 mGy, the risks for deterministic
effects such as developmental deficits start to appear
but remain low until doses exceed 150–200 mGy. As
for stochastic effects, the data are not consistent, but it
has been estimated that fetal radiation dose of 100
mGy increases the risk for childhood cancer, particu-
larly leukemia, by 0.1%. The risk of childhood cancer
becomes negligible at doses of less than 50 mGy [1,3].

Fetal radiation dose from almost all diagnostic
imaging examinations falls well below clinically negli-
gible doses. Examinations where the fetus is not
directly in the radiation beam would administer
much less than 1 mGy. When the fetus is directly in
the radiation beam, such as pelvic radiography or
abdominopelvic CT, the fetus will be exposed to the
highest doses but, nevertheless, these are estimated to
still fall below the 50 mGy threshold. When outcomes
are evaluated, the offspring of women exposed to
major radiological studies in pregnancy do not appear
to be at higher risk of childhood malignancy than the
children of unexposed mothers [4].
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Imaging modalities
Plain radiography and fluoroscopy
Plain radiographic studies in which the uterus is not
included in the field of view (e.g. head, neck, chest, and
limbs) expose the fetus to scattered radiation only and
the dose is negligible:

* non-abdominal plain radiographs: negligible
* abdominopelvic plain radiograph: well below 50

mGy [1]
* fluoroscopic procedures: more variable and

substantial, unlikely to exceed 100 mGy [5].

Even for plain radiographic studies of the abdomen
and pelvis, where the uterus is included in the field of
view, the typical fetal dose is estimated at 2–3 mGy [1].
With fluoroscopic procedures, the fetal dose is more
variable and more substantial but is highly unlikely to
exceed the threshold of 100 mGy for deterministic and
stochastic effects [5].

Ultrasound
Ultrasound (US) is often the first imaging modality in
evaluating the pregnant patient for abdominopelvic
pathologies. It can be performed at the bedside and
can reliably evaluate the gallbladder, kidneys, and the
urinary bladder, while simultaneously evaluating the
gestation. It also detects moderate to large amounts of
free intraperitoneal fluid. Because of its limited field
of view and low soft tissue contrast, US is less reliable
in detecting hepatic, pancreatic, splenic, appendiceal,
and adnexal pathologies. Ultrasound evaluates bowel

poorly and is unreliable in detecting abscesses, hema-
tomas, and free air. Consequently, in the context of
high clinical suspicion of these pathologies, referring
the patient directly to CT or MRI, particularly in
practice settings where these modalities are readily
available, may allow a faster diagnosis.

No biological effects have been documented from
diagnostic US examinations in the pregnant patient,
despite widespread use over several decades. With
Doppler, the risks to the fetus from heat and cavitation
exists and, therefore, it should be used judiciously,
keeping the exposure time and acoustic output to the
lowest level possible [6].

Computed tomography
Computed tomography is fast, reliable, and affords a
large field of view; consequently, it is considered the
first-line imaging modality for many indications in
non-pregnant adults. The fetal radiation dose with CT is:

* when not directly imaging the fetus (e.g. head,
chest, neck): negligible

* abdominopelvic CT, typically about 20 to 35 mGy
and rarely exceeds 50 mGy [7].

In pregnancy, the potential effects of fetal radiation
exposure should be factored into the risk–benefit
analysis when considering ordering an abdomino-
pelvic scan:

* seek radiological consultation to maintain
diagnostic image quality while minimizing fetal
dose

* avoid repeat examinations.

Therefore, the physician should understand what
types of CT examination have the potential to deliver
biologically significant radiation doses to the fetus.

Fetal radiation exposure during non-abdominal
CT scans is minimal. Scans of the head, cervical
spine, and extremities can be performed safely regard-
less of gestation age. For a chest CT examination, the
fetal dose is also negligible if the fetus is not included in
the field of view. The maximum fetal dose from a chest
CT is estimated to be less than 1 mGy [7,8].

With abdominopelvic CT, where the uterus is
directly imaged by the radiation beam, fetal dose
can be more substantial, ranging between 20 and
35 mGy [7]. Here, close consultation with a radiologist
is advised to insure that the examination is tailored to
address the diagnostic question while minimizing
radiation dose. The radiologist can optimize such

Box 22.1. Key points for fetal radiation risk with
diagnostic imaging

Deterministic effects
Pregnancy loss, growth restriction, mental retardation,
organ malformation

Unlikely at doses <100 mGy [2]

Stochastic effects
* Childhood cancer: dose of 100 mGy increases the
risk for childhood cancer by 0.1%; cancer risk with
doses <50 mGy is considered negligible [1]

* A single diagnostic imaging examination typically
administers much less than 50 mGy to the fetus

Note: the terms Gray (Gy) and milliGray (mGy) have
replaced older terms rad and millirad; 1 rad = 10 mGy
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variables as scanning parameters, patient positioning,
and choice of contrast to insure patient safety without
sacrificing diagnostic accuracy. While a single CT pass
through the abdomen and pelvis confers negligible
fetal radiation dose, multiple consecutive examina-
tions or acquisitions through the uterus during the
same examination should be avoided as fetal dose
can then exceed 50 mGy [9].

Magnetic resonance imaging
An MRI scan can be used to assess a number of
maternal and fetal diseases quickly with high image
quality, multiplanar capability, and a large field of
view without raising radiation concerns. Pelvic MRI
has been in use for more than 20 years with no
evidence of adverse effects to the fetus in both clinical
and laboratory investigations [10]. Nevertheless,
safety concerns regarding potential heating effects
of radiofrequency pulses and acoustic injury to the
fetus have not been completely dispelled [11]. While
no fetal harm has been reported with 1.5 T magnetic
field strength, little experience has been reported
at higher field strengths. Given the lack of evi-
dence indicating any adverse effects, MRI for the
pregnant patient is considered of equivalent safety
regardless of gestational age and should not be
delayed or deferred for safety concerns if clinically
indicated [10].

Disadvantages of MRI include limited access to the
scanner itself or to radiologist expertise to implement
and interpret the examinations in some practice
settings. Most examinations require the patient to lie
still in an enclosed high field strength magnet for up to
20–40 minutes. In the critically ill patient, monitoring
and supportive-care equipment that are compatible
with high field strength magnets are required. In the
conscious patient, concerns such as claustrophobia or
inability to cooperate with the scanning procedure can
hinder successful image acquisition.

Nuclear medicine
Fetal radiation dose during nuclear medicine studies
depends upon the maternal uptake and excretion of
the radiopharmaceutical, placental permeability, fetal
distribution, and tissue affinity, and also on the half-
life, dose, and type of radiation emitted. The fetal
radiation exposure:

* for the most commonly performed nuclear
medicine studies is well below the level of
concern [12]

* can be reduced by maternal hydration and frequent
voiding, which reduces fetal exposure from its
proximity to radionuclides excreted into the
maternal bladder.

However, the long scanning times render this
approach less suitable for the critically ill patient.

The most commonly performed diagnostic nuclear
medicine studies use technetium-99m, which has a short
half-life [12] and delivers a fetal radiation dose far below
the threshold of concern. Bone scans deliver approxi-
mately 5 mGy, thyroid scans 0.2 mGy, and lung ventila-
tion/perfusion scans 0.37 mGy to the fetus [1,13]. The
few data available on the use of 18F-fluorodeoxyglucose
positron emission tomography studies during pregnancy
suggest that the radiation dose to the fetus is small,
ranging from 1.1 to 2.43 mGy [14].

An important disadvantage of several nuclear
medicine studies is the long scanning time, upwards
of 30 minutes and up to several hours, which renders
them less suitable for the critically ill patient.

Contrast agents in pregnancy
and lactation
Table 22.1 summarizes the contrast agents used in
pregnancy and lactation.

Iodinated contrast agents
Iodinated contrast agent administered to a pregnant
woman crosses the placenta, resulting in possible fetal
thyroid depression by exposure to free iodine [16].
While such an effect has never been directly demon-
strated [18], infants of mothers who received iodinated
contrast during pregnancy should be tested for
hypothyroidism, already a standard neonatal screen-
ing procedure in the USA. No evidence suggesting
that iodinated contrast is teratogenic or carcinogenic
has been reported. Given the lack of definitive evidence
of adverse effect, they are considered a category B
drug (i.e. no evidence of fetal risk in human and/or
animal studies [15]) by the US Food and Drug
Administration. Hence, the chance of fetal harm
should be considered remote when iodinated contrast
is used in pregnancy.

Gadolinium
Gadolinium contrast agents administered to a preg-
nant woman cross the placenta and enter the fetal
circulation, are filtered via the fetal kidneys, and
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excreted into the amniotic fluid, where they may
remain for an indeterminate time. To date, no adverse
effects to the human fetus have been reported.
However, because the potential effects of fetal absorp-
tion of gadolinium contrast agents have not been fully
explored, most practices refrain from using it rou-
tinely in pregnancy. Because MRI without contrast
administration affords a high degree of tissue contrast,
intravenous contrast should only be given if, after
review of the non-contrast-enhanced images, the
radiologist deems that this is necessary and likely to
aid in addressing the diagnostic question. Since there
have been no adequate studies of the effects of gadoli-
nium in pregnancy, it is considered a category C drug
(i.e. risks cannot be ruled out in humans) by the US

Food and Drug Administration [15]. Hence, gadoli-
nium should be used in pregnancy only if the potential
benefits are thought to outweigh possible fetal risks.

Lactation
Following intravenous administration, very low levels of
iodinated or gadolinium-based contrast agents are
excreted in breast milk and ingested by the infant.
After oral ingestion, very small amounts are absorbed
into the bloodstream of the neonate. Because this
represents <0.05% of the permitted pediatric dose [17],
cessation of breastfeeding is thought to be unnecessary
to insure infant safety. However, active expression and
discarding of breast milk for 24 hours after intravenous
contrast administration, recommended by themanufac-
turers of intravenous contrast agents, is the only method
to insure that the infant incurs no exposure [15,16].

Clinical scenarios

Deep venous thrombosis and pulmonary
embolus
Venous thrombosis most commonly occurs in the
lower extremities (Table 22.2). However, pregnant
patients are also at risk for pelvic, hepatic, mesenteric,
and gonadal venous thrombi [19]. For evaluation of
the lower extremities, vascular US with compression
and Doppler is the preferred examination as it dem-
onstrates sensitivity and specificity of 94% [20], and a
positive result leads to systemic anticoagulation and
renders additional testing for pulmonary embolus
unnecessary [21]. However, because of its limited
field of view, US has a limited role in the detection of
pelvic vein thrombosis. Rather, CT venography or MR
venography should be used as both demonstrate high
sensitivities and specificities (>90%) [22]. Intravenous
contrast is required for CT venography and it will also
involve fetal ionizing radiation exposure. Use of MR
venography avoids fetal ionizing radiation and can be
performed without intravenous contrast administra-
tion utilizing time-of-flight pulse sequences [23].

When pulmonary embolus is suspected in a patient
with chest pain or dyspnea, plain chest radiograph is
usually the first imaging study performed. Its purpose
is not to detect pulmonary embolus but to exclude
alternative diagnoses (e.g. pneumothorax, pneumonia,
pulmonary edema, rib fracture) that may account for
the symptoms. Pulmonary embolus can be diagnosed
using CT pulmonary angiography (Figure 22.1) or

Table 22.1. Contrast agents in pregnancy and lactation

Agent Features

Iodinated contrast
for CT and
fluoroscopy

Category B drug, i.e. can be used in
pregnancy as long as there is
appropriate clinical indication [15]

Crosses the placenta and ingested
by the fetus

Administer contrast if it will improve
diagnostic yield and so minimize
need for repeat imaging with
ionizing radiation

Theoretical concern of transient
fetal hypothyroidism with in
utero exposure; therefore,
maternal exposure during
pregnancy requires that
neonates be screened for
hypothyroidism [16]

Gadolinium-based
contrast for MRI

Category C drug, i.e. should not be
used routinely in pregnant
patients [15]

Crosses the placenta and is ingested
by the fetus

Administer only if non-contrast
imaging proves inconclusive
and if the contrast images are
likely to yield diagnostic
information that will benefit the
mother or fetus

Lactation Breastfeeding after maternal
intravenous contrast
administration would result in
the infant absorbing <0.05% of
the permitted dose [17]

Cessation of breastfeeding is
thought to be unnecessary to
insure infant safety [15–17]

Active expression and discarding of
breast milk for 24 hours after
intravenous contrast
administration is the only method
to insure no infant exposure
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ventilation/perfusion nuclear medicine scan. Both
deliver negligible (<1 mGy) fetal radiation dose and
demonstrate high (>99%) negative predictive value
[24], with approximately 20% rate of indeterminate
results in the pregnant patient [25]. The advantages of
CT are the rapid image acquisition time and the poten-
tial for identifying alternative diagnoses. The advan-
tages of the nuclear medicine scan are lower radiation
dose to the maternal breast and the avoidance of intra-
venous iodinated contrast.

Acute abdomen
In pregnant patients with acute non-specific abdominal
pain, the imaging examination most readily available is
a plain abdominal radiograph (Table 22.3). This can
be performed at the bedside and can quickly assess
for severe bowel obstruction or free intraperitoneal
air, conditions that would warrant urgent surgical

evaluation and possible intervention. Unfortunately,
the radiograph is insensitive for detecting all other
intra-abdominal pathologies. Ultrasound is also avail-
able at the bedside, can reliably evaluate the gestation,
the gallbladder, kidneys, and the urinary bladder and
detect free intraperitoneal fluid. It is less reliable in
detecting hepatic, pancreatic, splenic, appendiceal, and
adnexal pathologies. Ultrasound provides poor evalua-
tion of the bowel and it is unreliable in detecting
abscesses, hematomas, and free air. Computed tomog-
raphy provides a thorough and accurate evaluation of
the solid organs, bowel, and vessels and it reliably detects
abscesses, hematomas, and free air. In non-pregnant
patients, with no fetal radiation safety considerations,
this would be the preferred imaging modality for this
indication. Magnetic resonance imaging also evaluates
solid organs, gestation, adnexa, and vessels well and can
accurately diagnose a wide variety of acute pathologies
including appendicitis, adnexal torsion, cholecystitis,
abscess, and hematomas [26]. However, MRI is less
sensitive than CT in the detection of free air and occult
bowel pathologies.

Appendicitis
Diagnosis of appendicitis in pregnancy is particularly
challenging because of the unpredictable location
of the appendix and the underlying physiological
leukocytosis (Table 22.4). Graded compression US,
available at the bedside, can be used. However,
because its accuracy is determined by several factors,
including operator experience, patient body habitus,
and depth of the imaging target, a wide range of test

Table 22.2. Pulmonary embolus

Modality Advantages Disadvantages

Chest
radiography

Negligible fetal
ionizing radiation

Does not directly
detect
pulmonary
embolus

Available at bedside

Enabled diagnosis of
non-embolic causes
of pulmonary
symptoms

CT Negligible fetal
ionizing radiation [24]

Intravenous
contrast required

High (99%) negative
predictive value

Higher maternal
radiation dose
than nuclear
medicine scan

Enabled diagnosis of
non-embolic causes
of pulmonary
symptoms

20%
indeterminate
results [25]

Short (usually <5
minutes) scanning
time

Nuclear
medicine

Negligible fetal
ionizing radiation [24]

Long (usually >30
minutes)
scanning time

High (100%)
negative predictive
value

20%
indeterminate
results [25]

Lower maternal
radiation dose than
chest CT

Figure 22.1. Pulmonary embolus. A CT pulmonary angiogram in a
38-year-old pregnant woman at 10 weeks of gestation who
presentedwith sudden onset of dyspnea on exertion, chest tightness,
and palpitations. The angiogram shows filling defects (arrows)
representing embolic thrombi in branches of the left pulmonary
artery.
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performance (sensitivities of 67–100%) has been
reported. Furthermore, US fails to visualize up to
50% of normal appendices, making it a poor choice
for excluding appendicitis [27,28]. Several studies
have shown MRI (Figure 22.2) to have very high
sensitivity (100%) and specificity (94%) and it visual-
izes the normal appendix in over 80% of patients
[28,29]. The imaging protocol involves administra-
tion of a bowel-darkening oral contrast agent
(ferumoxsil) but no intravenous contrast. A CT
with intravenous contrast diagnoses appendicitis
with sensitivity and specificity approaching 100%
[30] and, in the non-pregnant patient, is usually the
preferred imaging modality.

Renal colic and urosepsis
Urolithiasis, obstructive hydronephrosis, pyelonephri-
tis, and cystitis can cause abdominal pain and lead to
life-threatening complications of urosepsis (Table 22.5).
Plain radiographs can detect urinary calculi, albeit with
a lower sensitivity and fetal radiation dose than CT.
With US, secondary findings of urinary obstruction
such as hydronephrosis can be confidently detected
[19]. However, late in pregnancy, distinguishing hydro-
nephrosis from physiological dilatation remains a diag-
nostic challenge. Ultrasound is unreliable in identifying
obstructing stones and is insensitive for detecting com-
plications of ureteral obstruction such as pyelonephritis,
abscess, or urinoma. Low-dose CT without intravenous
contrast (Figure 22.3) reproducibly demonstrates high
sensitivity and specificity (>90%) for detecting and
measuring the size of obstructing stones while subject-
ing the fetus to negligible doses of radiation [1].
However, intravenous contrast is necessary for optimal
assessment for complications. Hydronephrosis and
hydroureter can also be clearly visualized with MRI,
which can often differentiate them from physiological
dilatation. It also reliably detects complications.
However, MRI is insensitive for directly visualizing

Table 22.3. Acute abdomen

Modality Advantages Disadvantages

Plain
radiography

Available at
bedside

Fetal ionizing
radiation

Evaluates for free air
and bowel
obstruction

Insensitive for
detecting all other
intra-abdominal
pathologies

Ultrasound No ionizing
radiation

Limited bowel
evaluation

Available at
bedside

Unreliable in
detecting abscess,
hematoma and
free air

Evaluates gestation,
gallbladder,
kidneys, and
bladder well

Limited field of view
in evaluating
adnexa

CT Typically <10
minutes scanning
time

Fetal ionizing
radiation

Evaluates solid
organs, bowel, and
vessels well

Intravenous contrast
needed for optimal
test performance

MRI Reliably detects
abscess,
hematoma, and
free air

Limited availability
of technology and/
or expertise

Evaluates solid
organs, vessels,
gestation, and
adnexa well [26]

Requires patient to
lie still in an
enclosed high field
strength magnet for
approximately
20–40 minutes

Reliably detects
abscess and
hematoma

Less reliable than CT
for detecting bowel
pathologies and
free air

Table 22.4. Appendicitis

Modality Advantages Disadvantages

Ultrasound No ionizing
radiation

Highly variable test
performance;
reported sensitivity of
67–100% [27,28]

Available at
bedside

Up to 50% of normal
appendices not
visualized

CT Reproducibly
high accuracy,
95–100% [30]

Fetal ionizing
radiation

>99% normal
appendices
visualized

MRI No ionizing
radiation

Limited availability of
technology and/or
expertise

High accuracy
100% sensitive,
94% specific
[28,29]

Requires patient to lie
still in an enclosed
high field strength
magnet for
approximately 30–60
minutes

~80% normal
appendices
visualized
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calculi and assessing their size. Sonographic guidance is
preferred above conventional fluoroscopy or CT guid-
ance for percutaneous nephrostomy catheter placement.

Trauma
Trauma is a major cause of maternal and fetal mortal-
ity, and imaging choices in this setting should be
prioritized for fast and accurate diagnosis:

* CT of head, cervical spine, and chest; plain
radiography of cervical spine and chest if CT not
available

* US of the abdomen and pelvis: assess gestation,
detect hemoperitoneum, and signs of gross solid
organ injury

* CT of the abdomen and pelvis with intravenous
contrast: detect vascular, bone, bowel, and most
solid organ injuries, including placental abruption.

In the pregnant patient with suspected major injuries,
choice of examination is the same as in the non-pregnant
woman, with the acquisition parameters modified to
minimize fetal radiation dose while maintaining
adequate image quality. In examinations where the
fetus is not directly within the field of view, such as

(a) (b)

Figure 22.2. Appendicitis. Pelvic MRI without intravenous contrast in a 23-year-old pregnant woman at 15 weeks of gestation who
presented with epigastric to right lower quadrant pain. T2-weighted (a) and inversion recovery (b) sequences demonstrate a distended,
fluid-filled appendix (arrow), with periappendiceal inflammation and fluid.

Table 22.5. Renal colic and urosepsis

Modality Advantages Disadvantages

Plain
radiography

Available at bedside Fetal ionizing radiation

Can detect radiopaque stones Less sensitive than CT for stone detection

Insensitive for detecting complications of ureteral
obstruction, e.g. pyelonephritis, abscess, urinoma

Ultrasound No ionizing radiation Highly variable test performance in detecting obstructing
stones

Available at bedside Insensitive for detecting complications of ureteral
obstruction, e.g. pyelonephritis, abscess, urinoma

CT Reproducibly high sensitivity and specificity of >90%
for detecting obstructing stone [1]

Fetal ionizing radiation

Reliably detects complications of ureteral obstruction,
e.g. pyelonephritis, abscess, urinoma

Intravenous contrast needed to detect complications of
ureteral obstruction

MRI No ionizing radiation Limited availability of technology and/or expertise

Reliably detects complications of ureteral obstruction,
e.g. pyelonephritis, abscess, urinoma

Requires patient to lie still in an enclosed high field strength
magnet for approximately 20–40 minutes

Does not detect stones
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chest and cervical spine radiography and chest, cervical
spine, and head CT, radiation dose to the fetus is negli-
gible and should not be part of the risk–benefit analysis
for appropriate imaging choice.

For abdominopelvic imaging, US, rapidly performed
at the bedside, is best suited to triage the unstable
patient. It assesses the gestation and evaluates for intra-
peritoneal free fluid and major solid organ injury. The
sensitivity of US for hemoperitoneum is highest in the
first trimester but is overall lower in the pregnant than in
the non-pregnant patient [31]. In addition, solid organ
injuries without associated hemoperitoneum are often
missed, while bowel, retroperitoneal, bladder, and bony
pelvic injuries go undetected [32].

The most accurate and cost-efficient tool for
abdominopelvic evaluation of any major trauma

patient, including the pregnant woman, is CT
(Figure 22.4) [33]. Examination can be performed
rapidly, even in unconscious or uncooperative patients,
and it can be tailored to minimize fetal radiation
dose to negligible levels. The large field of view allows
the physician to comprehensively define the extent of
intra- and extraperitoneal injuries to bones and soft
tissues. Intravenous contrast administration is neces-
sary, particularly for detection of life-threatening
arterial vascular extravasation, solid organ laceration,
and small volumes of free, low-density fluid, which
may be the only finding of significant injury to the
bowel [34]. While MRI performs similarly in diagnos-
ing traumatic injuries, its limited availability and long
examination times make it an impractical tool for eval-
uating most major trauma patients [21].

(a) (b)

(c)

Figure 22.3. Obstructive urolithiasis. Abdominopelvic CT without intravenous contrast in a 34-year-old woman at 27 weeks of gestation
who presented with right-sided abdominal pain, fever and elevated white blood count. The scans demonstrate right-sided hydronephrosis
(arrow) (a), hydroureter (arrow) (b), and a stone at the ureterovesical junction (arrow) (c).
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In the context of motor vehicle accidents, assaults
or falls, special emphasis should be placed on the risk
of an acute placental abruption. In this condition, large
blood loss can potentially lead to fetal and maternal
death. Although US is a good modality to screen for
placental abnormalities, it lacks sensitivity to detect
abruption, particularly in the second and third trimes-
ter. Therefore CT evaluation is strongly recommended
in patients with an acute abdomen who suffered
abdominal trauma (Figure 22.5) [35].

Ectopic pregnancy
An ectopic pregnancy (implantation of the embryo out-
side the uterine cavity) occurs most commonly in the
fallopian tube, but it may occur anywhere in the abdo-
men. Tubal, ovarian, and cervical implantations are not
viable and bear a risk of potential life-threatening inter-
nal hemorrhage. Early symptoms are non-specific, such
as pain in the lower abdomen or vaginal bleeding, and
are progressive if there is severe internal bleeding,

including shoulder pain and cramping. An elevated
human beta-chorionic gonadotropin (>1.500 IU/L) in
the absence of an intrauterine pregnancy is highly
indicative for an ectopic implantation. Transvaginal
and transabdominal US are the imaging modalities of
choice to screen tubal pregnancies, although MRI can
be used as an adjunct to US in stable clinical conditions
[36]. Detection of tubal pregnancy on CT is rare
(Figure 22.6), and is typically reported in the clinical
context of an acute abdomen without any suspicion of
pregnancy. The presence of an ectopic gestational sac is
a highly specific imaging sign, but this is generally
obscured by foci of bleeding. In advanced abdominal
pregnancies (primary or secondary after tubal rupture),
MRI is a valuable tool to screen for placental implanta-
tion into abdominal viscera or parasitization of major
vessels. Patients presenting with advanced abdominal
pregnancies are diagnostically challenging and require
experienced obstetric surgical care because of the high
incidence of complications such as severe internal
bleeding.

(a) (b)

(c)

Figure 22.4. Trauma. Abdominopelvic CT with intravenous contrast in a 32-year-old woman at 18 weeks of gestation following a major
motor vehicle accident. The scans demonstrate a splenic laceration (arrow) (a), fracture of the left transverse process of L1 vertebral body (arrow)
(b), and blood in the pelvis (arrow) (c).
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Pre-eclampsia
Pre-eclampsia, eclampsia, and HELLP (hemolysis,
elevated liver enzymes, low platelets) syndrome repre-
sent common reasons for admission in the maternal
ICU (Table 22.6). The role of imaging in these patients

is not for primary diagnosis but for detecting and
assessing the extent of complications.

Evidence for extravasation of fluid can be seen with
chest radiography as pleural effusions and pulmonary
edema, or with US as ascites or pleural effusion.
Hepatic complications of organomegaly, fatty infiltra-
tion, hemorrhage (progressing to rupture), and infarc-
tion (progressing to necrosis) can be seen with US,
CT, or MRI, with increasing reliability with each suc-
cessive modality (Figure 22.7). Findings indicating
cerebrovascular complications of posterior reversible
encephalopathy syndrome are detected with greater
sensitivity with MRI than CT [37].

Obstetric hemorrhage
Postpartum hemorrhage may result from uterine atony,
genital tract lacerations, abnormal placentation, pseudoa-
neurysms, arteriovenous malformations, retained prod-
ucts of conception, and surgical complications [38].

(b)

(c)

(a)

Figure 22.5. Placental abruption. Computed tomography with intravenous contrast of the chest and abdomen in a 25-year-old woman at
30 weeks of gestation who had a serious car accident. The scans show a left-sided lung contusion and a hepatic laceration (a) and absent
perfusion in over 75% of the placenta (b,c). The fetus died within 6 hours after the accident.

Table 22.6. Pre-eclampsia, eclampsia, and the HELLP
syndrome

Complication Examination

Fluid
extravasation

Pleural effusion: chest plain
radiograph or US Ascites: US of
abdomen and pelvis

Hepatic
complications

Organ enlargement fatty infiltration,
hemorrhage, infarcts, and necrosis:
evaluate with US, CT, or MRI

Cerebrovascular
complications

Posterior reversible encephalopathy
syndrome: MRI is more sensitive than
CT [35]

US, ultrasound.
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If conservative measures and balloon tamponade of the
uterus fail to control the hemorrhage, then pelvic arterial
embolization under fluoroscopy (Figure 22.8) should be
included as the next step of management [39]. It should
be considered before surgical alternatives, because liga-
tion of the uterine arteries renders subsequent attempt at
embolization more challenging, while the failure to stop
the hemorrhage with embolization does not preclude
surgery [40].

Pelvic arterial embolization should be considered
as the first-line therapy for postpartum hemorrhage if
uterine balloon tamponade fails. Absence of contrast
extravasation is frequent on angiography. The angiog-
rapher should nevertheless proceed with embolizing

the uterine arteries or the anterior divisions of the
internal iliac arteries bilaterally. Pelvic arterial embo-
lization has an approximately 90% success rate in
controlling postpartum hemorrhage [41,42]. Repeat
embolization may be performed if bleeding persists.

Pelvic arterial embolization starts with catheteriza-
tion of the internal iliac artery and angiography, which
may or may not demonstrate active extravasation.
Extravasation is frequently not visualized, especially
with uterine atony [41]. This may be because there is
diffuse bleeding from the uterine bed that does not
exceed the 1 mL/min required for angiographic detec-
tion, there is intermittent bleeding, or there is arterial
spasm secondary to the angiogram itself. Even if no

(a) (b)

(c)

Figure 22.6. Ectopic pregnancy. Pelvic ultrasound (a,b) and CT with intravenous contrast (c) in a 40-year-old woman with acute abdominal
pain. (a,b) Ultrasound demonstrates a left adnexal ectopic pregnancy (white arrows) with positive fetal heart rate and crown–rump length
consistent with a 12-week gestation. (c) Confirmation of the ruptured left adnexal ectopic pregnancy (white arrow) with presence of blood
within the gestational sac and in the peritoneum (white arrowhead). Laparoscopic investigation confirmed the presence of a left-sided tubal
pregnancy.
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bleeding site is identified, embolization of bilateral
uterine arteries or of the anterior divisions of internal
iliac arteries is performed. Gelatin sponge is most
commonly used as the embolic agent, which provides
temporary occlusion with recanalization in 3–6 weeks
[38,42]. The procedure demonstrates an approxi-
mately 90% success rate in controlling postpartum
hemorrhage [43,44]. Repeat embolization may be

performed, with attention to accessory arteries supply-
ing the uterus or vagina.

Postpartum sepsis
In patients with postpartum sepsis, the most common
etiology is endometritis, occurring more frequently
following cesarean section (Table 22.7). Findings

(a) (b)

Figure 22.7. Hepatic infarct in HELLP syndrome. Liver MRI in a 36-year-old woman at 20 weeks of gestation who presents with clinical
suspicion of HELLP syndrome and right upper quadrant pain. The scan demonstrates an ill-defined hypoattenuating area within the right lobe of
the liver (arrow) on the T1-weighted sequence (a), which shows perfusional abnormality after intravenous contrast administration (b).

(a) (b)

Figure 22.8. Postpartum hemorrhage. (a) Pelvic arteriography in a 37-year-old woman with postpartum bleeding that was not controlled with
a uterine tamponade balloon, demonstrating bilateral enlarged uterine arteries (arrows) without evidence of active extravasation. (b) Bilateral
uterine artery embolization with Gelfoam was successful in achieving hemostasis.
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with US are variable and non-specific as there is sig-
nificant overlap in the appearance of the normal and
infected postpartum endometrium. The endometrial
cavity may contain fluid and air postpartum [45,46],
with the latter seen up to 3 weeks after delivery [47].

Therefore, US findings should be correlated with
the clinical evaluation in this setting. Complications
of endometritis such as myonecrosis or abscesses
can be detected with CT (Figure 22.9) or MRI.
Administration of intravenous contrast significantly
improves diagnostic accuracy with either modality.
Image-guided aspiration and drainage of an abscess
can be performed as a less invasive alternative to
surgery.

The initial imaging examination to detect retained
products of conception is US, which will identify an
intracavitary mass of heterogeneous echotexture
(Figure 22.10) [45]. Doppler US can be helpful in
distinguishing retained products from a hematoma
as the former can be hypervascular. However, failure
to visualize elevated blood flow does not eliminate the
possibility of retained products [46]. Use of CT will
not reliably distinguish these entities, as both can be
seen as dense masses. If necessary, MRI with intra-
venous contrast can aid in resolving this diagnostic
dilemma, as a hematoma will demonstrate T1-
weighted hyperintensity and enhance minimally,
whereas retained products will appear T1-weighted
isointense and enhance avidly.

Table 22.7. Postpartum sepsis

Etiology Examination

Endometritis Considerable overlap in imaging
findings between the normal and
infected postpartum endometrium

CT or MRI used to detect
complications, e.g. myonecrosis or
abscess

Image-guided drainage is a treatment
option for abscess

Retained
products of
conception

US with Doppler is the initial
examination for diagnosis

MRI with intravenous contrast can be
used to differentiate retained
products of conception from
hematoma

US, ultrasound.

(a) (b)

(c)

Figure 22.9. Postpartum abscess. (a) Pelvic CT with intravenous contrast in a 33-year-old woman with fever and dysuria following cesarean
section demonstrates a fluid collection with a thick enhancing wall (arrow) anterior to the bladder. (b,c) A needle (b) followed by a catheter
(c) was placed into the cavity under CT guidance to achieve abscess drainage and avoid surgical debridement.
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Conclusions
In referring a maternal critical care patient for a radiol-
ogy examination, the first question posed should be
whether the results of the imaging study are likely to
direct or alter patient management. If not, imaging
should not be undertaken, as it consumes valuable
time and resources that would be better directed toward
treatment. If, however, imaging is likely to be helpful, the
modality should be chosen with care to insure fetal and
maternal safety, to maximize the likelihood of yielding
an accurate result, and to minimize the number of
examinations and associated delayed diagnosis should
the initial choice prove suboptimal or indeterminate.
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23
Cardiovascular disease
Els Troost and Meredith Birsner

Introduction
Up to 4% of all pregnancies are complicated by
cardiovascular disease and the number of patients
presenting with cardiac problems during pregnancy
is increasing. Knowledge about the hemodynamic
burden of pregnancy and the risks associated with
cardiovascular disease are of pivotal importance for
the counseling and management of pregnancy in
these patients. Ideally, counseling should start before
a pregnancy is undertaken in order to have all possi-
ble factors corrected to reduce the risks and to
allow women to have a full understanding about the
possibilities and limitations of their childbearing
potential.

Epidemiology
The spectrum of cardiovascular disease presenting dur-
ing pregnancy is evolving and differs according
to geographical conditions. While in non-Western
countries rheumatic heart disease still accounts for
approximately 75% of cases, the pattern of cardiovas-
cular disease during pregnancy is quite different in
Europe and North America, where rheumatic lesions
are reported in only 15 to 20% of cases. Thanks tomajor
advances in the diagnosis and management, both inter-
ventional and surgical, of patients with congenital heart
disease, their outcomes have greatly improved over the
last decades so that many of these women reach child-
bearing age and wish to become pregnant. As such,
cardiovascular disease during pregnancy in Western
women presents a wide spectrum of congenital heart
disease, accounting now for more than 50% of lesions
during pregnancy [1]. Cardiomyopathies and coronary
artery disease during pregnancy are rare conditions but
carry a high risk of cardiac morbidity. Because of the
increasing age at first pregnancy and increased global

cardiovascular risk associated with Western lifestyle
and diet, the prevalence of well-known cardiovascular
risk factors such as diabetes, obesity, hypercholesterol-
emia, and hypertension is increasing and they compli-
cate more pregnancies.

Unfortunately, cardiac disease has become the
major cause of indirect (non-obstetric) maternal
death in the UK and accounts for about 15% of
pregnancy-related mortality in Western countries:
this is mainly a result of an increase in acquired con-
ditions such as ischemic heart disease [2]. Indeed, in
some US series, the leading cause of transfer from the
obstetric service to the intensive care unit (ICU) is
maternal cardiac disease, and the proportion of mater-
nal mortality attributable to cardiovascular conditions
is rising [3,4]. Aortic dissection, peripartum cardio-
myopathy, and severe left ventricular dysfunction also
contribute to significant morbidity and mortality
among pregnant women. According to the seventh
triennial Confidential Enquiries into Maternal and
Child Health (CEMACH) report, which records and
examines all maternal deaths during pregnancy
and within the first postpartum year in the UK, insuffi-
cient access to specialized care seems to be significantly
contributing to the death of these women as these
conditions often occur acutely and dramatically in
women with no previously known heart disease [2].
This calls for improving early recognition and manage-
ment of these vulnerable patients, ideally through
multidisciplinary assessment.

Cardiac risk estimation of pregnancy
The risk of pregnancy depends on the functional status
of the patient prior to pregnancy as well as the specific
cardiac lesion and generally increases with increasing
disease complexity.

Maternal Critical Care: A Multidisciplinary Approach, ed. Marc Van de Velde, Helen Scholefield, and Lauren A. Plante.
Published by Cambridge University Press. © Cambridge University Press 2013.
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Functional risk assessment
Several risk scoring systems have been developed
and represent easily identifiable hemodynamic pre-
dictors for maternal and/or fetal risk. The Cardiac
Disease in Pregnancy (CARPREG) study [5] was the
first risk index (Table 23.1) to predict maternal
and fetal risk during pregnancy. The index was
based on a prospective enrollment of 599 pregnan-
cies among a population of women with acquired
or congenital heart disease or primary rhythm
abnormalities.

This risk score has been validated in other studies
and is commonly used for risk stratification. In 2010,
the ZAHARA study [6] and in 2006 Khairy et al. [7]
retrospectively analyzed the outcome of pregnancies of
women with congenital heart disease and were able to
identify additional independent predictors of maternal
cardiac complications including New York Heart
Association (NYHA) functional class >II, left heart
obstructive lesions, left ventricular dysfunction, and
arrhythmias; the authors emphasized the risk score
calculation had highest utility in pre-pregnancy risk
assessment (Table 23.2). High-risk conditions such as
Marfan disease, severe aortopathy, and pulmonary
arterial hypertension could not be identified by these
studies as independent predictors of worse outcome
but as these women are counseled against pregnancy,

they are often under-represented in such studies. In
the USA and Europe, the most widely used functional
assessment in cardiac patients is that of the NYHA, a
fluid classification system that allows movement from
one class to another as symptoms change. Introduced
in 1928 and revised most recently in 1994 to augment
functional capacity with objective assessment, it is
used in clinical trials not only as an outcome measure
but also as an inclusion or exclusion criterion
(Table 23.3) [8].

Lesion-specific risk assessment
Data that are lesion specific are based on retrospective
series but provide additional information when con-
sidering pregnancy in an individual patient with
underlying cardiac disease. The modified World
Health Organization (WHO) classification divides
specific cardiovascular lesions into four groups
according to the severity of the lesions and concom-
itant morbidity andmortality [9–11]. Class I carries no
additional risks compared with the general popula-
tion, whereas class II holds a small increased risk of
maternal morbidity and mortality. Class III comprises
conditions with significantly increased risk of mater-
nal morbidity and mortality. For class IV conditions,

Table 23.1. Predictors of maternal cardiovascular events
according to the CARPREG study

Risk factor Feature

Prior cardiac event Heart failure or pulmonary edema
Transient ischemic attack or stroke
Symptomatic arrhythmia

Functional class/cyanosis NYHA class >II
Oxygen saturation <90%

Reduced systemic
ventricular function

Ejection fraction <40%

Left heart obstruction Aortic valve area <1.5 cm2

Peak left ventricular outflow tract
gradient >30 mmHg

Mitral valve area <2 cm2

Risk score

0 risk factors 5%

1 risk factor 27%

2 risk factors 75%

NYHA, New York Heart Association.
Source: based on Siu et al., 2001 [5].

Table 23.2. Predictors of maternal cardiovascular events
according to the ZAHARA and Khairy et al. studies

ZAHARA risk factors Khairy et al. risk
factors

History of arrhythmias Severe pulmonary
regurgitation

Use of cardiac medication before
pregnancy

Reduced
subpulmonary
ejection fraction

Baseline NYHA class III or IV Smoking history

Left heart obstruction (peak
instantaneous gradient at aortic
valve >50 mmHg)

Moderate or severe systemic
atrioventricular valve regurgitation

Moderate or severe subpulmonary
atrioventricular valve regurgitation

Mechanical valve prosthesis

Cyanotic heart disease, repaired or
unrepaired

NYHA, New York Heart Association.
Source: based on Drenthen et al., 2010 [6]; Khairy et al., 2006 [7].
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pregnancy is contraindicated as the estimated mater-
nal mortality risk exceeds 10% (Table 23.4). VanMook
and Peeters [12] developed a lesion-specific risk strat-
ification in which low-risk patients had 1% mortality
risk, medium-risk patients had 5–15% mortality
risk, and the highest risk patients, including those
with lesions such as severe pulmonary hypertension
or NYHA class III or IV symptoms, had a 25–50%
mortality risk.

General issues for the cardiologist

Pregnancy counseling and follow-up
Prepregnancy counseling
Prepregnancy counseling of the woman with cardio-
vascular disease desiring pregnancy should include the
following [10,13]:

* frank assessment of underlying disease severity and
functional status

* history of previous events
* most recent echocardiography and cyclo-

ergospirometry with measurement of
transcutaneous oxygen saturation

* magnetic resonace imaging (MRI) and/or cardiac
catheterization where needed

* basic natriuretic peptide and its N-terminal
prohormone (NT-proBNP) levels pre-pregnancy
can be helpful

* possibility of maternal complications antepartum
and postpartum; discuss hemodynamic effects of
pregnancy and associated maternal and fetal risk
with patient and partner

* appropriate referral to maternal–fetal medicine
subspecialist

* referral for pre-pregnancy intervention to reduce
risks in those with, for example, severe left heart
obstruction, marfan syndrome with dilated aortic
root, symptomatic valvular lesions

* risks to the fetus: neonatal complications, including
premature birth, small-for-gestational-age birth
weight, respiratory distress syndrome,
intraventricular hemorrhage, fetal and neonatal
death, increased risk of congenital heart disease
when mother has congenital heart disease [14]

* medication adjustment to limit exposure to
teratogens and allow safe breastfeeding

* initiation of prenatal vitamins
* genetic counseling when a chromosomal disorder

or familial inheritance pattern is suspected; genetic
testing may also be useful in cardiomyopathies
and/or rhythm disturbances (channelopathies)

* expectation of family size
* need for fetal echocardiography
* place of delivery and need for intrapartum

maternal and fetal monitoring
* route of delivery and need for analgesia
* medications in breastmilk
* contraceptive planning postpartum.

Cardiac medications that are contraindicated in
breastfeeding mothers include procainamide, propa-
fenone, amiodarone, and statins [15].

Patients should be counseled against pregnancy in
conditions of irreversible high-risk conditions with
estimated maternal mortality risk of >10% and should
be offered termination services in these situations as
well as for those involving an undesired pregnancy.

Pregnancy follow-up
Joint care with a dedicated obstetric team is necessary
and the following should be ensured:

* all patients: clinical and echocardiographic follow-
up at each patient visit to allow timely recognition
of hemodynamically significant alterations that
could complicate the further pregnancy course

* low-risk lesions (WHO class I): gynecological and
obstetric follow-up at a locoregional center is

Table 23.3. New York Heart Association classification

Class Features

I No limitations
Ordinary physical activity does not cause fatigue,

breathlessness, or palpitation

II Slight limitation of physical activity
Comfortable at rest
Ordinary physical activity causes fatigue,

breathlessness, angina pectoris, or palpitation

III Marked limitation of physical activity
Comfortable at rest
Less than ordinary physical activity causes fatigue,

breathlessness, angina pectoris, or palpitation

IV Inability to do any physical activity without
discomfort

Symptoms of heart failure are even present at rest

Source: Criteria Committee for the New York Heart
Association [8].
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possible; cardiac check-up is desirable before and
once or twice during pregnancy

* WHO class II lesions: cardiac check-up before
and follow-up during each trimester of pregnancy
is necessary; delivery at a locoregional center is
possible in an uncomplicated pregnancy

* WHO class III conditions: cardiac check-up
before and surveillance bimonthly or even
monthly during pregnancy is advised;
delivery at a highly specialized or tertiary center in
a context of multidisciplinary management has to
be planned

* WHO class IV conditions: termination is often
advised, but if pregnancy is undertaken, tight

follow-up on a monthly or bimonthly basis and/or
hospitalization for close surveillance is warranted.

Diagnosis of heart failure during
pregnancy
Diagnosis of heart failure symptoms during pregnancy
can be quite challenging, as pregnancy itself introduces
hemodynamic changes that can mimic symptoms and
clinical signs of heart failure. Pre-existing cardiac dis-
ease often elicits clinically significant signs during the
second trimester of pregnancy as the hemodynamic
pregnancy-related changes reach a peak. If heart failure
occurs, management should be as for non-pregnant

Table 23.4. World Health Organization classification of cardiovascular lesions

Class Risk level Lesions

I

Class I: uncomplicated small/mild
lesions

Very low Mild pulmonary stenosis
Restrictive ventricular septal defect
Restrictive patent ductus arteriosus
Mild mitral valve prolapse

Class I: succesfully repaired simple
lesions

Very low Corrected atrial septal defect, ventricular septal defect, patent
ductus arteriosus

Corrected anomalous pulmonary venous return

Class II lesions (if otherwise well
and uncomplicated)

Low to moderate Unoperated atrial septal defect
Repaired tetralogy of Fallot
Most arrhythmias

Class II/III lesions (depending on
individual)

Moderate to high Mild left ventricular impairment (ejection fraction ≥40%)
Hypertrophic cardiomyopathy
Native or tissue valve disease not considered class IV
Repaired coarctation
Marfan syndrome without aortic dilatation
Aorta <45mm in bicuspid aortic valve-associated aortic disease

Class III High Mechanical valve
Systemic right ventricle
Fontan circulation
Unrepaired cyanotic heart disease
Aortic dilatation 40–45 mm in Marfan syndrome
Aortic dilatation 45–50 mm in bicuspid aortic valve-associated

aortic disease
Other complex congenital heart disease

Class IV Very high risk, pregnancy
contraindicated

Pulmonary arterial hypertension of any cause
Severe systemic ventricular dysfunction (ejection fraction 30%,

NYHA class III or IV)
Previous peripartum cardiomyopathy with any residual

impairment of left ventricular function
Severe left heart obstruction
Aortic dilatation >45 mm in Marfan syndrome
Aortic dilatation >50 mm in bicuspid aortic valve-associated

aortic disease
Native severe coarctation

NYHA, New York Heart Association classification.
Source: World Health Organization, 1994 [9].
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patients, with prescription of diuretics to relieve con-
gestion, and beta-blockers for afterload reduction and
modulation of sympathomimetic tone. Furosemide and
hydrochlorothiazide can be used, but overuse should be
avoided as these medications can decrease placental
blood flow. Aldosterone antagonists have been labeled
as category 4 by the US Food and Drug Administration
because of antiandrogenic effects documented in rats.
Angiotensin-converting enzyme inhibitors and
angiotensin-receptor blockers are contraindicated dur-
ing pregnancy because of fetotoxicity. Because data on
eplerenone and aliskiren are insufficient, these products
are actually not prescribed for pregnant women. Bed
rest and restriction of physical activities should be pre-
scribed for severe disabling symptoms.

Timing and mode of delivery
Women with significant cardiac conditions, WHO
class III or IV, should deliver at a tertiary care center.
For most conditions, a vaginal delivery with good
analgesia and low threshold for assisted second stage
is preferred because this is associated with less blood
loss and abrupt hemodynamic changes than a cesarean
section. Valsalva maneuver during labor, however,
increases intrathoracic pressure, leading to decreased
venous return, decreased preload, and, therefore,
decreased cardiac output. These maternal pushing
efforts can be limited when a vaginal delivery is
accomplished with vacuum, ventouse, or forceps.
The choice to deliver via cesarean section is usually
made based on obstetric factors. There are few mater-
nal cardiac indications for delivery by cesarean sec-
tion: these include patients with Marfan syndrome,
aortic root dilatation, aortic dissection or aneurysm,
severe pulmonary hypertension or Eisenmenger syn-
drome, and uncontrolled heart failure. Patients taking
oral anticoagulation at onset of labor may also require
a cesarean because of the risk of fetal intracranial
hemorrhage associated with vaginal delivery. In some
centers, severe aortic stenosis and a mechanical pros-
thetic heart valve combined with unfavorable obstetric
factors that could predict prolonged labor are also
considered for cesarean delivery, although no consen-
sus exists today in literature [10,16,17].

Women should labor in left lateral decubitus
position to increase venous return, with supplemental
oxygen if necessary. Close monitoring, possibly in a
cardiac intensive care setting with capability of
advanced cardiac monitoring during the immediate
postpartum phase, must be stressed, as important

changes in circulating volume and fluid shifts in the
first 24 hours following delivery predispose women
with structural heart disease for development of heart
failure. Additional treatment with diuretics may be
necessary. Labor induction can proceed by the usual
techniques; however, bolus administration of oxytocin
can have potent cardiovascular side effects in vulnerable
patients because it induces a 30% decrease in mean
arterial pressure, a 50% decrease in systemic vascular
resistance, and, therefore, can increase cardiac output
by as much as 50% [18,19]. These potential deleterious
side effects were highlighted in the CEMACHReport in
the UK [2]. Therefore, bolus administration should be
avoided in women at high risk who would not tolerate
profound tachycardia and hypotension (e.g. lesions
with a fixed cardiac output such as obstructive and
stenotic left-sided valvular lesions, and Eisenmenger
syndrome). If necessary to control postpartum hemor-
rhage, oxytocics should be given in small incremental
doses or in a diluted solution. Ergometrin and prosta-
glandin F analogues are contraindicated because of the
risk of pulmonary vasoconstriction and hypertension.

General issues for obstetric/
anesthetic management
Regional anesthesia in the patient with cardiac disease is
strongly advised; this limits maternal sensation of pain
as well as the reflexive urge to push, with their respective
resultant hemodynamic changes. Slow dosing of epi-
dural agents will prevent maternal hypotension, which,
in addition to fetal heart rate abnormalities necessitat-
ing emergency uncontrolled delivery, could have disas-
trous consequences for poorly compensated maternal
lesions or for those who are preload dependent [20].
Placement should be early in the labor course but timed
appropriately, with administration or withholding of
anticoagulation. Intravenous patient-controlled analge-
sia with opioids is a suboptimal form of pain control
compared with regional anesthesia because of potential
respiratory side effects. The decision for general anes-
thesia for cesarean section will depend on many factors
and needs to be individualized based on the preferences
of the anesthesiologist, obstetrician, and patient. The
likelihood of cardiovascular or surgical complications,
the patient’s desire to view her neonate or refusal of
general anesthesia, and airway compromise must all be
considered. It is recommended that if general anesthesia
is required opioids prior to delivery are administered,
with remifentanil being the logical first choice [18].
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Specific lesions

Valvular lesions
Mitral stenosis
Mitral stenosis accounts for most of the morbidity and
mortality of rheumatic disease during pregnancy and is
mostly encountered in the developing world. Moderate
or severe mitral stenosis (valve area < 1.5 cm2) is poorly
tolerated during pregnancy because the pressure gra-
dient over the stenotic valve may rise during pregnancy
as a result of the physiological rise in heart rate and
stroke volume. These changes put these patients at risk
for pulmonary edema and atrial arrhythmias [21].
Prepregnancy evaluation with ergometry or treadmill
allows the physician to better assess the risks and may
unmask symptoms. Special attention must be paid to
the immigrant population when they present with car-
diac symptoms during pregnancy.

Even in previously asymptomatic women with
moderate mitral stenosis, there exists a considerable
risk for heart failure particularly during the second
and third trimester, as the increased intravascular vol-
ume and pregnancy-induced tachycardia superimpose
on the already elevated transmitral gradient. Cardiac
complications are reported in more than one third of

significant rheumatic disease, mainly pulmonary
edema, worsening of functional class, and arrhyth-
mias. If atrial fibrillation develops, these patients are
particularly prone to further hemodynamic deteriora-
tion and worsening of pulmonary hypertension; in
atrial fibrillation or severely dilated atria, an additional
risk for thromboembolic complications should be
evaluated. Mortality risk is estimated between 0 and
3%. In mild mitral stenosis, symptoms can arise dur-
ing pregnancy but they are usually not severe and well
tolerated [17,22]. Box 23.1 outlines themanagement of
mitral stenosis.

Aortic stenosis
If aortic stenosis in young women is found, this
is most frequently related to a bicuspid aortic
valve. Symptoms vary a lot and even with severe
aortic stenosis, patients can still be asymptomatic.
Progression rate is also considerably lower when com-
pared with degenerative aortic stenosis in older
patients [22]. Special attention should be paid to aortic
root dimensions as aortic dilatation of the distal part of
the ascending aorta is seen in 50% of patients with a
bicuspid aortic valve stenosis. If diameters exceed
50 mm (27 mm/m2 body surface area), surgery is
recommended prior to pregnancy [23,24]. Mortality

Box 23.1. Management of mitral stenosis

* Prepregnancy intervention inmoderate to severe mitral stenosis should be performed, preferably by percutaneous
interventions if appropriate anatomical features are present

* Clinical and echocardiographic follow-up during pregnancy, at least once per trimester or bimonthly for more
severe conditions is advised

* In onset of symptoms or evolution towards significant pulmonary hypertension (estimated systolic pulmonary
artery pressure >50 mmHg on echocardiography): restriction of physical activities and beta-1-selective beta-
blockers to prolong diastolic filling time should be implemented

* If clinical signs of congestion persist, diuretics can be used although high doses need to be avoided tominimize the
risk of reducing placental flow

* Low-molecular-weight heparin is recommended in therapeutic doses in permanent or paroxysmal atrial fibrillation,
left atrial thrombus, previous embolic events, or severely dilated atria (≥40 mL/m2)

* If hemodynamic instability persists despite optimal medical treatment, percutaneous balloon mitral valvuloplasty
may be considered, ideally after 20 weeks of gestation

* If percutaneous valvuloplasty fails or is not possible and the life of the mother is endangered, surgical intervention
can be considered but carries a high risk of fetal loss: if gestational age is beyond 28 weeks, delivery before surgery
should be considered; at 26–28 weeks of gestation, the risk balance between preterm delivery and cardiac surgery
while pregnant needs to be weighed individually based on all contributing factors

* Delivery can in most cases occur vaginally; a cesarean section needs to be considered only in moderate to severe
mitral stenosis and associated NYHA class III–IV without any therapeutic options predelivery
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is low nowadays if pregnancy is carefully supervised.
Signs of heart failure are found in 10–15% of patients
with severe aortic stenosis. Box 23.2 outlines the man-
agement of aortic stenosis.

Regurgitant lesions
Aortic and mitral insufficiency found in pregnant
women can be of congenital, rheumatic, or degener-
ative origin. Left-sided regurgitant lesions, even when
severe, are well tolerated during pregnancy because the
decrease in systemic vascular resistance neutralizes the
extra volume load. However, these women are at high
risk for heart failure if severe regurgitation is associ-
ated with left ventricular impairment or if there is
acute severe regurgitation. Clinical and echocardio-
graphic follow-up is advised at least every trimester;
if symptoms of congestion develop, diuretics and beta-
blockers should be started and restriction of physical
activities should be advised. Rarely, surgery is
unavoidable when facing acute severe regurgitation

and therapy-resistant heart failure symptoms.
Vaginal delivery is preferred, with epidural anesthesia
and assisted second stage, in symptomatic patients and
asymptomatic patients with severe left-sided regurgi-
tant lesions.

Prosthetic valves and anticoagulation
If valvuloplasty is not an option or fails, young women
and their treating physicians find themselves con-
fronted with a difficult choice. Mechanical valves
offer a superior hemodynamic profile and good long-
term durability but have an increased risk of valve
thrombosis, which is increased further during preg-
nancy because it is an hypercoagulable state. Older
types of mechanical valves and single-leaflet valves
are more vulnerable for thrombosis. Bioprostheses
are less thrombogenic but have the risk of structural
degeneration, necessitating further surgery within 10
years of implantation in almost 50% of women
younger than 30 years. With normal functioning

Box 23.2. Management of aortic stenosis

* Prepregnancy exercise testing helps to confirm an asymptomatic state and indicates a good prognosis if no
significant strain nor pathological blood pressure drop is found

* Prepregnancy valvuloplasty or surgery should be performed in symptomatic aortic stenosis or when asymptomatic
aortic stenosis is combined with impaired left ventricular function or pathological exercise test

* Prepregnancy surgery should also be considered if aortic root diameter exceeds 50 mm (i.e. 27 mm/m2 body
surface area), regardless of symptoms

* Pregnancy can be allowed even with severe aortic stenosis if asymptomatic status, preserved left ventricular
function and size, no signs of severe left ventricular hypertrophy and normal exercise test can be confirmed

* Clinical and echocardiographic follow-up during pregnancy, at least once per trimester or bimonthly for more
severe conditions, is advised; echocardiographic gradient across the aortic valve will rise during pregnancy
because of the increased cardiac output

* If onset of symptoms or evolution towards significant pulmonary hypertension (estimated systolic pulmonary
artery pressure >50 mmHg on echocardiography), restriction of physical activities and beta-1-selective beta-
blockers to ameliorate coronary filling should be implemented

* If clinical signs of congestion persist, diuretics can be used although high doses need to be avoided tominimize the
risk of reducing placental flow

* If hemodynamic instability persists despite optimal medical treatment, percutaneous balloon valvuloplasty may be
considered, ideally after 20 weeks of gestation

* If percutaneous valvuloplasty fails or is not possible and the life of the mother is threatened, surgical intervention
can be considered but carries a high risk of fetal loss: if gestational age is beyond 28 weeks, delivery before surgery
should be considered; at 26–28 weeks of gestation, the risk balance between preterm delivery and cardiac surgery
while pregnant needs to be weighed individually based on all contributing factors

* Delivery can in most cases occur vaginally; an abrupt decrease in peripheral vascular resistance must be avoided
during regional anesthesia. A cesarean section needs to be considered only in severe aortic stenosis and disturbing
symptoms without any therapeutic options predelivery

* As the anesthetic and cardiac risks in hemodynamically unstable women are worrisome, close monitoring during
cesarean section, with continuous electrocardiography, pulse oximetry, and invasive arterial monitoring, is advised

Chapter 23: Cardiovascular disease

253



bioprosthesis and good left ventricular function, preg-
nancy is usually well tolerated. Regular cardiac check-
up with echocardiography in each trimester is advis-
able. The same management options apply as for
patients with native valve disease.

It is, however, the need for anticoagulation with
mechanical valves that is of major concern during
pregnancy. Two large reviews have confirmed that
oral anticoagulation with warfarin still is the safest
option for the mother with a low risk of valve throm-
bosis (ranging from 2.4 to 3.9%), which is still higher
than outside pregnancy [25,26]. Maternal mortality is
generally low and almost always related to valve
thrombosis. Warfarin, however, crosses the placenta
and is teratogenic; its use in the first trimester can
induce fetal embryopathy (1–10%) including nasal
hypoplasia, stippled epiphyses, and limb hypoplasia,
although the risk seems to be low (less than 3%) if the
daily dose is less than 5 mg. Unfractionated heparin
(UFH) and low-molecular-weight heparin (LMWH)
do not cross the placenta but carry a greater risk for
thromboembolic complications [27,28]. In the review
by Chan et al. [25], the risk for valve thrombosis was
9.2% when UFH was used in the first trimester instead
of warfarin; the risk almost tripled to 25% when UFH
was used throughout pregnancy even in an adjusted
dose (activated partial thromboplastin time ≥2× con-
trol). When analysing these data, one has to bear in
mind that this review spans a long period, starting in
1966, and that most of the valves analysed were cage
and ball or single-tilting disc types; less than 12% were
less thrombogenic and bileaflet types.

The use of LMWH subcutaneously to prevent valve
thrombosis during pregnancy is still controversial
because of the lack of evidence. Recent literature with
small retrospective series indicate, however, that the
risk of valve thrombosis is lower (9–12%) with the use
of LMWH in dose-adjusted manner according to anti-
factor Xa levels (target 0.8–1.2 U/mL at 4–6 hours after
injection). More recent reports, however, emphasize
the importance of monitoring baseline levels of anti-
factor Xa activity [28].

The American College of Chest Physicians (ACCP)
guidelines advocate the use of daily low-dose aspirin
(75–100 mg) added to UFH or LMWH in women with
prosthetic valves at high risk of valve thrombosis [29];
this is not a recommendation included in the recently
published European guidelines.

Whatever the regimen chosen, fetal and obstetric
morbidity remains rather high because of an

increased risk for spontaneous abortions, prematur-
ity, stillbirth, and hemorraghic complications both
antenatally and postnatally. A cesarean section is
indicated if the mother is still taking oral anticoagu-
lation when labor starts to avoid fetal intracranial
bleeding [10], with fresh frozen plasma administered
in the event of urgent delivery to achieve a target
international normalized ratio of ≤2. Oral vitamin
K requires 4–6 hours to influence the clotting time
as measured by the international normalized ratio.
The newborn of a mother on oral anticoagulants at
delivery should receive vitamin K with or without
fresh frozen plasma. Box 23.3 outlines the manage-
ment of mechanical prosthetic valves during and at
the end of pregnancy.

Congenital heart disease
There is a broad spectrum of congenital abnormalities
and therefore a wide range of risk associated with
pregnancy, from a risk similar to the normal popula-
tion (e.g. mild pulmonary stenosis) up to very high-
risk conditions such as the Eisenmenger syndrome.

Prepregnancy counseling is, therefore, strongly
recommended in order to keep patients informed
and minimize risks [10,23].

Shunt lesions

In general, pregnancy is well tolerated in patients with
a previously closed atrial or ventricular septal defect as
well as in small unrepaired atrial septal defects and
restrictive perimembranous or muscular ventricular
septal defects, in the absence of ventricular dilatation
or dysfunction and signs of pulmonary hypertension
(Figure 23.1). There is a small increased risk for atrial
arrythmias in unrepaired atrial septal defect in women
with long-standing volume overload and pregnancy at
an older age (>30 years). Because of the risk of para-
doxical embolism, preventive measures for venous
pooling (compression stockings) and prophylactic
use of LMWH are recommended for patients with an
unrepaired atrial septal defect if they need prolonged
bed rest or hospitalization.

The same approach applies for corrected atrioven-
tricular septal defect but risks here depend mostly on
residual left atrioventricular valve insuffiency and/or
persisting ventricular dysfunction. If the course is
uncomplicated, cardiac follow-up once per trimester
is sufficient and in most cases spontaneous vaginal
delivery is, from a cardiac point of view, appropriate.
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Box 23.3. Management of mechanical prosthetic valves

During pregnancy
* Prepregnancy assessment of valve type and position, valvular and ventricular performance, history of valve-related
complications, therapeutic compliance

* Discuss with patient and partner the problems for both mother and fetus related to the use of anticoagulation
during pregnancy and make a detailed plan of the treatment chosen during pregnancy

* Choice of anticoagulation regimen has to be tailored on an individual basis after informed consent from the patient
* The ACCP guidelines advise twice-daily LMWH or UFH throughout pregnancy, or either of these until the 13th week
with warfarin substitution but restarting LMWH or UFH close to delivery; for patients at very high risk of
thromboembolism (older-generation prosthesis in the mitral position or history of thromboembolism), warfarin is
recommended throughout pregnancy, with replacement by UFH or LMWH close to delivery, after a thorough
discussion of the potential risks and benefits of this approach. In recommending this, ACCP points out that they
value avoiding maternal thromboembolic complications as equal to avoiding fetal risks

* European guidelines are somewhat different and indicate that warfarin should be considered during the first
trimester if the daily dose required for therapeutic levels is < 5mg; they also state that LMWH should be replaced by
UFH at least 36 hours before planned delivery

* Effectiveness of anticoagulation should be assessed weekly
* Clinical follow-up should be frequent, with a low threshold for repetitive echocardiographic examination for
symptoms of dyspnea or suspicion of an embolic event

At end of pregnancy
* Switch oral anticoagulation to dose-adjusted UFH or LMWH at 36 weeks of gestation or earlier in women with
prior preterm delivery; the purpose of this conversion is to avoid the risk of spinal or epidural hematoma with
regional anesthesia; an alternative is to stop therapeutic anticoagulation and induce within 24 hours if clinically
appropriate [30]

* The American Society of Regional Anesthesia and Pain Medicine guidelines recommend withholding neuraxial
blockade for 10–12 hours after the last prophylactic dose of LMWH or 24 hours after the last therapeutic dose of
LMWH; these guidelines support the use of neuraxial anesthesia in patients receiving dosages of 5000 U of UFH
twice daily, but the safety in patients receiving ≥10 000 U twice daily is unknown, and in such cases, assessment on
an individual basis is recommended [31]

* If preterm labor occurs and cannot be stopped while the mother is taking oral anticoagulation, cesarean delivery is
preferred to prevent fetal intracranial hemorrhage in a fully anticoagulated fetus; fresh frozen plasma should be
given prior to cesarean section to have an international normalized ratio of ≤2.0. Vitamin K antagonists can also be
considered, although it takes 4 to 6 hours to have an effect on the clotting time [10,16]

At delivery
* Planned vaginal delivery at a tertiary center is preferable [10,16,31]
* If high risk of valve thrombosis, planned cesarean section can be an alternative [30]
* Initiate UFH at latest 36 hours before planned delivery, stop 4–6 hours before planned delivery or at onset of labor,
and restart 4–6 hours after delivery

* To minimize risk of hemorrhage postpartum, a reasonable approach to resumption of full anticoagulation for
womenwith hypercoagulable conditions is to restart UFH or LMWH no sooner than 4–6 hours after vaginal delivery
or 6–12 hours after cesarean delivery

* Restart oral anticoagulation 24 hours after delivery if there are no bleeding complications
* If urgent delivery is needed while the mother is still taking oral anticoagulation, the fetus may be given fresh frozen
plasma and vitamin K

* Current recommendations by American Society of Regional Anesthesia and Pain Medicine are for resumption of
prophylactic LMWH no sooner than 2 hours after epidural removal; because the optimal interval for resumption of
therapeutic anticoagulation after epidural removal is unclear, 12 hours may be a reasonable approach
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Pulmonary valve stenosis

Low and moderate pulmonary valve stenosis can be
classified as low-risk conditions. Severe pulmonary
stenosis (peak instantaneous gradient >60 mmHg)
should be treated preferably by balloon valvuloplasty
before pregnancy is undertaken. A check-up each tri-
mester is sufficient except for severe pulmonary valve
stenosis, which demands more frequent follow-up in
order to detect right ventricular dysfunction and/or
right heart failure in time. Vaginal delivery can be
allowed for most patients; a cesarean section should,
however, be considered for patients with severe symp-
tomatic pulmonary valve stenosis in NYHA class III or
IV that is refractory to medical treatment or after
failure of percutaneous balloon dilatation.

Tetralogy of Fallot

Pregnancy is usually well tolerated with repaired tet-
ralogy of Fallot if there are no severe residual sequelae
and if right ventricular function is preserved
(Figure 23.2). Severe pulmonary regurgitation and/or
right ventricular dysfunction are, however, independ-
ent predictors of maternal complications, mostly pre-
senting as arrhythmias or heart failure. Prepregnancy
evaluation with echocardiography and/or MRI is
advised to evaluate the hemodynamic status, and pre-

pregnancy valve replacement in the right ventricular
outflow tract using a competent homograft is advo-
cated if there is severe symptomatic pulmonary regur-
gitation or signs of severe right ventricular volume
overload. Occasionally, diuretics and restriction of
physical activities or bed rest may be needed during
pregnancy with early delivery after induction; if not, a
regular check-up during each trimester is sufficient
and spontaneous vaginal delivery is preferred.

Ebstein anomaly

The variety of symptoms and complications in
patients with Ebstein anomaly depend largely on the
severity of tricuspid regurgitation, the right ventricu-
lar function, and the absence or presence of cyanosis
caused by an associated atrial septal defect or patent
foramen ovale (Figure 23.3). If there is symptomatic
tricuspid insufficiency and/or clinically disabling cya-
nosis, repair or percutaneous closure of the atrial
septal defect/patent foramen ovale is advised before
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Figure 23.1. Atrial septal defect. In atrial septal defect type
secundum, a left to right shunt through the defect causes a
volume overload of the right heart and can lead to pulmonary
hypertension.
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Figure 23.2. Tetralogy of Fallot. This is a combination of four heart
defects including right ventricular outflow tract obstruction
(infundibular stenosis), a large ventricular septal defect, an “overriding
aorta,” and right ventricular hypertrophy. The basic pathology is the
underdevelopment of the right ventricular infundibulum. This leads
to an anterior-leftwardmalalignment of the infundibular septum. This
malalignment determines the degree of right ventricular outflow
tract obstruction.
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conception. Wolff–Parkinson–White syndrome is fre-
quently associated with Ebstein anomaly and may
become symptomatic during pregnancy. If neither
cyanosis nor signs of heart failure are present, preg-
nancy will mostly have an uncomplicated course and
vaginal delivery is preferable. Diuretics and bed rest
may be needed if heart failure develops. If there is an
interatrial communication, there is an increased risk
of paradoxical embolism, and initiation of prophylac-
tic LMWH may be indicated if bed rest is foreseen.

Aortic coarctation

Women with corrected aortic coarctation usually tol-
erate pregnancy well; however, residual hypertension,
recoarctation, or aneurysmatic deformation should be
excluded or treated before pregnancy starts. These
women are more prone to hypertensive disorders
and miscarriage, so frequent monitoring of blood
pressure and a cardiac check-up during each trimester
is advised. Hypertensive patients should be treated
with restriction of physical activities, beta-1-selective
beta-blockers or even combined pharmacological
therapy, but aggressive correction should be avoided

in patients with native or recurrent coarctation
because of the risk of placental hypoperfusion. Aortic
dissection or rupture of a cerebral aneurysm is
most feared in pregnant women with a history of
corrected or uncorrected coarctation, but overall
mortality is reported as rather low (0–0.8%) [32].
Spontaneous vaginal delivery with use of epidural
anesthesia (to avoid hypertensive episodes) is appro-
priate for most women; a preterm planned elective
cesarean section at 35–36 weeks is advised, however,
in patients with native, unrepaired coarctation or pro-
gressive aneurysmatic deformation at the former
coarctectomy site.

Transposition of the great arteries

In the 1980s, transposition of the great arteries was
“repaired” by an atrial switch procedure, the so-called
Mustard or Senning repair with the use of Dacron
material or pericardial tissue to construct baffles to
drain the systemic and pulmonary venous blood
flows towards the left and right atria, respectively
(Figures 23.4 and 23.5). Following this procedure, the
right ventricle keeps on supporting the systemic cir-
culation and has to adapt to an increased pressure
load. Because of the increased volume load of preg-
nancy in addition to this, these patients are at risk for
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Figure 23.3. Ebstein malformation of tricuspid valve. Note the
distal displacement of the septal and posterior leaflets of the tricuspid
valve into the right ventricle. This lesion can be associated with
stenosis and/or regurgitation of the tricuspid valve. The functional
right ventricle is reduced in size because of the atrialization of part of
the right ventricular cavity. A patent foramen ovale or atrial septal
defect is frequently associated.
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Figure 23.4. Transposition of the great arteries. The cardinal
feature is ventriculo-arterial discordance. The aorta arises from the
morphological right ventricle and the pulmonary artery arises from
the morphological left ventricle; here, the aorta is shown displaced
anteriorly and to the right of the pulmonary artery.
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developing or worsening of heart failure and atrial
arrhythmias; an irreversible decline in right ventricu-
lar systemic function has been reported in 10% after
pregnancy [33]. However, if no obstruction of the
baffles can be found pre-pregnancy, and in the absence
of more than moderate right ventricular dysfunction
and/or severe tricuspid regurgitation, pregnancy is
usually well tolerated in patients in NYHA class I–II.
Patients in NYHA class III–IV or with unfavorable
echocardiographic findings should be discouraged
from pregnancy. Bimonthly follow-up with echocar-
diography is advised, and vaginal delivery is appropri-
ate if no signs of heart failure develop. Patients being
treated with angiotensin-converting enzyme inhibi-
tors need to stop these before conception. Beta-
blockers have to be used cautiously because of
increased susceptibility for sinus node dysfunction as
a result of extensive atrial surgery. Repair of trans-
position of the great arteries has moved to a more
“physiological” approach by an arterial switch
procedure (Figure 23.6). There are only limited
data yet available on the outcome of pregnancy in

these patients; maternal and fetal outcome seems
favorable if a good clinical condition exists pre-
pregnancy.

Congenitally corrected transposition of the great arteries
(double discordance)

The risk of pregnancy depends greatly on the func-
tional status, ventricular function, associated valvular
lesions, and antecedents of arrhythmic disturbances
(Figure 23.7). However, these patients are at risk for
developing or worsening of heart failure and atrial
arrhythmias. Therefore, if patients are in NYHA class
III–IV or are diagnosed with unfavorable echocardio-
graphic findings (systemic ejection fraction 40% or
severe tricuspid insufficiency), they should be coun-
seled against pregnancy. Follow-up every 2 months
with echocardiography is advised, and vaginal delivery
is appropriate if no signs of heart failure develop. If
there are signs of heart failure, cesarean section should
be planned at 34–36 weeks of gestation; if there is
hemodynamic instability despite optimal treatment,
urgent delivery by cesarean section irrespective of
gestation duration is advised.
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Figure 23.5. Senning repair for transposition of the great
arteries. A baffle is created within the atria that redirects the
deoxygenated caval blood to the mitral valve and the oxygenated
pulmonary venous blood to the tricuspid valve. As a consequence,
the anatomical left ventricle continues to act as the pulmonary
pump and the anatomical right ventricle keeps on supporting the
systemic circulation.
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Figure 23.6. Arterial switch for transposition of the great arteries.
An arterial switch is considered as the ideal operation for repair of
transposition of the great arteries. It represents an anatomical repair
and restores ventriculo-arterial concordance. Rarely, however, when
coronary artery anatomy is abnormal (e.g. intramural coronary artery),
coronary artery translocation may not be feasible and an arterial
switch is not recommended.
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Fontan circulation

A Fontan operation is a definitive palliative proce-
dure for a wide spectrum of complex cyanotic con-
genital heart defects with a univentricular physiology
in which biventricular repair was not possible.
Different techniques have been developed but the
main issue is that systemic venous return is diverted
directly to the pulmonary circulation without passing
through the morphologic right ventricle. The central
venous pressure and respiratory changes in intra-
thoracic pressures then become the driving force
for preserving adequate pulmonary blood flow.
However, in the long term, complications are inevi-
table and these patients are vulnerable to atrial
arrhythmias; thromboembolic complications in a
non-pulsatile, prothrombotic circuit; myocardial
and hepatic dysfunction; and protein-losing entero-
pathy. Also, the ability to increase cardiac output
is very limited. From this point of view, it is easy

to understand that pregnancy in patients who have
had the Fontan operation is a high-risk condition
[34]. In carefully selected patients, pregnancy is pos-
sible after extensive information if they are NYHA
class I or II, have neither signs of ventricular dysfunc-
tion nor moderate to severe atrioventricular valve
insufficiency, and if oxygen saturation at rest is 90%
or more.

Tight surveillance with frequent echocardiography
in a tertiary care center during pregnancy and after
delivery is strongly recommended.

Anticoagulation is an issue, but clear guidelines
even outside pregnancy do not exist. However, thresh-
old for therapeutic anticoagulation with LMWH
should be low as the thrombotic risk is more pro-
nounced during pregnancy. If there are antecedents
of atrial arrhythmias or thromboembolic complica-
tions prior to pregnancy, most of these women are
already taking anticoagulation and they will be
switched to fractionated heparin or LMWH during
pregnancy at least in the first and third trimester
(predelivery 34–36 weeks). If not, it seems prudent to
consider prophylactic anticoagulation with LMWH in
ongoing pregnancies [23].

Patients should be informed that fetal morbidity
even in optimal settings remains high and includes
prematurity, stillbirth, and low birth weight in up to
50%; neonatal outcome depends largely on the degree
of prematurity. Generally, vaginal delivery is preferred
but in a worsening clinical condition and/or signs of
heart failure, early cesarean delivery in highly speci-
alized centers has to be planned.

Eisenmenger syndrome

Since the recognition of Eisenmenger syndrome, a
pathophysiological condition of pulmonary hyperten-
sion resulting from a reversed or bidirectional shunt in
varying congenital heart defects, pregnancy has always
been known as one of major causes directly related to
accelerated or sudden death in these patients, particu-
larly during delivery and early afterwards (first
2 weeks). The decrease in systemic vascular resistance
resulting from hormonally mediated vasodilatation
aggravates the right-to-left shunt, with further
decrease in pulmonary blood flow and worsening of
cyanosis. Over the last decades, maternal mortality
has remained unchanged and still fluctuates around
30–50%, with poor fetal outcome and likelihood of a
live birth being less than 15% if oxygen saturation at rest
is < 85%. In this setting, patients should be counseled
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Figure 23.7. Congenitally corrected transposition of the great
arteries. This is a rare condition, also called a double discordance,
which describes better the nature of this defect. The anatomical left
atrium (pulmonary venous atrium) is connected via a tricuspid valve
with the anatomical right ventricle, from which originates the aorta.
The anatomical right atrium (systemic venous atrium) is connected
via a mitral valve with the anatomical left ventricle, from which
originates the pulmonary artery. Consequently, two discordant
connections, atrioventricular and ventriculo-arterial (double
discordance), occur in sequence in the right and left side of the heart.
In this condition, the right ventricle has to act as a systemic pump.
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against pregnancy and if pregnancy occurs, elective
abortion should be offered. However, when the patient
declines termination of pregnancy, care in a specialized
center and hospital admission early in the third trimes-
ter for bed rest and treatment of right heart failure may
be necessary; diuretics should be used meticulously to
avoid hemoconcentration and intravascular volume
depletion. There is no consensus regarding use of anti-
coagulation, but iron deficiency should be carefully
corrected to prevent microcytosis and negative dis-
turbed rheology. Other options may be oxygen admin-
istration, inhaled nitric oxide, and intravenous
prostacyclin, although it is not clear whether this
reduces mortality. Experience with sildenafil is only
reported in few case reports. Bosentan is contraindi-
cated during pregnancy as animal studies have shown a
possible teratogenic effect.

The mode of delivery is still a matter of debate but
if there is maternal hemodynamic instability or fetal
distress, an urgent cesarean section may be necessary.
Most patients with Eisenmenger syndrome are
referred for elective cesarean section at 30–34 weeks
of pregnancy when the fetus is viable and before a
hemodynamic catastrophe endangers the mother
[35]. Given the risk of anesthesia, close monitoring
with low-dose sequential combined spinal–epidural or
incremental spinal anesthesia early in labor may
reduce the effects on the peripheral circulation and
improve maternal outcome [10,36].

Care for the mother with congenital heart disease

Various acronymic organizations worldwide exist for
advocacy of the adult with congenital heart disease
including GUCH (Grown-Up Congenital Heart
Disease) in the UK, Europe, and Japan; CACH
(Canadian Adult Congenital Hearts) in Canada;
ACHA (Adult Congenital Heart Disease Association)
in the USA; andWATCH (Working Group for Adults
and Teenagers with Congenital Heart Disease) in
Switzerland. In the UK, an integrated national service
with four to six specialist units proximate to university
centers is proposed to “concentrate” care for patients
with complex conditions [37]. The International
Society for Adult Congenital Heart Disease website
offers a directory of GUCH centers searchable,
among other criteria, by number of yearly patient
visits; The Massachusetts General Hospital Heart
Center ACHD Program in Boston is the largest such
center in the USA, with over 2300 patient visits per
year. Analysis of the Nationwide Inpatient Sample

showed that nearly 42% of GUCH parturients deliver
at rural or non-teaching hospitals, and while maternal
mortality and cardiac and obstetric complications
were independent of hospital type, GUCH patients
have increased risk of mortality and peripartum com-
plications [38]. Multidisciplinary planning, therefore,
is imperative [23].

Aortopathies
Marfan syndrome
Marfan syndrome is an autosomal dominant disorder
of connective tissue caused by mutations in the gene
encoding fibrillin-1 and has cardiac involvement in
80% of patients. Aortic dissection is the most feared
complication, particularly in the last trimester or
early postpartum. Women with Marfan syndrome
and a normal sized aortic root have a risk less than
1% for aortic dissection. However, if the diameter of
the aortic root exceeds 40 mm, the risk is increased up
to 10%. Outside pregnancy, aortic root repair is
advised when the diameter exceeds 50 mm or even
at smaller diameters (45–50 mm) if there are signs of
rapid growth or familial antecedents of premature
dissection < 50 mm. Data on pregnancy outcome of
Marfan patients with an aortic root >45 mm are
lacking, but most guidelines discourage pregnancy
in Marfan patients with an aortic root >45 mm and
for those with a root between 40 and 45 mm if there
are unfavorable familial characteristics [39]. The risk
for dissection is reported to be lower after elective
aortic root replacement, but patients remain at risk
for dissection in the residual aorta. This means that
prophylactic surgery may be considered earlier in
Marfan patients if they wish to become pregnant
and have an aortic root >45 mm.

Women should be informed not only on their own
risks but also on the risk for their offspring. Referral
for genetic counseling should be advised and beta-
blockers should be continued during pregnancy.
Regular monitoring by echocardiography should
be provided every 3 months or more frequently if
indicated. If the dimensions of the aortic root remain
40–45 mm, vaginal delivery with shortened second
stage and regional anesthesia is possible. If the aortic
diameter is ≥45 mm, elective cesarean section at 35–36
weeks of gestation is advised. Epidural anesthesia may
be difficult in the presence of severe scoliosis or dural
ectasia. If the aortic diameter index exceeds 27 mm/m2

or 50 mm during pregnancy, aortic repair with the
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fetus in utero is recommended before 28–30 weeks of
gestation. However, after 28–30 weeks of gestation,
cesarean section followed by cardiac surgery is pre-
ferred. Aortic dissection during pregnancy is a surgical
emergency necessitating rapid delivery of the fetus, if
viable, through urgent cesarean section in the cardiac
operating room and immediate repair of the dissec-
tion. If the fetus is not viable, all attempts should be
made to save the mother’s life with delivery of the fetus
after repair of the dissection.

Ehlers–Danlos syndrome
Ehlers–Danlos syndrome is an autosomal inherited
disorder of connective tissues with heterogeneous
presentation; type IV (vascular) is associated with
aortic involvement. Aortic dissection may occur
without dilatation. Because of the frailty of large
vessels and risk of uterine rupture, type IV Ehlers–
Danlos syndrome by itself is a contraindication for
pregnancy; case series have detailed a mortality rate
between 11.5 and 38.5% [40]. Given the risk of poor
wound healing and tissue frailty, there is no consen-
sus regarding prophylactic aortic surgery, but gen-
erally the same criteria as for Marfan patients are
used. If pregnancy occurs, close monitoring and
continued treatment with beta-blockers is needed.
Cervical insufficiency and preterm premature rup-
ture of membranes are increased in the gravid
patient with vascular Ehlers–Danlos syndrome;
while early cesarean section at 32–36 weeks may
prevent perineal trauma and intrapartum uterine
rupture, perioperative complications of planned
cesarean include hemorrhage and wound dehis-
cence, and delivery planning may be best achieved
on an individual basis.

Familial thoracic aorta aneurysms
Patients with a familial occurrence of aortic dissection
in the absence of an overt Marfan syndrome have been
reported. This is often histopathologically related to
cystic media necrosis of the aortic wall. Some of these
patients can be diagnosed as having Loeys–Dietz
syndrome.

Management is the same as for Marfan patients.

Turner syndrome
Almost 25–50% of patients with Turner syndrome
present with cardiovascular abnormalities, mostly
bicuspid aortic valve with or without stenosis, aortic
coarctation, aortic dilatation, and hypertensive

disorders. These patients are at increased risk for
aortic dissection, particularly in the presence of aortic
root dilatation and other predisposing factors such
as left-sided obstructive lesions or hypertension.
Hypertension should be treated aggressively, even dur-
ing pregnancy. Concerning prophylactic surgery of the
aortic root, the same criteria apply as for Marfan
patients but the dimensions of the aortic root need to
be indexed according to the body surface area of these
patients (27 mm/m2).

Coronary artery disease
Acute coronary syndromes during pregnancy are rare
events with an estimated prevalence of 3–6 per 100 000
deliveries. Its occurrence is strongly related to classical
coronary disease risk factors. Also maternal age (older
than 35 years) and pre-eclampsia contribute to the risk
for acute myocardial infarction during pregnancy. The
etiology, however, is quite different to that of acute
myocardial infarction occurring outside pregnancy; a
review by Roth and Elkayam [41] found that less than
half of the pregnancy-related myocardial infarctions
could be attributed to atherosclerosis. Up to 20% and
more were caused by coronary emboli in otherwise
normal coronary arteries. Spontaneous coronary dis-
section is more frequently found among pregnant
patients (16%) and is responsible for about 50% of
the myocardial infarctions occurring around delivery
or in the early period after birth. As a result of
increased awareness and more aggressive strategies,
maternal mortality has improved from 21–37% in ear-
lier series to 5–10% in more recent reports. However
according to the 2003–2005 Confidential Enquiries
into Maternal Deaths and Child Health [42], maternal
death during pregnancy in the UK is mainly from
ischemic heart disease, which is worrisome and
demands improvement in preventive strategies for
high-risk patients.

In patients with ST elevation acute myocardial
infarction, or non-ST elevation acute coronary syn-
drome, urgent percutaneous coronary intervention is
the treatment of choice, particularly for the diagnosis
and treatment of coronary dissection. The use of bare
metal stents is preferred over drug-eluting stents
because of the lack of evidence about safety. Aspirin
should be continued throughout pregnancy, delivery,
and lifelong. While clopidogrel is not known to be
teratogenic, the safety of thienopyridines in pregnant
women is not known, and their use should be
restricted to the shortest duration and for strict
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indications. Angiotensin-converting enzyme inhibi-
tors are teratogenic and should be withdrawn during
pregnancy. Beta-blockers can be safely used. Statins
are labeled as category X by the US Food and Drug
Administration. While in a small prospective obser-
vational cohort study no increased risk of teratoge-
nicity could be found, animal data on statins are
conflicting. If there is no access to percutaneous cor-
onary intervention, thrombolytic therapy is an
option in case of life-threatening. acute coronary
syndrome.

Hypertrophic cardiomyopathy
Hypertrophic cardiomyopathy is one of the most fre-
quent genetic cardiac disorders encountered in adult life
and may be first diagnosed during pregnancy.
Symptoms may arise from diastolic dysfunction, severe
left ventricular outflow tract obstruction, and arrhyth-
mias. Asymptomatic women with known diagnosis of
hypertrophic cardiomyopathy prior to pregnancy usu-
ally have an uncomplicated pregnancy course because
the extra volume load of pregnancy has a beneficial
effect on hemodynamics. However, patients who are
symptomatic before pregnancy as a result of either
severe restrictive physiology or a high outflow tract
gradient are at risk for developing heart failure during
pregnancy. The maternal mortality risk is negligible;
fatalities are rarely reported and recent literature reports

no evidence suggesting an increased mortality risk
related to pregnancy [43]. Patients should also be
informed on the 50% inheritance pattern and referral
for genetic counseling should be offered. Box 23.4 out-
lines the management of hypertrophic cardiomyopathy
during pregnancy and at delivery.

Dilated cardiomyopathy
In dilated cardiomyopathy, there is dilatation of
the left ventricle with systolic dysfunction of
unknown etiology. Differentiation with peripartum
cardiomyopathy is based on the time period of man-
ifestation of the disease but there may be a consid-
erable overlap. If known before conception and if
left ventricular ejection fraction is 40%, women
should be thoroughly informed about the high
risk related to pregnancy (mortality risk 5–15%).
Termination of pregnancy should be offered if ejec-
tion fraction is 20%. Management of these patients is
according to guidelines for heart failure and will be
discussed in the separate chapter about peripartum
cardiomyopathy.

General issues for intensive care
management
Box 23.5 covers the general issues for intensive care
management of a pregnant woman with cardiovascu-
lar disease.

Box 23.4. Management of hypertrophic cardiomyopathy during pregnancy and at delivery

* Beta-blockers should be prescribed in case of moderate or more severe left ventricular outflow tract obstruction
and/or significant hypertrophy (>15 mm wall thickness) to prevent congestion during emotional stress, physical
activities and delivery

* Beta-blockers are the first choice for rate control and prevention of recurrence in atrial fibrillation, but electrical
cardioversion is advised for reconversion of new-onset persistent atrial fibrillation; anticoagulation with LMWH is
necessary

* Beta-blockers are the first choice for new-onset ventricular tachycardia if non-sustained and for prevention of
recurrence; in sustained ventricular tachycardia with hemodynamic instability, immediate electrical cardioversion
is recommended. If ventricular tachycardia is symptomatic, addition of amiodarone to the beta-blockers may be an
option despite the risk of fetal hypothyroidism. An implantable cardioverter defibrillator may be considered in
therapy-refractory ventricular tachycardia in high-risk patients

* If pulmonary edema or congestion develops, then admission of the patient to hospital for bed rest, close
monitoring, and treatment with diuretics is advised; planned delivery preterm should be discussed if the fetus is
viable

* Spontaneous labor and vaginal delivery is suitable for asymptomatic patients
* Care should be taken for potential deleterious hemodynamic effects of systemic vasodilation and hypotension
with epidural anesthesia; this should be countered by careful fluid substitution in order to avoid volume overload
and pulmonary congestion
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Box 23.5. Intensive care management of a pregnant woman with cardiovascular disease

Before delivery
* Low threshold for admission to hospital
* Close clinical follow-up of fluid balance and signs of congestion to titrate diuretics; in severe heart failure or
cardiogenic shock, start advanced therapy according to guidelines for treating acute heart failure (ACC/AHA/ESC)

* Continuous nasal oxygen to improve symptoms and arterial oxygen saturation
* Pulse oximetry, continuous electrocardiography, and invasive arterial monitoring are advised in hemodynamically
unstable or critically ill patients

* Daily fetal and tocographic monitoring
* Close communication between obstetricians, cardiologists, anesthesists, intensivists, cardiac surgeons,
neonatologists, and midwives to have a detailed peripartum plan and to make correct decisions in different
scenarios of elective and emergency deliveries

* Prophylaxis against thromboembolic complications is advised if bed rest is prescribed
* Weekly echocardiography of the mother
* Central intravenous lines can be helpful in high-risk situations but are not generally advised; Swan–Ganz
monitoring is very seldom indicated or advised, as placement of such catheters in pregnant women with complex
anatomical features or cardiac conditions can be difficult or harmful and is associated with a higher risk of
pulmonary artery rupture than outside pregnancy

After delivery
* Close monitoring for 24 to 72 hours postpartum in ICU as the hemodynamic changes from autotransfusion and
aortocaval decompression, as well as possible (iatrogenic) fluid overload, can elicit signs of heart failure in the
puerperium

* Close clinical follow-up of fluid balance and signs of congestion to titrate diuretics; in severe heart failure or
cardiogenic shock start advanced therapy according to guidelines for treating acute heart failure (ACC/AHA/ESC)

* Continuous nasal oxygen to improve symptoms and arterial oxygen saturation
* Pulse oximetry, continuous electrocardiography, and invasive arterial monitoring are advised in hemodynamically
unstable or critically ill patients

* Prophylaxis against thromboembolic complications is advised if bed rest is prescribed
* Weekly echocardiography of the mother
* Central intravenous lines can be helpful in high-risk situations but are not generally advised
* For very high-risk conditions such as Eisenmenger syndrome or severe pulmonary hypertension, a longer
postpartum observation period (up to 2 weeks) is advised

ACC/AHA/ESC, American College of Cardiology/American Heart Association Task Force on Practice Guidelines and
the European Society of Cardiology Committee for Practice Guidelines.

Key points

* Up to 4% of all pregnancies in the Western world are complicated by cardiovascular disease.
* Cardiac disease has become the major cause of non-obstetric maternal death, in particular ischemic heart disease.
* Risk in pregnancy depends on functional status but also on lesion-specific features, which have an effect on
morbidity and mortality related to pregnancy.

* For most women with pre-existing cardiac disease, pregnancy will be possible.
* Cyanotic disorders and obstructive left-sided lesions are associated with significant maternal and fetal morbidity.
* Pregnancy is contraindicated in patients with Eisenmenger syndrome, severe left-sided obstructive lesions, severe
left ventricular dysfunction, and aortic root >45 mm in Marfan syndrome and >50 mm in bicuspid aortic valve-
associated aortic disease.
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Chapter

24
Respiratory disease
Stephen E. Lapinsky, Laura C. Price, and Catherine Nelson-Piercy

Introduction
The pregnant patient with pre-existing pulmonary
disease is at risk of deteriorating during pregnancy.
In addition, a number of respiratory conditions spe-
cific to pregnancy may produce respiratory compro-
mise in previously healthy women. Respiratory failure
carries significant risks for both mother and fetus, and
many management interventions in this situation may
carry risks for the fetus.

Physiological respiratory changes
in pregnancy
Various physiological changes occur as a result of the
pregnant state, affecting patients with pre-existing
lung disease and affecting the assessment and manage-
ment of the patient with respiratory failure. Estrogens
produce capillary congestion and hyperplasia of
mucus glands, affecting the upper respiratory tract
and cause airway hyperemia and edema. Because of
this mucosal edema and friability, nasal tube insertion
should be avoided and endotracheal intubationmay be
more difficult.

Changes to the thorax occur from both the enlarg-
ing uterus and hormonal effects that produce liga-
mentous laxity. The diaphragm is displaced cephalad
by up to 4 cm, and the potential loss of lung volume is
largely offset by widening of the anteroposterior and
transverse diameters. These changes in the thoracic
cage produce a progressive decrease in functional
residual capacity, these effects being measurable at
16 to 24 weeks of gestation and progressing to 10–
25% by term [1]. Vital capacity remains unchanged,
and total lung capacity decreases only minimally.
Measurements of airflow and lung compliance are
not altered, but chest wall and total respiratory

compliance are reduced in the third trimester [2].
Transfer factor for carbon monoxide has been
shown to fall from the second trimester of pregnancy,
even when corrected for anemia and low alveolar
volumes, and then rises to normal levels postpartum
[3]. Minute ventilation increases during pregnancy,
beginning in the first trimester and reaching 20–40%
above baseline at term, resulting from an increase in
tidal volume of approximately 30–35% [4]. These
effects are mediated by the increase in respiratory
drive caused by elevated serum progesterone levels.
Blood gas measurements, therefore, demonstrate a
respiratory alkalosis with compensatory renal excre-
tion of bicarbonate, with arterial carbon dioxide par-
tial pressure (Paco2) falling to 3.8–4.3 kPa (28–32
mmHg) and plasma bicarbonate falling to 18–21
mEq/L [5].

The difference between alveolar oxygen partial
pressure (Pao2) and arterial partial pressure (Pao2 –
Pao2) is usually unchanged by pregnancy, and mean
Pao2 usually exceeds 13 kPa (100 mmHg) at sea level
throughout pregnancy. As functional residual capacity
diminishes towards term, mild hypoxemia and an
increased Pao2 – Pao2 may develop in the supine
position. Oxygen consumption increases because of
fetal and maternal demands, reaching 20–33% above
baseline by the third trimester. The reduced functional
residual capacity combined with an increased oxygen
consumption decreases oxygen reserve, making the
pregnant patient susceptible to the rapid development
of hypoxia in response to hypoventilation or apnea [6].
Alkalosis (respiratory or metabolic) adversely affects
fetal oxygenation by reducing uterine blood flow [7].
Adequate pain relief with narcotics or epidural anal-
gesia blunts the ventilatory response and can correct
the gas exchange abnormalities associated with active
labor.
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Conditions not specific to pregnancy

Asthma
Asthma affects 4–8% of the general population and
may, therefore, be the most common pulmonary dis-
order in pregnancy. Approximately a third of women
with asthma remain unchanged during pregnancy,
while similar proportions either deteriorate or
improve [8]. Acute asthma in labor is rare and status
asthmaticus occurs in about 0.2% of pregnancies [9].
Asthma may have a number of adverse effects on both
mother and fetus, including an increased incidence of
preterm labor, low neonatal birth weight, increased
perinatal mortality, as well as having an association
with pre-eclampsia, chronic hypertension, and com-
plicated labor [10].

Therapy of asthma in pregnancy does not differ
from that for the non-pregnant patient and should be
individualized according to objective measurement of
lung volumes and flow. Systemic steroids may be nec-
essary for the management of an acute attack and
should be used in the same way as in the non-pregnant
patient. Extensive practice algorithms are available for
the management of asthma during pregnancy [11–13].

Women with asthma who become pregnant may be
inclined to discontinue their treatment because of con-
cerns regarding the effects of drugs on the fetus.
A significant body of literature regarding the lack of
teratogenic effects of asthma therapy now exists. In
many situations, maternal (and fetal) benefit clearly
outweighs fetal risk of drug exposure. The traditionally
used US Food and Drug Administration pregnancy risk
categories are not very useful from a clinical perspective
and are being replaced by a narrative description
of known drug effects with a risk summary [14,15].
Animal and human studies of selective short-acting
beta-2-adrenergic agonists have demonstrated an
acceptable safety profile for the fetus [16]. However,
non-selective beta-adrenergic agonists (such as epi-
nephrine) carry a risk of uterine vasoconstriction and
are probably best avoided. With regard to long-acting
beta-agonists, evidence from prescription event moni-
toring suggests that salmeterol is safe in pregnancy [17].
There are some safety data, although with small num-
bers, for formoterol [18]. There have been no associated
obstetric complications or congenital malformations
with a significant number of pregnancies where long-
acting beta-agonists have been used [19]. These drugs
are recommended in patients with poor asthma control
on a combination of inhaled corticosteroids and

short-acting beta-adrenergic agonists [11–13]. There are
also encouraging early safety data on the use of some
combination inhalers in pregnancy (e.g. fluticasone/
salmeterol) [20]. Animal studies show an increased inci-
dence of cleft palate with use of corticosteroids during
pregnancy, but no human data support this association.
Systemic corticosteroids may also cause intrauterine
growth restriction but of a relatively modest degree.
Halogenated corticosteroids (e.g. prednisolone, pre-
dnisone) do not cross the placenta to any significant
degree, so fetal and neonatal adrenal suppression is
not a major concern with these drugs. Among the
inhaled steroids, beclomethasone and budesonide are
preferred because of their long history of use in preg-
nancy and the absence of any demonstrated toxicity
to the fetus in large studies [15].

Labor and delivery may carry increased risk for
women with asthma, in part because of the drugs
commonly administered. Narcotics other than fen-
tanyl may release histamine, which can worsen bron-
chospasm. Oxytocin is commonly used as a labor
induction agent and for postpartum hemorrhage and
has little effect on asthma, but alternative drugs such as
15-methylprostaglandin-F2α, methylergonovine, and
ergonovine may cause bronchospasm and should be
avoided in women with asthma if possible.

Acute severe asthma in pregnancy may be treated
as in the non-pregnant patient with intravenous beta-
2-adrenergic agonists, intravenous theophylline, intra-
venous magnesium sulfate and steroids [11–13].
Patients with acute severe asthma require close mon-
itoring, preferably in an intensive care unit (ICU). In
addition to the asthma therapy described above, atten-
tion should be given to oxygenation, fluid hydration,
and nutrition. Although intubation and mechanical
ventilation may be required, these interventions carry
significant risk. Application of positive pressure
ventilation may induce dynamic hyperinflation
("auto-PEEP"), which causes hypotension, particularly
in the volume-depleted patient. Pulseless electrical
activity cardiac arrest may occur. Ventilation may be
inadequate because of the small tidal volumes, neces-
sitating a permissive hypercapnia approach until the
asthma attack subsides.

Pulmonary infections
As a result of alterations in cell-mediated immunity in
pregnancy, which allow tolerance to paternal fetal anti-
gens, the pregnant woman is at risk of increased sus-
ceptibility or increased severity of certain infections.
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Pneumonia is an important cause of maternal and
fetal morbidity and mortality [21,22] with a reported
incidence varying widely, from 1 in 367 to 1 in 2388
deliveries [21,22]. This is likely not higher than that in
the general population. An increasing incidence of
pneumonia in pregnancy may be occurring, with
HIV and chronic disease being the major risk factors
[21]. Pregnancy does appear to increase the risk for
major complications of pneumonia, including respi-
ratory failure, empyema, pneumothorax, and pericar-
dial tamponade. Pregnancy complications may occur
as a result of pneumonia, including preterm labor,
small-for-gestational age, and intrauterine and neo-
natal death [21,22].

Bacterial pneumonia
Pneumonia in pregnancy is most commonly bacterial
in origin, with the microbiological spectrum being no
different to the usual organisms found in community-
acquired pneumonia. The diagnosis of pneumonia is
often delayed because of a reluctance to obtain a chest
radiograph based on the unnecessary concern about
radiation exposure. If a chest radiograph is required,
this should not be witheld for this reason as the risk to
the fetus is negligible (see Chapter 22). Antibacterial
therapy is similar to treatment in the non-pregnant
patient (Table 24.1), but some drugs such as tetracy-
clines and quinolones should be avoided if possible
[23]. The patient with septic shock as a result of pneu-
monia requires aggressive fluid resuscitation and early
administration of appropriate antibiotics [24].

Viral pneumonia
Viral pneumonitis is a serious concern in pregnancy
with reported increased mortality rates compared with

the general population, likely related to the alterations
in cell-mediated immunity. Data from influenza pan-
demics demonstrate the maternal mortality rate to be
higher than the general population: in the influenza
pandemic of 1918–1919, the maternal mortality rate
was as high as 27%, and in the epidemic of 1957, 50%
of fatalities among women of childbearing age
occurred in pregnant women [25]. The 2009 swine
influenza A (H1N1) pandemic was associated with a
high incidence of severe disease and respiratory failure
in pregnant women, with significant mortality [26].
Early institution of antiviral therapy (within 48 hours
of symptoms) is associated with an improved out-
come. Amantadine has been used in pregnancy as
treatment and as prophylaxis, but the 2009 pandemic
strain was resistant. Oseltamivir was used quite exten-
sively in pregnancy during the 2009 pandemic with
good results [27], and zanamivir, given by inhalation,
is also a treatment option. A low uptake of vaccination
was common in pregnant patients developing severe
respiratory failure [28], stressing the importance of
H1N1 influenza vaccination in pregnancy.

Varicella pneumonia has also been associated with
adverse outcomes in pregnancy. In one review, a 35%
mortality rate was reported in pregnancy compared
with 11% in other adults [29]. Not all studies have
confirmed this increased incidence or mortality in
pregnancy. This may, however, be because of early
treatment with acyclovir, which reduces mortality in
gravid patients [30].

Fungal pneumonia
Fungal pneumonia is uncommon, but it appears that
coccidioidomycosis is more likely to disseminate in
pregnancy particularly in the third trimester. This
has been attributed to the impairment of cell-mediated
immunity as well as to a stimulatory effect of proges-
terone and 17β-estradiols on fungal proliferation [31].
Amphotericin is the accepted therapy for disseminated
coccidioidomycosis.

Tuberculosis
Tuberculosis is not more common nor more severe in
pregnancy. Standard drug therapy, namely with iso-
niazid, rifampin, and ethambutol has an acceptable
safety profile in pregnancy and is recommended for
pregnant women by the US Centers for Disease
Control and Prevention and the American Thoracic
Society [32]. There is less experience with pyrazina-
mide, but this drug is recommended for use in preg-
nancy by the World Health Organization [32].

Table 24.1. Respiratory infections and treatment in pregnancy

Infection Therapy

Bacterial
pneumonia

Similar to non-pregnant patient, e.g.
ceftriaxone for hospitalized patient,
ceftriaxone and azithromycin in intensive
care; avoid tetracyclines and quinolones if
possible

Fungal
pneumonia

Amphotericin B; limited data in pregnancy
for newer drugs

Viral
pneumonia

Oseltamivir for influenza; acyclovir for
varicella

Tuberculosis Isoniazid, rifampin, ethambutol;
pyrazinamide recommended by some
authorities; avoid streptomycin
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Streptomycin may produce congenital deafness and is
contraindicated during pregnancy (Table 24.1).

Acute respiratory distress syndrome
and acute lung injury
The pregnant patient is at risk of developing pulmo-
nary edema and acute lung injury from pregnancy-
associated complications or other conditions
(Table 24.2) [33]. Acute respiratory distress syndrome
(ARDS) occurs fairly frequently in pregnancy and is a
leading cause of maternal death [34]. The pregnant
state may predispose to the development of pulmonary
edema by a number of mechanisms, such as the
increased circulating blood volume, reduced serum
albumin [33], a possible upregulation of components
of the acute inflammatory response, and increased
capillary leak.

There are few differences in the management of the
pregnant patient who has ARDS compared with the
non-pregnant person. The management of ARDS
requires mechanical ventilation and ICU supportive
care. Pressure-limited ventilation, utilizing a tidal vol-
ume of 6 mL/kg ideal body weight and limiting plateau
pressure to <30 cmH2O, is associated with an
improved outcome [35]. Pregnant patients were not
included in this study and higher plateau pressures
may be needed to achieve this tidal volume because
of the pregnant patient’s reduced chest wall compli-
ance. Adequate maternal oxygen saturation is essential
for fetal well-being. Survival appears to be as good as,
or better than, that in the general population, possibly
because of these patient’s young age, lack of comor-
bidity, and the reversibility of many of the predispos-
ing conditions, with an anticipated 40–75% survival
rate [36].

Gastric acid aspiration is an important cause of
maternal acute lung injury. Contributing factors
include the increased intra-abdominal pressure
caused by the enlarged uterus, the effect of proges-
terone lowering the tone of the esophageal sphincter,
and use of the supine position for delivery. About
two thirds of cases of aspiration occur in the delivery
suite. Aspiration of gastric contents with pH ≤2.5
causes chemical pneumonitis and permeability
edema. All pregnant patients should be considered
to have a full stomach, and it should be remembered
that endotracheal intubation of the pregnant patient
is more difficult than in the non-pregnant popula-
tion [37].

Transfusion-related acute lung injury is an impor-
tant complication of blood component therapy in
pregnancy [38]. The clinical presentation is of sudden
onset of dyspnea and tachypnea occurring during, or
within 6 hours, of transfusion of plasma-containing
blood products. The clinical picture is indistinguish-
able from ARDS and the differential diagnosis
includes circulatory fluid overload. Management is
supportive and most patients improve within a few
days, although deaths may occur.

Pulmonary thromboembolic disease
Pulmonary embolism is a leading cause of maternal
mortality, accounting for about 7–10% of pregnancy-
related deaths in the USA and UK, and it is an impor-
tant consideration in the evaluation of the patient with
respiratory disease. This topic is covered in detail in
Chapter 25.

Table 24.2. Causes of acute respiratory failure in the obstetric
patient

Type Examples

Pregnancy
specific

Pre-eclampsia with pulmonary
edema

Amniotic fluid embolism

Tocolytic associated pulmonary
edema

ARDS in chorioamnionitis

ARDS related to placental abruption

Trophoblastic embolism

Peripartum cardiomyopathy

Risk increased by
pregnancy

Gastric acid aspiration

Venous thromboembolism

Asthma

ARDS in sepsis, particularly
pyelonephritis

Transfusion-related acute lung injury

Air embolism

Pneumonia (e.g. varicella, fungal)

Stenotic valvular heart disease,
pulmonary hypertension

Non-specific Trauma

Drugs/toxins

Pancreatitis

ARDS, acute respiratory distress syndrome.
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Pulmonary arterial hypertension
Pulmonary arterial hypertension is an uncommon con-
dition that can affect women of childbearing age, with a
significant mortality rate in pregnancy (reported as 25–
50%) [39,40]. Hemodynamic compromise occurs
because of the inability of the right ventricle to tolerate
the increases in cardiac output that occur in pregnancy
and the postpartum period [39]. Although clinical trials
in pregnancy are lacking, specific treatments are now
available andmortality appears to be reducing, although
it remains extremely high [40]. Treatment with vaso-
dilators such as intravenous or inhaled prostacyclin or
inhaled nitric oxide, as well as phosphodiesterase-5
inhibitors such as sildenafil, has been used successfully
in pregnancy [41–43]. Endothelin receptor antagonists
(e.g. bosentan) are teratogenic in rats. Anticoagulation
is recommended for patients with pulmonary arterial
hypertension , with the usual precautions during preg-
nancy. These patients should be managed in a center
with expertise and experience in this condition, and
patients should be closely followed through the peri-
partum period [44]. This condition is covered in more
detail in Chapter 25.

Restrictive lung disease
Interstitial lung diseases are characterized by inflam-
mation and fibrosis affecting the pulmonary paren-
chyma. The pathophysiology involves decreased lung
volumes, loss of gas exchange units, and a diffusion
abnormality. Fortunately, these conditions are not
common in woman in their childbearing years, as
most diseases affect an older demographic. There are
conditions that may occur in this age group and some,
including lymphangioleiomyomatosis and systemic
lupus erythematosus, may worsen in pregnancy.
A concern in the woman with interstitial lung disease
in pregnancy is hypoxemia and difficulty in meeting
the increased oxygen consumption requirements. This
requirement results in an increased cardiac output
(and, therefore, shortened alveolar capillary transit
time) in the face of a diffusion defect. The presence
of associated pulmonary hypertension increases
maternal risk significantly. Few data exist on the man-
agement and outcome in these patients, but restrictive
lung disease appears reasonably well tolerated in preg-
nancy [45]. Oxygen supplementation may be required,
particularly during exercise. Patients with a vital
capacity of <1 L and those with pulmonary hyper-
tension should consider avoiding pregnancy [46].

Patients with neuromuscular disease and respira-
tory compromise (e.g. severe kyphoscoliosis, muscular
dystrophy) are at risk of respiratory failure as the
uterus enlarges. Because there is no parenchymal dis-
ease, oxygenation problems may be less of a concern.
Case reports and small case series have described suc-
cessful pregnancy outcomes in women with vital
capacities 40% of predicted [45,47]. Successful preg-
nancy in such patients requires an experienced, multi-
disciplinary team approach, and pregnancy should not
be embarked on without significant counseling in
these patients. Non-invasive ventilation has been
used to support respiratory function through the latter
part of pregnancy and during labor [47].

In all these patient groups, additional intercurrent
illness such as pneumonia or influenza could result in
significant respiratory compromise. Immunization
against Streptococcus pneumoniae, Haemophilus influ-
enzae, and viral influenza should be considered.

Other respiratory conditions
Survival of patients with cystic fibrosis is now well into
the childbearing age, and 4% of women with cystic
fibrosis between the ages of 17 and 37 were pregnant in
1990 [48]. This occurs despite the associated infertility
of women with this condition. Pregnancy in women
with cystic fibrosis may be associated with adverse fetal
and maternal outcomes [49]. A somewhat dated
review of 217 pregnancies, reported between 1960
and 1991 [50], showed that although more than 80%
progressed to at least 20 weeks of gestation, one quar-
ter delivered preterm and the perinatal death rate was
14%. In this series, there were three maternal deaths,
and 14% of mothers had died by 2 years after delivery
[50]. Pregnancy has little effect on patients with stable
cystic fibrosis, although poor outcomes have been seen
in those with severe disease [49,50]. Women with
severe cystic fibrosis require pre-pregnancy counsel-
ing, to limit excessive maternal and fetal risk. A forced
expiratory volume in 1 second (FEV1) <50% of pre-
dicted and the presence of pulmonary hypertension
are poor prognostic factors for both mother and infant
[49,50]. In a recent Australian series reporting 20
pregnancies from 1995 to 2009, most women tolerated
pregnancy well despite most having a pre-pregnancy
FEV1 <60% predicted. In addition to pre-pregnancy
lung function, body mass index <20 kg/m2 was an
important predictor of worse fetal outcomes [51].

There have even been successful pregnancies in
patients following lung transplantation for cystic
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fibrosis lung disease as well as for other end-stage lung
diseases. There are few data on long-term outcomes of
this high-risk group, although a stable interval of at
least 3 years post-transplant is associated with a more
favorable outcome [52]. Additional considerations
include the potential adverse fetal effects of maternal
immunosuppressive agents, and the marked reduction
in life expectancy of the mother.

Pregnancy may be complicated by obstructive
sleep apnea, potentially having adverse effects on
both mother and fetus [53]. Hypopnea should be
uncommon in pregnancy because of the respiratory
stimulatory effect of progesterone. Obstructive sleep
apnea may, however, occur in obese patients being
precipitated by the upper airway mucosal edema and
vascular congestion that accompany pregnancy.
Although nocturnal hypoxemia may be associated
with poor fetal growth, snoring alone does not increase
fetal risk [54]. Treatment with nasal continuous pos-
itive airway pressure is safe and effective.

Venous air embolism has been reported during
pregnancy, resulting from air entry through the sub-
placental venous sinuses [55]. This disorder has been
documented during labor and delivery, during cesar-
ean section, during abortions, in patients with placenta
previa, and related to blowing air into the vagina dur-
ing orogenital sex during pregnancy.

Pulmonary arteriovenous malformations may
expand during pregnancy because of the general vas-
cular distensibility and the increase in blood volume.
The likelihood of bleeding is, therefore, increased.
Embolization and surgical management have been
utilized successfully during pregnancy [56].

Pregnancy-specific conditions

Amniotic fluid embolism
Amniotic fluid embolism is an important cause of
sudden respiratory failure in pregnancy and is covered
in detail in Chapter 40. Survivors of the initial event
may go on to develop ARDS, requiring ventilatory
support. Treatment is predominantly supportive,
although there may be a role for steroid therapy.

Pulmonary edema secondary
to pre-eclampsia
Pre-eclampsia is a pregnancy-induced condition (see
Chapter 36). Acute respiratory failure with bilateral
pulmonary infiltrates occurs in a small proportion of

patients (approximately 3%) and is more common in
obese, chronically hypertensive women [57]. Themech-
anism is likely multifactorial in origin, with a compo-
nent being hydrostatic edema related to the increased
afterload and diastolic dysfunction, aggravated by the
lowered serum oncotic pressure. Pre-eclampsia can
progress to ARDS. The pathophysiology of pre-
eclampsia involves activation of an inflammatory proc-
ess [58], which may initiate a lung injury process. Acute
respiratory failure in the pre-eclamptic patient occurs
most commonly in the early postpartum period, often
associated with intrapartum fluid administration and
return of blood to the central circulation as the uterus
contracts. Treatment of respiratory failure is suppor-
tive, with recovery time varying depending on the
underlying pathological mechanism.

Tocolytic pulmonary edema
Uterine contractions in preterm labor may be inhibited
with beta-adrenergic agonists, as well as several other
drugs such as calcium antagonists, indomethacin, ato-
siban and magnesium sulfate. Use of beta-adrenergic
agonists has become less common because of the asso-
ciated risk of pulmonary edema [59]. The frequency
of tocolytic-induced pulmonary edema varies from
0.3% to 9%. Possible mechanisms include prolonged
exposure to catecholamines causing myocardial
dysfunction, increased capillary permeability, large
volumes of intravenous fluid administration (often in
response to drug-induced maternal tachycardia), and
reduced osmotic pressure. Glucocorticoids adminis-
tered to enhance fetal lung maturity in preterm labor
may compound fluid retention.

The clinical presentation is with respiratory dis-
tress and clinical features of pulmonary edema,
during or immediately following intravenous infu-
sion of the tocolytic drug. Treatment involves dis-
continuing the drug and supportive measures such as
oxygen and diuresis [33,59]. Early recognition and
management reduces the need for mechanical venti-
lation. Failure of the pulmonary edema to resolve in
12–24 hours should prompt a search for an alterna-
tive diagnosis [33].

Gestational trophoblastic disease
Pulmonary hypertension and pulmonary edema may
rarely occur in the setting of benign hydatidiform
mole, as a result of trophoblastic pulmonary embolism.
This is an uncommon event, and other pulmonary
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complications such as fluid overload, ventricular dys-
function, and systemic inflammatory response with
associated thyrotoxicosis may produce a similar clinical
picture. Pulmonary complications as a result of tropho-
blastic embolism most commonly occur during evacua-
tion of the uterus, with a higher incidence of pulmonary
complications occurring in woman later in pregnancy.
Treatment is supportive, and resolution usually occurs
within 48–72 hours [60]. Molar pregnancy may also be
associated with choriocarcinoma, which can produce
multiple, discrete pulmonary metastases.

Management of respiratory failure
in pregnancy
Some of the respiratory conditions discussed in this
chapter may be complicated by the development of
respiratory failure. Intubation and mechanical venti-
lation in the pregnant patient are covered in detail
elsewhere in this book (see Chapters 17 and 18).
Endotracheal intubation in the pregnant patient car-
ries significant risks, and the pregnant patient will
experience muchmore rapid oxygen desaturation dur-
ing apnea than the non-pregnant patient [6].
Intubation should be performed by the most skilled
operator available. Marked sedation of the mother,
producing apnea, should be avoided in the absence of
a skilled intubator. Non-invasive ventilation using an
oronasal mask avoids the potential complications of
endotracheal intubation and is well suited to the short-
term ventilatory support that may be needed in obstet-
ric respiratory complications that reverse rapidly. The
major concern with mask ventilation in pregnancy is
the risk of aspiration, and, therefore, non-invasive
ventilation should be reserved for the patient who is
alert, protecting her airway, and where there is an
expectation of a relatively brief requirement for ven-
tilatory support. Furthermore, non-invasive ventila-
tion may carry significant risks in the setting of
severe acute lung injury during pregnancy, such as in
influenza H1N1 pneumonitis [61].

No prospective studies exist to guide the prolonged
mechanical ventilation of pregnant patients in the
ICU. Several approaches to respiratory support,
including conventional mechanical ventilation, airway
pressure release ventilation, high-frequency oscilla-
tion, and extracorporeal membrane oxygenation,
have been used successfully in pregnancy. It is essential
that oxygenation be optimized to ensure adequate fetal
oxygen delivery. Respiratory alkalosis should be

avoided because of its adverse effects on placental
circulation. It is unclear whether carbon dioxide tar-
gets should mirror the slightly reduced levels found in
the spontaneously breathing pregnant patient, or
whether permissive hypercapnia is tolerated in preg-
nancy. Limited clinical reports suggest that mild
hypercapnia may be tolerated [62]. Maternal respira-
tory acidosis may produce fetal acidemia, but these
changes do not have the same ominous implications as
fetal acidosis occurring through lactic acidosis result-
ing from fetal hypoxia [63]. However, the right shift of
the hemoglobin–oxygen dissociation curve caused by
acidosis may negate the beneficial oxygen-carrying
characteristics of fetal hemoglobin.

Because of the respiratory physiological changes of
late pregnancy, it may be considered that delivery of
the pregnant patient with respiratory failure will result
in improvement in the mother’s condition [64].
However, limited case series addressing this issue
have not always found a significant benefit to the
mother, and delivery carries a risk of harm [65,66].
Some degree of improvement in oxygenation has been
noted, but without improvement in respiratory system
compliance or level of positive end-expiratory pressure
ventilation needed [64]. Delivery should, therefore, not
be performed purely in the hope of improving “mater-
nal condition.” However, if the fetus is viable but is at
risk because of intractable maternal hypoxia, consul-
tation with a neonatologist may identify a benefit to
the fetus in being delivered. Obstetric indications
should determine the mode of delivery; while cesarean
section allows more rapid delivery in the critically ill
patient, the increased physiological stress of operative
delivery is associated with higher mortality in these
patients.
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Chapter

25
Thromboembolism
Andra H. James and Ian A. Greer

Introduction
The thrombotic risk of pregnancy is a consequence
of the hypercoagulability resulting from suppressed
fibrinolysis and increased levels of procoagulant fac-
tors, venous stasis, and, reflecting the likely inevita-
ble trauma to pelvic vessels at delivery, endothelial
damage [1]. Therefore, all three factors in Virchow’s
triad occur in the course of pregnancy and delivery.
Unsurprisingly, the risk is greatest immediately
postpartum.

The coagulation changes in pregnancy include:

* coagulation factors increased: factors VII, VIII,
andX; von Willebrand factor; fibrinogen

* suppressed endogenous anticoagulant activity
* reduced protein S
* acquired activated protein C resistance
* suppressed fibrinolysis
* increased plasminogen activator inhibitor types 1

and 2 (type 2 is produced by the placenta).

The hypercoagulable state of pregnancy has likely
evolved to meet the hemostatic challenge of hemor-
rhage at the time of miscarriage or childbirth. Indeed,
in the developing world, the leading cause of maternal
death remains obstetric hemorrhage, but in Western
Europe and the USA, where hemorrhage is more likely
to be successfully prevented or treated, a leading cause
of maternal death is thromboembolic disease, with
recent reports from the UK suggesting a decline that
is temporally associated with the introduction of
greater thrombotic risk assessment and prophylaxis
guidelines [2].

During pregnancy, the risk of venous throm-
boembolism is increased four- to five-fold; postpar-
tum, the risk of venous thromboembolism is even
higher (20-fold) and does not approach baseline until

6 weeks after delivery [3,4]. Despite the high relative
risk, the absolute risk remains low, with the overall
incidence of thromboembolic events during preg-
nancy approximately 2 per 1000 deliveries [4].

Approximately 80% of venous thromboembolic
events during pregnancy and the postpartum period
present as deep vein thrombosis (DVT), the other 20%
as pulmonary emboli [4]; one third of pregnancy-
related DVT and half of pregnancy-related pulmonary
emboli occurring after delivery [5]. In contrast to DVT
outside of pregnancy, the majority of DVT during
pregnancy are proximal, massive, and in the left
lower extremity [1,5]. This left-sided predominance,
accounting for 80% of all pregnancy-related lower
extremity DVT, may reflect a relative stenosis of the
left common iliac vein where it lies between the lum-
bar vertebral body and the right common iliac artery.
Pelvic vein thrombosis, which is rare outside of preg-
nancy or pelvic surgery, accounts for approximately
10% of DVT during pregnancy and the postpartum
period.

Risk factors for thrombosis
in pregnancy
Risk factors for thrombosis are largely those that
enhance each of the components of Virchow’s triad.
However, since the risk of thrombosis is as high
during the first trimester of pregnancy as during
the remainder of gestation [6], while venous flow
reaches its lowest point in the third trimester, this
suggests that, overall, the most important reason for
the increased risk during pregnancy is hypercoagul-
ability induced by the hormonal changes of
pregnancy.

The most important risk factor for thrombosis in
pregnancy is a history of thrombosis. Recurrent events
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account for 15–25% of all thromboembolic events in
pregnancy. Among pregnant women with a history of
venous thromboembolism (VTE), the risk of recurrent
VTE is increased three- to four-fold (relative risk, 3.5;
95% confidence interval (CI), 1.6–7.8]) [7]. In current
practice, many of these women now receive prophy-
lactic antithrombotic therapy. However, the rate of
recurrent VTE in women who did not receive prophy-
lactic anticoagulation has been reported to range from
2.4% to 12.2% [8–10], whereas in those who did
receive anticoagulation, it is reported as 0.0–5.5%
[8,11,12]. Thrombophilia is also an important risk
factor [13] and is a positive finding in 20–50% of
women who experience VTE during pregnancy and
the postpartum period (Table 25.1). Risk factors are
summarized in Table 25.2 [4].

Treatment of patients with
thrombotic problems in pregnancy
Because coumarins, the preferred agents for long-term
anticoagulation outside of pregnancy, have harmful
maternal and fetal effects in terms of bleeding, war-
farin embryopathy, and adverse neurodevelopmental
issues, the preferred agents for anticoagulation in
pregnancy are heparins [1,14]. Neither unfractionated
heparin (UFH) nor low-molecular-weight heparin
(LMWH) crosses the placenta, and both are consid-
ered safe in pregnancy [1,14]. The main issues with
UFH are heparin-induced osteoporosis, allergy and

heparin-induced thrombocytopenia for the mother.
In women treated exclusively with LMWH, heparin-
induced thrombocytopenia is not a significant issue;
platelet count monitoring is not considered necessary
in these women [14]. Heparin-induced osteoporosis
has been reported, but is much less common than with
UFH and may be associated with comorbid conditions
or other treatments when it does occur in women on
LMWH [11]. Unique aspects of anticoagulation in
pregnancy include an increase in maternal blood vol-
ume of 40–50% and an increase in the volume of
distribution. An increase in glomerular filtration
results in increased renal excretion of heparin com-
pounds, which are eliminated by this route.
Additionally, there is an increase in protein binding
of heparin. During pregnancy, both UFH and LMWH
have shorter half-lives and lower peak plasma concen-
trations, hence a rationale for higher doses and more
frequent administration.

Table 25.1. Risk of venous thromboembolism conferred
by type of thrombophilia

Thrombophilia Odds ratio (95%
confidence interval)

Factor V Leiden, homozygosity 34.40 (9.86–120.05)

Factor V Leiden, heterozygosity 8.32 (5.44–12.70)

Prothrombin gene mutation,
homozygosity

26.36 (1.24–59.29)

Prothrombin gene mutation,
heterozygosity

6.80 (2.46–18.77)

Protein C deficiency 4.76 (2.15–10.57)

Protein S deficiency 2.19 (1.48–6.00)

Antithrombin deficiency 4.76 (2.15–10.57)

Methylenetetrahydrofolate
reductase C677T homozygosity

0.74 (0.22–2.48)

Source: adapted from Robertson et al., 2006 [13].

Table 25.2. Medical conditions and complications of
pregnancy and delivery associated with an increased risk of
venous thromboembolism in pregnancy

Risk factor Odds ratio (95% confidence
interval)

Medical conditions

Heart disease 7.1 (6.2–8.3)

Sickle cell disease 6.7 (4.4–10.1)

Lupus 8.7 (5.8–13.0)

Obesity 4.4 (3.4–5.7)

Anemia 2.6 (2.2–2.9)

Diabetes 2.0 (1.4–2.7)

Hypertension 1.8 (1.4–2.3)

Smoking 1.7 (1.4–2.1)

Complications of pregnancy and delivery

Multiple gestation 1.6 (1.2–2.1)

Hyperemesis 2.5 (2.0–3.2)

Fluid and electrolyte
imbalance

4.9 (4.1–5.9)

Antepartum
hemorrhage

2.3 (1.8–2.8)

Cesarean delivery 2.1 (1.8–2.4)

Postpartum infection 4.1 (2.9–5.7)

Postpartum
hemorrhage

1.3 (1.1–1.6)

Transfusion 7.6 (6.2–9.4)

Source: adapted from Pabinger et al., 2002 [7].
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Diagnosis of acute venous
thromboembolism in pregnancy
There are no large clinical trials to support the man-
agement of suspected VTE in pregnancy; therefore,
guidelines are based on extrapolation from studies
performed in the non-pregnant state and from expert
opinion and consensus. Clinical diagnosis of VTE is
unreliable and is particularly unreliable during preg-
nancy because the key symptoms and signs of VTE (leg
swelling, chest pain, and dyspnea) are commonly
encountered, with a further reduction in reliability of
clinical diagnosis. Objective diagnosis is, therefore,
critical in women with suspected VTE. If objective
testing is unavailable, then the woman with suspected
VTE should be commenced on anticoagulant therapy
until imaging studies are available, unless there are
contraindications to anticoagulant therapy. Diagnosis
of thromboembolism in pregnancy is similar to that in
individuals who are not pregnant. Fear of fetal radia-
tion exposure should not deprive women of a timely
and proper diagnostic evaluation.

In pregnancy, compression Duplex ultrasound of
the entire proximal venous system is the first-line
diagnostic test for DVT [15]. As the most gestational
DVTs are ileofemoral, and the ileofemoral veins are
usually easily visualized, the diagnosis of proximal
DVT is confirmed. Anticoagulant treatment should
then be commenced or continued. However, an initial
negative ultrasound examination does not completely
exclude a distal (calf) DVT. Therefore, with a high
level of clinical suspicion and a negative ultrasound
examination, the patient should remain on anticoagu-
lation and the ultrasound repeated 1 week later (or an
alternative diagnostic test employed). If repeated test-
ing is negative, it is appropriate to discontinue treat-
ment. When pelvic vein thrombosis in the iliac veins is
suspected, often because of symptoms of back pain
and swelling of the entire limb, pulsed Doppler, MR
venography, or, if required, conventional contrast
venography should be considered.

With suspected pulmonary thromboembolism
(PE) in a hemodynamically stable pregnant patient,
chest radiography should be performed, as this may
diagnose other pulmonary disease such as pneumonia
or pneumothorax. Often (in >50% of cases), the chest
radiograph is normal even with objectively proven PE,
but abnormal chest radiography findings associated
with PE include atelectasis, effusion, focal opacities,
and regional oligemia. The radiation dose to the fetus

from chest radiography performed at any stage of
pregnancy is negligible and there is no reason to with-
hold this test in pregnancy on fetal concerns. If the
radiograph is abnormal with a high clinical suspicion
of PE, CT pulmonary angiography (CTPA) should
be performed because isotope ventilation–perfusion
(V/Q) scanning is unreliable. However, if leg symp-
toms are also present, then Doppler ultrasound of the
legs is useful as a diagnosis of DVT indirectly confirms
PE as the etiology of chest symptoms, and the anti-
coagulant management is the same for both DVT and
PE. Thus further pulmonary imaging can be avoided.

In the UK, the British Thoracic Society recom-
mends CTPA as first-line investigation for non-
massive PE in non-pregnant patients (often the
non-pregnant patient will have comorbid chest path-
ology, limiting the value of V/Q scans, but this is not
the case in most young pregnant women). There are
also several advantages of CTPA over V/Q scans: bet-
ter sensitivity and specificity and the ability to identify
other possible diagnoses such as aortic dissection.
There is disagreement as to whether CPTA delivers a
lower fetal radiation dose than a V/Q scan, but meas-
ured doses are low for both modalities. Measured fetal
radiation doses for V/Q scans versus CPTA were
recently and systematically reviewed by the American
Thoracic Society and Society of Thoracic Radiology
for a clinical practice guideline on the evaluation of
suspected pulmonary embolism in pregnancy. The
fetal radiation dose was 0.32–0.74 mGy for a V/Q
scan and 0.03–0.66 mGy for CPTA. The wide range
of values reflects heterogeneity in protocols and equip-
ment, as well as the size and gestational age of the fetus
at the time of the exposure[15], but it does not account
for the increasing radiation exposure from current
equipment. Disadvantages of CTPA include a high
radiation dose to the maternal breasts (overall mater-
nal radiation dose is 4–18 mSv with CPTA compared
with 1–2.5 mSv with a V/Q scan), which is associated
with an increased lifetime risk of developing breast
cancer (note that only around 1 in 20 of such inves-
tigations will have a positive result in pregnancy).
Despite these potential advantages of CTPA, many
authorities in the UK still recommend V/Q scanning,
where available, as a first-line investigation in preg-
nancy because of the high negative predictive value, its
substantially lower radiation dose to pregnant breast
tissue, and because most pregnant women will not
have comorbid pulmonary pathology [16]. The
American Thoracic Society, Society of Thoracic
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Radiology, and American College of Obstetricians and
Gynecologists also recommend V/Q scanning as the
first-line investigation [15]. The choice of technique
for definitive diagnosis (V/Q scan or CTPA) will,
therefore, be influenced by local availability and guide-
lines. Note that with a V/Q scan in pregnancy, the
perfusion component may be all that is required if
the chest radiograph is normal.

In non-pregnant patients, plasma D-dimer levels are
useful in assessing the likelihood of VTE. However,
D-dimer levels increase physiologically throughout ges-
tation and fall outside the “normal” range in most nor-
mal pregnancies. Levels also increase with conditions
such as pre-eclampsia and placental abruption.
Therefore a “positive” D-dimer test in pregnancy is not
necessarily consistent with VTE. The European Society
of Cardiology [17] recommends that D-dimer levels
should be measured even though the probability of a
negative result is lower than in other patients with sus-
pected VTE, in order to avoid unnecessary exposure of
the fetus to radiation. However, false negative D-dimer
results have been reported in cases of VTE in pregnancy.
The American Thoracic Society, Society of Thoracic
Radiology, and American College of Obstetricians and
Gynecologists recommend that D-dimer levels should
not be used to exclude PTE in pregnancy [15].

Maternal and fetal radiation issues
The risk of fatal cancer to the age of 15 years after in
utero exposure to CTPA is 1 in 1 000 000 and with V/Q
scan is 1 in 280 000 [12].

Use of CTPA is associated with relatively high
radiation dose (20 mGy) to the mother’s chest and
breasts; 10 mGy of radiation to a woman’s breast is
estimated to increase her lifetime risk of developing
breast cancer by around 14%.

Management of venous
thromboembolism in pregnancy
Prior to commencing anticoagulation, it is usual to
perform a full blood count, coagulation screen, urea,
electrolytes, and liver function tests (the last to exclude
renal or hepatic dysfunction, which are cautions for
anticoagulant therapy). It is not useful to perform a
thrombophilia screen as this will not alter the immedi-
ate management. Further, results of protein S tests are
unreliable in pregnancy as around 40% of pregnant
women develop acquired activated protein C resistance,

and levels of antithrombin may be low in the presence
of thrombosis.

In both Europe and North America, LMWH has
largely replaced UFH for the immediate management
of VTE in pregnancy. As noted above, since there are no
sufficiently powered trials within pregnancy, evidence is
extrapolated from the non-pregnant situation and sup-
ported by observational studies in pregnancy. Outside
of pregnancy, LMWH is more effective, with lower
mortality and a lower risk of hemorrhagic complica-
tions thanUFH in the initial treatment of DVT. There is
also similar efficacy in the initial treatment of PE. These
findings are confirmed in a large systematic review of
LMWH in pregnancy [11]; further, compared with
UFH, LMWH is associated with a substantially lower
risk of heparin-induced thrombocytopenia, hemor-
rhage, and heparin-induced osteoporosis.

In non-pregnant patients, LMWH is usually admin-
istered in a once-daily dose, but because of alterations in
the pharmacokinetics of LMWH during pregnancy, a
twice-daily dosage regimen has often been recommen-
ded for treatment of VTE in pregnancy (e.g. enoxa-
parin 1 mg/kg twice daily; dalteparin 100 U/kg twice
daily) [14,16–19]. There are no data using ideal body
weight; actual body weights are used for calculations.
The rationale for twice-daily dosing is based on the
pharmacokinetics of these agents in pregnancy [20–
23]. In actual clinical practice, a retrospective study of
once-daily versus twice-daily dosing of LMWH forVTE
in pregnancy found no recurrent VTE in 125 women,
83 (66%) of whom received once-daily LMWH [24].
Another study comparing once-daily versus twice-daily
tinzaparin for the treatment of VTE in pregnancy did
find that a higher than recommended dosage was
required in women who took tinzaparin only once a
day [21]. Another retrospective study of the once-daily
tinzaparin regimen found two unusual thrombotic
complications among 37 pregnancies [25]. However,
there is increasing experience to suggest once-daily
dosing may be satisfactory [26]. In the initial manage-
ment of DVT, leg elevation and application of a grad-
uated elastic compression stocking to reduce pain and
swelling are useful, and the patient can be encouraged to
mobilize (early mobilization and use of a graduated
elastic compression stocking do not increase the risk
of PE). Once a woman is able to self-administer LMWH
by subcutaneous injection, outpatient management
until delivery is appropriate. Continued use of grad-
uated elastic compression stockings may reduce the
likelihood of post-thrombotic syndrome. In the rare

Section 4: Pregnant patient with coexisting disease

280



event that major occlusive DVT risks leg viability,
surgical embolectomy or thrombolysis should be
considered.

Satisfactory anti-factor Xa levels (peak anti-factor
Xa activity, 3–4 hours after injection, of 500–1200 U/
L) are usually achieved using a weight-based dose. In
addition, there are concerns over the accuracy and
consistency of anti-factor Xa monitoring, thus mon-
itoring of anti-factor Xa is not routinely advocated.
The need for monitoring is, perhaps, more appropri-
ate at extremes of body weight (50 kg and ≥90 kg), with
suspected non-compliance, or with comorbid condi-
tions such as renal disease and recurrent VTE.
Recently published guidelines from the American
College of Chest Physicians acknowledge that, on the
basis of small studies that demonstrated a need to
escalate doses to maintain a therapeutic concentration
of anti-factor Xa, some authorities do recommend
measuring anti-factor Xa every 1–3 months to main-
tain concentrations in the therapeutic range; however,
the authors of the guidelines concluded that with the
current lack of data about the benefits of monitoring
anti-factor Xa, the costs were difficult to justify [14].

The activated partial thromboplastin time (aPTT)
is used to monitor UFH. When UFH is used, or if the
woman is receiving LMWH after first receiving UFH
or with previous exposure to UFH, the platelet count
should ideally be monitored every 2–3 days from day 4
to day 14, or until heparin is stopped.

LMWH (or UFH) is recommended for the remain-
der of the pregnancy, with treatment continued for a
minimum of 3months and until 6 weeks after delivery.
Outside pregnancy, the initial dose of LMWH may be
reduced to an intermediate dose after several weeks of
therapeutic anticoagulation. In pregnancy data are
limited, but reducing to an intermediate dose after
several months (or earlier in pregnant women at
increased risk of bleeding or osteoporosis) can be
considered.

To avoid delivery while a woman is taking thera-
peutic anticoagulation, a planned delivery, either
through induction of labor or elective cesarean sec-
tion, facilitates anticoagulant management. A prag-
matic approach is to reduce LMWH to a once-daily
thromboprophylactic dose on the day before induc-
tion of labor or cesarean section such that when deliv-
ery occurs in 24 hours or more from the previous
LMWH injection, its effect on hemostasis will be
absent or minimal. In North America, it is more com-
mon than in Europe to convert women who are being

treated with LMWH to intravenous or subcutaneous
UFH when delivery is imminent or anticipated.
Disadvantages of UFH include difficulties in control,
as the aPTT is unreliable, particularly in pregnancy,
and the patient also incurs the risk of problems such as
heparin-induced thrombocytopenia, which would be
avoided by exclusive use of LMWH. When women
present in labor while on therapeutic LMWH, the
main issue is regional anesthesia techniques, as these
should not normally be employed for at least 24 hours
after the last dose of LMWH. In addition, LMWH
should be avoided for at least 4 hours after epidural
catheter removal. The catheter should not be removed
within 12 hours of the most recent injection. When
delivery is by scheduled cesarean section, therapeutic
doses of LMWH should be omitted for 24 hours prior to
surgery. However, a thromboprophylactic dose of
LMWH (e.g. enoxaparin 40 mg, dalteparin 5000 IU,
tinzaparin 75 IU/kg) can be given as early as 3 hours
postoperatively (>4 hours after removal of the epidural
catheter, if appropriate), and the treatment dose
recommenced later that day.

Both UFH and LMWH increase the risk of wound
hematoma following cesarean section, with an inci-
dence around 2%. Surgical drains should, therefore, be
considered at operation. Closure of the skin incision
should ideally be with staples or interrupted sutures to
allow easy drainage of any hematoma that might
develop.

A particular problem that obstetricians may face is
thrombosis presenting close to delivery. In this event,
UFH should be considered (since it can be reversed
using protamine sulfate and has a short duration of
action) or the timing of LMWH administration
adjusted. When labor occurs in a woman on therapeu-
tic UFH, the aPTT is used to assess the anticoagulant
effect. In general, subcutaneous UFH should be dis-
continued 12 hours before, and intravenous UFH 6
hours before, induction of labor/regional anesthesia. It
should be noted that the aPTT is less reliable in preg-
nancy because of the increased levels of factor VIII and
heparin-binding proteins, which, in turn, may lead to
an apparent heparin resistance.

Although both heparin and warfarin are satisfac-
tory for use postpartum, including in women who are
breastfeeding, many women prefer to use LMWH
(with once-daily dosing postpartum) because they
have become accustomed to its administration and
because they can avoid the monitoring associated
with coumarin therapy.
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Massive or life-threatening pulmonary
embolism
Massive or life-threatening PE is indicated if

* systolic blood pressure is 90 mmHg, or
* there is a fall in systolic blood pressure of >40

mmHg from baseline, not otherwise explained by
hypovolemia, sepsis, or new arrhythmia, or

* there is evidence of cardiogenic shock, manifested
by tissue hyperperfusion (altered level of
consciousness; oliguria; or cool, clammy
extremities) and hypoxia.

With massive life-threatening PE, the pregnant woman
needs emergency assessment by a multidisciplinary
team of obstetricians, surgeons, and radiologists, who
should decide rapidly on appropriate treatment ranging
from intraveous UFH to systemic thrombolysis, cathe-
ter thrombolysis or embolectomy, or surgical
embolectomy. In contrast to thrombolytic therapy,
anticoagulant therapy will not reduce the obstruction
of the pulmonary circulation.When used in pregnancy,
thrombolytic therapy is associated with a maternal
hemorrrhagic complication (including genital tract
bleeding) rate of approximately 6%, similar to non-
pregnant patients [27,28]. The great danger in preg-
nancy is that appropriate treatment will be delayed out
of fear of genital tract bleeding or of the fetal conse-
quences of intervention, but hemodynamically unstable
PE, defined as PE with arterial hypotension or cardio-
genic shock at presentation, is otherwise associated with
a poor short-term prognosis [29] and pregnant patients
are no exception.

As soon as massive PE is suspected, therapeutic
intravenous UFH should be initiated. In massive PE,
most patients should receive a bolus of at least 80 U/kg
UFH followed by a minimum of 18 U/kg per hour to
maintain a target aPTT of at least 80 seconds [30]. The
rationale for aggressive dosing of UFH is the empirical
observation that patients with massive PE require
more than standard doses of UFH and that subther-
apeutic doses can be fatal [30]. If signs and symptoms
of massive PE persist despite intravenous UFH, and
there is no contraindication to fibrinolysis, new
evidence-based guidelines from the American Heart
Association for the management of massive PE rec-
ommend proceeding to thrombolysis with the
recombinant tissue plasminogen activator altepase
100mg intravenous over 2 hours [31]. Patients who re-
main unstable despite thrombolysis may be candidates

for catheter thrombolysis or embolectomy, or for sur-
gical embolectomy. These procedures should be per-
formed in institutions experienced in them and,
consequently, patients may need to be transferred
[31]. Embolectomy requires cardiopulmonary bypass
and experienced thoracic surgeons.

Data specific to the management of massive PE in
pregnant women are limited. A recent review reported
on 13 women who were managed with thrombolysis
[32] and five other women have been reported sub-
sequently. In these five women, all of the patients
carried their pregnancies to term without bleeding
complications. In the review of the 13 women, the
rate of complications was higher than among other
series of patients receiving thrombolysis, perhaps
reflecting the severe morbidity of the patients at the
time of therapy. The rate of major bleeding was 30.8%
(95% CI, 9.1–61.4]), of fetal death 15.4% (95% CI, 1.9–
45.5), and of preterm delivery 38.5% (95% CI, 13.9–
68.4). There were no maternal deaths [32]. The same
authors reported on eight women who had surgical
embolectomy. There were three fetal deaths (37.5%;
95% CI, 8.5–75.5) and four preterm deliveries (50%;
95% CI, 15.7–84.3). There were no maternal deaths.
The same authors also reported on four women who
received catheter thrombolysis or embolectomy. One
fetal death (25%; 95% CI, 0.63–80.6) and one preterm
delivery (25%; 95% CI, 0.63–80.6) occurred.

In unstable situations where reversal of anticoagu-
lation may be required, such as when surgery or other
invasive procedure is required, intravenous UFH may
be employed. Vena caval filters can be used, but these
are rarely required and are generally considered only
when there is recurrent VTE despite adequate anti-
coagulation [16] or new-onset VTE within the pre-
vious 2–4 weeks. Filters can be associated with tears
in the vena cava and serious hemorrhage; filter frac-
ture and movement can also occur. If the filter is not
removed, the woman will require lifelong anticoagu-
lation with coumarins.

In the exceptionally rare, but possible, scenario
where the patient with recent PE and persistent right
heart strain requires emergency surgery with general
anesthesia, the highest risk period for hemodynamic
collapse is during induction of anesthesia and initia-
tion of positive pressure ventilation. Monitoring
should be performed with transesophageal echocar-
diography. The need for cardiopulmonary bypass
and surgical embolectomy must be anticipated. The
patient should be in the appropriate operating room
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suite and the cardiac surgical team should be immedi-
ately available [33].

Thromboprophylaxis
Women with significant risk factors should be consid-
ered for prophylactic low-dose LMWH (e.g. enoxa-
parin 40 mg/day or dalteparin 5000 IU/day). For the
pregnant woman with previous VTE, postpartum pro-
phylaxis for 6 weeks is usually advocated. Where the
risk of antenatal recurrence is considered higher
because of a previous unprovoked VTE, or a previous
pregnancy- or estrogen-associated event or more than
one previous VTE (where she is not receiving long-
term anticoagulation), prophylactic low-dose or
intermediate-dose LMWH is usually employed ante-
natally starting from the diagnosis of pregnancy. For
those women with a single previous VTE associated
with a transient risk factor unrelated to pregnancy or
use of estrogen, it is not routine to use prophylaxis
antenatally: experts recommend only postpartum pro-
phylaxis. Where a woman has multiple other risk
factors, prophylaxis should also be considered both
antenatally and postpartum, particularly after cesarean
section. When a woman is on long-term coumarin
therapy, it is usual to switch to LMWH (adjusted or
intermediate dose) prior to 6 weeks of gestation (to
avoid the risk of embryopathy) with resumption of
long-term anticoagulants postpartum [14,28].

Pregnant and postpartum patients in the ICU who
have not experienced a thromboembolic event remain
at high risk of experiencing one. In addition to their
hypercoagulable state, they are frequently postoperative
from cesarean delivery or hysterectomy and have one or
more of the medical conditions or complications of
pregnancy and delivery listed in Table 25.2, all com-
pounding the risk of thrombosis. Thromboprophylaxis
based on usual ICU protocols is essential.

Conclusions
Women are at an increased risk of VTE during preg-
nancy. Additional risk factors include a history of
thrombosis, thrombophilia, certain medical condi-
tions, and some complications of pregnancy and child-
birth. Despite the increased risk of thrombosis during
pregnancy and in the postpartum period, most women
do not require anticoagulation. Exceptions are women
at high risk of thrombosis. Unique aspects of anti-
coagulation in pregnancy include both maternal and
fetal issues. For fetal reasons, the preferred agents for

anticoagulation in pregnancy are heparin compounds.
In anticipation of delivery, surgery, or other invasive
procedures, anticoagulation should be manipulated to
reduce the risk of bleeding complications while mini-
mizing the risk of thrombosis.
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Chapter

26
Neurological disease and neurological
catastrophes
Cynthia A. Wong and Roland Devlieger

Introduction
Pregnant womenmay have chronic neurological disease
or may develop neurological disease during pregnancy
and the postpartum period. Some neurological condi-
tions are more likely to occur or be exacerbated during
pregnancy, including posterior spinal encephalopathy
syndrome (PRES), cortical vein thrombosis, and hem-
orrhagic or thrombotic stroke. Other neurological con-
ditions may occur during pregnancy by chance, for
example Guillain-Barré syndrome. Obstetric disease
such as eclampsia may present with neurological symp-
toms. Finally, rare complications of neuraxial proce-
dures administered during childbirth, including spinal/
epidural hematoma or abscess, meningitis, or subdural
hematoma, may occur in the postpartum period. The
initial signs and symptoms of these life-threatening neu-
rological conditions may overlap with more common
and benign pregnancy-associated conditions. Therefore,
both obstetricians and anesthesiologists/intensivists
caring for obstetric patients must be well versed in the
neurological diseases and complications associated with,
or exacerbated by, pregnancy and anesthesia.

Epilepsy

Epidemiology
Approximately 3 to 5 births per 1000 occur to women
with epilepsy [1]. The International Registry of
Antiepileptic Drugs and Pregnancy (EURAP registry)
summarized data from 1956 pregnancies between
1999 and 2004 [2]; 1095 (58%) women remained seiz-
ure free throughout pregnancy. Seizures occurred dur-
ing delivery in 3.5% of women and status epilepticus
occurred in 1.8%.

In 2009, the American Academy of Neurology and
the American Epilepsy Society published Practice

Parameters Updates for the management of pregnant
women with epilepsy. The review concluded that
there is insufficient evidence to determine whether
there is a consistent change in seizure frequency dur-
ing pregnancy in women with epilepsy [1]. Switching
seizure medications during pregnancy is not recom-
mended, as this increases the likelihood of seizures.
Approximately 90% of women who have been seizure-
free at least 9 months prior to conception are likely to
remain seizure-free during pregnancy. Changes in
blood volume, hepatic metabolism, and protein bind-
ing during pregnancy generally result in decreased
serum anticonvulsant concentrations; inadequate
drug levels may explain recurrent seizures.

Diagnosis, clinical features,
and investigations
New-onset seizures during pregnancy may represent
epilepsy, but other acute etiologies of seizure must be
excluded and the underlying disease process treated
appropriately (Box 26.1). Eclamptic seizures are the
most common cause of seizures during pregnancy and
may present without hypertension, proteinuria, and
edema. A careful history, including information from
witnesses and family members, and physical examina-
tion are essential. The setting, onset, duration, and
characteristics of the seizure should be elicited, includ-
ing the presence of an aura, loss of consciousness,
incontinence, and whether the seizure was associated
with a secondary injury. Knowledge of inciting factors,
such as prior history of chronic disease, acute illness,
drug non-compliance, and history of recent trauma are
critical to making the correct diagnosis. A thorough
physical examination includes vital signs, a complete
neurological examination, and a search for associated
trauma. Laboratory screening should include serum
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glucose, electrolyte levels, and liver function tests. A
toxicology screen may be indicated, and serum levels
of antiepileptic drugs should be measured in patients
taking these medications. Hypoglycemia is the most
common cause of metabolic seizures.

A lumbar puncture is indicated if meningitis is
suspected, although seizure activity causes hyperther-
mia, leukocytosis, and cerebrospinal fluid (CSF) pleo-
cytosis, thus confusing the diagnosis. Neuroimaging
(usually CT) may be considered for a suspected acute
intracranial event, particularly intracranial hemorrhage.
Magnetic resonance imaging without gadolinium may
be preferable to exclude other intracranial pathology.

Management
Treatment of seizure during pregnancy mimics stand-
ard seizure treatment in adults. Although drugs used
to treat seizures cross the placenta, this is of secondary
importance when treating pregnant patients. It is
more important to both the mother and fetus to pre-
vent the direct adverse physiological effects of seizure,
including hypoxemia, acidosis, and hyperthermia.
Modifications of standard treatment during preg-
nancy include positioning the patient in the left lateral
decubitus position after the 20th week of gestation to

prevent aortocaval compression, and fetal heart rate
monitoring after the age of viability. Additionally,
pregnant women are at increased risk of gastroesopha-
geal reflux; therefore, prompt control of the airway to
prevent pulmonary aspiration of gastric contents is
indicated in unconscious patients. In case of (suspi-
cion) of eclamptic seizure, magnesium sulfate should
be initiated promptly.

Status epilepticus
The definition of status epilepticus is evolving, butmany
experts define status epilepticus as continuous seizure
activity for 5minutes ormore. Several population-based
studies estimate the risk of status epilepticus during
pregnancy as being between 0 and 1.3% [1]. The
American Academy of Neurology and the American
Epilepsy Society have concluded that there is insufficient
evidence to support or refute an increased risk of status
epilepticus during pregnancy [1].

Historically, status epilepticus has been associated
with a high risk of maternal morbidity and mortality, as
well as fetal mortality; however, more recent data sug-
gest that poor outcomes are not inevitable. [2]. Given
the historically poor outcomes, experts agree that imme-
diate and effective treatment of status epilepticus is
necessary. Maternal morbidity and mortality are related
to the etiology of the seizure disorder, as well as dura-
tion and systemic consequences of the inciting event
and seizure. The European Society of Neurological
Societies published guidelines for the management of
status epilepticus in adults in 2010 (Box 26.2) [3].
Modifications suggested for pregnant women include
positioning the patient in the left lateral decubitus posi-
tion and fetal heart rate monitoring in women in whom
the fetus has reached the age of viability.

Stroke

Epidemiology and etiology
Cardiovascular accidents are responsible for 10–14% of
all maternal deaths, and a significant proportion of
those who survive are left with permanent disability.
The risk of stroke is increased by as much as 12- to
13-fold in pregnant compared with non-pregnant
women [4]. A review of the world’s literature published
in 2006 found that the incidence of pregnancy-related
stroke ranged from 8.9 to 67.1 per 100 000 deliveries [5].

Cardiovascular accidents are usually classified as
hemorrhagic or ischemic. Conditions highly associated

Box 26.1. Differential diagnosis of new-onset
seizures during pregnancy

* Eclampsia
* Posterior reversible encephalopathy syndrome
* Cerebral vein thrombosis
* Intracranial hemorrhage
* Subarachnoid hemorrhage
* Ischemic stroke
* Brain tumor
* Metabolic causes

– hyperemesis gravidarum
– acute hepatitis (fatty liver of pregnancy)
– acute intermittent porphyria
– electrolyte imbalances

* Infections
* Toxins

– drug withdrawal
– drug overdose

* Epilepsy: gestational epilepsy
* Pseudoseizures
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with stroke during pregnancy include advanced mater-
nal age, migraine headache with aura, thrombophilia,
thrombocytopenia, systemic lupus erythematosus,
sickle cell disease, heart disease, hemorrhage, and
pregnancy-related hypertensive conditions [4]. An esti-
mated 25–45% of pregnancy-related strokes are associ-
ated with pre-eclampsia or eclampsia, and stroke is the
most common cause of death in women with pre-
eclampsia [5]. Several studies have found cesarean deliv-
ery and multiple gestation to be risk factors [5]. In the
USA, African-Americans were found to be at increased
risk compared with Caucasian Americans [4]. The
results of several studies suggest that the greatest inci-
dence of stroke occurs in the postpartum period [4,5].

Care of pregnant patients with stroke should be
centralized to facilities with multidisciplinary teams
of obstetricians, neurologists, intensivists, and rehabil-
itation specialists. In general, pregnancy should not
alter the diagnosis and management of cerebrovascular
accidents. As with all stroke patients, quickly differen-
tiating between hemorrhagic and ischemic etiologies
is of utmost importance for determining therapy. A
thorough history and physical examination, as well as
imaging of the head are required. Although CT scan-
ning involves exposure to ionizing radiation, the fetus
is exposed to <0.1 mGy per test; therefore, indications
for single scans should not be altered by pregnancy.
Triiodinated contrast agents are probably safe for use
during pregnancy; they are not detectable in the fetus
and amniotic fluid. In contrast, gadolinium, used in
MRI, crosses the placenta and appears rapidly in the
fetal bladder and amniotic fluid. Its half-life and safety
in the fetus are unknown and its use should be avoided
if possible.

Cerebral vein thrombosis
Pregnancy is a “hypercoagulable” state, and the risk of
thrombotic events, including cerebral thrombosis, is
increased compared with the non-pregnant state.
Approximately 2% of pregnancy-associated strokes are
caused by cerebral vein thrombosis (CVT) and up to
73% of CVT events in women occur during pregnancy
or the postpartum period [6]. Associated factors include
hypovolemia, operative delivery, hypertension, and
infections.

Diagnosis and clinical features
The onset of symptoms is usually insidious. Progressive,
diffuse headache over several days is common. In the
postpartum period, the headache from CVT has been

Box 26.2. Initial treatment of generalized
convulsive and complex partial seizure status
epilepticus

Position patient in left lateral decubitus position

Assessment and control of the airway, oxygenation,
and ventilation:

* oxygen administration
* arterial blood gas measurement

Assessment and monitoring of circulation:

* electrocardiogram
* blood pressure

Establish intravenous access
Treat seizures

* lorazepam 0.1 mg/kg IV (may be administered out
of hospital)

* if lorazepam not available, diazepam 10 mg
intravenous followed by phenytoin 18 mg/kg
(50 mg/min infusion)

Laboratory measurements

* glucose, electrolytes, magnesium, calcium
* hematological screen
* hepatic and renal function
* thiamine
* antiepileptic drug levels

Fetal heart rate assessment (if fetus is viable)

Assess for and treat cause of status epilepticus (e.g.
glucose, thiamine)

Refractory generalized convulsive status epilepticus
Intensive care unit

Anesthetic agents (chose one):

* midazolam (titrated to seizure suppression): initial
dose 0.2 mg/kg followed by infusion 0.05
−0.4 mg/kg per hour

* propofol (titrated to electroencephalograph burst
suppression): initial dose 2−3 mg/kg, further
boluses of 1−2 mg/kg until seizure control,
followed by infusion 4−10 mg/kg per hour

* thiopental (titrated to electroencephalograph burst
suppression): initial dose 3−5 mg/kg, further
boluses of 1−2 mg/kg, followed by infusion
3−7 mg/kg per hour

Refractory complex partial status epilepticus
Trial of further non-anesthetizing anticonvulsants:

* phenobarbital (avoid if possible during pregnancy)
* valproic acid (avoid if possible during pregnancy)
* levetiracetam

Source: Modified from Meierkord et al., 2010 [3].
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misdiagnosed as postdural puncture headache in
patients who had an intrapartum neuraxial procedure
with dural puncture. (Intracranial hypotension from
a CSF leak may increase the risk of CVT.) Isolated
headache without other symptoms occurs in up to
25% of patients. Other symptoms include progressive
focal neurological deficits, visual changes, psychosis,
and seizures (up to 40%). Symptoms may be bilateral.
Seizures can be misdiagnosed as eclamptic seizures.
Cerebral vein thrombosis may also masquerade as
intracranial hemorrhage or idiopathic intracranial
hypertension, and clinicians should have a high index
of suspicion. For example, up to 50% of patients may
present with an isolated headache or headache with
papilledema or sixth cranial nerve palsy, suggestive of
idiopathic intracranial hypertension [6]. Finally, a small
proportion of patients will present with isolated mental
status changes without focal neurological symptoms.

The most common sites of thrombosis in preg-
nancy are the sagittal sinus with extension into the
cortical veins, or primary thrombosis of the cortical
veins. Clinical features depend on the location of the
thrombus and relate to obstruction of venous return
and impaired CSF absorption (causing increased
intracranial pressure (ICP)), and/or ischemia, infarc-
tion, cytotoxic or vasogenic edema, and bleeding [6].

Workup for suspected CVT should include routine
blood studies (including prothrombin time and acti-
vated partial thromboplastin time) and thrombophilia
screening. While normal D-dimer levels have been
shown to identify a subset of patients with low proba-
bility for CVT, the test is unlikely to be helpful in
pregnancy becauseD-dimer levels are normally elevated.
The most sensitive imaging technique for diagnosing
CVT is MRI with gadolinium, particularly in combina-
tion with MR venography. Conventional CT scanning
may be normal as often as 70% of the time. As always,
the risk of gadolinium to the fetus must be weighed
against the risk of missing the diagnosis in the mother.

Treatment of cerebral vein thrombosis
Guidelines from several professional organizations
have recently been published to guide treatment of
CVT [6,7]. Figure 26.1 shows the management algo-
rithm proposed by the American Heart Association/
American Stroke Association (AHA/ASA). Full anti-
coagulation with intravenous unfractionated heparin
(titrated to activated partial thromboplastin time
2× normal), or weight-adjusted subcutaneous low-
molecular-weight heparin (LMWH) remains the
mainstay of therapy. Anticoagulation should be

continued for a total duration of 6 months and for at
least 6 weeks after delivery. Oral anticoagulation may
be substituted after delivery (international normalized.
ratio goal of 2.0–3.0). There is currently limited evi-
dence for fibrinolytic or endovascular therapy.

Early complications of CVT include seizures, intra-
cranial hypertension, and hydrocephalus. Initiation of
anticonvulsant therapy is reasonable in patients who
have had a seizure, although the optimal duration of
therapy is not known. In the absence of seizures, ther-
apy is not recommended [6]. Acetazolamide may be
initiated for patients with increased ICP. If increased
ICP is associated with progressive visual loss, other
therapies (lumbar puncture, optic nerve compression,
shunts) should be considered. Decompressive hemicra-
niotomy may be considered in patients with neuro-
logical deterioration who are unresponsive to other
therapies. Steroid therapy is not recommended.

Obstetric and anesthetic management
Fetal surveillance is indicated for pregnant women
hospitalized for CVT. Plans for delivery and anesthetic
care are based on obstetric indications and will need
to account for the patient’s anticoagulation status.
Anticoagulant therapy is suspended intrapartum, and
then restarted within 12 to 24 hours following delivery.
A history of CVT during pregnancy is not a contra-
indication for future pregnancies [6]. Prophylaxis with
LMWH is a reasonable plan for future pregnancies.

Hemorrhagic stroke
Hemorrhagic strokes can be categorized as intracere-
bral or subarachnoid. Intracerebral or intraparenchy-
mal hemorrhage involves bleeding from small arteries
or arterioles directly into brain matter. Intracranial
hemorrhage during pregnancy is usually associated
with severe hypertension secondary to pre-eclampsia/
eclampsia but may also be secondary to drug abuse
(cocaine or methamphetamines), trauma, or tumors.
Subarachnoid hemorrhage (SAH) is bleeding into the
subarachnoid space between the arachnoid and pia
mater. It is most commonly secondary to spontaneous
leaking, to rupture of an aneurysm, or rupture of an
arteriovenous malformation (AVM) but may also be
secondary to trauma, hypertension-induced rupture of
pial vessels, or intracranial thrombosis.

Indirect evidence suggests pregnancy may play a
role in SAH, although data are inconsistent. The ratio
of AVM to aneurysm incidence is significantly higher in
pregnant than in non-pregnant patients, and aneurysm
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rupture is clustered in the peri- and postpartum peri-
ods, suggesting pregnancy may contributed to rupture
and bleeding from both aneurysms and AVMs [8]. It is
hypothesized that the increases in blood volume and
cardiac output, and hormone-induced changes to the
arterial wall, may contribute to rupture. Mortality rates
from SAH are as high as 50%, and survivors often have
severe functional deficits [9]. Mortality rates in preg-
nant women are lower than overall mortality rates,
likely secondary to a higher rate of non-aneurysmal
hemorrhage during pregnancy. In an analysis of data
from the US Nationwide Inpatient Sample from 1995
to 2008, the overall SAH rate was 5.8 per 100 000
deliveries, and SAH was responsible for 4.1% of all
pregnancy-related in-patient deaths [8].

Aneurysmal subarachnoid hemorrhage
Diagnosis and clinical features

The most common presentation of SAH is a sudden,
diffuse, severe headache (“worst headache of my life”).

Other symptoms include nausea and vomiting, menin-
gismus, decreased level of consciousness, speech and
visual deficits, hemiparesis, cranial third nerve palsy,
and seizure. Urgent evaluation of suspected SAH is
recommended as there is a least a 3–4% risk of rebleeding
of untreated, ruptured aneurysms in the first 24 hours
after the initial ictus [10]. Non-contrast CT is the screen-
ing imaging technique currently recommended by the
AHA/ASA management guidelines [10]. Sensitivity in
the first 24 hours approaches 100% but decreases over
time. If SAH is suspected, but the CT scan is negative, a
lumbar puncture should be performed, looking for
elevated opening pressure and an increase in CSF red
blood cell count and/or xanthochromia. If SAH is
diagnosed, further imaging studies, such as selective
cerebral angiography or MR angiography, are indicated
to further characterize the source of hemorrhage.

The Hunt and Hess or World Federation of
Neurosurgeons grading scales are utilized to describe
the patient’s condition, propose treatment, and assess

Clinical suspicion of CVT

MRI T2-weighted imaging + MRV

Neurological improvement or stable Neurological deterioration or coma 
despite medical treatment

Continue oral anticoagulation
for 3–12 months or lifelong according

to the underlying etiology

Severe mass effect or ICH 
on repeated imaging

May consider decompressive 
hemicraniectomy 

(life-saving procedure)

No evidence of CVT- 
consider other 

differential diagnosis

No or mild mass 
effect on repeated 

imaging

May consider 
endovascular therapy

(with or without 
mechanical disruption)b

Initial anticoagulation (IV heparin or SC 
LMWH) if no major contraindicationsa

CVT

Proposed Algorithm for the Management of CVT

Figure 26.1. Proposed management algorithm for cerebral vein thrombosis (CVT). The algorithm is not comprehensive and may not be
applicable to all clinical scenarios; patient management must be individualized. CTV, CT venography; CVST, cerebral venous and sinus
thrombosis; ICH, intracranial hemorrhage; IV, intravenous; LMWH, low-molecular-weight heparin; MRV, magnetic resonance venography; SC,
subcutaneous; Tx, therapy.
aIntracranial hemorrhage that occurred as a consequence of CVST is not a contraindication for anticoagulation.
bEndovascular therapy may be considered in patients with absolute contraindications for anticoagulation therapy or failure of initial therapeutic
doses of anticoagulant therapy. (Modified from the American Heart Association/American Stroke Association [6].)
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prognosis (Tables 26.1 and 26.2). The modified Fisher
scale describes the amount of blood observed on CT
imaging (Table 26.3). Combining the clinical scale
with the imaging scale improves ability to predict out-
come [9]. Clinical outcome is primarily dependent on
the severity of the initial bleed. Other factors include
age, gender, medical comorbidities, size and location
of the aneurysm, and services available in the facility
where the patient is first evaluated.

Management of subarachnoid hemorrhage

Early support therapy is summarized in Box 26.3.
Management of SAH is complicated by a number of
neurological and medical complications. Rebleeding is
most likely to occur in the first 24 hours after ictus;
the risk gradually decreases after 1–6months to 3% per
year. Systolic blood pressure >160 mmHg is an inde-
pendent risk factor for rebleeding; however, it is not
known whether treatment of hypertension decreases
the risk. Blood pressure should be monitored (usually

invasively) and controlled, taking into account the risk
of rebleeding, stroke, and maintenance of cerebral
perfusion pressure [10]. Hypotension may contribute
to cerebral ischemia. Higher blood pressures may be
tolerated once the aneurysm is secured. Agents used to
treat hypertension should be easily titratable with min-
imal effects on cerebral blood flow. Nicardipine and
labetalol are commonly used.

The AHA/ASA guidelines recommend stabiliza-
tion of the aneurysm to decrease the risk of (re)bleed-
ing, either with surgical clipping of the aneurysm or
endovascular coiling. The International Subarachnoid
Aneurysm Trial was a large randomized controlled
trial that compared clipping with endovascular coiling
[11]. Mortality was lower at 1 year in the endovascular
coiling group than in the clipping group. The risk of
rebleeding was small in both groups, but slightly
higher in the endovascular coiling group. There were
no differences in the proportion of survivors who were
functionally independent at 5 years. Therefore, in this
population of patients (low-grade aneurysms), both
therapies appear to have equivalent outcomes.

The risk of rebleeding is reduced with the use of the
antifibrinolytics, tranexamic acid and aminocaproic
acid. However, long-term use is associated with an
increased risk of cerebral ischemia. The AHA/ASA
guidelines state that a short-term course of antifibrino-
lytic therapy of up to 72 hours may be reasonable [10].

Other neurological complications of aneurysmal
SAH include acute and chronic hydrocephalus, seizure,
vasospasm, and delayed ischemic neurological deficits.
Obstruction of CSF drainage by the intraventricular
clot results in increased ICP. Aggressive treatment of
ICP greater than 20 to 25 mmHg is warranted, as high
ICP is associated with secondary brain ischemia.

The incidence of seizures is low (6–18%); however,
seizures can cause hypertension and increased ICP.
Prophylactic use of anticonvulsants has been associated
with poor functional and cognitive outcome and does

Table 26.1. Hess and Hunt severity scale for subarachnoid
hemorrhage

Grade Description

0 Unruptured aneurysm

1 Asymptomatic or mild headache

2 Moderate to severe headache, nuchal rigidity,
and no neurological deficit other than possible
cranial nerve palsy

3 Mild alteration in mental status (confusion,
lethargy), mild focal neurological deficit

4 Stupor and/or hemiparesis

5 Comatose and/or decerebrate rigidity

Table 26.2.World Federation of Neurological Surgeons scale

Grade Glasgow Coma
Scale score

Motor deficit

I 15 Absent

II 13–14 Absent

III 13–14 Present

IV 7–12 Present/absent

V 3–6 Present/absent

Table 26.3. Modified Fisher scalea

Grade CT scan appearance

1 Focal or diffuse thin SAH, no intraventricular
hemorrhage

2 Focal or diffuse thin SAH, with intraventricular
hemorrhage present

3 Thick SAH present, no intraventricular
hemorrhage

4 Thick SAH present, with intraventricular
hemorrhage present

SAH, subarachnoid hemorrhage.
a Describes amount and location of blood on CT scan: useful for
predicting likelihood of vasospasm.
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Box 26.3. Management of subarachnoid hemorrhage

Intervention/treatment
* Initial care
* Intravenous fluids (isotonic or hypertonic) to achieve euvolemia
* Support circulation
* Support airway, ventilation, oxygenation

Prevention of rebleeding
* Maintain systolic blood pressure <160 mmHg until aneurysm is secured: intravenous nicardipine infusion
2.5–5 mg/h titrated up to 15 mg/h; labetalol bolus 10–20 mg every 5 minutes or continuous infusion 0.5 mg/min
titrated up to 2 mg/min

* Tranexamic acid (1 g every 6 hours for 72 hours or until aneurysm is secured) or epsilon-aminocaproic acid (4 g over
1 hour, then 1 g/h for 72 hours or until 4 hours prior to angiography)

* Early clipping or coiling
* Stool softener
* Pain management
* Sedation

Seizure prophylaxis
* Consider short term in immediate posthemorrhage or postoperative period
* Consider long term if risk factors are present (prior history of seizures, parenchymal hematoma, cerebral infarct,
middle cerebral artery aneurysm)

Hydrocephalus
* External ventricular drain

Prevention of delayed ischemic neurological deficits
* Maintenance of normothermia
* Maintenance of euglycemia
* Maintenance of euvolemia
* Nimodipine 60 mg orally every 4 hours for 21 days starting within 96 hours of ictus

Prevention of medical complications
* Mucosal damage prophylaxis (histamine H2 blockers or proton pump inhibitors)
* Venous embolism prophylaxis: mechanical or unfractionated heparin 5000 U subcutaneous every 8 hours or
low-molecular-weight heparin (enoxaparin) 30 mg subcutaneous every 12 hours

* Glycemic control (serum glucose 80–140 mg/dL)

Management of medical complications
* Hyponatremia
* Hypovolemia
* Dysrhythmias (ventricular, torsades de pointes): ST segment, T waves changes, and prolongation of QT interval are
common

* Cardiomyopathy (neurogenic stunned myocardium)
* Pulmonary edema
* Fever
* Anemia (target hemoglobin value not known)

Manage vasospasm
* Triple-H therapy: treating hypervolemia, hemodilution, and induced hypertension; although target values are not
well studied, central venous pressure is usually maintained between 8 and 12 mmHg, hematocrit between 30%
and 35%, and systolic blood pressure between 180 and 200 mmHg (see text for discussion)

* Consider cerebral angioplasty and/or selective intra-arterial vasodilator therapy
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not reduce the incidence of seizures [9]. The AHA/ASA
guidelines state that short-term prophylactic anticon-
vulsants may be considered in the immediate posthe-
morrhage period [9].

The presence of blood in the subarachnoid space
causes dysregulation of vasoconstriction and vasodila-
tation, free radical formation, and an inflammatory
response [9]. Breakdown of erythrocytes and release
of oxyhemoglobin results in cerebral vasoconstriction,
usually of the large capacitance arteries at the base of the
brain. Vasospasm occurs in 30–70% of patients with
SAH; onset is typically 3 to 5 days after the hemorrhage
and maximal narrowing occurs at 5 to 14 days, with
gradual resolution over 2 to 4 weeks. Vasospasm is a
leading cause of death after SAH. Delayed ischemic
neurological deficits were traditionally thought to result
from decreased cerebral perfusion from vasospasm;
however, newer evidence suggests that other mecha-
nisms of brain tissue injury may also play a role.

Management of vasospasm centers on both pre-
vention and treatment. Unfortunately, randomized
controlled trials are lacking and no single therapy has
been shown to prevent or treat vasospasm effectively.
The most common therapy for prevention of vaso-
spasm is nimodipine. Meta-analysis of clinical trials
has demonstrated that nimodipine decreases
vasospasm-induced morbidity and mortality compared
with placebo, although the incidence of vasospasm did
not differ. Therefore, oral nimodipine is currently rec-
ommended in the AHA/ASA guidelines for prevention
of vasospasm; therapy should be initiated within 96
hours of ictus [10]. Hypovolemia is associated with an
increased risk of vasospasm; however, prophylactic,
so-called triple-H therapy (hypervolemia, hemodilution,
induced hypertension) has not been shown to be effec-
tive for prevention of vasospasm. Use of hydroxyme-
thylglutaryl coenzyme A reductase inhibitors (statins)
and magnesium is currently being investigated.

Diagnosis of vasospasm, particularly in comatose
patients, is difficult. The literature regarding the use
of serial transcranial Doppler technology is inconclusive

[10]. The gold standard diagnostic technique for vaso-
spasm is cerebral catheter angiography. This is an inva-
sive procedure with significant risks for mother and
fetus, but an advantage is that it can be combined with
selected intra-arterial vasodilator therapy.

Historically, triple-H therapy has been the standard
treatment of vasospasm following SAH. The level of
evidence for triple-H therapy is moderate, at best. It is
not clear which components of triple-H therapy are
important, alone or in combination. Recent physiolog-
ical studies suggest that normovolemic hypertension
may increase cerebral blood flow, whereas hypervolemia
hemodilution may be associated with increased com-
plications [12]. The AHA/ASA guidelines consider
triple-H therapy to be a reasonable approach. Cerebral
angioplasty and/or selective intra-arterial vasodilator ther-
apy may be reasonable therapies with, after, or instead of
triple-H therapy, depending on the clinical scenario [10].

In the future, intraparenchymal brain monitoring
may play an increasingly important role in neurocritical
care. Probes are now available that can provide meas-
urement of cerebral blood flow and brain oxygen.
Microdialysis probes allow measurement of interstitial
glucose, glutamate, lactate, pyruvate, and pH. Outcome
research is currently lacking.

Obstetric and anesthetic management of subarachnoid
hemorrhage

The fetus may be indirectly compromised in women
with SAH by maternal hypo- or hypertension, hypo-
or hyperventilation, hypoxemia, acid–base changes, or
indeed any perturbations that compromise uteropla-
cental perfusion or fetal gas exchange. Direct effects
include adverse effects of drugs administered to the
mother. If neurosurgical or interventional neuroradi-
ology therapy occurs before fetal viability (24 weeks of
gestation), care should focus on the mother. If the
fetus is viable at the time of surgery, a decision must
be made whether delivery is appropriate. There is
no evidence that one mode of delivery results in better
outcomes compared with others. Options include

Management of increased intracranial pressure
* Ventriculostomy
* Acute hyperventilation (target arterial partial pressure carbon dioxide of 30–35 mmHg)
* Sedation
* Osmotherapy (mannitol)
* Metabolic suppression

Source: adapted from Rhoney et al., 2010 [9] and Bederson et al., 2009 [10].
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performing neurosurgery with the plan to maintain the
pregnancy and deliver at a later date, or cesarean deliv-
ery followed by immediate neurosurgery. Cesarean
delivery of a viable fetus may be considered in patients
with poor neurological status (Hunt and Hess grade
4 or 5), if labor begins during the period that the patient
is at risk for rebleeding or vasospasm, or if the rupture
occurs during labor. If vaginal delivery is chosen in a
patient with a history of SAH, neuraxial analgesia is
recommended in order to mitigate the urge to bear
down. A shortened second stage is indicated.

Arteriovenous malformation
Diagnosis and clinical features

Rupture of AVM accounts for approximately 2% of all
strokes. The most common presentations of AVM is
SAH (most common) or intracranial hemorrhage, usu-
ally between 20 and 40 years of age [13].Other presenting
signs include seizures, mass effect, and ischemic steal,
as well as headaches in the absence of bleeding. The
overall risk of hemorrhage is estimated at 2–4% per
year. Hemorrhage is associated with a 5–10% chance of
death and a 30–50% chance of permanent neurological
deficits. The risk of rebleeding is slightly increased during
the first year. Whether pregnancy affects these risks is
not clear. The most important risk factor for bleeding is
hypertension. Cerebral angiography is the gold standard
imagingmodality bywhich to evaluate the architecture of
theAVM.Three-dimensionalMRangiographymaypro-
vide details regarding surrounding cerebral structures.

Management of arteriovenous malformation

Management decisions must weigh the risk of leaving
the AVM untreated, risking (re)bleeding, against risks
of the intervention. Which patients should be treated
and the best time and therapy remain uncertain [13].
Procedures are usually scheduled electively. The
Spetzler–Martin grading scale (Table 26.4) has been
validated for operative risk assessment and outcome.
Patients with Spetzler-Martin grade I and II lesions are
usually considered candidates for surgical resection;
the risk is low and outcome is good. Patients with
grade III lesions may be offered surgery after emboli-
zation. Grades IV and V lesions are associated with
poor outcomes after surgical resection [13]. Another
option, particularly if the lesion is located in an elo-
quent area, is radiosurgery. A disadvantage is that
there is a lag period of 1–3 years before obliteration
is complete. During this time the patient is still at risk
for bleeding. Additionally, the cure rate for lesions

<3 cm is only 81–90%, and lower yet for larger lesions.
Embolization using endovascular catheters to deposit
occlusive material into the AVM feeding arteries and
nidus is another treatment option. It results in com-
plete cure for only very small lesions. Aneurysms are
found in up to 58% of patients with AVM and may
complicate management.

Obstetric and anesthesia management of arteriovenous
malformation

Some data suggest that pregnant women who present
with hemorrhage fromAVMare at high risk for rebleed-
ing, implying that consideration should be given for
definitive AVM therapy during pregnancy; however,
the data are inconsistent [13,14]. A proposed algorithm
for the management of pregnant patients with AVM is
presented in Figure 26.2 [14]. The decision to proceed
with definitive treatment during pregnancy must also
consider potential risks to the fetus. Women with a
known AVM who are considering pregnancy should
consider definitive therapy before conception [15].

There are no data to suggest that one mode of
delivery is safer than another [14]. Options include a
cesarean delivery or an instrumental vaginal delivery
with neuraxial analgesia, although there is evidence that
increased venous pressure during a Valsalva maneuver
is not directly transmitted to AVM draining veins [15].

Posterior reversible encephalopathy
syndrome

Epidemiology and etiology
The term posterior reversible encephalopathy syn-
drome (PRES) was first coined in 1996 to describe a

Table 26.4. Spetzler–Martin grading scale for arteriovenous
malformation

Characteristic Classification Pointsa

Eloquent brain areab No 0
Yes 1

Venous drainage Superficial only 0
Deep 1

Size Small ( 3 cm) 1
Medium (3–6 cm) 2
Large (>6 cm) 3

a Points are added up; the possible grades are I–V based on 1–5
points.

b Sensorimotor, language, or visual cortex; hypothalamus or
thalamus; internal capsule; brainstem; cerebellar peduncles; or
cerebellar nuclei.
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syndrome consisting of headache, vomiting, confusion,
seizures, and visual abnormalities in combination with
a pathognomonic MRI pattern of bilateral white matter
abnormalities in the posterior cerebral hemispheres.
It is likely a form of hypertensive encephalopathy.
Theories as to the etiology of PRES include breakdown
in cerebral autoregulation leading to disruption in the
blood–brain barrier or endothelial dysfunction caused
by circulating toxins, or a combination of these two
mechanisms [16]. Failure of the blood–brain barrier,
which may result from severe hypertension, toxins, or
systemic illness, causes endothelial injury or dysfunc-
tion. The relative contribution of these mechanisms
may vary by disease state, but the clinical syndrome is
similar. Secondary effects of cerebral edema include
focal cerebral vasospasm and microvascular throm-
bosis [16].

An association of PRES with several diseases has
been noted, including pre-eclampsia/eclampsia. Both
hypertension-induced breakdown in the blood–brain
barrier, as well as toxin-induced endothelial dysfunc-
tion, are thought to play a role in pre-eclampsia-
associated PRES. Other entities associated with PRES
include abrupt hypertension, impaired renal function,
autoimmune diseases, infection, and immunosuppres-
sive drug therapy. The nature of the inciting event is
not well understood. Animal and human data support
both a hypoperfusion/ischemia mechanism and a
hyperperfusion/edema mechanism.

Diagnosis and clinical features
Signs and symptoms of PRES are described in
Table 26.5. Seizure occurs in most patients, usually
accompanied by other symptoms. Papilledema is
uncommon. The absolute degree of hypertension is
highly variable [16]. The change in blood pressure,
rather than the absolute blood pressure value, may be
the more important contributing factor in PRES.
Symptoms usually develop quickly over several
hours, peak in severity between 12 and 48 hours, and
resolve over 7 days. Although the presentation of
PRES is often severe, recovery generally occurs.
However, the differential diagnosis includes life-
threatening disorders that must be excluded
(Table 26.6) [17]. In women with pre-eclampsia/
eclampsia, PRESmay present in the antepartum, intra-
partum, and postpartum periods.

The gold standard imaging technique is MRI; CT
shows lesions in only about 50% of patients with PRES.
The MRI lesions can be confluent or patchy, and are
bright on T2-weighted and fluid-attenuated inversion
recovery imaging. The lesions represent areas of vaso-
genic edema. About one third of patients have lesions
in atypical places, but almost all patients have involve-
ment of the parietal–occipital area. Although PRES is a
leukoencephalopathy, the cortex is also frequently
involved. Hemorrhage may also be present. Patients
with widespread lesions tend to have poor outcomes.

AVM

Consider grade,a local
expertise

Operative risk

Low risk High risk

Early pregnancy Modified vaginal deliveryb

or cesarean delivery

Definitive antepartum
treatment Recovery

Normal term delivery Delayed AVM treatment

Figure 26.2. Algorithm for management of the
pregnant patient with an arteriovenous
malformation (AVM).
aSpetzler–Martin grade;
bsee text. (Modified from Trivedi and Kirkpatrick,
2003 [14].)
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Management
Clinical trials of PRES treatment are lacking. Intensive
care is usually indicated, with continuous blood pres-
sure monitoring, treatment of hypertension, and if
possible, removal of the underlying cause. In pre-
eclampsia/eclampsia, delivery and magnesium sulfate
therapy are indicated. The goal of antihypertensive
therapy is to reduce blood pressure below the thresh-
old for vasoregulatory breakthrough without causing a
precipitous drop, which might decrease cerebral per-
fusion [16]. The ideal agent is not known but should be
easily titratable. Patients are often hypovolemic and
may, therefore, require fluid replacement.

Guillain–Barré syndrome

Epidemiology and etiology
Guillain–Barré syndrome occurs rarely during preg-
nancy. Retrospective data suggest that the incidence is
no different in pregnancy than in the general popula-
tion, although the risk may be increased immediately
postpartum [18]. Guillain–Barré syndrome is thought
to result from abnormal immune responses to periph-
eral nerves. About two thirds of cases follow an infec-
tious event. Campylobacter jejuni and cytomegalovirus
are two common associated infections.

Diagnosis and clinical features
Initial signs and symptoms, as well as laboratory data,
are non-specific and vague; consequently, diagnosis is
often delayed [19]. Symptoms include weakness, neck
and back pain, paresthesia, cranial nerve palsies (most

commonly facial nerve), and autonomic dysfunction.
Progressive muscle weakness may include limbs and
respiratory, facial, and bulbar muscles. Total areflexia
usually evolves over several days. By definition, the
progression of symptoms from normal to the nadir
occurs in under 4 weeks. The differential diagnosis
of Guillain–Barré syndrome includes infection
(e.g. Lyme disease, diphtheria); inflammatory, para-
neoplastic, malignant (from nerve infiltration), vascu-
litic, and metabolic (e.g. beri-beri) diseases. Diagnostic
criteria are shown in Box 26.4.

Tests should be conducted primarily to exclude
other diseases. Nerve conduction studies demonstrate
an evolving multifocal demyelinating polyneuropathy.
Lumber puncture should be performed to rule out alter-
native diagnoses. Typically in Guillain–Barré syndrome,
CSF protein is elevated. The presence of antiganglioside
antibodies is suggestive of Guillain–Barré syndrome,
although their absence does not exclude the diagnosis.

Management
Randomized controlled trials support treatment with
intravenous immunoglobulin or plasmapheresis. The
safety of both treatments in pregnancy has been dem-
onstrated with other disease states. Among 30 pregnant

Table 26.5. Signs and symptoms of posterior reversible
encephalopathy syndrome

Symptoms/sign Characteristics

Seizures Generalized tonic–clonic, may start
focally; status epilepticus may occur

Vision
abnormalities

Cortical blindness, homonymous
hemianopia, blurred vision, vision
neglect, visual hallucinations

Altered mental
status

Confusion, lethargy, slowed motor
responses, stuporous

Headache Bilateral, dull

Other neurologic Nausea, vomiting, occasional
hemiparesis, Babinski’s sign,
brainstem features

Blood pressure Hypertension

Table 26.6. Differential diagnosis of posterior reversible
encephalopathy syndrome

Differential
diagnosis

Characteristics

Posterior circulation
stroke

No seizures, cytotoxic edemaa

Reversible cerebral
vasoconstriction
syndrome

Thunderclap headache,
MRI-identified lesions of PRES
usually not observed

Primary central
nervous system
vasculitis

Insidious onset of symptoms;
abnormal CSF; MRI may show
multiple infarcts

Migraine headache Aura may cause occipital
symptoms

Encephalitis Confusion, seizures, aphasia;
systemic signs and symptoms of
inflammation (fever, leukocytosis)

Status epilepticus MRI lesions usually cortical and
unilateral

CSF, cerebral spinal fluid; PRES, posterior reversible
encephalopathy syndrome.
aMRI imaging, particularly diffusion-weighted imaging, shows
hyperintensity with low signal on the apparent diffusion map,
whereas PRES shows the opposite pattern.
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women with Guillain–Barré syndrome between 1986
and 2002, there were no reports of adverse effects with
either therapy [18]. The current first-line treatment is
usually intravenous immunoglobulin because it is easier
to administer. Treatment should be started as soon as
possible. There is no evidence that steroid therapy is
helpful. Support of ventilation may be life saving.
Patients who present with progressive disease should
be monitored with hourly vital capacity measurements,
and cardiac rhythm and oxygen saturation monitoring.
Other measures include a chest radiograph, swallowing
assessment, and thrombosis prophylaxis. Pregnancy
and the gravid uterus may exacerbate circulatory insta-
bility and the need for ventilatory support.

A multidisciplinary approach to the care of the preg-
nant patient with Guillain–Barré syndrome is essential.
Important components of care include prevention and
treatment of infectious complications, prevention of
venous thromboembolism, and pain management.

Obstetric management
Several reviews of Guillain–Barré syndrome in preg-
nancy suggest that termination of pregnancy does not
hasten recovery of the disease nor improve maternal
outcome, nor is there evidence that the disease itself
alters pregnancy outcome [18]. There is no evidence
that uterine contractile activity is adversely affected
and, therefore, vaginal delivery is possible. Cesarean
delivery should be reserved for patients with obstetric
indications.

Anesthetic management
Both neuraxial (including both spinal and epidural
anesthesia/analgesia) and general anesthesia have
been described for delivery of patients with Guillain–
Barré syndrome. Autonomic instability predisposes
patients to hemodynamic instability during both
types of anesthesia.

Succinylcholine should be avoided in these patients
because of the risk of hyperkalemia due to postsynaptic
receptor proliferation. Patients also have increased sen-
sitivity to non-depolarizing neuromuscular-blocking
agents, and well as to respiratory depressants. Bulbar
weakness may increase the risk of pulmonary aspiration.

There is no evidence that neuraxial anesthesia/anal-
gesia worsens the outcome of Guillain–Barré syndrome
[18]. Patients may have increased sensitivity to neurax-
ial local anesthetic agents; therefore, doses should be
carefully titrated. Direct-acting vasopressors should be
used to treat hypotension. High sensory–motor block-
ade may exacerbate respiratory compromise.

Acute spinal cord injury
Spinal cord injury (SCI) affects thousands of people each
year, and many are women in their reproductive years.

Management
As with other neurological trauma during pregnancy,
ensuring stabilization of the mother is the best therapy
for the fetus. Early acute management in adults with
SCI has been summarized in a clinical practice guide-
line by the Consortium for Spinal CordMedicine [20].
Highlights of the recommendations are summarized
in Table 26.7.

High thoracic or cervical spinal cord lesions are
associated with neurogenic shock because of bloc-
kade of autonomic function at the level of the SCI.
Parasympathetic effects predominate; the patient may
be hypotensive and have profound bradycardia and
decreased cardiac output. Hypothermia results from
peripheral vasodilatation. Neurogenic shock must be
differentiated from hypovolemia caused by trauma
and hemorrhage. The backboard to which the pregnant
patient is initially secured can be tilted to the left, or the
uterus can be moved to the left, in order to relieve
aortocaval compression without rotating the spine.

The use of high-dose steroids in the setting of acute
SCI remains controversial. Their use is associated with
significant side effects, such as severe sepsis, pneumo-
nia, hyperglycemia, and wound disruption. Pregnant

Box 26.4. Diagnostic criteria for Guillain–Barré
syndrome

Required criteria
* Absent reflexes
* Progressive weakness of more than one limb
* Absence of other causes for neuropathy

Supportive criteria
* Symmetrical
* Mild sensory signs
* Cranial nerves affected
* Autonomic dysfunction
* No fever
* Cerebral spinal fluid protein increased
* Cerebral spinal fluid cell count <100/μL
* Slowed nerve conduction
* Progression in under 4 weeks
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women may be at increased risk for some of these
adverse effects. There is no proven benefit to initiating
steroids beyond 8 hours after the injury.

Obstetric and anesthetic management
The uterus functions as an end-organ. Therefore, onset
of fetal heart rate abnormalities is a sign of maternal
circulatory or metabolic derangement. In trauma,
fetal–maternal transfusion should be quantified in all
patients and anti-D administered to rhesus D-negative
women. Additionally, placental abruption must be
ruled out.

It is almost always proper to focus initial resusci-
tative measures on the mother. However, providers
should consider immediate delivery in two circum-
stances: a viable fetus in a dying or arrested mother,
or a dying fetus in a stable mother. Perimortem cesar-
ean delivery should be initiated after 4 minutes of
unsuccessful cardiopulmonary resuscitation with the
intent to deliver the fetus by 5 minutes [21]. Delivery
may improve the chances for maternal survival
because it relieves aortocaval compression and is fol-
lowed by autotransfusion secondary to the contracted
uterine vascular bed.

Fetal surveillance should be a part of the primary
survey performed immediately after admission of a
pregnant patient to the trauma unit. If the mother is
stable, but fetal status is not, emergency cesarean
delivery can be considered. Most women will require
anesthesia despite a high SCI. If the initial fetal sur-
veillance is reassuring, continuous fetal heart rate
monitoring is appropriate.

Progression of pregnancy with its accompanying
decrease in functional residual capacity and encroach-
ment of the gravid uterus on the diaphragm, as well as
increase in oxygen consumption, may compromise
ventilation and oxygenation in women with SCIs.
Therefore, respiratory surveillance is indicated.

Labor may be painless and fast; therefore, regular
tocometry is indicated. In general, cesarean delivery is
indicated for obstetric reasons. Pelvic fractures may
hamper vaginal delivery. Patients, particularly those
with SCIs above T5–T6, are at risk of autonomic
hyper-reflexia after the neurogenic shock resolves.
Labor is a frequent trigger of autonomic hyper-
reflexia. Optimal management includes early initia-
tion of epidural analgesia. An instrumental vaginal
delivery will shorten the second stage and assist with
deliver of the fetus past the perineum. Neuraxial anes-
thesia is possible for women undergoing cesarean

Table 26.7. Initial management of acute spinal cord injury

Action Description

Triage protocols
and systems of care

Prehospital triage, transportation to
trauma centers and spinal cord
injury centers

Spinal stabilization
and immobilization

Immobilize spine of all patients
with potential spinal cord injury (risk
factors: altered mental status,
intoxication, extremity fracture
of distracting injury, spinal pain)
until definitive diagnosis/
treatment

ABCs and
resuscitation

Airway, ventilation, circulatory
support

Neuroprotection Currently no evidence to definitely
recommend any pharmacological
agent

Diagnosis Baseline and serial neurological
assessment; MRI

Associated
conditions and
injuries

Survey for other injuries (brain, limb,
chest, abdomen, artery, penetrating)

Surgical procedures Early open or closed reduction of
bilateral cervical facet dislocation;
consider early surgical spinal canal
decompression

Anesthetic
concerns

Airway, circulation support
(hypotension, bradycardia)

Avoid succinylcholine after the first
48 hours after injury

Maintain normothermia
Consider intraoperative spinal cord
function monitoring

Analgesia and
sedation

Treat pain; thoughtful patient
handling

Secondary
prevention

Prevent skin breakdown
Thromboembolism prophylaxis
Respiratory management
(baseline and serial parameters,
early tracheostomy for ventilator-
dependent patients, pulmonary
hygiene, protocol to prevent
ventilator-associated
pneumonia)

Genitourinary tract (urinary
catheter)

Gastrointestinal (stress ulcer
prophylaxis, assess swallowing
function)

Bowel care (initiate bowel protocol)
Nutrition (enteral)
Glycemic control

Rehabilitation Rehabilitation specialists;
psychosocial family issues; health-
promotion behaviors; mental
health

Source: adapted from Steering Committee for the Consortium
for Spinal Cord Medicine, 2008 [20].
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delivery; however, consideration must be given to the
compromised respiratory musculature in the parturi-
ent with an SCI.

Neurologic complications
of neuraxial anesthesia

Local anesthetic toxicity
Clinical features
Although a rare event, local anesthetic systemic tox-
icity is a feared complication of regional anesthetic
procedures. Subtoxic concentrations of local anes-
thetics cause complaints of tongue numbness, light-
headedness, and muscle twitching. Higher levels cause
convulsions and coma, followed by respiratory arrest.
Very high levels lead to cardiac dysrhythmias, pro-
found myocardial depression, and vasodilatation.
Studies assessing whether pregnancy lowers the
threshold for local anesthetic systemic toxicity are
inconsistent. Anecdotally, it appears much more diffi-
cult to resuscitate a pregnant patient with local anes-
thetic systemic toxicity.

Management
New resuscitation guidelines from professional organ-
izations include the use of lipid emulsion for treatment
(Box 26.5). While the exact mechanism is unknown,
it is hypothesized that the lipid emulsion acts as a
“lipid sink,” sequestering the local anesthetic and
reducing the tissue concentration. Alternatively, lipid
emulsion may impede local anesthetic inhibition of
acylcarnitine, thus improving mitochondrial metabo-
lism, or it may increase intracellular calcium concen-
tration, thus improving contractility [22].

Neuraxial infections
Meningitis and spinal epidural abscess are rare com-
plications of neuraxial anesthesia. Neuraxial infections
occur less commonly in obstetric patients than in
general surgical patients.

Spinal epidural abscess
The most common causative organism of epidural
abscess is Staphylococcus aureus, most likely as a result
of skin contamination. Updated antisepsis guidelines
from multiple professional organizations state that
chlorhexidine in alcohol is the preferred antiseptic

solution for decontaminating the back prior to initia-
tion of neuraxial procedures.

Diagnosis, clinical features, and management

Onset of symptoms of epidural abscess is usually 4 to
10 days after epidural catheterization. The most
common symptoms are severe backache and localized
tenderness. Other signs and symptoms include fever,
neck stiffness and headache, and elevated white blood
cell count and erythrocyte sedimentation rate. Late-
onset symptoms include radicular pain, lower limb
and sacral numbness, loss of muscle stretch reflexes,
and bladder dysfunction. The catheter entry site may
be inflamed and there may be a fluid leak. Gadolinium
MRI is the gold standard for diagnosis. Early diagnosis
and treatment are essential to a good outcome; delayed
decompression is associated with permanent neuro-
logical sequelae. Surgical decompression and drainage
is the norm, although occasionally, antibiotic therapy
alone suffices.

Box 26.5. Management of severe local anesthetic
toxicity

1. Stop injecting local anesthetic
2. Call for help
3. Maintain/secure airway, ventilate with 100%

oxygen, consider hyperventilation
4. Confirm/establish intravenous access
5. Control seizures (benzodiazepines, propofol)
6. Assess/treat hemodynamic instability

In cardiac arrest
* Start standard cardiopulmonary resuscitation
* Consider cardiopulmonary bypass
* Give lipid emulsiona

Without cardiac arrest
* Support circulation
* Consider lipid emulsiona

a Lipid emulsion dose: 20% lipid emulsion, initial intrave-
nous dose of 1.5mL/kg over 1minute. Start an intravenous
infusion of 15 mL/kg per hour. After 5 minutes, repeat
dose if hemodynamic stability has not returned or
adequate circulation deteriorates. Give a maximum of
three boluses. The infusion rate may be doubled if hemo-
dynamic stability is not been restored or deteriorates. The
maximum cumulative dose is 12 mL/kg.

Source: modified from Association of Anaesthetists of
Great Britain and Ireland, 2010 [23].
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Meningitis
Meningitis is a rare, but potentially deadly complication
of neuraxial anesthesia. It occurs more commonly after
neuraxial procedures involving dural puncture and
more commonly in women following labor and vaginal
delivery than with scheduled cesarean delivery [24].

Diagnosis, clinical features, and management

In contrast to community-acquired meningitis, post-
dural puncture meningitis is most commonly caused
by viridans type streptococci. Viridans streptococci
colonize the upper respiratory tract, the female genital
tract, and the gastrointestinal tract. Although not nor-
mally virulent, they thrive in watery media such as
CSF. Reports of iatrogenic meningitis tend to occur
in clusters, suggesting contamination occurs because
of a breakdown in sterile technique during the
neuraxial procedure. Contamination by organisms
residing in the nasopharynx of medical personnel dur-
ing dural puncture has been identified as a source of
infection in the anesthesiology, radiology, and neurol-
ogy literature, suggesting that droplet contamination
plays a role in transmission. Updated professional
organization guidelines recommend that practitioners
wear a clean mask while performing neuraxial proce-
dures [25].

Symptom onset, including fever, headache, photo-
phobia, nausea, vomiting, and neck stiffness, is typically
12 hours to several days after dural puncture. Other
signs and symptoms include confusion, drowsiness,
and a positive Kernig sign. Diagnostic lumbar puncture
reveals an elevated CSF protein level and white blood
cell count, and a CSF glucose level that is lower than the
plasma glucose concentration. Because viridans strep-
tococci are themost likely pathogens, bacteria should be
cultured in broth. Treatment with the appropriate anti-
biotics should not await culture results.

Spinal/epidural hematoma
Epidemiology and etiology
Spinal/epidural hematoma is a rare complication of neu-
raxial procedures in the obstetric population. Pregnant
patients are hypercoagulable and this may confer some
degree of protection. A “bloody tap” in a healthy partu-
rient does not increase the risk for spinal/epidural hem-
atoma. Because pulmonary embolism is amajor cause of
maternal mortality, many more patients are presenting
with pharmacological anticoagulation. Professional
society guidelines are available to guide anticoagulation

management relative to initiation of neuraxial anesthe-
sia/analgesia. Low-dose aspirin is not a contraindication
to neuraxial procedures. Spontaneous epidural hemato-
mas during pregnancy have been described.

Diagnosis, clinical features, and management
Signs and symptoms of a spinal/epidural hematoma
include acute onset of back and radicular leg pain,
lower extremity weakness and numbness, and bladder
and bowel dysfunction. These complaints should gen-
erate prompt evaluation, including neurosurgical eval-
uation and MRI if indicated. Adverse neurological
outcome is directly related to the duration of symp-
toms. For best recovery of neurological function, the
hematoma should be decompressed within 6 to 8 hours
of the onset of symptoms.

Cranial subdural hematoma
Epidemiology and etiology
Subdural hematoma is a rare complication of dural
puncture. Reduced CSF pressure may cause traction
and tearing of the bridging veins. It has been reported
after dural puncture with small-gauge spinal needles,
as well as unintentional dural puncture with large-
gauge epidural needles.

Diagnosis, clinical features, and management
Subdural hematoma should be suspected if a headache
persists after epidural blood patch, particularly if the
nature of the headache changes or it is accompanied
by altered mental status, seizures, or other focal neuro-
logical findings. An urgent MRI is warranted, with
neurosurgical depression if indicated.
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Chapter

27
Acute kidney injury in pregnancy
and critical care emergencies
Michelle Hladunewich and John Davison

Introduction
The approach to and the assessment of acute kidney
injury (AKI) in pregnancy should not differ from the
non-pregnant population with awareness of potential
prerenal, renal, and postrenal etiologies. There are,
however, conditions that can impair kidney function
that are either unique to pregnancy or potentially
worsened by the pregnant state and these require
heightened clinical acumen to ensure the proper diag-
nosis is made in the face of the sometimes confusing
gestational physiological changes. Furthermore, the
management of these conditions, which might include
immunosuppressive therapy, plasmapheresis, and/or
dialysis, must take into account the potential impact
on both the mother and unborn fetus.

Renal physiological changes
associated with pregnancy
Renal anatomy and physiology are significantly
affected by pregnancy, with changes to kidney size as
well as glomerular and tubular function. These phys-
iological changes are critical for an optimal pregnancy
outcome and awareness of this healthy accommoda-
tion is necessary to assist with the diagnosis of kidney
problems in the context of pregnancy (Table 27.1).

Healthy women accommodate to pregnancy via
the upregulation of vasodilatory and the downregula-
tion of vasconstricting hormones, resulting in a
decrease in the systemic vascular resistance and mean
arterial pressure despite an increase in cardiac output.
At the level of the kidney, these hormonal alterations
result in dilatation of the collecting systemwith a small
increase in renal size as well as vasodilatation with
increased renal plasma flow and glomerular filtration
rate (GFR). Although precise mechanisms are not
completely understood, the enhanced GFR that

accompanies healthy pregnancy along with altered
tubular reabsorption may be responsible for increased
urinary levels of glucose, amino acids, uric acid, and
protein. The decreased renal tubular threshold
for bicarbonate reabsorption results in a net decrease
in serum bicarbonate by 4–5 mmol/L, despite
progesterone-governed stimulation of the respiratory
center. Finally, an intricate balance of natriuretic, anti-
natriuretic, and osmoregulatory factors governs gesta-
tional changes in serum electrolytes, resulting in mild
hyponatremia and hypokalemia as well as a lowered
plasma osmolality. Table 27.1 summarizes these key
anatomical and physiological alterations associated
with the pregnant state.

Prerenal etiologies
In the critically ill pregnant or postpartum woman, the
most common cause of acute renal insufficiency lies
along the continuum from prerenal hemodynamic com-
promise through acute tubular damage to the final irre-
versible state of cortical necrosis. Prolonged renal
hypoperfusion, the result of insufficient cardiac output,
extreme hypovolemia, and/or vasodilatation, often
coupled with other nephrotoxic insults, is the most com-
mon cause of prerenal insufficiency, which can progress
to more sustained tubular damage as ischemia produces
a cascade of damaging inflammatorymediators as well as
reactive oxygen species. Acute cortical necrosis would be
the result of an overwhelming hypotensive and toxic
insult wherein the complete absence of cellular ATP
results in cell swelling, loss of membrane integrity, and
disruption of active transport with the subsequent release
of proteolytic enzymes. This can result in rapid cellular
demise and death. Fortunately, this final progression to
acute cortical necrosis with non-recoverable renal func-
tion is rare, but it has been documented in critically ill
pregnant women who develop disseminated
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intravascular coagulation [1]. Acute cortical necrosis is
primarily noted in developing countries but recently
decrements in the prevalence were reported by investi-
gators in India citing improvements in medical manage-
ment of obstetrical complications including septic
abortion and haemorrhage from placental abruption [2].

Table 27.2 summarizes potential pregnancy-specific
causes of prerenal insufficiency with the potential to
progress to acute tubular injury and cortical necrosis.
The diagnosis is typically based on a thorough search
for hemodynamic and nephrotoxic insults. On physical
examination, particular attention must be paid to the
patient’s volume status as adequate fluid resuscitation
may arrest prerenal insufficiency, whereas fluid over-
load is an indication for urgent diuresis and/or dialysis.

The urine sediment may reveal the presence of heme-
granular casts, pathognomonic of tubular injury,
whereas abrupt anuria accompanied by hematuria and
flank pain, particularly in the context of disseminated
intravascular coagulation, is suggestive of cortical
necrosis.

Renal interstitial, vascular,
and glomerular etiologies
Any potential interstitial, vascular, or glomerular
cause of renal insufficiency and/or proteinuria can
present or worsen during pregnancy. A careful neph-
rological assessment must include examination of the
urine sediment and quantification of urine protein, as
well as the appropriate laboratory and serological
assessments as guided by the clinical presentation
(Table 27.3). Further, a renal biopsy might be consid-
ered to assist in the diagnosis and to guide treatment if
the clinical presentation includes nephrotic syndrome
or deterioration in renal function in early pregnancy
without an established diagnosis. Data are limited with
respect to the safety of kidney biopsy in pregnancy,
with the only sizable series from 1987 reporting a low
complication rate of 4.5% based on 111 renal biopsies
in 104 women over 20 years [3]. This was confirmed by
a smaller subsequent series in women before 30 weeks
of gestation [4]. Expert opinion, therefore, recom-
mends a cut-off for renal biopsy of approximately
30–32 weeks of gestation, as the further along in ges-
tation, the more likely that pre-eclampsia could ham-
per the safety of the procedure through evolving
hypertension and abnormal coagulation indices.

Table 27.1. Pregnancy-associated anatomical and physiological renal changes

Physiological change Clinical implication

Increase in kidney size (1 cm)
Dilatation of the collecting system (right more
than left)

Complicate diagnosis of true obstruction

Increase in renal plasma flow and hence
glomerular filtration rate

Altered tubular reabsorption of protein,
glucose, amino acids, uric acid, and
bicarbonate

Decreased serum creatinine
Slight increase in urine protein excretion, with abnormal

proteinuria defined as >300 mg daily
Glycosuria and aminoaciduria in some women
Decreased uric acid in first and second trimesters, thereafter

increasing towards term as a result of the fetal and placental mass
Decreased serum bicarbonate by 4–5 mmol/L

Increase in total body sodium by 3–4 mEq/day
(net balance of 900–1000 mEq) and total
body potassium up to 320 mEq

Decrease in set point for thirst and antidiuretic
hormone release

Expansion of plasma volume

Decreased plasma osmolality
Decreased serum sodium and potassium levels

Table 27.2. Pregnancy-specific etiologies of prerenal
insufficiency and acute tubular injury

Mechanism Etiology

Volume contraction/
hypotension

Massive hemorrhage
Hyperemesis gravidarum
Adrenocortical failure
(usually through failure to
augment steroids to cover
delivery in patients on
long-term therapy)

Volume contraction/
hypotension and
coagulopathy

Coagulopathy secondary to
massive hemorrhage
Aamniotic fluid embolus
Acute fatty liver of pregnancy

Volume contraction/
hypotension,
coagulopathy, and
infection

Septic abortion
Chorioamnionitis
Pyelonephritis
Puerperal sepsis
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Although a thorough assessment is necessary in
each presenting woman, there are a number of impor-
tant conditions that are either exacerbated specifically
by pregnancy (acute pyelonephritis, lupus nephritis,
thrombotic thrombocytopenic purpura/hemolytic
uremic syndrome (TTP/HUS)) or are unique to preg-
nancy (acute fatty liver of pregnancy, pre-eclampsia/
HELLP syndrome (hemolysis, elevated liver enzymes,
and low platelets)). Finally, special consideration to the
etiology of renal compromise must be given to women
with established chronic kidney disease (CKD) or a
renal allograft, as it is often difficult to distinguish
pregnancy-associated conditions from deterioration
in native kidney or graft function.

Pyelonephritis
Urinary tract infection is among the most common
complication noted in pregnancy and Escherichia coli
is the most frequently cultured bacterial organism [5].
Because of the pregnancy-associated dilatation of the
urinary tract, asymptomatic bacteriuria can progress

to cystitis and/or pyelonephritis, along with more
severe maternal complications such as septicemia
and renal insufficiency, if not promptly treated.

Screening for bacteriuria using urine dipstick fol-
lowed by urine culture when positive is, therefore, rec-
ommended [6]. Subsequent initiation of antibiotic
therapy based on culture sensitivity will reduce progres-
sion to cystitis and more importantly to pyelonephritis
[7]. In women presenting with symptoms of cystitis,
empiric therapy may be recommended [8], including
trimethoprim–sulfamethoxazole, nitrofurantoin, and
cephalexin. Current guidelines support the use of ther-
apy for 3 days in healthy women or for 7 days to
increase the likelihood of definitive cure in women
with comorbidities [6]. Acquisition of a negative
follow-up urine culture after completion of the anti-
biotic regimen is required, along with periodic screen-
ing throughout the remainder of the pregnancy [6].

Vigilance for pyelonephritis is necessary at all
stages of pregnancy along with aggressive manage-
ment with prompt empiric treatment until culture

Table 27.3. Recommended assessment and interpretation of urine and blood samples in pregnant women with acute deterioration
in kidney function with or without proteinuria

Assessment Findings

Urinalysis and urine microscopy RBCs and RBC casts (vasculitis, lupus nephritis, and other
inflammatory causes of acute glomerulonephritis)

WBCs and WBC casts (pyelonephritis, acute interstitial nephritis
secondary to allergic reactions to medications, lupus nephritis)

Oval fat bodies (severe nephrotic syndrome of any cause)

Quantification of urine protein Urine dipstick too dependent on urine concentration
Protein–creatinine or albumin–creatinine ratio can screen
24 hour collections remains the gold standard

Common laboratory assessments: complete blood counts,
liver function tests, uric acid, peripheral smear, lactate
dehydrogenase, haptoglobin

Increased uric acid, aspartate transaminase, and alanine
transaminase with decreased platelet count: pre-eclampsia/HELLP
syndrome

Peripheral smear for schistocytes and RBC fragments, decreased
haptoglobin, and increased lactate dehydrogenase with low
platelets: thrombotic thrombocytopenic purpura/hemolytic
uremic syndrome

Serological assessment: complement, specific autoantibodies,
lupus anticoagulant and/or anti-cardiolipin antibodies

Decreased complement levels (C3, C4), positive anti-nuclear
antibodies, anti-double-stranded DNA and/or extractable nuclear
antigens (anti-Ro/SSA, anti-La/SSB): lupus nephritis

Positive lupus anticoagulant and/or anti-cardiolipin antibodies: anti-
phospholipid antibody syndrome

Positive extractable nuclear antigens: lupus, mixed connective tissue
disease, or scleroderma

Positive anti-Ro, anti-La: lupus with the potential for fetal heart block
Positive anti-neutrophil cytoplasmic antibody or anti-glomerular

basement membrane antibodies: pulmonary renal syndrome
Other serology may also be indicated depending on associated

morbidities and clinical presentation (e.g. for HIV, hepatitis viruses)

RBC, red blood cell; WBC, white blood cell; HELLP, hemolysis, elevated liver enzymes, low platelets.
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and sensitivity results are available. Recent data
from 440 inpatients with antepartum pyelonephritis
noted respiratory insufficiency in 10% and
septicemia in 20%, based on blood culture results
[5]. However, a decrease in the prevalence of
renal dysfunction was noted (20% to 2%), a finding
that the authors attributed to early, aggressive
treatment [5].

Lupus nephritis and other connective
tissue diseases
Autoimmune diseases are covered in more depth in
Chapter 35, but those with the potential to cause renal
involvement include lupus, anti-neutrophil cytoplas-
mic antibody-associated vasculitis, Goodpasture syn-
drome, and scleroderma renal disease. Lupus nephritis
can present or flare during any trimester or the early
postpartum period, and active nephritis predicts a
particularly poor pregnancy outcome [9]. The litera-
ture notes a number of cases of anti-neutrophil cyto-
plasmic antibody-associated vasculitis, either
presenting in pregnancy or relapsing during preg-
nancy, sufficient to suggest the possibility that, as in
lupus, pregnancy might result in disease activation
[10]. Despite an approximate 75% live birth rate,
there are numerous complications, with pre-eclampsia
complicating approximately 25% and preterm delivery
occurring is just over 40% of reported cases [10].
Goodpasture syndrome is a rare disease where anti-
glomerular basement membrane antibodies result in
pulmonary hemorrhage and crescentic renal disease.
The handful of cases in the literature suggest overall
poor maternal and fetal outcomes [11]. Fortunately,
scleroderma is also rare, and women whose disease is
limited to the skin do reasonably except for increased
rates of pre-eclampsia (22.9%) and intrauterine
growth retardation (5.3%) [12]. Those women with
underlying vascular involvement can have devastating
outcomes in terms of maternal morbidity and mortal-
ity through accelerated hypertension, renal failure, and
pulmonary hypertension.

Thrombotic microangiopathies
The renal thrombotic microangiopathies include
TTP and HUS, disorders characterized by dissemi-
nated occlusion of arterioles and capillaries with
agglutinated platelets, resulting in ischemia (see
Chapter 25). With recent insights into pathophysiol-
ogy, TTP is becoming better understood in the

context of pregnancy, and, more recently, the preg-
nancy outcomes in atypical HUS-associated comple-
ment gene mutations have been described [13]. This
heightened understanding is critical to the differen-
tiation of these potentially treatable conditions
(where plasmapheresis is the standard of care and
even eculizumab may prove to have a role in preg-
nancy [14]) from other pregnancy-related condi-
tions, including pre-eclampsia, the HELLP
syndrome, and acute fatty liver of pregnancy (where
delivery may be imminently necessary) (Table 27.4).

Acute fatty liver of pregnancy
In acute fatty liver of pregnancy (see Chapter 37), the
mechanism of renal failure is unclear. A single series
of four patients where renal pathology was docu-
mented included tubular damage secondary to lipid
accumulation along with mesangial cell interposition
and subendothelial electron-dense deposits not
unlike the findings noted in pre-eclampsia [15].
Therefore, both acute fatty liver of pregnancy and
pre-eclampsia/HELLP syndrome are similar with
respect to the reported presence of hypertension
and proteinuria [16].

Pre-eclampsia/HELLP syndrome
Pre-eclampsia, the most common cause of the constel-
lation of renal insufficiency, hypertension, and protei-
nuria (see Chapter 36), is essentially a disease of the
placenta, wherein the release of anti-angiogenic factors
(soluble fms-like tyrosine kinase 1 and soluble endo-
glin) from an abnormal, ischemic placenta causes
injury to the maternal endothelium. Consequently,
on renal biopsy, glomerular endotheliosis is the
hallmark finding [17]. In the future, assays for anti-
angiogenic factors might prove useful in discriminat-
ing between pre-eclampsia and other etiologies of
renal injury and deterioration that contribute to the
often complex clinical diagnostic dilemmas. To date
these assays have proven useful in a variety of clinical
scenarios, including presumed glomerulonephritis
[18], lupus [19], and in patients on hemodialysis
[20], but they are not as yet widely commercially
available.

Chronic kidney disease
Women who enter pregnancy with established CKD
are a challenging, high-risk population because their
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renal disease can flare, their renal dysfunction protei-
nuria can worsen, and/or their hypertension may
accelerate and prove more difficult to manage.
Further, they are at considerable risk for untoward
maternal and fetal outcomes, including fetal growth
restriction, fetal demise, pre-eclampsia, and preterm
delivery. Indeed, the presence of pre-pregnancy renal
insufficiency, proteinuria, and hypertension are all
factors that contribute to poor pregnancy outcomes
in an additive manner.

Early studies tended to utilize the serum creatinine
to stratify pregnancy risk. A typical classification
defined mild renal insufficiency as a serum creatinine
123 μmol/L (1.4 mg/dL), moderate renal insufficiency
as 124–220 μmol/L (1.4–2.4 mg/dL), and severe renal
insufficiency as a creatinine ≥221 μmol/L (2.5 mg/dL).
In a classic paper by Jones and Hayslett published over
two decades ago, pregnancy-related loss of kidney
function was noted in a staggering 43% of pregnancies
with moderate to severe disease, of which 10% rapidly

Table 27.4.Differential diagnosis of pre-eclampsia, acute fatty liver of pregnancy, thrombotic thrombocytopenic purpura, and hemolytic
uremic syndrome

Pre-eclampsia AFLP TTP HUS

Symptoms

Onset >20 weeks >28 weeks Anytime Peripartum

Nausea/vomiting − or + +++ − or + − or +

Abdominal pain + to +++ ++ 0 to + 00 to +

Signs

Hypertension + to +++ −/+ + to +++ + to +++

Fever − −/+ + −/+

Abnormal mentation − to +++ − to +++ − to +++ −/+

Liver function tests

Bilirubin N to 5×N S to 30×N ↑ Indirect ↑ Indirect

Aalanine transaminase S to 100×N S to 20×N N to S N to S

Glucose N (rarely ↓) N or ↓ N N

Ammonia N ↑ N N

Hematology

White blood cell count N to ↑ ↑↑ N or ↑ N or ↑

Schistocytes +/++ +/++ +++ +++

Normoblasts − +/++ +++ +++

Platelets (× 109/L) 30 to N 20–150 5–100 5–100

Prothrombin time/partial thromboplastin time N or S↑ N to ↑↑↑ N N

Fibrinogen N or S↓ N or ↓ N N or S↓

Fibrin degradation products N or S↑ N or ↑ N N or S↑

Antithrombin III ↓ ↓ N N

ADAMST13 N N ↓ N

C3/C4 N N N ↓

Renal

Creatinine N to 5×N N to 10×N N to 5×N Rapid ↑

Proteinuria + to ++++ 0 to ++++ + to ++++ + to ++++

Uric acid ↑ N or ↑ N or ↑ N or ↑

AFLP, acute fatty liver of pregnancy; TPP, thrombotic thrombocytopenic purpura; HUS, hemolytic uremic syndrome; N, normal; S, slightly raised.
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progressed to end-stage renal disease [21]. Serum cre-
atinine, however, is likely too imprecise to be utilized
to stratify all women prior to pregnancy as it does not
take into account patient size and muscle mass, and in
young women serum creatinine often inadequately
reflects the actual degree of histological renal damage.
Tubulointerstital changes involving >20% of the cort-
ical area, glomerulosclerosis, and severe arteriolar hya-
linosis have all been deemed important with respect to
pregnancy outcome [22,23].

More recently, therefore, studies have prognosti-
cated pregnancy outcome on the basis of an estimated
GFR, which has served to increase the reported preva-
lence of CKD in pregnancy significantly from 1 to 3% as
women with more subtle renal insufficiency are identi-
fied [24]. Two formulas frequently applied to calculate
the estimated GFR include the Cockcroft–Gault for-
mula, which estimates GFR from gender, age, and
weight, and the Modified Diet in Renal Disease
(MDRD) formula, which was developed in a multi-
ethnic population of men and women with moderate
renal impairment. The latter has the advantage of not
requiring patient weight to calculate the estimated GFR.
Importantly, neither formula can be used during preg-
nancy to estimate renal function as the Cockcroft–Gault
formula can substantially overestimate or underesti-
mate true GFR [25], while the MDRD equation consis-
tently underestimates true GFR as measured by inulin
clearance [25]. However when used to stratify risk pre-
pregnancy, studies have noted adverse outcomes even at
earlier stages of CKD when associated with proteinuria
and hypertension [26]. A recent systematic review sum-
marizing 13 studies concluded adverse pregnancy out-
comes to be at least twice as common in women with
CKD than in women without CKD [27]. Therefore,
women with identified CKD of various histological
types, along with varying degrees of renal insufficiency,
proteinuria, and hypertension, require preconception
planning to improve pregnancy outcomes and increase
awareness of potential risks and complications so that
informed decision making can occur.

Renal allograft dysfunction
Similar to native kidneys, allografts adapt to pregnancy
with increased kidney volume [28], increased GFR, and
hence enhanced creatinine clearance (34% on average;
range 10–60%), with better pre-pregnancy function
predicting more robust pregnancy adaptation [29].
Therefore, a decrease in serum creatinine is to be

expected inwomenwith renal allografts.When allograft
function worsens during pregnancy, there must be the
same meticulous assessment as in women with native
kidneys, including urinalysis, quantification of urine
protein, and scrutiny for laboratory clues that might
indicate de novo renal disease or a superimposed
pregnancy-related condition such as pre-eclampsia.
Pre-pregnancy graft dysfunction and hypertension,
shorter mean intervals between transplantation and
pregnancy, as well as previous rejection episodes have
been noted to be risk factors for untoward pregnancy
outcomes, including pre-eclampsia 27% (95% confi-
dence interval (CI), 25–29) and preterm delivery 46%
(95% CI, 44–48) [30].

Unique to a renal allograft is the potential for acute
rejection, which may present with increased creati-
nine, fever, and graft tenderness. Pregnancy per se is
not a risk factor, but gestational alterations in drug
metabolism can precipitate rejection. For example,
cyclosporine metabolism tends to increase and, there-
fore, higher doses may be required, whereas tacroli-
mus metabolismmay decrease by inhibition of hepatic
cytochrome P450 enzymes, with the potential for exac-
erbating hypertension and causing nephrotoxicity.

Themandated immunosuppressed state also places
these women at increased risk of infections. Ongoing
close surveillance for bacterial infections, including
regular urine cultures, and prompt treatment is neces-
sary. A number of potential infectious complications
can also result in serious neonatal compromise, the
most common and significant being primary or reac-
tivated cytomegalovirus infection during pregnancy
[31]. Primary maternal infection has a 30–40% risk
of intrauterine transmission and a 20–25% risk for the
development of fetal sequelae, including micro-
cephaly, hearing loss, visual impairment, mental retar-
dation, and also more subtle learning disabilities [32].
The transmission rate to the fetus is significantly lower
in reactivated cytomegalovirus disease.

The diagnosis of primary maternal cytomegalovi-
rus infection is based on the de novo appearance of
virus-specific immunoglobulin (Ig) M or G if the
woman was previously known to be IgG seronegative.
Prenatal diagnosis of fetal infection should be based on
presence of the virus in amniotic fluid. The diagnosis
of secondary infection is based on a significant rise in
IgG antibody titer; the risk–benefit ratio of amniocent-
esis in secondary infection must then be carefully
considered given the lower rate of transmission. The
incidence of primary or reactivated infections in
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transplant recipients, however, is largely unknown,
with very few cases reported [33].

Postrenal aetiologies
Obstructive causes of renal insufficiency, such as
nephrolithiasis, should be less likely as pregnancy pro-
gresses. Dilatation of the right kidney usually exceeds
that of the left kidney, and begins in the 6th week of
gestation, with maximal dilatation progressing at a
rate of 0.5 mm/week until week 24–26, thereafter slow-
ing to 0.3 mm/week until term [34]. Although over
50% of pregnant women demonstrate some degree of
dilatation, there is significant variability between
patients, and even serial variability within the same
patient, making the diagnosis of true obstruction chal-
lenging [35]. A baseline scan in women at risk along
with serial radiological evaluations may be necessary
to determine if worsening renal function has an
obstructive cause. Further, documented nephrolithia-
sis needs prompt urological assessment as stones large
enough to cause obstruction in pregnancy have also
been associated with higher rates of urinary tract
infection and pyelonephritis [36], with preterm deliv-
ery nearly doubling in one study involving over 2000
women admitted for nephrolithiasis (adjusted odds
ratio 1.8; 95% CI, 1.5–2.1) [37]. Recent developments
in endoscopic equipment may allow for more defini-
tive treatments, including ureteroscopy and even
yttrium–aluminum–garnet lithotripsy, as opposed to
temporary ureteral stenting procedures and

nephrostomy tubes, both of which postpone definitive
management until after delivery and further heighten
the risk for potential infectious complications [38–41].
Surgical trauma is another rare cause of postobstruc-
tive renal failure and can include damage to the ureters
during cesarean section or with repair of cervical and/
or vaginal lacerations, as well as from significant pelvic
or broad ligament hematomas.

General principles of hypertension
management
Hypertension is a common complication of CKD
and renal disease and a well-established risk factor
for the development of pre-eclampsia. The principles
of hypertension management do not differ from
pregnant women without CKD (see Chapter 36),
but blood pressure targets are typically more strin-
gent, with most obstetric societies recommending
targeting a blood pressure consistently < 140/90
mmHg. Commonly used, safe, intravenous and oral
options for the treatment of hypertension in
women with and without CKD include, but are
not limited to, methyldopa, labetalol, hydralazine,
and nifedipine (Table 27.5). Although it may have
a blood pressure-lowering effect, magnesium
sulfate should not be used specifically for that pur-
pose particularly in women with advanced CKD as it
undergoes renal clearance and can readily cause
toxicity.

Table 27.5. Commonly used drugs for the treatment of hypertension that are considered pregnancy safe optionsa

Drug Dosing Onset of
action

Duration of action

Methyldopa Initial: 250 mg oral twice a day
Maximum: 3 g oral daily

3–6 hours 12–24 hours

Labetalol Acute option: 10 mg intravenous; can be repeated at 10 minute intervals
to a maximum of 300 mg

5–10
minutes

Dose dependent
(2–18 hours)

Initial: 100 mg oral twice a day
Maximum: 2.4 g oral daily

1–4 hours 8–12 hours

Hydralazine Acute option: 2.5–10 mg intravenous; can be repeated at 10–20 minute
intervals

5–20
minutes

1–4 hours

Initial: 10 mg oral four times a day
Maximum: 300 mg oral daily

20–30
minutes

8–12 hours

Nifedipine Acute option: 10 mg oral ≈20 minutes 2–5 hours

Nifedipine XL Initial: 30–60 mg oral once or twice a day
Maximum: 90–120 mg daily

1–4 hours 8–24 hours

a This is not a comprehensive list; other drugs might also be useful and might be used if the benefits outweigh the risks.
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Many young women with CKD may be taking
renin–angiotensin system blockers, which are abso-
lutely contraindicated in pregnancy. Teratogenicity
in the second and third trimester secondary to use of
angiotensin-converting enzyme inhibitors is well
described and includes oligohydramnios, neonatal
anuria and renal failure, limb contractures, craniofa-
cial abnormalities, pulmonary hypoplasia, and patent
ductus arteriosus [42]. Angiotensin receptor blockers
may be more teratogenic, with case reports of signifi-
cant malformations emerging after first trimester
exposure [43]. As yet, there are no case reports of
teratogenicity after exposure to the newer direct
renin inhibitors, but there is no reason to expect that
they will not be equally or even more teratogenic;
consequently, these must be used with caution in
young women with reproductive potential. That
being said, unintentional trimester exposure does not
require termination, but careful assessment by fetal
imaging is mandatory [44].

Immunosuppressive therapies
Although there are no immunosuppressive medica-
tions adequately tested in pregnancy to be designated
by the US Food and Drug Administration as preg-
nancy category A, there are a number of medications
where the risk–benefit ratio is appropriate for use in
pregnancy. These include prednisone, azathioprine,
calcineurin inhibitors, and possibly rituximab, but
not mycophenolate mofetil or cyclophosphamide.

Only a fraction of the oral dose of prednisone
reaches the fetus. Therefore, prednisone is considered
a safe option at low doses. Higher doses, however, may
not be completely without risk, as first trimester expo-
sure maybe associated with an increased risk of cleft
palate (approximately 3/1000 compared with 1/1000
in the general population) and exposure later in preg-
nancy can be associated with increased potential for
the development of gestational diabetes and exacerba-
tion of hypertension. Azathioprine requires inosine
triphosphate pyrophosphorylase for conversion to its
active metabolite, an enzyme lacking in fetal liver.
Both cyclosporine and tacrolimus can be safely used
in pregnant women. Although smaller babies have
been reported in conjunction with use of these medi-
cations, it is not clear if this is a direct drug effect or
secondary to the underlying disease that necessitated
their use. The calcineurin inhibitors do have the
potential to exacerbate hypertension and can be neph-
rotoxic. At present, there are some reassuring data on

the use of rituximab primarily from the oncology
literature. To date, no fetal malformations have been
noted, but CD19 B-cells were either undetectable or
severely decreased in exposed neonates, returning to
normal levels by 3–6 months later without docu-
mented serious infections [45].

Mycophenolate mofetil is a human teratogen with
an identifiable pattern of malformations: craniofacial
(microtia or anotia, absent auditory canal, cleft pal-
ate, hypertelorism) and limb anomalies [46].
Cyclophosphamide is contraindicated at least in the
first trimester where it has been noted to cause spon-
taneous pregnancy loss, growth deficiency, develop-
mental delay, craniosynostosis, blepharophimosis,
flat nasal bridge, abnormal ears, and distal limb
defects, including hypoplastic thumbs and oligodac-
tyly [47].

Dialysis, plasmapheresis,
and extracorporeal removal
of antiangiogenic factors
Acute kindney injury, if severe enough, may require
renal replacement therapy irrespective of the etiol-
ogy. Indications for dialysis are no different in preg-
nancy and include imbalances in electrolytes and
volume status that cannot be managed medically.
Dialysis may, however, be considered at an earlier
stage or at a higher intensity during pregnancy in an
attempt to decrease fetal risks such as stillbirth and to
manage polyhydramnios. Fetal mortality and poly-
hydramnios have been noted to be directly related to
level of blood urea nitrogen (BUN), with no success-
ful documented pregnancies once that exceeds 21.4
μmol/L (60 mg/dL) [48]. More recently, in a series of
28 pregnant women receiving hemodialysis with 18
surviving infants, a significant negative relationship
was noted between BUN and birth weight and gesta-
tional age [49]. A birth weight of at least 1500 g was
achieved at a BUN of 17.9 μmol/L (49 mg/dL) and a
gestational age of at least 32 weeks was achieved at a
BUN of 17.1 μmol/L (48 mg/dL). Although this level
of BUN is the accepted target in many centers,
the best pregnancy outcomes have been noted in
patients receiving daily nocturnal hemodialysis [50].
Ultrafiltration goals must be determined carefully to
avoid hypotension during dialysis, which could
impair placental and fetal perfusion. Drugs typically
given to dialysis patients, including erythropoietin-
stimulating agents and heparin, are safe.
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The delivery of plasmapheresis does not differ in
pregnancy, but the same precautions apply as with
hemodialysis – avoid hypotension. Recently, a small
pilot study in three women with severe early-onset
pre-eclampsia utilized dextran sulfate cellulose aphe-
resis treatments to reduce circulating soluble fms-like
tyrosine kinase 1 levels in a dose-dependent fashion
[51]. Proteinuria was reduced and blood pressure sta-
bilized without apparent adverse effects to mother or
fetus. The future potential for this therapy remains to
be determined.

Anaesthetic considerations
With reference to renal patients, specific issues include
early recognition and treatment of sepsis, regular fre-
quent blood pressure monitoring in severe hyperten-
sion, avoidance and/or treatment of fluid overload,
awareness of unpredictable responses to vasoactive
medications, and assessment of the impact of blood
loss at the time of delivery on the overall renal situa-
tion. The use of general anesthetic and regional anes-
thetic techniques in relation to delivery has been
discussed in Section 3 and the basic principles enun-
ciated there apply equally to renal patients. Unique to
renal patients, uremia may result in platelet dysfunc-
tion with increased bleeding potential, and non-
steroidal anti-inflammatory drugs, often an integral
component of postpartum pain management, should
be employed with extreme caution in women who
already have hypertension and/or renal compromise.

Considerations for future pregnancies
Reassessment of women with hypertension and/or
renal compromise following a complicated pregnancy
is critical to improve her long-term health as well as to
safely plan future pregnancies. Pregnancy can be the
first time many young women are assessed by a med-
ical team. Indeed, the diagnosis of chronic hyperten-
sion or renal disease may not be made until this time,
and as both are strong predictors of pregnancy com-
plications, early onset of severe placental disease
should have made their consideration as possible risk
factors obvious. In a study where women who pre-
sented with severe pre-eclampsia had a postpartum
renal biopsy, unrecognized kidney pathology, most
commonly IgA nephropathy, was diagnosed in 22%
and a strong relationship between pre-eclampsia
severity (delivered prior to 30 weeks of gestation)
and the presence of undiagnosed renal disease was

noted [52]. Consequently, all women with kidney dis-
ease should consult with a nephrologist and obstetri-
cian to discuss the potential impact of their renal
pathology – the degree of renal insufficiency, the
amount of proteinuria, and presence of hypertension –
on their future obstetric outcomes.

Further, women with renal disease with the poten-
tial to flare during pregnancy also need careful coun-
seling and optimization. In women with lupus
nephritis, 6 months of sustained disease quiescence
prior to considering a pregnancy, and converting a
young woman to pregnancy-safe treatment, has been
recommended based on studies that show the disease
flared in 7% of patients with inactive disease compared
with 61% of patients with active disease at the time of
conception [53]. In women with pregnancy-associated
TTP, the overall risk of recurrent TTP is reported to be
rare (14%) [54]. The risk of recurrence in congenital
TTP, however, is reported to be 100% [55]. Therefore
the detection of severe deficiency of ADAMTS13 or of
congenital defects in the alternative complement path-
way (atypical HUS) may assist with future pregnancy
planning.

Although it was previously thought that the con-
sequences of maternal placental disease resolved
quickly and completely after delivery of the placenta,
it is now apparent that placental disease is a marker of
future adverse maternal vascular health. This relation-
ship between pre-eclampsia and cardiovascular disease
was first noted in a study that utilized the Norwegian
Medical Birth Registry [56], demonstrating an almost
three-fold increased risk of death and an eight-fold
increased risk of cardiovascular death in women who
delivered prior to 37 weeks of gestation, interpreted as
a surrogate marker for more severe disease because
there was no increased risk of death among women
with pre-eclampsia who delivered at term. In addition
to an increased risk of cardiovascular disease, an
increased risk of cerebrovascular disease, peripheral
vascular disease, and end-stage renal disease was also
noted [57,58]. The impact of increased vascular risk is,
however, best demonstrated by the Child Health and
Development cohort, with data from over 14 000
women with, on average, 30 years of follow-up. This
indicated that the median age for cardiovascular
events was 56 years, with a cumulative survival of
85.9% for early-onset pre-eclampsia compared with
98.3% for late-onset pre-eclampsia and 99.3% for
healthy pregnancies [59]. Therefore, the immediate
postpartum period becomes a crucial time for health
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education with respect to cardiovascular risk reduction
and long-term health maintenance strategies, including
exercise, healthy eating habits, salt reduction, blood
pressure monitoring, and medications as appropriate.
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Chapter

28
Cancer
Kristel Van Calsteren and Frederic Amant

Introduction
Cancer is the second leading cause of death in women
during the reproductive years and complicates 1 in
1500 pregnancies. This means that every year 3300
and 4000 women are diagnosed with cancer during
pregnancy in Europe and the USA, respectively. This
number may increase as women in developed societies
delay childbearing, as the incidence of most malignan-
cies rises with increasing age. The cancers most fre-
quently diagnosed in pregnancy reflect the most
common cancer types in women between the ages of
20 and 40 years, including breast cancer, malignant
melanoma, cervical cancer, lymphoma, leukemia, and
thyroid cancer [1,2].

The diagnosis and treatment of cancer in pregnant
women is a clinical and ethical challenge for medical
care workers. The risk–benefit balance of diagnostic
and therapeutic options should be carefully weighed in
an effort to achieve optimal benefit to the mother and
minimal harm to the fetus.

Diagnosis of cancer during pregnancy
Tiredness, constipation, changes in breast constitu-
tion, (postcoital) blood loss, and abdominal inconven-
ience are often seen in pregnancy simply from the
physiological changes. With a low index of suspicion
and a tendency to ignore many symptoms as being
pregnancy related, a malignancy may easily be missed.
Therefore, when history and physical examination are
suspicious, a low threshold for requesting additional
examinations is advised. In general, fine needle aspira-
tion and excisional or incisional biopsies of lumps
can be performed safely. Endoscopy, including laparo-
scopy, lumbar puncture, and bone marrow aspiration/
biopsy are quite safe and should be performed when
clinically indicated.

With regard to imaging studies, the radiation dose
should be kept as low as reasonably achievable; how-
ever, a missed diagnosis or delayed treatment often
poses a greater risk to the patient and her pregnancy
than the hazard associated with ionizing radiation.
Therefore, if a radiography scan is medically indicated
for the benefit of the mother, it should be performed as
long as a safety limit of a maximum fetal radiation
exposure of 100 mGy is respected (see Chapter 22).
This threshold dose was determined based on extrap-
olations of studies on the damaging effect of ionizing
radiation in the Japanese atomic bombing disasters,
assuming a linear dose–response relationship.

Table 28.1 shows the estimated fetal doses from
common radiological diagnostic procedures, which are
all below the threshold dose of 100mGy [3]. In addition
a 50–75% dose reduction from leaked radiation shield-
ing and scatter can be achieved by adequate shielding.
Nevertheless, it is generally advised, whenever possible,
to replace a radiograph examination in pregnancy with
ultrasonography or nuclear medicine [4].

Iodinated contrast media and gadolinium are
known to cross the placenta and have a potentially
toxic effect on thyroid and renal function, respectively.
However, clinical sequelae from brief exposures have
not been reported.

In cases where the result obtained with a nuclear
medicine examination (positron emission tomogra-
phy, ventilation/perfusion scan, bone scan) can change
therapeutic management, these examinations are
also allowed during pregnancy. Most such examina-
tions during pregnancy have been performed with
technetium-99m; iodine-131 is avoided during
pregnancy.

For most radioisotopes, the main fraction of fetal
exposure derives from proximity to radionuclides
excreted into the maternal bladder. Maternal
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hydration and an indwelling catheter to prevent reten-
tion of radioactive agents in the bladder can reduce
this exposure [3].

Management of cancer during
pregnancy
The therapeutic strategy will be determined by the
stage of disease, gestational period at diagnosis, and

the patient’s wishes concerning the pregnancy. The
complex medical, ethical, psychological, and religious
issues arising in pregnant women with cancer demand
care from a multidisciplinary team with obstetricians,
oncologists, radiation oncologists, surgeons, pediatri-
cians, geneticists, and psychologists. The patient and
her family should be actively involved in the decision-
making process.

While curing the mother should be the priority,
fetal health may be taken into consideration, and
modifications may, therefore, be made in the mother’s
treatment, but unnecessary delay in diagnosis or treat-
ment must be avoided. Standard cancer treatment
includes surgery, systemic treatment (chemotherapy
and targeted treatment), and radiotherapy, or a com-
bination of these.

Surgery
Surgery can be performed safely during pregnancy.
The use of most anesthetic agents is considered safe
for the developing fetus, but hypoxia, hypercapnia,
hypotension, hypoglycemia, fever, pain, infections, or
thrombosis can have serious adverse effects on fetal
development and so should be prevented. Very impor-
tant is the left lateral tilt position to avoid vena cava
compression [5].

Whether or not to monitor the fetus during sur-
gery should be discussed with the obstetrician. Since
no data are available supporting the benefit of system-
atic use of tocolytic drugs, this should only be consid-
ered if there are uterine contractions.

Adequate postoperative analgesia should be
prescribed. Moreover, since pregnancy includes an
additional risk for thrombosis – apart from the malig-
nant disease – surgical intervention in these patients
is an indication for thromboprophylaxis with
low-molecular-weight heparin.

The sentinel lymph node procedure with
technetium-99m can be relatively safely performed
during pregnancy. Studies in breast cancer show
that after injection of 18.5 MBq technetium-99m, the
fetal dosage approximately ranges between 0.0 and
0.05 mGy, which is far below the deterministic thresh-
old dosage [6,7]. This is mainly because of the low
dosages that are administered and the fact that
technetium-99m is captured in the lymph nodes for a
period, during which radioactivity decreases consider-
ably. It should be noted that some radiopharmaceut-
icals, such as iodine isotopes, do cross the placenta and
concentrate in a specific organ or tissue and can,

Table 28.1. Approximate fetal doses from common
radiological and nuclear diagnostic procedures

Procedure Mean
(mGy)

Maximum
(mGy)

Conventional X ray
examination

Abdomen 1.4 4.2

Chest <0.01 <0.01

Intravenous urogram 1.7 10

Lumbar spine 1.7 10

Pelvis 1.1 4

Skull <0.01 <0.01

Thoracic spine <0.01 <0.01

Fluoroscopic examination

Barium meal (upper
gastrointestinal tract)

1.1 5.8

Barium enema 6.8 24

Computed tomography

Abdomen 8.0 49

Chest 0.06 0.96

Head <0.005 <0.005

Lumbar spine 2.4 8.6

Pelvis 25 79

Nuclear examinations

Positron emission tomography 5–6

Pulmonary ventilation/
perfusion scan (to 80 MBq 99Tc)

0.4

Bone scan (~740 MBq
99Tc-medronic acid)

2.0

Sentinel node mapping
(no blue dye)

Breast (40 MBq 99Tc–nanocolloid
fetal

0.05

Vulvar cancer (60–80 MBq 99Tc) 0.1
99 Tc, technetium-99m.
Source: International Atomic Energy Agency, 2009 [3].
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therefore, pose substantial fetal risk [8]. Blue dye
should not be used during pregnancy as it includes a
potential risk of an allergic or anaphylactic maternal
reaction, which can be harmful to the fetus [5–7].

Chemotherapy
The placenta seems to fulfill its barrier role for most
of the chemotherapeutic drugs and reduces fetal expo-
sure to chemotherapy. Transplacental transfer mainly
occurs by passive diffusion and is, therefore, deter-
mined by the concentration gradient and the physico-
chemical drug characteristics of the agents, where
unbound, uncharged, lipid-soluble molecules with a
low molecular weight (<300 Da) will easily cross the
placenta [9]. Furthermore, there is also active trans-
port by placental protein pumps as P-glycoprotein,
multidrug resistance proteins, and breast cancer resist-
ance protein. These pumps work as protective mech-
anisms for the fetus against potential toxic agents
and have been shown to have a regulating role in the
transfer of certain chemotherapeutic agents such as
vinblastine, doxorubicin, epirubicin, and paclitaxel
[9]. Preclinical research in a mouse and a baboon
model showed a wide variation in transplacental trans-
fer of different chemotherapeutic agents. While for
carboplatin and cytarabine, significant drug concen-
trations were detected in fetal plasma samples
(57–100% and 40% of maternal plasma, respectively),
fetal plasma levels of anthracyclines, taxanes, vinblas-
tine, cytarabine, and 4-hydroxycyclophosphamide

were substantially lower than the maternal drug con-
centrations (0–25% of maternal) [10–12].

The potential risk of fetal damage induced by
cytotoxic treatment depends on the gestational age
at exposure and the type and dosage of the applied
agent(s). An overview is given in Table 28.2 [8,13,14].
Congenital malformations are reported in 7–17%
after single-agent chemotherapy; after combination
therapy, the risk rises to 25%. Excluding the folic acid
antagonists, a risk of 6% is reported [15].

To prevent malformations, the use of cytotoxic
agents is considered contraindicated until 8 weeks
after conception (10 weeks after the last menstrual
period). Mostly, a “safety period” of 2–4 weeks is
added, allowing chemotherapy to start from a gesta-
tional age of 12–14 weeks (10–12 weeks postconcep-
tion). Following chemotherapy in the second and third
trimesters, short-term outcomes in the offspring are
reassuring overall [1,16]. There is no increased
incidence of congenital anomalies. Concerns for fetal
growth restriction and preterm labor appear to be
limited to certain subgroups of patients (hematologi-
cal malignancies and high-dose chemotherapy).
Neonatal hematopoietic suppression has been
described in patients who deliver within 3 weeks of
chemotherapy administration, so delivery within this
time frame should be avoided if possible.

The fact that the central nervous system continues
to develop throughout gestation raises concerns regard-
ing the long-term neurodevelopmental outcome. Aviles
and Neri [17] examined 84 children exposed to

Table 28.2. Overview of the potential fetal damage induced by cytotoxic treatment depending on the gestational age at exposure

Gestational period

0–10 days after conception 10 days to 8
weeks after
conception

>9 weeks after conception
(gestational age of >11 weeks)

Embryological phase Implantation phase Organogenesis Fetal developmental phase (fetal
growth andmaturation; organogenesis
is completed with the exception of
eyes, gonads, and central nervous
system)

Effect expected of cytotoxic
exposure (chemotherapy,
targeted therapy, fetal
radiation exposure of
>100 mGy)

“All-or-nothing” phenomenon;
when sufficient cells remain the
embryo will develop normally,
otherwise a miscarriage occurs

Congenital
malformationsa

No congenital malformations
Described effects: growth restriction,

prematurity, intrauterine and
neonatal death, hematopoietic
suppression

Potential effects: neurodevelopmental
delay, fertility problems,
carcinogenesis, genetic defects

a The type of malformation depends on the timing of exposure in the embryological development; the most frequently described
malformations are skeletal problems (face, limbs).
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chemotherapy in utero and reported that all the
children’s learning and educational performances were
normal and they were without congenital, neurological,
psychological, cardiac, and cytogenetic abnormalities,
or malignancies. Hahn et al. [18] surveyed parents/
guardians by mail or telephone regarding outcomes of
40 children exposed in utero to chemotherapy for breast
cancer (age, 2–157 months). Medical problems that
were reported at that time included allergy, eczema,
asthma, and upper respiratory interactions; 2 of the
18 children who went to school needed special attention
[18]. More recently Amant et al. [19] presented a pro-
spective study on 70 children with a median follow-up
period of 22.3 months (range, 16.8–211.6). Children’s
behavior, general health, hearing, and growth were
reported to be as in the general population. However,
a severe neurodevelopmental delay was seen in both
members of a twin pair (3%).

A high incidence of preterm, mostly induced,
deliveries were noticeable in the study of Amant et al.
[19]. The median gestational age at birth was 35.7 weeks
(range, 28.3–41.0); 16 children were born before
34 weeks of gestation, 31 at 34–37 weeks, and 23 at
term. Birth weight was below the 10th percentile for
gestational age and gender in 14 of the 70 children
(20·6%). The mothers of these children were treated
for leukemia (four), lymphoma (four), breast cancer
(two), colon cancer (one), and ovarian cancer (three)
[19]. Echocardiographic follow-up data suggest normal
cardiac function in children following in utero exposure
to cytotoxic drugs, including anthracyclines [19–21].

As of writing, only one case of a secondary malig-
nancy (thyroid and neuroblastoma) after prenatal
exposure to chemotherapy (cyclophosphamide) has
been reported; this was in a dizygotic twin boy, but
his twin sister was healthy [22].

It can be concluded that, while the long-term out-
come of children exposed in utero to chemotherapy is
poorly documented, the available, though limited,
evidence is reassuring with regard to outcome, and
chemotherapy should not be withheld for fetal reasons
in the second and third trimester.

Radiation therapy
Radiation doses used in cancer therapy are in the range
30–70 Gy. The fetal exposure depends on the size of the
radiation field, the distance to the fetus, the target dose,
the shielding measures, the specific radiation machine,
and leakage. External beam radiotherapy has been used
for the treatment of breast cancer, supradiaphragmatic

Hodgkin disease, head and neck cancer, and brain
tumors in pregnant women [8,23–25].

In a review of 109 women who were treated with
radiation for different malignancies during pregnancy
[26], there were 13 adverse outcomes: two spontane-
ous abortions, five perinatal deaths, one stillbirth; one
child born with hypospadias; one child reported as a
slow learner and with scoliosis; one child with sensory
hearing loss from an inner ear defect after mantle
irradiation for Hodgkin disease starting at 3 weeks of
gestation; one child diagnosed with intrauterine
growth restriction where the mother was treated for
non-Hodgkin lymphoma; and one mother ruptured
membranes spontaneously and developed chorio-
amnionitis at 38 weeks of gestation. Labor was induced
with pitocin in this last patient, but the fetal heart rate
tracing showed moderate variable decelerations and a
fetal scalp pH was 7.21. A primary transverse lower
segment cesarean section was performed through a
Pfannenstiel incision. The baby was a viable female
weighing 2015 g, with Apgar scores of 8 at 1 minute
and 9 at 5 minutes. At 6 years, she remains below the
5th percentile for height and weight, has expressive
problems, attention deficit disorder, and delayed co-
ordination and motor development.

One child whose mother had axillary irradiation
for melanoma (starting at 24 weeks) was diagnosed
at birth with an undescended left testicle and an
uncomplicated, restricted, perimembranous ventricu-
lar septal defect. From these case reports with adverse
outcomes, estimated fetal dosages were available in
four patients and all had received <100 mGy [26].

Targeted therapy
Biological agents have the potential to affect the fetus
and should be used with caution during pregnancy.
However, in circumstances where better alternative
treatments do not exist, or where failure to use tar-
geted treatments would result in suboptimum patient
care or survival, the risk–benefit analysis might favor
the use of potentially effective molecular treatment
during pregnancy [27,28]. Most frequently used agents
in the treatment of breast cancer and hematological
tumors are selective estrogen receptor modulators
and aromatase inhibitors, trastuzumab, rituximab,
imatinib, and interferon-alpha.

The use of hormonal agents, such as the selective
estrogen receptor modulators and aromatase inhibi-
tors, interferes with the hormonal environment of a
normal pregnancy and should be avoided. These drugs
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are associated with vaginal bleeding, spontaneous
abortion, birth defects including craniofacial malfor-
mations and ambiguous genitalia, and fetal death [29].

Trastuzumab is a humanized recombinant mono-
clonal antibody (IgG) that blocks the human epidermal
growth factor receptor-2 (HER2) and has been shown to
inhibit expression of angiogenic factors such as vascular
endothelial growth factor. Trastuzumab is used in the
treatment of HER2-positive breast cancers. In 15 fetuses
exposed to trastuzumab, three had renal failure and four
died. In eight women, the volume of amniotic fluid was
reduced [28]. This phenomenon is explained by the
fact that HER2 is stongly expressed in the fetal renal
epithelium, and IgGmolecules cross the placenta. Based
on these data, trastuzumab is contraindicated during
pregnancy.

Rituximab, used in B-cell lymphoma and leukemia,
is also a monoclonal antibody of the IgG isotype, so
crosses the placental barrier and interacts with fetal
B-cells. One case report compared maternal and fetal
rituximab concentrations and B-cells. Although at birth
rituximab concentrations were similar in mother and
child, the fetal B-cells were severely diminished (1% of
normal); the B-cells recovered after 6 weeks, to reach a
normal level at 12 weeks. No further adverse events or
malformations were seen during 16 months of follow-
up [30]. For this reason, rituximab, seems to be safe and
without significant consequences for the fetus [30].

Administration of imatinib mesylate, a tyrosine
kinase inhibitor used in the treatment of chronic
myelogenous leukemia, during the first trimester is
associated with a considerable risk of congenital anoma-
lies and spontaneous abortions, while late exposure
seems to have less impact [31]. In a series of 125 patients,
63 (50%) delivered normal infants; 35 (28%) had elected
termination (three for known malformations of the
fetus), and 12 newborns were born with abnormalities.
The authors concluded that, although the majority of
patients had normal outcomes, there is a significant risk
for serious fetal malformations after exposure to imati-
nib [32]. Very few data are available about the safety of
second-generation oral tyrosine kinase inhibitors during
pregnancy and it is recommended that patients on these
drugs should avoid pregnancy [33].

Interferon-alpha, an immune modulator, does not
cross the placenta to a great extent because of its high
molecular weight (19 kDa) and does not inhibit DNA
synthesis. Interferon use in pregnancy for a variety
of hematological malignancies has been published
for 40 women (eight during first trimester). No fetal

malformations were reported when interferon was
administered as monotherapy. Given the available
preclinical and clinical data, interferon can be safely
administered throughout pregnancy and it is the treat-
ment of choice for patients diagnosed with chronic
myeloid leukaemia in pregnancy [34].

Supportive treatment
Supportive treatment for pregnant women is possible,
similar to non-pregnant women. Granulocyte colony-
stimulating factor and erythropoetin have been used
safely in pregnant patients, and their use should follow
current guidelines for growth factor support during
chemotherapy [35]. First choice pain relief consists
of acetaminophen and tramadol. Non-steroidal anti-
inflammatory drugs are associated with congenital
anomalies after first trimester exposure, and with
preterm closure of the fetal ductus arteriosus after
exposure after 30 weeks of gestation. Consequently,
it is preferred to avoid these in pregnancy. The use of
steroids deserves attention since repeated antenatal
exposure is associated with increased incidence of
attention problem and higher rates of cerebral palsy
[36]. In contrast to dexamethasone and betametha-
sone, methylprednisolone and hydrocortisone are
extensively metabolized in the placenta and are, there-
fore, the preferred steroids to use during pregnancy,
except when being used to achieve fetal lung
maturation.

Obstetrical care
Pregnancies complicated by a maternal cancer diag-
nosis are at high risk. At diagnosis it is important to
evaluate fetal growth and development to date by
ultrasound and to exclude pre-existing malformations.
For patients treated during pregnancy, fetal well-being
should be assessed before and after each major inter-
vention. Special attention is required for fetal growth,
preterm contractions, and potential fetal anemia or
cardiotoxicity after (anthracycline-based) chemother-
apy [1]. The timing of delivery should be determined
based on the oncological treatment schedule and the
maturation of the fetus. As in non-cancer patients,
term delivery (≥37 weeks) should be the aim [1].
Early induction results in prematurity and low birth
weight, which have been identified as contributing
factors in the cognitive and emotional development
of children. When preterm delivery is indicated,
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antenatal steroids should be administered to improve
fetal lung maturation, according to local policy.

Themode of delivery should be determined follow-
ing general obstetric guidelines. When continuation of
chemotherapy is required postpartum, an interval of a
few days after a vaginal delivery is advised; after an
uncomplicated cesarean section, an interval of 1 week
is necessary. To allow bone marrow to recover and to
minimize the risk of maternal and fetal neutropenia,
delivery should be planned 3 weeks after the last dose
of chemotherapy [7]. Neonates, particularly preterm
babies, have limited capacity to metabolize and elim-
inate drugs because of their immature liver and kid-
neys. Delaying delivery after chemotherapy will allow
fetal drug excretion via the placenta. For the same
reason, chemotherapy should not be administered
after 35 weeks of gestation since spontaneous labor
becomes more likely. Although placental metastases
are rare, the placenta should always be analysed histo-
pathologically after delivery [37]. Documented reports
of maternal malignant metastases in the placenta are
rare. Since the first description in 1866, fewer than 80
cases have been described. Proven maternal metastasis
to the fetus is exceptional, with only 11 cases reported
so far. Malignancies that can spread to the products
of conception are melanoma (32%), leukemia and
lymphomas (15%), breast cancer (13%), lung cancer
(11%), sarcoma (8%), gastric cancer (3%), and gyne-
cological cancers (3%), reflecting malignancies with a
high incidence in women of reproductive age [38–40].
Despite this, each placenta should be thoroughly
examined for metastasis, which, if present, should
alert the clinician to monitor the infant for develop-
ment of malignant disease.

In the absence of safety data, breastfeeding during
or shortly after chemotherapy is contraindicated.

Critical illness in pregnant
women with cancer
Cancer is life threatening, but in most cases in a
chronic way. Nevertheless, cancer and its treatment
are associated with a high rate of complications that
can result in acute life-threatening situations.

In our experience, hematopoietic suppression
or insufficiency related to chemotherapy or leukemia
is most frequently seen. Neutropenia with the risk
of overwhelming infections and sepsis and thrombo-
cytopenia with the risk of major hemorrhages (spon-
taneous, peripartum, after intramuscular or epidural

puncture) can clearly lead to significant maternal and
fetal morbitidy and mortality. Therefore, it is impor-
tant to treat these complications in the samemanner as
in non-pregnant patients.

Furthermore, there is an increased risk of deep
venous thrombosis with both the malignancy and the
pregnancy. While there is a theoretical base for
administration of low-molecular-weight heparin to
all pregnant patients with cancer, in clinical practice
this is only prescribed after surgery or long-term
immobilization.

The relative immunosuppression of pregnancy
increases the mortality risk of infectious diseases
such as influenza, and this risk will increase even
more in women with hematopoietic suppression after
chemotherapy. In addition, pyelonephritis is seenmore
frequently, and associated with sepsis, in pregnant
women.

Depending on the location, solid tumors can also
cause a mass effect on blood vessels, urinary tract, or
gastrointestinal tract, leading to organ failure.

Less frequent dangerous side effects of cancer ther-
apy are, for example, cardiotoxicity associated with
anthracycline exposure and nefrotoxicity with platinum
exposure. In patients with disseminated malignancy or
specific chemotherapeutic treatment, such as gemcita-
bine, cyclophosphamide, cisplatin and bevacizumab,
there is an increased risk of thrombotic thrombocyto-
penic purpura/hemolytic uremic syndrome.

It is important to screen for these complications in
order to treat them adequately.

Psychosocial and ethical concerns
of cancer diagnosis during pregnancy
Pregnant women diagnosed with cancer experience
high emotional distress and even long-term emotional
sequelae. Cancer diagnosis brings fear of death, worry
about continuation of the pregnancy, anxiety about
the impact of cancer treatment on the fetus, fear for
not being able to raise the child into adulthood, and
anxiety about future fertility. Emotional and psycho-
logical support is imperative. The partner, or other
family member, runs a risk of raising the child alone
and should be involved. It is advisable to engage the
expertise of other members of the healthcare team,
such as psychologists and social workers, especially
during the time that treatment decisions are being
made. Ongoing psychological support during treat-
ment and delivery should be available for the parents.
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Termination of pregnancy
Termination of pregnancy does not seem to improve
survival. Most data are available on breast cancer during
pregnancy. These studies showed a worsening trend for
survival in patients choosing termination, but no stat-
istically significant difference in 5-year survival when
these groups were compared by several authors [41–43].
However, not all studies matched patients for stage
of disease or provided explanations affecting patient
choices. Therefore, it is difficult to determine whether
women with advanced stage disease, or a worse prog-
nosis at diagnosis, were encouraged to terminate their
pregnancy, whereas women with earlier stage disease or
a better prognosis at diagnosis were not.

Nowadays, termination of pregnancy is recom-
mended if the required treatment is associated with
unacceptable risks for the health of mother and fetus;
when it is morally unacceptable to continue the preg-
nancy in the presence of incurable maternal cancer; or
when the pregnancy itself makes the target of local
treatment unreachable (abdominal/pelvic tumors
with a need for immediate local treatment). It should
be stressed that most case series did not show induced
abortion to be associated with improved outcome of
pregnant women with cancer when appropriate anti-
neoplastic therapy was implemented.

Prognosis of cancer during pregnancy
Literature on cancer during pregnancy is mainly com-
posed of small retrospective studies and case reports.
When interpreting the results obtained in the reported
cases, a positive publication bias should be kept inmind.

Recent data suggest that the maternal prognosis is
probably similar to non-pregnant women when
women are matched by age and cancer stage, provided
that the same treatment strategies are applied and
unnecessary delay in treatment is avoided [2].

Stensheim et al. [2] reported on the cause-specific
survival for women with cancer during pregnancy or
lactation in a Scandinavian population. They concluded
that the cause-specific death for most cancer types was
not increased when diagnosed during pregnancy or
lactation. However, in the subgroups of lactating
women with breast or ovarian cancer, the hazard ratios
were doubled, even when adjusted for age. Pregnant
women diagnosed with malignant melanoma had a
slightly elevated risk of cause-specific death [2].

The poorer outcome of breast cancer diagnosed
postpartum is probably related to more advanced

stages of disease diagnosed among these patients,
as changes or lumps in the breast during pregnancy
or lactation may be regarded as normal, leading to
delay.

However, the disease-free and overall survivals
were not adversely affected by pregnancy in women
who became pregnant after successfully treated cancer;
these women seemed to have a better prognosis, the
so-called “healthy mother effect” [2,44]. Nevertheless,
it is recommended that pregnancy is delayed until 2 to
3 years after completion of treatment, particularly if
axillary nodes were positive for tumor. During this
period, the tumor biology will become clear, since
aggressive tumors often relapse within these first
years. In this way, the delay of 2–3 years is used to
defer childbearing until after the period of greatest risk
of recurrence.

Conclusions
Pregnancy complicated by maternal cancer is a rare and
challenging problem requiring a multidisciplinary
approach. Diagnostic and staging examinations can be
performed safely during pregnancy and are required to
determine an optimal treatment strategy. A delay in
diagnosis leads to more advanced stages of the disease
at presentation and should be avoided by all means.
Treatment should adhere to standard treatment for
non-pregnant cancer patients. Considering the gesta-
tional period, surgery, chemotherapy (not in the first
trimester), and radiotherapy (not in the third trimester)
can safely be applied in pregnancy. Hormonal therapy
and trastuzumab should be deferred until after birth.

Acute critical illness in these patients is mostly
related to hematopoietic insufficiency caused either by
themalignancy or chemotherapy, with complications of
sepsis and hemorrhage. It is important to screen for
these complications and treat them adequately.
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Chapter

29
Endocrine disorders
Patricia Peticca, Erin Keely, and Tracey Johnston

Introduction
Endocrine disorders are common in women of
reproductive age, but fortunately endocrine emer-
gencies are rare. There is little evidence base for
pregnancy-specific management of endocrine crises,
and in the majority of cases the underlying condition
should be treated as it would be outside of pregnancy,
with no need for immediate delivery. If delivery is
indicated or labor coincides, mode of delivery will
depend on maternal and fetal clinical conditions and
how easily vaginal birth can be achieved, taking into
account parity and cervical status. If anesthesia is
required, the most appropriate mode will depend
on the maternal condition. Close liaison and early
involvement of an experienced obstetric anesthesiol-
ogist is essential. In most cases, there is no contra-
indication to epidural or combined spinal–epidural
anesthesia with appropriate monitoring and hemo-
dynamic support.

Thyroid emergencies
Thyroid dysfunction occurs in 2.5% of all pregnancies
in overt and subclinical forms [1]. Critical illness in the
pregnant patient can result from two extremes of
thyroid dysfunction: thyroid storm and myxedema
coma.

Thyroid storm
Clinical presentation
Thyroid storm, also known as thyrotoxic crisis, is an
endocrinological emergency caused by exaggeration of
the signs/symptoms of thyrotoxicosis (Table 29.1).
Clinical presentation is characterized by thermoreg-
ulatory dysfunction, altered mental status, and

multiorgan failure. Though rare, it is associated with
a mortality of 20–30% if untreated [2,3]. Thyroid
storm can be precipitated by surgery, trauma, parturi-
tion, stroke, myocardial infarction, severe infection,
diabetic ketoacidosis, withdrawal of antithyroid med-
ications, radioactive iodine therapy, and administra-
tion of iodinated radiocontrast dyes [3,4]. The severity
is related to the hypermetabolic and hyperadrenergic
effects of thyroxinemia on the cardiovascular and cen-
tral nervous systems.

Diagnosis
Thyroid storm is a clinical diagnosis based on
severity of clinical features (Table 29.2). The scoring
system devised by Burch and Wartofsky [5] has been
used to differentiate severe thyrotoxicosis from thy-
roid storm. A cumulative score of ≥45 is highly
suggestive of thyroid storm [4]; however, this scoring
system has not been validated in pregnancy. Levels
of thyroid-stimulating hormone (TSH) will be sup-
pressed and free thyroid hormones (thyroxine (T4)
and triiodothyronine (T3)) elevated. There is no
arbitrary serum T4 or T3 cut-off that discriminates
severe thyrotoxicosis from thyroid storm. Since
critical illness can impair peripheral conversion of
T4 to T3, a mildly elevated free T3 or “normal” T3

should be considered inappropriate in the setting
of severe systemic illness [3,4]. Other laboratory
findings may include mild hyperglycemia (from
catecholamine-mediated inhibition of insulin
release), mild hypercalcemia, elevated liver enzymes
(hepatic dysfunction), and a leukocytosis with a left
shift or, conversely, leukopenia [4]. Adrenocortical
function may also be impaired because of accelera-
tion of cortisol production and degradation, leading
to a state of relative adrenal insufficiency [6].
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Maternal and fetal/neonatal risks
Adverse maternal outcomes, including cardiovascular
collapse, heart failure, metabolic derangements, acid–
base disorders, coma, and death, are directly related to
the elevated T4 and T3. Thyroid storm is also associ-
ated with placental abruption, and increased rates of
cesarean section. Women with uncontrolled hyper-
thyroidism have a five-fold increased risk of develop-
ing severe pre-eclampsia and should be monitored
closely for this.

Adverse perinatal outcomes include premature
birth, intrauterine death, and low birth weight [1,6].
Beginning at 10–12 weeks of gestation, thyroid-
stimulating antibodies can cross the placenta, resulting
in neonatal Graves disease [2]. The risk of thyrotox-
icosis in the fetus and newborn is greatest when the
mothers have positive antibody titers [2,7]. There are
different commercial assays that have different normal
values. In one study, a thyroid receptor antibody titer
>5 IU (normal ≤1.3 IU) had a 100% specificity and
76% sensitivity for predicting fetal Graves disease [8].

Fetal hyperthyroidism should be strongly suspected
with evidence of a fetal goiter on sonography (earliest
sign), impaired growth, accelerated bone maturation,
and/or fetal tachycardia [7]. Cordocentesis can be per-
formed to obtain a sample of blood to directly assess
fetal thyroid function. However, in the vast majority of
cases, direct fetal blood sampling is not required as fetal
thyroid function can be determined with using serial
sonographic assessments [9].

Table 29.2. The predictive clinical scale for thyroid storm

Parameter Pointsa

Thermoregulatory dysfunction (oral temperature°C [°F])

37.2–37.7 (99–99.9) 5

37.8–38.3 (100–100.9) 10

38.3–38.8 (101–101.9) 15

38.9–39.4 (102–102.9) 20

39.4–39.9 (103–103.9) 25

>40 (>104) 30

Central nervous system effects

Absent 0

Mild (agitation) 10

Moderate (delirium, psychosis, extreme
lethargy)

20

Severe (seizures, coma) 30

Gastrointestinal–hepatic dysfunction

Absent 0

Moderate (diarrhea, nausea/vomiting,
abdominal pain)

10

Severe (unexplained jaundice) 20

Tachycardia (beats/min)

99–109 5

110–119 10

120–129 15

130–139 20

>140 25

Congestive cardiac failure

Absent 0

Mild (pedal edema) ≥5

Moderate (bibasal rales) 10

Severe (pulmonary edema) 15

Atrial fibrillation

Absent 0

Present 10

Precipitating event

Absent 0

Present 10
a A cumulative score ≥45 is highly suggestive of thyroid storm,
25–44 is suggestive of “impending” storm, and 25 is unlikely to
represent thyroid storm.
Source: with permission from Burch and Wartofsky, 1993 [5].

Table 29.1 Signs and symptoms of severe thyrotoxicosis

Organ
system

Clinical manifestations

Cardiovascular Tachycardia, high-output heart failure,
arrhythmia (e.g. atrial fibrillation), systolic
hypertension, wide pulse pressure

Skin and soft
tissue

Lid lag, proptosis (Graves disease), warm
moist skin, hyperhydrosis

Neurological Hyperthermia, lethargy, altered mental
status, psychosis, seizures, hyperkinesis,
hyper-reflexia

Gastrointestinal Abdominal pain, vomiting, diarrhea,
nausea

Respiratory Tachypnea, dyspnea

Source: adapted from Goldberg and Inzucchi, 2003 [3].
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Management
Thyroid storm necessitates immediate recognition
and aggressive management in an intensive care set-
ting. Goals of management should be directed at
inhibiting further production and release of T4,
reducing conversion of T4 to T3 in peripheral tissues,
ameliorating systemic effects of severe uncontrolled
hyperthyroidism (e.g. hyperthermia), and treatment
of the precipitating event. A stepwise approach to
treatment of the pregnant patient in thyroid storm
is provided in Figure 29.1. The order of therapy in
treating thyroid storm is crucial and should begin
with administration of thionamides in order to pre-
vent synthesis of new T4/T3 [1]. Medical therapies are
reviewed in Box 29.1 [10].

Thionamides, namely propylthiouracil and methi-
mazole, are first-line agents in the treatment of severe
thyrotoxicosis. These compounds interfere with the
coupling process by which iodotyrosine residues are
combined to form T4 and T3. Propylthiouracil offers
the added benefit of blocking peripheral conversion of
T4 to T3. Thionamides may also have immunosup-
pressive effects, reducing antithyrotropin receptor
antibodies titers over time. Both propylthiouracil

and methimazole can be administered by oral
and/or rectal route [10]. The more serious adverse
reactions are agranulocytosis (0.1–0.4%), hepatotoxic-
ity (0.1–0.2%), and systemic vasculitis [1,10]. Reports
to the US Food and Drug Administration suggest that
there is an increased risk of hepatotoxicity with pro-
pylthiouracil compared with methimazole; however,
propylthiouracil remains the preferred agent in
pregnancy.

Following administration of antithyroid medica-
tions, iodine should be given. Iodine therapy (Lugol’s
solution or saturated solution of potassium iodide)
decreases release of stored T4 and, in high doses, inhib-
its new hormone production [4,10]. It is imperative that
iodine administration does not precede administration
of thionamides as this will fuel increased synthesis and
release of T4 [2]. Radiographic contrast agents (sodium
ipodate or iopanoic acid) inhibit release of T4 from the
thyroid gland and block peripheral conversion T4 to T3

as well as blocking binding of T3 to its receptors.
Beta-blockers play a pivotal role in the treatment of

thyroid storm, ameliorating the severe cardiovascular
consequences. The excess adrenergic stimulation
results from the increased adrenergic receptor density,

ABCs
• Consult obstetrics for fetal monitoring

• Transfer to intensive care unit

• Provide supportive care
(hemodynamics, oxygen,

cooling)
• Fluid volume resuscitation
• Correction of electrolyte

abnormalities
• Treat precipitating event

• Administer loading dose
of PTU or methimazole,
followed by interval daily

dosing

Wait 30–60 minutes before iodine therapy

• Glucocorticoids (stress dose)
• Iodine therapy

• Beta-adrenoceptor antagonist

Reassess patient q1–2 hours
• Repeat TSH, FT4, FT3 daily x3, then weekly until

stable,
then q4–6 weeks until euthyroid

Figure 29.1. Management of thyroid storm in the pregnant patient. ABC, airway, breathing and circulation; FT3, free triiodothyronine; FT4, free
throxine; PTU, propylthiouracil; TSH, thyroid-stimulating hormone.
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which translates into a requirement for much higher
doses of beta-blocker to control hemodynamic seque-
lae adequately [4]. Propranolol is often the preferred
drug of choice because of its added benefit of reducing
conversion of T4 to T3. Relative contraindications are
the presence of reactive airway disease and a history of
moderate to severe congestive heart failure.

Glucocorticoids are usually given to inhibit the
peripheral conversion of T4 to T3. Stress doses should
be used as excess thyroid hormone can cause adrenal
insufficiency [10] by increasing cortisol metabolism
and clearance.

Antithyroid medications and iodides cross the pla-
centa and can effectively treat fetal hyperthyroidism.
The effect on the fetus, however, is not easily predicted,
and caution is required to not overtreat as this will
result in fetal hypothyroidism and goiter [7,10,11].
Radioactive iodine is contraindicated in pregnancy
[11]. The dose of antithyroid medications to control
fetal hyperthyroidism occasionally requires the mother
to receive concurrent T4 (levothyroxine) to prevent
maternal hypothyroidism. Fetal hyperthyroidism will

persist to birth and may last for several months until
maternal antibodies are cleared from the neonatal cir-
culation [9].

Supportive care is needed in combination with
thyroid-targeted pharmacological therapies, including
acetaminophen for treatment of pyrexia, external cool-
ing methods, correction of fluid losses, and dextrose
supplementation to replenish glycogen stores.
Nutritional deficiencies may coexist. Administering
thiamine before glucose prevents the potential devel-
opment ofWernicke’s encephalopathy [10]. Salicylates
should be avoided as they decrease thyroid-binding
globulin, thereby increasing free T4 in circulation [10].

Labor and delivery considerations
At or near term, delivery should be considered in the
case of impending thyroid storm once the maternal
condition is stabilized. Close maternal observation for
deterioration is essential, as both labor and cesarean
section can precipitate thyroid storm.

It is important to assess for fetal goiter prior to
delivery, as this can cause hyperextension of the neck

Box 29.1. Medical therapies for management of thyroid storm in pregnancy

Inhibition of new thyroid hormone production
* Propylthiouracil, 200–400 mg orally every 6–8 hours (also decreases conversion of thyroxine to triiodothyronine)
* Methimazole, 20–25 mg orally every 6–12 hours

Inhibition of thyroid hormone release from the gland
* Potassium iodide, 5 drops orally every 6 hours
* Lugol’s solution, 4–8 drops orally every 6–8 hours
* Sodium ipodate (308 mg iodine per 500 mg tablet), 1–3 g orally daily (also inhibits conversion of thyroxine to
triiodothyronine)

* Iopanoic acid, 1 g orally every 8 hours for 24 hours, then 500 mg orally every 12 hours (also inhibits conversion of
thyroxine to triiodothyronine)

Beta-adrenergic antagonism
* Propranolol, 60–80 mg orally every 4 hours or 80–120 mg every 6 hours
* Metoprolol, 100–200 mg orally daily

Supportive treatment
* Acetaminophen, 325–650 mg oral/rectal every 4–6 hours as needed: treatment of hyperthermia
* Hydrocortisone 100 mg intravenous every 8 hours: decreases conversion of thyroxine to triiodothyronine,
improves vasomotor stability

Alternative therapies
* Colestyramine (oral 4 g four times a day): decreases reabsorption of thyroid hormone from enterohepatic
circulation (NB no human studies in pregnancy have been conducted so use with caution)

Source: adapted from Nayak and Burman, 2006 [10].
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and malposition/malpresentation, which may necessi-
tate delivery by cesarean section. In severe goiter
where the airway is potentially compromised, cesarean
section and a fetal EXIT (ex utero intrapartum treat-
ment) procedure must be considered [12].

Fetal tachycardia is often found alongside maternal
tachycardia and can cause problems with interpreta-
tion of electronic fetal monitoring. Close liaison with
the neonatologist to ensure appropriate postnatal
investigation and monitoring is essential.

During thyroid storm, it is essential to stabilize the
maternal condition before embarking upon elective
delivery [1,13]. Once the storm is under control, it is
likely that pregnancy can continue if preterm.

Thyroid storm is associated with an increased risk
of preterm labor [14], and staff in the critical care
setting should be aware of this, along with the signs
and symptoms of labor. Beta-blockers have been used
effectively during labor to controlmaternal tachycardia.

Mxyedema coma
Clinical presentation
Myxedema coma is a life-threatening condition
that results from decompensated hypothyroidism.
Though rare, myxedema coma is a challenge to diag-
nose because of its insidious onset and lack of classic
signs and symptoms (Table 29.3). Mortality in the
non-pregnant population is estimated at 20–25%
[15]. Patients present with profound slowing and
impairment of metabolic and thermoregulatory
functions, accompanied by central nervous system
and hemodynamic instability; there is often an incit-
ing event such as infection, cold exposure, lung dis-
ease, stroke, heart failure, gastrointestinal bleeding,
acute trauma, poor compliance with thyroid hor-
mone replacement, or drugs (e.g. sedatives, tranquil-
izers, narcotics, amiodarone) [16].

Diagnosis
The diagnosis of myxedema coma is confirmed by
elevated serum TSH accompanied by low or undetect-
able free T4 and free T3. Critical illness can also provoke
a non-thyroidal illness – which may lower TSH levels
into the low–normal range [16]. Arterial blood gas
analysis can showhypercapnia, hypoxia, and respiratory
acidosis [15]. Additional laboratory findings include
hypoglycemia, hyponatremia, elevated creatine kinase,
elevated creatinine, hypercholesterolemia, elevated lac-
tate dehydrogenase, and normocytic anemia [15].

Maternal and fetal/neonatal risks
Maternal neurological, respiratory, and cardiovascular
dysfunction can lead to death if treatment is not ini-
tiated promptly. The metabolic consequences of severe
thyroid deficiency, largely hyponatremia and
decreased serum osmolality, contribute to progressive
deterioration [15]. Other adverse outcomes include
placental abruption, preterm birth, and low birth
weight [6,17]. Poor prognostic indicators include per-
sistent hypothermia below 33.9°C (93°F) after 3 days
of thyroid hormone replacement, advanced age, bra-
dycardia, hypotension, and cardiac complications (e.g.
heart failure, myocardial infarction) [6].

Management
Similar to thyroid storm, the management of the
pregnant patient with mxyedema coma requires con-
tinuous monitoring in an intensive care unit. A
standardized approach to thyroid hormone replace-
ment has not been developed, and the use of levo-
thyroxine (T4) monotherapy versus combination
therapy with levothyroxine and liothyronine (T3)
continues to be a topic of debate [16]. Current rec-
ommended dosing regimens for treatment of severe

Table 29.3. Signs and symptoms of myxedema coma

Organ
system

Clinical manifestations

Central
nervous system

Hypothermia (≤32.2°C), lethargy, slow
mentation, frank psychosis, focal or
generalized seizure (25% prevalence),
delayed or absent deep tendon reflexes,
poor memory

Cardiovascular Bradycardia, hypotension, shock,
pericardial effusion, heart failure (from
cardiac enlargement, depressed cardiac
contractility)

Respiratory Pleural effusion, marked hypoxia and
hypercapnia (from alveolar
hypoventilation), macroglossia and
submucosal edema of upper airways,
respiratory muscle weakness (from
hypothyroid myopathy)

Renal Hyponatremia (increased antidiuretic
hormone secretion), decreased
glomerular filtration rate

Gastrointestinal Paralytic ileus, megacolon (from gastric
atony or dysmotility), neurogenic
oropharyngeal dysphagia

Dermatological Dry, coarse skin, sparse hair, edema of
periorbital tissues/hand/feet
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hypothyroidism is based on clinical opinion rather
than scientific evidence. Monotherapy with levothyr-
oxine is often preferred because it provides a steady,
gradual onset of action without increased risk of
metabolic effects. Conversely, monotherapy with lio-
thyronine may provide better clinical response in the
setting of superimposed non-thyroidal illness, given
the impairment in T4 to T3 conversion. Liothyronine
therapy may expedite neurological recovery as stud-
ies in baboons have shown that T3 crosses the blood–
brain barrier more readily than T4 [15,16]. However,
these potential benefits do not overshadow the risk of
tachyarrhythmias and acute coronary events associ-
ated with liothyronine administration [16].

Combination therapy (T4/T3) has been cited in
several review articles. A loading dose of levothyrox-
ine (200–400 μg) for the initial 24–48 hours [15] is
followed by a physiological dose of 50–100 μg daily.
Liothyronine can be added at a dose of 10–20 μg
intravenously every 4 hours on the first day, followed
by gradual tapering and discontinuation by day 4
(Figure 29.2) [15]. Treatment of the pregnant patient

may require higher or more frequent dosing given
changes in body mass and circulating binding glob-
ulins. Glucocorticoids in stress doses (50–100 mg
every 6 or 8 hours) should also be administered intra-
venously because of the risk of relative adrenal insuf-
ficiency that can accompany severe thyroid disease
[3,15,16]. Finally, management should also include
treatment of any precipitating factor, such as
infection.

Labor and delivery considerations
Close liaison with neonatologists to ensure appropri-
ate postnatal investigation and monitoring is essential.

Severe hypothyroidism can slow metabolism of
anesthetic agents and increase the risk of hypothyroid-
ism and bradycardia.

Adrenal crisis
Adrenal crisis refers to an acute state of glucocorticoid
deficiency either as a de-novo presentation or in some-
one known to have adrenal insufficiency. Precipitating

ABCs
• Consult obstetrics for fetal monitoring

• Transfer to intensive care unit

• Provide supportive care
(hemodynamics, oxygen,

warming)
• Fluid volume resuscitation
• Correction of electrolyte

abnormalities
• Treat precipitating event

• Administer loading dose
levothyroxine, 200–400 µg IV,

then 50–100 µg daily

• Start liothyronine 10–20 µg IV daily
• Slow taper, then discontinue by day 4

• IV stress dose glucocorticoids

Reassess patient q1–2 hours
• Repeat TSH, FT4, FT3 daily x3, then weekly until

stable,
then q4–6 weeks until euthyroid

Figure 29.2. Management of myxedema coma in the pregnant patient. ABC, airway, breathing, and circulation; FT3, free triiodothyronine;
FT4, free throxine; IV, intravenous.

Chapter 29: Endocrine disease

327



events include infection, sepsis, pregnancy, labor and
delivery, surgery, pre-eclampsia, heat, fever, and ill-
ness that requires intensive care [18]. The causes of
adrenal insufficiency are listed in Table 29.4 [18].

Clinical presentation
The pregnant patient with acute adrenocortical failure
will present with rapid onset of hemodynamic insta-
bility, fever, and altered level of consciousness. Other
clinical manifestations include bradycardia, hypother-
mia, refractory hypoglycemia, malaise, non-specific
abdominal pain, nausea and vomiting, anorexia,
weight loss, and slow respirations [18]. Loss of miner-
alocorticoid function (from aldosterone deficiency)
results in hyperkalemia, hyponatremia, and intravas-
cular volume depletion. Primary adrenal insufficiency
is also associated with excess melanocyte-stimulating
hormone (cleavage product of the adrenocorticotropic
hormone (ACTH) precursor), resulting in hyperpig-
mentation [18].

Diagnosis
Women with mild adrenal insufficiency may only
present at the onset of labor, in the early postpartum
period, or with intercurrent illness in pregnancy. If

clinically suspected, serum cortisol and ACTH should
be immediately measured and then treatment with
intravenous glucocorticoids can be started while
awaiting results. Baseline cortisol levels can be higher
than expected in the non-pregnant state because of the
physiological changes of pregnancy [19]. A definitive
diagnosis requires dynamic testing with an ACTH
(cosyntropin) stimulation test (Figure 29.3) [18].
Serum cortisol levels are expected to at least double
from baseline within 30 minutes of ACTH adminis-
tration [19]. Serum ACTH levels distinguish primary
(adrenal) from secondary (hypothalamic–pituitary)
causes of adrenal insufficiency. Dexamethasone does
not interfere with dynamic testing and can be safely
administered while waiting to conduct the ACTH
stimulation test [19].

Maternal and fetal/neonatal risks
Acute adrenal crisis in the pregnant patient, if left
untreated, is associated with high risk of maternal
and fetal mortality. Maternal adrenal insufficiency is
also reported to confer risk of intrauterine growth
restriction, neonatal hypoglycemia, and low birth
weight [19].

Management
In general, the patient should receive 150–300 mg
hydrocortisone intravenously over 24 hours either
with a continuous infusion or as dosing every 6–8
hours. A gradual tapering in dose and conversion to
the oral route occurs with clinical improvement (Box
29.2) [19,20]. Any precipitating stressors (i.e. infec-
tion) should be treated. Mineralocorticoid replace-
ment is unnecessary in the acute phase, as
hydrocortisone doses of 50 mg or more per day are
equivalent to ≥0.1 mg fludrocortisone [20]. Once the
acute situation resolves, chronic glucocorticoid
(hydrocortisone or prednisone) and aldosterone (i.e.
fludrocortisone) replacement should continue [19].
Prior to discharge, patients should be educated on
the signs and symptoms of emerging adrenal crisis,
including dose adjustments during acute physical
stress and illness.

Labor and delivery considerations
If labor coincides with adrenal crisis, or delivery is
indicated, steroid administration and correction of
electrolyte imbalances are essential.

Table 29.4. Etiology of adrenal insufficiency

Primary (adrenal gland) Secondary
(hypothalamic–pituitary)

Autoimmune Abrupt withdrawal of
exogenous

Bilateral adrenalectomy Exogenous corticosteroid
therapy

Trauma, hemorrhage Lymphocytic hypophysitis

Drugs (ketoconazole,
mitotane, metyrapone,
aminoglutethamide)

Tumor (hypothalamic or
pituitary tumor,
craniopharyngioma,
meningioma, glioma,
chordoma, metastases)

Infection (tuberculosis, HIV,
fungal)

Infections (meningitis,
encephalitis, tuberculoma)

Genetic (hyperplasia,
familial glucocorticoid
deficiency)

Trauma, hemorrhage,
infarction (Sheehan
syndrome, eclampsia,
apoplexy)

Neoplasia (lung, breast,
gastric, malignant
melanoma, lymphoma)

Infiltrative (sarcoidosis,
amyloidosis,
hemochromatosis,
histiocytosis)
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Pituitary apoplex
Pituitary tumor apoplexy is a life-threatening condi-
tion of acute pituitary insufficiency, often secondary
to, but not exclusive to, infarction or hemorrhage
of an existing pituitary adenoma. Hyperplasia of
the lactotroph cells results in an increase in pituitary

gland size by 70% by the third trimester, which
increases the risk of apoplexy for pregnant women
[21], with tumors >1.0 cm associated with the greatest
risk [19]. This differs from Sheehan syndrome,
which is postpartum hypopituitarism that results
from pituitary necrosis caused by severe hypotension

Draw blood for evaluation of electrolytes, urea, creatinine, glucose, cortisol, ACTH
(send ACTH in chilled heparinized tube transported on ice )

Start IV 5% dextrose in normal saline (rate dependent on volume status)

Step 1

Step 2

Step 3

Step 4

Step 5

Administer IV dexamethasone 2–4 µg as a single dose

Administer cosyntropin 250 µg IV or IM, with cortisol drawn at 30 and 60 minutes after
injection

Begin hydrocortisone 100 µg IV q8 hours after dynamic testing completed and cortisol
levels obtained

Figure 29.3. Diagnosis of adrenal insufficiency with concomitant treatment. ACTH, adrenocorticotropic hormone; IM, intramuscular; IV,
intravenous.

Box 29.2. Glucocorticoid therapy for adrenal crisis in the pregnant patient in labor,
surgery, or other severe stress

1. Airway, circulation, and breathing check, supportive care (i.e. vasopressors, fluid, correction of electrolyte
abnormalities)

2. Consult obstetrics
3. Hydrocortisone 150 mg intravenous continuously for first 24 hours, or hydrocortisone 100 mg intramuscular or

intravenous every 6 or 8 hours
4. Hydrocortisone 100 mg intramuscular or intravenous on call to operating room or at onset of labor, and for

duration of event
5. Postpartum day 1: taper hydrocortisone to 50 mg intramuscular or intravenous every 8 hours
6. Postpartum day 2: taper hydrocortisone to 25–50 mg orally or intravenous every 8 hours; resume higher doses of

hydrocortisone for major procedures or if patient becomes unstable and reinstate a slower tapering regimen
7. Postpartum day 3: hydrocortisone 25 mg orally or intravenous every 8–12 hours and start fludrocortisone 0.1 mg

orally daily
8. Discharge regimen: hydrocortisone 15 mg orally in the morning and 10 mg in the evening plus fludrocortisone

0.1 mg orally daily (range, 0.05–0.2 mg daily)
9. Referral to endocrinology or internal medicine for outpatient management

Source: Malcolm and Keely, 2008 [19].
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or shock secondary to massive bleeding during or
shortly after delivery [17].

Clinical presentation
The presentation of apoplexy depends on the effects
of the space-occupying mass and loss of pituitary
function. Classic symptoms include severe headache
(often frontal or retro-orbital), nausea, vomiting,
vision loss, and cranial nerve (III, IV, V, VI) palsies
[3,25]. In rare cases, the internal carotid artery can
be compressed or have vasospasm, causing syncope,
hemiplegia, or seizure. Superior extension will com-
press the optic apparatus, causing decreased visual
acuity and visual field deficits. Signs of meningismus
(e.g. fever, meningismus, altered level of conscious-
ness, nausea, and vomiting) may also be present [3].
Inferior expansion can be associated with epistaxis
or cerebral spinal fluid rhinorrhea.

Diagnosis
Prompt recognition and diagnosis can reduce mater-
nal morbidity, including vision loss, progressive cra-
nial nerve palsies, and consequences of untreated
hypopituitarism.

Biochemical testing should include serum electro-
lytes, glucose, creatinine, serum osmolality, random
cortisol, ACTH, TSH, free T4, prolactin, growth hor-
mone, insulin-growth factor 1, and urine electrolytes
and osmolality. Interpretation must take into account
normal pregnancy changes. Magnetic resonance imag-
ing is most specific. If not available, CT with abdomi-
nal shielding may be done [22].

Maternal and fetal/neonatal risks
The impact of apoplexy on maternal and fetal well-
being is dependent on the degree of pituitary gland
dysfunction. Deficits in ACTH result in glucocorticoid
insufficiency, manifesting as maternal hypotension,
fetal distress from placental hypoperfusion, and hypo-
natremia [22,23]. Serum potassium is unaffected
because of stimulation of aldosterone by the renin–
angiotensin system. Central hypothyroidism, caused
by TSH deficiency, may carry the same risks as dis-
cussed above. Growth hormone is reported to play an
important role in placental function and fetal growth,
particularly preconception and in early pregnancy
[23]. Acute deficiency may predispose to placental
dysfunction and poor fetal growth. If the posterior
pituitary function is compromised, insufficient

antidiuretic hormone (diabetes insipidus) can cause
severe intravascular volume depletion, hypernatremia,
and death.

Management
The patient should be managed in an intensive care
setting, with close monitoring of neurological and vital
signs and surveillance for development of deficits. The
most clinically relevant and life-threatening risk to
both mother and fetus is ACTH deficiency. If possible,
serum for baseline biochemistry and pituitary hor-
mone function should be collected before administra-
tion of stress-dose glucocorticoids [19]. Dosing of
glucocorticoids and tapering regimen is the same as
discussed above for adrenal crisis. Thyroid hormone
replacement is not required in the acute setting of
pituitary apoplexy because of the long half-life of T4,
but should be evaluated again by measuring free T4

4–6 weeks after apoplexy, or earlier if the patient
develops symptoms of hypothyroidism. Once stable,
the patient should undergo urgent imaging of the sella
and suprasellar regions.

Trans-sphenoidal decompression should be
considered if there is coma, visual loss, or a rapidly
deteriorating clinical course [3,21]. Conversely, a con-
servative approach (non-surgical) has been recommen-
ded in patients with unilateral ophthalmoplegia and/or
partial visual field deficits, and stable mental status,
as most will resolve with expectant management
(watchful waiting with close monitoring). This is par-
ticularly applicable in patients with prolactin-secreting
adenomas, as dopamine agonist therapy is highly effec-
tive and recommended as first-line therapy [19,23].
Several published case series have found similar rates
of improvement in visual field deficits or acuity with
conservative treatment and surgical decompression
(mean improvement 70% and 75%, respectively).

Labor and delivery considerations
If labor coincides with pituitary apoplexy, or delivery
is indicated, steroid administration and correction of
electrolyte imbalances are essential. If there is hemor-
rhage or a rapidly expanding tumor, neurosurgical
input is required to assess whether the Valsalva
maneuver in the second stage is safe or not. If deemed
unsafe, delivery by cesarean section, or elective forceps
delivery, would be indicated.

Regional anesthetic techniques may not be
appropriate in patients with a rapidly expanding
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large pituitary tumor, and close liaison with the
neurosurgeon and early involvement of an experi-
enced obstetric anesthesiologist is essential in these
cases.

Management of hypercalcemia
in pregnancy
Calcium homeostasis is altered in pregnancy and must
adapt to the increased demands of the fetus and pla-
centa. Levels of calcitriol (1,25-dihydroxyvitamin D),
parathyroid hormone (PTH)-related peptide, and uri-
nary calcium excretion are increased. Total serum
calcium is slightly decreased [24]; however, ionized
calcium levels remain unchanged. Serum PTH levels
initially decline, reaching a nadir between 16 and 20
weeks of gestation, followed by a gradual increase
thereafter [25]. Several pregnancy tissues produce
PTH-related peptide, including placenta, amnion,
decidua, mammary tissue, and fetal parathyroid
glands [26].

Hypercalcemic crisis. Fewer than 200 cases of
hyperparathyroidism in pregnancy have been
reported, with hypercalcemic crisis occurring
in only 8% [26]. Benign parathyroid adenomas
account for 89% of cases diagnosed during
pregnancy or after delivery [27].

Hypocalcemia crisis. This is rare and most often
exclusive to patients with previous thyroid or
parathyroid surgery, when replacement doses
of calcium and vitamin D may be inadequate.

Because of the rarity of hypocalcemia crisis, this sec-
tion will focus on hypercalcemic crisis (Table 29.5).

Clinical presentation
Severe hypercalcemia is life threatening to both
mother and fetus, with profound dehydration and
neuromuscular complications that quickly develop
without proper management. Hyperchloremic meta-
bolic acidosis develops under the influence of PTH
from decreased bicarbonate reabsorption in the prox-
imal renal tubule [25]. The symptoms of severe hyper-
calcemic crisis are listed in Table 29.5.

Diagnosis
The classic findings of serum PTH at the upper limit of
normal or higher, elevated ionized calcium levels, and
low–normal or decreased serum phosphorus (phos-
phates) confirm the diagnosis of primary hyperpara-
thyroidism [28]. If PTH is suppressed, other causes, in
particular malignancy-associated hypercalcemia, sar-
coidosis, and ingestions, should be pursued.

Localization of a parathyroid adenoma or glandu-
lar hyperplasia in pregnancy can be more challenging
as parathyroid scintigraphy (e.g. Sestamibi scan)
requires ionizing radiation and should not be used
[29]. Ultrasound can be safely used; however, the sen-
sitivity in localizing a parathyroid adenoma is subop-
timal at 50–60% [29].

Maternal and fetal/neonatal risks
Hyperparathyroidism can result in considerable mor-
bidity for the mother and fetus. Maternal risks include
pancreatitis, nephrolithiasis, changes in mental status,
nausea, vomiting, seizures, and pre-eclampsia.

Neonatal tetany is the most frequent complication
associated with untreated maternal hyperparathyroid-
ism, occurring in 15% of affected pregnancies [24].
Chronic maternal hypercalcemia creates high levels of
serum calcium in the fetus and suppresses the fetal
parathyroid glands. Neonatal hypocalcemia and hypo-
parathyroidism are often transient and typically resolve
within 3 to 5 months. Severe maternal hypercalcemia
also increases stillbirth and miscarriage rates [24,26].
Perinatal mortality of 25% has been reported [29].

Management
A multidisciplinary team including a maternal–fetal
medicine specialist, an endocrinologist, and an expe-
rienced parathyroid surgeon should guide treatment.
Vigorous intravenous fluid therapy is essential to
replace volume losses caused by increased diuresis.
Surgical treatment of primary hyperparathyroidism

Table 29.5. Symptoms of severe hypercalcemia

Symptoms Causes

Dehydration Electrolyte disturbances (e.g. hyper- or
hyponatremia)

Renal Nephrolithiasis, nephrocalcinosis, renal
failure, hyperchloremic metabolic
acidosis

Cardiac Hypertension (pre-eclampsia),
arrhythmias

Gastrointestinal Peptic ulcer, pancreatitis, constipation,
anorexia, nausea, vomiting

Neurologic Weakness, depression, impaired
memory, hyporeflexia, psychosis, stupor,
coma
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should be considered for all pregnant women with
symptomatic and/or severe hypercalcemia. Ideally,
surgery should be performed during the middle of
the second trimester, following completion of embryo-
genesis and before the gestational age of viability [25].
This period is thought to reduce risk of premature
labor and anesthesia exposure to the fetus. However,
parathyroid surgery has also been safely performed in
the third trimester [30]. No satisfactory medical ther-
apy exists as an alternative and superior management
option. Bisphosphonates are contraindicated because
of their effects on fetal skeletal development [24,29].
Calcitonin does not cross the placenta and has been
used safely in pregnancy [30]. High-dose magnesium
has also been proposed, because of its activation of the
calcium-sensing receptor, which leads to a reduction
in serum PTH and calcium, although its true effective-
ness remains unclear [31]. In extremely resistant
hyperparathyroidism, unstable patients, or poor sur-
gical candidates, dialysis may be used [28].

Labor and delivery considerations
At or near term, medical management and maternal
stabilization, using dialysis if necessary, followed by
delivery (vaginally unless there are other contraindi-
cations) should occur prior to surgery. In the preterm
situation, definitive maternal treatment should allow
the pregnancy to continue. If delivery occurs at the
time of a hypercalcemic crisis, close attention to fluid
balance and renal function are essential.

Close liaison with the neonatologists to ensure
appropriate postnatal investigation and monitoring
for neonatal tetany is essential.

Diabetes emergencies
In pregnancy, diabetic ketoacidosis (DKA) and the
hyperosmolar hyperglycemic state (HHS) typically
occur in the second and third trimesters, affecting an
estimated 1–2% of pregnancies [32]. Traditionally,
DKA has been associated with the insulin deficiency
that occurs in type 1 diabetes; however, it is now recog-
nized to occur in some subgroups of type 2 diabetes that
are relatively insulin insufficient and ketosis prone.
There are rare reports in gestational diabetes [33,34].

Causes of DKA in pregnancy include interruption
of insulin treatment, previously undiagnosed type 1
diabetes, infection, emesis, glucocorticoid administra-
tion for fetal lung maturation, and beta-mimetic toco-
lytics [32–36]. Several changes that occur in pregnancy

predispose to DKA, including an accelerated starva-
tion state with enhanced lipolysis, lower buffering
capacity (i.e. from lower serum bicarbonate to com-
pensate for a baseline primary respiratory alkalosis),
and relative insulin resistance [32].

Clinical presentation
The onset of DKA is typically rapid, developing within
24 hours, although the symptoms may be present for
several days:

* malaise
* dehydration
* polydipsia
* polyuria
* acetone breath
* cardiovascular: hypotension, tachycardia
* gastrointestinal: nausea, vomiting, abdominal

pain, ileus
* respiratory: tachypnea, Kussmaul respiration
* neurologic: drowsiness, mental status change,

lethargy, coma, shock.

In contrast, HHS develops over days to weeks. Clinical
signs and symptoms often overlap for both conditions
and include profound volume contraction, nausea,
vomiting, abdominal pain, altered mental status
(worse with HHS caused by elevated serum osmolality),
acetone-odoured breath and Kussmaul breathing
(DKA only), polyuria, polydipsia, and hypothermia
[32]. Depletion of the effective circulating volume
should not be underestimated; average water loss is
100 mL/kg in DKA and 100–200 mL/kg in HHS [37].

Diagnosis
The classic biochemical findings are arterial pH ≤7.3,
plasma glucose ≥14 mmol/L, positive serum and/or
urine ketones, elevated anion gap >12, and
serum bicarbonate ≤15 mmol/L [37]. In HHS, there
is more profound hyperglycemia (plasma glucose
≥34 mmol/L) and volume contraction, with minimal
acid–base disturbance [37]. Hyperglycemia and pro-
found water losses result in elevation of plasma osmo-
lality. In DKA, plasma osmolality is generally
≤320 mmol/kg, while HHS results in an increase to
≥320 mmol/kg.

The pregnant patient will develop more rapid
changes in pH because of the physiological respiratory
alkalosis, lower bicarbonate levels, and associated
reduced buffering capacity. Glucose levels will be
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lower compared with the severity of the acidosis than
normally seen in the non-pregnant state. In one cohort
study comparing pregnant and non-pregnant women
with DKA, the initial glucose was 16.3 and 27.5 mmol/
L, respectively [38]. Plasma sodium is appropriately
lower in the setting of hyperglycemia [32].

Maternal and fetal/neonatal risks
The impact of hyperglycemic emergencies affects both
mother and fetus simultaneously. Estimates for rates
of fetal loss range from 9 to 35%, but this can be greatly
reduced by prompt recognition and treatment [32].
The passage of ketone bodies across the placenta pre-
disposes to fetal acidosis and blood flow redistribu-
tion, which is reversible with medical management of
the mother [32].

Management
Patients with DKA and HHS require close monitoring
in an intensive care unit and frequent biochemical
reassessments (every 1–2 hours) until the patient is
stabilized and metabolic derangements corrected.
Goals of management include restoration of the effec-
tive circulating volume and tissue perfusion, correc-
tion of electrolyte imbalance and hyperglycemia, and
cessation of ketoacid production via administration of
insulin [37]. Starvation ketosis often plays a significant
role in ketoacid production in the pregnant patient, so
administration of dextrose with insulin is essential to
meet the needs of the fetal–placental unit until the
patient is eating normally [36,39]. Given that fetal
condition improves with maternal stabilization,
immediate delivery of the fetus is not recommended.
Fetal assessment should be undertaken at regular
intervals, under the direction of an obstetrician.

We caution against rapid re-expansion of extrac-
ellular fluid volume because of the risk of cerebral
edema. Plasma osmolality should be lowered no faster
than 3 mmol/kg per hour [37]. Short-acting insulin
dosed at 0.1 U/kg per hour should be administered
intravenously for both DKA and HHS [37]. Use of
intravenous sodium bicarbonate is reserved for
patients in shock or with arterial pH ≤7.0 to avoid
the potential risks of hypokalemia and induction of
metabolic alkalosis [37]. Potassium chloride should be
added to intravenous fluid therapy as soon as its serum
level is 5.0 mmol/L [37]. If potassium levels are low
on initial investigations, there is a severe potassium

deficiency and it must be replaced urgently to avoid
further falls when intravenous insulin is initiated.

Labor and delivery considerations
Abnormal fetal monitoring often seen during DKA
(e.g. reduced baseline variability and recurrent late
decelerations) reverses with maternal treatment and
resolution of DKA [40,41] and is not an indication for
immediate delivery, as this may compromise the
mother further with no evidence of benefit for the
baby [32,36]. If labor coincides with DKA, close
maternal and fetal monitoring are indicated with
aggressive maternal treatment. Mode of delivery is
dictated by obstetric indications.
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Acute abdomen
Stephen Lu, Nova Szoka, Ulrich J. Spreng, and Vegard Dahl

Introduction
The term acute abdomen refers to the sudden onset of
severe abdominal pain, tenderness, and muscular
rigidity, whichmay be caused by inflammation, obstruc-
tion, perforation, infarction, or rupture of abdominal
organs. In addition, medical illnesses such as diabetic
ketoacidosis or a serious general viral infection such as
influenza can mimic an acute abdomen. During preg-
nancy, the obstetrician/gynecologist and/or surgeon face
the difficult task of distinguishing between obstetric and
non-obstetric causes of the acute abdomen and in deter-
mining appropriate surgical and non-surgical manage-
ment. Historically, there has been a general reluctance to
operate on pregnant women because of concerns that
surgical intervention may jeopardize the well-being of
either mother or fetus. Approximately 1–2% of all preg-
nant women will undergo non-obstetric surgery during
gestation [1].

Differential diagnosis
Figure 30.1 shows the potential causes.

Management of acute abdomen
in pregnancy
Management of the pregnant woman with an acute
abdomen is a typical multidisciplinary challenge.
Regardless of the type of surgery and anesthesia,
close cooperation and communication between sur-
geons, anesthesiologists, obstetricians, radiologists,
the intensivist, as well as nurses and midwives, is
essential. Box 30.1 recommends how to proceed with
diagnosis and treatment.

In the subsequent sections of this chapter, it is
important to note there is little literature on how
critical illness alters the presentation of surgical disease

in the gravid patient. It is, therefore, necessary to
extrapolate somewhat from how critical illness affects
the presentation of non-pregnant women.

Non-obstetric causes of acute
abdomen in pregnancy

Gastrointestinal causes
Appendicitis
Appendectomy is themost common non-gynecological
surgery performed for pregnant women and approxi-
mately 50% present during the second trimester [2].
The incidence of appendicitis during pregnancy is 1 in
1500 [3]. Although growth of the gravid uterus pushes
the appendix superiorly and posteriorly in the perito-
neal cavity, the literature consistently reports right
lower quadrant pain being the most common present-
ing symptom of appendicitis in any trimester.
Additional symptoms include nausea, vomiting, ano-
rexia, fever, and leukocytosis. Since nausea, vomiting,
and leukocytosis may occur during normal pregnancy,
the diagnosis of appendicitis can be challenging.
Leukocytosis, which is a useful diagnostic sign in the
non-pregnant population, cannot be trusted in preg-
nant women [3].

A critically ill patient with appendicitis may have a
more severe presentation of the above symptoms,
including a higher white blood cell count, criteria of
the systemic inflammatory response syndrome or sep-
sis, or possible appendiceal perforation.

The initial workup for appendicitis should include
history and physical examination and laboratory tests
(electrolytes, complete blood count/differential) fol-
lowed by selective use of imaging. Few data exist on
the accuracy of imaging studies in the diagnosis of
appendicitis in pregnancy [4]. The initial imaging
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modality of choice is right lower quadrant ultrasound,
which is reported to have a sensitivity of 86% and
specificity of 81%. Although this test is non-invasive,
rapid, inexpensive, and does not use ionizing radiation,
it is operator dependent and is often difficult to inter-
pret because of patient characteristics, such as obesity or
a retrocecal appendix [4]. Additional imaging with CT
or MRI can decrease the negative appendectomy rate
[4,5]. One study demonstrated the negative appendec-
tomy rate to be 54% in patients with clinical evaluation
alone, 36% in patients who undergo abdominal ultra-
sound, and 8% in patients who have both ultrasound
and CT scan. There was a significant reduction in the
negative appendectomy rate in the ultrasound/CT scan
group compared with the clinical evaluation group
(54% versus 8%) [4]. Because of concerns about the
radiation exposure incurred from CT, MRI is also
being explored as a diagnostic modality for pregnant
women, with one study reporting a negative appendec-
tomy rate for MRI of 3% [5].

Lung

Pneumonia
Acute pulmonary embolus

Heart

Acute myocardial infarction
Pericarditis

Stomach

Peptic ulcer

Kidney

Glomerulonephritis
Pyelonephritis

Ureters

Kidney stone
obstruction

Trauma

Gynecology

Myoma
Fallopian tube torsion

Ovarium cyst
Tumor

Ectopic pregnancy
Hemorrhage

Liver

Acute fatty liver of pregnancy
HELLP sydrome

Gall bladder/Biliary tract

Cholecystitis
Pancreatitis

Intestines

Acute intestinal obstruction
Appendicitis

Figure 30.1. Differential diagnosis in
acute abdomen in pregnancy.

Box 30.1. Management of acute abdomen
in pregnancy

* Obtain history
* Physical examination
* Place peripheral intravenous line and begin fluid
resuscitation if indicated

* Insert nasogastric tube if significant vomiting is
present

* Evaluate laboratory studies: serum electrolytes,
complete blood count with differential, liver
function tests, lipase, partial thromboplastin time,
prothrombin time/international normalized. ratio,
urinalysis

* Consider radiographic studies: ultrasonography,
radiography, CT, MRI

* Fetal monitoring is recommended after the 24th
week of gestation

* Identify conditions that require immediate
operation.
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Once the diagnosis of appendicitis has been estab-
lished, treatment is surgical, via an open or laparo-
scopic appendectomy. Multiple small case series since
the early 2000s show that laparoscopic appendectomy
is a safe procedure for pregnant women and has few
complications, with low rates of maternal mortality
and fetal loss. There is no difference in preterm deliv-
ery rates or fetal outcome in open versus laparoscopic
appendectomy [2]. The benefit of the laparoscopic
approach includes decreased postoperative pain,
shorter hospital stay, and lower hospital costs. The
most common complications following surgery for
appendicitis include premature uterine contractions
(25%) and preterm labor (13%), wound infection
(8%), sepsis (2%), and miscarriage (2%) [6]. Also of
concern are postoperative deep venous thrombosis
and pulmonary embolism.

An area of controversy is the treatment of perfo-
rated appendicitis during pregnancy. One study
reports a perforation rate of 15%, with 25% of per-
forations occurring in the third trimester. The rate of
complications is higher in perforated appendicitis
(52% versus 17%) [6]. Perforation is associated with
a maternal mortality rate close to zero, an infant
mortality rate of 3–8%, and a miscarriage rate of
8% [4,6]. In the non-pregnant patient, the trend has
been toward non-operative management of perfo-
rated appendicitis, with drain placement and consid-
eration of interval appendectomy. There are no
studies that have evaluated drain placement and
interval appendectomy for pregnant women with
perforated appendicitis.

Laparoscopic appendectomy is a feasible proce-
dure for the treatment of acute appendicitis in all
trimesters of pregnancy. The current literature
suggests that there is no significant difference in
outcomes between the trimesters, although defini-
tive conclusions are difficult because of the small
sample sizes.

Bowel obstruction
Bowel obstruction in pregnancy is a rare condition,
with a reported incidence varying widely, from 1 in
1500 to 1 in 66 000 [7]. Many of the data are decades
old, representing individual case reports with low stat-
istical power. Newer data indicate that the rate of
bowel obstruction may be higher than previously esti-
mated. Since the 1980s, maternal mortality has
decreased from 12% to 6%; however, infant mortality
has remained high at 20–26% [8].

This condition presents with diffuse abdominal
pain, nausea/vomiting, and loss of appetite. In preg-
nant women, causes include adhesions (58%), volvulus
(24%), intussusception (5%), as well as hernia, carci-
noma, and appendicitis [7]. Small bowel obstruction is
more common than large bowel obstruction. Large
bowel obstruction is caused by cecal or sigmoid
volvulus.

Diagnosis can be made with an upright abdominal
film demonstrating air–fluid levels. The use of ultra-
sound has a low sensitivity, whereas MRI will achieve a
correct diagnosis more often.

Treatment is an exploratory laparotomy when
signs of intestinal ischemia or bowel perforation are
present; otherwise conservative management with
serial abdominal examinations and close monitoring
can be used. Because of the high rate of maternal
morbidity and fetal mortality associated with this con-
dition, a high index of suspicion is necessary for
prompt diagnosis, particularly in women presenting
with a history of previous abdominal or pelvic surgery,
and aggressive intervention is warranted [7,8].

The critically ill parturient is at high risk of devel-
oping non-obstructive motility disorders of both the
small bowel and colon. Both ileus and acute colonic
pseudo-obstruction are associated with a variety of
metabolic and pharmacological conditions, ischemia,
sepsis, and narcotic use. Critically ill patients are also
at a risk of developing toxic megacolon, which is a
serious complication of inflammatory bowel disease
(IBD) or infectious colitis. Treatment is generally sup-
portive, with source control and appropriate antibiot-
ics for sepsis, along with restoration of vascular
volume. For colonic pseudo-obstruction (Ogilvie syn-
drome), with impending cecal ischemia, it is impor-
tant to exclude mechanical obstruction. A trial of
neostigmine can then be considered. As neostigmine
may cause bradyarrythmia and bronchospasm, the
patient should be adequately monitored and atropine
should be available. If neostigmine is not successful,
colonoscopic decompression may be considered.
Resection may be required in a minority of patients.

Inflammatory bowel disease
The term inflammatory bowel disease encompasses
both Crohn’s disease and ulcerative colitis. It affects
women during their reproductive years and can, there-
fore, impact family planning decisions. Several studies
have demonstrated that there is an increased risk of
preterm birth and low birth weight among infants of
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women with IBD. Disease activity at conception and
during pregnancy is associated with increased compli-
cations; however, pregnant women with Crohn’s
disease or ulcerative colitis are as likely to flare as non-
pregnant women with the disease (~30% per year).
There are few data published on acute abdominal com-
plications of women with IBD. One study from 2005
described five patients who underwent subtotal colec-
tomy for fulminant ulcerative colitis and then went on
to have successful pregnancies [9]. Other sources report
the ideal window for non-obstetric surgical intervention
in patients with IBD is the second trimester, but that the
third trimester is also low risk without significant
adverse pregnancy outcomes. Data also indicate
women with IBD have a higher rate of cesarean sections
than the general population.

Spontaneous esophageal rupture
Nausea and vomiting affect the majority of pregnant
women. Spontaneous esophageal rupture (Boerhaave
syndrome) is a rare condition usually caused by intense
vomiting; there are five reported cases of spontaneous
esophageal rupture in pregnancy caused by vomiting.
This condition requires prompt diagnosis and treat-
ment to prevent fulminant mediastinitis and death.
Presenting symptoms include vomiting, sudden chest
and abdominal pain, and subcutaneous or mediastinal
emphysema. Chest radiograph can aid in diagnosis.
Treatment is emergency surgical repair [10].

Peptic ulcer disease and perforated gastric ulcer
Several epidemiological studies support a decreased
incidence of peptic ulcer disease during pregnancy.
One study of 17 032 women reported a rate of 0.26
peptic ulcers per 1000 pregnant women [11]. Another
10-year multicenter study reported six cases of peptic
ulcer disease among 149 500 pregnancies [12]. Several
endoscopic studies confirm that gastroesophageal
reflux disease is increased while peptic ulcer disease
is decreased during pregnancy. Several hypotheses
exist as to why pregnant women have a decreased
incidence of peptic ulcer disease, including increased
gastric mucus production, protective effect of preg-
nancy hormones, and immunological tolerance; how-
ever, these have not been confirmed. Risk factors for
pregnant women are the same as those for the general
population and include smoking, use of non-steroidal
anti-inflammatory drugs, alcoholism, gastritis, and
Helicobacter pylori infection. Symptoms include burn-
ing epigastric pain, anorexia, nausea/vomiting, and

abdominal distention. Initial therapy includes lifestyle
and diet changes. Women are recommended to avoid
stress, anxiety, night-time snacks, fatty foods, acidic
drinks, caffeine, chocolate, salicylates, alcohol, and
tobacco. Treatment is with histamine receptor antag-
onists. Failure of conservative therapy warrants inva-
sive testing (esophagogastroduodenoscopy) or proton
pump inhibitor therapy; however, the proton pump
inhibitors have a less favorable safety profile in
the pregnant population. Pregnant women with hemo-
dynamically significant upper gastrointestinal bleed-
ing should undergo esophagogastroduodenoscopy.
Indications for surgery include ulcer perforation,
ongoing active bleeding from an ulcer requiring trans-
fusion of six or more units of packed erythrocytes,
gastric outlet obstruction refractory to intense medical
therapy, and a malignant gastric ulcer without evident
metastases [13].

Biliary tree and pancreas
Cholecystitis
Acute cholecystitis is the second most common non-
obstetric emergency in pregnant women. Risk factors
include age, female sex, recent pregnancy, and family
history. The reported incidence of gallstones varies
between 1 and 12% of parturient patients, and biliary
sludge is present in up to 30%. Elevated estrogen and
progesterone levels are believed to predispose pregnant
women to biliary sludge and gallstone formation.
Estrogen increases bile lithogenicity and progesterone
impairs gallbladder emptying [14]. Despite the increased
tendency toward biliary sludge and gallstone formation
in pregnancy, acute cholecystitis does not occur more
often in pregnant women, affecting 1 in 1000.

The presentation of acute cholecystitis in pregnant
women is identical to its presentation in the general
population. Symptoms include postprandial right
upper quadrant pain that can radiate to the epigas-
trium or back, with associated nausea, vomiting, and
anorexia. Additional findings may include fever,
tachycardia, leukocytosis, positive Murphy’s sign, sep-
sis, or jaundice. Ultrasonography is the most accurate
test for detecting gallstones. Positive findings include
gallstones, gallbladder wall thickening (3–5 mm), peri-
cholecystic fluid, a sonographic Murphy’s sign, and a
normal common bile duct.

Approximately a third of pregnant patients with
cholelithiasis become symptomatic, and they may
require surgical intervention with open or laparoscopic
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cholecystectomy [14]. Newer data show that women
with symptomatic biliary colic treated conservatively
have a recurrence rate as high as 38%. Relapse can
lead to longer hospital stay, premature delivery, and
labor induction.

As use of laparoscopic cholecystectomy has
increased, multiple small case series show no signifi-
cant differences in preterm delivery rates and fetal
outcomes in patients treated with open versus laparo-
scopic cholecystectomy. Similar data suggest that lap-
aroscopic cholecystectomy is safe throughout
pregnancy, although published guidelines still state a
preference for open surgery during the second
semester.

Another complication of gallstones is choledocho-
lithiasis, when a gallstone obstructs the common bile
duct, leading to severe right upper quadrant pain
associated with jaundice and fevers. The incidence is
1 in 1200 deliveries [14]. Choledocholithiasis during
pregnancy, although infrequent, usually requires ther-
apeutic intervention. Endoscopic retrograde cholan-
giopancreatography (ERCP) is safe during pregnancy.
Indications for its use include recurrent biliary colic,
abnormal liver function tests with hyperbilirubinemia,
dilated common bile duct on ultrasound, and obstruc-
tive jaundice.

A procedure with ERCP followed by sphincterot-
omy and stone extraction is very effective and can be
performed safely during all trimesters of pregnancy,
with a premature delivery rate less than 5% [14].
Endoscopic ultrasonography is accurate for the detec-
tion of common bile duct stones and may be useful
before ERCP in select patients.

Critically ill parturient patients with cholecystitis fre-
quently do not present with the usual signs and symp-
toms, as listed above. Acute cholecystitis may occur as a
complication of trauma, burn, sepsis, cardiovascular dis-
eases, malignancy, biliary stasis, and total parenteral
nutrition. About half of those with acute cholecystitis
in an intensive care setting have acalculous disease.
Acalculous cholecystitis is frequently seen in the critically
ill patient population and is hypothesized to be related to
biliary stasis, gastrointestinal hypomotility, narcotic use,
and microvascular ischemia. The best initial test is ultra-
sonography. (We were unable to find any published
guidelines regarding the use of hepatobiliary iminodi-
acetic acid scan in the pregnant population.) In patients
too unstable to tolerate a general anesthetic, a percuta-
neous cholecystostomy tube is the most appropriate
treatment.

Pancreatitis
Pancreatitis in pregnancy is a rare condition, with an
incidence of 1 per 1000–4000 pregnancies [15]. Older
literature on the subject of acute pancreatitis in preg-
nancy reported maternal and fetal mortality rates as
high as 20% and 50%; however, contemporary data
show decreased risk, with no maternal mortality and a
5% rate of fetal loss [15].

During pregnancy, gallstones are the most common
cause of pancreatitis; this etiology is found in 70–90%.
Symptoms include diffuse abdominal pain with elevated
amylase and lipase. Workup should include liver func-
tion tests, calcium, and a right upper quadrant ultra-
sound. Diagnostic findings include gallstones or sludge
in the gallbladder and/or biliary tree. Biliary duct dilata-
tion and elevated bilirubin are signs of ductal involve-
ment. Additional imagingmodalities include endoscopic
ultrasound, MR cholangiopancreatography, or ERCP.

Treatment of pancreatitis with a biliary etiology
is with laparoscopic cholecystectomy or ERCP.
Conservative management has a 50–70% recurrence
rate; therefore, newer data favor intervention over
watchful waiting [15]. Treatment of pancreatitis with
a non-biliary etiology includes bowel rest, correcting
hypovolemia with intravenous fluid resuscitation,
nasogastric tube placement, analgesia, and correcting
the calcium level. No antibiotics are needed.

A critically ill parturient patient with pancreatitis is
likely to have the severe acute form of the disease,
which is responsible for most of the morbidity and
mortality associated with pancreatitis. Severe acute
pancreatitis is associated with the systemic inflamma-
tory response syndrome and end-organ dysfunction;
additional complications include pancreatic necrosis
with or without infection. In the critically ill patient
population, 80% of deaths from acute pancreatitis are
related to infectious complications. One recent retro-
spective review of 25 cases reported that 40% of this
population had severe acute pancreatitis. Perinatal
mortality rate was 8% and preterm labor rate was
32% [16].

Liver
Spontaneous hepatic rupture
Spontanous hepatic rupture during pregnancy is a
rare, serious complication associated with eclampsia
or pre-eclampsia and is associated with a 75% mor-
tality [6]. Risk factors include multiparous patients
with an average age of 30 years. The rupture can
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occur at any time from 16 weeks of pregnancy to a
few days after a full-term delivery [6]. In one study
of 437 women with the HELLP syndrome (hemoly-
sis, elevated liver enzymes, and low platelets), the
incidence of subcapsular liver hematoma was 0.9%
[17]. Symptoms of hepatic rupture include acute
onset of right upper quadrant abdominal pain and
hypovolemic shock. In a stable patient, CT has been
used to aid diagnosis. Treatment includes selective
embolization of the hepatic artery or surgical
intervention.

Two extremely rare conditions that can affect the
liver during pregnancy are Budd–Chiari syndrome/
portal vein thrombosis and hepatic hemangioma. As
there are few data published on these, a high index of
suspicion in addition to the proper imaging studies is
necessary for diagnosis.

Abdominal vascular emergencies
Ruptured splenic artery aneurysm
There have been over 100 cases of reported ruptured
splenic artery aneurysm in pregnancy, with only 10
cases of maternal and fetal survival; maternal and fetal
mortality rates are 75% and 95%, respectively. The
majority (69%) have presented during the third tri-
mester[18]. Symptoms include sudden onset severe
left upper quadrant abdominal pain. Multiparity
increases the risk of rupture and, in one study, 78%
of affected women were in their third pregnancy [19].
One study recommends that women of childbearing
age or pregnant women with a known splenic artery
aneurysm with a diameter of ≥2 cm should be treated
electively because of the increased risk of rupture dur-
ing pregnancy, in contrast to the low mortality rates of
0.5% and 1.3% for mother and fetus, respectively, for
elective surgery [20].

Aortic aneurysm and dissection
Symptoms associated with aortic aneurysm or dissec-
tion include chest or abdominal pain radiating to the
back, as well as a pulsatile abdominal mass. Diagnosis
can be made with CT angiography. Treatment is not
recommended for otherwise healthy pregnant patients
with asymptomatic aortic aneurysms 5.5 cm in diam-
eter. If symptoms develop or aneurysm size is ≥6 cm,
referral to a vascular surgeon to discuss elective repair
is recommended. Pregnant women with Marfan syn-
drome have an increased risk of developing an aortic
dissection and should undergo appropriate screening

before or during pregnancy to evaluate their thoracic
and abdominal aortic anatomy. Repair is indicated if
symptoms develop.

Renal tract
Nephrolithiasis
Nephrolithiasis, or kidney stones, is uncommon in
pregnancy. Its incidence is 1.7 admissions per 1000
deliveries. Presenting symptoms include colicky flank
pain radiating to the groin, with microscopic or gross
hematuria. Confirmatory radiological tests include
abdominal plain film, ultrasound, and non-contrast
CT scan. The risks and benefits of using these studies
on the parturient must be considered. One study
demonstrated that women admitted for symptomatic
nephrolithiasis had nearly double the risk of preterm
delivery than the control group (10.6% versus 6.4%)
[21]. In addition, pregnant women admitted for
nephrolithiasis were more like to undergo induction
of labor or receive tocolytic therapy and women with
nephrolithiasis had a four-fold risk of pyelonephritis
(7.9%) compared with non-pregnant women (1.7%).
Undergoing a therapeutic procedure and the trimes-
ter of admission did not affect the risk of preterm
delivery [21].

Trauma
Trauma is one of the leading coincidental causes of
maternal death and morbidity [22]. Fetal death in this
situation may be from severe hemorrhage and hypo-
volemia, placental abruption, or maternal death. An
early diagnostic ultrasound is important to establish
the viability of the fetus. Fetal monitoring should be
continued if possible. Acute cesarean delivery may be
indicated if the mother is stable and the fetus is in
distress, themother is dead and the fetus still alive, or if
there is a traumatic uterine rupture. If the pregnancy
itself makes emergency intra-abdominal procedures
difficult, a termination of the pregnancy or an emer-
gency cesarean section may be necessary in order to
save the mother.

When receiving a pregnant patient to the trauma
room, the special physiological and anatomical
changes that occur in pregnant women must be
borne in mind in order to stabilize the mother and
fetus adequately. Treatment should include left lat-
eral tilt position, extra oxygen supply, and mainte-
nance of perfusion pressure.
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Medical conditions mimicking
the acute abdomen
Many serious medical illnesses can mimic an acute
abdomen in pregnancy. These include severe sepsis
of any causes, diabetic ketoacidosis, and serious viral
infections such as influenza. Diabetic ketoacidosis may
be associated with abdominal pain, nausea, and dehy-
dration. Blood and urine samples (showing hypergly-
cemia and ketonuria) are useful diagnostic tools in the
differential diagnosis.

Gynecologic and obstetrical causes
of acute abdomen
The most frequent cause of an acute abdomen in early
pregnancy is ectopic pregnancy. The incidence has
been rising during the past decades and is now esti-
mated to be around 2% [23]. Ultrasonography and
hormonal markers such as human beta-chorionic
gonadotropin are used to verify the diagnosis. Recent
advances in surgical and medical therapy such as lap-
aroscopy and methotrexate have made the treatment
less invasive. Other possible causes for an acute abdo-
men that should be considered in early pregnancy are
rupture or torsion of an ovarian cyst, torsion of a
fallopian tube, or an infectious disease such as a
tubo-ovarian abscess. Torsion, degeneration, or infec-
tion of uterine myomas are other possibilities that
should be considered.

In late pregnancy, some of the hypertensive dis-
eases in pregnancy such as the HELLP syndrome will

often manifest by abdominal pain. Other serious com-
plications of late pregnancy such as placental abrupt-
ion can also start with acute abdominal pain. The
diagnosis and treatment of these disorders are dis-
cussed in other chapters of this book.

Anesthesia for the acute abdomen
in pregnancy

General considerations
Ideally, in order to avoid possible harm to the fetus,
any surgery would be postponed until after delivery.
However, when presented with a pregnant woman
with an acute abdomen, the emergency situation and
illness is by far more dangerous to both mother and
fetus than anesthesia. Regardless of the type of anes-
thesia, close cooperation and communication between
the surgeon, the anesthesiologist, and the obstetrician
are essential when the pregnant patient presents with
an acute abdomen and requires surgery.

Careful preoperative assessment of the woman
should be made, and all preparative measures taken
in order to minimize the risk and possible harm of the
anesthetic procedure. Moreover, optimal periopera-
tive care in pregnancy requires knowledge and under-
standing of the changes in anatomy and physiology
taking place during pregnancy (Table 30.1) [24,25].

When anesthetizing a pregnant patient, it is crucial
to preserve maternal hemodynamic stability and ute-
roplacental blood flow. Hypotension (>20% decrease
from baseline or <100 mmHg) should be avoided and

Table 30.1. Anatomic and physiological changes and consequences in pregnancy, anesthesiological implications
and precautions

Changes Consequences Precautions

Circulation

Systemic vascular resistance ↓ Hypotension Fluid load, use vasoconstrictor

Cardiac output ↑ Oxygen consumption ↑ Fraction of inspired oxygen ↑

Aortocaval compression (>12 weeks) Preload ↓ Lateral decubitus position

Airway and respiration

Venous engorgement, upper airway edema Intubation difficulties Equip for difficult airway management

Functional residual capacity ↓ Early desaturation Preoxygenation

Oxygen consumption ↑ Rapid sequence induction

Hyperventilation Respiratory alkalosis Normoventilation

Gastrointestinal

Gastric emptying delayed Rapid sequence induction
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its treatment is mandatory [25]. Perioperative mater-
nal and fetal hypoxia must be avoided and normoven-
tilation is essential [25,26].

Both general and regional anesthesia techniques
can be used in pregnancy dependent on the volemic
situation and the site and nature of surgery.

Most acute abdominal surgical procedures will
require general anesthesia [1], and the airway should
be secured with an endotracheal tube after a rapid
sequence induction.

Preoperative period
Premedication to allay anxiety and pain may be bene-
ficial since maternal stress may decrease uterine blood
flow. The use of an anticholinergic agent (e.g. glyco-
pyrrolate) decreases oral secretions and may prevent
bradycardia during anesthesia [1].

Aspiration prophylaxis with an antacid, metoclopra-
mide, and/or a histamine H2 receptor antagonist may be
beneficial, particularly during the third trimester [27].

Intraoperative period
General anesthesia in pregnancy is more often associ-
ated with intubation difficulties than in the general
population [28]. Therefore, careful pre-anesthetic
evaluation of the patient as well as preparedness for a
difficult airway and training in airway management
are mandatory [28]. Equipment for difficult airway
management (e.g. gum elastic bougie, video laryngo-
scope, and intubation laryngeal mask such as the LMA
Fasttrach) should be easily accessible.

Pregnant women desaturate faster during induc-
tion of anesthesia. Therefore, effective preoxygenation
with a tight face mask is crucial. Preoxygenation
should be performed either for 3 minutes with normal
tidal volumes or with the eight deep breath technique.
Orotracheal intubation is necessary in most patients
undergoing abdominal surgery because of the
increased aspiration risk in pregnancy. The use of
cricoid pressure during rapid sequence induction is
controversial.

Appropriate anesthetic drugs for the pregnant
women undergoing abdominal surgery include hyp-
notics, analgesics, and muscle relaxants. The primary
goals for choosing a drug for anesthesia are:

* to preserve maternal blood pressure, cardiac
output, and uterine blood flow, thus avoiding
hypotension

* to avoid maternal hypoxia, hypocapnia, and/or
hypercapnia

* to ensure maternal hypnosis, analgesia and
amnesia.

Volatile halogenated agents (e.g. sevoflurane, desflur-
ane, or isoflurane) are frequently used for anesthesia
during pregnancy. Animal studies have shown that
moderate concentrations of these agents (minimum
alveolar concentration, 0.5–1.0%) had little influence
on maternal and fetal hemodynamics and blood gases.
However, high concentrations of sevoflurane and iso-
flurane (miniumum alveolar concentration, 1.5–2.0%)
may induce hemodynamic instability in both the
mother and the fetus. Boat et al. [29] have recently
shown that high MAC values of desflurane can reduce
fetal cardiac function.

Nitrous oxide is frequently used for cesarean sec-
tion when general anesthesia is necessary. However,
the use of nitrous oxide in abdominal surgery, partic-
ularly laparoscopic, remains controversial because of
the influence of this agent on bowel distention.

Opioids are used to provide analgesia during intu-
bation and surgery. Opioids may decrease fetal heart
rate variability. Moreover, opioids can induce fetal
respiratory depression. This is only relevant if cesarean
section is to be performed in relation to the non-
pregnancy-related surgical procedure [1].

Thiopental, etomidate, and propofol can be used
for induction of anesthesia. All three drugs rapidly
cross the placenta and are rapidly cleared from the
neonatal circulation. Experience with thiopental is
greatest.

Ketamine provides both hypnosis and analgesia
and is recommended in hemodynamic unstable
patients.

To provide good conditions for endotracheal intu-
bation and abdominal surgery, muscle relaxants should
be used. Succinylcholine and high-dose rocuronium are
the drugs of choice for rapid sequence induction. The
advantage of rocuronium is that the muscle block can
be reversed by sugammadex in the rare case of a “cannot
intubate–cannot ventilation” situation [30].

Teratogenicity of anesthetic agents
The possible teratogenic effect of any anesthetic agent
is probably minimal. Although there are animal stud-
ies supporting teratogenic effects of some anesthetic
drugs, such as nitrous oxide and benzodiazepines, no
such effect has ever been demonstrated in humans.
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Lately, more focus has been set on the possible behav-
ioral teratogenic effect of anesthetic drugs. The use of
N-methyl-d-aspartate receptor (NMDA) antagonists
(ketamine, nitrous oxide) and gamma-aminobutyric
acid (GABA) receptor enhancers (benzodiazepines,
intravenous induction agents and volatile agents) in a
period of extensive receptogenesis has been associ-
ated with long-lasting cognitive deficits. Although
these new results are disturbing, there are still
substantial controversies regarding the risks of anes-
thetic drugs on fetuses exposed to maternal anesthe-
sia in utero. When anesthesia is inevitable, it is
probably better to avoid nitrous oxide and ketamine
if possible.

Prevention and treatment of preterm labor
Non-obstetric surgery during pregnancy will
increase the risk of abortion and preterm delivery.
It is unclear whether it is the disease itself, the anes-
thesia, or the surgery that is responsible. The gravity
of the disease, as well as early diagnosis and manage-
ment, will influence the frequency. The use of lapa-
roscopic techniques does not seem to reduce the
numbers of preterm labors [2]. Procedures per-
formed in the second trimester seem to have the
lowest risk for preterm labor. From a theoretical
point of view, the use of volatile agents, which is
known to relax the uterine wall, would be advanta-
geous. This has, however, never been proven.
Evidence does not support any one anesthetic drug
as better than any other; neither does the use of
preoperative tocolytics appear to improve the out-
come. In order to reduce the possibility of abortion
or preterm labor, measures should be taken during
anesthesia and surgery to maintain uteroplacental
blood flow, keep the pregnant patient normoventi-
lated and normovolemic, and perform surgery care-
fully with the least manipulation of the uterus as
possible. The risk of preterm labor or delivery during
the operation and for several days after necessitates
careful observation of the pregnant woman, and
treatment with tocolytic agents may be necessary.
The oxytocin antagonist atosiban seems particularly
useful in preventing preterm labor [31]. The prophy-
lactic use of glucocorticoids is advised between ges-
tation weeks 24 and 34 in order to mature the fetal
lungs in case of preterm delivery. Progesterone sub-
stitution should be used in early pregnancy (until
week 9) if surgery, which includes removal of the
corpus luteum, is performed.

Monitoring during anesthesia
In addition to standard monitoring, fetal heart rate and
uterine activity should be monitored with Doppler and
a tocodynamometer before the start of anesthesia. An
obstetric consultation before the start of the procedure
is advised in order to document the well-being of the
fetus. If possible, monitoring should be continued dur-
ing induction, surgery, and emergence from anesthesia.
When this is performed, loss of beat-to-beat variability
is normal during anesthesia but fetal bradycardia is not,
and this must initiate immediate reactions. In the post-
operative period, fetal monitoring should be performed
and the well-being of the fetus should be documented.

Postoperative period
Pregnant patients are at high risk for thromboembo-
lism during the postoperative period. Early mobiliza-
tion is important and prophylaxis with anticoagulants
should be considered. Furthermore, postoperative
pain should be treated adequately. Acetaminophen as
analgetic is safe, as are opioids. Non-steroidal anti-
inflammatory drugs should be avoided in late preg-
nancy. For major abdominal surgery, the use of epi-
dural analgesia is safe and beneficial provided there is a
stable hemodynamic situation. Careful hemodynamic
monitoring and prompt treatment of hypotension is
mandatory. Box 30.2 gives the key principles for anes-
thesia in pregnancy.

Box 30.2. Key principles for anesthesia
in pregnancy

Preoperative
* Understanding of the anatomical and physiological

changes in pregnancy
* Interdisciplinary communication
* Information for the mother

Intraoperative
* Difficult airway management
* Maintenance of maternal blood-pressure and

uterine blood flow
* Avoidance of hypotension, hypoxia, and

hyperventilation
* Use of established drugs
* Fetal monitoring (if possible)

Postoperative
* Early mobilization, prophylaxis of

thromboembolism
* Treatment of postoperative pain
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Chapter

31
Sepsis
Luis D. Pacheco and Joost J. Zwart

Sepsis and pregnancy
Sepsis occurs as the result of a systemic maladaptive
inflammatory response to an infectious insult. It is the
leading cause of mortality in intensive care units
(ICUs) in developed countries and the incidence is
increasing worldwide [1]. Sepsis is also one of the
leading causes of maternal mortality [2]. The inci-
dence of death from severe sepsis in the obstetric
population is lower than that of non-obstetric patients.
The latter is likely secondary to a younger population
with less coexisting medical pathologies.

Pregnancy affects both humoral and cell-mediated
immunological functions. The white blood cell count
rises as pregnancy progresses, and some authors have
described these neutrophils as “activated,” favoring
severe inflammatory reactions to infectious stimuli [3].
Cellular immunity is compromised as a consequence of
the decline in T-helper type 1 and natural killer cells. The
decrease in cellular immunity predisposes pregnant
women to infections from viruses and parasites. In con-
trast, antibody-mediated immunity is enhanced in preg-
nancy despite the fact that levels of immunoglobulins
are depressed (likely from hemodilution). Pregnancy is
not a state of generalized immunosuppression, instead,
it is a state of immunomodulation, with compromised
cellular and enhanced humoral immunity.

The literature regarding management of sepsis in
the pregnant patient is extremely limited, and pregnant
women have typically been excluded from landmark
trials that have dictated the management of sepsis over
the last decades. Most patients with severe sepsis/septic
shock are managed in ICU, and most obstetricians and
maternal fetal medicine specialists are unfamiliar with
its management principles. This chapter will discuss key
aspects of the diagnosis and treatment of severe sepsis
and will comment on the likely effects/modifications of
such interventions during pregnancy.

Definition of (maternal) sepsis
The following definitions are used.

Maternal sepsis. Any sepsis of a woman during
pregnancy, delivery, or puerperium up to the
42nd postpartum day.

Sepsis. Infection plus systemic manifestations of
infection, known as the systemic inflammatory
response syndrome (SIRS).

Severe sepsis. Sepsis with signs of at least one
organ dysfunction (e.g. confusion,
respiratory failure, acute kidney injury,
thrombocytopenia, prolongation of clotting
times, elevation of liver enzymes, hypotension).

Septic shock. Severe sepsis with hypotension
despite adequate fluid resuscitation.

A patient is considered to have SIRS if two or more of
the following are present:

* temperature >38°C or <36°C
* heart rate >90 beats/min
* respiratory rate >20 breaths/min or arterial carbon

dioxide partial pressure (Paco2) <32 mmHg
* white blood cell count >12 × 109/L or <4000 × 109/L

or bandemia >10%.

The concept of SIRS was introduced by the American
College of Chest Physicians and the Society of Critical
Care Medicine in 1992 [4].

The definition of sepsis has been criticized
for being too sensitive and non-specific as
most patients in ICU will meet SIRS criteria [5].
Adding to the problem, physiological changes of preg-
nancy may include a heart rate >90 beats/min, a
Paco2 <32 mmHg, and a white blood cell count
>12 × 109/L. This definition is even more non-specific
in the pregnant population.
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In 2001, extended criteria for the diagnosis of sep-
sis were developed to improve the diagnostic capacity
of the clinical response to infection [6]. These signs
and symptoms are depicted in Box 31.1 [7]. The reader
should understand that this list of signs is a guide and
not all patients with sepsis will have them, just as non-
septic patients may have some of them.

It is important to realize that sepsis can present
atypically in pregnant women, with diarrhea, vomit-
ing, and severe lower abdominal pain being common
and important early symptoms of genital tract sepsis.
The same goes for abnormal smell of vaginal dis-
charge, vaginal bleeding, severe “after-pains” that
require frequent analgesia or do not respond to the
usual analgesia, and for abnormal or absent fetal heart
beat with or without placental abruption.

Epidemiology of maternal sepsis
Sepsis accounts for 2% of all hospital admissions and
11–20% of all ICU admissions [5]. It is the most
important cause of death among ICU patients, with
reported rates of 33% for severe sepsis and 59% for
septic shock. Sepsis is also among the leading causes of
maternal mortality in low-income as well as high-
income countries, accounting for up to 15% of mater-
nal deaths [8]. The latest triennial report of the
Confidential Enquiries into Maternal Deaths and
Child Health in the UK showed – despite an overall
decrease in maternal deaths – an increase in maternal
mortality rate related to sepsis from 0.85 deaths
per 100 000 maternities in 2003–2005 to 1.13 in
2006–2008, and sepsis is now the most common
cause of direct maternal death in the UK [2].

In absolute numbers, maternal sepsis causes at
least 75 000 maternal deaths annually, mostly in low-
income countries. In high-income countries, 2.1%
(95% confidence interval (CI), 0.0–5.9) of maternal
deaths are caused by sepsis [8]. Much higher rates in
low-income countries can be mainly attributed to the
high incidence of septic abortion.

Nowadays, in most high-income countries, mater-
nal mortality is too rare to be used as a sensitive marker
for the quality of care, and severe acute maternal
morbidity has been introduced as an additional marker.
Two prospective population-based studies from Europe
have reported incidences of 0.2 and 0.8 per 1000 deliv-
eries [9]. Reported incidences from Canada and the
USA were 0.1–0.3 per 1000 in Canada to 0.4–0.6 per
1000 theUSA, based on retrospective studies using large

Box 31.1. Signs and symptoms of sepsis according
to the 2001 Sepsis Definitions Conference

Infection, documented or suspected, and some of the
following:

General variables
Fever (>38.3°C)
Hypothermia (core temperature <36°C)
Heart rate ≥90 beats/min or >2SD above the normal
value for age

Tachypnea
Altered mental status
Significant edema or positive fluid balance
(>20 mL/kg over 24 hours)

Hyperglycemia (plasma glucose ≥7.7 mmol/L
(140 mg/dL)) in the absence of diabetes

Inflammatory variables
* Leukocytosis, white blood cell count >12 000/mL
(>12 × 109/L)

* Leukopenia (white blood cell count <4000/μL
(4 × 109/L)

* Normal white blood cell count with >10%
immature forms

* Plasma C-reactive protein >2SD above the normal
value

* Plasma procalcitonin >2SD above the normal value

Hemodynamic variables
* Arterial hypotension (systolic blood pressure
<90 mmHg; mean arterial pressure <70 mmHg; or
SBP decrease >40 mmHg)

Organ dysfunction variables
* Arterial hypoxemia (arterial carbon dioxide partial
pressure/fraction of inspired oxygen (Pao2/Fio2)
<300)

* Acute oliguria (urine output <0.5 mL/kg per hour or
45 mmol/L for at least 2 hours, despite adequate
fluid resuscitation)

* Creatinine increase >0.5 mg/dL or 44.2 mmol/L
* Coagulation abnormalities (international
normalized ratio >1.5 or activated partial
thromboplastin time >60 seconds)

* Ileus (absent bowel sounds)
* Thrombocytopenia (platelet count <100 × 109/L)
* Hyperbilirubinemia (plasma total bilirubin
>70 mmol/L (4 mg/dL))

Tissue perfusion variables
* Hyperlactatemia (>upper limit of normal)
* Decreased capillary refill or mottling

Source: adapted from Dellinger et al., 2008 [7].
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discharge databases. In the Netherlands, 8% of all
obstetric ICU admissions were for sepsis, with a case
fatality rate of 7.7%.

The single most important risk factor for postpar-
tum infection seems to be cesarean section, with
average rates of endometritis for non-elective cesarean
section being higher than those for elective cesarean
section (28.6% versus 9.2%). Prophylactic antibiotics
during the procedure substantially reduce the infec-
tion risk [10].

The main causative microorganisms of maternal
sepsis are group A streptococci, responsible for 39–43%
of direct maternal deaths [2] and 32% of severe obstetric
morbidity from sepsis [9]. Most important sources of
maternal sepsis include pyelonephritis, chorioamnioni-
tis, postpartum endometritis, wound infection, and
pneumonia. Coincidental non-pregnancy-related infec-
tions such as appendicitis and cholecystitis should also
be considered and their course can be atypical [11].

Pathophysiology of sepsis
The pathophysiology of sepsis is extremely compli-
cated and not completely understood. After exposure
to a microorganism (bacteria, virus, parasite, fungi),
the inflammatory cascade is activated. Massive
production of inflammatory (interleukin-1β, tumor
necrosis factor-alpha, interleukin-6, interleukin-8)
and anti-inflammatory (interleukin-4, interleukin-
10) cytokines, together with endothelial factors such
as nitric oxide and other mediators such as prosta-
glandins, leukotrienes, and complement, lead to
loss of vasomotor tone with profound vasodilation
and increased vascular permeability (secondary to
cytokine-induced endothelial injury) plus subsequent
third spacing [1]. The profound decrease in
systemic vascular resistances facilitates the so-called
“increased cardiac output” seen in septic patients.
However, the myocardium function in sepsis is also
profoundly altered by the action of substances such as
nitric oxide, interleukin-1, oxygen-derived free radi-
cals, and tumor necrosis factor-alpha. Up to 60% of
patients with sepsis have an ejection fraction < 45%.
Both systolic and diastolic dysfunction may occur.
Not infrequently, myocyte injury from proinflamma-
tory cytokines may lead to leakage of troponins.
Typically, patients with systolic dysfunction tend to
present with biventricular dilatation. This appears to
be an adaptive response since the dilation will allow
for more intracavitary filling, leading to an increased
stroke volume despite a decrease in ejection fraction

(preload recruitment). These cardiac changes tend to
resolve spontaneously among survivors of sepsis.

Almost all patients with severe sepsis have clotting
anomalies ranging from silent biochemical changes to
full-blown disseminated intravascular coagulopathy
(DIC) [1]. Activation of the clotting cascade in sepsis
results from tissue factor expression in mococytes,
neutrophils, and the endothelium as part of the
inflammatory response. Once tissue factor is expressed
in the surface of these cells, it binds factor VII, activat-
ing the clotting cascade through the extrinsic pathway.
Development of DIC contributes to organ hypoper-
fusion (secondary to microvascular occlusion) and
multiorgan failure.

Another important pathway is that of activated
protein C. Once thrombin is generated, it interacts
with an endothelial surface receptor known as throm-
bomodulin. This interaction leads to activation of pro-
tein C, which inhibits clotting factors V and VIII,
promotes fibrinolysis, and has anti-inflammatory prop-
erties. Cytokines decrease the activity of thrombomo-
dulin, leading to a lack of protein C activity in sepsis.

Mitochondrial dysfunction is also commonly
seen in severe sepsis [1]. Even in the presence of
adequate oxygen delivery, adequate oxygen consump-
tion cannot be guaranteed if the mitochondria are
dysfunctional and cannot extract oxygen and use it in
oxidative respiration. This explains why patients with
sepsis may have normal or above normal saturations
of hemoglobin in the central or pulmonary circula-
tions despite poor oxygen tissue utilization.

In summary, sepsis is characterized by a massive
inflammatory response leading to hypotension secon-
dary to a decrease in systemic vascular resistance,
cardiac dysfunction, activation of the clotting cascade,
inhibition of natural anticoagulant pathways, and
mitochondrial impairment.

Management of maternal sepsis
Before discussing the management of sepsis, the
importance of prevention must be emphasized, as
this is probably the one intervention that most affects
the incidence of sepsis and its mortality. Prevention
includes hygienic measures, antibiotic prophylaxis,
selective gastrointestinal decontamination, and opti-
mizing the metabolic and nutritional condition of
women.

Infections in pregnant women should never be
underestimated as onset can be insidious but progres-
sion to fulminating sepsis and maternal death can
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develop very rapidly. The women are generally young
and healthy, being able to maintain good vital signs
until final stages of sepsis. Management of maternal
sepsis is even more encompassing since there is a
second patient to consider – the fetus. As effective
maternal resuscitation is the cornerstone for optimiz-
ing fetal well-being, the focus should be on the mother.

The Surviving Sepsis Campaign
The Surviving Sepsis Campaign highlights the impor-
tance of the rapid diagnosis and management of
sepsis that is critical to successful treatment. The
patient with sepsis is usually already critically ill and
requires immediate attention to avoid rapid deterio-
ration; therefore, it is necessary to treat the patient at
the same time as confirming the diagnosis. The man-
agement of maternal sepsis involves a wide range of
clinical specialties in its diagnosis and treatment.
Treatment is more likely to be effective, and severe
sepsis avoided, if appropriate therapy is used early.
Obstetricians may not have sufficient training to
identify the symptoms to reach a timely diagnosis
in this complex condition. Because of the challenges
of diagnosing and treating this sepsis, approximately
10% of patients with sepsis do not receive prompt
appropriate antibiotic therapy, which increases
mortality by 10–15% [5].

Sepsis Bundles
Reducing mortality from severe sepsis requires
an organized process that guarantees early recogni-
tion and consistent application of evidence-based
practices. The “Severe Sepsis Bundles” are a series
of therapies that, when implemented together,
achieve better outcomes than when implemented
individually. They are a distillation of the evidence-
based recommendations found in the 2008 practice
guidelines promulgated by the Surviving Sepsis
Campaign to clearly articulate a therapeutic frame-
work that will function as a lever for change. Making
the Severe Sepsis Bundles standard practice will
eliminate the piecemeal or chaotically applied of
standards for sepsis care that characterize many
clinical environments today.

The Sepsis Resuscitation Bundle is a combined
evidence-based set of goals that must be completed
within 6 hours for patients with severe sepsis, septic
shock, and/or lactate >4 mmol/L (36 mg/dL)
(Box 31.2).

Source control and antibiotic therapy
Of pivotal importance in the management of sepsis is
to achieve early source control and institute adequate
antibiotic therapy. Any infected collections or tissues
should be drained/excised as clinically indicated [12].
This includes prompt evacuation of the pregnancy
after initiation of antibiotic therapy if the source is
thought to be inside the womb. This means dilatation
and curettage for septic abortion, delivery for
chorioamnionitis, or hysterectomy or curettage for
endometritis/retained products of conception in the
puerperium.

Adequate empiric broad-spectrum antibiotic ther-
apy covering Gram-negative and anaerobic organisms
should start as soon as possible. Early administration
of antimicrobial drugs in septic shock (within 1 hour
of recognizing severe sepsis) has consistently been
shown to decrease mortality. Regimens suggested by
the Surviving Sepsis Campaign include

* co-amoxiclav 1.2 g plus metronidazole 500 mg
every 8 hours or

Box 31.2. The Sepsis Resuscitation Bundle

Tasks must be completed within 6 hours for patients
with severe sepsis, septic shock, and/or lactate
>4 mmol/L (36 mg/dL).

1. Measure serum lactate
2. Obtain blood cultures prior to antibiotic

administration
3. Administer broad-spectrum antibiotic within

3 hours of emergency department admission and
within 1 hour of ICU admission

4. In the event of hypotension and/or a serum
lactate > 4 mmol/L:

(a) Deliver an initial minimum of 20 mL/kg of
crystalloid or an equivalent

(b) Apply vasopressors for hypotension not
responding to initial fluid resuscitation to
maintain mean arterial pressure >65 mmHg

5. In the event of persistent hypotension despite
fluid resuscitation (septic shock) and/or lactate
>4 mmol/L:

(a) achieve a central venous pressure of
>8 mmHg

(b) achieve a central venous oxygen saturation
of >70% or mixed venous oxygen saturation
>65%
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* cefuroxime 1.5 g plus metronidazole 500 mg every
8 hours or

* cefotaxime 1–2 g every 6 to 12 hours plus
metronidazole 500 mg every 8 hours [7].

Once culture results are obtained, the initial broad-
spectrum coverage should be narrowed accordingly.
In case of group A streptococcal infection, known for
its rapid progress tomaternal death, clindamycin is the
first choice as it inhibits exotoxin production.

Apart from early initiation, efforts should be made
to optimize antibiotic therapy based on the pharma-
cokinetic/pharmacodynamic properties of different
agents. Critical illness is characterized by third spac-
ing, with a significant increase in volume of distribu-
tion (mainly for hydrophilic antibiotics) [13]. Such
increase in volume of distribution frequently leads to
a decrease in plasma concentration and requires the
use of higher doses of antibiotics in sepsis [13]. Tissue
penetration of antimicrobial drugs in sepsis is limited
by coexisting perivascular edema, with small vessel
compression, hypotension leading to less perfusion
pressure, and microvascular occlusion in DIC. Use of
higher doses may help to overcome this problem. The
pregnant patient may be particularly vulnerable as
volume of distribution and glomerular filtration rate
increase during normal pregnancy [14]. Needless to
say, dosing should also be adjusted in the presence of
liver or renal failure.

Concentration-dependent antibiotics (e.g. amino-
glycosides, daptomycin) should be administered in
high doses once a day since clinical success is directly
proportional to the maximum concentration achieved.
By comparison, time-dependent antibiotics (e.g. beta-
lactams) require a plasma concentration above the
minimal inhibitory concentration to achieve efficacy
[13]. The latter has led clinicians to administer beta-
lactam antibiotics over prolonged periods or even as
continuous infusions in an attempt to maximize
efficacy. Unfortunately, the evidence so far does not
indicate that such practices improve outcomes [15].

Controversy surrounds the efficacy of initial
combination antibiotic therapy compared with mono-
therapy. In the subgroup of patients with septic shock,
the available evidence suggests that combination
therapy may be superior.

If possible, teratogenicity and fetotoxicity of antibi-
otics should play a role in selecting the most appropriate
antibiotic therapy. Cephalosporins, erythromycin, and
penicillins are considered safe during pregnancy.
Tetracyclins and sulfonamides should be avoided if

possible. Nitrofuran derivates should not be used beyond
36 weeks of gestational age or when preterm delivery is
anticipated because they interfere with the immature
enzyme systems in red blood cells of newborns. Short
courses of gentamycin at standard doses are generally
considered safe. No increased incidence of congenital
malformations has been found after use ofmetronidazol,
but data are limited. Breastfeeding can be safely contin-
ued in mothers taking cephalosporins, erythromycin,
gentamycin, or penicillins. Metronidazol is considered
safe as a single dose, but there are insufficient data
regarding safety for the neonate during multiple doses.

In summary, in the setting of sepsis, it is recom-
mended that surgical control (if indicated) of the
infectious process is completed without delay. Broad-
spectrum antibiotics at the highest recommended
doses should be instituted promptly. Antimicrobial
therapy should be narrowed afterwards based on
culture results.

Fluid therapy
The cornerstone of resuscitation in sepsis is fluid
administration. Classically, hemodynamic resuscita-
tion in severe sepsis has been directed to achieve a
mean arterial blood pressure of 65 mmHg. The
placenta, oxygenating the fetus, should be regarded
as the one maternal end-organ that is most sensitive
to hypoperfusion. For this reason, fetal heart rate
decelerations on electronic fetal monitoring are often
the first sign of maternal hypoperfusion.

Early aggressive fluid resuscitation improves tissue
perfusion by increasing driving pressure and also
modulates early inflammation by decreasing concen-
trations of proinflammatory cytokines. The Surviving
Sepsis Campaign guidelines recommend the use of
either crystalloid or colloid for the early resuscitation
of sepsis [7]. We agree that, on the available evidence,
either crystalloids or colloids may be used in severe
sepsis and this should be no different in the pregnant
population. Crystalloids (normal saline, Ringer’s
lactate, Plasmalyte) have an intravascular half-life of
30–60 minutes, compared with 16 hours for colloids
such as albumin. Theoretically, the use of colloids
leads to a more efficient resuscitation, but the largest
trial available to date comparing the use of crystalloids
and colloids in critically ill patients found no differ-
ence in outcomes [16]. A subgroup analysis suggested
that septic patients with low serum albumin could
benefit from albumin administration [17].
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Some evidence suggests that hydroxyethyl starch
(e.g. 6% Hespan) could increase the incidence of acute
kidney injury when used in the septic patient.

One of the most challenging clinical decisions in
daily critical care practice is the precise identifica-
tion of adequate fluid resuscitation: it is clearly
known that aggressive fluid therapy is fundamental
in the initial management of sepsis, but the question
is when to stop giving fluids. Premature initiation of
vasopressors may be harmful as it will worsen tissue
ischemia; however, excessive fluid resuscitation
and positive fluid balances in the critically ill patient
have consistently been associated with increased
mortality. It appears that early in sepsis (first 6
hours), patients benefit from aggressive fluid ther-
apy. Later, a conservative fluid strategy might be
beneficial. Rivers et al. [18] demonstrated that early
aggressive fluid resuscitation up to a central venous
pressure of 8–12 mmHg coupled with the use of
vasopressors, inotropes, and blood transfusions as
needed leads to a decrease in mortality in septic
patients from 46.5% to 30.5%. A subsequent trial
in patients with acute lung injury and acute respira-
tory distress syndrome showed that after the initial
phase of resuscitation, patients who received more
fluid had a tendency to higher mortality and spent
more days on a ventilator and in the ICU [19].

Traditionally, clinicians have titrated fluid
therapy to static measurements such as central
venous pressure or the pulmonary artery occlusion
pressure. In fact, the Surviving Sepsis Campaign still
recommends fluid therapy targeting a central venous
pressure between 8 and 12 mmHg (12–15 mmHg
if the patient is on mechanical ventilation) [7].
This recommendation likely also applies to preg-
nancy, as neither central venous pressure nor
pulmonary artery occlusion pressure change during
gestation.

Unfortunately, static measurements of preload
are less than ideal for predicting fluid responsive-
ness, being effective in only 47% to 54% of cases.
Echocardiographic-derived measurements suffer
from the same limitations.

Current evidence suggests titrating fluid therapy
to dynamic (rather that static) measurements
of preload [20]. This topic is discussed in more
detail in Chapter 27. More data are needed to val-
idate the accuracy of pulse pressure variation and
passive leg raising to predict fluid response during
pregnancy.

Vasopressors, inotropes, and steroid
therapy
When fluid therapy alone is unable to achieve a mean
arterial blood pressure above 60–65 mmHg, vasopres-
sors are commonly utilized. The pressor of choice in
septic shock is either dopamine or norepinephrine [7].
Norepinephrine increases blood pressure mainly by
increasing systemic vascular resistance, dopamine
mainly by increasing stroke volume. Although most
studies did not find one vasopressor to be clearly
superior over others, a recent meta-analysis of
randomized controlled trials and observational studies
found dopamine to be associated with greater mortal-
ity and a higher incidence of arrhythmic events
compared with norepinephrine [21]. The clinician
may use the agent he or she is more familiar with.
Concern has traditionally existed among obstetricians
regarding the potential side effects of vasopressors
on uterine perfusion. However, in the setting of
shock, restoring maternal organ perfusion pressure is
paramount, also for fetal survival. Multiple case
reports attest to fetal status improvement with the
use of vasopressors to improve mean arterial blood
pressure.

Vasopressin is a peptide hormone synthesized in
the hypothalamus and stored in the pituitary gland. A
relative deficiency of vasopressin has been described
during septic shock. Vasopressin causes direct vascu-
lar smooth muscle constriction via V1 receptors and
also increases cathecolamine responsiveness, probably
by increasing cortisol secretion through its action
on V3 receptors in the pituitary gland. Additionally,
vasopressin achieves vasoconstriction by closing ATP-
dependent potassium channels. Observational studies
have shown that the addition of low-dose vasopressin
(0.04 U/min) can raise blood pressure in pressor-
refractory septic shock. A recent large randomized
clinical trial reported no improvement in mortality
in patients with pressor-dependent septic shock who
received vasopressin [22]. This trial did not address the
use of vasopressin as a rescue therapy for septic shock
that is resistant to conventional vasopressors. We
believe that, in cathecolamine-resistant shock, the
addition of low-dose vasopressin is indicated. No
good data exist regarding the use of vasopressin during
septic shock in pregnant women. Theoretically, it
may activate uterine V1α receptors, leading to uterine
contractions. Extreme caution is recommended if this
agent is used during pregnancy.
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Contrary to popular belief, myocardial contractil-
ity is compromised in septic shock as tumor necrosis
factor-alpha and interleukin-1 lead to myocardial
depression. Patients may develop both systolic and
diastolic dysfunctions, commonly involving both ven-
tricles. The subgroup of patients with mainly systolic
dysfunction usually will dilate the ventricles in order to
accommodate more preload. This adaptive mecha-
nism allows a transient increase in stroke volume and
has been associated with improved outcomes. Patients
with predominant diastolic dysfunction do not usually
develop this compensatory chamber dilatation.

Septic cardiomyopathy may be “unmasked” when
vasopressors are used to increase systemic vascular
resistance. We recommend assessment of cardiac
output (e.g. bedside transthoracic echocardiography)
when vasopressors (mostly norepinephrine and vaso-
pressin) are used without any inotropic support. If
worsening cardiac output is noticed after initiating
vasopressors, inotropic support (dobutamine or dop-
amine) is recommended.

Approximately 50–75% of patients with severe
sepsis/septic shock have critical-illness-related cortico-
steroid insufficiency. Cytokines lead to a dysfunctional
hypothalamic–pituitary–adrenal axis with a conse-
quent decrease in cortisol secretion. Cortisol plays a
pivotal role in upregulating cathecholamine receptors
at the vascular level (leading to increased response to
endogenous and exogenous cathecholamines).

The use of steroids in septic shock has been
controversial for many years. In the past, large doses
of steroids led to increased mortality, likely from
immunosuppression. Currently, physiological doses
of steroids are recommended in patients who fail to
respond to cathecholamines [7]. Patients who receive
vasopressors and are unable to maintain a systolic
blood pressure >90 mmHg are candidates for steroid
therapy [7,23]. The agent of choice is hydrocortisone
at doses of 50 mg intravenously every 6 hours or a
continuous intravenous infusion at 10 mg/h. Such low
doses of glucocorticoids are believed to be immuno-
modulatory, downregulating the excessive immune
response that leads to shock without causing immu-
nosuppression. Once started, treatment should be
maintained for at least 4–7 days and the dose should
be tapered over 1 week to avoid rebound inflammation
and shock. The adrenocorticotropic hormone stimu-
lation test should not be used to identify those patients
with septic shock who should receive glucocorticoids.
We recommend that the same guidelines be applied

during pregnancy to decide when steroid therapy is
required. The clinician should be cognitive of the small
association between steroid use and fetal facial clefting
when deciding to use steroids during the first 8 weeks
of pregnancy.

Anecdotal data suggest that cathecholamines may
not be effective in the setting of severe acidemia.
However, no data support use of sodium bicarbonate
therapy during resuscitation to improve outcome.
In the setting of sepsis, such therapy is not indicated
if the pH is >7.15 [7]. If pH is <7.15, use of sodium
bicarbonate should be individualized.

Particular care should be taken if the clinician opts
to use this agent during pregnancy as bicarbonate does
not cross the placenta but the carbon dioxide gener-
ated from the administration does cross to the fetal
compartment, leading to potential fetal acidemia.

Resuscitation targets
Commonly, the main goal of resuscitation efforts
in sepsis has been to achieve “normal” vital signs
(mean arterial blood pressure >65 mmHg, urine
output >0.5 mL/kg per hour, normal heart rate).
Unfortunately, clinical signs and symptoms lack
sensitivity to predict tissue hypoperfusion. Patients
may have “normal” vital signs and still present organ
hypoperfusion and anaerobic metabolism. Different
strategies have been proposed to detect these patients
with “occult shock.” Resuscitation may be guided by
serum lactate levels. Patients with persistent lactic
acidosis despite apparent normal vital signs may
require further resuscitation in order to increase tissue
oxygen delivery.

Another option is to optimize hemodynamic
support using central (Scvo2) and mixed venous
(Svo2) oxygen saturations.

The Svo2 is the hemoglobin saturation obtained
through a blood sample from the pulmonary artery;
the normal value is >65%. It requires placement of a
pulmonary artery catheter. Hankins and colleagues
demonstrated that Svo2 did not vary significantly
during pregnancy when compared with non-pregnant
subjects [24].

The Scvo2 is the hemoglobin saturation of a blood
sample obtained from the junction of the superior
vena cava and the right atrium. To obtain it, the
clinician only needs a central venous catheter. The
normal value is >70%. To our knowledge, normal
values during pregnancy have not been described.
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Patients with tissue hypoperfusion will extract more
oxygen in an attempt to increase aerobic metabolism.
Such increased extraction will lead to a decrease in
the saturation of hemoglobin returning to the central
circulation. Low values of either Svo2 or Scvo2 may
warrant an attempt to increase oxygen delivery by
volume expansion, blood transfusions, or the use of
inotropes. Figure 31.1 summarizes the main compo-
nents of resuscitation in the pregnant septic patient.

Glucose control
A decade ago, studies from Europe showed that
strict glucose control (maintaining blood glucose
80–100 mg/dL) in ICU patients was associated with
a significant decrease in mortality. Subsequent inves-
tigators were unable to replicate the findings. The
largest trial available so far actually documented that
strict glucose control was associated with increased
mortality. Current recommendations are to maintain
glucose control in ICU patients (including patients

with severe sepsis) between 140 and 180 mg/dL [25].
We recommend maintaining these same values in the
pregnant septic patient.

Septic coagulopathy and transfusion
requirements
As discussed above, sepsis is characterized by
inflammation-mediated activation of the clotting
cascade. This hypercoagulable state leads to con-
sumption of both clotting factors and platelets.
The manifestations of such coagulopathy range
from silent biochemical changes to frank DIC with
multiple organ failure.

Activation and consumption of clotting factors is
paralleled by consumption of natural anticoagulants
such as protein C, protein S, and antithrombin III.
Protein C acts not only as an anticoagulant but
also promotes fibrinolysis and has anti-inflammatory
properties. Although an initial study showed a 6.1%
decrease in mortality in patients with severe sepsis after

Sepsis suspected
Obtain cultures
Start antibiotics
Drainage PRN

Start fluid resuscitation with colloids or 
crystalloids. Titrate fluids ideally based on 
dynamic measurements of preload. 
Alternatively, due to lack of validation of 
such during pregnancy, may titrate to CVP 
values according to Surviving Sepsis 
Campaign

If unable to achieve MAP > 60–65 mmHg, 
start vasopressor therapy through a central
venous catheter. Start with norepinephrine. 
Evaluate cardiac output (transthoracic 
echocardiography or central venous O2
saturation) and add inotropic support as
needed

If after 1 hour of vasopressor support cannot 
maintain systolic blood pressure above
90 mmHg, add hydrocortisone 50 mg IV
 every 6 hours

Figure 31.1. Simplified algorithm for
the resuscitation of the pregnant septic
patient. CVP, central venous pressure;
MAP, mean arterial blood pressure; PRN,
as needed.
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early administration of drotrecogin-alfa (recombinant
activated protein C), more recent studies could not con-
firm this and the drugwas recently withdrawn because of
severe adverse bleeding events [26].

In the absence of bleeding, platelet transfusions in
the septic patient should be withheld until a count
<10 × 109/L is reached [7]. Similarly, in non-bleeding
stable patients in the ICU (including patients with sep-
sis), red blood cell transfusions should be avoided unless
the hemoglobin concentration falls below 7 g/dL. The
latter recommendation applies to septic patients after
the first 6 hours of evolution (once early goal-directed
therapy has been completed).

We discourage the transfusion of blood products
such as fresh frozen plasma or cryoprecipitates for the
sole purpose of correcting laboratory values unless an
invasive procedure is planned or active bleeding is
present.

When termination of pregnancy is anticipated,
higher thresholds should be aimed for because of
the risk of excessive bleeding during spontaneous or
operative delivery or evacuation.

Mechanical ventilation
A detailed discussion about mechanical ventilation
during pregnancy can be found in Chapter 18.

Conclusions
Sepsis is the leading cause of mortality in the critically
ill patient in general, and one of the leading causes of
maternal mortality worldwide. The pregnant septic
patient should be managed in a multidisciplinary fash-
ion with active participation of the maternal–fetal
medicine specialist and the intensivist. Most of the
key interventions used to treat sepsis should also be
applied during pregnancy taking into consideration
pregnancy-induced physiology. The cornerstone of
fetal survival is optimizing maternal condition.
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Chapter

32
Trauma
Andrew Tang, Bellal Joseph, Charles Cox, and Peter Rhee

Introduction
Trauma is a leading cause of maternal mortality and
morbidity worldwide, with themajority resulting from
motor vehicle or road traffic accidents. Effective care
for pregnant trauma patients requires not only a thor-
ough understanding of general trauma principles but
also knowledge of alterations of maternal physiology
during pregnancy and the interplay between maternal
and fetal interests. The basic principle in caring for the
pregnant trauma patient is “what is good for the
mother is good for the baby.” Fetal status can reflect
the cardiovascular state of the mother, as fetal distress
may be a sign of maternal hypovolemia. The best
results for resuscitation will be achieved by the
Advanced Trauma Life Support (ATLS) approach of
airway, breathing, and circulation, plus disability and
exposure (ABC-DE), with the early involvement of
other specialties (e.g. anesthesia, acute care surgery,
and, where needed, other surgical subspecialists such
as orthopedists or neurosurgeons) in addition to
emergency medicine physicians and obstetricians.
The optimal outcome is most likely to be achieved
through an algorithm-based care plan that is well
coordinated between multiple disciplines.

The first part of this chapter deals with trauma
while the second part discusses the specific issue of
burns.

Epidemiology
Worldwide, trauma is the leading cause of death for
those under the age of 45 years [1]. In the USA, it is
estimated that 148 000 deaths are attributable to
trauma on an annual basis, among which 42 000 are
the result of traffic accidents. According to data by the
US National Highway Traffic Safety Administration,
there are approximately 115 traffic deaths per day [2].

Trauma is also a leading cause of non-obstetric mater-
nal morbidity and mortality, complicating approxi-
mately 6% of all pregnancies: 4 out of every 1000
pregnancies will require hospitalization following
trauma for further monitoring and treatment. The
incidence of fetal death exceeds maternal death by
more than 3 to 1. It is estimated that there are 3.7
trauma-precipitated fetal deaths per 100 000 live
births.

In the UK, trauma is the leading cause of hospital-
ization among women. Trauma is one of the top three
causes of death amongst people of reproductive age
throughout the Western world, pregnant women
being included in these statistics. Major categories of
trauma are road traffic accidents (55%), domestic
abuse (20%), and falls (20%).

In the UK, of 261 women who died in the triennium
2006–2008 (for a maternal mortality rate of 11.39 per
100 000), 17 died as a result of road traffic accidents. Of
the four women who underwent perimortem cesarean
between 24 and 41 weeks, no baby survived.

Ikossi et al. [3] analyzed 1195 pregnant patients
with trauma in the American College of Surgeons
National Trauma Database and found that motor
vehicle accidents accounted for 70% of all trauma,
followed by interpersonal violence (11.6%), and falls
(9.3%). It is important to be aware that assault-related
injuries during pregnancy are grossly under-reported.
Available data suggest that such injuries are twice as
prevalent among US racial/ethnic minorities than in
white Americans. Multiple US studies have found that
pregnant trauma victims tend to be younger, of lower
socioeconomic status, more likely to belong to a
minority group, and more likely to be uninsured or
underinsured. Disturbingly, reports indicate that
approximately 20% of pregnant trauma victims test
positive for alcohol and drugs.
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The proper seatbelt application in pregnancy is
shown in Figure 32.1. The shoulder belt is placed
across the shoulder and between the breasts. The
lap belt is positioned as low as possible below the
gravid abdomen and across the hips. The lap belt
should never be placed directly across the gravid
abdomen as this predisposes the uterus, placenta,
and fetus to compressive and shear injury during
collision.

Considering that motor vehicle crashes account
for over 55% of trauma in pregnancy in the UK and
70% of trauma in pregnancy in the USA, the proper
use of seatbelts can be life saving. It is estimated that
the correct use of seat belts reduces the risk of injury
to the unborn child by 70%. While it is true that
pregnant women are more likely to wear seatbelts
than their age-matched non-pregnant counterparts,
US studies have shown that only 73% demonstrate
the correct seatbelt application. Discomfort and for-
getfulness (53% and 37%, respectively) are the two
most common reasons for the lack of seatbelt use, and
10% of pregnant females surveyed in a prenatal clinic
believed that seatbelts are actually harmful to the
pregnancy [4].

Diagnosis
The care of pregnant patients after trauma revolves
around the concept of “what is good for the mother is
good for the fetus.” The diagnostic workup and treat-
ment approach to the injured pregnant patient follows
the ATLS algorithm of the American College of
Surgeons Committee on Trauma [5]. Although multi-
ple facets of trauma care occur concurrently in an
organized resuscitation bay, the sequence of prioriti-
zation begins with ABC-DE (Table 32.1), followed by
the secondary survey, comprising detailed physical
examination and diagnostic adjuncts such as radiog-
raphy, ultrasound (specifically focused assessment
with sonography for trauma (FAST)), and CT.

It is not uncommon that a patient first learns she is
pregnant during her evaluation for trauma. The eval-
uation of every female within the potential age range
for pregnancy should include a urinary or serum
human beta-chorionic gonadotropin. The knowledge
of a patient’s pregnancy and gestational age will guide
subsequent workup, particularly in regards to radio-
graphic studies and fetal–maternal monitoring.

As with all trauma patients, care of the injured
pregnant patient takes a multidisciplinary approach.
This often involves coordinated input from the trauma,
anesthesia, obstetrics, and surgical subspecialty services
in order to deliver themost efficient and comprehensive
care. In addition to providing standard monitoring for
the mother, fetal (cardiotocographic) monitoring
should be performed for those who are at or beyond
the gestational age at which extrauterine survival is
possible: this may reflect local guidelines but in the
USA is commonly considered to be 24 weeks of gesta-
tion.While there is no high level of evidence guiding the
duration of maternal–fetal monitoring before safe dis-
charge, common American practice is for maternal and
fetal monitoring for at least 4 hours after minor trauma
and 24 hours after major trauma. During this time, the
clinician should be vigilant in monitoring for vaginal
bleeding, preterm labor, premature rupture of the
membranes, or any manifestation of maternal hemody-
namic instability or suspicion of fetal compromise that
mandates further monitoring or intervention.

Clinical features of pregnancy
affecting trauma assessment
Pregnancy is associated with physiological changes in
every body organ system, all of which impact the

Figure 32.1. Correct use of a seatbelt in pregnancy.
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maternal–fetal response to injury. We review them
briefly here and refer to Chapter 10 for more detailed
information.

Cardiovascular changes
Plasma volume is expanded by an additional 45%
above pre-pregnancy levels, and peripheral vascular
resistance declines by 30%; resting heart rate gradually
rises by 10–15 beats/min, contributing to an overall
cardiac output increase by 1.5L/min, a 25% increase
above the normal pre-pregnancy state. The increased
plasma volume also results in “physiological anemia of
pregnancy,” and a hematocrit of 31–35% is within
normal limits.

The cardiovascular physiological changes con-
found the interpretation of vital signs of the pregnant
trauma patient. The clinician must be astute in under-
standing that hemorrhagic shock may have a delayed
presentation because of the expanded maternal phys-
iological reserve. Baseline relative tachycardia can be
dismissed only after excluding sources of shock.
Likewise, a “stable” blood pressure must be interpreted
with caution as the expanded plasma volume creates a
deceptive scenario that manifests hypotension only
after significant blood loss has occurred. The first
sign of shock may be fetal heart rate changes as the
placental circulation is hypoperfused.

During the second half of the pregnancy, the
enlarging uterus may compress the inferior vena
cava, causing decreased vascular return to the right
heart and, therefore, decreased cardiac output. The
resultant “supine hypotension” can be alleviated by
elevating the right hip by at least 15°. If there is con-
cern about a possible spinal injury, the patient should
be kept on a spine board to be tilted. If this is not
possible, the uterus should be manually displaced to
alleviate compression on the inferior vena cava.

Respiratory changes
Noticeable respiratory changes during pregnancy
include an increase in minute ventilation and a com-
pensated respiratory alkalosis with a decrease in serum
bicarbonate. This ultimately leads to a reduction in the
patient’s total buffering capacity against systemic
acidosis.

Gastrointestinal changes
Gastrointestinal secretion and motility are inhibited;
competence of the lower esophageal sphincter declines
because of hormonal and mechanical effects.

Every trauma patient is suspected of having a full
stomach and should be approached with every attempt
to minimize the risk of aspiration: this is a particularly
important assumption tomaintain while caring for the

Table 32.1. The airway, breathing, circulation, disability, and exposure sequence in resuscitation

Primary survey Signs/symptoms Management options

Airway maintenance and
c-spine protection

Direct injury to the airway
Edema or foreign body
Depressed level of consciousness

Chin lift/jaw thrust
Suctioning
Establish patent airway (endotracheal
intubation)

Surgical airway (cricothyroidotomy,
tracheostomy)

Breathing Depressed respiratory function/absence of
spontaneous breathing

Asymmetrical breath sounds (pneumothorax)
Altered respiratory mechanics (flail chest)

Supplemental oxygen
Tube thoracostomy
Mechanical ventilation

Circulation Active hemorrhage
Hypotension/shock
Depressed level of consciousness

Control active hemorrhage
Rapid intravenous infusion via large-bore
lines

Reassess patient

Disability Glasgow Coma Scale
Pupillary response
Hemiplegia (impending herniation)
Spinal cord injury

Early and emergency treatment of
intracranial hypertension

Avoid hypoxia/hypotension
Urgent neurosurgical consult

Exposure/environment Completely undress patient to faciliate
examination

Avoid hypothermia

Warm intravenous fluids
Blankets
Evaluate for missed injuries
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pregnant patient as they are at an even higher aspira-
tion risk. Liberal use of antiemetics, nasogastric tubes,
and expedient spinal clearance so patients can be posi-
tioned semirecumbent rather than flat are important
maneuvers to minimize aspiration. If the need for
intubation arises, rapid sequence intubation should
be employed. This technique preoxygenates the
patient without bag-valve mask ventilation; weight-
based induction agent and paralytics are used instead
of titrating for effect, and cricoid pressure is applied.

Renal changes
Renal blood flow increases by 30% over pre-pregnant
levels, which results in increased glomerular filtration.
Clearance of creatinine, urea, and uric acid is
increased, leading to decreased serum creatinine and
blood urea nitrogen.

A mild degree of hydronephrosis and hydroureter
is normal during the late stages of pregnancy because
of the gravid uterus compressing the urinary tract.

Hematologic changes
Trauma is generally associated with hypercoagulabil-
ity unless in the end stages of shock, when massive
blood loss and coagulation factor consumption result
in profound coagulopathy. Pregnancy is also associ-
ated with hypercoagulability through increased pro-
duction of fibrinogen and coagulation factors plus a
decrease in fibrinolytic activity. The interplay between
pregnancy, trauma, and coagulopathy has not been
specifically studied. While it is plausible that
pregnancy-associated hypercoagulability may be pro-
tective in early stages of hemorrhage, it may also pre-
dispose the patient to increased risk of venous
thromboembolism.

Investigations

Primary survey
The primary survey in pregnant patients is done in the
same manner as in non-pregnant patients. Primary
survey includes assessment and maintenance of the
ABCs.

If intubation is required, the initial, weight-based
dose of a paralytic agent (neuromuscular-blocking
agent or muscle relaxant) is the same for pregnant as
non-pregnant patients. Pregnant women are, however,
more susceptible to these agents, so the block may last
longer. A limited amount may cross the placenta, so if

delivery occurs shortly after the mother has been
administered one of these drugs, the pediatrician
must be prepared to manage flaccidity or apnea in
the newborn.

Because airway edema is more common in preg-
nant women, a smaller endotracheal tube should gen-
erally be selected.

In pregnancy, the risk for aspiration and hypoxia
increases because the diaphragm is displaced cranially
by the gravid uterus and because of the combined
maternal–fetal oxygen demand. Therefore, supple-
mental oxygen is essential in these patients. The supine
position should be avoided after mid-pregnancy in
order to avoid inferior vena cava compression; if the
spine has not been cleared, the lateral tilt can be sup-
ported on a spine board. Because the diaphragm is
elevated by up to 4 cm by the late-term gravid uterus,
entry into the thoracic cavity during thoracostomy
tube placement should be one or two intercostal spaces
higher than the usual recommended fifth intercostal
location.

A pregnant patient may lose a large volume of
blood (30–35%) before there is a change to the vital
signs. Early replacement of blood and blood products
should be implemented, as lessons learned from recent
military campaigns have emphasized the survival
advantage of early replacement of blood lost by the
previously fit young person. While hypotensive or
targeted resuscitation is commonly employed in
trauma situations, the optimal hypotensive resuscita-
tion goal in pregnancy has not been defined, particu-
larly given concerns of fetoplacental hypoperfusion
under these circumstances. Limited late gestational
rabbit models in hemorrhagic shock do show a mater-
nal survival benefit with hypotensive resuscitation [6].

Secondary survey
The uterus is out of the pelvis at 12 weeks and palpable
at the umbilicus at 20 weeks; thereafter fundal height
increases by 1 cm per week and roughly matches the
gestational age. Fetal crown–rump length is used to
provide a more objective measure of gestational age
during the first trimester. Fetal biparietal diameter,
head circumference, and femur lengthmore accurately
reflect gestational age after the first trimester. Accurate
fetal gestational age critically impacts the management
of the mother and the fetus.

The secondary survey comprises a complete his-
tory and physical examination along with diagnostic
adjuncts such as ultrasound and CT. Gestational age
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can be estimated from the last menstrual period or, if
known, the estimated date of delivery, by abdominal
examination, or by ultrasonography. Pelvic examina-
tion is an important part of the secondary survey. If
there is suspicion of vaginal injury (accidental or
deliberate) or pelvic fracture, the examination may
be better carried out under an anesthesia.

Pelvic examination
Pelvic and rectal examinations should be routinely
performed as a part of the secondary survey in preg-
nant trauma patients. Perineal trauma, a bulging peri-
neum, vaginal bleeding, or ruptured membranes
should be noted and an urgent specialist obstetric
opinion sought. A tender or hard uterus and vaginal
bleeding suggest placental abruption, but in most cases
of vaginal bleeding ultrasound will be indicated prior
to pelvic examination.

Focused assessment with
sonography for trauma
The FAST approach is a standard diagnostic adjunct
employed in the trauma resuscitation bay for the
detection of intra-abdominal blood and pericardial
tamponade. Goodwin et al. [7] studied the clinical
usefulness of FAST in 177 pregnant women with
blunt trauma, 85% of whom were in the second and
third trimester. The sensitivity and specificity was 83%
and 98%, respectively, which are similar to values in
the non-pregnant counterparts. The standardization
of FAST has decreased CT utilization and has also
largely replaced diagnostic peritoneal lavage apart
from rare cases (such as the hemodynamically unsta-
ble patient with a negative FAST). If diagnostic peri-
toneal lavage is carried out in the pregnant patient, the
catheter insertion site should be supraumbilical to
avoid injury to the uterus.

Fetal ultrasound
Ultrasound is the most common imaging modality in
evaluating the fetus. It confirms gestational age, fetal
well-being, and position of the placenta. The advan-
tages of ultrasound include portability, repeatability,
and minimal radiation exposure. Ultrasound does
have some limitations and these are important to
keep in mind; in trauma when placental abruption is
a concern, sensitivity of ultrasound in detecting pla-
cental abruption in the acute phase is poor.

Cardiotocography
Cardiotocography is a technical means of recording
fetal heart rate and uterine contractions. Because
extrauterine survival is feasible at about 24 weeks, it
is common practice in the USA to employ cardioto-
cography after trauma for women who have reached
this stage. More than 90% of women with major
trauma after 20 weeks of gestation will demonstrate
uterine activity within the first hour, decreasing with
time; by 4 hours fewer than 30% are still contracting.
The persistence of contractions at 24 hours is associ-
ated with worse perinatal outcomes. Late decelerations
or loss of fetal heart tone variability may signal fetal
compromise.

Kleihauer–Betke test for rhesus
immunoglobulin
AKleihauer–Betke test allows identification of the num-
ber of fetal cells present in a given volume of maternal
blood. It identifies the amount of fetomaternal blood
exchange and guides the appropriate dose of rhesus
immunoglobulin needed to immunize rhesus-negative
mothers. The test is indicated in all rhesus-negative
pregnant patients after trauma. Some have advocated
using the Kleihauer–Betke test in all pregnant patients
after trauma because there is an association between a
positive result and a higher risk of preterm labor or
placental abruption, but specificity is poor [8].

Diagnostic imaging
The pregnant uterus should be shielded for X-rays
whenever possible. Concerns about radiation exposure
should not preclude the necessary imaging for the
timely identification of injuries. Irradiation of the
fetus carries little risk compared with the dangers of
undiagnosed maternal trauma. The American College
of Obstetricians and Gynecologists recommends keep-
ing total fetal radiation dose to <50 mGy (<5 rads).
However, when possible, alternative imaging modal-
ities such as ultrasound and MRI may be used (see
Chapter 22).

Types of trauma

Blunt trauma
Blunt trauma accounts for the majority of trauma sus-
tained during pregnancy. Motor vehicle accidents are
the most common cause of blunt trauma in pregnant
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women (55–70%) followed by assault (11–21%) and
falls (9%) [1–3]. Traumatic brain injury and uncon-
trolled maternal hemorrhage account for the majority
of maternal deaths. The gravid uterus alters the pattern
of injury in the pregnant female compared with non-
pregnant counterparts. Direct blunt abdominal trauma
is associated with uterine rupture, and 75% of cases
involve the fundus. Fetal mortality from uterine rupture
associated with blunt trauma approaches 100%.
Although uterine rupture is not the direct contributing
factor to maternal demise in the majority of cases, it is
associated with a 10%maternal mortality through asso-
ciated abdominal and orthopedic injuries. Severe pelvic
fractures are associated with a 30% incidence of intra-
abdominal injuries, most commonly to the bladder and
small bowel [9–11]. In the pregnant woman, the added
risk of uterine and fetal trauma must be considered,
including the risk of fetal head trauma when the fetal
head is fixed in the maternal pelvis. It is important to
note that a pelvic fracture is not a definitive contra-
indication to vaginal delivery. However, if the fracture is
significantly displaced, unstable, or narrows the pelvic
passages, cesarean delivery will likely be required.

The incidence of falls in pregnant women
approaches that of women over 70 years of age (27%
and 28%, respectively) [12]. Falls increase with pro-
gression of pregnancy as a result of the altered center
of gravity and biomechanics. The degree of injury is
proportional to the force and body part impacted, and
can range from simple sprains to fetal loss.

Penetrating trauma
Penetrating trauma accounts for a minority of trauma
sustained during pregnancy. The prognosis for the
fetus compared with the mother is much worse when
penetrating trauma has occurred. Fetal demise can
occur through direct injury to fetus, placenta, or the
umbilical cord. In mothers, however, since the gravid
uterus displaces the abdominal organs superiorly, vis-
ceral injury is less likely after penetrating injury to the
lower abdomen.

The management of penetrating trauma is essen-
tially the same as in non-pregnant patients. Most stab
wounds that enter the thorax or abdomen should be
evaluated for the extent of the wound. Exploration may
be done in deep penetration, hemodynamic instability,
excessive bleeding, or suspicion of injury to an under-
lying organ. A chest radiograph can be performed if
needed to evaluate for traumatic pneumothorax, hemo-
thorax, or free air under the diaphragm.

Gunshot wounds require more aggressive manage-
ment. Upright chest radiographs with radiopaque
markers at the site of injury are obtained to identify
the bullet trajectory and look for free air under the
diaphragm. An amniocentesis under ultrasound guid-
ance may be considered for gunshot wounds to the
abdomen: frankly bloody amniotic fluid would indi-
cate fetal injury. Where indicated (e.g. late preterm or
near term), amniotic fluid may be sent for indices of
fetal lung maturity if it would be helpful in a decision
about delivery. An exploratory laparotomy is per-
formed for gunshot wounds to the abdomen with
suspicion of hollow viscus or hemodynamically com-
promising solid organ injuries. The uterus should be
examined for a penetrating injury. If the fetus is older
than 24–25 weeks of gestation (or the local and cus-
tomary gestational age at which the perinate has a
reasonable chance at extrauterine survival) and fetal
injury or distress is evident, an immediate cesarean
should be performed. Where there is no suspicion of
fetal injury or compromise and the fetal lungs are
immature, the uterus may be repaired and the fetus
left alone. Labor may take place subsequently after
recovery from surgery and anesthesia. In the absence
of vaginal bleeding or fetal distress, preterm labor may
be suppressed with a tocolytic agent at the discretion of
the obstetrician. Penetrating uterine injury at less than
24–25 weeks of gestation should be treated conserva-
tively. Cesarean is indicated in severe maternal hem-
orrhage or fetal death in association with a uterine
rupture or injury that would preclude labor.
However, fetal death alone is not an indication for
cesarean delivery [13–15]. In some cases it may be
necessary to empty the uterus to gain access and com-
plete a trauma laparotomy. There is a place for peri-
mortem cesarean in some cases (see Chapter 13).

Domestic and sexual abuse
The incidence of domestic violence complicating
pregnancies ranges from 5 to 20% in various series;
20% is the estimate quoted in the most recent UK
triennial report 2006–2008 [16]. However, these fig-
ures may underestimate the problem. Sexual abuse
against pregnant women has been reported to be as
high as 17%. Unfortunately, signs and symptoms of
both domestic and sexual violence often go unrecog-
nized by the unsuspecting medical professional.
Frequent visits to antenatal clinic, emergency depart-
ment, or primary care physician offices, or discrep-
ancy between injuries and history given, are
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important clues. When suspected, social and law
enforcement agencies should be involved to protect
the mother and the unborn fetus from further harm.
In many institutions, contact numbers for relevant
agencies are put in the ladies’ lavatory, usually the one
place a controlling partner may not have access to. It
may be difficult for the woman to leave the relation-
ship. Treatment ideally would involve the removal of
the pregnant mother and any other children from the
abusive situation.

Pregnancy-related effects
of trauma

Preterm labor
Preterm labor may be precipitated by trauma and is
associated with waxing and waning abdominal pain,
back pain, pelvic pain, or pressure, and it is associated
with vaginal discharge, uterine tenderness, and/or vag-
inal spotting. Vaginal examination reveals effacement
and dilatation of the cervix.

Abruption
Placental abruption refers to the premature separation
of the placenta from the uterus after 20 weeks of
gestation. Maternal and fetal impact depends on the
severity of the abruption and the fetal gestational age.
Abruption involving more than 50% of the placenta is
frequently associated with fetal demise. Maternal
sequelae may include coagulopathy and shock.
Placental abruption is suspected when a pregnant
woman complains of abdominal pain with or without
vaginal bleeding. The uterus may be tender, hard, or
contracting without enough relaxation time.
Ultrasound should be performed before a vaginal
examination to exclude placenta previa. Mild degrees
of placental abruption, with a stable mother and a fetus
remote from term, may be managed expectantly.
Assuming both mother and fetus are stable, or in the
setting in which fetal demise has already occurred,
vaginal delivery is often recommended over cesarean
section because of increased incidence of disseminated
intravascular coagulopathy in such patients.

Fetomaternal hemorrhage
It is estimated that <1 mL of fetal blood is lost into
maternal circulation during normal pregnancy.
Increased transmission of fetal blood into the maternal

circulation may be precipitated by trauma to the ute-
rus itself, abruption of the placenta, or labor. Rhesus-
negative mothers may develop antibody against
rhesus-positive fetal blood and this isoimmunization
may complicate the current pregnancy or any future
rhesus-positive pregnancies.

Uterine rupture
Uterine rupture is reported to occur in up to 0.6% of
blunt abdominal trauma in pregnancy [17]. The risk
for uterine rupture increases with increasing gesta-
tional age and the force of the trauma. Patients may
complain of severe abdominal pain and chest pain
(because of the escaped blood irritating the dia-
phragm), along with loss of uterine contours. During
abdominal examination, fetal parts may also be easily
palpable, indicating uterine rupture. Uterine rupture is
associated with a very high risk of fetal mortality.

Emergency cesarean
The indication for an emergency cesarean in trauma is
not well defined; the decision is dependent on both
maternal and fetal conditions. It may be considered in
pregnant trauma patients with gestational age >24
weeks (assuming appropriate neonatal care resources
are available) who are hemodynamically unstable, or
with suspicion of significant fetal distress even in a
stable mother. It is usually not performed before
24 weeks of gestation as the fetus is not capable of
independent survival; the gestational age at which deliv-
erymay be considered, of course, will depend heavily on
the neonatal resources available. In a multi-institutional
retrospective cohort study, 32 emergency cesareans
were performed over a period of 8 years, with a mean
estimated gestational age of 33 weeks (22–40 weeks); for
those over 26 weeks of gestation with fetal heart tones
present at the time of emergency cesarean, 75% fetal
survival was achieved [18].

Resuscitative thoracotomy
The indications for resuscitative thoracotomy in
pregnant patients are the same as in the general
population. It is generally accepted that patients
arresting within 10 minutes from penetrating trauma
and 5 minutes from blunt trauma may be candidates
for this last resort in salvage. The objectives of resus-
citative thoracotomy include relief of cardiac tampo-
nade, control of cardiac or intrathoracic hemorrhage,
performance of open cardiac massage, and the ability
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to temporarily cross-clamp the thoracic aorta to pre-
serve blood flow to the heart and brain. Resuscitative
thoracotomy should be considered in a pulseless
pregnant trauma patient when the proper indications
are met. If the gestational age is over 24 weeks, then a
concomitant perimortem cesarean section should be
performed. Case reports exist documenting success-
ful deliveries of neurologically intact fetuses from
perimortem cesarean sections. However, infant sur-
vival and neurological outcome is directly related to
the time lapsed between maternal distress and deliv-
ery. Case reports also exist documenting preserved
pregnancies with term deliveries after successful
resuscitative thoracotomies without crash cesarean
sections. There may be a place for delivery at an
even earlier gestational age as an adjunct to maternal
resuscitation, although perinatal survival is unlikely
(see Chapter 12.)

Burns
The skin is the largest organ of the human body and
serves to protect against fluid and electrolyte loss,
external pathogens, and mechanical trauma. The
patient’s systemic response to thermal injuries is
directly proportional to the size and depth of the
burn. It can range from first-degree burns resulting
in only temporary discomfort to extensive full-
thickness burns resulting in multisystem organ failure
and death. The care of the burned patient is a multi-
disciplinary endeavor critically anchored on the prin-
ciples of rapid fluid resuscitation, early nutrition
replacement, early excision and skin grafting, and
intense physical rehabilitation.

Epidemiology
The World Health Organization estimates there are
195 000 deaths resulting from fires annually [19].
Over 95% of fatal fire-related burns occur in low-
and middle-income countries [20]. Southeast Asia
alone accounts for over half of all burn-related fatal-
ities. In the USA, 450 000 burn patients received
medical treatment in 2011, 10% warranting hospital
admission [21].

Diagnosis and treatment
Burn management and outcome is dependent on the
size and depth of thermal injury. Even in experienced
hands, accurate differentiation between burn depths
can be challenging. In addition, burns can also convert

to deeper injuries as a consequence of both the initial
degree of thermal insult and the appropriateness of
resuscitation.

First degree burns
Sunburns are the characteristic first-degree burns. The
depth of thermal injury is limited to the epidermis,
while all elements of dermal appendages remain intact.
The skin is painful, erythematous, blanches, and does
not blister. Care is largely aimed at providing a moist
and comfortable environment with moisturizing
cream and non-steroidal anti-inflammatory medica-
tions (not in pregnancy). Healing takes place within a
few days as the sloughing damaged skin is replaced by
new skin.

Second-degree burns
Second-degree burns are further classified as superficial
or deep, for both treatment and prognostic purposes.
The cutaneous nerve endings and dermal appendages
where the skin’s regenerative capacity reside remain
intact in superficial second-degree burns. Therefore,
these burns are erythematous, blanch, blister, and pain-
ful. Spontaneous re-epithelialization takes place from
the rete ridges, hair follicles, and sweat glands and is
typically completed by 14 days. Tissue response to
thermal injury is a dynamic process and superficial
second-degree burns can convert to deep second-degree
burns. Deep second-degree burns extend to the deep
dermal layers with destruction of the dermal appen-
dages. These wounds are typically less sensate, and the
quality of healing is poor, with a high propensity of
conversion to full-thickness burns. Depending on the
size of the wound, small deep second-degree burns can
be left for spontaneous healing, but large areas are best
treated with tangential excision and split-thickness skin
grafting.

Third-degree burns
Third-degree burns extend into the subcutaneous fat
with destruction of overlying dermal elements. These
wounds are dry, leathery, and insensate. Third-degree
burns uniformly have poor spontaneous healing, as
healing only takes place from the viable wound edges
by the process of contracture after the central wound
eschar has separated from the underlying subcutane-
ous tissue. Poor cosmetic and functional outcome and
a high infectious risk result from spontaneous healing.
The standard of care is to perform early tangential
excision and split-thickness skin grafting.
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Fourth-degree burns
Fourth-degree burns involve extensive destruction
beyond the skin to the underlying fat, muscle, and
bone. Care involves complex reconstruction and, in
certain cases, amputation.

General burn care
Approximately 90% of burns can be treated as out-
patient. It is important to recognize that burns may
result from flame, scalds, chemicals, or electricity. The
incidence of severe burns in pregnancy is low, with
much of the data coming from third-world countries
where heavier reliance on kerosene, lack of housing
fire code, and lack of reliable prehospital fire response
are contributing factors. Because of its low incidence,
standardized management guidelines for pregnancy-
related burns have not been established. The care
algorithm is extrapolated from knowledge in the gen-
eral burn and trauma populations.

The seriousness of the burn depends on the surface
area involved, the depth of the burn and the presence
or absence of inhalation injury. The immediate first
aid involves extinguishing the flames by fire retardant
or water. Small burns can be treated with cold water
immersion of the affected extremity.

The priorities in the pregnant burn patient are the
same as that established for all trauma patients based
on ATLS. Airway patency and the patient’s ability to
spontaneously breathe and oxygenate is the first prior-
ity. Inhalation injury, such as those suffered in close-
quarter household fires, can cause rapid airway edema,
leading to hoarseness, stridor, and airway obstruction.
A high index of suspicion should be raised when the
above signs are present in addition to evidence of facial
burns, singed facial hair, and coughing of carbona-
ceous sputum. In addition to the thermal injury, the
toxic byproducts of combustion such as hydrogen
cyanide, ammonia, and aldehydes, are inhaled into
the alveoli and cause chemical injuries that can pro-
gress to acute lung injury and acute respiratory distress
syndrome. When such injuries are suspected, early
intubation is recommended for both airway protection
and supplemental oxygen administration, which
shortens the half-life of carboxyhemoglobin from 4.5
hours to 50 minutes.

Burn patients are predictably hypovolemic because
of the large losses of interstitial and intracellular fluid.
The assessment of burn areas can be estimated using
the “Rule of Nines”: 9% for head and neck, 9% for each
arm, 18% front of trunk, 18% back of trunk, 18% for

each lower limb, and 1% perineum. The gravid abdo-
men would make up more than 18%. The area of the
patient’s palm represents 1%. Patients suffering from
over 20% total body surface area partial-thickness
burn should be aggressively resuscitated using the
Parkland formula as a guide, and the hourly fluid
infusion titrated based on urine output. This resusci-
tation strategy uses Ringer’s lactate infused at 4 mL/%e
total body surface area affected per kg body weight.
Half of this volume is given in the first 8 hours and the
rest given over the next 16 hours.

Burns should be kept moist with silver sulfadiazine
as the main stay for wound coverage. Mafenide acetate
has superior cartilage penetration and is used for
burns over cartilaginous areas such as the nose and
ear. Operative management of burns is largely based
on early tangential excision and split-thickness skin
grafting.

Survival after burns has improved over the past
several decades through advancements in critical care
management, artificial wound coverage, nutrition sup-
port, and early surgical intervention. Data for mater-
nal burn survival are lacking because of its low
incidence. Certain authorities advocate for delivery if
the maternal total body surface area affected is >50%
and the fetus is viable. It is believed that maternal and
perinatal mortality is increased if >50% of the body
surface is burned. If <30% of the body surface area is
burned, maternal and fetal survival is comparable to
the general population.

Key learning points

1. Pregnant trauma patients are more likely to be of
younger age and lower socioeconomic status.

2. The incidence of fetal loss exceeds maternal loss
by a ratio of 3:1.

3. The knowledge of a patient’s pregnancy status
and fetal gestational age guides workup,
management, fetal monitoring, and choice of
imaging.

4. Fetal cardiotocography should be considered in
all pregnancies admitted after maternal trauma at
or past the gestational age of viability.

5. Pregnant patients suffering minor trauma should
be monitored for at least 4 hours and up to 24
hours for major trauma.

6. Baseline relative tachycardia can be dismissed
only after excluding a source of shock.
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Chapter

33
Malaria, bites, and stings during pregnancy
Carlo Missant

Introduction
The topic of bites and stings during pregnancy is a very
diverse and sometimes exotic one. There are large
regional differences, depending on the species living
in a particular area. Symptoms can range from mild
and almost unnoticed to extremely serious, and the
effects on the fetus are not always clear. A review of all
possible insects is beyond the scope of this chapter and
the interested reader is referred to specific literature
focusing on infectiology and tropical diseases. This
chapter will focus on mosquitoes (including malaria),
ticks and Lyme disease, Hymenoptera (bees and
wasps), snakebites, and scorpion and jellyfish stings.

Mosquitoes and malaria
Mosquitoes are a member of the Culicidae insect fam-
ily. Blood-sucking mosquitoes inject saliva into the
bodies of their blood source. This saliva serves as an
anticoagulant and is also the main route by which
mosquitoes offer passenger pathogens access to the
hosts’ interior. Visible and irritating mosquito bites
are caused by an immune response resulting from the
binding of IgG and IgE antibodies to antigens present
in the mosquito’s saliva. Both immediate and delayed
hypersensitivity reactions to mosquito bites may
occur, resulting in itching, redness, and swelling.
Immediate anaphylactic reactions to mosquito bites
are extremely rare.

Effective prevention measures against mosquito
bites include the use of mosquito nets and insect
repellants. A whole variety of products are commer-
cially available but the most effective repellants con-
tain DEET (N,N-diethyl-m-toluamide). In the
Guidelines for Malaria Prevention in Travellers from
the UK, the UK Health Protection Agency states that
products containing up to 50% DEET are safe to use

during pregnancy [1]. Other useful repellents are pic-
aridin, oil of eucalyptus, and IR3535 (3-(N-butyl-N-
acetyl)-aminopropionic acid) [2]. Although they can
be quite annoying, mosquito bites do not require any
medical treatment. In severe cases, several medications
are commercially available to decrease symptoms,
including oral or topically applied antihistamines.
Modern H1 receptor antihistamines have not shown
any teratogenic effects so far, but the general rule
applies that oral antihistamines should be avoided in
the first trimester of pregnancy. If an antihistamine
must be used, chlorpheniramine is generally consid-
ered to be safe during pregnancy [3].

Mosquitoes can act as a vector for many disease-
causing viruses and parasites as they carry these organ-
isms from person to person without exhibiting
symptoms themselves. One specific genus of mosqui-
toes, Anopheles, can cause malaria when they carry
the parasitic genus of Plasmodium. Currently, over
200 species of Plasmodium are recognized and new
species continue to be described. At least 11 species
infect humans, with the most serious ones being
P. falciparum and P. vivax.

Malaria during pregnancy
It is estimated that 10 000 women and 200 000 infants
die as a result of malaria infection during pregnancy
each year. Severe maternal anemia, prematurity, and
low birth weight contribute to more than half of these
deaths [4,5].

Human malaria is caused by five species of
Plasmodium:P. falciparum, P. vivax, P. ovale, P.malariae,
and P. knowlesi. Most infections are with P. falciparum or
P. vivax, but infections with more than one malarial
species also occur. Both P. falciparum and P. vivax
malaria can pose problems for the fetus, with the latter
being more serious. The prenatal and neonatal mortality

Maternal Critical Care: A Multidisciplinary Approach, ed. Marc Van de Velde, Helen Scholefield, and Lauren A. Plante.
Published by Cambridge University Press. © Cambridge University Press 2013.

367



is reported to vary from 15 to 70%. Spontaneous abor-
tion, premature birth, still birth, placental insufficiency
and intrauterine grow restriction, low birth weight, and
fetal distress are the different problems observed in the
growing fetus [4].

One of the unique features of malaria in pregnancy
is the ability of P. falciparum-parasitized erythrocytes
to sequester within the intervillous space of the pla-
centa. These parasites express a specific class of variant
surface antigens that mediate adhesion of parasite-
infected erythrocytes to the syncytiotrophoblast lining
the intervillous space. Once these parasites adhere to
the surface of the trophoblastic villi, they induce accu-
mulation of inflammatory leukocytes, necrotizing the
adjacent placental tissue. Histopathology of placentae
with active malaria infection shows adhesion of
infected erythrocytes to syncytiotrophoblast, syncytial
degradation, increased syncytial knotting, and, in rare
cases, localized destruction of the villi [6].

Clinical manifestations
The clinical presentation of malaria varies according to
the underlying endemicity of the region (Figure 33.1) [7].

In holoendemic regions (regions where nearly
every individual of a population is infected), most

malarial infections in pregnant women are asympto-
matic, but the risk for maternal anemia and low birth
weight remains. However, for women residing in
meso-endemic areas (area with regular seasonal trans-
mission), malaria is more likely to result in febrile
illness, severe symptomatic disease, preterm birth,
and the death of mother or fetus. In areas of low or
unstable malaria transmission, where pregnant
women have acquired little immunity, symptomatic
malarial disease is the rule and serious complications
may occur. Observational studies have shown that
parasitemia is highest in the second trimester in both
primigravidas and multigravidae and the risk for
pregnancy-associated malaria persists for 60 days
postpartum [5,8]. Puerperal infection is mostly caused
by a new infection, rather than by the release of pla-
cental parasites into the maternal blood at delivery.
The reason for the high susceptibility to infection
postpartum may be related to postpartum changes in
the maternal immune system or maternal behavioral
changes [9,10].

The clinical manifestations of malaria are non-
specific and variable. Virtually all non-immune indi-
viduals will experience fever, chills, sweats, headache,
myalgias, fatigue, nausea, abdominal pain, vomiting,
diarrhea, jaundice, and cough. Pregnant women are

Countries/territories affected by malaria

Countries/territories preventing reintroduction of malaria

0 1,250 2,500 5,000 KilometersCountries/territories not affected by malaria

Not applicable

Figure 33.1. Malaria endemicity map. Note that this map is not a definitive source of information about malaria endemnicity. (© World Health
Organization, 2011 [7].)
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particularly vulnerable to malaria; compared with
non-pregnant women, pregnant women experience
more severe disease, more fever, more hypoglycemia,
and more respiratory complications (pulmonary
edema and acute respiratory distress syndrome). In
addition to anemia linked to the physiological changes
of pregnancy, approximately 60% of pregnant women
presenting with malarial infection are anemic, and
anemia may be one of the few signs of the disease [11].

Erythrocytes infected with P. falciparum are able
to sequester within the intervillous space of the pla-
centa. This is known as placental malaria and the
median prevalence in holoendemic areas has been
reported to be 26%. Erythrocytes infected with
P. vivax do not sequester in the placenta [12]. Note
that placental infection may be detected in absence of
peripheral parasitemia. Parasites adhered to the
trophoblastic villi will attack leukocytes, causing an
inflammatory reaction, leading to necrosis of adja-
cent placental tissue, placental thickening, and fibrin
deposition.

Severe malaria is defined as acute malaria with high
levels of parasitemia (>5% red blood cells infected)
and/or major signs of organ dysfunction: altered con-
sciousness with or without convulsions, respiratory
distress, metabolic acidosis, circulatory collapse, pul-
monary edema or acute respiratory distress syndrome,
renal failure, hemoglobinuria, disseminated intravas-
cular coagulation, and severe anemia [13,14].

The clinical manifestations of severe malaria vary
with age and region. Seizures and severe anemia are
relatively more common in children, whereas acute
renal failure and jaundice are more common in adults.
Cerebral malaria (with coma), shock, acidosis, and
respiratory arrest may occur at any age [13,14].

Diagnosis
The diagnosis of malaria should be considered in any
febrile woman who has resided in or has traveled to a
region with endemic malaria. Standard methods that
detect peripheral parasitemia can be used in pregnant
women (thick and/or thin peripheral blood smears or
rapid diagnostics; Figure 33.2).

It is important to point out that women may have
placental parasites without having any circulating in
the peripheral blood, making the blood film negative.
No reliable peripheral biomarker for the presence
of placental malaria has been identified so far; the
diagnosis is made by histological examination after
delivery.

Treatment
Safety and efficacy data to guide treatment during
pregnancy are unfortunately limited. Death can
occur within hours after infection so prompt clinical
assessment and initiation of therapy are essential.

General clinical management
Supportive therapy (antipyretics, oxygen, ventilatory
support, hemodynamic support) must be initiated
when needed. Clinical assessments of the patient
should be repeated every 2 hours for fast detection
and management of complications. In addition, lab-
oratory test for parasitemia, hemoglobin, glucose,
and lactate should be repeated with 6 hour intervals.
Daily fluid intake and output must be closely moni-
tored [15].

Hypoxemia

Hypoxemia is not a common finding in the setting of
severe malaria. In addition to a lower respiratory tract
infection, pulmonary edema (resulting from renal
impairment) or acute respiratory distress syndrome
can be the cause of hypoxia and should be treated
accordingly. Management requirements depend on
the specific situation and vary from supplemental oxy-
gen delivery to full mechanical ventilation.

Hematological complications

Hematological complications include severe anemia
and coagulopathy. Whether the patient requires trans-
fusion must be individualized, but transfusions are
mostly reserved for patients with altered conscious-
ness, heart failure, respiratory distress, lactate acidosis,
high-density parasitemia, or very low hemoglobin

Figure 33.2. Two Plasmodium malariae schizonts in a thin blood
smear. (Copyright Public Health Library, US Center for Disease
Control.)
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levels (4–5 g/dL). Clinically evident disseminated
intravascular coagulation in the setting of severe
malaria is rare (< 5%), but profound thrombocytope-
nia is common and the microcirculation in many
organs is occluded by fibrin thrombi [16,17]. Until
now, there is no evidence to support platelet trans-
fusion in patients without any sign of bleeding or who
are not at high risk for bleeding. Patients with a
thrombocytopenia (< 50 × 109/L) and serious bleeding
should receive platelet transfusion.

Hypoglycemia

Traditionally hypoglycemia is defined as blood glucose
< 40 mg/dL. Hypoglycemia is a common complication
of malaria and a marker of severe disease. It should be
suspected in any comatose patient or in patients who
deteriorate suddenly. Hypoglycemia is thought to
result from parasite glucose consumption and/or
impaired host gluconeogenesis. In addition to primary
hypoglycemia, administration of quinine or quinidine
can cause iatrogenic hypoglycemia. Hypoglycemia fol-
lowing artesunate therapy (part of the artemisinin
group of antimalarial drugs) is less common. Clinical
manifestations of hypoglycemia include seizure and
altered consciousness, although these are not reliable
clinical indicators and blood glucose concentration
should be assessed and repeated as part of routine
evaluation. Hypoglycemic patients should have intra-
venous access established promptly, followed by
administration of a bolus of dextrose (0.25 g/kg body
weight). This is usually achieved with 2.5 mL/kg 10%
dextrose solution, since extravasation of higher con-
centrations of glucose can cause severe tissue damage.
Blood glucose measurement should be repeated after
15minutes, with administration of repeat boluses until
the patient is normoglycemic. Maintenance intrave-
nous fluids should contain at least 5% dextrose.
Normoglycemic patients can develop hypoglycemia
during the course of treatment. In addition, those
managed promptly for hypoglycemia at presentation
can have subsequent recurrent hypoglycemia [18,19].

Seizures

Seizures can be generalized or focal and may differ
from nystagmus to coma. Other causes of neurolog-
ical symptoms or coma should be excluded (e.g.
hypoglycemia, meningitis) and treatment should be
started promptly. Benzodiazepines are the first-line
agents for seizure treatment. Diazepam 0.4 mg/kg
can be administered intravenously or per rectum.

Lorazepam 0.1 mg/kg is an alternative. These doses
can be repeated once in seizures that do not cease. If
benzodiazepines are not successful, phenobarbital or
phenytoin are alternatives. Patients with severe
malaria should not receive routine seizure prophy-
laxis in the absence of clinical seizure activity [20].

High fever

High fever is common in pregnant patients with
malaria infection and reflects the host response to
endogenous pyrogens released at the time of schizont
rupture. The use of antipyretics in patients with high
fever is appropriate as high fever can cause convul-
sions. Acetaminophen is a reasonable antipyretic
agent and can be administered orally, rectally, or intra-
venously. Fetal temperature is 1°C higher than the
maternal temperature.

Fluid management

The management of intravascular volume in patients
with severe malaria remains difficult, especially in
pregnancy where intravascular volume normally is
increased. There is only little margin between hypo-
volemia (and associated renal impairment) and hyper-
volemia with the risk for pulmonary or cerebral
edema. Markers of intravascular volume depletion in
patients with severe malaria include cool peripheries,
delayed capillary refill, and low urine output. Lactate
acidosis may also be a sign of intravascular hypovole-
mia. Aggressive fluid resuscitation and treatment of
acidosis are beneficial in these settings. However,
hypervolemia is associated with poor outcome and
should be avoided by all means [21,22].

Treatment in pregnancy
In general, the newer the drug, the more likely it is to
be effective, but fewer data will be available on safety
during pregnancy. In addition, the choice of drug
depends on the clinical severity and epidemiological
resistance patterns [23].

Chloroquine is the product of choice for first-line
therapy for uncomplicated P. falciparum infections
during pregnancy in chloroquine-sensitive regions.
In chloroquine-resistant areas, the combination of
quinine and clindamycin is recommended with
adequate safety data and low cost. However, quinine
is associated with hypoglycemia even in uncompli-
cated infections, which may increase risks for both
mother and fetus [24].

Section 4: Pregnant patient with coexisting disease

370



For severe P. falciparum malaria in chloroquine-
sensitive areas, intravenous quinine is recommended
in the first trimester of pregnancy and intravenous
artesunate in the second and third trimesters.
Artesunate should be used for severe chloroquine-
resistant P. falciparum malaria at all stages.

For uncomplicated non-falciparum malaria, preg-
nant women can be treated with chloroquine.
Chloroquine-resistant P. vivax infections during preg-
nancy can also be treated with mefloquine. Following
treatment of infection with P. vivax or P. ovale, non-
pregnant patients are treated with primaquine to pre-
vent relapse by eradicating the hypnozoite forms that
may remain in the liver. Primaquine is contraindicated
in pregnancy and, therefore, pregnant women should
receive chloroquine once weekly until after delivery,
when primaquine can be administered.

A comprehensive overview of treatments is given
in Boxes 33.1 and 33.2.

There is growing concern about the emergence and
spread of P. falciparum resistance to artemisinins, as
defined by delayed parasite clearance times. In April
2012, the World Health Organization (WHO) pub-
lished an update on artemisinin resistance, particularly
in the Greater Mekong region (Cambodia, Vietnam,
Myanmar, and Thailand) [25]. It is not known
whether these foci represent spread or de novo emer-
gence of artemisinin resistance. In response, contain-
ment projects were started in the affected regions and
cross-border coordination between national programs
and projects are urgently needed. Routine monitoring
in these affected regions must be continued to be sure
that artemisinins are effective and to be able to make
changes in treatment policies.

Prophylactic use of antimalarial drugs during
pregnancy
Pregnant women should avoid travel tomalaria-endemic
areas if possible. However, if necessary, measures to pre-
vent mosquito bites along with an effective chemopro-
phylaxis regimen should be used. Chloroquine or
hydroxychloroquine are considered safe to use in all
trimesters of pregnancy. Mefloquine is the agent of
choice for chloroquine-resistant areas and evidence sug-
gests it is not associated with an increased risk to the
fetus. Although the atovaquone–proguanil drug combi-
nation is not currently recommended for use during
pregnancy, limited data suggest that it is not harmful to
the fetus. Doxycycline and primaquine are not recom-
mended during pregnancy.

Box 33.1. Treatment of Plasmodium falciparum
malaria in pregnancy

Uncomplicated chloroquine-sensitive infections
Chloroquine is the product of choice for first-line
therapy: chloroquine 600 mg orally immediately, fol-
lowed by chloroquine 300 mg orally at 6, 24, and 48
hours

Uncomplicated chloroquine-resistant malaria
First trimester of pregnancy: quinine sulfate 650 mg
orally three times per day for 3 to 7 days plus clinda-
mycin 20 mg/kg per day orally divided in three doses
for 7 days

Second trimester of pregnancy: artemisinin derivative
(artesunate, artemether, artelinic acid) or the quinine
plus clindamycin combination can be used

Severe chloroquine-sensitive malaria
First trimester: quinine dihydrochloride 20 mg/kg
(in 5% dextrose) intravenous loading dose over
4 hours, 10 mg/kg (over 2 hours) intravenous at
intervals of 8 or 12 hours (maximum daily dose
1800 mg)

Second and third trimesters: 2.4 mg/kg loading dose
intravenous plus 2.4 mg/kg intravenous at 12 and 24
hours, followed by 2.4 mg/kg once daily

Severe chloroquine-resistant malaria
Artesunate 2.4 mg/kg loading dose intravenous plus
2.4 mg/kg intravenous at 12 and 24 hours, followed
by 2.4 mg/kg once daily

Follow-up treatment
After severe acute illness has been treated with intra-
venous drugs, complete therapy with oral antimalar-
ial drugs selected on the known parasite drug
susceptibility and national treatment guidelines
should be initiated

Box 33.2. Treatment of non-falciparum malaria
in pregnancy

Uncomplicated chloroquine-sensitive infection
Chloroquine 1000 mg salt orally immediately, fol-
lowed by 500 mg salt orally at 6, 24, and 48 hours

Chloroquine-resistant P. vivax infections
Mefloquine 750 mg salt orally as initial dose, followed
by 500 mg salt orally given 6–12 hours after initial
dose
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Continuous prophylaxis for pregnant women liv-
ing in endemic areas is not practical worldwide. An
alternative to reduce the risk for malaria infection
during pregnancy in women with prior immunity is
the program “intermittent preventive treatment dur-
ing pregnancy” (IPTp). The optimal agent, dose, and
frequency depend on the regional differences in
transmission intensity and drug resistance, but for
areas with medium and high malaria transmission,
the WHO recommends IPTp with two doses of sulfa-
doxine–pyrimethamine at least 1 month apart during
the second and third trimesters [26].

Management of labor
Anemia, hypoglycemia, pulmonary edema, and secon-
dary infections in malaria in pregnancy lead to prob-
lems for both mother and fetus. Severe P. falciparum
malaria in pregnancy carries a very high mortality as
maternal and fetal distress might be difficult to recog-
nize in these patients.

Falciparum malaria induces uterine contractions,
which can result in preterm labor. The frequency and
intensity of contractions appear to be related to the
height of fever. Fetal distress is common but often
unrecognized. Therefore, monitoring of uterine con-
tractions and fetal heart rate is required. All efforts
should be made to rapidly bring the temperature
under control by direct application of cold or the use
of antipyretic drugs.

Careful fluid management is also very important.
Dehydration as well as fluid overload should be
avoided, because both could be detrimental to the
mother and/or the fetus. If there is very high parasite-
mia, exchange transfusion may have to be carried out.

If necessary, induction of labor may have to be
considered. Once the patient is in labor, fetal or mater-
nal distress may indicate the need to shorten the sec-
ond stage by forceps or vacuum extraction. Cesarean
section must sometimes be considered.

Outcome
Adverse perinatal outcomes associated with malaria
include miscarriage, fetal growth restriction, preterm
birth, low birth weight, perinatal death, and congenital
malaria. Factors related to increased severity of malar-
ial infection during gestation include low parity,
young maternal age, non-immune immunological sta-
tus, P. falciparum or P. vivax species, a high degree of
parasitemia, and placental infection. In addition, the

patient’s socioeconomic background, place of resi-
dency (rural or urban), and season of acquisition has
also been shown to have an effect [27]. The increased
incidence of preterm deliveries in women infected
with P. falciparum may be mediated by alterations in
cytokine production. Increased levels of tumor
necrosis factor-alpha are reported in the intervillous
circulation and its concentration correlates with the
density of P. falciparum-infected erythrocytes [28].

Impaired fetal growth is correlated with the evi-
dence of parasites in the placenta and the correspond-
ing inflammatory infiltrate. Placental malarial
infection leads to placental thickening and fibrin dep-
osition, decreasing placental oxygen and nutrient
transport [5].

Perinatal and fetal mortality are higher in malaria
endemic regions than in non-endemic countries
(maternal mortality 61.1/1000 and 25.8/1000, respec-
tively, and fetal mortality 40.1/1000 and 20/1000,
respectively). The WHO estimates that 10 000 mater-
nal deaths each year are associated with malaria infec-
tion during pregnancy. During the malaria season,
maternal mortality rates have been reported to
increase by 168%. Younger maternal age has been
associated with higher rates of anemia and poorer
maternal and fetal outcomes [29].

Congenital malaria from transplacental or peripar-
tum infection of the fetus is being increasingly
reported. Numbers vary between 1 and 10% of preg-
nancies from both malaria-endemic and non-endemic
areas following maternal infections with all four spe-
cies of Plasmodium known to infect humans, but most
cases are reported following P. falciparum or P. vivax
infection. Placental infection is a prerequisite for but
does not predict congenital disease. Congenital
malaria usually manifests between the second and
eighth week of life. Symptoms include fever, anorexia,
lethargy, anemia, and hepatosplenomegaly. In addi-
tion, irritability, poor feeding, regurgitation, loose
stools, and jaundice may also be seen. The diagnosis
of congenital malaria can be confirmed by a smear for
malarial parasite from cord blood or blood collected
during the heel prick within a week after birth.
Differential diagnoses include rhesus incompatibility,
cytomegalovirus infection, herpesvirus infection,
rubella, toxoplasmosis, and syphilis [30].

There are very few documented studies on P. vivax
malaria infections in pregnancy. It appears to be
more common in primigravidae than multigravidae.
Parasite densities are similar in pregnant and
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non-pregnant states. It may be associated with mild
anemia and increased risk of low birth weight and not
associated with abortion, stillbirth, or a reduction of
the duration of pregnancy [31].

Ticks
Ticks are small arachnids in the order Ixodida. They
are vectors of a number of diseases, including Lyme
disease, Colorado tick fever, Rocky Mountain spotted
fever, African tick bite fever, tularemia, tick-borne
relapsing fever, babesiosis, ehrlichiosis, tick paralysis,
and tick-borne meningoencephalitis. Of all these dis-
eases, Lyme disease is the most common tick-borne
disease above the equator, followed by Rocky
Mountain spotted fever [32].

Lyme disease is an emerging infectious disease
caused by at least three species of bacteria belonging
to the genus Borrelia. B. burgdorferi is the main cause
of Lyme disease in the USA, whereas B. afzelii and B.
garinii are increasingly causing most European cases.
Responsible ticks carrying the Borrelia bacteria are
Ixodes species and Amblyomma americanum [33].

Lyme disease can affect multiple body systems and
produce a wide range of symptoms. Typical lesions of
the first phase of borreliosis are erythema chronicum
migrans, pain in muscles and joints, fatigue, headache,
fever, and general malaise. In the second phase of the
disease (weeks to months after infection), pericarditis,
myocarditis, atrioventricular conduction problems,
meningoencephalitis, and other peripheral neuropa-
thies may occur. After several months, untreated or
inadequately treated patients may develop severe and
chronic symptoms that affect many parts of the body,
including the brain, nerves, eyes, joints, and heart.
Lyme arthritis usually affects the knees but in a minor-
ity of patients, arthritis can occur in other joints,
including the ankles, elbows, wrist, hips, and shoulders
[34,35].

Besides protective clothing, early detection of
attached ticks and their prompt removal (within 36
hours) is the cornerstone in prevention of Lyme
disease.

Lyme spirochetes have been found in semen and
breast milk [36]. Transmission across the placenta
during pregnancy has not been demonstrated, and
no consistent pattern of teratogenicity or specific "con-
genital Lyme borreliosis" has been identified. Once
symptoms arise, antibiotics are the primary treatment
for Lyme disease. As with a number of other spiroche-
tal diseases, adverse pregnancy outcomes are possible

with untreated infection, and prompt treatment with
antibiotics reduces or eliminates this risk. Pregnant
women with Lyme disease cannot be treated with the
first-choice antibiotic, tetracycline, as it is potentially
harmful for the fetus (bone growth). Instead, erythro-
mycin for 10 to 28 days is usually given; it is less
effective against the disease but harmless for the
fetus [37].

Hymenoptera
Hymenoptera is one of the largest orders of insects,
comprising the sawflies, wasps, bees, and ants.
Hymenoptera stings are the leading cause of venom-
ous animal-related deaths in the USA and a major
cause of animal-related deaths worldwide. Allergic
reactions are themost common clinical problem, caus-
ing approximately 25 deaths a year. In the general
population, 0.4% is at risk for a serious allergic reac-
tion such as anaphylaxis or toxic venom effects [38].
Particularly in pregnant women, impaired blood cir-
culation following anaphylaxis may impair the fetus
and lead to premature birth or to malformations of the
central nervous system [39].

Local reactions after Hymenoptera stings include
a sharp burning pain, itching, and edema. Note that
rather extensive reactions may involve an entire
extremity and that stings to the tongue or throat
may cause loss of airway. Besides local reactions,
immediate and delayed systemic reactions can also
occur. Systemic reactions include diffuse itching,
urticaria, swelling at a distant from the sting site,
and flushing, but also more severe symptoms such
as laryngeal edema, severe bronchospasm, or pro-
found hypotension.

Immediate treatment of severe anaphylactic reac-
tions/shock in pregnant patients is absolutely required
and does not differ from action undertaken in non-
pregnant patients: removal of the stinger, airway man-
agement, oxygen supply, blood pressure support with
fluid and/or epinephrine, intravenous antihistamines,
and intravenous steroids [40]. Most steroids are clas-
sified as category C medication (probably safe during
pregnancy but risks cannot be ruled out in humans) by
the US Food and Drug Administration. Prednisone
does not represent a major teratogenic risk in humans
at therapeutic doses, but it does increase the risk of
cleft palate and cleft lip 3.4-fold [41]. There is some
evidence in case reports on the use of tranexamic acid
in the treatment of severe anaphylactic shock as this
antifibrinolytic agent is also a potent inhibitor of the
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complement cascade [42]. The use of tranexamic acid
is incorporated in the Dutch guidelines for treatment
of severe anaphylaxis. More details on the treatment of
anaphylactic shock can be found in other chapters of
this book.

Hyposensitization therapy is useful in the treat-
ment of allergic disease and in the prophylaxis of
anaphylaxis to Hymenoptera stings. Most allergic dis-
ease results from the patient’s production of excessive
immunoglobulin (Ig) E directed against a specific anti-
gen. The aim of the therapy is to reduce the excessive
antigen-specific IgE production. IN addition to the
induction of antigen-specific IgG antibodies, hyposen-
sitization increase the production of the deficient
antigen-specific suppressor T-cells, which can then
exercise their normal function of inhibiting the IgE-
producing B-cells [43]. Hyposensitization therapy
administered in pregnancy does not adversely affect
the expectant mother or the fetus. However, since an
anaphylactic reaction to the therapy could initiate
uterine contractions, caution is advised and allergists
tend to be reluctant to carry out hyposensitization
therapy during pregnancy.

Snakebites
Every year, 1.2–5.5 million people are bitten by a
snake, with envenomation occurring in 420 000 to
1 841 000, resulting in 20 000 to 94 000 deaths [44].
Although the available literature about snakebites in
pregnant females is scarce, Seneviratne et al. [45]
reported that pregnant women account for 0.4–1.8 %
of hospitalized snakebite victims in South Africa,
India, and Sri Lanka. Several publications have
reported very high overall fetal death rates, ranging
from 38 to 43%, while maternal deaths occurred in
10% after a venomous snakebite. Most recent reports
indicate the overall fetal loss at around 20% andmater-
nal death at around 4–5% [46].

In a recent literature review, 213 cases of snakebite
in pregnant women were identified in the period
between 1966 and 2009 [46]. Snake venoms can be
broadly classified as having inflammatory, cytotoxic,
neurotoxic or hemotoxic actions. Most snakebites will
cause some degree of local effect, such as pain, swel-
ling, bleeding, and redness (local envenomation). In
addition, systemic effects may also appear, such as
nausea, abdominal pain, hypotension and tachycardia,
coagulopathy, rhabdomyolyis, and renal failure (sys-
temic envenomation). It has been reported that a few

mothers had systemic envenomation without signs of
local envenomation.

The composition and effect of venom varies with
the species of snake, age of the snake, geographic local-
ity, and time of year. Other factors influencing the
effect of venom on humans include the amount of
venom injected and the age and health of the victim.

Several mechanisms have been proposed to explain
fetal deaths or abortions after snakebite [46]:

* fetal anoxia associated with maternal shock after
envenomation

* direct effect of the venom on the fetus after
placental transfer

* hemorrhage into the placenta (caused by direct
toxic of the venom)

* hemorrhage in the uterine wall causing placental
abruption

* premature uterine contractions initiated by the
venom (either via a direct action on uterine muscle
or indirectly by bradykinin release)

* pyrexia and cytokine release after tissue damage
* maternal hemorrhage, with acute fetal anemia

causing fetal death
* supine hypotension syndrome.

Some components of snake venom may cross the
placenta and adversely affect the fetus. The venom of
Vipera aspis has been shown to cause congenital
anomalies in the form of cleft palate and facial deform-
ities in pregnant mice. Naja nigricollis venom injected
into pregnant mice caused hepatic and myocardial
damage as well as pulmonary vascular congestion
and extravasation of blood in the intestinal lumen of
the fetuses. Arvin, the active defibrinating fraction of
the Malayan pit viper (Calloselasma rhodostoma)
caused high rates of fetal death and resorption during
early organogenesis in pregnant rabbits [47,48].

Envenomed patients should be admitted to hospi-
tal and observed for a period of at least 24 hours,
depending on the clinical circumstances. Supportive
therapy can vary from local analgesia and supplemen-
tal oxygen via face mask to full hemodynamic and
respiratory support and mechanical ventilation.
Renal failure may be treated with volume replacement
and diuretics, but hemodialysis may occasionally be
required. Hyperkalemia secondary to rhabdomyolysis
may be treated with calcium, insulin, and glucose. All
patients should receive appropriate tetanus prophy-
laxis and consideration should be given to antibiotic
prophylaxis if the bite wound is contaminated. The
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administration of antivenom is the only required treat-
ment for severe systemic snakebite envenomation.
When no antivenom is immediately available, all
measures must be taken to delay systemic absorption
of the venom and expediting the transport to a hospital
with experience in treatment of snakebite victims. The
pressure immobilization technique (application of a
pressure of 55 mmHg on the immobilized affected
limb) has been used to delay systemic absorption
after envenomation by snakes with a neurotoxic
venom. It cannot be used for bites of snakes with
locally necrotic venom, such as the cobra or the
viper. The effect of antivenom on the fetus remains
unclear. Antivenoms may be used in pregnant
patients, but anaphylactic reactions can cause harm
to mother and fetus and are not rare. Fetal death
rates up to 58% have been reported in mothers given
antivenom. However, while the safety of antivenom in
pregnancy is unclear, the risks of not administering it
outweigh the risks of administering it in correct clin-
ical scenarios.

Scorpion stings
Although all scorpion species possess venom and use it
primarily to kill and paralyze their pray so it can be
eaten, only 25 have a venom that is dangerous to
humans. The venom is a variable mixture of com-
pounds such as neurotoxins and enzyme inhibitors.
Symptoms and maternal or fetal effects depend on the
specific species and venom.

A sting may immediately result in sweating, pal-
lor, severe local skin reaction, pain, breathing diffi-
culty and respiratory collapse, tachycardia and
hypertension, blurred vision, slurred speech, drowsi-
ness, and neurological collapse. Advanced symptoms
may include motor hyperactivity, chest pain, vomit-
ing, diarrhea, and abdominal cramps. Certain scor-
pion species have venom that result in seizure;
respiratory, cardiac and nervous failure; paralysis;
coma; and death [49].

In contrast to snake and mosquito bites, reports of
scorpion stings and evenomation during pregnancy
are scarce in medical literature. No obvious similar-
ities are found between various species. For example,
no adverse fetal or maternal outcome has been
reported after a sting from the North American scor-
pion, while Kankonkar et al. [50] reported that a
number of pregnant women died after a red scorpion
sting in the Konkan region in India. In addition, stings
from Leiurus quinquestriatus have resulted in abortion

in pregnant women during the first trimester. In gen-
eral, while the pathophysiology of snake venom on the
uterus, placenta, and fetus is well described, the effects
of scorpion venom remain unclear [50].

First aid for scorpion stings is generally sympto-
matic, including analgesia, either systemic (opiates or
acetaminophen) or locally applied (such as a cold
compress). Hypertensive crises are treated with anx-
iolytics, antihypertensive drugs, and vasodilators.

Administration of species-specific antivenom is
sometimes required if there are near-fatal symptoms.
To date, no adverse fetal or maternal effects of scor-
pion antivenom have been reported.

Jelly fish
Most jellyfish stings are not deadly, but stings of some
species of the class Cubozoa (box jellyfish), such as the
toxic Irukandji jellyfish, can be deadly. In addition,
stings may cause anaphylaxis, which also can be fatal.
Medical care may include administration of an anti-
venom. In a literature review, only one case report of a
serious envenomation by the Northern Australian box
jellyfish was found. A pregnant women at 34 weeks of
gestation was stung by Chironex fleckeri while sitting
in water about 50 cm deep. After a few moments, she
became unconscious and stopped breathing.
Cardiorespiratory resuscitation was immediately
started and approximately 30 minutes after enveno-
mation, specific therapy including antivenom was
administered. After 4 days of hospitalization, the vic-
tim was discharged and 9 weeks later, she delivered a
healthy baby by cesarean delivery [49].

Clinical presentation of a patient after a jellyfish
sting varies according to the type of jellyfish and the
individual patient. Patients usually experience imme-
diate pain at the time of the sting, followed by liner red
urticarial lesions. These typical skin lesions burn and
itch intensely [49].

Some jellyfish found in Northern Australian
waters, such as Caruka barnesi, can cause the so-called
Irukandji syndrome [51]. This typically involves a
mild to moderate painful sting followed by severe
back–chest and abdominal pain, gastrointestinal
symptoms, agitation, hypertension, and tachycardia.
At a later stage, myocardial injury and pulmonary
edema might develop [52,53]. Major box jellyfish
(Chironex fleckeri) stings have caused several deaths
in Australia, with the venom having cardiotoxic, neu-
rotoxic, and dermonecrotic effects in vivo and hemo-
lytic effects in vitro [54,55]. Patients with a large
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tenticular contact can experience rapid onset of car-
diac arrest. Rare adverse events have been reported
with the Atlantic Portuguese man-of war, a jellyfish
causing numerous stings around the world. However,
cardiovascular or respiratory arrest have been
reported in rare cases in addition to drowning because
of limb paralysis [56].

Jellyfish tentacles must be removed promptly, as
nematocysts continue to administer toxins to the skin.
Tentacles can be brushed off using a plastic object and
seawater. Fresh water should be avoided as the osmotic
pressure can cause the nematocysts to fire. Also vigo-
rous rubbing can stimulate the nematocysts [57].

Acetic acid has been found to inhibit the discharge
of nematocysts from Australian box jellyfish and is
commonly used for Hawaian box jellyfish stings (but
not for the Portuguese man-of-war). In general, local
application of acetic acid is best used where there is a
risk of life-threatening effects [58]. Local application
of heat (hot water, 40–45°C) appears to be an effective
treatment for some jellyfish stings as it alters the pro-
tein structure of jellyfish toxins. However, it is not
appropriate to extrapolate these results in one jellyfish
species to another. At least for stings from Hawaiian
box jellyfish and Portuguese man-of war, hot water
application after removal of all tentacles is recommen-
ded. Ice or fresh water should not be applied to the
sting as this may help the nematocysts to continue to
release toxin [57].

Antivenom is available for severe Australian box
jellyfish stings. It is indicated for cardiopulmonary
instability and cardiac arrest. It should be given intra-
venously soon after the sting, since most deaths occur
within 5–20 minutes. Pretreatment with magnesium
sulfate improves the efficacy of antivenom [59].

Conclusions
Venomous animal bites and stings during pregnancy
are rarely reported. However, they can cause serious
problems to both mother and fetus. Unfortunately,
from cases described in the literature, the occurrence
of fetal death is frequent (30–40%) in malaria and
snakebite victims. The frequency of fetal deaths after
other venomous bites or stings is not known.

Malaria continues to be a worldwide problem affect-
ing millions of pregnant women each year. Prompt
diagnosis and adequate treatment is essential to obtain
a good outcome for mother and fetus. Regional differ-
ences in occurrence and resistance must be taken into
account to establish adequate treatment.

Envenomations during pregnancy should contin-
ually be reported in medical literature (case reports,
case series, etc.) so that information on medical man-
agement and fetal outcomes can be evaluated. No
formal epidemiological studies of the effects of anti-
venom on fetal development have been performed.
Whereas a large percentage of fetal deaths occurred
in mothers who received snake antivenom, it is likely
that these deaths were related to the severity of the
venom poisoning as opposed to the antiserum. It is
generally felt that the risks of significant venom poi-
soning to the mother and fetus outweigh any concerns
about the safety of antivenom to the unborn child.
More studies and human investigations are required
to evaluate the risk–benefit profiles of snake and scor-
pion antivenoms on pregnant mothers, embryos, and
fetuses.
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Chapter

34
Pregnancy and liver disease
Chris Verslype and Michael P. Plevyak

Introduction
Up to 5% of all pregnancies are complicated by liver
pathology [1,2]. The challenge for the clinician is to
diagnose and treat liver disorders before conception in
order to minimize fetal and maternal morbidity and
mortality.

This chapter proposes a general approach to the
pregnant woman with suspected liver disease before
reviewing liver diseases that are related and unrelated
to pregnancy. The management of clinically signifi-
cant portal hypertension during pregnancy will be
discussed, as well as guidelines regarding pregnancy
in patients who have undergone liver transplantation
or who have liver cell adenomas.

General approach to the pregnant
woman with suspected liver disease

Clinical assessment
The clinical assessment of patients with liver disease
during pregnancy is challenging because of the phys-
iological changes during pregnancy that can be mis-
taken for liver dysfunction. The hyperdynamic
cardiovascular state (rise in cardiac output, fall in
blood pressure and systemic vascular resistance) seen
in normal pregnancy may resemble the situation in a
patient with advanced liver disease. Moreover,
increased splanchnic blood flow and compression of
the inferior vena cava in the supine position by the
gravid uterus may induce transient portal hyperten-
sion [3,4]. Increased blood volume, particularly in the
azygous system, can lead to the development of esoph-
ageal varices in healthy pregnant women.

The hyperestrogenic state of pregnancy induces
palmar erythema and spider nevi, which are typical
clinical signs of patients with alcoholic hepatitis and

cirrhosis. During pregnancy, blood flow to the liver
remains constant and microscopic liver architecture
appears normal [5].

Cholestasis, portal hypertension, and liver failure
are major clinical entities that should be recognized in
any patient as soon as possible and particularly in the
pregnant woman because of the prognostic implica-
tions for mother and child. Cholestatic liver disease
should be suspected in a patient with pruritus without
rash and/or jaundice. The presence of ascites or varices
in the upper (esophagus, stomach) or lower gastro-
intestinal tract or a history of gastrointestinal bleeding
may point to clinically significant portal hypertension.
Hepatic encephalopathy, which may range from mild
confusion to deep coma, is often preceded or accom-
panied by jaundice and is indicative of liver failure. In
some patients, a combination of these clinical entities
may exist.

Biochemical tests
A number of blood tests are commonly used to screen
for liver disease, confirm its presence, estimate
severity, assess prognosis, and evaluate therapy.
In most centers, liver function tests include amino-
transferases (aspartate transaminase (AST), alanine
transaminase (ALT)), alkaline phosphatase, gamma-
glutamyltransferase (GGT), and serum bilirubin.
Strictly speaking, these tests do not assess liver func-
tion but indicate the presence of hepatocellular
necrosis, cholestasis, and hyperbilirubinemia. The
prothrombin time (after vitamin K) and, to a lesser
extent, serum albumin are more indicative of hepatic
synthetic capacity.

The serum levels of the aminotransferases reflect
the amount of hepatocellular injury and death on a
day-by-day basis. Serum aminotransferase levels can
rise to over 10 times the upper limit of normal (ULN)
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in hepatic hypoxia, acute viral hepatitis, toxin-induced
necrosis, and acute bile duct obstruction. In chronic
hepatitis, the levels are generally <5× ULN [6,7]. Serial
assessment of transaminases can be used to monitor
progress in an individual patient but correlation is
poor between absolute values and the extent of
necrosis. Serum ALT activity, but not AST, is slightly
higher in the second trimester of pregnancy compared
with non-pregnant women, but remains below the
ULN [8]. Increased serum AST and ALT noted during
labor may be secondary to contractions of uterine
muscle [9]. In conclusion, serum AST and ALT levels
remain normal during pregnancy prior to labor, and
increased values should lead to further investigation.

Serum alkaline phosphatase rises in cholestasis and
to a lesser extent with hepatocyte injury. Serum alka-
line phosphatase increases significantly in late preg-
nancy as a result of placental and bone production.
This limits the utility of alkaline phosphatase as a test
to diagnose cholestasis of pregnancy. Hepatic and
non-hepatic causes of alkaline phosphatase elevation
can be differentiated by determination of its isoen-
zymes, or more easily by testing for GGT, which rises
in liver disease but not in bone disease. Known
inducers of GGT are bile acids (cholestasis), prolonged
regular abuse of alcohol, and, particularly, antiepilep-
tic drugs (phenytoin, carbamazepine). A decline in
GGT can be observed during estrogen administration
or during the second and third trimester of pregnancy
[8]. Fasting total bile acid concentrations are unaltered
in normal pregnancy and are, therefore, a specific test
for the diagnosis of cholestasis.

Conjugated bilirubin can be elevated in cholestatic
and hepatocellular disease and is associated with a rise
in the serum enzymes discussed above. An isolated rise

in serum bilirubin (without enzyme elevation) may be
familial (Gilbert phenomenon) or result from hemol-
ysis. Conjugated bilirubin concentrations are signifi-
cantly lower during the second and third trimesters
compared with non-pregnant women. This can be
partially explained by hemodilution because albumin
is the bilirubin-transporting protein [8].

The hepatocyte is the principal site of synthesis of
the majority of coagulation proteins. The prothrom-
bin time (after vitamin K administration) represents a
good indicator of liver synthetic function because of
the short half-life of factor VII (100–300 minutes).
Estimation of individual clotting factors is rarely nec-
essary, although the level of factor V (not vitamin K
dependent) is related to outcome in acute liver failure.
Serum albumin [10] provides some indication of hep-
atic synthetic capacity. However, serum albumin levels
may be normal with acute liver failure because the
half-life of albumin is approximately 22 days.
Because of hemodilution, serum albumin levels are
significantly lower during all trimesters of pregnancy
compared with non-pregnant women [8].

Several scoring systems have been developed to
asses liver function (Table 34.1). The Child–Pugh
score reflects the severity of chronic liver disease
according to the degree of ascites, the prothrombin
time, the plasma concentrations of bilirubin and albu-
min, and the degree of encephalopathy. A total score of
5–6 is considered grade A (well-compensated disease),
7–9 is grade B, and 10–15 is grade C (decompensated
disease). These grades correlate with 1- and 2-year
patient survival. More recently, the MELD (Model of
End Stage Liver Disease) has been introduced in clin-
ical practice to predict prognosis in patients with cir-
rhosis and to guide listing for liver transplantation

Table 34.1. Assessment of liver function with the Child–Pugh classification

Factor Units 1 point 2 points 3 points

Serum bilirubin μmol/L <34 34–51 >51

mg/dL <2.0 2.0–3.0 >3.0

Serum albumin g/L >35 30–35 <30

g/dL >3.5 3.0–3.5 <3.0

Prothrombin time or Seconds prolonged 0–4 4–6 >6

international normalized ratio <1.7 1.7–2.3 >2.3

Ascites None Moderate Severe

Hepatic encephalopathy None Mild Severe

The score is calculated by adding the scores of the 5 factors to give a grade: A, 5–6; B, 7–9; C, >9.
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(Box 34.1). This score uses the prothrombin time,
serum bilirubin, and creatinine as input values.

Imaging of the liver
Real-time ultrasonography represents the most widely
used imaging method in clinical hepatology, to eval-
uate biliary tract obstruction, to identify collateral
vessels and splenomegaly in portal hypertension, and
to examine tumor vascularity. It is also valuable in
diagnostic assessment of portal vein or hepatic vein
thrombosis. More recently, liver elastography is used
by many hepatologists to evaluate liver stiffness. This

non-invasive technique uses both ultrasound (5 MHz)
and low-frequency (50 Hz) elastic waves, whose prop-
agation velocity is directly related to elasticity [11].
Unfortunately, there is no published experience yet
in pregnancy.

If ultrasound is inconclusive, MRI is a safe imaging
modality during pregnancy. No contrast injection is
needed for blood vessel or bile duct visualization.
Image quality has improved to such a degree that
MR cholangiography has replaced diagnostic endo-
scopic retrograde cholangiopancreatography [12].
Contrast agents (e.g gadolinium) should be avoided
during pregnancy because of transplacental transfer
and unknown fetal effects [13]. More recently,
diffusion-weighted imaging has been introduced
allowing characterization of liver lesions, without con-
trast administration [14].

Liver disorders during pregnancy
Liver disease in pregnancy is generally separated into
disorders that develop only in pregnancy and those
that present coincidentally with pregnancy. We rec-
ommend a systematic approach that focuses on the
major differential diagnostic characteristics of the
pregnancy-related liver diseases (Table 34.2) [2,15]

Box 34.1. Model of end-stage Liver disease
(MELD)

Survival probability of a patient with end-stage liver
disease is estimated from

[(0.957 × loge Creatinine (mg/dL)) + 0.378 × (loge
Bilirubin (mg/dL)) + (1.120 × loge INR) + 0.643] × 10

where INR is the international normalized ratio

An online calculator for MELD is available at http://
www.mayoclinic.org/meld/mayomodel6.html

Table 34.2. Major differential diagnostic characteristics of pregnancy-related liver diseases in the second half of pregnancy

Intrahepatic cholestasis
of pregnancy

Acute fatty liver
of pregnancy

HELLP-syndrome

Trimester (2)–3 3 (2)–3

Symptoms Pruritus Tiredness, vomiting Abdominal pain

Jaundice (bilirubin) <5 mg/dL Variable, >5 mg/dL if
severe

Rare, and if present 5 mg/dL

Liver failure No Yes No

Hypoglycemia No Yes No

Mental status Normal Hepatic encephalopathy
(ammonia ↑)

Headache, seizures, signs of disseminated
intravascular coagulation

Cause of increased
prothrombin time

Low vitamin K Liver dysfunction

Thrombocytopenia No No Per definition

Transaminases Variable, 2–20× ULN Variable, up to10×ULN Per definition, up to 10× ULN

Hemolysis No No Per definition

Arterial hypertension No 25–50% 85%

Imaging Normal Fatty changes Hepatic infarction, hematoma

Liver histology Cholestasis, limited
inflammation

Microvesicular steatosis
(zone 3)

Patchy necrosis, sinusoidal thrombi, and
hemorrhage

ULN, upper limit of normal; HELLP, hemolysis, elevated liver enzymes, low platelets.
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and a limited battery of additional tests for pregnancy-
unrelated liver diseases (Table 34.3). The most fre-
quent liver diseases that can be encountered during
pregnancy are reviewed below.

Pregnancy-related liver diseases
Hyperemesis gravidarum
Hyperemesis gravidarum occurs in 0.3–2% of pregnan-
cies and is characterized by intractable vomiting in the
first half of pregnancy resulting in dehydration, electro-
lyte imbalance, weight loss, and ketosis [2,15,16].
Thiamine deficiency may lead to Wernicke’s encephal-
opathy. The etiology is poorly understood and likely
involves a combination of hormonal, genetic, immuno-
logical, and psychological factors. Serum ALT and AST
are usually mildly elevated, although levels up to
20× ULN have been reported. Jaundice is uncommon
and there is no risk of liver failure. Liver biopsy is not
indicated and when done shows steatosis, focal necrosis,
or bile plugs. Therapy involves frequent small low-fat
meals, intravenous fluids, thiamine and folate supple-
mentation, and antiemetic medication. Liver test abnor-
malities usually return to normal levels within a few days

of volume expansion and the cessation of vomiting.
Persistently elevated transaminases are indicative of an
alternative diagnosis such as acute viral hepatitis. Other
pregnancy-related conditions such as acute fatty liver of
pregnancy and the HELLP syndrome (hemolysis, ele-
vated liver enzymes, and low platelets) typically present
in the third trimester of pregnancy and are as such easily
distinguished from hyperemesis gravidarum.

Intrahepatic cholestasis of pregnancy
Intrahepatic cholestasis of pregnancy is characterized
by generalized pruritus (particularly affecting the soles
and palms and is worse at night) and high fasting
serum bile acid levels (>10 mmol/L) in the late second
or third trimester [15,16]. Mild jaundice (serum bilir-
ubin <5 mg/dL) is present in 10–25% of women and
appears 1–4 weeks after the start of pruritus [15, 16].
Aminotranferase levels may be normal to mildly ele-
vated with levels 10–20× ULN in rare cases. There is no
evolution to liver failure. Diagnosis is made based on
these clinical and biochemical findings. Liver imaging
is rarely necessary. A liver biopsy may show signs of
cholestasis and inflammatory changes but is not
required for the diagnosis. The incidence of intrahe-
patic cholestasis of pregnancy varies among different

Table 34.3. Non-invasive evaluation of patients with clinical or biochemical suspicion of liver disease

Evaluation

1. Clinical history and physical examination Include medications

2. Liver disease

Hepatobiliary imaging Liver ultrasound (or if in doubt MRI)

Liver synthetic and excretory function Prothrombin time, albumin, bilirubin

3. Specific tests

Viral infection (hepatitis viruses A–E,
cytomegalovirus, herpes simplex virus, Epstein–
Barr virus)

Test for hepatitis B, C, D; for others only relevant to test if
there is markedly elevated serum aminotransferases
(>10× ULN)

Autoimmune disease Anti-nuclear antibody, anti-mitochondrial antibody,
smooth muscle cell antibody, liver–kidney microsomal
antibodies, immunoglobulins

Alpha-1-antitrypsin deficiency Protein electrophoresis (genetic testing)

Wilson disease Serum ceruloplasmin, urinary copper excretion

4. Exclude non-hepatic causes of elevated
aminotransferases

Thyroid disorders Thyroid-stimulating hormone

Coeliac disease Tissue transglutaminase antibodies

Muscle pathology Creatine kinase

ULN, upper limit of normal.
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geographic areas and populations: 0.1–0.5% in the
USA and Australia to 10–16% in Scandinavia and
Chile. The condition is associated with a relatively
high rate of fetal morbidity, from premature birth
and meconium-stained amniotic fluid, and intrauter-
ine fetal death (0.4–1.6%) from fetal anoxia [2]. The
risk of adverse fetal outcome appears to increase with
increasing bile acid levels, particularly once a level of
>40 μmol/L is achieved [17].

Prognosis for the mother is excellent, despite the
pruritus and an increased risk for postpartum hemor-
rhage (because of cholestasis-induced vitamin K malab-
sorption). The rapid and complete recovery following
delivery (within 2 weeks) is a typical feature. Risk factors
include multiparity; advancing maternal age and multi-
ple gestation and recurrence rates are high.Womenwith
a history of intrahepatic cholestasis of pregnancy have
more gallstone-related disease (pancreatitis, cholecysti-
tis) and cholestasis from oral contraceptive use.

The pathogenesis of the disease is only partially
understood. Hormonal changes in estrogen and pro-
gesterone metabolites, together with genetically deter-
mined mutations in bile transporter proteins, such as
multidrug resistance glycoprotein-3 and bile salt
export pump, play a role [18]. The link between high
bile salt concentrations and fetal morbidity is possibly
related to induction of myometrial contractions and
placental vasoconstriction [16].

Intrahepatic cholestasis of pregnancy is associated
with an approximately 1% risk of fetal death, which
occurs at a median gestational age of 38 weeks [2].
Delivery at 37–38 weeks is commonly performed to
minimize perinatal morbidity and mortality. Fetal
monitoring is recommended despite the inability to
prevent cases of sudden fetal death. Ursodeoxycholic
acid is considered the drug of choice for the treatment
of intrahepatic cholestasis of pregnancy. In a double-
blind placebo-controlled study, 130 Swedish women
were randomized to ursodeoxycholic acid (1 g/day, 3
weeks) or dexamethasone (12 mg/day, 1 week). The
patients that were treated with ursodeoxycholic acid
had significant improvement of pruritus and bio-
chemical parameters of cholestasis [19]. There was
no difference in fetal complications, but this may be
because of the small group of patients (34) with bile
salt levels >40 mmol/L.

Acute fatty liver of pregnancy
Acute fatty liver of pregnancy (also discussed in
Chapter 37) affects approximately 5 in 100 000

pregnancies and is associated with a 1–2% maternal
mortality rate and 10% perinatal mortality rate [20].
In rare cases, it can be associated with beta-oxidation
defects in the fetus. The characteristic microscopic
alteration is microvesicular steatosis [21]. Patients
usually present in the third trimester and may exhibit
acute liver failure with hepatic encephalopathy, jaun-
dice, marked elevation of transaminases, prolonged
prothrombin time, and hypoglycemia. The differen-
tial diagnosis includes acute viral hepatitis and the
HELLP syndrome (Table 34.2). Management of acute
fatty liver of pregnancy involves intensive supportive
care and prompt delivery. The clinical condition may
deteriorate further within the first 48 hours following
delivery and liver transplant may be indicated in the
absence of liver regeneration [2]. According to a
retrospective evaluation of 54 admissions with
pregnancy-related liver disease, the classical King’s
College criteria were not effective in predicting out-
come. Instead, a serum lactate of 2.8 mg/dL and the
presence of encephalopathy had sensitivity of 90%
and a specificity of 86% to predict liver transplant
or death [22].

Liver diseases unrelated to pregnancy
Several viruses may induce hepatitis. The natural his-
tory of the disease is dependent upon the host’s
immune response to the virus. Most cases of acute
hepatitis are characterized by malaise, nausea, ano-
rexia, and vomiting. Jaundice may develop and bio-
chemically there may be a marked elevation of
transaminases. The occurrence of hepatic encephalop-
athy and prolongation of prothrombin time is indica-
tive of acute liver failure. Several viruses (e.g. hepatitis
A (HAV) and E (HEV), herpes simplex virus (HSV),
cytomegalovirus, Epstein–Barr viruses) that usually
cause an acute self-limited hepatitis may occasionally
result in acute liver failure.

Infections with hepatitis B virus (HBV), C virus
(HCV), or delta virus may run a chronic course and
the viral genome can be detected in the serum more
than 6 months after infection. Most of these patients
are asymptomatic and are only diagnosed after detec-
tion of liver tests abnormalities. A long-standing infec-
tion can induce cirrhosis, which may lead to fibrosis,
nodular regeneration, vascular shunt formation, and
clinically significant portal hypertension. In addition
to viruses, the pregnant woman may develop auto-
immune, drug-induced (including toxins), or meta-
bolic liver disease.
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Hepatitis A
Hepatitis A virus is transmitted via the fecal–oral route
and the incidence of acute HAV during pregnancy is
less than 1 in 1000. Diagnosis is made by detection of
antibodies to HAV of the IgM type. The clinical pre-
sentation and disease course is similar to non-
pregnant patients. Acute HAV infection in the third
trimester of pregnancy is associated with preterm
labor in approximately 60% of patients [15,23]. In
acute liver failure, liver transplantation may be indi-
cated. Perinatal HAV transmission is uncommon and
most remain subclinical. A safe and effective vaccine
against HAV is available. After birth, children of
mothers with HAV infection in the last trimester
should receive the vaccine, and some experts also
recommend administration of immunoglobulin.

Hepatitis B and delta
Hepatitis B virus is highly infectious and transmitted
parenterally by percutaneous or mucosal exposure,
sexually, and from mother to infant. The clinical pre-
sentation and course of the disease is similar to non-
pregnant infected individuals. Diagnosis of HBV
infection is made by detection of hepatitis B surface
antigen (HBsAg) in the serum. It is difficult to deter-
mine, in the absence of previous serology, if a patient
acquired a new infection or has a flare of a chronic
hepatitis B. Although intrauterine infection has been
reported, the intrapartum period is the time of greatest
risk. The risk of vertical transmission is 10–20% in
women positive for HBsAg but negative for hepatitis e
antigen (HBeAg; found in the blood only when there
are viruses also present). Women with a high HBV
viral load or those positive for HBeAg have an 80–90%
chance of transmitting the virus to their infant [15,24].
Perinatal infection commonly progresses to chronic
infection, which is associated with an increased risk of
developing cirrhosis and liver cancer. Because of the
risk of vertical transmission, HBsAg status should be
assessed early in pregnancy and unimmunized
high-risk patients should be vaccinated, even during
pregnancy. Administration of HBV human immuno-
globulin and the HBV vaccine within 12 hours of birth
to all neonates born to HBsAg-positive women
reduces the vertical transmission rate by 85–95%
[16]. The use of antiviral drugs such as lamivudine or
tenofovir during the third trimester in women with a
high viral load appears to be safe during pregnancy
and may further reduce the risk of vertical transmis-
sion [25]. However, there is no consistency about

definition of high viral load among different studies.
The vertical transmission rate does not appear to be
affected by mode of delivery or breastfeeding.

Hepatitis delta virus is a subviral satellite dependent
upon the presence of HBV for replication. Its diagnosis
is established by serological testing. Vertical transmis-
sion is possible but preventable by using the measures
to prevent HBV infection.

Hepatitis C
Hepatitis C virus is transmitted through the parenteral
route and is mainly a disease of intravenous drug
users. Following a mostly asymptomatic acute infec-
tion, more than 80% of patients will develop chronic
hepatitis and are at risk for developing cirrhosis or
primary liver cancer over the following two to three
decades. The incidence of chronic HCV infection in
pregnant women is similar to that of the general pop-
ulation and ranges from <1% up to 2.4% [2,26].
Diagnosis of HCV infection is confirmed by the detec-
tion of HCV RNA in serum. The antibodies that are
detectable are not protective and an effective vaccine is
not available. Transaminase activity levels may fall in
the second half of pregnancy with a concurrent rise in
serum HCV RNA levels, but this is not clinically sig-
nificant. Women with chronic HCV infection usually
experience an uneventful pregnancy except when
advanced fibrosis and portal hypertension is present.

Unlike HBV infection, vertical transmission of
HCV is generally below 10%. Factors that increase
this risk include HIV coinfection, high viral load
(>106 copies/mL), and membrane rupture >6 hours
[2]. Risk of transmission is unaffected by mode of
delivery or breastfeeding. The presence of serum
HCV RNA at 6 months of age is indicative of congen-
ital HCV infection. Vertically acquired neonatal HCV
infection usually manifests as mild liver disease,
although spontaneous clearance later on is possible.
Antiviral therapy is generally postponed until young
adulthood. Current antiviral therapy for HCV
includes interferon and ribavirin, which are contra-
indicated during pregnancy.

Hepatitis E
Hepatitis E virus is endemic to large areas of Africa,
Asia, and Central America and shares the same fecal–
oral transmission route as HAV. Sporadic cases are
increasingly diagnosed in developed countries.
Pregnant women are particularly susceptible to this
viral infection and HEV infection during the last two
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trimesters of pregnancy is associated with up to 60%
risk of fulminant hepatic failure, resulting in high
maternal (41–54%) and fetal (69%) mortality rates
[15,27]. Delivery does not affect maternal outcome
and there is no therapy to prevent transmission.

Herpes simplex virus hepatitis
Pregnancy increases susceptibility to HSV hepatitis,
which is otherwise rarely seen in adults. Maternal
and neonatal mortality rates may be as high as 40%.
Mucocutaneous lesions are not always present. The
high level of transaminases and coagulopathy in the
absence of jaundice ("anicteric" hepatitis) should raise
suspicion of HSV hepatitis, for which intravenous
therapy with acyclovir is effective [28].

Autoimmune hepatitis
Autoimmune hepatitis has a prevalence of 0.1–1.2 per
100 000 in the Caucasian population. The clinical
manifestations of this condition vary widely and
include asymptomatic patients, those with acute ful-
minant hepatitis, and those with chronic hepatitis and
cirrhosis. Although autoimmune hepatitis is typically
associated with infertility, a patient with well-con-
trolled disease can become pregnant. Autoimmune
hepatitis is classically treated with corticosteroids as
induction therapy and azathioprine in maintenance.
More recently, budenoside was shown to control the
disease with fewer systemic side effects than dexame-
thasone. Autoimmune hepatitis tends to run a highly
variable course in pregnancy. Postpartum flares are
common, which is similar to other autoimmune con-
ditions. The risk of fetal loss, preterm birth, and fetal
growth restriction appears to be increased in women
with autoimmune hepatitis. However, successful preg-
nancy outcome is anticipated in women with well-
controlled disease [29–31]. Treatment commonly
consists of corticosteroids and/or azathioprine.
Corticosteroids are considered safe during pregnancy,
although there is some debate concerning azathioprine
(US Food and Drug Administration pregnancy cate-
gory D), but data suggest low risk.

In patients with cholestatic autoimmune liver dis-
eases, such as primary sclerosing cholangitis or pri-
mary biliary cirrhosis, limited data are available
concerning pregnancy outcome [32]. In patients with
primary sclerosing cholangitis, concomitant inflam-
matory bowel disease may pose specific problems
that are beyond the scope of this chapter. For both
diseases, ursodeoxycholic acid is a standard treatment

and is considered safe during pregnancy (US Food and
Drug Administration pregnancy category B).

Non-alcoholic fatty liver disease
Non-alcoholic fatty liver disease (NAFLD) is becom-
ing the most frequent liver disease in the Western
world, with at least 20% prevalence in unselected pop-
ulations [33,34]. It is a spectrum of liver disease, rang-
ing from steatosis to steatohepatitis, with advanced
fibrosis and eventually cirrhosis. Non-alcoholic fatty
liver disease is the hepatic manifestation of the meta-
bolic syndrome, which includes obesity, arterial
hypertension, hyperlipidemia, and type 2 diabetes
mellitus. The influx of free fatty acids together with
insulin resistance on a susceptible genetic background
is a driving mechanism, but the pathogenesis remains
poorly understood [35]. Patients may remain asymp-
tomatic for decades. The diagnosis is made by the
combination of abnormal liver tests (typically with
the ALT:AST ratio >2:1), the suggestion of liver stea-
tosis on imaging, and (rarely) a liver biopsy. The
histological findings are similar to alcoholic liver dis-
ease; therefore, the differential diagnosis can only be
made in patients who abstain from alcohol. Therapy
includes control of the components of the metabolic
syndrome and lifestyle changes. Despite the supposed
high prevalence of NAFLD in the general population,
there are virtually no data in the literature concerning
NAFLD and pregnancy [36]. Despite the lack of data,
an increased risk of pre-eclampsia is expected in
women with NAFLD because of its associated comor-
bidities, such as obesity and hypertension.

Hepatic vein thrombosis (Budd–Chiari syndrome)
Pregnancy, along with other hypercoagulable states
(i.e. myeloproliferative disorders and inherited throm-
bophilia), are risk factors for the rare condition of
hepatic vein thrombosis [37]. The clinical picture is
dependent upon the number of veins involved.
Prognosis is poor in patients with painful hepatome-
galy and marked ascites. Therapy consists of low-
molecular-weight heparin and the timely placement
of a transjugular portosystemic shunt to decompress
the liver. Liver transplant may be indicated in case of
overt liver failure.

Treatment in pregnancy involves anticoagulation,
although thrombosis may occur despite therapy.
Maternal outcome is generally favorable but an
increased rate of miscarriage and preterm delivery
have been reported [37].
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Wilson disease
Wilson disease is a rare autosomal recessive disorder
of copper metabolism characterized by deposition of
excess copper in the liver, brain, and kidney. Patients
may present with jaundice, elevated transaminases,
and hemolytic anemia, which may be mistaken for
the HELLP syndrome.

Pregnant patients should continue anticopper ther-
apy throughout pregnancy to prevent disease flare and
acute liver failure. The dose of D-penicillamine (US
Food andDrugAdministration categoryD drug) should
be decreased by 25–50% in pregnancy [38]. An excellent
outcome for 12 pregnancies in patients with Wilson
disease was demonstrated using D-penicillamine
[39]. Zinc may potentially represent an alternative treat-
ment [40].

Drug-induced liver disease, including alcohol
The liver is susceptible to damage by drugs and toxins
as it has an important role in metabolizing xenobiot-
ics. The degree of drug-induced liver injury can vary
from mild transient elevation of liver tests to severe
injury and acute failure. Hepatotoxicity is a result of
multiple factors and is difficult to predict. A few drugs
that cause liver injury have a predictable, dose-
dependent toxic mechanism of action, the most widely
recognized being acetaminophen. When acetamino-
phen overdose is excluded, most cases of drug-induced
liver injury result from rare, unpredictable reactions to
commonly used drugs [41]. The drug itself or its
metabolite may be inherently hepatotoxic. The level
of exposure, environmental factors, and genetic fac-
tors could play a role in hepatotoxicity. During preg-
nancy, the liver remains vulnerable to these toxic drug
reactions. Catastrophic cases of drug-induced liver
injury have been reported in pregnancy, even with
drugs that were presumed “safe” in pregnancy [42].

Ethanol ingestion in pregnancy may be associated
with dangerous consequences for mother and child. In
non-pregnant women, the intake of more than two units
a day and particularly binge drinking, is associated with
many health risks, including but not limited to liver
disease. The liver disease caused by alcohol represents
the same histological spectrum as discussed for NAFLD.
The histological liver changes caused by alcohol are
similar to those seen with NAFLD. In contrast with
NAFLD, patients with alcoholic hepatitis (without cir-
rhosis)may present with the clinical picture of acute liver
failure (marked jaundice, prolonged prothrombin time,
encephalopathy, portal hypertension, and moderately

elevated serum transaminases), with a high risk of
death (up to 50%). The pathogenesis of liver disease
relates to ethanol metabolism with generation of acetal-
dehyde, which is highly toxic because of the formation of
protein and DNA adducts that promote glutathione
depletion, lipid peroxidation, and mitochondrial
damage [43].

Alcohol ingestion may have several negative effects
on pregnancy. The age-adjusted relative risk of second
trimester spontaneous abortions (15–27 weeks) was
1.03 (non-significant), 1.98 (p < 0.01), and 3.53
(p < 0.01) for women taking fewer than 1, one to
two, and more than three units daily, compared with
non-drinkers [44]. Alcohol exposure in pregnancy
may lead to fetal alcohol spectrum disorder, which
includes craniofacial, cardiac, growth, and behavioral
abnormalities. Fetal injury may occur with alcohol
exposure at any time in pregnancy, although the risk
of birth defects is highest with first trimester consump-
tion. Abstinence from alcohol is recommended during
pregnancy because a safe level of consumption has not
been determined [45].

Management of clinically significant
portal hypertension
Portal hypertension may arise in the context of liver
disease (most often cirrhosis from the various causes
discussed above) or in non-cirrhotic disorder (most
often portal vein thrombosis). Fertility is unaffected in
women with non-cirrhotic portal hypertension.
Cirrhosis is associated with a high incidence of ame-
norrhea, making pregnancy less likely to occur [46].
The spontaneous abortion rate can be as high as 40%
of pregnancies in women with cirrhosis.

Clinically significant portal hypertension is defined
by the presence of esophagogastric varices and/or
ascites that correlate with an invasively measured hep-
atic venous pressure gradient of >10 mmHg. The
increased blood volume that occurs during pregnancy
may worsen portal hypertension and increase the risk
of variceal bleeding, which develops in 20–25% of
patients [2]. Pregnancy outcome in women with cir-
rhosis and portal hypertension is variable. Fetal and
maternal mortality rates up to 50% were reported in
older studies. In a recent retrospective series of 62
pregnancies in 29 women with cirrhosis, maternal
complications (ascites, encephalopathy, or variceal
hemorrhage) occurred in 10% of patients and one
mother died [47]. The reduction in complications in
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recent studies likely reflects the implementation of
evidence-based treatments for portal hypertension,
such as the use of non-selective beta-blockers and/or
endoscopic band ligation of the varices. Mortality rates
are higher in cirrhotic (<10–50%) than in non-
cirrhotic (10%) patients [48].

The existing prognostic models of cirrhosis
severity are useful in determining outcomes in preg-
nant women with cirrhosis. Higher MELD and Child–
Pugh scores (discussed above) are associated with
poorer outcomes for mother and newborn. In the
study of Westbrook et al. [47], a MELD score at the
time of conception ≥10 predicted, with 83% sensitivity
and 83% specificity, which patients were likely to have
significant, liver-related complications. No patient
who had a MELD score ≤6 at the time of conception
developed significant hepatological complications.

Women with a MELD score of ≥10 should be advised
against pregnancy.

Every patient with suspicion of cirrhotic or non-
cirrhotic portal hypertension (history of liver dis-
ease and upper gastrointestinal bleeding, imaging
suggestive of cirrhosis, low platelets) who is preg-
nant or considering pregnancy should undergo
upper endoscopy to evaluate for varices. The best
timing would be the second trimester. Primary pro-
phylaxis with a non-selective beta-blocker may be
indicated. If there is intolerance to beta-blockers or
if gastrointestinal bleeding does occur during preg-
nancy, urgent endoscopic ligation of the varices is
indicated [49]. The administration of vasoactive
drugs such as terlipressin is contraindicated because
of uterine ischemia and ischemia of fetal digits
(Table 34.4) [2].

Table 34.4. Indication and safety of drugs for liver disease during pregnancy

Medication FDA category Remarks Breastfeeding

Autoimmune
hepatitis, post-
liver transplant

Prednisone C Safe No, except low
dose

Azathioprine D Safe No

Cyclosporine C Safe No

Tacrolimus C Safe No

Mycophenolate
mofetil

Undetermined Not recommended, limited data Not
recommended,
limited data

Everolimus Undetermined Not recommended, limited data Not
recommended,
limited data

Intrahepatic
cholestasis of
pregnancy

Ursodeoxycholic
acid

B Indicated for, and safe Yes

Hepatitis B virus Lamivudine C Safe No

Entecavir C Not recommended No

Tenofovir C Safe No

Hepatitis B and C
virus

Interferon C Not recommended, high dose may induce
abortion

No

Hepatitis C virus Ribavirin X Contraindicated, fetal toxicity Unknown

Wilson disease Pencillamine D Embryopathy, but need to continue therapy No

Zinc C Safe Yes

Esophageal
varices

Beta-blockade C (first trimester)/D
(second/third
trimester)

Risk of fetal bradycardia and intrauterine
growth retardation, but necessary to prevent
variceal bleeding

Yes

Variceal bleeding Terlipressin X Contraindicated, uterine ischemia No data

FDA, US Food and Drug Administration.
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In patients with known varices on a stable and well-
tolerated regimen of beta-blockers before pregnancy,
it is not known whether endoscopy should be repeated
during pregnancy.

Patients with portal hypertension may have signif-
icant varicose veins on the abdominal wall and in the
epidural space. Visualization of these collaterals by
MRI may minimize risks in regional anesthesia or
cesarean delivery [50]. An additional reason to per-
form an MRI in pregnant patients with portal hyper-
tension is to look for splenic artery aneurysms. These
vascular abnormalities are prone to rupture during the
third trimester, with high fetal and maternal mortality
rates [51]. Preconceptional screening and treatment
(coiling) of splenic aneurysms in patients with
known portal hypertension is recommended [52].
Operative vaginal delivery following passive fetal
descent is suggested to avoid the valsalva maneuver
and minimize the risk of variceal bleeding.

Special situations

Pregnancy in women after liver transplant
Nearly 90% of women of childbearing age return to a
fertile state by 7 months after liver transplant. Women
are generally advised to delay conception for at least 1
year to stabilize graft function and immunosuppres-
sant dose and optimize control of comorbid condi-
tions [15]. A 2012 meta-analysis that included 450
pregnancies in 306 liver transplant recipients revealed
a live birth rate of nearly 77% and a miscarriage rate of
15.6%. The risk of pre-eclampsia (21.9%), preterm
delivery (39.4%), and cesarean delivery (44.6%) were
increased compared with the general US population
[53]. The risk of gestational diabetes and low birth
weight is also increased in the liver transplant recipient
[15]. Variable rates of rejection during pregnancy (2–
10%) and graft loss directly attributable to pregnancy
(0–10%) have been reported [53].

The safety of the immunosuppressive drugs is given
in Table 34.4.Most data are available for corticosteroids,
azathioprine, cyclosporine, and tacrolimus-based regi-
mens.Mycophenolate mofetil and everolimus should be
avoided in pregnancy. Breastfeeding is contraindicated
in women taking immunosuppressive drugs.

Hepatocellular adenomas and bleeding risk
Hepatocellular adenomas are a rare but important
problem with some having a tendency for malignant

transformation. However, during pregnancy they may
cause life-threatening bleeding. The lesion typically
develops in women and most often in long-term
users of oral contraceptives. The annual incidence
has been estimated in (older) case–control studies to
be <5 per 100 000 long-term (>5 years) oral contra-
ceptive users.

Hepatocellular adenomas arise in a normal liver,
while a similar lesion in a cirrhotic liver is called a
regenerative or dysplastic nodule. The composing cells
closely resemble normal hepatocytes, often contain fat
or glycogen, and are arranged in regular plates up to
three cells thick, without acinar architecture. Portal
tracts containing bile ducts are absent [54].

Studies that correlate lesional genotype with pheno-
type form the basis of a new histological/molecular
classification of hepatocellular adenomas. Based on
molecular criteria (mutations in genes encoding hepa-
tocyte nuclear factor-1α and β-catenin) and histological
criteria (the presence/absence of inflammation, cytolog-
ical and architectural atypia, steatosis, sinusoidal con-
gestion, and mild ductular reaction), subgroups of
hepatocellular adenoma can be defined with variable
risks of bleeding and malignant transformation. The
occurrence of hemorrhage seems to cluster with the
inflammatory hepatocellular adenoma [55]. There are
two types of hemorrhage: internal bleeding, usually
admixed with necrotic changes (this type is mostly
observed in adenomas >4 cm); and spontaneous rup-
ture, which causes subcapsular hematoma and possible
hemoperitoneum. Mortality rates of 44% and 38%,
respectively, for mother and fetus have been described
when rupture occurred during pregnancy [56].

The diameter of bleeding adenomas in the litera-
ture varies between 6.5 and 19 cm. These tumors are
prone to bleed in the third trimester, but one third
rupture in the postpartum period. Other benign
lesions, such as focal nodular hyperplasia or heman-
giomas, have no bleeding risk [56].

Preconceptional detection of hepatocellular
adenoma by ultrasound, contrast-enhanced CT,
and, particularly, MRI allow for a specific diagnosis.
Resection of a hepatocellular adenoma before pregnancy
is necessary with large tumors (≥4–5 cm) or when there
are factors that suggest malignant transformation, such
as rapid growth, change in radiological characteristics,
or elevated serum alpha-fetoprotein. Hepatocellular
adenomas that are discovered during pregnancy should
be followed by ultrasound at monthly intervals and
should be treated according to the criteria above.
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Conclusions
The management of liver disease during pregnancy
requires a multidisciplinary collaboration between
obstetrician, hepatologist, anesthesiologist, and pediatri-
cian in order to optimize outcome formother and child.

It is challenging for the clinician to interpret
abnormal liver tests in the context of the normal phys-
iological changes during pregnancy. The timely recog-
nition of cholestasis, clinically significant portal
hypertension, and liver failure is essential to minimize
fetal and maternal morbidity and mortality. The dif-
ferentiation of diseases related or unrelated to preg-
nancy is important and determines the management.
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Chapter

35
Autoimmune disease in pregnancy
Karim Djekidel and Bob Silver

Introduction
It is unclear why many autoimmune conditions have a
predilection for women. However, there is considerable
evidence that estrogen increases the risk and androgens
may decrease the risk of autoimmune disease.
Pregnancy is associated with a dramatic increase in
estrogen and other hormones; consequently, there is
the potential for autoimmune disease to worsen during
pregnancy (see Clinical case 35.1). The actual story is
more complicated. Some conditions typically improve
during pregnancy while others remain stable or worsen.
In some cases, maternal disease becomes so severe that
critical care and admission to an intensive care unit
(ICU) is required. This is particularly so for lupus
nephritis or a flare with neurological complications,
scleroderma renal crisis, myasthenia, and adrenal crises.
Other autoimmune disorders such as rheumatoid
arthritis may be the source of technical or diagnostic
challenges in ICU.

Clinical case 35.1. Critical care presentation
of autoimmune disease in pregnancy

A 26-year-old nulliparous woman at 26 weeks of ges-
tation is admitted to the ICU with acute renal failure,
hypertension, and pulmonary edema. She also has
thrombocytopenia. During checkups in her first tri-
mester her blood pressure was been normal and
she had no proteinuria on urinalysis. She has known
systemic lupus erythematosus and this seems likely to
be a lupus flare with nephritis. However, these fea-
tures also are characteristic of severe pre-eclampsia.
Distinguishing between lupus nephritis and pre-
eclampsia is critical because pre-eclampsia requires
delivery whereas lupus flare does not. This has dra-
matic consequences for the fetus given the very early
gestational age.

Systemic lupus erythematosus
Systemic lupus erythematosus (SLE) is considered to be
the “prototypical” autoimmune disease. It is a chronic,
multisystem disorder that primarily affects women of
childbearing age. The condition affects about 1 in 200
individuals and is about three times more common in
African-Americans than Caucasians.

The condition is a syndrome and patientsmust have
both clinical criteria and confirmatory laboratory stud-
ies to be considered to have SLE. Common symptoms
include fatigue, arthralgias, fever, and rash (Table 35.1).
The disease may affect numerous organ systems such as
joints, skin, kidneys, lungs, nerves, and other organs. In
order to be considered to have SLE, patients must meet
at least 4 of the 11 criteria established by the American
College of Rheumatology (Box 35.1) [1].

The laboratory features of SLE can be confusing.
Antibodies to double-stranded DNA (anti-dsDNA) fluc-
tuate with disease activity and can be used to assess lupus
flares. They are particularly associated with nephritis. In
contrast anti-nuclear antibodies (ANA) are not very
specific and do not correlate with disease activity (despite
fluctuations over time). Accordingly, there is little benefit
to serial assessment ofANA levels. Other antibodies such
as anti-Ro (SSA), anti-La (SSB), anti-ribonucleoprotein,
and anit-smooth muscle do not fluctuate much and are
not useful for monitoring disease status.

The effect of pregnancy on systemic
lupus erythematosus
Flares are estimated to occur during pregnancy in over
half of pregnant women. Factors that increase the risk for
flare include active disease at the time of conception,
lupus nephritis, an SLE Active Disease Activity Index
score of ≥5, or acute cessation of hydroxychloroquine.
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Ideally, patients should be in remission for 6–12 months
prior to becoming pregnant.

Other maternal risks include thrombocytopenia,
which occurs in one quarter of women with SLE. Risk
factors for thrombocytopenia include anti-phospholipid

antibodies, active disease, and pre-eclampsia. Chronic
pain from joints damaged by lupus arthritis mayworsen
during pregnancy because of the increased weight
bearing and relaxation of ligaments. Rashes may appear
to worsen because of the increased blood volume asso-
ciated with normal pregnancy.

Flares during pregnancy can be treated with hydrox-
ychloroquine and corticosteroids. Intravenous immu-
noglobulin (IVIG) may be beneficial in the treatment of
lupus nephritis. Patients with acute lupus nephritis who
do not respond to the above options may require cyclo-
phosphamide. If there is no response to medical therapy
and the serum creatinine levels are >3.5 mg/dL, patients
should be started on dialysis (sooner if indicated) to
avoid potential adverse fetal effects.

Lupus nephritis
Renal disease is a major concern during pregnancy.
There is increased risk of accelerating a decrease
in renal function if the pre-pregnancy serum creatinine
is ≥1.5 mg/dL. The decline is thought to be caused
by the development of pre-eclampsia with acute tubular
necrosis. Conversely, women with serum creatinine lev-
els <1.5 mg/dL are not at increased risk for permanent
decrease in renal function caused by pregnancy [2,3].

Nephritis is characterized by increased levels of anti-
dsDNA, decreased complement, and erythrocyte casts in
the urine. In contrast, pre-eclampsia may be associated
with elevated liver function tests. Features that may be
useful in distinguishing between lupus flare (particularly
nephritis) and pre-eclampsia are shown in Table 35.2.
Pre-eclampsia rarely occurs before 20 weeks of gestation
whereas lupus nephritis can present at any time. Renal
biopsy may be useful but is rarely performed during
pregnancy because of the theoretical increased risk of
bleeding with the increased blood volume.

Overall, the rate of pre-eclampsia is 30% in patients
with SLE. However, the rate is much higher (over 60%)
in women with underlying renal disease [4]. Other
conditions that increase the risk for developing pre-
eclampsia include hypertension and antiphospholipid
syndrome (APS; see below).

Severe lupus flare with central nervous
system involvement
Rarely, patients may have central nervous system com-
plications of SLE. These include headaches, seizures,
stroke, chorea, peripheral neuropathy, psychosis, and
mood disorders. It is crucial to exclude other potential
causes (other than SLE flare) with assessment of

Table 35.1. Frequency of clinical symptoms in patients with
systemic lupus erythematosus

Symptom Frequency (%)

Fatigue 80–100

Fever 80–100

Arthritis 80–95

Myalgias 70

Weight loss 60

Photosensitivity 60

Raynaud phenomenon 60

Malar rash 50

Nephritis 50

Mouth ulcers 50

Pleurisy 50

Lymphadenopathy 50

Pericarditis 30

Neuropsychiatric 20–30

Box 35.1. American College of Rheumatology
revised criteria for the diagnosis and classification
of systemic lupus erythematosus

Must meet at least four of the following for diagnosis:

* malar rash
* discoid rash
* photosensitivity
* oral ulcers
* arthritis
* serositis (pleuritis or pericarditis)
* nephritis (proteinuria ≥3+ (500 mg/24 hours), or
cellular casts in urine

* neurological disorder (seizures, psychosis, or
stroke)

* hematological disorder (hemolytic anemia,
thrombocytopenia, leukopenia, or lymphopenia)

* immunological disorders (anti-double-stranded
DNA, anti-smooth muscle, anti-cardiolipin
antibodies, or lupus anticoagulant)

* antinuclear antibodies

Source: Tan et al., 1982 [1].
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infection, intracranial lesions such as tumor or bleed-
ing, and metabolic abnormalities. In fact, it is typically
a diagnosis of exclusion. The most common cause
seems to be diffuse cerebritis caused by autoantibod-
ies. Symptoms and signs are either diffuse or, if focal,
shifting in location and not explained by other organic
causes. Central nervous system SLE most commonly
occurs during the first 2 years after the onset of SLE.
Helpful studies may include spinal tap, brain imaging,
and electroencephalography. Treatment is similar to
other types of lupus flare. It is important to be cogni-
zant of the risk for thrombotic stroke in women with
anti-phospholipid antibodies.

Medical therapy during pregnancy
Fortunately, many medical therapies for SLE are safe
to use during pregnancy. Ideally, women should
appropriately modify their medical regimens prior to
conception. Issues regarding these drugs are summar-
ized in Table 35.3.

Obstetric management
Although of unproven efficacy, intensive fetal surveil-
lance may reduce the risk of adverse fetal outcomes
in pregnancies complicated by SLE (see Chapter 13
for details regarding fetal surveillance). Ideally, patients

Table 35.2. Laboratory tests that may be used to distinguish
pre-eclampsia from a lupus flare

Test Pre-eclampsia Lupus
flare

Decreased complement
levels

+ +++

Increased anti-double-
stranded DNA

– +++

Antithrombin III
deficiency

++ +/–

Microangiopathic
hemolytic anemia

++ –

Coombs-positive
hemolytic anemia

– ++

Thrombocytopenia ++ ++

Leukopenia – ++

Urinary cellular casts/
hematuria

– +++

Increased serum
creatinine

+/– ++

Hypocalcuria ++ +/–

Increased liver
transaminases

++ +/–

Elevated uric acid levels ++ –

Table 35.3. Medications used for the treatment of systemic lupus erythematosus in pregnancy

Drug/class of
drug

FDA
pregnancy
class

Safety in pregnancy

NSAIDs B (D in third
trimester)

Avoid for periods longer than 48 hours for tocolysis; may cause fetal renal damage, closure
of the ductus arteriosus, pulmonary hypertension, necotizing enterocolitis

Aspirin D (high dose) Avoid high-dose aspirin (>100 mg/day); higher risk in the third trimester; similar risks as
NSAIDs, bleeding

Corticosteroids B Non-fluorinated corticosteroids are safe (e.g. prednisone, prednisilone, hydrocortisone);
avoid fluorinated steroids such as dexamethasone and betamethasone unless the intent
is to treat the fetus; dosing should beminimized because of maternal and obstetric effects

Hydroxychloroquine C Increasing experience in pregnancy with no adverse fetal effects reported; abrupt
cessation in pregnancy is associated with flares

Cyclosporine C Increasing experience in pregnancy with no adverse fetal effects reported; long-term
follow-up is limited

Azathioprine D Increasing experience in pregnancy with no adverse fetal effects reportedwith daily doses
2 mg/kg

Cyclophosphamide D Avoid if possible, teratogenic

Mycophenolate
mofetil

D Avoid if possible, tertatogenic; associated with facial cleft and face and ear abnormalities

Methotrexate X Contraindicated

NSAIDs, non-steroidal anti-inflammatory drugs.
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with SLE should be managed during pregnancy by both
an obstetrician and a rheumatologist. Management of
SLE pregnancies is summarized in Box 35.2.

Antiphospholipid syndrome
Antiphospholipid syndrome is characterized by
thrombosis and pregnancy complications [5]. It is a
syndrome and, like SLE, requires both clinical fea-
tures and confirmatory laboratory studies for a diag-
nosis (Table 35.4). There is considerable overlap with
SLE. It is estimated that 15–20% of women with SLE

have APS. Individuals with APS but no other auto-
immune condition are considered to have primary
APS. This includes more than half of the individuals
with APS. Those with APS and SLE or another auto-
immune or “rheumatic condition” are termed as hav-
ing secondary APS.

Clinical features
Between 30 and 55% of patients with APS will have at
least one thrombosis. The most common are venous
thromboses, accounting for 70% of cases. Up to 50%

Box 35.2. Management protocol for patients with systemic lupus erythematosus

Priorities
* Avoid medications that are harmful to the fetus
* Prompt detection of pre-eclampsia and uteroplacental insufficiency
* Discern between lupus exacerbations and pre-eclampsia
* Appropriate detection and treatment of lupus flares

Preconception counseling
* Discuss potential pregnancy complications including pre-eclampsia, preterm labor, miscarriage, fetal death, fetal
growth restriction, and neonatal lupus

* Clinically evaluate lupus activity; delay pregnancy until remission of 6–12 months
* Evaluate patient for nephritis, hematological abnormalities, and anti phospholipid antibodies
* Discontinue non-steroidal anti-inflammatory drugs and cytotoxic agents

Antenatal care
* Frequent visits to assess systemic lupus erythematosus status and to screen for hypertension
* Serial ultrasounds to evaluate interval fetal growth
* Antenatal surveillance at 32 weeks or earlier if indicated

Treatment of mild to moderate exacerbations
* If the patient is taking glucocorticoids, increase the dose to at least 20–30 mg/day
* If the patient is not taking glucocorticoids, start 15–20 mg prednisone daily; alternatively, intravenous
methylprednisolone (1000 mg daily) for 3 days may avoid the need for daily maintenance doses of steroids

* If the patient is not taking hydroxychloroquine, initiate 200 mg twice daily

Treatment of severe exacerbations without renal or CNS manifestations
* Rheumatology consultation and consider hospitalization
* Glucocorticoid treatment 1.0–1.5 mg/kg; expect clinical improvement in 5–10 days
* Taper the glucocorticoids once the patient demonstrates clinical improvement
* If the patient cannot be tapered off high doses of glucocorticoids, consider starting cyclosporine or azathioprine

Treatment of severe exacerbations with renal or CNS involvement
* Hospitalization and rheumatology consultation
* Initiate intravenous glucocorticoid treatment, 10–30 mg/kg methylprednisolone daily for 3–6 days
* Maintain patient on 1.0–1.5 mg/kg oral prednisone
* When the patient responds, taper the glucocorticoid
* For unresponsive patients, consider plasmapheresis
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of these are pulmonary embolisms. Patients with APS
are more likely to have venous thromboses in unusual
locations, such as the hepatic vein or mesentery. It is
estimated that 2% of individuals with unexplained
thrombosis will have APS. There is also an increased
risk for arterial thrombosis. The most common are
cerebrovascular accidents, but arterial thromboses
may occur in coronary arteries or other uncommon
locations. Approximately 4–5% of patients with
unexplained arterial thrombosis will have anti-
phospholipid antibodies.

Autoimmune thrombocytopenia also is common
in women with APS. It is impossible to distinguish it
from the thrombocytopenia associated with SLE
alone or idiopathic thrombocytopenic purpura
(ITP). Other medical disorders associated with anti-
phospholipid antibodies include hemolytic anemia,
livedo reticularis, chorea gravidarum, transverse
myelitis, pyoderma-like leg ulcers, and aseptic heart
valve vegetations.

The most frequent obstetric complication of APS
is pregnancy loss. In patients with lupus anticoagulant
(see below), the rate of pregnancy loss in untreated
women is 90%. Up to half of all losses in women
with APS occur in the second or third trimesters.
Either fetal death occurring after 10 weeks of gestation

or recurrent early pregnancy loss (defined as three
or more losses at before 10 weeks of gestation) are
criteria for APS. It is critical that the losses be
unexplained.

Pregnancies resulting in live births are often com-
plicated by pre-eclampsia, small for gestational age
fetus, abnormal fetal heart rate tracings, and
preterm birth [6,7]. Pre-eclampsia affects 25–50%
of APS pregnancies. It often is severe and occurs
relatively early in gestation. These complications result
in “medically indicated” preterm birth in one third of
women with APS [6,7].

Laboratory features
Anti-phospholipid antibodies are a heterogeneous
group of antibodies that bind to some combination
of proteins and phospholipids. Although many anti-
phospholipid antibodies have been described, there
are three that are recommended for clinical use [8].
These include lupus anticoagulant, anti-cardiolipin
antibodies, and anti-β2-glycoprotein antibodies. Each
of these antibodies may be transiently elevated, partic-
ularly in the setting of infection. Therefore, positive
results should be confirmed on two occasions at least
12 weeks apart.

Table 35.4. Criteria for the classification of the antiphospholipid syndromea

Criteria Features

Clinical criteria

Vascular thrombosis One or more episodes of arterial, venous, or small vessel thrombosis in any tissue or organ
confirmed by imaging, Doppler studies, or histopathology; superficial venous thromboses are
excluded

Pregnancy morbidity One or more unexplained deaths of a morphological normal fetus at or beyond the 10th
week of gestation, with normal morphology documented by ultrasound or direct
examination of the fetus or

One or more premature births of a morphologically normal neonate prior to 34 weeks of
gestation because of severe pre-eclampsia, eclampsia, or severe placental insufficiency or

Three or more unexplained consecutive spontaneous miscarriages prior to the 10th week of
gestation, with maternal anatomical or hormonal abnormalities, and paternal and
maternal chromosome causes excluded

Laboratory criteria

Lupus anticoagulant Present in plasma on two or more occasions at least 12 weeks apart, detected according to
the guidelines of the International Society on Thrombosis and Hemostasis

Anti-cardiolipin of IgG and/or IgM
isotype

Present in blood in medium or high titer (>40 GPL, >40 MPL, or >99th percentile) on two or
more occasions at least 12 weeks apart, measured by standardized ELISA

Anti-β2-glycoprotein-1 antibody of
IgG and/or IgM isotype

Present in blood (titer >99th percentile) on two or more occasions at least 12 weeks apart,
measured by standardized ELISA

ELISA, enzyme-linked immunosorbent assay; MPL and GPL, arbitary units of IgM and IgG isotypes, respectively.
a Definite antiphospholipid syndrome is present if a patient meets at least one of the clinical criteria and one of the laboratory criteria.
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Lupus anticoagulant is detected in plasma using
phospholipid-dependent clotting assays. Lupus antico-
agulant interferes with the assay, causing a prolonged
clotting time. Since there are other causes of prolonged
clotting assays, such as clotting factor deficiencies and
specific inhibitors, the presence of lupus anticoagulant
must be confirmed with additional testing.

Anti-cardiolipin and anti-β2-glycoprotein-1 anti-
bodies assays are standardized using standard sera
and the results are reported in a semiquantitative
fashion (low, medium, or high titers). Low-positive
results are common in normal individuals and are
not criteria for APS. Higher titers are uncommon in
healthy people and are more strongly associated with
the clinical features of the disease.

Catastrophic antiphospholipid syndrome
Rarely, unfortunate patients with APS will suffer
microvascular thromboses (arterial and venous) in
multiple organs, leading to severe illness and some-
times death [9]. This is in contrast to the usual large
vessel thrombosis seen with typical APS, and the
condition has been termed “catastrophic” APS.
Organs typically affected include the lungs, kidneys,
and gastrointestinal tract. Less commonly, adrenal
glands, liver, brain, and heart also may be involved.
The condition often occurs postpartum. A typical
presentation is a patient presenting with severe dysp-
nea 1 or 2 days after delivery. They may have acute
respiratory distress syndrome and pulmonary embo-
lus and their kidneys are affected by microangiopathy
and, sometimes, renal infarctions. Central nervous
system involvement may include confusion, stupor,
drowsiness, seizures, and infarctions. Abdominal
pain may occur from thrombosis in mesenteric ves-
sels. Common triggers include infection, trauma,
surgery, and discontinuation of anticoagulation ther-
apy. It also may present in patients without a history
of prior thrombosis.

The differential diagnosis includes lupus nephritis,
disseminated intravascular coagulation, and thrombo-
cytopenic thrombotic purpura. Making a diagnosis
can be tricky because titers of anti-cardiolipin
antibodies may actually decrease at the time of throm-
bosis [10]. Nonetheless, over 95% of patients with
catastrophic APS will have lupus anticoagulant, high
titers of anti-cardiolipin antibodies, or both. They may
have anti-dsDNA if they have SLE.

No treatment has been proven to be efficacious for
catastrophic APS. Typical treatment includes full-dose

anticoagulation and high-dose steroids, often in associ-
ation with plasmapheresis and/or IVIG. Thrombolytics
also may be considered in life-threatening situations.
The patient should receive aggressive supportive care. It
is important to appropriately utilize ventilatory sup-
port, dialysis, vasopressors, and antihypertensive ther-
apy as appropriate.

Obstetric management
Obstetric complications of APS are, in part, thought
to be caused by thrombosis and infarction in the
uteroplacental circulation. In addition, there is
increasing evidence that inflammation is important
to the pathophysiology. The mainstay of medical
treatment during pregnancy is unfractionated hepa-
rin or low-molecular-weight heparin and low-dose
aspirin (75–100 mg/day). These drugs may improve
uteroplacental blood flow, decrease inflammation
and improve placental growth. The optimal dose of
unfractionated heparin or low-molecular-weight
heparin is uncertain and controversial. Women with
prior thromboembolism should receive full anticoa-
gulant dosing throughout pregnancy. Those without
prior thrombosis may receive thromboprophylactic
dosing during pregnancy and through 6 weeks post-
partum (Box 35.3). Since pregnancy alters the phar-
macokinetics of heparin metabolism, dosing is
slightly increased compared with non-pregnant indi-
viduals. See Chapter 25 for details.

Other treatments remain experimental.
Intravenous immunoglobulin reduces the severity
of the autoimmune disease or inflammatory state,
and successful pregnancies have been reported in
women with APS refractory to heparins. However,
IVIG is expensive and a small, randomized trial
showed no benefit compared with heparin and
aspirin alone [11]. Accordingly, it is not advised for
first-line therapy. Hydroxychloroquine, specific
complement inhibitors, and tumor necrosis-alpha
inhibitors are being evaluated as potential therapies
for APS but are of unproven efficacy. If possible,
prednisone should be avoided in women taking hep-
arins. Both prednisone and heparins cause osteope-
nia and the risk is compounded in patients taking
both drugs.

Systemic sclerosis
Systemic sclerosis is a rare chronic multiorgan auto-
immune disease characterized by widespread fibrosis
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and vasculopathy. It has the highest case-specific mor-
tality of any of the autoimmune rheumatic diseases [12].
The major determinant of poor outcomes is the extent
of the underlying visceral vasculopathy. Pregnancy
should only be considered in patients with stable disease
(3–5 years) and minimal vasculopathy. While preg-
nancy in and of itself does not appear to significantly
affect disease activity, expectant mothers and their
fetuses remain at risk for life-threatening complications,
which frequently require intensive care.

Scleroderma renal crisis
Scleroderma renal crisis is responsible for most mater-
nal deaths in pregnancies with systemic sclerosis [13].
Malignant hypertension, proteinuria, acute kidney
injury, microangiopathic changes, and the pathogno-
monic “onion skin” appearance of the renal arteries on
pathology are its typical features [14]. Early (within 5
years of disease) onset and diffuse disease are major risk
factors for the development of this complication; as a
consequence, women with these characteristics should
be advised against pregnancy. High-dose corticosteroid
therapy has also been associated with scleroderma renal
crisis in a large, retrospective case–control study [15].

As scleroderma renal crisis shares many traits with pre-
eclampsia – which has a higher incidence in patients
with scleroderma – these two disorders may be difficult
to differentiate. Worsening of renal function and the
absence of proteinuria in the early stages support a
diagnosis of renal crisis [16]. In addition, characteristic
fibrosis on skin biopsy; pulmonary fibrosis; and ele-
vated ANA, anti-centromere and anti-topoisomerase I
(anti-SCL-70) suggest scleroderma.Whereas delivery of
the fetus is therapeutic in pre-eclampsia, it has no effect
on renal crisis of scleroderma. In difficult cases, renal
biopsy may facilitate a clear diagnosis [17].

The mainstay of treatment is angiotensin-
converting enzyme (ACE) inhibitors. These should be
instituted without delay at the first suspicion of renal
crisis as they are potentially life saving and organ pre-
serving [18]. Use of ACE inhibitors is relatively contra-
indicated during pregnancy. However, in this
circumstance, the benefits likely outweigh the risks
and ACE inhibitors should not be withheld as success-
ful pregnancies can occur in women taking ACE inhib-
itors and treatment may save the life of the mother [3].

Additional antihypertensive agents may be needed
for optimal blood pressure control. Renal replacement
therapy may be required, but ACE inhibitors must be

Box 35.3. Management protocol for patients with antiphospholipid syndrome

Goals of therapy
* Embryonic and fetal survival
* Prompt detection of uteroplacental insufficiency and pre-eclampsia
* Prevention of thrombosis

Preconception counseling
* Review pregnancy risks such as miscarriage, fetal death, pre-eclampsia, fetal growth restriction, uteroplacental
insufficiency, and preterm birth

* Evaluate the accuracy of the diagnosis; confirm the presence of anti-phospholipid antibodies if necessary

Antenatal care
* When a live embryo is detected, start subcutaneous unfractionated heparin 10 000–20 000 U/day in divided doses
or the equivalent dose of LMWH (prophylactic); higher doses (therapeutic) should be used in patients with prior
thrombosis

* Calcium supplementation and weight-bearing exercise
* Frequent assessment for the development of pre-eclampsia
* Serial ultrasounds to evaluate interval fetal growth
* Fetal surveillance starting at 32 weeks, or earlier if complications arise
* If a patient has a history of a thromboembolic event or suffers an acute episode during pregnancy, start therapeutic
doses of heparin to maintain the partial thromboplastin time at 1.5–2.5 times normal, or use LMWH (enoxaparin)
1 mg/kg twice a day

* If using LMWH, anti-factor Xa levels should be checked every trimester in order to maintain levels of 0.5–1.1 U/mL

LMWH, low-molecular-weight heparin.
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continued as renal recovery and liberation from hemo-
dialysis may occur up to 18 months following the
episode [19]. Life-long ACE inhibitor use is usually
required following an episode of renal crisis, and
future pregnancies need to be judiciously planned.
One study of long-term outcomes in a cohort of 145
patients with scleroderma renal crisis noted either
death or the need for permanent dialysis in 39% [20].
Normotensive renal crisis can be encountered and
should strongly be suspected in early diffuse sclero-
derma with unexplained rapidly deteriorating renal
function and microangiopathic hemolytic anemia
with thrombocytopenia. Although technically “nor-
mal,” blood pressure may actually be higher than
ideal for these select patients. Accordingly, they may
also benefit from low-dose ACE inhibitors [19].

Pulmonary arterial hypertension
Pulmonary arterial hypertension is a common com-
plication in women with systemic sclerosis. Morbidity
and mortality in pregnant women remains excessively
high, with reported death rates between 25 and 50%.
Pregnancy should, therefore, be strongly discouraged
or terminated if already present. Chapter 23 has details
on the diagnosis and management of pulmonary
hypertension in pregnancy.

Aspiration
Gastroesophageal reflux is an inherent part of systemic
sclerosis and frequently worsens during pregnancy,
thus increasing the risk of acute large volume aspira-
tion. This can result in aspiration pneumonitis or
pneumonia as well as the devastating acute respiratory
distress syndrome [21]. Aggressive antacid treatment,
avoidingmeals at bedtime, wearing loose clothing, and
elevating the head of the bed (not sitting up or propped
up as this may increase the intra-abdominal pressure
and aggravate the reflux) might minimize the danger.

Primary immune thrombocytopenia
Idiopathic thrombocytopenic purpura is an autoim-
mune disease characterized by immune-mediated
destruction of platelets. It leads to thrombocytopenia
and mucocutaneous bleeding. It affects about 1 per
1000 pregnancies and accounts for about 5% of cases
of thrombocytopenia in pregnancy. Most cases are easily
managed but sometimes serious maternal hemorrhage
may occur.

The diagnosis of ITP is one of exclusion (see Clinical
case 35.2). The complete blood count is typically normal
other than thrombocytopenia (platelet count
<100 × 109/L) [22]. Peripheral smear may show an
increased percentage of enlarged platelets and bone
marrow biopsy (gold standard but not required for a
diagnosis) may show increased immature megakaryo-
cytes. Tests for anti-platelet antibodies are not diagnos-
tic for, or useful, in most cases of ITP. It is very difficult
to distinguish ITP from gestational thrombocytopenia.
This is a common, mild thrombocytopenia (platelet
count >70 × 109/L) that is of no clinical consequence
[23] and which accounts for over 70% of thrombocyto-
penia during pregnancy. If thrombocytopenia occurs
outside of pregnancy, is severe (<50 × 109/L), or is
associated with bleeding it is likely ITP. Other causes
of thrombocytopenia are HELLP syndrome (hemolysis,
elevated liver enzymes, and low platelets), pre-
eclampsia, drug-induced thrombocytopenia, or pseudo-
thrombocytopenia; in addition, SLE; APS; infections
with HIV, hepatitis C or hepatitis B virus; thrombotic
thrombocytopenic purpura; hereditary thrombocytope-
nias; and disseminated intravascular coagulation also
should be excluded.

Case 35.2. A woman in the third trimester
with severe headache

A 22-year-old nulliparous woman presents at 32
weeks of gestation with a severe headache. She is
noted to have an intracranial hemorrhage on CT
scan. Her only other abnormalities are numerous
petechiae and echymosis. She is noted to have a
platelet count of 4 × 109/L and there is suspicion for
pre-eclampsia. However, she has normal blood pres-
sure, no proteinuria, and normal liver function tests.
She has never had thrombocytopenia before. There is
no evidence of infection, HIV serology is negative, and
she has not received any medications. She has pri-
mary immune thrombocytopenia and should be trea-
ted with steroids and intravenous immunoglobulin.

Maternal treatment
The primary goal is the avoidance of serious bleeding.
Treatment is recommended when (1) there is mucocu-
taneous bleeding, (2) the platelet count is <10 × 109/L at
any time during pregnancy, or (3) platelet count is
<30 × 109/L in the late second or third trimesters [24].

The first-line therapy for ITP during pregnancy is
corticosteroids, typically prednisone. It is important
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to use a non-fluorinated corticosteroid (prednisone,
prednisolone, methylprednisolone, or hydrocorti-
sone) that has little activity after crossing the pla-
centa. A typical daily dose is 1–1.5 mg/kg based on
pre-pregnancy body weight. Another option is to use
a “pulse dose” of 15.0 mg/kg daily (up to 1 g/day) for
3 days followed by a rapid taper. Improvement in
the platelet count occurs in about 50–70% of
women and should be apparent within 2–3 weeks. If
the platelet count is acceptable, the dose can be slowly
tapered by 10–20% per week until the lowest dose
required to maintain an acceptable platelet count
is reached. Using the minimal effective dose helps to
minimize untoward side effects of high-dose steroids.

It is also common to use IVIG to treat pregnant
women with ITP. It is quite safe but is inconvenient
and expensive. Consequently, it is usually reserved
for ITP that is refractory to steroids or in urgent
circumstances (e.g. platelet count <10 × 109/L during
the third trimester). The optimal dose is uncertain
but is usually 0.5–2.0 mg/kg per day for 2–5 days.
Khellaf and colleagues [25] have developed a scoring
system utilizing age and cutaneous, mucosal, gastro-
intestinal, urinary, gynecological, and central nerv-
ous system bleeding. A score ≥8 is predictive of a high
risk of bleeding and considered an indication for the
use of IVIG.

Intravenous rhesus-D immunoglobulin also has
been successful in treating ITP, at a dose of 75 mg/kg
[24]. Although there are theoretical concerns about
causing fetal hemolysis, this has not occurred, perhaps
because the antibody binds to maternal blood cells
prior to reaching the fetal circulation. Use is restricted
to RhD-positive women. Other cytotoxic agents such
as cyclophosphamide, danazol, alkaloids, and cochi-
cine should be avoided because of adverse fetal effects.
There are increasing data regarding the safety of aza-
thioprine during pregnancy and this drug may be
considered for refractory cases.

Platelet transfusions are not very effective because
of their rapid destruction. However, it is an excellent
temporizing measure in someone who is bleeding or
requires surgery. A transfusion of one unit of apher-
esed platelets is usually adequate, although the rise in
platelet count is usually less than the 40 000 cells/unit
noted in patients without ITP. Splenectomy can be
safely accomplished during pregnancy, particularly in
the second trimester. Nonetheless, it is usually avoided
because of an increased risk for bleeding and other
complications during pregnancy.

Myasthenia gravis
Characterized by fluctuating muscular weakness and
fatigue, myasthenia gravis is a consequence of autoanti-
bodies directed at the acetylcholine receptor. This leads
to impaired neuromuscular transmission. Reflex, sen-
sory, and coordination abilities are spared. Theweakness
improves with rest or injection of the short-acting ace-
tylcholinesterase inhibitor edrophonium (tensilon con-
firmatory test). The presence of autoantibodies against
the acetylcholine receptor in up to 85% of patients (sero-
positive) confirms clinical suspicion. In seronegative
patients, electrophysiological testing may show progres-
sive decreases in the muscle action potential following
repetitive nerve stimulation [26]. Other less common
antibodies such as the anti-muscle-specific tyrosine kin-
ase may aid in the diagnosis of patients without acetyl-
choline receptor antibodies [27]. Thymomas can be
found in 10%of patients and other autoimmune diseases
often coexist. The course of the disease during preg-
nancy is variable and unaffected by the pregestational
clinical state. Remission, exacerbation, disease stability,
or life-threatening myasthenic crisis are all possibilities.
As in systemic sclerosis, the risk of a complication is
highest the first few years following disease onset and
lowest 7 years or more after diagnosis [28]. Pregnancy
should, therefore, be postponed following the diagnosis
and as with other autoimmune diseases, women with
myasthenia gravis desiring children should ideally be
counseled prior to planning a pregnancy.

Treatment rests on either increasing the availabil-
ity of acetylcholine at the neuromuscular junction via
long-acting acetylcholinesterase inhibitors such as
pyridostigmine for mild to moderate disease or
immunosuppression with corticosteroids, azathio-
prine, and cyclosporine for more advanced disease.
Pyridostigmine at the approved dose of less than
600 mg/day is considered safe during pregnancy.
Thymectomy if indicated should be performed prior
to or after pregnancy because of the surgical risk and
its delayed results [26].

Myasthenic crisis
A potentially deadly complication of myasthenic crisis
is acute respiratory failure requiring mechanical sup-
port, and this may occur in almost one quarter of
patients with myasthenia gravis [29]. It can be a con-
sequence of diaphragmatic, accessory respiratory
muscle, oropharyngeal, or vocal cord weakness, but it
can also arise from an inability to clear secretions [30].
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Recognition of impending respiratory failure is critical
in order to initiate ventilator assistance electively
rather than as an emergency. Although effort depend-
ent, indicators of respiratory muscle insufficiency
include a vital capacity 20 mL/kg, a maximal inspir-
atory pressure 30 cmH2O, and a maximal expiratory
pressure 40 cmH2O – the so-called 20/30/40 rule
(typically performed in the pulmonary function labo-
ratory). A reduction by 30% of these measurements
from their baseline is also worrisome. Hypoxia, hyper-
carbia, and paradoxical breathing are ominous signs.
Intubation by an experienced provider is preferred as
non-invasive positive pressure ventilation with bilevel
positive airway pressure carries an increased risk of
aspiration in the pregnant patient owing to impaired
gastric emptying. Once stabilized, infection, which is a
common trigger, should be aggressively sought and
treated. Other potential triggers include surgery, emo-
tional stress, general anesthesia, certain medications,
and pregnancy itself.

The cornerstone of treatment of myasthenic crisis
is to remove circulating antibodies via plasma
exchange or to inactivate these antibodies with IVIG,
which are both considered to be safe in pregnancy.
While there is a lack of clear evidence of superiority,
plasmapheresis is favored over IVIG because of a
faster response. It is not readily available at all centers
and is more expensive than IVIG. Other potential
complications of plasmapheresis include hypotension,
infection, thrombosis (catheter related), and coagul-
opathy. Use of IVIG is contraindicated in IgA defi-
ciency and it has been associated with renal failure,
anaphylactic reactions, and aseptic meningitis.
Hyperviscosity and volume overload should be taken
into consideration when contemplating use of IVIG.

Cesarean delivery should be reserved for the usual
obstetric indications, and epidural, spinal, or combined
spinal–epidural anesthesia is recommended in order to
minimize the administration of systemic analgesics.
These have the potential of depressing respiration in a
patient already susceptible to hypoventilation. Epidural
anesthesia is also helpful in reducing fatigability and
normalizing breathing. Given its reliance on striated
muscle, the second stage of labor may be affected and
obstetricians should be prepared for forceps or vacuum
extraction. The pushing phase may be supported with
intravenous or intramuscular neostigmine, the anticho-
linesterase inhibitor of choice during labor and delivery
[31]. Women with myasthenia gravis are not at
increased risk of developing pre-eclampsia. However,

should it occur, magnesium sulfate is relatively contra-
indicated in myasthenia gravis. Phenytoin has been
used for eclampsia prophylaxis in such cases, although
efficacy is unproven and phenytoin also may exacerbate
myasthenia gravis. Numerous other drugs may worsen
myasthenia gravis and should be avoided when possible.

Rheumatoid arthritis
Rheumatoid arthritis is a systemic autoimmune disease
marked by chronic joint inflammation. It can be diffi-
cult to diagnose; a symmetrical pattern of articular
involvement and a positive rheumatoid factor suggest
the disorder. Approximately 75% of women will expe-
rience a meaningful remission during pregnancy.
Conversely, a disease flare within 9 months of delivery
is extremely common [32]. Rarely, maternal disability
from the disease may inhibit vaginal delivery and/or
make caring for the infant difficult. However, fetal out-
comes in pregnancies to women with rheumatoid
arthritis are excellent and similar to the general popu-
lation. The primary management is medical therapy.
The reader is referred to a recent review for details [33].

Failed intubation in rheumatoid arthritis
Endotracheal intubation can be difficult in women
with rheumatoid arthritis. It is already difficult in
pregnancy. Indeed, pregnant women are 10-fold
more likely to have a failed intubation than non-
pregnant individuals [34]. Patients with rheumatoid
arthritis often have cervical spine instability, particu-
larly in the atlantoaxial area. This makes intubation
even harder, striking fear into the informed intensivist
or anesthesiologist. The traditional “sniffing position”
during intubation can have disastrous consequences.
A careful and thorough assessment of the airway as
well as guidance with fiberoptic devices or videolar-
yngoscopes in the hands of the most qualified person
may optimize the chances of a successful intubation.

Adrenal crisis
Adrenal crisis (acute adrenocortical insufficiency or
Addisonian crisis) may occur during pregnancy.
Typically, this results from physiological stress (e.g.
urinary tract infection or labor) in someone with
chronic adrenal insufficiency from chronic glucocor-
ticoid use (as is often the case with autoimmune dis-
eases) or pituitary neoplasm. However, primary
adrenal insufficiency also may occur. This can be

Section 4: Pregnant patient with coexisting disease

400



precipitated by acute adrenal hemorrhage from obstet-
ric bleeding in association with postpartum hemor-
rhage, disseminated intravascular coagulation,
placental abruption, and so on. Symptoms often
include nausea, vomiting, weakness, lightheadedness,
and abdominal pain. The patient is usually in shock
and may have hyponatremia, hyperkalemia, hypogly-
cemia, seizures, and increased pigmentation.

Diagnosis can be difficult in pregnancy because
cortisol and adrenocorticotropic hormone responses
to corticotropin-releasing hormone are blunted in
pregnancy. Also, cortisol levels are lower in normal
pregnancy than in non-pregnant women and the pla-
centa produces adrenocorticotropic hormone.
Therefore, the corticotropin-releasing hormone stim-
ulation test is unreliable in pregnancy. Early morning
cortisol levels of ≤3.0 mg/dL confirm the diagnosis,
while levels >19 mg/dL exclude the diagnosis in the
first half of pregnancy. Assessment for anti-adrenal
antibodies may facilitate the diagnosis.

It is appropriate to treat critically ill patients
empirically with steroids and supportive care.
Treatment is initiated with 75–100 mg intravenous
hydrocortisone, followed by the same dose every 6–8
hours [35]. Aggressive hydration and glucose replace-
ment with a 50 g glucose infusion also is advised. In
patients with long-standing Addison disease, minera-
locorticosteroid requirements are usually stable in
pregnancy.
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36
Pre-eclampsia
Leiv Arne Rosseland, Helen Ryan,
Laura A. Magee, and Peter von Dadelszen

Introduction
Pre-eclampsia (proteinuric gestational hyperten-
sion) accounts for approximately half of admissions
for critical care on the basis of a direct obstetric
cause [1,2]. The number of delivery hospitalizations
resulting from pregnancy hypertension is increasing
in the USA [3], and morbidity, complications,
and death attributed to substandard care are docu-
mented [4]. The optimal treatment of patients with
pre-eclampsia and with which level of care these
patients are best helped is under debate [5].

Epidemiology
Pre-eclampsia complicates 2–8% of pregnancies [6],
and the reported incidence of eclampsia varies
between 2.7 to 8.2 per 10 000 births [6]. The incidence
of the pre-eclampsia related syndrome of hemolysis,
elevated liver enzymes, and low platelets (HELLP) is
difficult to estimate because of the lack of internation-
ally accepted diagnostic criteria.

Pathogenesis and consequences
of pre-eclampsia
Figure 36.1 shows the pathogenesis of pre-eclampsia.

Risk factors
Risk factors for pre-eclampsia represent a bewilder-
ing array of causative antecedents that reflect the
complexity of the maternal syndrome. They can be
loosely categorized into broad groups: familial/
genetic factors, primipaternity and sperm exposure,
pre-existing medical conditions, smoking, and
miscellaneous factors [6].

Etiology
Pre-eclampsia is a multifactorial disorder that begins
with inadequate placental function and, consequently,
a mismatch of fetal demands compared with placental
blood supply [7]. Why it occurs early in the minority
of pregnancies affected by mismatch, and close to term
in most affected pregnancies, remains uncertain.
Maternal factors predisposing to a pro-inflammatory
state, such as obesity, chronic infection, and autoim-
mune disease, probably contribute to early-onset or
severe pre-eclampsia [8]. Whether the shedding of
placental proteins and vasoactive and inflammatory
mediators is the consequence of chronic placental ische-
mia, ischemia–reperfusion injury, oxidative stress, or a
combination of all of these factors is not clear; however,
the ultimate result is diffuse endothelial dysfunction
with consequent maternal end-organ damage similar
to that in the systemic inflammatory response syn-
drome [7]. The endothelial dysfunction and associated
increased vascular reactivity precede the onset of symp-
tomatic clinical disease and the loss of endothelial
integrity that contributes to derangements of sodium–
volume homoeostasis and reversal of many of the
cardiovascular changes (e.g. increased cardiac output
and intravascular volume) that accompany normal
pregnancy. As a result, pre-eclampsia is a low-output,
high-resistance state [7]. Eclampsia, convulsions during
pregnancy or after delivery, is a common cause of
maternal death and severe morbidity [9].

The HELLP syndrome is most commonly regarded
as related to severe pre-eclampsia. As the etiology
remains unknown, there is still a debate as to whether
or not HELLP syndrome represents a separate disease
entity. It is described as a placenta-induced disease but
with a more acute and predominant inflammatory
process targeting the liver and with a major activation
of the coagulation system.

Maternal Critical Care: A Multidisciplinary Approach, ed. Marc Van de Velde, Helen Scholefield, and Lauren A. Plante.
Published by Cambridge University Press. © Cambridge University Press 2013.
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Normal pregnancy leads to a reduction in vascular
systemic resistance and a mid-trimester fall in blood
pressure [10]. Physiologically reduced angiotensin II
responsiveness in parallel with increased production
of vasodilatory prostaglandins and nitrous oxide are
probably central mechanisms. Consequently, the auto-
nomic nervous system is of increased importance in
pregnancy for the homeostatic regulation of blood
pressure. The situation is quite different in pre-
eclampsia, and the reduced importance of sympathetic
basal activity is clearly demonstrated by the increased
tolerance of neuraxial sympathetic blockade [11,12]. A
lack of the mid-trimester fall in blood pressure has
been observed in patient populations developing pre-
eclampsia [13]. Observational studies of women with

pre-eclampsia have shown that variance in hemody-
namic measures is large, and this may complicate
scientific analyses of antihypertensive drugs and intra-
venous volume therapy. A better understanding
of the enhanced vascular reactivity [14] combined
with clinical studies [12,15,16] have changed the
management before and after delivery in women
with pre-eclampsia. Implementation of less invasive
hemodynamic monitoring devices has increased the
possibility of individualized treatment guided by more
precise estimates of preload, afterload, cardiac output,
and invasively measured arterial pressures. The level of
evidence for this physiological approach in order to
prevent organ failure is low and more clinical research
data are required.

Immunological factors
antigen exposure
• primigravidity ( )/primipaternity ( )
• donor gamete(s) ( )
• duration of cohabitation ( )
• barrier contraception ( )/fellatio ( )
• prior miscarriage ( )
• smoking ( )

Decidual immune cell–
EVT interactions

(invasion & uteroplacental
artery remodeling)

Inadequate placentation
(early-onset pre-eclampsia)

Uteroplacental mismatch

Placental IUGR
(± maternal syndrome)Intervillous soup

Endothelial cell activation

Maternal syndrome

Cardiorespiratory
• hypertension
• ARDS
• pulmonary oedema
• cardiomyopathy/LV dysfunction
• Intravascular volume constriction
• generalized edema

Genetic factors
• familial risks
• SNPs
• epigenetics

Lowered threshold
• metabolic syndrome
• chronic infection/inflammation
• pre-existing hypertension
• chronic renal disease/DbM
• high altitude

CNS
• eclampsia
• TIA/RIND/CVA
• PRES

Renal
• glomerular endotheliosis
• proteinuria
• ATN
• ARF

Hepatic
• periportal inflammation
• hepatic dysfunction/failure
• hepatic hematoma/rupture

Hematological
• microangiopathic hemolysis
• thrombocytopenia
• DIC

Normal placentation
(late-onset pre-eclampsia)
• macrosomia
• multiple pregnancy
• ± lowered threshold

pre-eclampsia-specific shared with IUGR
• placental debris
• innate immune activation
• oxidative stress
• eicosanoids
• cytokines

• angiogenic imbalance

Figure 36.1. The origins and consequences of pre-eclampsia. In this model of pre-eclampsia, the maternal syndrome develops from a
number of pathways, leading to uteroplacental mismatch, in which the fetoplacental demands outstrip the maternal circulatory supply. In
response to the mismatch, and probably caused, in part, by recurrent ischemia–reperfusion injury within the intervillous (maternal blood) space
of the placenta and accelerated placental apoptosis and aponecrosis, a soup of endothelium-damaging substrates is released, with resulting
endothelial cell activation and consequent development of the maternal syndrome of pre-eclampsia. Some elements of the soup – activated
peripheral blood leukocytes – can cause direct end-organ damage. ARDS, acute respiratory distress syndrome; ARF, acute renal failure; ATN,
acute tubular necrosis; CVA, cerebrovascular accident; DbM, diabetes mellitus; DIC, disseminated intravascular coagulation; EVT, extravillous
cytotrophoblast; IUGR, intrauterine growth restriction; LV, left ventricle; PRES, posterior reversible encephalopathy syndrome; RIND, reversible
ischemic neurological deficit; SNP, single nucleotide polymorphism; TIA, transient ischemic attack.
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Diagnosis
Pre-eclampsia is generally defined as new hyperten-
sion (diastolic blood pressure ≥90 mmHg) and sub-
stantial proteinuria (≥300 mg in 24 hours) at or after
20 weeks of gestation [7]. However, how best to define
the maternal syndrome of pre-eclampsia, and how to
differentiate mild from severe disease, is an area of
active research [17].

A comparison of current international classification
systems for the hypertensive disorders of pregnancy is
presented in Table 36.1 [18].

Although perinatal risks in pre-eclampsia have
long been recognized to be highest remote from
term, the 20-fold increase in maternal mortality
that is associated with pre-eclampsia arising earlier
than 32 weeks of gestation (compared with that at
37 weeks or later) [19] seems not to have been as
noted, emphasizing the importance of early-onset
pre-eclampsia as a severity criterion.

The debate between setting the systolic blood
pressure definition of severe hypertension at either
160 mmHg or 170 mmHg needs to be resolved

Table 36.1. Classification of hypertensive disorders of pregnancy

NICE (2010) SOMANZ (2008) SOGC (2008) ASH (2008)

Pre-existing or
chronic
hypertension
(BP ≥140/
90 mmHg
before 20+0

weeks of
gestation)

Chronic hypertension:
before 20 weeks of
gestation or being
treated at time of referral
for primary or secondary
etiology

Chronic hypertension:
essential secondary white
coat ± superimposed
pre-eclampsia

Pre-existing
hypertension: ±
comorbid conditions ±
superimposed
pre-eclampsia

Chronic hypertension:
± superimposed
pre-eclampsia

Gestational
hypertension
(BP ≥ 140/
90 mmHg
after 19+6

weeks of
gestation)

Gestational hypertension:
without significant
proteinuria

Gestational hypertension:
without significant
proteinuria returning to
normal within 12 weeks
postpartum

Gestational
hypertension: ±
comorbid conditions
± superimposed
pre-eclampsia

Gestational
hypertension or
transient hypertension:
BP returning to normal
within 6 weeks of birth
Late postpartum
hypertension: BP rise
developing up to 6
months postpartum
and normalized by
1 year postpartum

Pre-eclampsia
(clinical
definition)

New hypertension
(BP ≥140/90 mmHg)
presenting after 20 weeks
of gestation with
clinically relevant
proteinuria (see
significant proteinuria,
below)

Gestational hypertension
+ one or more of the
following: proteinuria
(dipstick then confirmed
by either random spot
protein–creatinine
ratio >30 mg/mmol or
0.3 g/24 h); serum/plasma
creatinine >90 μmol/L);
oliguria; hematological
involvement
(thrombocytopenia,
hemolysis, disseminated
intravascular coagulation);
liver involvement (raised
serum transaminases,
severe epigastric or right
upper quadrant pain);
neurological involvement
(convulsions, hyper-
reflexia with sustained
clonus, severe headache,
persistent visual
disiurbances, stroke);
pulmonary edema; fetal
growth restriction;
placental abruption

Pre-existing
hypertension and
resistant hypertension,
new proteinuria, or
adverse condition (see
severity criteria, below)
Gestational hypertension
plus proteinuria (spot
protein–creatinine
ratio >30 mg/mmol l or
0.3 g/24 h) or adverse
condition

Gestational
hypertension or
Chronic hypertension
with proteinuria
(dipstick ≥ +1, spot
protein–creatinine ratio
≥30 mg/mmol, or
≥0.3 g/24 h)
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because of rising concerns about lethal maternal
stroke risks at the lower threshold for blood pressure
[4,7]. None of the classification systems seems to
have been independently assessed for the ability to
identify women and fetuses at heightened risk of
the adverse events that make pre-eclampsia so
important.

Differential diagnosis of severe
pre-eclampsia
Table 36.2 [7] summarizes the differential diagnosis
for women presenting with severe pre-eclampsia.

The HELLP syndrome is defined in varying ways
in the literature, and each clinician should refer to local

Table 36.1. (cont.)

NICE (2010) SOMANZ (2008) SOGC (2008) ASH (2008)

Pre-eclampsia
(research
definition)

Not defined De novo hypertension ≥2
weeks, returning to
normal postpartum, with
properly documented
proteinuria

Not defined Not defined

Severe
hypertension
(mmHg)

160/110 170/110 160/110 160/110

Significant
proteinuria

>300 mg/day or spot
protein–creatinine ratio
>30 mg/mmol

Not defined > 300 mg/day or spot
protein–creatinine ratio
>30 mg/mmol

>300 mg/day or spot
protein–creatinine ratio
>30 mg/mmol

Severity
criteria

Severe hypertension:
maternal symptoms
(vision problems, severe
headache, epigastric pain,
vomiting, papiledema);
biochemical abnormalities
or hematological
impairment (platelet
count 100 × 109/L or AST/
ALT >70 U/L, elevated
serum creatinine)

Not defined Gestational age at onset
34+0 weeks, heavy
proteinuria Maternal
symptoms: persistent,
new or unusual
headache; visual
disturbances; persistent
abdominal or right upper
quadrant pain; severe
nausea or vomiting;
chest pain or dyspnea
Maternal signs of end-
organ dysfunction:
eclampsia, severe
hypertension, pulmonary
edema, or suspected
placental abruption
Abnormal maternal
laboratory tests: elevated
serum creatinine,
elevated AST, ALT or LDH
with symptoms, platelet
count 100 × 109/L or
serum albumin 20 g/L
Fetal morbidity:
oligohydramnios,
intrauterine growth
restriction, absent or
reversed end-diastolic
flow in the umbilical
artery by Doppler
velocimetry, intrauterine
fetal death

Gestational age 35
weeks Maternal
symptoms: headache,
visual disturbances,
abdominal pain, severe
diastolic hypertension
(>110 mmHg) Abnormal
maternal laboratory
tests: significant
proteinuria or oliguria,
increased serum
creatinine, decreased
glomerular filtration rate,
increased AST or LDH
Fetal morbidity:
non-reassuring
cardiotogography

ALT, alanine transaminase; ASH, American Society of Hypertension; AST, aspartate transaminase; BP, blood pressure; LDH, lactate
dehydrogenase; NICE, UK National Institute for Health and Clinical Excellence; SOMANZ, Society of Obstetric Medicine of Australia and New
Zealand; SOGC, Society of Obstericians and Gynecologists of Canada.
Source: adapted from Payne et al., 2011 [18].
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definitions. Hemolysis can be documented in peripheral
blood smear, which typically shows schiztocytes, or by
elevated plasma lactate dehydrogenase, low haptoglobin,
and increased bilirubin concentration. Elevated liver
enzymes (aspartate or alanine aminotransferase) and
low platelets (<100 × 109/L) should be present; if not

all these laboratory values are abnormal, it will often be
described as a partial HELLP syndrome.

Differential diagnoses of HELLP syndrome are
listed in Table 36.3 [20].

Clinical features
Pre-eclampsia may be asymptomatic and apart from
being diagnosed as having hypertension and proteinu-
ria patients may have few complaints. Symptoms such
as headache, nausea, epigastric pain, visual disturb-
ance, restlessness, and irritability indicate increased
severity, HELLP syndrome, or imminent eclampsia.
In a Scandinavian cohort, 89% had at least one phys-
ical complaint before the first eclamptic seizure, severe
headache being the most common [9].

Severity assessment and prognostics
Maternal mortality rates in critically ill obstetric
patients is reported to be <5%, but the variance is
great [21]. Scoring systems routinely used in intensive
care units (ICUs) have documented positive predictive
value in mortality risk assessment in the general ICU
population. The Acute Physiological and Chronic
Health Evaluation (APACHE) scoring system, the
Simplified Acute Physiological Score (SAPS), and
the Mortality Prediction Model all performed well
in the prediction of obstetric patients’ ICU outcome
compared with non-obstetric female age-matched
ICU patients [22]. None of the existing models to
predict critical care outcomes appears to have utility
in predicting ICU-related maternal mortality. For
example, the APACHE score can overestimate mater-
nal mortality by up to 12-fold [23–28]. For APACHE-
II, the observed/estimatedmortality rate of obstetric ICU
patients ranges from 0.08 to 0.93; for APACHE-III,
mortality rate is 0.43. In studies of the Simplified
Acute Physiological Score version II, the rate varies
from 0.43 to 1.40 [22,29]. Therefore, novel critical
care clinical prediction tools to ascribe maternal risks
are required because of the unique physiology of
the pregnant/postpartum state. For example, maternal
cardiac output increases by 30–50% in pregnancy, with
further increases up to 50% during labor and 80% in the
immediate postpartum period.

In response to the understanding of the origins
and end-organ consequences of pre-eclampsia
(Figure 36.1), von Dadelszen et al. [17] undertook the
Pre-eclampsia Integrated Estimate of RiSk (PIERS)
study. They developed and internally validated the

Table 36.2. Differential diagnosis of severe pre-eclampsia

Organ system Diagnoses

Vasculature Pheochromocytoma
Hyperaldosteronism
Cushing disease
Thyrotoxicosis
Coarctation of the aorta

Renal system Lupus nephritis
Acute and chronic

glomerulonephritis
Interstitial nephritis
Pyelonephritis

Liver and pancreas Acute fatty liver of pregnancy
Pregnancy cholestasis
Hyperemesis gravidarum
Cholecystitis, cholangitis
Viral hepatitis
Acute pancreatitis
Gastritis, gastric ulcer

Hemostasis Benign thrombocytopenia of
pregnancy

Thrombotic thrombocytopenic
purpura

Hemolytic–uremic syndrome
Idiopathic thrombocytopenic

purpura
Antiphospholipid syndrome
Folate deficiency
Systemic lupus erythematosus
Septic or hemorrhagic shock

Respiratory system Pneumonia
Pulmonary embolus
(Catastrophic) antiphospholipid

syndrome

Cardiovascular
system

Peripartum cardiomyopathy
Myocardial ischemia or infarction

Brain Cerebral systemic lupus
erythematosus

Epilepsy
Brain tumor
Cerebrovascular accident
Hypertensive encephalopathy
Metabolic disease

Eyes Retinal arterial or venous thrombosis
Retinal ischemia
Retinal detachment
Persistent spasm of retinal vessels
Central serous retinopathy
Uveal melanoma
Choroidal osteoma

Source: Steegers et al., 2010 [7].
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fullPIERS model in a prospective, multicenter study
in women who were admitted to tertiary obstetric
centers with pre-eclampsia or who developed pre-
eclampsia after admission. The outcome of interest was
maternal mortality or other serious complications of
pre-eclampsia. Routinely reported and informative
variables were included in a stepwise backward elimina-
tion regression model to predict the adverse maternal
outcome. Themodel performance was assessed using the
area under the curve (AUC) of the receiver operating
characteristic and stratification capacity. They observed
that 261 of 2023 women with pre-eclampsia had adverse
outcomes at any time after hospital admission (106 (5%)
within 48 hours of admission). Predictors of adverse
maternal outcome included gestational age, chest
pain or dyspnea, oxygen saturation, platelet count,
and serum creatinine and aspartate aminotransferase
concentrations. The fullPIERS model predicted adverse
maternal outcomes within 48 hours of study eligibility
(AUC, 0.88; 95% confidence interval (CI), 0.84–0.92).
Moreover, the fullPIERS model performed well
(AUC, >0.7) up to 7 days after eligibility, and accurate
risk stratification was achieved. However, external
validation of the model has not been performed.
Once externally validated, the fullPIERS model should
identify women at increased risk of adverse outcomes

up to 7 days before complications arise and thereby
modify direct patient care (e.g. timing of delivery, place
of care), improve the design of clinical trials, and inform
biomedical investigations related to pre-eclampsia.

The modified early obstetric warning system has
been validated in an obstetric population, including
patients with pre-eclampsia [30]. The aim of this
system is early recognition and treatment of acute
morbidity based on systematic observations of mater-
nal physiological variables. Singh et al. reported a
sensitivity of 89%, specificity of 79%, but a positive
predictive value of only 39%, and concluded that the
trigger parameters have to be adjusted [30].

Management

Monitoring
Assessment of cerebral function via continuous
communication with the awake patient is essential
and provides important hemodynamic information.
Novel methods based on analyses of the arterial pulse
wave have proven accurate in cardiac output trending
compared with pulmonary artery catheter data [31].
These minimally invasive and non-invasive monitor-
ing systems have become available since the late 1990s.

Table 36.3. Differential diagnoses of HELLP syndrome: frequency of signs, symptoms, and laboratory findings

Thrombotic thrombocytopenic
purpura

Hhemolytic–uremic
syndrome

HELLP
syndrome

Abdominal pain ++ ++ ++

ADAMST13 activity +/++ − −

Anemia ++ ++ +

Elevated lactic
dehydrogenase

++ very high values ++ very high values ++

Elevated transaminases −/+ −/+ ++

Fever + − −

Headache or visual
disturbance

++ - ++

Hypertension +/++ ++ ++

Jaundice − − +

Nausea and vomiting ++ ++ ++

Proteinuria + and hematuria ++ ++

Thrombocytopenia ++ ++ ++

von Willebrand factor ++ ++ −

HELLP, hemolysis, elevated liver function tests, low platelets; + indicates prevalence of finding in affected patients.
Source: adapted from Stella et al., 2009 [20].
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Measuring flow, and not only blood pressure and
heart rate as surrogates for cardiac output, is now
implemented in clinical practice [32]. There is lack of
agreement between values obtained from central
venous pressure and pulmonary capillary wedge pres-
sure in pre-eclampsia [33], and the use of pulmonary
artery catheter in maternal critical care should be
limited to pulmonary hypertension in patients for
whom ongoing treatment aiming at a reduction of
pulmonary arterial pressure within a few days neces-
sitates continuous monitoring. The need for measure-
ments of cardiac output, volume status, systemic
vascular resistance, or arterial blood pressure are
better solved by transthoracic echocardiography or
minimally invasive monitoring systems, alone or in
combination [16]. Invasive arterial catheters are
often utilized in the ICU, both for continuous mon-
itoring and for frequent blood sampling. Frequent
arterial blood gas analyses give information about
trends in oxygenation, circulation, and hemolysis.
Measurements of platelet counts, liver enzymes, and
hemolysis variables should be repeated daily, or even
more frequently if HELLP syndrome or disseminated
intravascular coagulation is diagnosed (up to every
4 hours, depending on acuity).

Transcranial Doppler measurements have given
interesting insight in cerebral hemodynamics in
pre-eclampsia [34]. To date, it is unclear how this
knowledge can be put into clinical practice, and trans-
cranial Doppler is not a part of routine monitoring.

Blood pressure control
There is consensus that sustained severe hypertension
in pregnancy should be treated as it is considered to
be a risk factor for maternal end-organ complications
(such as stroke), independent of pre-eclampsia [7,35].
In fact, many of the serious maternal (e.g. pulmonary
edema, placental abruption) and perinatal (e.g. pre-
term delivery and perinatal death) complications
are more common among women with severe gesta-
tional hypertension without proteinuria than in those
women with non-severe gestational hypertension with
proteinuria [35].

A systolic blood pressure threshold of 160 mmHg
has been suggested as more appropriate for defining
severe maternal hypertension, based on a case series
of 28 women with pre-eclampsia and stroke [35].
In this series, 96% of women had a systolic blood
pressure ≥160 mmHg immediately prior to their

stroke, but only 13% had a diastolic blood pressure
≥110 mmHg. This series has been criticized for its
potentially biased ascertainment of cases and its
small sample size, which precludes use of a statistical
model that could confirm the independent importance
of systolic blood pressure by adjusting for diastolic
blood pressure and other important covariates.

The three most recent UK Confidential Enquiries
into Maternal Deaths have found that the second most
common cause of maternal death was pre-eclampsia/
eclampsia, of which the majority related to stroke
and failure of effective antihypertensive therapy.
Therefore, the reports have concluded that systolic
blood pressures ≥160 mmHg must be treated and this
recommendation has been reflected in recently pub-
lished Canadian and UK guidelines (Table 36.1)[18].
In addition, a diastolic blood pressure of ≥110 mmHg
must be treated even when systolic blood pressure is
<160–170 mmHg [35].

Almost all severe hypertension in pregnancy
is without clear hypertension-related end-organ
dysfunction and, as such, most episodes are classified
as hypertensive “urgencies.” It is unclear how to clas-
sify the seriousness of headache and visual symptoms.
Both are very common among women admitted
to hospital with pre-eclampsia (i.e. 30% and 19%,
respectively), yet, the incidence of adverse central
nervous system outcomes in this group is rare (0.3%)
[17]. Also, headache is a well-recognized side effect of
medications used in pre-eclampsia, such as nifedipine.

Most episodes of severe hypertension in pregnancy
can be managed without an arterial line. Based on
extrapolation of the approach outside pregnancy,
mean arterial blood pressure should be lowered by
no more than 25% over minutes to hours, and then
further lowered if necessary to 160/100 mmHg over
hours. In selected cases, hypertensive urgencies may be
treated with oral agents, which have peak drug effects
in 1–2 hours (e.g. oral labetalol or intermediate-acting
nifedipine). However, recognizing that gastric empty-
ing may be delayed or unreliable among women in
active labor [28], intravenous antihypertensives may
be required. Magnesium sulfate infusion will often be
indicated for seizure prophylaxis or control when a
patient is admitted to a high dependency unit or ICU.
Invasive hemodynamic monitoring should be consid-
ered. The risk and discomfort of a peripheral arterial
line is minor, but the information gained may help the
critical care physician in optimizing treatment [25].
Pain during insertion of an arterial line can be
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minimized by local infiltration of lidocaine 1% or, if
time allows it, topical anesthesia with lidocaine/prilo-
caine cream. Ultrasound-guided technique may
reduce patient stress during insertion of the cannula.

Additional associated factors that may be contri-
buting to severe hypertension should be addressed.
These include pain, upset, and inadequate levels of
antihypertensive therapy related to delayed gastric
emptying in labor. In addition, epidural analgesia
may be beneficial by producing peripheral vasodilata-
tion [35]. The efficacy of sympathetic block is limited
in pre-eclamptic patients [15], and most clinicians
perform neuraxial techniques only for labor analgesia
or anesthesia during cesarean section.

As the uteroplacental circulation may not autoregu-
late blood flow in term pre-eclampsia, precipitous falls
in maternal blood pressure may be associated with fetal
heart rate abnormalities, and monitoring is prudent
[35]. This may be even more important in early-onset
disease where uteroplacental modification is usually
incomplete (Figure 36.1), leaving uterine precapillary
arterioles able to constrict as part of a generalized
splanchnic response to hypotension. There are limited
data on the pharmacological effects of antihypertensives
on fetal heart rate or pattern in human pregnancy [36].

In a manner similar to the uteroplacental circula-
tion, the maternal cerebral vasculature may not autor-
egulate blood flow in the setting of severe hypertension,
particularly when mean arterial pressure exceeds
140 mmHg (e.g. blood pressure of 180/120 mmHg) in

the previously normotensive patient [35]. The effects
of each antihypertensive agent on myocardial perform-
ance, cerebral blood flow, and the fetus are not very
well established in the pre-eclamptic population. The
choice of antihypertensive agent should be guided by
local experience and continuous monitoring of blood
pressure and flow, both for the mother and the baby.
The basic principle to apply in clinical practice is
“start low” (with regards to dose) and “go slow”
(in terms of repeating doses) [35].

Agents for treatment of severe
hypertension
Thirty trials (3446 women) have compared one
antihypertensive drug with another. These trials have
been systematically reviewed in two high-quality
publications [37,38], and there have been three
recently published trials [39].

Most trials have compared parenteral hydralazine
with either labetalol (six trials) or oral calcium channel
blockers (nine trials). Another trial has compared
intravenous labetalol with oral nicardipine. These are
the medications used most commonly to treat severe
hypertension in pregnancy and, as such, these data are
most informative for clinical practice (Table 36.4).

When hydralazine was compared with other
antihypertensives together, parenteral hydralazine
was associated with more adverse effects, including
maternal hypotension, cesarean section, and fetal

Table 36.4. Antihypertensive drugs for severe pregnancy hypertension

Agent Dosage Comments

Labetalol Start with 20 mg i.v.; repeat 20–80 mg i.v. every 30 min
Alternative: i.v. infusion of 1–2 mg/min to a maximum of

300 mg (then switch to oral)

Best avoided in women with asthma; parenteral
labetalol may cause neonatal bradycardia but this is not
a major problem in clinical practice

Nifedipine 5–10 mg capsule to be bitten and swallowed, or just
swallowed, every 30 min; 10 mg intermediate-release
tablets every 45 min to a maximum of 80 mg/day

There are three types of nifedipine preparations
(capsules, intermediate-release tablets, and slow-release
tablets) with which all staff must be familiar; nifedipine
capsules cause a reflex increase in sympathetic tone,
which is best avoided in women for whom increased
myocardial oxygen demands could be dangerous (e.g.
coronary artery disease) or in the setting of fixed valvular
obstruction

Hydralazine Start with 2–5 mg i.v., repeat every 30 min in doses up to
10 mg, or 0.5–10 mg/h i.v., to a maximum of 20 mg i.v. (or
30 mg i.m.)

May increase the risk of maternal hypotension;
hydralazine causes a reflex increase in sympathetic tone,
which is best avoided in women for whom increased
myocardial oxygen demands could be dangerous (e.g.
coronary artery disease) or in the setting of fixed valvular
obstruction

i.v., intravenous; i.m., intramuscular.
Source: adapted from Payne et al., 2011 [18].
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heart rate abnormalities (21 trials, 1085 women) [37].
When compared with parenteral labetalol specifically
in a subgroup analysis, hydralazine was a more effec-
tive antihypertensive [37]. A subsequently published
trial found no between-group difference in persistent
severe hypertension (5% in each group) but maternal
hypotension occurred in 2/100 women treated with
hydralazine compared with 0/100 treated with labeta-
lol [39]. It should be noted that labetalol was associated
with more neonatal bradycardia, which required inter-
vention in one of six affected babies in the relevant trial
[37], and a similar result was seen in a subsequently
published trial of labetalol versus hydralazine [39].
When hydralazine has been compared with calcium
channel blockers (nine trials), hydralazine was a less
effective antihypertensive [37,38]. Hydralazine was
also associated withmore fetal heart rate abnormalities
[37]. There have been no new relevant trials. When
labetalol has been compared with calcium channel
blockers (one trial, 60 women), no between-group
differences in outcomes have been seen. There have
also been case reports of neuromuscular blockade with
contemporaneous use of nifedipine and magnesium
sulfate, but the risk was estimated to be <1% in a single
center, controlled study and complete data synthesis
[40]; blockade is reversed with 10 g intravenous
calcium gluconate, which is immediately available in
all delivery suites and ICUs.

Low dose diazoxide (15 mg intravenous), an arterial
vasodilator, compared favorably with hydralazine 5 mg
intravenous in a randomized controlled trial of 124
women [28].

Intravenous nicardipine may be an alternative. Sixty
consecutive pregnant women with severe hypertension
(systolic blood pressure ≥170 mmHg and/or diastolic
blood pressure ≥110 mmHg) were randomized to either
intravenous nicardipine (10 mg/5 min) or intravenous
labetalol (1 mg/min per kg body weight bolus) [41].
Labetalol and nicardipine equally achieved a 20%
lowering in blood pressure, with nicardipine causing a
significantly greater decrease in systolic and diastolic
blood pressure. No women had hypotensive episodes.
The length of time to achieve the blood pressure goal
was also similar (12 and 11 minutes, respectively).
Both drugs were well tolerated (more tachycardia
with nicardipine). Other non-randomized data have
supported intravenous nicardipine with varying regi-
mens [42–44]. In addition, in a randomized controlled
trial of 100 women with non-severe hypertension of
pre-eclampsia, oral nicardipine (20 mg three times

daily) was more effective than oral metoprolol in reduc-
ing both systolic and diastolic blood pressure [45].

Nitroglycerin (glyceryl trinitrate) is primarily
venodilatory. Since women with pre-eclampsia are
usually intravascularly volume depleted, and increased
systemic vascular resistance is the major pathophysio-
logical finding [15], nitroglycerin would not be a
logical choice of antihypertensive agent in women
with severe hypertension and pre-eclampsia [28].

In the context of ICU, sodium nitroprusside can be
used [28]. The theoretical concerns are well known:
light sensitive, requires careful monitoring, and has
the potential to cause fetal cyanide toxicity. A pub-
lished review of case reports (22 women, 24 fetuses)
documented stillbirths among 5 of 18 women treated
antenatally (27.8%) with nitroprusside, although the
authors could not attribute these deaths to fetal cya-
nide toxicity [37]. After delivery of the baby, sodium
nitroprusside has the advantage of being efficacious,
the critical care staff are familiar with the titration
of doses, and the half-life is short. A continuous
invasive measurement of arterial blood pressure is
recommended.

A comment should be made regarding the choice
of antihypertensive agent and its potential to cause
cerebral vasodilatation. In posterior reversible ence-
phalopathy syndrome, of which eclampsia (and possibly
pre-eclampsia with neurological symptoms) is thought
to be a form, acute elevations in blood pressure
result in forced dilatation of vascular smooth muscle
(of cerebral arteries and arterioles) and increased
blood–brain barrier permeability, promoting edema
[35,46]. Theoretically, it may be prudent to choose an
antihypertensive agent that does not cause cerebral
vasodilatation outside pregnancy, such as labetalol and
nicardipine, rather than hydralazine or nifedipine [35].
However, basing antihypertensive choice on such con-
siderations is not recommended. First, there are no data
from pregnancy; second, as mentioned above, magne-
sium sulfate may actually dilate the cerebral vasculature
although magnesium prevents and treats eclampsia in
human pregnancy [35].

Table 36.4 lists the doses of the most commonly
used antihypertensive drugs for severe hypertension
in pregnancy. Following treatment of severe hyper-
tension, oral antihypertensive therapy should usually
be started to maintain blood pressure unless there
was a clear, modifiable precipitant (such as the pain
of labor). During labor, gastric emptying may be
unreliable.
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Postpartum, blood pressure peaks on days 3–6
in previously normotensive women [47]; normaliza-
tion of elevated blood pressure occur later in
pre-eclampsia (mean 16 days; SD, 9.5) compared
with gestational hypertension (mean 6 days; SD, 5.5)
[48]. Consideration should be given to restarting
antihypertensive therapy after delivery, particularly
in women with pre-eclampsia, in whom postpartum
hypertension and pulmonary edema are more com-
mon, which is possibly related to mobilization of
extravascular fluid into the intravascular space.
Captopril, enalapril, and other angiotensin-converting
enzyme inhibitors may be used for severe postpartum
hypertension without precluding breastfeeding.
Breastfeeding information is available free of charge
in the Lactmed database [49]. Management issues
around postpartum hypertension and breastfeeding
are discussed in detail in the UK NICE guidelines
[39]. In the critical care setting it is important to
have in mind before delivery that antihypertensive
treatment may affect the uteroplacental flow rate and
may affect the fetus negatively.

In summary, there is consensus that severe hyper-
tension in pregnancy should be treated to decrease
maternal risk. Parenteral hydralazine and labetalol and
oral nifedipine have been best studied in randomized
trials for this indication. No agent is clearly superior to
others, although parenteral hydralazine may be associ-
ated with more maternal hypotension and adverse fetal
heart rate effects.

Fluid management
Intravascular volume depletion has been considered
the norm in women with pre-eclampsia [7,50]. In
response to this, there was a period of enthusiasm for
plasma volume expansion [51–53], but the clinical
effectiveness of this strategy is not supported by the
results [54]. Studies have not been able to establish a
goal-directed volume therapy, and current practice is
to administer intravenous fluids carefully because of
the risk of pulmonary edema. Thornton et al. [55]
devised a set of clinical indicators to benchmark
outcomes for women suffering from the hypertensive
disorders of pregnancy. Seven clinical indicators were
designed and applied retrospectively to data collected
from two tertiary referral centers, Royal Prince Alfred
Hospital (RPA), Sydney, Australia and British
Columbia Women’s Hospital and Health Centre
(BCW), Vancouver Canada. Comparisons were made

using the established clinical indicators. There were
significantly more episodes of maternal pulmonary
edema at BCW than at RPA (1.2% and 0.1%, respec-
tively; p < 0.001).

Therefore, in follow-up, the investigators sought to
determine rates of and potential causative factors for
acute pulmonary edema in hypertensive pregnant
women [56]. A retrospective individual-patient data
review was conducted for a calendar year (2005) at
RPA and BCW. There were 472 women at RPA and
408 women at BCW diagnosed with one of the four
presentations of hypertension in pregnancy. During this
period, there were no cases of acute pulmonary edema
at RPA and 19 cases at BCW. None of the women had
any known pre-existing cardiac abnormality. Antenatal
pharmacological management of hypertension and
steroid treatment for fetal lung maturity was signifi-
cantly more frequent at the center reporting no cases
of pulmonary edema. Further, smoking was less
frequent in the population at this center. The 19
women with acute pulmonary edema at BCW received
larger quantities of intravenous fluids. Therefore, the
development of acute pulmonary edema in women
with hypertension during pregnancy was associated
with high levels of intravenous fluid administration.

The Pre-Eclampsia Trial Amsterdam (PETRA), a
two-center Dutch randomized controlled trial, tested
whether or not plasma volume expansion combined
with a more advanced antihypertensive treatment
protocol would benefit both mother and child as
temporizing management of severe and early-onset
pre-eclampsia [52]. Of 216 women with a gestational
age of 24+0–33+6 weeks with severe pre-eclampsia
and HELLP syndrome or severe intrauterine growth
retardation with gestational hypertension, and/or
pre-eclampsia, 111 women were randomly allocated
to the treatment group (plasma volume expansion and
a diastolic blood pressure target of 85–95 mmHg) and
105 to the control group (intravenous fluid restriction
and diastolic blood pressure target of 95–105 mmHg).
There was no statistically difference in major maternal
morbidity (total 11%). There were more cesarean
sections in the treatment group than in the control
group (98% and 90%, respectively; p < 0.05). The
authors concluded that addition of plasma volume
expansion in temporizing treatment does not improve
maternal or fetal outcome in women with early
preterm hypertensive complications of pregnancy.
Based on a retrospective review of 62 917 pregnancies
among which 51 women were diagnosed with acute
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pulmonary edema, Sciscione et al. [57] found that
the most common causes were the use of tocolytic
agents, underlying cardiac disease, fluid overload,
and pre-eclampsia. The pre-eclamptic population
was not uniform within or between the analyzed
samples. None of the studies took into consideration
the great variance in hemodynamic status in the
pre-eclamptic population [12]. There is a growing
interest in hemodynamic pathophysiology in
pre-eclamptic patients and increasing scientific data
to support cardiac output monitoring rather than
blood pressure monitoring [58]. The development
of minimal-invasive hemodynamic monitoring
devices providing continuous patient data has
opened a new research era and changed anesthetic
practice [16]. Whether new therapy protocols direc-
ted by defined goals in physiological variables
actually can improve maternal and fetal outcome
has to be tested in controlled clinical trials.

Normally, pregnancy leads to an approximately 40%
increase in plasma volume. In an observational trial of
29 patients with eclampsia, Zeeman et al. [59] docu-
mented a significant hemoconcentration compared
with subsequent normal pregnancies in the same
subjects. Increased hemoglobin concentration is an
independent risk factor for stillbirth [60]. Women
with pre-eclampsia have decreased blood volume and
significantly increased hemoglobin concentration prior
to delivery [61], and elevated hemoglobin concentration
is inversely correlated with fetal growth. In general, high
hemoglobin concentration is associated with stillbirth,
preterm birth, and growth retardation [62].

In the absence of pre-existing renal disease that
mandates an urine output of 30 mL/h, urine output
≥15 mL/h should be accepted as normal in pregnancy
[39,63]. Acute renal failure is very uncommon in this
population and diuretic therapy is not documented to
reduce the risk. There have been no renal failure-related
maternal deaths in the UK since the late 1980s, and,
since a policy of “running women with pre-eclampsia
dry” (80 mL/h total input in women with severe
pre-eclampsia) has become widespread, there has not
been a pre-eclampsia maternal death related to pulmo-
nary edema in the UK since the late 1990s.

Even if the typical woman with pre-eclampsia has a
reduced circulating blood volume, it is also common
to develop generalized edema. When this body water
goes into circulation during the first few days after
delivery, diuretics may be given to speed the elimina-
tion of excess water and thereby minimize the risk of

severe pulmonary edema. Therapy can be guided by
echocardiography and hemodynamic monitoring
of intrathoracic blood volume or the amount of
extravascular lung water. Low urine output is quite
common in the first days after delivery and should be
interpreted neither as an indication for diuretics nor
one for intravenous volume expansion.

If a woman with pre-eclampsia requires supple-
mental oxygen therapy, has an increasing respiratory
rate, or suffers from shortness of breath, echocardiog-
raphy should be performed to diagnose coexistence
of cardiac diseases or pre-eclampsia-related cardiac
dysfunction and to evaluate preload and cardiac out-
put. Continuous minimally invasive monitoring of
hemodynamic variables may be useful.

Neuroprotection
Prevention of pre-eclampsia-related cerebral compli-
cations is one of the major indications for observation
and treatment in ICU. Stroke may be ischemic or
hemorrhagic, and ischemic infarction may turn into
hemorrhagic stroke. In patients with chronic hyper-
tension, hemorrhage in the striatocapsular area is
more common. Aneurysmal bleeding must also be
considered, although it is rare in this population
[46,64]. Minor infarction and bleeding may not be
fatal, but morbidity may be substantial. Treatment
should follow guidelines for neurointensive care
medicine (Table 36.5) [65] and strict control of the
systolic blood pressure is necessary to prevent sudden
hemorrhage in a brain region with ischemic infarc-
tion. The latest UK Confidential Enquiries into
Maternal Deaths and Child Health has suggested that
systolic blood pressure should be kept 150 mmHg to
avoid unobserved and sustained spikes in systolic
blood pressure to >160 mmHg [4], which is stricter
than in the current guidelines and not pertinent to
women receiving critical care (Table 36.1) [18].

Magnesium sulfate
Prevention and management of eclamptic seizures is
based upon giving magnesium sulfate [7,39,63]. The
exact mechanism is still not established. Women
with severe pre-eclampsia should be considered for
magnesium sulfate prophylaxis. Findings from
randomized controlled trials support a regimen of
magnesium sulfate given as a 4 g intravenous loading
dose during a 15–20 minutes period, followed by an
infusion of 1 g/h, with a first or recurrent seizure
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treated with another 2–4 g intravenous loading
dose. This regimen does not need testing of blood
concentrations of magnesium sulfate because clinical
effect can be monitored with deep tendon reflexes.
Additionally, this regimen provides a wider therapeu-
tic index between effect and toxicity risk than does the
historical 2 g/h regimen.

In a Scandinavian cohort, 89% had at least one
physical complaint before the first seizure, severe
headache being the most common [9], and nearly
half of patients received substandard care. Imminent
eclampsia (headache, hyper-reflexia, blurred vision,
and epigastric pain) necessitates continuous monitor-
ing, magnesium sulfate prophylaxis, and a high level of

care. The risk of seizure decreases 12 hours after birth
[53]. Not all seizures or altered mental state is eclamp-
sia, and since subarachnoidal hemorrhage is more
frequent in women with pre-eclampsia, emergency
cerebral CT or MRI will often be indicated.

Hematological changes/HELLP syndrome
Patients with HELLP syndrome have an increased risk
of venous thromboembolism and bleeding. Normal
pregnancy is physiologically hypercoagulable and
this is pathologically enhanced in pre-eclampsia. The
inter-related risk of pre-eclampsia and thrombophilia
is not well characterized. Probably, coagulation and

Table 36.5. American Heart Association/American Stroke Association class I recommendations for treatment of intracerebral hemorrhage

Recommendations Class/level
of evidencea

Emergency diagnosis and
assessment of ICH and its causes

Rapid neuroimaging with CT or MRI is recommended to distinguish ischemic
stroke from ICH (unchanged from the previous guideline)

Class 1, level A

Medical treatment for ICH Patients with a severe coagulation factor deficiency or severe
thrombocytopenia should receive appropriate factor replacement therapy or
platelets, respectively (new recommendation)

Class I, level B

Hemostasis/antiplatelets/deep
vein thrombosis prophylaxis

Patients with ICH whose INR is elevated because of oral anticoagulant use
should have their warfarin withheld, receive therapy to replace vitamin K-
dependent factors and correct the INR, receive intravenous vitamin K (revised
from the previous guideline)

Class I, level C

Patients with ICH should have intermittent pneumatic compression for
prevention of venous thromboembolism in addition to elastic stockings
(unchanged from the previous guideline)

Class I, level B

Inpatient management and
prevention of secondary brain
injury

General monitoring Initial monitoring and management of ICH patients should take place in ICU,
preferably with physician and nursing neuroscience intensive care expertise
(unchanged from the previous guideline)

Class I, level B

Management of glucose Glucose should be monitored and normoglycemia is recommended Class I, level C

Seizures and antiepileptic drugs Patients with clinical seizures should be treated with antiepileptic drugs
(revised from previous guideline)

Class I, level A

Patients with a change in mental status who are found to have eletrographic
seizures on electroencephalography should be treated with antiepileptic
drugs

Class I, level C

Procedures/surgery, clot removal Patients with cerebellar hemorrhage who are deteriorating neurologically or
who have brainstem compression and/or hydrocephalus from ventricular
obstruction should undergo surgical removal of the hemorrhage as soon as
possible (revised from the previous guideline)

Class I, level B

Prevention of recurrent ICH After the acute ICH and with no medical contraindications, blood pressure
should be well controlled, particularly for patients with ICH location typical of
hypertensive vasculopathy (new recommendation)

Class I, level A

ICH, intracerebral hemorrhage; INR, international normalized ratio.
a Based on the American Heart Association’s Stroke Council’s levels of evidence grading algorithm.
Source: from Morgenstern et al., 2010 [65].

Section 5: Serious problems related to pregnancy

414



microembolization in the liver is important in the
pathophysiology of HELLP [66]. Point of care
monitors of coagulation have been implemented in
clinical practice. Thromboelastography has been
validated in the pregnant population and relevant
reference values described [67]. Patients with severe
pre-eclampsia with platelet count <100 × 109/L may
even be hypocoagulable [68]. The clinical impact of
coagulation monitors remains to be documented. The
use of corticosteroids (dexamethasone) may be justified
in clinical situations in which an increased rate of
recovery in platelet count is considered clinically worth-
while prior to delivery, surgery, or anesthetic procedures
because of the considerable bleeding risk [69].

Pain relief and stress reduction
Women with pre-eclampsia who are managed in
a high dependency unit or ICU may have fear,
anxiety, and concerns about the possibility of death
or harm to the baby. Abdominal pain may indicate
liver pathology (HELLP syndrome) and headache
may represent imminent eclampsia. Labor pain
and pain after cesarean delivery should be treated
with neuraxial techniques if not contraindicated
by low platelet counts [57]. Analgesic choice may
be complicated because acetaminophen (paraceta-
mol) is contraindicated in the setting of liver disease,
non-steroidal anti-inflammatory drugs may worsen
hypertension or affect bleeding risk (particularly
when platelet counts are low or falling), and opioids
may potentiate magnesium-induced respiratory
depression. Incremental dosing of intravenous
opioids is usually safe, both for the mother and
breastfed baby. If opioid analgesics are given
for longer than 2–3 days, the breastfed baby
should be monitored for opioid-related effects.
Breastfeeding and early skin-to-skin contact between
mother and baby is important for the baby [70],
and probably also for the mother’s well-being; it
should be given high priority, even in a high
dependency unit. Corticosteroid treatment (often
administered prior to a preterm delivery) can relieve
pain and nausea.
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Acute fatty liver of pregnancy
Linda Watkins and Mieke Soens

Introduction
Acute fatty liver of pregnancy (AFLP) is a very rare
disease characterized first in 1940 by Sheehan in a
series of six case reports describing clinical features
and postmortem findings [1]. It is characterized histo-
logically by fatty infiltration of liver cells and com-
monly presents with symptoms of acute liver failure. It
classically presents in the third trimester, with vomit-
ing, epigastric pain, and general malaise.

Acute fatty liver of pregnancy clinically has a similar
presentation to other causes of liver dysfunction in par-
ticular the HELLP syndrome (hemolysis, elevated liver
enzymes, and low platelets). There is some debate as to
whether AFLP is part of a spectrum of pre-eclampsia-
related diseases. Other possible differential diagnoses are
hemolytic–uremic syndrome, viral hepatitis, and choleo-
stasis. One of the difficulties is that diseases characterized
by liver dysfunction in pregnancy often share clinical
characteristics, and women often have features of more
than one possible cause. It is often a diagnosis of exclu-
sion and may only be confirmed on liver biopsy,
although several attempts have been made to try to
characterize the disease clinically and biochemically.

In general, AFLP is reversed by delivery and gen-
erally expert opinion agrees that expediting delivery
improves the prognosis for mother and baby.
Management will usually involve a multidisciplinary
team to plan delivery and postnatal care, which may
include the obstetrician, maternal medicine special-
ist, anesthesiologist, hematologist, and hepatologist.

Morbidity and outcomes
In the past there was a high mortality and morbidity
for mother and baby. Recent case series and popula-
tion reviews have shown this to be significantly
reduced; however, cases of maternal and fetal death

are still reported [2,3]. The UK Obstetric Surveillance
System (UKOSS) reported their prospective study into
AFLP in the UK showing the maternal mortality to
be 1.8% in 57 cases [4]. Perinatal mortality rate was
104/1000 births in this cohort. Because of the high rate
of intrauterine fetal death, they also report a 60%
admission rate to critical care. Cesarean section rates
are reported as 60–80% and usually because of fetal
distress, which can be very acute in onset.

Epidemiology
Several case series have been reported. To date, the
largest two are national population-based studies. The
largest retrospective study from the Netherlands over
2 years showed an incidence of severe morbidity
caused by AFLP of 3.2 per 100 000 maternities [3]. In
the UK, a prospective study carried out over 18
months by the UKOSS group gave an incidence of 5
per 100 000 maternities [4]. There have been several
hospital-based case series, usually giving a higher
observed incidence, which may be because the patients
with severe morbidity are more often referred to as
tertiary units. A case series from two large centers in
the USA for a Latin-American population estimated an
incidence of 15 per 100 000 maternities while a series
from Chile estimated a prevalence of 6.3 per 100 000.

Proposed risk factors include primiparity, higher
maternal age, and multiple pregnancies. The UKOSS
data confirmed an association with twin pregnancies
(18% of cases) and found a possible link with low body
mass index (<20), which was not statistically signifi-
cant [4].

Environmental and genetic factors
In the mid 1990s links were made between pregnancy
complicated by AFLP and the child subsequently
developing a Reye-like syndrome (hypoglycemia and
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abnormal liver enzymes) in a group of families [5,6].
This led to the suggestion of a link with mitochondrial
dysfunction caused by defects in oxidation in long-chain
fatty acids [7]. There are case series with recurrent AFLP,
but numbers are small, partly because of the rarity of the
disease; it is also postulated that women may avoid
further pregnancy after the first occurrence of AFLP
[4,8,]. However there are also reported cases in multi-
parous women with previously unaffected pregnancies.
Possibly because of the rarity of the disease, there is no
evidence that it is more common in certain populations.

Etiology
Current theories surround mitochondrial dysfunction
and defects in long-chain fatty acid oxidation. Initial
suspicion arose in a mother who had recurrent AFLP
where both her children died in infancy and were found
to have the liver histology changes also found in AFLP.
There have since been several reports showing a strong
link between fetal long-chain 3-hydroxyacylcoenzyme
A dehydrogenase (LCHAD) deficiency and maternal
liver disease in pregnancy, particularly AFLP, but also
severe pre-eclampsia and HELLP syndrome.

Deficiency of LCHAD is part of a complex group of
errors of metabolism called mitochondrial trifunctional
protein (MTP) defects. The LCHAD deficiency causes
defective mitochondrial fatty acid beta-oxidation.
Mitochondrial fatty acid beta-oxidation is particularly

important in the creation of energy in skeletal and heart
muscle, and it also occurs within the liver at times of
fasting or illness. These types of defect have been found
to be the cause of sudden infant death syndrome at
autopsy in a small proportion of cases. They have also
been associated with non-ketotic hypoglycemia and
hepatic coma (Reyes-like syndrome).

Children affected by MTP defects can also present
with a cardiomyopathy, progressive neuropathy, or
skeletal myopathy depending on the mutation. These
defects are inherited in an autosomal recessive pattern.

Interestingly, in a follow-up study screening 27 chil-
dren born following maternal AFLP and 81 after
HELLP syndrome, one in five children born to mothers
with AFLP were found to be homozygous for a genetic
mutation (most commonly G1528C) associated with
MTP but none were found in the HELLP group.

In one case series, elevated serum creatine prior to
the admission episode was noted and autopsies have
shown changes of abnormal fatty acid beta-oxidation
in kidneys [8].

The precise mechanism is still unclear even in
those found to have a fetus affected by LCHAD defi-
ciency. One postulated mechanism is hepatotoxicity
caused by the build up of toxic metabolites created
through incomplete breakdown of long-chain fatty
acids. Up to now, there are several theories postulated
as to how a defect in fatty acid oxidation may be
implicated in the pathogenesis of AFLP (Table 37.1).

Table 37.1. Etiological theories for acute fatty liver of pregnancy

Etiology Evidence Potential therapy

Genetic susceptibility in fetus: fatty
acid oxidation defect in the fetus
and placenta leading to increased
toxic metabolites in the mother

Link between LCHAD affected fetus
and maternal AFLP; evidence of long-
chain fatty acid beta-oxidation within
the placenta

Screening children of affected
mothers to enable treatment
of child and guide genetic
counseling

Genetic susceptibility in the mother:
reduced capacity for fatty acid
oxidation

Mothers who are heterozygous for
gene defects affecting LCHAD/MTP can
be affected by AFLP

Metabolic changes of pregnancy:
increased lipolysis and decreased B
oxidation in third trimester

Theory only

Environmental stress; high-fat diet Theory only; diet low in long-chain fatty
acids useful in treating children
affected by LCHAD

Low fat diet

Female sex hormones Treating female mice liver
mitochondria with estrogen and
progestogen caused a decrease in
oxidation of fatty acids

AFLP, acute fatty liver of pregnancy; LCHAD, long-chain 3-hydroxyacylcoenzyme A dehydrogenase; MTP, mitochondrial
trifunctional protein.
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Diagnosis
Acute fatty liver of pregnancy is rare and can present in a
similar way to other causes of liver function abnor-
mality both in pregnancy and non-pregnancy related
(Table 37.2). It may present in a very non-specific man-
ner andmay only be recognized in retrospect. Symptoms
often reported include vomiting and nausea, abdominal
pain, and general malaise. Classically it presents in the
third trimester but cases have been recognized as early
as 22 weeks. The prodromal illness may go on for up
to 2 weeks before presentation and hence it may be
mistaken for a viral illness by both patients and clinicians
if further investigations are not done [2,8].

Ch’ng et al. [9] devised diagnostic criteria for AFLP
based on previous reports to help them analyse abnor-
mal liver function tests to prospectively in a large
patient cohort in South Wales. These have come to
be known as the Swansea criteria (Box 37.1) and were
used by the UKOSS group to objectively confirm diag-
nosis of AFLP in conjunction with case note review by
experienced clinicians. Another group in India then
went on to validate the Swansea criteria with a retro-
spective cohort of patients who had undergone liver
biopsy in pregnancy.

When considering the differential diagnosis,
it is worth bearing in mind the wide causes of
liver function abnormality both in pregnancy and

non-pregnancy related (Table 37.2). Investigations
and history may help to form a positive diagnosis of
an alternative cause, particularly as AFLP is usually a
diagnosis of exclusion.

Clinical features
Typically, AFLP presents in a non-specific way. It may
present with signs and symptoms of acute hepatitis,
classically nausea, vomiting, and abdominal pain.
There may or may not be hypoglycemia.

Most women with AFLP present with symptoms in
the third trimester, usually around 36 weeks of gesta-
tion in most case series (Table 37.3). It is rarely the
diagnosis on admission, but studies suggest it is

Box 37.1. Diagnostic criteria for acute fatty liver
of pregnancy: the Swansea criteria

Six or more of the following features in the absence of
another explanation:

* vomiting
* abdominal pain
* polydipsia/polyuria
* encephalopathy
* elevated bilirubin
* hypoglycemia
* elevated urate
* leukocytosis
* ascites or bright liver on ultrasound
* elevated transaminases
* elevated ammonia
* renal impairment
* coagulopathy
* microvesicular steatosis on liver biopsy

Source: from Ch’ng et al., 2002 [9]

Table 37.2. Differential diagnosis of acute fatty liver
of pregnancy

Disorder

Pregnancy specific HELLP
Severe pre-eclampsia
Obstetric choleostasis
Hyperemesis gravidarum

Infections Hepatitis A, B, C, E viruses
Malaria
Sepsis
Other viral (HIV, cytomegalovirus)

Hematological Hemolytic–uremic syndrome

Autoimmune Autoimmune hepatitis
Primary billary cirrhosis
Sclerosis cholangitis

Metabolic Wilsons disease
Hemachromatosis

Toxic Acetaminophen overdose

Structural Blocked bile duct (gallstones)

Table 37.3. Signs and symptoms found in acute fatty liver
of pregnancy

System Signs/symptoms

Abdominal Nausea, vomiting, abdominal pain

Hepatic Jaundice

Pancreatic Polydipsia/polyuria

Neurological Encephalitis

Hematological Coagulopathy

General Often a general feeling of non-specific
malaise
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diagnosed antenatally in 50–75% of cases and before a
week postpartum in the remainder.

Investigations
Clinically, AFLP is a disease that presents with symp-
toms and signs of general liver dysfunction and often
required the exclusion of other causes. The Swansea
criteria (Box 37.1) have been shown to be useful in
making a diagnosis of AFLP without resorting to liver
biopsy, which carries risks of morbidity and mortality.

There is often a cross-over with the features of
HELLP (Table 37.4). Twoof themost distinctive features
of AFLP are profound hypoglycemia and hyperurice-
mia, which is more marked than the presenting pre-
eclamptic features. In the 2006–2008 UK Confidential
Enquiries intoMaternal Deaths andChildHealth report,
one case had unexpected histological findings of AFLP
with clinical features of pre-eclampsia [10]. This was also
the finding in one of the patients reviewed by Castro
et al.[8], who had a liver biopsy because of uncertain
diagnosis.

Table 37.5 give the laboratory tests that will help in
diagnosis.

Management
The general principles of management of AFLP
include:

* multidisciplinary input (obstetric, anaesthesia,
hepatology, haematology, neonatal team, critical
care)

* maternal monitoring and one-to-one nursing by a
midwife qualified for high dependency care

* monitoring the fetus
* plan for delivery with aggressive treatment of

hypoglycemia and coagulopathy prior to delivery
* high dependency care
* admission to ICU in severe AFLP
* transfer to liver unit if there is fulminant liver

failure
* postnatal thromboprophylaxis.

Timing and method of delivery
Early delivery is indicated to improve prognosis for
mother and baby. Most case series show delivery is
usually within 4 days of presentation. In addition,

Table 37.4. Differential diagnosis of HELLP syndrome and acute fatty liver of pregnancy

Symptoms/presentation HELLP Acute fatty liver
of pregnancy

Epigastric pain ++ +

Vomiting +/– ++

Hypertension ++ +

Proteinuria ++ +

Elevated liver enzymes + ++

Hypoglycemia +/– ++

Hyperuricemia + ++

Elevated creatinine +/– +

Disseminated intravascular coagulation + ++

Thrombocytopenia (without disseminated intravascular
coagulation)

++ +/–

Raised white blood cell count + ++

Ultrasound/CT Normal/hepatic
hematoma

Normal/echobright liver/
ascities

Multiple pregnancy – +

Primiparous ++ +

Male fetus 50% 70% (M:F, 3:1)

Source: adapted from Nelson-Piercy, 2006 [11].
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* coagulopathy may influence urgency and mode of
delivery

* delivery should ideally be planned in advance with
appropriate monitoring in situ and senior staff
available

* the least traumatic mode of delivery should be
aimed for to reduce the risk of tissue trauma and
subsequent bleeding

* the need for clotting factor replacement should be
anticipated and pre-empted if surgery is
anticipated in patients with coagulopathy

* induction of labor may be considered.
* cesarean section is often performed for fetal

distress, which may be acute.

Anesthesia
Anesthesia requirements for labor or cesarean section
include:

* regional anesthesia
* general anesthesia
* uterotonics
* non-steroidal anti-inflammatory drugs (NSAIDs).

Box 37.2 provides the key points for anesthesia in AFLP.

Anesthesia for labor
When considering labor analgesia for patients with
AFLP, the anesthesiologist should be aware that the
patient may have impaired metabolic activity, which

may quickly progress to liver failure. Special atten-
tion should be paid to the often severe coagulopathic
state. A prolonged prothrombin time is an early
feature of AFLP, often followed by thrombocytope-
nia. Furthermore, AFLP is often complicated by dis-
seminated intravascular coagulation (DIC) and

Box 37.2. Key points for anesthesia in acute fatty
liver of pregnancy

* AFLP is often associated with metabolic
impairment and severe coagulopathy and the
condition is unpredictable

* Large-bore intravenous access should be obtained
* Cross-matched blood should be immediately
available

* Neuraxial anesthesia should only be performed if
hemostasis is unimpaired or carefully corrected;
however, coagulation may deteriorate rapidly

* Remifentanil patient-controlled analgesia is the
preferred alternative for labor analgesia

* The half-life of amide type local anesthetics may be
significantly prolonged

* General anesthesia may contribute to neurological
deterioration in the postoperative period;
documentation of mental status before and after
general anesthesia is crucial

* Postoperative analgesia may be complicated by
impaired renal and hepatic function

Table 37.5. Laboratory tests

Test Possibly identified

Essential investigations

Tests of
diagnostic value

Full blood count, urea and electrolytes,
ammonia, clotting studies, blood glucose, liver
transaminases, bilirubin

Leukocytosis, renal impairment, coagulopathy (often in
presence of platelet count >100 × 109/L), hypoglycemia

Tests required to
exclude other
pathology

C-reactive protein, septic screen and viral
serology, urinalysis

Hepatitis B,C E viruses, cytomegalovirus, proteinuria

Abdominal
ultrasound

May show echobright liver and/or ascites Only seen in about one third of patients with AFLP; useful for
excluding obstructive causes of jaundice (e.g. gallstones)

Possible further investigations

CT Limited role antenatally May pick up fatty infiltration not seen on ultrasound

MRI No evidence of diagnostic benefit

Liver biopsy AFLP is characterized by microvesicular fatty
infiltration (steatosis)

Considered in the past as gold standard for diagnosis but not
without risks; often not done because of associated
coagulopathy and should only be considered if there is
diagnostic uncertainty
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significant antithrombin III deficiency [12]. Epidural
or combined spinal–epidural analgesia may be safe if
hemostasis is unimpaired or has been carefully cor-
rected; however, it is important to keep in mind that
coagulation may deteriorate rapidly. In addition,
patients with severe hepatic failure may have
increased intracranial pressure secondary to cerebral
edema. The incidence of this life-threatening compli-
cation in patients with AFLP of pregnancy is
unknown, and careful neurological monitoring is
essential. Alternatives for neuraxial analgesia include
patient-controlled analgesia with parenteral opioids.
However, clearance of most opioids, apart from
remifentanil, may be significantly delayed in patients
with AFLP. Remifentanil is rapidly metabolized by
non-specific plasma esterases and is, therefore, the
preferred choice for patients with severe liver disease.
The anesthesiologist should anticipate postpartum
hemorrhage for any parturient with AFLP.
Adequate intravenous access should be secured and
cross-matched blood should be immediately avail-
able. Profound hypoglycemia, resulting from
impaired gluconeogenesis and glycogenolysis, is a
very common feature of AFLP. Glucose levels should
be checked frequently.

Anesthesia for cesarean delivery
Although cesarean delivery offers no clear advantage
over expeditious vaginal delivery, many patients with
AFLP will undergo cesarean delivery, most often dic-
tated by rapid maternal deterioration and/or fetal dis-
tress. When considering anesthetic options for
cesarean delivery in patients with AFLP, it is impor-
tant to balance the potential negative effect of general
anesthesia on hepatic encephalopathy against the risks
associated with regional anesthesia in the setting of
coagulopathy.

Regional anesthesia
Cesarean delivery may be complicated by hemorrhage
secondary to coagulopathy and large-bore intravenous
access should be obtained.

Because AFLP is an unpredictable condition and
hepatic function may deteriorate quickly with devel-
opment of severe coagulopathy, many anesthesiolo-
gists avoid regional anesthesia in all but the mildest
cases.

Neuraxial anesthesia may reduce hepatic blood
flow, but the impact of this on the course of AFLP is
unknown [13].

Amide type local anesthetics undergo hepatic bio-
transformation and their half-life may be significantly
prolonged [14].

Patients may require transfusions and administra-
tion of fresh frozen plasma or cryoprecipitate.

General anesthesia
General anesthesia is frequently preferred for patients
with AFLP, given the often severe coagulopathy. If
general anesthesia is employed, neurological deterio-
ration in the postoperative period may be caused by
the residual effects of anesthetic agents, progressive
encephalopathy, or raised intracranial pressure.
Documentation of the mental status before and after
a general anesthetic is crucial.

Volatile anesthetic agents with faster washout
times, such as sevoflurane or desflurane, may be pref-
erable. Volatile anesthetics decrease hepatic oxygen
delivery, but the relevance of this to AFLP is not
known. Frink et al. [15] found that hepatic oxygen
delivery was reduced to the following levels of control
at 1.0 minimum alveolar concentration: 86% by sevo-
flurane, 81% by isoflurane, 57% by enflurane, and 57%
by halothane. Kanaya et al. [16] confirmed that iso-
flurane has a more favorable effect than halothane on
liver perfusion.

Gentle laryngoscopy with direct visualization of
the airway during profound neuromuscular blockade
is key in minimizing airway trauma and bleeding.
Succinylcholine is still recommended as the muscle
relaxant for rapid sequence induction, despite the
reduced levels of plasma cholinesterase in pregnancy
and hepatic disease. Remifentanil, as discussed above,
is eliminated independently of hepatic function. It can
be used as an initial dose to prevent hemodynamic
responses to intubation.

Postoperative analgesia may also be complicated
by impaired renal and hepatic function.

Use of uterotonics
Occurrence of AFLP is not a contraindication to utero-
tonic drugs, and it is important to treat uterine atony
promptly. However ergometrine should be used with
caution particularly if the patient has associated
hypertension.

Non steroidal anti-inflammatory drugs
Because of the link between AFLP and Reyes syn-
drome in children and the epidemiological evidence
linking aspirin taken during viral illness in children as
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a precipitating cause of Reyes syndrome, it has been
suggested that NSAIDs should be avoided in preg-
nancy. The theory is that aspirin-like medications
inhibit residual long-chain fatty acid oxidation and
so could trigger AFLP in a susceptible woman.
Because of the risk to the fetus of reduced renal func-
tion and premature closure of the ductus arteriosus in
the third trimester, NSAIDs are now rarely used dur-
ing pregnancy. Although NSAIDs are only used in
exceptional circumstances during pregnancy, they
are commonly used postnatally. It would seem pru-
dent to avoid their use in any women with suspected
AFLP even if there is no evidence of coagulopathy or
renal impairment.

Management of coagulopathy
Disseminated intravascular coagulation may develop
antenatally and may only be recognized on laboratory
tests [2,8]. Morbidity from AFLP is often related to
severe coagulopathy and the need for repeated surgery
to control postpartum bleeding [11]. It is, therefore,
important to recognize and treat coagulopathy prior to
any planned surgery and anticipate that clotting fac-
tors may be needed when vaginal delivery is planned.
Clinical bleeding in AFLP is usually associated with
cesarean delivery, uterine atony, and genital tract
trauma [8]. Castro and colleagues [8] advised aiming
for the least traumatic mode of delivery by avoiding
episiotomy if possible and using less sharp dissection
at cesarean section, essentially advocating a Cohen
type entry technique. In their case series of 28 patients,
they concluded that if delivery is atraumatic then coa-
gulopathy may not need to be treated.

During labor and in the immediate postnatal
period, it is advisable to assess prothrombin times
every 6 hours [17].

In AFLP, DIC is associated with anti thrombin III
deficiency, and so anti thrombin III infusions have
been tried to reverse DIC in patients with AFLP, but
no clinical benefit was found in a small case series [18].

It is important to treat DIC in the presence of
clinical bleeding aggressively under the guidance of
the hematologist. Close liaison with the hematology
laboratory is required as multiple blood products pro-
viding clotting factors may be needed. Fresh frozen
plasma contains all clotting factors required to replace
consumed clotting factors and, in particular, contains
antithrombin III; however, cryoprecipitate may also
be required if a consumptive coagulopathy develops as
this will provide more fibrinogen [19]. Ward-based

devices that test and measure clot strength and func-
tion may be useful to provide timely information to
guide clotting factor replacement.

Management of hypoglycemia
Hypoglycemia results from reduced vasopressinase
degradation in the dysfunctional liver; this signifi-
cantly increases circulating concentrations of vaso-
pressinase and consequently increases clearance of
antidiruetic hormone, leading to a diabetic insipidus
effect. In suspected AFLP, it is imported to check for
and aggressively treat hypoglycemia. Two hourly glu-
cose assessments should be made. Infusions of 10%
dextrosemay not be adequate, and hypoglycemia often
requires infusions of large volumes of high concentra-
tion (50%) glucose via a long line [17].

Management of multiorgan dysfunction
syndrome
Patients who develop severe AFLP are at risk of devel-
oping dysfunction in multiple organs: liver, kidneys,
pancreas.

The multiple organ dysfunction syndrome can be
defined as the development of potentially reversible
physiological derangement involving two or more
organ systems not involved in the disorder that
resulted in ICU admission, and arising in the wake of
a potentially life-threatening physiological insult [20].

Renal and respiratory failure as well as liver failure,
encephalopathy and coagulopathies are seen in AFLP.
There are also several case reports of associated pan-
creatitis. Patients who developmultiorgan dysfunction
should be managed in an advanced critical care setting
with multidisciplinary input [17] to facilitate appro-
priate supportive measures.

Management of severe liver dysfunction
Early liaison with hepatologists is advised. Early com-
munication with the nearest liver transplant unit may
be advisable, particularly if no hepatologist available
locally. This is to provide expert advice on investiga-
tions and management and to facilitate transfer and
notification of the transplant team if required after
delivery [17].

The majority of women will recover very quickly
following delivery. Women who develop fulminant
hepatic failure and encephalopathy require transfer
to a specialist liver unit.
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Management of renal failure
Acute renal necrosis has been associated with women
who have sustained major hemorrhage [8]. It is likely
that hypotension associated with hemorrhage aggra-
vates existing renal impairment. Women who develop
renal failure will require optimal fluid resuscitation
guided by invasive monitoring in conjunction with
treatment for associated morbidity [21]. Nephrology
input may be needed. Generally, renal function recov-
ers with supportive measures but temporary dialysis is
sometimes needed [4,8,21].

Plasmaphoresis or plasma exchange has been used
in specialist centers to allow time for cellular regener-
ation in women who were developing renal failure as a
result of severe AFLP [22]. One case report describes
using a molecular absorbent recirculatory system to
reduce the amount of albumin-bound toxins in a
patient affected by AFLP [23].

Management of pancreatitis
Several patients with severe AFLP have developed
pancreatitis. This is thought to be inflammatory in
nature and is reversible [8]. Resulting hyperglycemia
can require treatment with insulin infusions.

Liver transplantation
The majority of patients will recover completely with
supportive measures following delivery. There has
been recent success with the use of plasma exchange.
Liver transplant may be required in women with
severe liver failure and for those who show signs of
irreversible liver failure despite delivery and intensive
supportive care. There are no reliable data for survival
in transplanted patients. In the UKOSS AFLP data,
only one patient who received a transplant subse-
quently died [4].

Thromboprophylaxis
The risk of bleeding and of venous thromboembolism
needs to be balanced. Once coagulopathy has cor-
rected, then prophylactic anticoagulation with low-
molecular-weight heparin needs to be considered on
a case-by-case basis.

Neonatal follow-up
The risk of the fetus carrying an MTP mutation and
leading to LCHAD deficiency in one study of 27
women affected by AFLP was 1 in 5 [24]. It would
seem reasonable to screen all babies born to mothers

with AFLP for MTP mutations. This would allow
affected babies to have the correct dietary restrictions
to minimize the risk of metabolic dysfunction. It also
allows mothers to seek genetic counseling and prenatal
diagnosis [7].

Prognosis
Over the last 50 years, case fatality rates have fallen
drastically: from 70% in the 1960s down to 1.8% in
the UKOSS study [4]. Following recovery from
AFLP, maternal prognosis is excellent. Perinatal
mortality rates have also fallen (104 per 1000 still
births and live births) but still remain more than 10
times higher than the back ground population (8 per
1000 in 2006) [4].

Subsequent pregnancies
It is difficult to give a precise figure regarding inci-
dence of AFLP in a future pregnancy. In early stud-
ies, there was a high rate of maternal mortality and of
those who did survive few went on to have further
babies. There have been case reports of recurrent
AFLP but also of women who have gone on to have
a subsequent normal pregnancy. However, if the
baby is found to have LCHAD deficiency the rate of
developing AFLP in a subsequent pregnancy with the
same partner could be as high as 25% [7]. If the baby
does not have AFLP then recurrence is hard to
predict.

Key learning points

1. AFLP is a very rare cause of liver dysfunction
presenting in the third trimester.

2. Patients commonly present with nausea,
vomiting, abdominal pain, and prodromal illness.

3. AFLP may be related to the spectrum of
pre-eclamptic diseases.

4. Diagnostic features include hypoglycemia and
hyperuricemia out of proportion to pre-eclamptic
features.

5. Early delivery improves maternal and neonatal
outcome.

6. Management requires multidisciplinary input and
clear plans should be developed for delivery as
fetal distress is the commonest reason for
cesarean delivery.
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Chapter

38
Peripartum cardiomyopathy
Michelle Walters, Marc Van de Velde, Steven Dymarkowski,
and Helen Scholefield

Introduction
Peripartum cardiomyopathy (PPCM) is a rare and
potentially fatal cause of left ventricular heart failure
that occurs during pregnancy or postpartum. Patients
have no pre-existing cardiac pathology and no other
causes of heart failure are identified. It is a diagnosis of
exclusion. Peripartum cardiomyopathy differs from
other dilated cardiomyopathies and should not be con-
fused with idiopathic dilated cardiomyopathy caused by
relative volume overload and presenting in pregnancy.

Diagnosis of PPCM is often delayed as the clinical
features of the disease can overlap with normal physio-
logical signs of pregnancy orwith other complications of
pregnancy, for example pre-eclampsia. Management of
PPCM requires prompt multidisciplinary care in order
tominimizemorbidity andmortality associated with the
disease. Outcome varies from complete recovery of left
ventricular function to persistent ventricular dysfunc-
tion requiring heart transplantation or leading to death.

Epidemiology
The true incidence of PPCM is not known. Reported
incidences vary geographically. The USA estimates
PPCM to occur in 1 in 3000–4000 live births; however,
smaller case series suggest higher incidences in South
Africa (1 in 1000) andHaiti (1 in 300) [1–3]. Differences
in study design, the use of different diagnostic criteria,
and difficulties excluding other causes of heart failure
may explain some of the geographical variation seen.

Patient risk factors may be advanced maternal age,
multiparity, multiple pregnancy, and African or
African-American race. Pre-eclampsia and gestational
hypertension are also associated with PPCM. High
incidences of PPCM in specific communities and
familial clustering suggest a genetic or environmental
predisposition [1,4,5].

Etiology
Many mechanisms for the development of PPCM have
been proposed (Table 38.1) [6–10].Multifactorial causes
and a genetic susceptibility are likely. Recent research
suggests apoptotic or defective antioxidative defence
mechanisms may be responsible for the development
of PPCM [6].

Diagnosis and definitions
Peripartum cardiomyopathy is a form of cardiac failure
secondary to left ventricular systolic dysfunction. It is
clinically difficult to distinguish from other types of
cardiac failure and consequently remains a diagnosis
of exclusion (see Table 38.2 for differential diagnosis).
Patients with pre-existing cardiac pathology tend to
decompensate during the second trimester when the
hemodynamic changes of pregnancy are at amaximum.
In patients with PPCM this is not the case; they most
often (but not exclusively) present in the third trimester
or postpartum.

The initial diagnosis can be delayed as the signs and
symptoms of cardiac failure can be confused with nor-
mal physiological changes occurring in pregnancy.
Delay in diagnosis may lead to a poor outcome. The
Confidential Enquiries into Maternal and Child Health
in theUK from for the period 2003–2005 reported 12 late
deaths from PPCM [11]. In many, the diagnosis had not
been made early enough and appropriate treatment was
delayed. The following triennium 2006–2008 reported 15
probable deaths from PPCM, six of these women dying
several weeks after delivery [12]. Commonly the signs
and symptoms of pulmonary edema were wrongly
attributed to other causes of breathlessness and inad-
equately investigated.

Diagnostic criteria for PPCMwere first established by
Demakis and Rahimtoola in 1971 [13] and have since
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been adapted to include echocardiographic evidence of
new left ventricular systolic dysfunction (Box 38.1) [1,13].

More recently, an alternative classification has
been proposed in order to reduce underdiagnosis.
This includes women with PPCM who present outside
of the time period set by the original classification
(Box 38.1) [14].

Clinical features
Presentation of PPCM is typically with signs and symp-
toms of acute cardiac failure towards the end of preg-
nancy or postpartum (Table 38.3).

Investigations
Investigations are required to exclude alternative
causes of heart failure and assess disease severity
(Table 38.4) [14,15]. No investigation has successfully
been used as a prognostic tool or as a predictor of
outcome. Following discharge, investigations should
be repeated regularly to assess recovery of left ventric-
ular function. Cardiovascular MRI can demonstrate
PPCM (Figure 38.1).

Management
General management principles are:

* multidisciplinary care (obstetrics, cardiology,
anesthesia, neonatology, critical care)

* early diagnosis and treatment
* a clear plan for delivery, potential obstetric

emergencies, and acute clinical decompensation
* medication decisions, which may be influenced

by pregnancy or breastfeeding; however, in
critically ill women, maternal well-being over-rides
that of the fetus and the most optimal therapy
is used

* medical management principles similar to those of
other causes of heart failure

* reduce preload to reduce circulatory overload and
pulmonary congestion

* reduce afterload to reduce myocardial work and
improve cardiac output

* improve contractility as required
* invasive monitoring may be necessary to assess

hemodynamic status and guide management
* intensive care admission in severe cases
* thromboprophylaxis.

Table 38.1. Pathophysiological theories for peripartum
cardiomyopathy

Etiology Evidence Potential therapy

Abnormal
maternal
autoimmune
response

High circulating titers of
autoantibodies against
selective cardiac tissue
proteins [7]

Immunosuppression

Inflammatory
or viral
myocarditis

Lymphocytic infiltrate
on endomyocardial
biopsy [8]

Anti-inflammatory
agents;
immunoglobulin
therapy

Elevated serum
C-reactive protein,
interleukins, and
tumor necrosis
factor-alpha [9]

Oxidative
stress.

Pregnancy-induced
oxidative stress
triggering prolactin
cleavage; the resulting
derivative exhibits
cardiotoxicity and
apoptotic actions [6]

Prolactin
suppression with
dopamine
D2-receptor
antagonist
bromocriptine [10]

Table 38.2. Differential diagnosis of peripartum
cardiomyopathy

Disorders

Complications of
pregnancy

Massive pulmonary embolism
Amniotic fluid embolism
Severe pre-eclampsia or HELLP

syndrome

Cardiac disorder Hypertensive heart disease
Myocardial ischemia
Congenital heart disease
Valvular disease
Pre-existing idiopathic or familial

dilated cardiomyopathy
Restrictive or hypertrophic

cardiomyopathy
Volume overload
Diastolic dysfunction

Respiratory Pulmonary embolism
Lower respiratory tract infection

Infection Sepsis
Acquired immunodeficiency

syndrome cardiomyopathy
Viral, bacterial, or fungal

cardiomyopathy

Metabolic/toxic Thyroid disease
Selenium, thiamine, or phosphate

disturbance
Alcoholic cardiomyopathy
Cocaine abuse

Systemic disease Sarcoidosis
Systemic lupus erythematosus

HELLP, hemolysis, elevated liver enzymes, and low platelets.
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Obstetric management
Only a small proportion of women with PPCM will be
diagnosed antenatally. Uteroplacental perfusion may
be compromised either by the cardiomyopathy or
by drug therapy, and ongoing fetal surveillance is
indicated in the form of fetal growth assessment and
cardiotocography.

Elective preterm or early delivery is not associated
with improvement in maternal clinical status or ven-
tricular function. However, in cases of decompensated
heart failure or to allow advanced or novel therapies,
delivery may simplify maternal management.

With either induced or spontaneous labor, early
analgesia is desirable and a prolonged second stage
should be avoided. The preferred delivery method is
vaginal unless other factors preclude. Labor and delivery
should be conducted in a setting in which appropriate
staffing and resources are available, both personnel and
technological. Attempts should be made to minimize
hemodynamic derangements in the process.

After delivery of the neonate and placenta, preload
increases (autotransfusion once the placental circula-
tion is abolished) and the risk of pulmonary edema is

particularly high. Judicious diuretics may be adminis-
tered at this time.

Uterotonic drugs are administered after delivery
of the placenta in order to decrease the potential for
hemorrhage, or treat hemorrhage once it occurs.
These drugs, however, must be used with caution in
PPCM. High or bolus doses of oxytocin given intra-
venously can precipitate hypotension or arrhythmias
and should, therefore, be avoided. The drug should be
given instead as a slow intravenous infusion or as an
intramuscular injection. Ergot drugs (methylergono-
vine, ergometrine) should be avoided in all patients
with cardiac dysfunction because they provoke vaso-
constriction and can produce hypertension, myocardial
ischemia, and pulmonary edema. The F-series prosta-
glandins (e.g. carboprost, tromethamine) are best
avoided because of the potential for vasoconstriction.
The E-series prostaglandins, however (e.g. misopros-
tol), may be used with awareness of their tendency to
cause vasodilation.

When treating hemorrhage caused by atony in a
patient with PPCM, the obstetrician may proceed
sooner to mechanical methods such as uterine balloon
or hemostatic suturing, simply because the options for
medical therapy are limited. Box 38.2 gives the key
points of obstetric management.

Box 38.1. Diagnostic criteria for peripartum
cardiomyopathy

US National Institutes of Health
* New-onset cardiac failure in last months of
pregnancy or in the 5 months following delivery

* Absence of another determinable cause for the
cardiac failure

* Absence of pre-existing heart disease prior to the
last months of pregnancy

* Left ventricular systolic dysfunction demonstrated
on echocardiography, such as depressed ejection
fraction and/or M-mode fractional shortening

Source: US National Institutes of Health, 2000 [1]

European Society of Cardiology
* Idiopathic cardiomyopathy, diagnosis of exclusion
* Heart failure secondary to left ventricular systolic
dysfunction

* Presents towards end of pregnancy or in the
months following delivery

* Left ventricle may not be dilated, but ejection
fraction nearly always reduced to 45%

Source: European Society of CardiologyWorkingGroup
on PPCM, 2010 [14]

Table 38.3. Signs and symptoms of peripartum
cardiomyopathy

Signs and symptoms

Cardiac Tachycardia, arrhythmias, palpitations,
normal or raised blood pressure, low
blood pressure in late disease with low
cardiac output state, displaced apex
beat, gallop rhythm, third heart sound,
edema, elevated jugular venous
pressure, precordial discomfort,
hemoptysis, increased pulmonary
capillary wedge pressure, newmurmurs
consistent with atrioventricular
regurgitation, sudden cardiac arrest

Vaculature:
peripheral
emboli

Acute limb or bowel ischemia, cerebral
vascular accident.

Respiratory Exertional dyspnea, orthopnea,
paroxysmal nocturnal dyspnea, cough,
tachypnea, oxygen desaturation,
crepitations and crackles on lung
auscultation

Abdominal Hepatosplenomegaly, abdominal
discomfort secondary to organ
congestion

Neurological Dizziness, fatigue
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Anaesthetic management
Regional anesthesia
Regional anesthesia may be performed for labor analge-
sia or cesarean delivery. In labor, early analgesia is
recommended to minimize the hemodynamic stress

associated with labor pain and to reduce the risk of
acute maternal decompensation. The sympathectomy
induced by regional anesthesia causes a fall in systemic
vascular resistance, which in moderation can improve
ventricular function. Both epidural and combined
spinal–epidural techniques are safe when used

Table 38.4. Investigations in peripartum cardiomyopathy

Tests Possible significance

Essential tests

Exclusion of other
pathology

Full blood count, urea and electrolytes, clotting
studies, C-reactive protein, blood glucose, cardiac
enzymes, lactate, liver transaminases, D-dimers

Septic screen and viral serology Infectious etiology

Urinalysis Pre-eclampsia may occur in conjunction with PPCM)

Arterial blood gas sample Evaluation oxygenation

Plasma B-type natriuretic peptide or N-terminal
pro-B-type natriuretic peptide

Released from the myocardium in response to
raised left ventricular end-diastolic pressures; found
to be elevated in patients with PPCM [14]

Evaluation of
pulmonary
congestion

Chest radiograph Cardiomegaly, pulmonary edema, pleural effusions,
increased pulmonary vascularity, basal infiltrates

Evaluation of heart
function

Electrocardiography; changes are common but
mostly non-specific for PPCM

Sinus tachycardia, arrhythmias, atrial fibrillation, ST
or T wave abnormalities, axis deviation,
intraventricular block patterns, left ventricular
hypertrophy Changes may remain after treatment
[14,15]

Diagnosis and
monitoring

Echocardiography is essential for diagnosis, assessing
disease severity, response to treatment, monitoring
recovery

Excludes thrombus in either ventricles or atria
particularly left ventricular thrombus, assesses
systolic ventricular function, ejection fraction,
fractional shortening, ventricular dilatation, valvular
dysfunction, left ventricular hypertrophy Estimate
pulmonary artery pressures to aid excluding
pulmonary embolus

Further investigations to consider

Differential
diagnosis and
monitoring
recovery

Cardiovascular MRI (Figure 38.1) Non-invasive reference technique that
accurately measures left ventricular function
and dimensions Higher specificity for detecting
left ventricular thrombus than with
echocardiography [16] No pattern exclusive to
PPCM. Specific MRI enhancement techniques can
be used to differentiate pathologies, e.g.
myocardial fibrosis, myocarditis, myocardial
infarction

Identification of
cellular changes,
lymphocytic
myocarditis

Endomyocardial biopsy Controversial invasive procedure with relatively
high complication rate; rationale is in order to
commence immunosuppressive therapy,
although sensitivity of biopsies for myocarditis is at
best 50% [17] Usually reserved for patients
awaiting cardiac transplantation or those
failing to improve despite maximum medical
therapy

PPCM, peripartum cardiomyopathy.
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cautiously. The anesthetic block should be titrated incre-
mentally in order to maintain hemodynamic stability
and prevent rapid reductions in systemic vascular resist-
ance and preload. Single-shot spinal techniques are
avoided because they potentially can cause dramatic
falls in systemic vascular resistance. Even small doses
of intrathecal local anesthetic have been associated with
severe hypotension in patients with PPCM.

Large-bore intravenous access is essential and inva-
sive arterial blood pressure monitoring may be needed,

depending on severity. Fluid preload or concurrent
load should be avoided if congestive cardiac failure is
present. Vasopressors may be necessary and pure
alpha-agonists (e.g. phenylephrine) should be used in
preference to mixed alpha- and beta-adrenergic ago-
nists in order to avoid tachycardia.

General anesthesia
Traditionally, general anesthesia was considered the
technique of choice for cesarean delivery in high-risk

(a) (b)

(c) (d)

Figure 38.1. Peripartum cardiomyopathy. Computed tomography in a 32-year-old woman 4 weeks after delivery who presented with
protracted disproportionate fatigue and dyspnea. Horizontal long axis images at end-diastole (a) and at end-systole (b) show ventricular
dilatation and strong decrease in contractile function. There was no specific enhancement pattern on the postcontrast images (not shown).
Similar images in age-matched volunteer (c,d) for comparison.
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parturients with cardiac dysfunction. The risk of
hemodynamic instability at induction has led increas-
ingly to regional anesthesia becoming an appropriate
alternative, assuming that cardiovascular stability can
be preserved. General anesthesia may still be required
because of acute maternal cardiorespiratory decom-
pensation or fetal emergencies. Cardiovascular col-
lapse at induction of general anesthesia has been
reported in women with undiagnosed PPCM and sug-
gests a need for modification to standard anesthetic
techniques. A modified rapid sequence induction is
recommended, using a “cardiac anesthetic” technique,
with high doses of opioids to avoid precipitant drops
in systemic vascular resistance. Anesthetic agents
with myocardial depressant effects are best avoided.
Cardiac anesthesiologists should be consulted and
pediatricians made aware of opioid administration.
Invasive pressure monitoring and transesophageal
echocardiography can be used perioperatively to opti-
mize the cardiovascular status. Box 38.3 gives the key
points in anesthetic management.

Management of secondary heart failure
Managing heart failure in PPCM follows the same
principles as treating heart failure from other causes,
and the reader should be guided by available guide-
lines [18]. Treatment goals are to relieve pulmonary
congestion, reduce preload and afterload, increase
contractility, and improve outcome by encouraging
left ventricular remodeling and recovery.

During pregnancy, it is necessary to consider the
effects of hemodynamic therapy on uterine blood flow;

cardiotocography may be useful to ascertain these
effects. Some medications for heart failure may be
contraindicated in pregnancy or breastfeeding. An
alternative is usually available, such as angiotensin-
converting enzyme inhibitors, or angiotensin receptor
blockers can be substituted with nitrates or hydrala-
zine. In all cases, the most optimal therapy should be
used regardless of the pregnancy, and fortunately
dilemmas are infrequent as critically ill patients with
PPCM are more likely to have an expedited delivery or
be already postpartum. Boxes 38.4 and 38.5 give the
management of acute decompensated heart failure and
chronic stable heart failure, respectively.

Thromboprophylaxis
Occurrence of PPCM increases the risk of cardiac
thrombosis and systemic thromboembolism [17]. At
increased risk are women with cardiac arrhythmias, a
previous history of thromboembolism, mural throm-
bus on echocardiography, a reduced ejection fraction,
or a severely dilated left ventricle. Prophylactic anti-
coagulation should be considered in all women with
PPCM, and those with additional risk factors require
anticoagulation at therapeutic levels. The implications
of antenatal anticoagulation and the possible use of
regional anesthesia need to be considered and timing
andmode of delivery planned accordingly. After deliv-
ery, it is imperative to continue anticoagulation as
soon as safely possible. It is not clear how long this
should be continued in the postnatal period; it

Box 38.2. Key points in obstetric management of
peripartum cardiomyopathy

* Develop a plan for the delivery
* Regional pathways for multidisciplinary
management are useful with clear lines of
communication and escalation to specialist centers
at the appropriate time

* Early delivery does not improve outcome but may
be necessary for appropriate management

* Vaginal delivery is preferred, consider instrumental
* Early labor analgesia
* Minimize hemodynamic derangements
* Beware of increase in preload after autotransfusion
* Caution with the hemodynamic effects uterotonic
drugs

Box 38.3. Key points in anesthetic management of
peripartum cardiomyopathy

* Avoid rapid changes in hemodynamic status
* Early labor analgesia is recommended to reduce

cardiovascular stress
* Regional anesthesia may be an appropriate

alternative to general anesthesia for cesarean
section

* Use gradual incremental techniques, e.g. epidural
or combined spinal–epidural

* Avoid single-shot spinal agent
* Invasive monitoring can guide fluid and

vasopressor management
* Consult a cardiac anesthesiologist
* Beware of the cardiac depressant effect of general

anesthetic agents and use a modified rapid
sequence and cardiac anesthetic techniques
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might be necessary until left ventricular function has
normalized.

New or experimental therapeutic
developments
Levosimendan
The inotrope levosimendan sensitizes cardiac myofila-
ments to intracellular calcium and additionally medi-
ates vascular smoothmuscle dilatation through opening
of ATP-sensitive potassium channels. The subsequent
increase in cardiac output and reduction in pulmonary
and systemic vascular resistance are favorable in acute
heart failure, and levosimendan has successfully been
used in PPCM [21,22]. Although trials have shown
benefits in outcomes with the use of levosimendan in
acute heart failure from other causes, this has not yet
been specifically demonstrated in PPCM.

Bromocriptine
Unbalanced oxidative stress in pregnancy is thought
to trigger cleavage of prolactin into a pro-apoptotic
antiangiogenic derivative, resulting in cell death.

Bromocriptine, a dopamine D2-receptor antagonist,
blocks the production of prolactin and hence the cyto-
toxic derivative. In pilot studies, the addition of bro-
mocriptine to standard heart failure treatment has
demonstrated significant improvement in recovery of
left ventricular ejection fraction [10]. Patients taking
bromocriptine are unable to breastfeed and are at
increased risk of thromboembolic events. Further
evaluation of bromocriptine is needed before it can
be recommended [20].

Intravenous immunoglobulin therapy
Intravenous immunoglobulin has been administered to
patients with PPCM based on the theory that PPCM
develops after an autoimmune response to a recent viral
infection. One retrospective study found improvement
in ejection fraction at follow-up compared with patients
treated with conventional heart failure therapy [23].
This has not yet been demonstrated prospectively in
PPCM.

Immunosuppressive therapy
Immunosuppressive therapy (prednisolone, cyclospor-
ine, azathioprine) may be advocated if no improvement
occurs in symptoms after 2 weeks of standard medical
therapy [1].

Pentoxifylline
Pentoxifylline is a xanthine anti-inflammatory agent
that inhibits the production of tumor necrosis factor-
alpha, levels of which have been shown to be elevated
in PPCM. A single study has found improved outcome

Box 38.4. Management of acute decompensated
heart failure in peripartum cardiomyopathy

* Supplemental oxygen
* Fluid restriction and loop diuretics to relieve
pulmonary congestion

* Non-invasive ventilation, positive-end expiratory
pressure or endotracheal intubation and positive
pressure ventilation as required

* Vasodilators to reduce preload and afterload; use
cautiously in patients with low systolic blood
pressure

* Inotropes in low cardiac output states, guided by
invasive hemodynamic monitoring

* Monitor uteroplacental perfusion indirectly with
electronic fetal monitoring

* Extracorporeal membrane oxygenation and
mechanical cardiovascular support with ventricular
assist devices or intra-aortic balloon pumps may be
necessary if refractory to medical therapy or as a
therapeutic bridge while awaiting cardiac
transplantation [19]

* Venovenous hemofiltration may assist volume
offloading in patients unable to produce a diuresis

* Thromboprophylaxis (see text)

Box 38.5. Managing chronic stable heart failure in
peripartum cardiomyopathy

* Angiotensin-converting-enzyme inhibitors
improve outcome; start these once the patient is
stabilized but before hospital discharge and
continue until left ventricular function has
normalized

* Initiate beta-blockade early, preferably at diagnosis
unless in acute decompensation; continue until left
ventricular function has recovered

* Consider temporary or permanent insertion of an
implantable cardiodefibrillator in patients with
persistent left ventricular dysfunction at risk of
arrhythmias or sudden death [20]

* Thromboprophylaxis (see text)
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in patients given pentoxyfylline in addition to conven-
tional heart failure therapy [24].

Cardiac transplantation
Cardiac transplantation is an important therapy for a
small number of patients for whom maximal medical
management has failed and who remain in refractory
symptomatic heart failure with poor systolic ventricular
function. Because the rate of recovery of PPCM is higher
than with other dilated cardiomyopathies, mechanical
bridge therapy to recovery should be attempted before
referral for cardiac transplantation [20]. Long-term sur-
vival after cardiac transplant for PPCM is similar to that
of males requiring transplantation for idiopathic dilated
cardiomyopathy and may be improved compared with
women with idiopathic dilated cardiomyopathy [25]. It
is not clear if there is any difference in rejection and
infection rates [25–27]. Successful pregnancy is possible
after cardiac transplantation.

Prognosis
Although the incidence of chronic morbidity and
mortality is high when compared with progressive
heart failure, there is a higher likelihood of left
ventricular recovery compared with other forms of
non-ischemic dilated cardiomyopathy. Over 50% of
patients with PPCM are likely to regain normal ven-
tricular function, although this may take up to 2 years
from diagnosis. Most accurate predictors of prognosis
are left ventricular size and function at diagnosis and
6 months after delivery. Fractional shortening <20%,
left ventricle end-diastolic diameter >5.5–6 cm, and/or
an ejection fraction <27% at diagnosis are associated
with persistent left ventricular dysfunction [20]. The
incidence of complications is higher in non-Caucasian
women [28].

The risk of death within 4 years of diagnosis ranges
from 9 to 30% in various studies [2,14]. In patients
with persistent left ventricular dysfunction, mortality
may be as high as 85% at 5 years [29]. Many of the
mortality data are derived from the era before the
angiotensin-converting enzyme inhibitors and beta-
blockers became available, and with contemporary
medical management the prognosis is improved [30].
The main causes of death are progressive left ventric-
ular failure, thromboembolism, arrhythmias, and sud-
den death.

It is important to recognize that even in recovered
patients with normal left ventricular function on

echocardiography, there may be a persistent decreased
contractile reserve that can be unmasked on dobut-
amine stress testing, suggesting a potential suboptimal
response to future hemodynamic stress [31].

Subsequent pregnancies
The likelihood of developing PPCM in a subsequent
pregnancy depends on whether left ventricular function
has normalized before the beginning of the second
pregnancy. On a background of persistent left ventric-
ular dysfunction, a recurrence of PPCM in a subsequent
pregnancy may occur in approximately 45%, compared
with only 17% of women with normalized left ventric-
ular function [32].

In addition to the increased risk of recurrence,
mothers with persistent left ventricular dysfunction
who become pregnant again have an increased risk of
premature delivery, fetal loss, and maternal mortality
[33]. Consequently, patients with persistent left ven-
tricular dysfunction are usually advised against subse-
quent pregnancies.

Women with normalized left ventricular function
are less likely to redevelop PPCM if their ejection
fraction remains >55% following discontinuation of
heart failure medication and if adequate contractile
reserve is demonstrated on stress echocardiography
[32]. Women with a history of PPCM are best assessed
and counseled individually by obstetricians and cardi-
ologists as to their level of risk.

Because of the increased risk of thromboembo-
lism, combined oestrogen–progesterone contraceptive
preparations are contraindicated. Progesterone-only
preparations or intrauterine devices are considered
safe [14].

Key learning points

1. PPCM is a rare cause of left ventricular systolic
failure presenting in late pregnancy or in the
postpartum period.

2. PPCM is a diagnosis of exclusion. Initial
presentation may be confusing because of
overlap with normal physiological signs and
symptoms of late pregnancy.

3. Ejection fraction is 45% and associated with
dilated left ventricular end-diastolic dimensions.

4. Management requires multidisciplinary input and
clear plans should be developed for the delivery
and possible obstetric emergencies.
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Chapter

39
Obstetric hemorrhage
Sina Haeri, Vicki Clark, and Michael A. Belfort

Introduction
Obstetric hemorrhage remains as one of the top three
direct obstetric causes of maternal mortality world-
wide, with most deaths occurring within 24–48 hours
of delivery. Given that the majority of morbidity and
mortality related to hemorrhage is avoidable, the cor-
nerstone of effective prevention strategy will involve
risk factor identification, rapid diagnosis, and timely
management. The aim of this chapter is to review the
epidemiology, etiology, and management measures
related to obstetric hemorrhage.

Epidemiology
Historically, hemorrhage has been one of the most
common and preventable causes of maternal death.
Developing countries shoulder a disproportionate
share of these deaths with a hemorrhage-related death
risk of 1 in 1000 deliveries, which is approximately 100
times higher than the rates seen in resource-rich nations
[1,2]. For example, in Africa and Asia, hemorrhage
accounts for more than a third of all maternal deaths
[1]. As pointed out in a review by El-Refaey and Rodeck,
this higher proportion of hemorrhage-related deaths
can be attributed to limited access to care, as well as
the higher incidence of multiparity, uterine fibroids, and
anemia [3]. Even though overall maternal mortality
worldwide is decreasing, this trend has yet to be fully
realized in hemorrhage-related deaths.

In the USA, the risk of death from obstetric hem-
orrhage has remained steady (7.7 per 100 000 deliv-
eries), which accounts for 13–30% of all maternal
mortality [1]. Indeed, in a population-based study by
Chang and colleagues, hemorrhage was noted to be a
more common cause of maternal mortality following
stillbirths (22%) and abortions (21%) than following
live births [4]. Similarly, the impact of hemorrhage

may also vary depending on gestational age. Whereas
the majority of first and second trimester deaths are
from hemorrhage, the more common causes of mater-
nal death later in the pregnancy include pulmonary
embolism and hypertensive complications. The inci-
dence of hemorrhage itself has been increasing in the
USA, with a recent population-based study indicating
a 26% increase in the incidence of postpartum hemor-
rhage (PPH) between 1994 and 2006 [5]. Interestingly,
the authors attributed this rise predominantly to
increased rates of uterine atony (from 1.6% to 2.4%)
rather than changes in rates of cesarean delivery, vag-
inal birth after cesarean delivery, maternal age, multi-
ple birth, or chronic medical illness [5].

Definition of obstetric hemorrhage
Unlike many other obstetric diagnoses, there is no
uniformly accepted definition for obstetric hemor-
rhage. Conventionally, an estimated blood loss
>500 mL following a vaginal delivery, and >1000 mL
following a cesarean delivery has been arbitrarily used
to define PPH in the second and third trimesters. More
objective definitions such as a 10% decrease in hema-
tocrit or a need for blood transfusion have also been
proposed in the past [6]. However, these suggestions
have clinical limitations as postdelivery hematocrit
determinations may not be correct, laboratory results
may be overtaken by medical emergency, and the
degree of decrease may be less meaningful in the
physiologically altered patient (e.g. hemoconcentra-
tion in pre-eclampsia). Physical examination findings
indicative of excessive blood loss are particularly use-
ful in first and early second trimester pregnancies.
These include tachycardia hypotension, dizziness, pal-
lor, or oliguria. Overall, and more subjectively, hem-
orrhage can be defined as blood loss that, if left
untreated, may lead to shock and/or death of a mother.
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Classification of hemorrhage
Regardless of timing or cause, hemorrhage in itself
may also be classified according to the acute blood
loss quantity and the resultant maternal physiological
response (Table 39.1).

Hypovolemic (hemorrhagic) shock
Hemorrhagic shock involves a cascade of physiological
events as the body combats and attempts to compen-
sate the acute volume loss. The diagnosis is often made
by the presence of hypotension, oliguria, acidosis, and
ultimately cardiovascular collapse. The state of shock
results from decreased preload in the intravascular
volume loss. The decreased preload leads to a dimin-
ished cardiac output, which in turns leads to a com-
pensatory rise in the systemic vascular resistance.

As with other types of shock, there is a physio-
logical continuum through preshock (resuscitated
or compensated shock), shock (multiorgan dysfunc-
tion), and end-organ dysfunction (or death). Volume
replacement, restoration of the oxygen-carrying
capacity, and definitive treatment of the underlying
cause are crucial steps in the management of
obstetric-related hemorrhagic shock. Vasopressors
generally do not play a primary role in the obstetric
setting as they do not correct the primary problem
and may, in fact, lead to further decrease in tissue
perfusion.

Hemorrhage in early pregnancy
Hemorrhage in the first and early second trimester is
often caused by a ruptured extrauterine pregnancy or
as a complication of an abortion (spontaneous or
induced). For the purpose of this chapter, we will
focus on hemorrhage occurring later in the pregnancy.

Hemorrhage in later pregnancy

Placental abruption
Placental abruption is the premature separation of the
placenta from the uterus and is implicated in one third
of all antepartum hemorrhages. This condition is gen-
erally attributed to the rupture of abnormal maternal
vasculature within the decidua basalis or interruption
of the fetoplacental vessels. The resultant bleeding
leads to the formation of a hematoma, which ulti-
mately causes placental separation and diminished
maternal–fetal gas and nutrient exchange.

Classically, placental abruption has been described
as third trimester vaginal bleeding accompanied by
abdominal tenderness. Concurrently, the clinical pic-
ture may also include uterine bleeding, contractions,
tenderness, non-reassuring fetal heart rate patterns,
fetal demise, or because of the formation of the retro-
placental clot which consumes coagulation factors,
disseminated intravascular coagulation in more severe
cases. Abruption can also present in a concealed fash-
ion without overt vaginal bleeding.

Placenta previa
Placenta previa refers to the presence of placental tissue
overlying or in proximity to the internal cervical os.
Bleeding, which ranges from spotting to hemorrhage, is
the main complication. Placenta previa complicates
approximately 4 in 1000 pregnancies that are over 20
weeks of gestation. Common risk factors include
increased number of prior cesarean deliveries, multi-
parity, prior uterine instrumentation, and increased
maternal age. Previa may be associated with placenta
accreta, malpresentation, preterm premature rupture of
the membranes, vasa previa, or velamentous insertion
of the umbilical cord. Therefore, antepartum search for
these coexisting morbidities is advised.

The characteristic clinical presentation of placenta
previa is painless vaginal bleeding after 20 weeks of
gestation. Bleeding is likely to occur during the third
trimester because of development of the lower uterine
segment and contraction-associated shearing forces at

Table 39.1. Classification of hemorrhage based on blood loss
volume and maternal physiological response

Class Blood loss
volume
(mL)

Blood
loss
(%)

Maternal response

1 900 15 Asymptomatic

2 1200–1500 20–25 Mild tachycardia
(<120 beats/min), mild
tachypnea (<30 breaths/
min), orthostatic
hypotension, narrowing of
the pulse pressure,
decreased capillary refill

3 1800–2100 30–35 Severe tachycardia
(>120 beats/min), severe
tachypnea (>30 breaths/
min), cool extremities, severe
hypotension, confusion

4 ≥2400 40 Oliguria, decreased
conscious level
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the inelastic placental attachment site, resulting in
placental detachment and bleeding.

If a cesarean delivery is required, three to four units
of blood and a hysterectomy tray should be available as
placenta previa is often associated with a placenta
accreta (10%) and hemorrhage. Caution must be exer-
cised to avoid cutting the placenta during the delivery.
An intraoperative ultrasound examination may be
helpful in localizing the placental edge and determin-
ing the best location for a hysterotomy.

Uterine rupture
The approximate incidence of rupture is 2–8 per 10 000
deliveries [7]. Uterine rupture is rarely encountered in
industrialized nations in the absence of previous sur-
gery and, when present, is most often attributed to the
use of oxytocics in the setting of a uterine scar [8].
Prolonged obstructed labor, more commonly in the
developing world, has also been linked to higher rates
of rupture particularly in the setting of grand multi-
parity, macrosomia, and fetal malpresentation. Most
ruptures occur in the lower anterior segment during
labor and at the fundus during the period before labor.

Rupture of an unscarred uterus is far less likely and
is frequently attributed to obstetric interventions,
including the use of uterotonic drugs for induction
or augmentation of labor, mid-cavity forceps delivery,
or breech extraction with internal podalic version [7].

Fetal bradycardia is the most common clinical sig-
nal of a uterine rupture. Consequently, the onset of any
fetal heart rate abnormality in a woman undergoing a
trial of labor after cesarean should prompt immediate
investigation to exclude a rupture. Abdominal pain,
abrupt arrest of contractions, and retraction of the
fetal presenting part have also been reported but are
less commonly seen as the initial sign of a rupture.
Intrauterine catheter monitoring has not proven useful
for prediction of impending uterine rupture and there
is very poor correlation between uterine contractility
patterns and rupture [9].

Uterine rupture should be considered in every
obstetric patient with hemorrhagic shock in whom the
cause is not immediately apparent. Catheterization of
the bladder during labor will frequently reveal blood-
stained urine, but fresh arterial blood indicates that the
rupture actually involves the bladder [10]. Rupture-
related bleeding is generally intraperitoneal or retroper-
itoneal into the broad ligament. Vaginal bleeding may
occur; however, it is more commonly seen in woman
with obstructed labor but may be hidden above an

impacted presenting part. Over 50% of ruptures are
first diagnosed after delivery, when intractable hemor-
rhage follows precipitous, spontaneous, or instrumental
vaginal delivery. Alternatively, if bleeding is concealed,
profound shock may occur before rupture is suspected.

Treatment options for uterine rupture include sur-
gical repair of the defect or hysterectomy. Most
authors consider hysterectomy to be the procedure of
choice for uterine rupture. Subtotal hysterectomy may
be performed if the rupture is confined to the uterine
corpus, as it is associated with decreased operating
time, morbidity, mortality, and hospital stay.

Postpartum hemorrhage
The mechanical vasoconstriction caused by contrac-
tion of the myometrium is further enhanced by local
and systemic hemostatic factors in providing hemo-
stasis [11]. Consequently, hemorrhage can be chiefly
attributed to insufficient myometrial contractility,
faulty decidualization, or coagulation defect. In the
second and third trimesters, hemorrhage following
delivery can be classified as primary/early or secon-
dary/late. Primary PPH is more common, occurs
within the first 24 hours of delivery, and is predom-
inantly caused by uterine atony [6]. Less common
causes of primary PPH include retained placenta
(decidualization defect), bleeding diatheses, perineal
lacerations, uterine rupture, and uterine inversion.
Secondary PPH occurs between 24 hours and 6
weeks after delivery, is generally less severe than pri-
mary PPH, and is most commonly secondary to
retained placental fragments, subinvolution of the pla-
cental site, infection, or coagulation defects.

Primary postpartum hemorrhage
General management strategies
Given the often-preventable nature of significant mor-
bidity from hemorrhage, the foundation of effective
morbidity and mortality reduction involves risk factor
identification, rapid diagnosis, and timelymanagement.
Indeed, two reports examining pregnancy-related
deaths in the USA demonstrated that between 73 and
93% of deaths secondary to PPH were preventable [12].
General strategies for the management of obstetric
hemorrhage will be described initially and later sections
will focus on cause-specific measures.

Although hemorrhage is often idiopathic, identifica-
tion of risk factors prior to hemorrhage will allow
the practitioner adequate preparation, timely diagnosis,
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and more efficient control of the emergency. Table 39.2
includes risk factors associated with some of the more
common causes of PPH. In addition to knowledge of
these risks, recognition of factors complicating treat-
ment, such as maternal blood type, antibody status, or
specific religious beliefs (Jehovah’s Witness) can prove
invaluable in planning. Appropriate patient counseling
and resource preparation, including such items as med-
ication, equipment, and personnel should follow the risk
identification phase.

Early recognition of the signs (e.g. oliguria, hypo-
tension, tachycardia, and tachypnea) and symptoms
(e.g. lightheadedness, confusion, pallor, and sweating)
of PPH is a provider’s best diagnostic ally (e.g. use of a
maternal early obstetric warning scoring system).

Assistance from additional staff, including nursing
and anesthesiology, ought to be requested expedi-
tiously. Supplemental oxygen should be administered
immediately via face mask to enhance oxygen delivery.
Adequate intravenous access (two large gauge cannu-
lae) followed by rapid crystalloid administration (3 mL

per 1 mL estimated blood loss to compensate for
extravascular redistribution) should begin immedi-
ately. In extremis, intraosseous administration may
be necessary. In severe hemorrhage, the initial resus-
citation should begin with rapid infusion of normal
saline or colloid followed by blood component ther-
apy. This early volume resuscitation will prevent irre-
versible tissue damage and the resulting decline in
vascular tone, systemic vascular resistance, and
response to vasoactive agents. There is mounting evi-
dence in the trauma literature supporting the use of
colloid agents as first-line therapy for hemorrhage and
hypotension; however, this has yet to be tested in the
pregnant population, more specifically involving ante-
partum hemorrhage or PPH. To that end, in mild to
moderate hemorrhage, or where colloid solutions are
not readily available, initiation of therapy with crys-
talloids is recommended. However, as mentioned
above, colloid agents should be considered as first
line in severe PPH.

Some general strategies are preventative in nature
and aimed at those patients deemed as high risk well
before the acute event. These include arterial line
placement for close monitoring, autologous blood
transfusion, and erythropoietin.

The use of an intraoperative autologous transfusion
device such as the Cell Saver has been suggested when
there is anticipated large blood loss or in patients where
religious beliefs preclude the use of blood component
therapy. This strategy is discussed in further detail below.

The use of recombinant human erythropoietin has
attracted much interest recently, with several trials
showing a reduction in allogeneic transfusions follow-
ing its use in gynecological, orthopedic, and cardiac
surgery. Unfortunately, its cost–effectiveness or use in
the general population is questioned, and its use is best
reserved for patients who would refuse allogeneic
transfusion or are too anemic to qualify for autologous
transfusions [13]. Much like Cell Saver technology, it
has a limited role in the acute setting.

Anti-shock trousers are lower-body counter-
pressure devices designed to autotransfuse the central
circulation. Although some authors have reported suc-
cess with these trousers in postpartum shock, a
randomized trial in the general trauma setting failed
to show a survival benefit [14]. Further, as the trousers
cover the perineum, this restricts examination of the
relevant areas. Anti-shock trousers are hardly used in
the USA or Europe and are best reserved for specific
scenarios such as patients in remote locations

Table 39.2. Risk factors associated with postpartum
hemorrhage

Cause Risk factor(s)

Uterine atony Polyhydramnios, multifetal gestation,
grand multiparity, macrosomia, rapid or
prolonged labor, chorioamnionitis, uterine
relaxants

Obstetric
trauma

Operative delivery, macrosomia,
precipitous delivery, episiotomy

Retained
placenta

Placenta accreta/increta/percreta,
placental succinturiate lobe, prior cesarean
delivery, placenta previa

Acquired
coagulopathy

Anticoagulant use, placental abruption,
amniotic fluid embolism, pre-eclampsia,
retained intrauterine fetal demise,
gestational thrombocytopenia

Inherited
coagulopathy

Von Willebrand disease, hemophilia,
idiopathic thrombocytopenia purpura

Uterine
rupture

Prior uterine surgery, internal podalic
version, prolonged labor, mid-forceps
delivery, uterotonic use, high parity

Uterine
inversion

Uterine atony, excessive cord traction,
macrosomia, fundal placentation, oxytocin
use, primaparity, placenta accreta, uterine
anomalies

Cesarean
delivery

General anesthesia, obesity, pre-eclampsia,
chorioamnionitis

General History of hemorrhage, inadequate
prenatal care

Chapter 39: Obstetric hemorrhage

441



requiring a long transport to a medical facility. The use
of non-pneumatic antishock garments in Egypt and
Nigeria has had relative success.

Teamwork training
Given the often-identified failures in communication
and teamwork during obstetric sentinel events, an area
of recent focus has been teamwork training [15]. The
evidence supporting the implementation of teamwork
training programs, simulation drills, and practice
guidelines/protocols is becoming increasingly avail-
able. Recently, several training programs have been
proposed and implemented including Team STEPPS
(Team Strategies and Tools to Enhance Performance
and Patient Safety) [15]. PROMPT (PRactical
Obstetric Multi-Professional Training) and MOET
(Management of Obstetric Emergencies and Trauma)
are two similar courses in the UK [16,17]. Despite
limited evidence of improved patient safety, maternal
or neonatal outcomes simulation drills have demon-
strated improvement in knowledge, clinical skills,
communication, and team performance in the cata-
strophic hemorrhage scenario. There is also accumu-
lating evidence supporting the development and
implementation of practice guidelines and protocols.
Specifically related to hemorrhage, promising results
have been reported following the implementation
of institution-wide practice guidelines, including
decreased incidence of massive hemorrhage, need for
transfusions, and intensive care unit admissions [18].
The California Maternal Quality Care Collaborative
and the New York State Health Advisory Hemorrhage
Guidelines are two examples of widespread protocol
dissemination.

Pharmacological management of uterine atony
Oxytocin

Oxytocin binds to specific uterine receptors and intra-
venous administration (5–10 units) has an almost
immediate onset of action. The mean plasma half-life
is 3 minutes; therefore, to ensure a sustained contrac-
tion a continuous intravenous infusion is necessary.
The usual dose is 20–40 U/L crystalloid, with the dose
rate adjusted according to response. Plateau concen-
tration is reached after 30 minutes. Intramuscular
injection has a time of onset of 3–7 minutes, and the
clinical effect is longer lasting, at 30–60 minutes. Most
studies find oxytocin alone reduces the need for fur-
ther medication and is associated with fewer adverse
side effects [19]. Compared with other agents,

oxytocin has been found to reduce the need formanual
placenta removal in some studies, regardless of route
of administration, and is safe [19]. Oxytocin is metab-
olized by the liver and kidneys. It has approximately
5% of the antidiuretic effect of vasopressin; if given in
large volumes of electrolyte-free solution, it can cause
water overload (headache, vomiting, drowsiness, and
convulsions). These are symptoms that may be mis-
takenly attributed to other causes. Rapid administra-
tion of an intravenous bolus of oxytocin results in
relaxation of vascular smooth muscle. Hypotension
with a reflex tachycardia may occur. This is important
in hemodynamically unstable patients and particularly
in patients with cardiac dysfunction where hypoten-
sion can be significant. The oxytocin bolus can cause
marked increase in cardiac output and decrease in
systemic vascular resistance; therefore, caution must
be exercised as there are reports of deaths associated
with oxytocin bolus administration. Indeed, most
experts would agree that the bolus should be ideally
delivered over a period of 5–10 minutes. Oxytocin is
stable at temperatures up to 25°C, but refrigeration
may prolong shelf life. Carbetocin is a newly developed
long-acting oxytocin analogue that might be used as an
uterotonic agent. It is in use in Canada, but has yet to
receive approval for use in the USA or endorsement
from the Royal College of Obstetricians in the UK.

Methylergonovine

The ergot alkaloid methylergonovine (methylergome-
trine) and its parent compound ergometrine result in a
sustained tonic contraction of uterine smooth muscle
via stimulation of alpha-adrenergic myometrial recep-
tors. The dose is 0.2 mg for methylergonovine and
0.2–0.5 mg for ergometrine and can be repeated
after 2–4 hours if necessary. Time of onset of action
is 2–5 minutes when given intramuscularly. These
agents are extensively metabolized in the liver and
the mean plasma half-life is approximately 30minutes.
However, plasma levels do not seem to correlate with
uterine effect, since the clinical action of ergometrine
is sustained for 3 hours or more. When oxytocin and
ergometrine derivatives are used simultaneously, PPH
is being controlled by two different mechanisms: oxy-
tocin producing an immediate response and ergome-
trine a more sustained action. Nausea and vomiting
are common side effects. Vasoconstriction of vascular
smooth muscle also occurs as a consequence of the
alpha-adrenergic action. This can result in elevation of
central venous pressure and systemic blood pressure,
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thus potentially leading to pulmonary edema, stroke,
and myocardial infarction. Contraindications include
heart disease, autoimmune conditions associated with
Raynaud phenomenon, peripheral vascular disease,
arteriovenous shunts (even if surgically corrected),
and hypertension. Women with pre-eclampsia/
eclampsia are particularly at risk of severe and sus-
tained hypertension. With intravenous administra-
tion, onset of action with ergot alkaloids is almost
immediate but is associated with more severe side
effects. This route may be indicated if intramuscular
absorption may be delayed (e.g. in shock). The drug
should be given over at least 60 seconds with careful
monitoring of blood pressure and pulse.

Prostaglandin F2α (carboprost, dinoprost)

Prostaglandin F2α stimulates contraction of smooth
muscle cells. Carboprost (15-methylprostaglandin
F2α) is an established second-line treatment for PPH
unresponsive to oxytocic agents. It is available in
single-dose vials of 0.25 mg. It may be given by deep
intramuscular injection or by direct injection into the
myometrium, either under direct sight at cesarean
section or transabdominally/transvaginally after vag-
inal delivery. It is not licenced for the latter route and
there is concern about direct injection into a uterine
sinus, although it is commonly used in this way (of
note, this route is contraindicated in the UK because
of reports of inadvertent intravenous injection).
Direct injection may be more efficacious in shock,
when tissue hypoperfusion may compromise absorp-
tion following intramuscular injection. Repeat doses
may be given every 15minutes to a maximum of eight
doses (2 mg), with ongoing bimanual compression
and fundal massage. The F-class prostaglandins cause
bronchoconstriction, venoconstriction, and constric-
tion of gastrointestinal smooth muscle. Associated
side effects include nausea, vomiting, diarrhea, pyr-
exia, and bronchospasm. There are case reports of
hypotension and intrapulmonary shunting with arte-
rial oxygen desaturation; therefore, carboprost is
contraindicated in patients with cardiac or pulmo-
nary disease. Studies have demonstrated no signifi-
cant difference between injectable carboprost and
ergot compound injections in rates of PPH [19].
Carboprost is expensive and, therefore, unaffordable
in many developing countries. Dinoprost (natural
prostaglandin F2α) is more readily available; intra-
myometrial injection of 0.5–1.0 mg is effective for
uterine atony.

Prostaglandin E2 (dinoprostone)

Prostaglandin E2 (dinoprostone) is generally a vaso-
dilatory prostaglandin; however, it causes contraction
of smooth muscle in the pregnant uterus.
Dinoprostone is widely available on labor wards as
an intravaginal pessary for cervical ripening. Rectal
administration (2 mg given every 2 hours) has been
successful as a treatment for uterine atony, vaginal
administration probably being ineffective in the pres-
ence of ongoing uterine hemorrhage. Because of its
vasodilatory effect, this drug should be avoided in
hypotensive and hypovolemic patients. However, it
may be useful in women with heart or lung disease in
whom carboprost is contraindicated.

Prostaglandin E1 (misoprostol)

Misoprostol is a synthetic analogue of prostaglandin
E1 and is metabolized in the liver. The tablet(s) can be
given orally, vaginally, or rectally. An international
multicenter randomized trial reported that oral miso-
prostol is less successful than parenteral oxytocin as
prophylaxis for PPH [20]. Misoprostol may, however,
be of benefit in treating PPH. A meta-analysis indi-
cated that oral or sublingual misoprostol at a dose of
600 μg was useful in PPH but did not demonstrate a
benefit over other uterotonics [20]. Adverse effects
includematernal pyrexia and shivering. Of note, miso-
prostol is inexpensive, heat and light stable, has a long
shelf life, and does not require sterile needles and
syringes for administration. It may, therefore, be of
particular benefit in developing countries.

Non-pharmacologic management of uterine atony
Uterine tamponade

Historically, uterine tamponade was performed using
sterile gauze, with up to 5 m of 5–10 cm gauze intro-
duced into the uterus, either using a specific packing
instrument or long forceps. Packs are generally left
in situ for 24–36 hours, and prophylactic antibiotics
given. Uterine packing fell out of use because of con-
cerns about concealed bleeding, infection, trauma, and
problems in performing adequate packing. However,
there is little documented evidence to support these
concerns and it has been suggested that the risks have
been overstated. The pelvic pressure pack, also known
as the “mushroom” or “umbrella,” has been success-
fully used for control of after hysterectomy hemor-
rhage in both gynecological and obstetric patients.
Pelvic packing may prove useful following a cesarean
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delivery or hysterectomy in controlling low-pressure
bleeding in the pelvis, which is often venous or micro-
vascular in nature. If pelvic packing is successful, after
a brief period of observation, no blood will be seen
seeping through or around the gauze. There are vari-
ous techniques for pelvic packing, but regardless, the
free end can be brought through the center of a trans-
verse incision or the inferior edge of a vertical scar.
The packing should remain in place for 48 hours with
the patient on broad-spectrum antibiotics and
removed under general anesthesia.

Several inflatable mechanical devices have more
recently been employed as alternative means of uterine
tamponade. These are rapid and easy procedures to
perform and their efficacy can readily be evaluated.
Initial experience included tamponade using a
Sengstaken–Blakemore tube, gastric balloon, Rusch
urological hydrostatic balloon catheter inflated with
400–500 mL saline, and a sterile condom inflated with
up to 500 mL of solution tied to a Foley catheter [21].
More recently, the Bakri and Ebb balloons have been
employed as tamponade devices. These temporizing
agents may allow for correction of coagulopathy in
anticipation of surgical intervention. Often they lead
to cessation of hemorrhage altogether and should be
attempted where future fertility is a consideration or in
low-resource areas. A continuous oxytocin infusion
and prophylactic antibiotic coverage are advised for
these procedures. The Bakri and Ebb balloons have
mechanisms in place to monitor for continued bleed-
ing and inadequate tamponade. A vaginal pack is
usually required to keep the ballon in place.

Uterine brace suture

The B-Lynch suture (described by B. Lynch in 1997) is
a uterine brace suture designed to vertically compress
the uterine body when there is diffuse bleeding caused
by uterine atony. In order to assess whether the suture
will be effective, bimanual compression is applied to
the uterus. If bleeding stops, compression with a brace
suture should be equally successful. Single or multiple
stitches may be inserted at the same time and, accord-
ing to the shape, they may be called brace suture,
simple brace, or square sutures. Normal uterine anat-
omy and resumption of normal menses has been dem-
onstrated on follow-up [22,23].

Bilateral uterine artery ligation

Bilateral ligation of the ascending branches of the
uterine artery is considered a simple, safe, and

efficacious alternative to hysterectomy. Published
reports indicate a 96% success rate with this proce-
dure, even when the uterus has remained atonic. No
long-term effects on menstrual patterns or fertility
have been reported [23]. In fact, in those women
who have subsequently undergone repeat cesarean
section, the uterine vessels appeared to have recanal-
ized. The success rate is substantially decreased when
the bleeding is in the lower uterine segment or from a
placenta previa. Unilateral or bilateral ligation of the
ovarian artery may be performed as an adjunct to
ligation of uterine arteries. This is particularly helpful
in situations unresponsive to uterine artery ligation. If
embolization is to be considered, it must be noted that
vascular ligation may make the procedure more
difficult.

Bilateral internal iliac artery ligation

Internal iliac artery ligation is a more complex proce-
dure than uterine artery ligation. Incorrect identifica-
tion of the internal iliac artery may result in accidental
ligation of the ureters or of the external or common
iliac artery, resulting in lower limb and pelvic ische-
mia. Femoral or pedal pulses should, therefore,
be checked before and after the procedure.
Recanalization of ligated vessels may occur, and suc-
cessful pregnancy has been reported whether or not
recanalization has taken place. Success rates are gen-
erally reported to be approximately 40%, likely because
of the existence of an extensive collateral circulation
[24]. Therefore, uterine artery ligation should be con-
sidered a more efficacious treatment modality. Given
the high complication rate and required expertise for
internal iliac artery ligation, there is only a limited role
for this procedure in the treatment of PPH, being
restricted to hemodynamically stable patients of low
parity in whom future fertility is of paramount
concern.

Arterial embolization

Uterine devascularization by selective arterial emboli-
zation is becoming more popular, particularly in cen-
ters with the required radiology resources. Using the
femoral artery as an access point, the site of arterial
bleeding is located by injection of contrast into the
aorta. The bleeding vessel is selectively catheterized,
and absorbable gelatin sponge injected thereafter. This
procedure affords a temporary blockade, which lasts
for approximately 10 days. If the site of bleeding can-
not be identified, embolization of the anterior branch
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of the internal iliac artery or the uterine artery is
performed. Uterine atony and pelvic trauma are the
major indications for embolization, and overall suc-
cess rates of 85–100% are reported [25]. Higher failure
rates are associated with placenta accreta and proce-
dures performed following failed bilateral internal iliac
artery ligation [25]. Subsequent successful pregnancies
have been documented.

Compared with surgical devascularization, embo-
lization has several advantages. It is less invasive and
generally results in visualization of the bleeding vessel.
Occlusion of distal arteries close to the bleeding site is
possible, thereby reducing the risk of ongoing bleeding
from a collateral circulation. The efficacy of emboliza-
tion can immediately be assessed, and repeated embo-
lization of the same or different arteries can be
performed. Disadvantages are the necessity for rapid
availability of specialist equipment and personnel, and
the need to transfer a hemorrhaging patient to the
radiology suite. Embolization may also be a time-
consuming procedure, generally requiring between 1
and 3 hours, but with hemostasis of the major bleeding
vessel frequently established in 30–60 minutes.

A similar but alternative approach involves pro-
phylactic placement of inflatable balloon catheters in
internal iliac arteries. Generally, in a previously iden-
tified high-risk patient such as one with placenta
accreta, balloon catheters are placed in the interven-
tional radiology suite prior to surgery but are not
inflated. Following delivery of the baby, the catheters
can be immediately inflated. Such catheters can be
deflated at the completion of surgery and left in situ
during the next 24–48 hours to be reinflated if
required The use of prophylactic occlusion balloons
in the internal iliac arteries before selective emboliza-
tion has shown a greater than 80% success rate for
control of PPH [25]. Various reports have confirmed
these findings, with normal resumption of menses
within 3–6 months and subsequent uncomplicated
pregnancies [26].

Hysterectomy

Peripartum hysterectomy is frequently considered the
definitive procedure for obstetric hemorrhage, but it is
not without complications including postoperative
febrile morbidity. In the emergency situation, the
major concern is that peripartum hysterectomy can
be a complex procedure, because of the ongoing blood
loss and the grossly distorted pelvic anatomy from
edema, hematoma formation, and trauma. Adequate

hemostasis is not always achieved, and further proce-
dures may be necessary including uterine artery embo-
lization. Experienced operators are required and the
attendance of senior colleagues is advised.

Hysterectomy is indicated if conservative proce-
dures such as embolization or uterine devasculariza-
tion fail to control bleeding. The time lapse between
delivery and successful surgery is the most important
prognostic factor. If the primary procedure fails, it is
recommended that hysterectomy is performed
promptly, without attempts at another conservative
measure. In severely shocked patients with life-
threatening hemorrhage, hysterectomy is in most cir-
cumstances the first-line treatment.

A subtotal hysterectomy can generally be per-
formed if bleeding is from the uterine body. It is
generally simpler than a total hysterectomy – the cer-
vix and vaginal angles can be difficult to identify in
women who have labored to full dilation. There is also
less risk of injury to the ureter and bladder. One study
reported the incidence of urinary tract injury to be
13% for subtotal hysterectomy compared with 25% for
total hysterectomy [27].

Patients with periods of prolonged hypotension
during surgery should also be evaluated for Sheehan
syndrome in the postoperative period.

Management of uterine inversion
Uterine inversion is the folding of the fundus into the
uterine cavity in varying degrees. The main predispos-
ing factors for puerperal inversion are a fundal pla-
centa, flaccid myometrium, and a dilated cervix. It is
diagnosed clinically, with early-onset PPH accompa-
nied by the appearance of a vaginal mass followed by
various degrees of maternal cardiovascular collapse. In
approximately 60–70% of women, the placenta is still
attached at the moment of inversion. The extent of the
reported bleeding is variable and depends on the
degree of prolapse.

Management should be tailored to addressing the
main risks of inversion, which are hemorrhage and
cardiovascular collapse. Institution of aggressive blood
product and fluid replacement, replacement of the
uterus, and administration of potent uterotonics to
keep the uterus contracted and prevent reinversion
are needed. If possible, the placenta should not be
removed before uterine replacement since this exacer-
bates blood loss. Replacement can usually be accom-
plished manually by placing a hand in the vagina with
the fingers placed circumferentially around the
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prolapsed fundus. The last region of the uterus that
inverted should be the first to be replaced. This avoids
multiple layers of uterine wall within the cervical ring.
Uterine relaxation may be necessary, with beta-
sympathomimetic agents, magnesium sulfate, or low-
dose nitroglycerin. Caution should be exercised with
the use of nitroglycerin, which may exacerbate hypo-
tension and tachycardia, and it may only be useful if
the placenta is present. General anesthesia and use of
halogenated gases may be needed to provide full ute-
rine relaxation. If there is a tightly contracted cervical
ring, which prohibits vaginal replacement of the fun-
dus, surgical options may have to be exercised such as
incising the ring via a vaginal approach.

If these measures fail, abdominal procedures have
been described using laparotomy.

Once the uterus has been replaced, all uterine
relaxant drugs should be stopped and manual removal
of the placenta should follow.With early diagnosis and
prompt replacement of the fundus, laparotomy and
hysterectomy can be avoided. In many cases, delay in
definitive management is what leads to increased
edema, blood loss, and associated morbidity. Most
authorities would recommend antibiotic use after
manual replacement although specific evidence of the
utility of this is lacking.

Management of retained, trapped,
and adherent placenta
Using a diagnostic cut-off of 30 minutes for a pro-
longed third stage, 42% of retained placentae deliver
spontaneously within the next 30 minutes, with very
few delivering spontaneously after 60 minutes.
Because the incidence of significant PPH rises after
30 minutes in the third stage, manual removal of the
placenta when 30–60 minutes into the third stage is
advised. Consideration of the potential for placenta
accreta or percreta should always precede the attempt,
and if there is any real potential appropriate prepara-
tions for dealing with this should be put in place

Trapped placenta, which often follows the intra-
venous administration of ergometrine, results from
the closure of the cervix at the same time as placental
detachment occurs, thus trapping the placenta.
Delivery of a trapped placenta can usually be achieved
using controlled cord traction, which encourages cer-
vical dilatation. Intravenous or sublingual nitrogly-
cerin (100–200 μg) is useful as a short-term tocolytic
agent, appears efficacious and safe, and may obviate
the need for general anesthesia for uterine relaxation.

Releasing the cord clamp to allow blood trapped in the
placenta to drain may also help.

With an adherent placenta, the uterine fundus
remains broad and high and myometrial contractions
may be weak or absent, but there is no bleeding while
the placenta remains wholly attached. Adherent pla-
centa is caused by a deficiency in the contractile force
exerted by the myometrium underlying the placental
site despite normal anatomy (not placenta accreta).
When there is active bleeding, immediate active man-
agement is necessary.

Management of morbidly adherent placenta
(accreta, increta, percreta)
Placenta accreta is a condition in which all or part of
the placenta is adherent to the uterine wall because of
myometrial invasion by chorionic villi. Three grades
are defined according to the depth of myometrial
invasion:

* accreta: 80% of cases, chorionic villi are in contact
with the myometrium, rather than being contained
within the decidua

* increta: 15% of cases, extensive villous invasion into
the myometrium

* percreta: 5% of cases, villous invasion extends to (or
through) the serosal covering of the uterus.

Multiparity, prior uterine surgery, advanced maternal
age, placenta previa, prior uterine curettage and pre-
vious cesarean delivery, uterine irradiation for intra-
abdominal cancer therapy, and prior endometrial
ablation have been identified as risk factors for pla-
centa accreta. The reported incidence of placenta
accreta has increased 10-fold since the late 1990s,
most likely related to increasing cesarean delivery
rates.

All grades of placenta accreta can result in pro-
found PPH; therefore, being alert to this possibility is
essential for patients who have a combination of pla-
centa previa and a history of previous uterine surgery.
If the diagnosis of placenta accreta can be confirmed,
plans for delivery by cesarean section by a surgeon
experienced in dealing with such cases, and in a facility
where resuscitation and intensive care are available,
should be made.

Suspected/known placenta accreta

Known placenta accreta/percreta is best managed
by a dedicated team of experienced clinicians includ-
ing pathology (blood bank), anesthesiology, surgery
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(gynecological oncology, urology, and vascular), inter-
ventional radiology, and neonatology. Preoperative
consultation with blood bank personnel is essential
because of the very real possibility of massive trans-
fusion. Patients with placenta percreta frequently
will require more blood products than the average
hospital blood bank has in stock, and when a patient
has a rare blood type or antibodies this issue becomes
even more important. Elective surgery may require
delay until additional units of blood can be located
and transported to the blood bank. As mentioned
above, availability of options such as Cell Saver
technology should be discussed with the patient and
the consulting services. Adequate fresh frozen plasma,
cryoprecipitate, and platelets are needed with the Cell
Saver blood because of the lack of these products in the
reconstituted red cells. Although transfusing washed
red cells will increase the hematocrit, unless fresh
frozen plasma and platelets are transfused simultane-
ously there will be a risk of dilutional coagulopathy.
Preoperative anesthesia consultation is essential to
allow appropriate planning and allocation of
personnel.

Preoperative pelvic artery occlusion has been pro-
posed as an adjunct to minimize blood loss at the time
of hysterectomy. However, there is emerging evidence
that preoperative placement of balloon catheters in the
internal iliac arteries is not useful and it is no longer
recommended [28]. Indeed, inflation of the balloons
after delivery may actually complicate the hysterec-
tomy by opening up collateral vessels deeper in the
pelvis that are more difficult to control than the imme-
diate branches of the internal iliac artery.

Some authors have reported cases where the pla-
centa is left in situ until a later date while administer-
ing chemotherapeutic agents to the patient (mono or
polyagent therapy); however, this is not routine clin-
ical practice and further discussion is beyond the scope
of this chapter.

Unsuspected and/or massively bleeding placenta accreta

Sometimes placenta accreta or percreta is only discov-
ered at the time of delivery. Very occasionally this will
be at the time of vaginal delivery (will be heralded by a
retained placenta). More usually, the placenta accreta
or percreta is discovered at the time of repeat cesarean
section. There is often very little time to prepare the
patient for controlled surgery, and frequently the mas-
sive hemorrhage is already underway at the time of
diagnosis. The overarching principle in such cases

should always be to limit the hemorrhage as quickly
as possible and to perform definitive surgery before
the patient develops coagulopathy, hypothermia, or
circulatory instability. A large part of the mortality
andmorbidity in these situations is related to unneces-
sary delay compounded by unsuccessful attempts to
preserve the uterus. Recognition of the problem and
decisive surgical action, combined with aggressive
resuscitation and use of blood products, is required
to deal with massive hemorrhage from accreta.

After delivery of the fetus, no attempts should be
made to remove the placenta if it does not separate
with gentle cord traction, as incomplete separation will
lead to further bleeding. The umbilical cord should be
tied off and replaced within the uterus. The uterus
should then be closed in a single layer with a locked
suture. It is quite possible to lose a significant amount
of blood into the uterine cavity during the surgery
without any outward indication and uterine size
should be monitored carefully to alert of this occur-
rence. In some cases, a red rubber catheter can be used
as a tourniquet above the level of the placental edge to
help to compress the uterus. The hysterectomy should
be performed using careful systematic stepwise devas-
cularization. Avoid making any holes in the peritoneal
covering of the placenta, which is usually all that
covers the highly vascular placental tissue. The most
common error in this regard is traction or compres-
sion of the lower segment by an assistant, or puncture
with a retractor during efforts to expose the lateral
pelvic side walls. The inadvertent puncture of the
peritoneal covering of the placenta before uterine
devascularization can turn a controlled, minimally
bloody procedure into a hemorrhagic emergency.

Because of the extreme vascularity (often massively
enlarged collateral vessels and neovascularization), the
blood supply to the uterus is frequently unrecogniz-
able from that seen in other women. The uterine
arteries may not be easily identified, and there may
be multiple other arterial feeders to the abnormally
implanted placenta via vascular anastomoses originat-
ing from the superior and inferior vesical and rectal
cascades. This will often require careful dissection of
the retroperitoneal space and judicious devasculariza-
tion well clear of the sides of the uterus to avoid tearing
through the friable and highly vascular tissue close to
the placenta. The use of supracervical hysterectomy in
true placenta previa percreta is to be discouraged
because in most such cases the placental tissue invades
the cervix, and attempts to remove the corpus of the
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uterus simply result in the disruption of huge vascular
channels supplying the placenta. It is helpful to demar-
cate the placental edges using ultrasound and, if nec-
essary, utilize a fundal incision to avoid the placenta
prior to the delivery of the neonate.

Urogenital tract trauma
Genital tract trauma, often associated with operative
vaginal delivery, is also a significant cause of PPH.
Trauma may be found anywhere along the urogenital
tract, including perineum, vagina, cervix, uterus, and
bladder. Hemodynamic instability is often associated
with delayed diagnosis and repair. Hematomas may
result in postpartum hypotension through concealed
blood loss, particularly with those hematomas forming
below the level of the levator ani, as they may hold up
to 2 L of blood. Unlike infralevator hematomas, which
are contained in Colles fascia and fascia lata, supra-
levator hematomas may extend deep into the retro-
peritoneal space. The latter are associated with uterine
incision dehiscence in the setting of a prior cesarean
delivery. Another common cause of hematoma for-
mation is inadequate surgical repair of perineal lacer-
ations. Generally, management is conservative for
hematomas <3 cm and evacuation for those that are
larger. If the bleeding vessel is seen, then suture liga-
tion is advised. Otherwise, vaginal or tight hematoma
cavity packing may be employed. In bleeding unre-
sponsive to these measures, arterial ligation, angio-
graphic embolization, or laparotomy are potential
management options.

In retroperitoneal hematomas specifically, the
space is large, making the management decision a
difficult one. Many patients with a retroperitoneal
hematoma require either surgical or angiographic
intervention. However, since it is also a confined
space, conservative management may suffice as the
hematoma in itself may tamponade the slowly bleed-
ing vessels. If surgery is warranted, hemostasis can be
achieved after opening the retroperitoneal space by
identifying and ligating the lacerated blood vessel. An
alternative is hypogastric artery ligation of the ipsi-
lateral vessel, which usually stops the bleeding. As
discussed above, pelvic packing is yet another alterna-
tive surgical therapy for retroperitoneal bleeding.

Secondary postpartum hemorrhage
Secondary postpartum hemorrhage most commonly
occurs 2–3 weeks after delivery and is often attributed
to retained placenta, endometritis, genital tract tears,

and, rarely, scar dehiscence or genital tract malig-
nancy. As with PPH, initial approach includes ascer-
tainment of the cause and medical management. If
bleeding is not stopped with medical management,
surgical intervention, including uterine vascular liga-
tion, hysterectomy, and arterial embolization, may
become necessary. Where a specific cause is not
found, angiography may prove beneficial in diagnos-
ing vascular causes of the hemorrhage.

Anesthesic considerations

Anesthetic techniques
Because of the well-known risks of failed intubation in
the parturient, obstetric anesthesiologists would nor-
mally choose a regional technique for operative deliv-
ery However, spinal and epidural anesthesia cause
sympathetic blockade and the compensatory vasocon-
striction normally present to maintain cardiac output
is, therefore, lost. Faced then with a bleeding pregnant
or postpartum woman for whatever cause, general
anesthesia is the technique of choice. Inhalational
anesthetic agents used in the past, particularly halo-
thane, could cause uterine relaxation and worsen exist-
ing uterine atony, but the newer agents such as
sevoflurane [29] are less likely to do so and uterotonics
are usually administered concurrently.

There will be instances where a regional technique
has been started and unexpected hemorrhage occurs.
Conversion to general anesthesia may be required
because of the length of the operative procedure,
patient discomfort, and also from a practical point of
view, because an awake patient and present partner
can distract the anesthestist from necessary resuscita-
tive procedures.

There is controversy about anesthesia for patients
who may potentially bleed catastrophically, for exam-
ple with placenta previa or accreta. Many anesthesiol-
ogists will induce general anesthesia from the start in
anticipation of hemorrhage, but others may perform a
combined spinal–epidural technique that can last the
course of a hysterectomy if required [30,31]. Personal
and patient preference as well as operator experience
will undoubtedly influence choice of anesthetic
technique.

If the patient has not been seen prior to the hem-
orrhage, assessment has to be swift. Attention should
be paid to airway abnormalities, venous access, and
volume status. Tachycardia, cool peripheries, agita-
tion, tachypnea, and oliguria are more accurate
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reflectors of hypovolemia than hypotension, as the
previously healthy woman will vasoconstrict effi-
ciently to maintain her blood pressure. Estimation of
blood loss is often a guess but crystalloid should be
administered to approximately three times the esti-
mated blood loss or colloid in equal volumes to
blood loss [32]. All fluids should be warmed. An arte-
rial line is useful in a bleeding unstable patient as it
provides instantaneous blood pressure readings and
also can be used for frequent blood sampling. A central
venous catheter will provide large-bore access as well
as monitoring volume status. A urinary catheter is
mandatory. Resuscitation is often “on the hoof” as
the definitive treatment is surgery that should not be
delayed while fluid/blood is being administered. A
rapid infusor device should be available.

Blood component therapy
Blood may be necessary, guided by near patient testing
(e.g. the Hemocue), as standard laboratory tests will
lag behind the clinical event [33]. Every obstetric unit
should have O-negative blood available in the event of
catastrophic hemorrhage until matched blood is to
hand. Correction of the deficit in blood volume with
crystalloid or colloid will generally maintain hemody-
namic stability, while transfusion of red cells is used to
improve tissue oxygenation. Each unit of packed cells
contains approximately 200 mL red cells, and will raise
the hematocrit by approximately 3 points unless there
is continued bleeding. In a stable obstetric patient,
the Royal The UK College of Obstetricians and
Gynecologists Green-top Guideline 47 suggests that
transfusion is rarely indicated when the hemoglobin
is >10 g/dL and almost always indicated when 6 g/dL
[34]. Blood component therapy should also be consid-
ered if signs of hemodynamic instability persist (e.g.
tachycardia, hypotension).

Massive transfusion is defined as replacement by
transfusion of 50% or more of the patient’s blood vol-
ume in 12–24 hours or transfusion of 8–10 (or more)
units of packed red blood cells. With respect to massive
transfusions, there are recent data, both from the battle-
field and from civilian life, suggesting that early and
extensive use of fresh frozen plasma and platelets, in a
1:1:1 ratio with packed red blood cells is of benefit in
terms of reducing mortality in patients with massive
hemorrhage from trauma. Others have shown that use
of a 1:1 ratio of packed red blood cells to fresh frozen
plasma before moving the patient to intensive care may
result in earlier correction of coagulopathy, decreased

need for packed red blood cells in intensive care, and
reduced mortality. It should be emphasized that there
are no comparable data for use of this ratio in obstetrics,
but the empiric use of such an approach in massive
obstetric hemorrhage is potentially a strategy that could
be of benefit, and one deserving of investigation. It is
highly advised that each institution or healthcare system
develop its own specific massive transfusion protocol.
There are numerous published protocols that may be
used as an example. One resource is the Californian
Maternal Quality Care Collaborative’s Obstetric
Hemorrhage Toolkit [35].

The associated potential acute metabolic effects of
massive transfusion, including hypothermia, hypo-
calcemia, and hyperkalemia, should also be kept in
mind. Hypocalcemia may be treated with calcium
gluconate or calcium chloride. Aside from these
acute adverse effects of a massive transfusion, the
provider must possess general knowledge of the
signs, symptoms, causes, treatment, and prevention
of transfusion-related reactions. Table 39.3 outlines
several transfusion reactions, associated clinical
signs, and treatment recommendations. Table 39.4
includes a summary of blood components and their
approximate effects.

Coagulopathy often accompanies major hemor-
rhage. This can be caused by disseminated intravascu-
lar coagulation where the coagulation factors have
been consumed pathologically in clot formation, for
example in the large retroplacental clot that accompa-
nies an abruption or the microscopic clots that can
occur in pre-eclampsia. However, coagulopathy can
also be induced iatrogenically by overenthusiastic
fluid replacement – the so-called dilutional coagulop-
athy. Here, the absolute quantity of coagulation factors
is normal but the much increased intravascular
volume overwhelms the coagulation system and there
is a relative paucity of coagulation products.

Coagulopathy
Coagulopathy becomes apparent clinically by lack of
clotting in the surgical field but may be lessened by
timely administration of coagulation products. Early
and rapid detection of impending coagulopathy can be
diagnosed with thromboelastometry (TEG calls their
technique thromboelastography and ROTEM call
their’s thromboelastometry), which will also indicate
which coagulation products (fresh frozen plasma, cry-
oprecipitate, or platelets) are required [36]. By com-
parison, standard laboratory coagulation test results
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can take up to 45 minutes. A low fibrinogen of <2 g/L
reflects impending coagulopathy [37]. Calcium should
be given in massive transfusion as hypocalcemia will
exacerbate coagulopathy.

Recombinant factor Vlla was thought to have a
major role in the management of obstetric hemor-
rhage when coagulopathy was present. However, its
use recently has only been advocated in intractable
hemorrhage and following hematology advice. It
must be emphasized that, prior to the administration
of this costly drug, hypothermia, hypocalcemia, and
acidosis should be reversed and appropriate coagula-
tion products given. There have been reports of
a higher risk of arterial thromboembolism with its
use [38]. The dose is 90 μg/kg intravenously over 5

minutes, which can be repeated after 20 minutes [39] if
there has been no response.

If there is evidence of fibrinolysis, as diagnosed by
the classic tadpole trace in thromboelastometry, there
is a role for tranexamic acid, with 1 g given over 1
minute and another 1 g given 30 minutes later if
bleeding continues. This is supported by work in
trauma patients and following both vaginal delivery
and cesarean section [40–42]. An international study,
WOrld Maternal ANtifibrinolytic (WOMAN) trial,
has been set up to assess the effects of the early admin-
istration of tranexamic acid on PPH after vaginal
delivery or cesarean delivery. It is due to be completed
by 2015. It should be noted that fibrinolysis cannot be
diagnosed by standard laboratory tests.

Table 39.4. Blood component therapy summary

Component Unit volume (mL) Content Unit effect

Red blood cells 350 Red cells Increase hematocrit by 3%

Frozen plasma 200–300 All clotting factors Increased fibrinogen by
7–10 mg/dL

Cryopercipitate 10–15 Fibrinogen, factors VIII
and XIII, von Willebrand
factor

Increased fibrinogen by
7–10 mg/dL

Platelets 50 Platelets Increase platelet count by
30 × 109/L

Whole blood
(if available)

500 All components

Table 39.3. Transfusion-related reactions with associated symptoms and treatment

Reaction Symptoms Action

Intravascular hemolysis Fever, shock, acute renal failure, DIC Stop transfusion, hydrate, support blood
pressure and respirations, treat shock and DIC
if present

Febrile morbidity Fever Stop transfusion, antipyretic, meperidine
25–50 mg i.v. or i.m.

Anaphylaxis Urticaria, itching, dyspnea, hypotension Stop transfusion, give antihistamine (oral or
i.m.), epinephrine and/or steroids (if severe)

Transfusion-related
lung injury

Dyspnea, fever, hypoxia, pulmonary edema,
hypotension, normal capillary wedge
pressure

Support blood pressure and respirations (may
require intubation), transfer to intensive care

Fluid overload Acute cardiac failure, dyspnea, pulmonary
edema

Induce diuresis, support cardiorespiratory
systems as needed

Delayed
transfusion reactions

Anemia, fever, and jaundice Identify antiglobulin, observe coagulation
tests and urine output

Bacterial
contamination

Rigors, fever, chills, shock Stop transfusion, antibiotics, support blood
pressure

DIC, disseminated intravascular coagulation; i.m., intramuscular; i.v., intravenous.
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Cell salvage
Cell salvage has been well established in many surgical
specialties but the uptake has been slow in obstetrics
because of concerns of amniotic fluid embolism and
rhesus isoimunization [43]. There have been no pro-
ven cases of amniotic fluid embolism caused by cell
salvage, but it is currently recommended that a sepa-
rate sucker is used for amniotic fluid and another for
salvaged blood [44]. When the latter is transfused, this
should be done through a leukocyte depletion filter.
Recently, there have been reports of hypotension asso-
ciated with the use of leukocyte depletion filters
[45,46]. There is transference of fetal red cells to the
mother in salvaged blood as the cell salvage machine
cannot differentiate between maternal and fetal red
cells, and a Kleihauer–Betke test should be performed
in all rhesus-negative mothers and an appropriate dose
of anti-D given after birth to reduce the risk of rhesus
isoimmunization if the baby is rhesus positive.

Critical care
Facilities to care for a patient following a major hem-
orrhage vary widely from unit to unit. Some smaller
maternity units do not have the resources, beds, staff,
or equipment to care for such a patient. Others sub-
stitute recovery or labor ward beds and introduce care
based on a 1:1 midwife to patient model. The larger
units tend to have dedicated high dependency units
with appropriate levels of staff and technical resources.
Delivery of care remains multidisciplinary, with obste-
tricians and anesthesiologists working together with
midwives.Ward rounds should be done several times a
day to ensure care is appropriate in potentially rapidly
evolving situations.

Hemorrhage is the commonest cause of admission
to intensive care units [47] and becomes necessary
either because there are no high dependency unit
facilities or the patient requires a higher level of care
than can be provided in a particular unit. The latter is
usually initiated because of multiorgan dysfunction.
Ventilation in intensive care is sometimes necessary
after hemorrhage to maximize oxygenation or simply
to “rest” the patient if surgery has been prolonged (e.g.
following cesarean hysterectomy) or until other path-
ologies have been resolved (e.g. coagulopathy). If a
patient has inherent cardiac disease, then invasive
monitoring to detect arrhythmias or cardiac failure is
necessary and the intensive care unit is the best place
for this. More commonly, cardiac failure can follow

overtransfusion, and the ensuing pulmonary edema
will result in hypoxia requiring ventilatory support.
Definitive treatment is induction of diuresis. Inotropic
support may also be required. Renal failure from inad-
equate resuscitation is now a condition rarely seen in
the obstetric patient, but pre-eclamptics and those
with chronic renal disease are at risk following hem-
orrhage. Renal replacement therapy may be required.
Hepatic failure is very rare following hemorrhage and
again only likely if pre-eclampsia is also present.

Conclusions
Obstetric hemorrhage is a common complication in
the peripartum period. It has multiple causes and a
successful outcome for both mother and baby is
dependent on rapid diagnosis, resuscitation, and
definitive treatment, which may involve pharmacolog-
ical and surgical therapies. Multiple specialties are
involved in the care of the hemorrhaging parturient,
including obstetricians, anesthesiologists, midwives,
hematologists, and occasionally radiologists and
intensivists. Good communication is essential and
drills improve efficiency of the team. If managed
appropriately however, treating a patient with major
hemorrhage is one of the most satisfying aspects of
obstetrics and anesthetics, as the majority of previ-
ously healthy women return from a near-death situa-
tion to one of complete resolution from this
complication in a relatively short time period.
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Chapter

40
Anaphylactoid syndrome of pregnancy
(amniotic fluid embolus)
Derek Tuffnell, Giorgio Capogna, Katy Harrison, and Silvia Stirparo

Introduction
In 1941, Steiner and Luschbaugh described amni-
otic fluid embolism (AFE) for the first time, after
they found fetal debris in the pulmonary circula-
tion of women who had died during labor. Since
then, it has commonly been believed that AFE is a
rare obstetric emergency in which amniotic fluid,
fetal cells, hair, or other debris enter the maternal
circulation, causing maternal cardiorespiratory
collapse. However, current data suggest that the
process is more similar to anaphylaxis than to
embolism and, therefore, the term “anaphylactoid
syndrome of pregnancy" has been suggested. In
fact, in both anaphylaxis and AFE there is entrance
into the circulating blood of a foreign substance
and the release of mediators, and both have a
similar temporal sequence of hemodynamic com-
pensation and recovery.

Although AFE is a rare condition with a poorly
understood pathophysiology, it is a condition that
causes significant maternal and fetal morbidity and
mortality. It presents during labor, delivery, or dur-
ing the immediate postpartum period with cata-
strophic maternal collapse or signs of acute fetal
compromise such as a bradycardia. Signs and symp-
toms of AFE are variable and often non-specific,
making diagnosis difficult. Confirmation of the diag-
nosis usually occurs retrospectively or at autopsy, if
made at all. Treatment is entirely supportive, and
AFE, therefore, presents a truly multidisciplinary
challenge.

Outcome is also highly variable. Fetal outcome is
excellent if AFE occurs after delivery. Maternal mor-
tality, although improving, is still significant and in
those women who do survive neurological morbidity
is common.

Epidemiology
The actual incidence of AFE is unknown. This is mainly
because of the difficulties inmaking and confirming the
diagnosis. Various studies from across the world have
calculated an incidence of 1 in 80 000 pregnancies up to
1 in 8000 pregnancies [1–5], The UK Obstetric
Surveillance System and the Confidential Enquiries
into Maternal Deaths (CEMACH) attempt to record
all UK cases of AFE and maternal deaths as a result.
In the 2006–2008 triennium CEMACH report, 13
mothers died from AFE, making it the fourth leading
cause of direct maternal deaths [6]. The UK Amniotic
Fluid Embolism Register looked at the incidence and
outcome of AFE between 1997 and 2004. This suggests
that AFE has a mortality of 37% in the UK [7].
However, in the subsequent period (2005–2009) the
mortality rate was reduced to 20% [5]. Worldwide,
mortality has been found to be as high as 86% but
other studies have come up with rates which are similar
to those in the UK [2,4,8]. Again, the problems with
diagnosis and follow-up make calculation of mortality
rates very difficult.

The changing mortality rate is probably the result of
two factors: better intensive care and earlier and better
recognition of the fact that “milder” cases exist. For
example, according to Benson “themere fact of survival”
was generally considered “proof that a given individual
did not have an amniotic fluid embolism” [9].

Benson proposed a new clinical definition of AFE
that would apply “to patients who survive, as well as to
those who die” [9]. Milder AFE tends to present with
less dramatic collapse and often only transient hemo-
dynamic change, whereas severe AFE is characterized
by collapse with cardiac arrest. In the USA, Clark et al.
[10] established clinical criteria for AFE for the
national registry; these criteria have been followed in
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the UK since 1997 in an effort to develop a registry of
cases [10,11]. These criteria are:

* acute hypotension or cardiac arrest
* acute hypoxia (dyspnea, cyanosis, or respiratory

arrest)
* coagulopathy (laboratory evidence of intravascular

coagulation or severe hemorrhage)
* onset of all of the above during labor or within 30

minutes of delivery
* no other clinical conditions or potential

explanations for the signs and symptoms.

Typically, AFE presents with a cluster of features. This
becomes clear when a larger series of cases is consid-
ered. In early series reporting a high mortality rate,
such as the Morgan series [11], almost all women
presented with cardiorespiratory collapse. Other
signs and symptoms were breathlessness, hypotension,
collapse (e.g. hypovolemic), and seizures. Fetal signs
and symptoms did not feature in this series, but in 17%
of the US series the abnormal fetal heart rate pattern
was bradycardia [10]. Coagulopathy and bleeding
were uncommon presenting features [10,11].

Coagulopathy and massive hemorrhage seem to
be features that develop later. “Coagulopathy may
develop shortly after the event, but becomes clinically
apparent only later. However if early coagulation
screen is done, it may already be detected early on”
[7]. The multiple clinical presentations support the
hypothesis that early deaths are caused by direct and
“toxic” effects of a bolus of fetal material or amniotic
fluid; the women who survive that initial event then
become exposed to a cascade of related problems that
follow. Most deaths now occur in this acute phase of
collapse [12]. It seems likely though that some
women are “sensitive” to amniotic fluid whereas
other women can have amniotic fluid in the circula-
tion with no ill effect.

Risk factors
Medical inductions of labor, advancing maternal age,
particularly in women from ethnic minority groups,
cesarean section, and multiple pregnancy have all been
demonstrated as risk factors for AFE [4,5,8]. Other
proposed risk factors include operative vaginal birth,
manual removal of placenta, polyhydramnios, pla-
centa previa and accreta, eclampsia, and cervical lacer-
ation and uterine rupture [1–3,5,7,13]. However, at
present there is little evidence to either substantiate
or refute these suggestions.

Etiology
The two different names for this condition reflect the
fact that we do not know the exact pathophysiological
mechanism responsible for the syndrome. Autopsy
examination of the maternal lungs shows evidence of
fetal tissue (e.g. fetal squames or hair) thought to have
come from amniotic fluid [1,2,5]. The amniotic fluid is
forced into the maternal circulation through vessels in
the uterus or cervix when they are damaged or when a
pressure gradient is produced. Once the amniotic fluid
has entered the maternal circulation, it eventually ends
up in the lungs and pulmonary circulation. Here it
causes a cascade of events and triggers a two-phase
process. In the first phase, pulmonary artery vaso-
spasm with pulmonary hypertension and elevated
right ventricular pressure cause hypoxia, which leads
to myocardial and pulmonary capillary damage. In the
second phase, the left heart fails, and acute respiratory
distress syndrome and maternal cardiovascular col-
lapse develop.

There are two proposed mechanisms for these
changes. One is that there is a physical blockage of
the pulmonary vasculature by the amniotic fluid
embolus. The second is that the fetal tissue produces
an anaphylactoid reaction within the vessels, releasing
immune modulators such as histamine, prostaglan-
dins, and leukotrienes. A combination of both of
these is likely to occur [1–3].

If the mother survives the initial collapse, she
will then go on to develop left ventricular failure,
pulmonary edema, disseminated intravascular coa-
gulation, and neurological impairment (Figure 40.1)
[1–3].

The following are factors that are considered to
contribute to the pathology:

* pressure gradient favoring the entry of fetal
material into maternal circulation

* small tears in the endocervical and lower
uterine vein

* placental separation site

* pulmonary vascular occlusion: histological
evidence of amniotic fluid debris in early reports

* coagulation effects

* procoagulant substances
* tissue factors (binding with factor VII and

activation of factor X)
* trophoblastic tissues
* complement activation
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* vasoactive effects

* release of prostaglandins E2 and F2α
* release of leukotrienes C4 and D4
* release of endothelin (myocardial depressant,

pulmonary artery and coronary constrictor).

Diagnosis
Most women with AFE present with collapse but
occasionally, early more subtle signs and symptoms

are present, which can rapidly progress to collapse if
left untreated. If the woman is still pregnant then
fetal distress is usually seen. While Clark et al. [10]
originally used 30 minutes after birth as a cut-off,
there do seem to be cases of AFE that occur up to at
least 60 minutes, and later series allow a longer
time after birth before the first signs or symptoms
as cut-off.

Initial presentation is acute maternal collapse dur-
ing labor, delivery, or up to 60 minutes after delivery

Hypotension

Fetal distress

Pulmonary edema/ARDS

Cardiac arrest

Cyanosis

Coagulopathy

Dyspnea

Seizure

Atony

Bronchospasm

Transient hypertension

Cough

Headache

Chest pain

0 20 40 60 80 100 %

Figure 40.2. Etiology of the effects of amniotic
fluid embolus.

Entry of amniotic fluid
into

maternal circulation

INITIAL PHASE
acute pulmonary vasospasm

pulmonary artery pressure
acute right ventricular failure
cardiac output
severe hypoxia

SECONDARY PHASE
left ventricular failure

cardiac output
pulmonary artery occlusion pressure/pulmonary edema
return of right ventricular function to normal
right heart pressures

COAGULOPATHY

DEATH

Figure 40.1. Biphasic theory of collapse with amniotic fluid
embolus (AFE).
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with no other clear cause and with a broad spectrum
[10] of initial clinical presentation (Figure 40.2).

Amniotic fluid embolism is a diagnosis of exclusion,
or one which is made after the autopsy finding of fetal
squames or hair in the maternal lungs, which often
require immunochemistry for identification [1,2,5].
However, fetal squamous cells are commonly found in
the circulation of laboring patients who do not develop
the syndrome. Even in a patient who is critically ill,
aspirate of the distal port of a pulmonary artery catheter
that contains fetal squamous cells is considered suspi-
cious for but not diagnostic of AFE syndrome.

Most recently, new diagnostic tests have been
reported which may help in the diagnosis of AFE, such
as immunohistochemical techniques to demonstrate
the evidence of amniotic fluid debris [14], monoclonal
antibodies to identify amniotic fluid-derived mucin in
maternal serum [15], and maternal determination of
meconial components (zinc coproporphyrin-1) [16].
However, these new tests appear to be more research
tools rather than practical routine diagnostic tests.
Tryptase has been reported as elevated or normal so it
is not a discriminator in the diagnosis.

Differential diagnosis
Since treatment of AFE is entirely supportive, it is
important to exclude other differential diagnoses that
will require specific treatment:

* cardiac

* myocardial infarction
* cardiomyopathy
* heart failure secondary to volume overload
* valvular disease

* respiratory

* pulmonary edema secondary to volume
overload

* acute asthma
* pulmonary embolus

* infectious

* severe sepsis
* chest
* chorioamnionitis
* endocarditis

* pregnancy complications

* pre-eclampsia and eclampsia
* HELLP syndrome (hemolysis, elevated liver

enzymes, and low platelets)
* ante- and postpartum hemorrhage

* others

* anaphylaxis
* air embolus
* local anesthetic toxicity.

Investigations
Since AFE is a diagnosis of exclusion, investigations
are necessary to exclude other differential diagnoses
and to assess and monitor maternal and fetal well-
being and response to treatment.

Routine observations are essential in the initial
resuscitation of any unwell patient. Blood pressure,
pulse, respiratory rate, and oxygen saturation should
be monitored every 5 minutes. Temperature should
also be taken to exclude sepsis.

Bloods tests are outlined in Table 40.1.

Table 40.1. Blood tests

Test Utility

Full blood count Hemoglobin, white cell count and platelet count

Coagulation screen Presence and severity of any coagulopathy; in severe cases it may be obvious
by direct observation of the blood loss that a coagulopathy is present

Urea and electrolytes and
liver function tests

Renal or hepatic failure, helps to exclude a diagnosis of pre-eclampsia, HELLP,
or acute fatty liver of pregnancy

Blood glucose Excludes a diagnosis of hypoglycemia as a cause of collapse, although a
bedside finger prick test is quicker

Others C-reactive protein if sepsis is a concern; cardiac enzymes if a cardiac cause is
suspected; tryptase, although its interpretation is difficult

Group and cross-match
sample

To ensure cross-matched blood is available as soon as possible
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Fetal assessment should be made using cardioto-
cography when the woman is stable to allow decisions
to made about delivery. However, decisions regarding
delivery should be guided by the maternal condition
and should always be made with maternal well-being
as a primary concern.

Other investigationsmay be considered (Table 40.2).

Management
Management of AFE is a true multidisciplinary team
effort. Obstetricians, midwives, anesthesiologists, neo-
natologists, critical care teams, and hematologists all
play a vital role in caring for these women.

Early recognition of an unwell woman and timely
resuscitative measures are the key to preventing mor-
tality and morbidity.

Most AFE occurs on the labor ward around the
time of delivery. However, intensive care is almost
universally required and, if this is not readily available
nearby, steps will need to be taken to secure this
promptly following initial resuscitation.

Transfer to intensive care unit
Once the baby has been delivered or if the AFE
occurred after delivery then when the woman is stable
she will need immediate transfer to intensive care unit
(level 3 supportive care). If she survives the initial
phase of pulmonary hypertension, hypoxemia, and
right heart failure, then she will require supportive
care to deal with complications such as left ventricular

failure, pulmonary edema, coagulopathy, and acute
respiratory distress syndrome.

Clinical treatment
Aggressive resuscitation is the keystone to a good out-
come for a woman and her fetus (Box 40.3). Initial
management is supportive rather than specific. Basic
resuscitation must be started immediately. Maximal
initial oxygenation is required and, usually, early intu-
bation and ventilation. An important step to consider
as an integral part of the resuscitation of the mother is
prompt delivery by cesarean section if the woman does
not respond to cardiopulmonary resuscitation within
5 minutes. Prompt transfusion of fluids is necessary to
replace blood loss. Vasopressors such as phenylephr-
ine may help to restore aortic perfusion pressure [17].

As with any collapse, the early involvement of
senior, experienced staff is critical, since the technical
and practical aspects of resuscitation are more likely to
be expertly performed by people who practice them
regularly. A multidisciplinary approach involving
obstetricians, anesthesiologists, intensivists, and hem-
atologists carries the best prospect for the woman’s
survival. While the patient is being resuscitated, the
team will have to investigate other causes of the col-
lapse. Themost useful diagnostic test to exclude a large
segment of the differential diagnosis is a clotting
screen. Clotting is often extremely abnormal even
before the hemorrhage becomes apparent. If the
patient is already hemorrhaging, abnormal clotting
secondary to the hemorrhage needs to be considered.

Table 40.2 Presenting symptoms of amniotic fluid embolus

Investigation Utility

Arterial blood gas, lactate If oxygen saturations are low or there is concern about ventilation and acid–base status

Urine Dipstick analysis; sepsis screening (ideally from a clean catch catheter sample)

Electrocardiography Arrhythmias and any evidence of right or left heart strain; may help to exclude other cardiac
causes for collapse such as myocardial infarction

Chest radiography Pulmonary edema, infection, effusions, cardiomegaly; further imagesmay be needed to assess
response to treatment or to assess for development of complications such as the acute
respiratory distress syndrome

Echocardiography Cardiac function; to exclude a diagnosis of cardiomyopathy or endocarditis

Toxicity screen If concern about maternal drug use or accidental administration of drugs

Ventilation/perfusion scan or CT
pulmonary angiography

Exclude pulmonary embolus and assess ventilation; not suitable if the woman is unstable
and unwell

Central venous pressure Monitor fluid balance; provide a central access to deliver fluid and drugs

Pulmonary blood sample Fetal debris within the pulmonary circulation
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However, hemorrhage will not usually cause a coagul-
opathy by itself unless there is considerable blood loss
and blood replacement.

If there are any signs of coagulopathy, such as
blood in the urine or bleeding from the gums, the
team should consider replacing clotting factor with
fresh frozen plasma, cryoprecipitate, and platelets –
even before massive blood loss is apparent and cer-
tainly before receiving the laboratory confirmation of
coagulopathy. Indeed, cryoprecipitate may be of
intrinsic value beyond its clotting factor components
because it contains fibronectin, which helps the retic-
uloendothelial system to filter antigenic and toxic par-
ticulates [17].

It also is important to perform electrocardiography
to look for signs of myocardial damage. However,
AFE can cause bizarre cardiac rhythms, which may
need specific treatment and can make interpretation

difficult. Because myocardial suppression is more
common, dopamine or other inotropes may be help-
ful. Early pulmonary artery catheterization has been
recommended to guide therapy [7,17,18], helping to
prevent the fluid overload that can worsen pulmonary
edema and lead to adult respiratory distress syndrome.
Most recently, less invasive techniques such as trans-
esophageal echocardiography have been reported in
helping the diagnosis and in guiding therapy for AFE.
Arterial blood gases also may be of value, in addition
to pulse oximetry, but will not differentiate causes
specifically. In a patient who becomes stable, a venti-
lation/perfusion scan of the lungs may demonstrate
defects. However, AFE can occlude the pulmonary
vessels, so defects do not exclude it as a diagnosis.

If the fetal condition deteriorates suddenly, the
team should consider coagulation studies and mater-
nal pulse oximetry. These will be more appropriate if
the fetus is unexpectedly severely acidotic. This is
because fetal collapse may precede maternal collapse
and additional maternal monitoringmay identify early
maternal deterioration.

A number of therapies have been used inmanaging
AFE. In one case, AFE was thought to be in progress as
air bubbles and vernix were seen in the left uterine vein
at cesarean section [19]. The infundibulopelvic liga-
ment and uterine arteries were ligated. Mild coagulop-
athy occurred but there were no other problems.

Various techniques of supporting cardiorespira-
tory function have been used in the acute phase of
the condition. Cardiopulmonary bypass and open pul-
monary artery thromboembolectomy produced a
good outcome in one woman [20]. Extracorporeal
membrane oxygenation and intra-aortic balloon
counterpulsation have also been used successfully
[21]. Inhaled prostacyclin has been used to dilate pul-
monary vessels, and inhaled nitric oxide has been
suggested but not documented in case reports
[22,23]. Because the occurrence of AFE bears distinct
similarities to anaphylaxis, Clark et al. [10] postulated
that high-dose hydrocortisone (500 mg every 6 hours)
may be appropriate, but no studies have yet examined
this.

Because there is some “toxic” element to the effects
of amniotic fluid, a number of reports have suggested
that hemofiltration or plasma exchange may be effec-
tive in clearing the plasma and aiding recovery. In
1987, a report detailed a successful outcome after two
exchange transfusions for a probable AFE following
amniocentesis [24]. A report in 2001 suggested that

Box 40.1. Aggressive resuscitation

Airway and breathing
The airway should be patent and secured. This may
require intubation and ventilation; 100% oxygen
should be administered. Effectiveness of oxygenation
can bemeasured with oxygen saturations and arterial
blood gases

Circulatory support
Two large intravenous lines should be inserted ini-
tially. Blood can be drawn from these for testing.
Rapid intravenous fluids should be given (ideally
warmed) or blood if this is felt to be necessary
because of excess losses. Blood pressure needs to
be maintained and drugs may be required such as
inotropes and phenylephrine

Cardiopulmonary resuscitation
If cardiopulmonary resuscitation is required and the
woman is still pregnant, this should be performed
with a left lateral tilt or manual displacement of the
gravid uterus to reduce aortocaval compression. If
circulation does not return within 5 minutes, then
perimortem cesarean section should be performed
to empty the uterus

Coagulopathy
If hemorrhage is ongoing this needs to be treated.
Uterine atony is treated with bimanual compression
and drugs. Replacement of blood lost and clotting
factors is also required
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transfusing 1.5 times the patient’s blood volume acted
as an exchange transfusion [20]. When this “cleans-
ing” process was achieved by continuous hemofiltra-
tion in one woman, clotting parameters improved
dramatically [25]. This approach may be appropriate
after the patient has been stabilized. However, since
massive transfusion is a part of initial management
when hemorrhage occurs, this may become a treat-
ment by default.

All women who are critically unwell require ure-
thral catheterization with hourly urine output docu-
menting to monitor urine output and response to
treatment. This forms part of the level 2 input/output
charting.

Timing and mode of delivery
If a woman is still pregnant when AFE occurs, then
fetal mortality is around 20–25%. Fetal morbidity is
high with rates of hypoxic ischemic encephalopathy
and cerebral palsy at about 50% if the baby was alive
and still in utero at the time of the AFE [7]. If the
woman suffers a cardiac arrest, then perimortem
cesarean section should be undertaken within 5
minutes of commencing cardiopulmonary resuscita-
tion in order to improve the effectiveness of maternal
resuscitation by correcting diaphragmatic splintage
and reducing oxygen requirements. If cardiopulmo-
nary resuscitation is not required, then the baby needs
to be delivered as quickly as possible after initial stabi-
lization of the woman. This is invariably by cesarean
section unless vaginal delivery is imminent or swiftly
achievable by instrumental delivery. Once the baby has
been delivered, it should be immediately assessed by
the senior neonatology team. Since there is a signifi-
cant risk of coagulopathy, cesarean section should be
performed under general anesthesia.

Treatment of coagulopathy
Development of disseminated intravascular coagula-
tion is almost synonymous with AFE. It can occur
immediately after collapse or there can be a delay of
several hours before coagulopathy develops. There is
evidence from blood analysis of a consumptive coagul-
opathy that is exacerbated by bleeding postpartum,
particularly from an atonic uterus.

Atonic postpartum hemorrhage should be treated
using drugs and bimanual compression in the first
instance. Drugs should be used in line with standard
and any national guidance on management of

postpartum hemorrhage. Intravenous oxytocin is
used as a bolus and an infusion. Ergometrine, carbo-
prost, and misoprostol can also be used. Since coagul-
opathy can be severe, early recourse to surgical
management may be necessary or more appropriate
if delivery has taken place by cesarean section.
Hysterectomy to control bleeding is required in
approximately 25% of patients [3].

Correction of the coagulopathy is required with
clotting factors as well as transfusion of red blood
cells to maintain blood volume. Cryoprecipitate,
fresh frozen plasma, and platelets are all necessary
and used routinely.

Recombinant factor VIIa has been used to treat
hemorrhage in AFE patients even though it can com-
bine with circulating tissue factor and form intravas-
cular clots. It has been reported in a recent systematic
review that patients with AFE and massive hemor-
rhage who were treated with recombinant factor VIIa
had significantly worse outcomes than cohorts who
did not receive it [26]. However, the review did not
consider patients who did not require surgery.
Nevertheless, recombinant factor VIIa should be
used in patients with AFE only when the hemorrhage
cannot be stopped by massive blood component
replacement and following factor replacement.

Thromboprophylaxis
All women are at significant risk of venous throm-
boembolism in the postpartum period. Those who
undergo cesarean section, laparotomy, or require
admission to high dependency or intensive care units
are at even higher risk. Blood transfusion and replace-
ment of clotting factors, particularly factor VIIa, is a
further risk factor. Women who have had AFE should,
therefore, receive thromboprophylaxis postpartum.

Antiembolism “TED” stockings should be worn by
all women provided there are no contraindications.
Low-molecular-weight heparin prophylaxis should be
administered as soon as the woman is stable, her
coagulopathy has been corrected, and she is no longer
at risk of hemorrhage. The role of thromboprophy-
laxis for 6 weeks postpartum is unclear in AFE, but risk
factors should be assessed on an individual basis and a
decision make at discharge from hospital.

Subsequent pregnancies
If a woman survives following AFE and retains her
uterus, then future pregnancies are possible. There is

Section 5: Serious problems related to pregnancy

460



no evidence to suggest that AFE will occur in subse-
quent pregnancies [4]. However, some women may be
more sensitive to the effects of amniotic fluid within
their circulation than others and so a subsequent AFE
could never be excluded.
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Chapter

41
Maternal complications of fetal surgery
Jan Deprest and Kha M. Tran

Introduction
Fetal surgery is a relatively new and evolving field that
lies at the intersection of many disciplines, such as
obstetrics, pediatric surgery, anesthesiology, perinatol-
ogy, neonatology, and radiology. Indications for fetal
surgery are, in concept, similar to indications for
adult or pediatric surgery. Primarily the goal is pre-
venting fetal mortality, but recently an intervention for
improving quality of life was added. This intervention
is mid-gestation fetal surgery to close a myelomenin-
gocele. This surgery will help the child by improving
motor and sensory function and decreasing the need
for ventriculoperitoneal shunting [1]. Another exam-
ple is that of monochorionic twin pregnancy, which is
complicated by the twin–twin transfusion syndrome
and which threatens the life of both twins and also
causes neurological morbidity in survivors [2]. Laser
surgery can be undertaken to prevent both morbidity
andmortality in these pregnancies. A fetus with a large
airway tumor may not be compromised in utero, but
life-threatening airway obstruction may occur at birth,
and the fetal airway may need to be secured prior to
birth to allow successful transition to neonatal life [3].

The diseases warranting fetal surgery affect quite a
variety of fetal organ systems and may impair their
normal development hence normal neonatal function.
In a number of these conditions, the fetus may develop
non-immune hydrops fetalis and may die. In some of
these cases, the condition of the mother will “mirror”
that of her sick fetus, and her life will also be threat-
ened. Two classes of fetal surgical patient may require
critical care. The first is the group of mothers who
become critically ill as a result of the fetal disease
processes, and the second is the group of mothers
who require critical care and monitoring as a result
of the treatment of the fetal disease processes.

Fetal disease necessitating therapy

Complicated multiple gestations
Two thirds of monozygotic or identical twins share a
single placenta and are, therefore, monochorionic.
These are at increased risk for complications compared
with dichorionic twin pregnancies, whether they are
mono- or dizygotic [4], the reason being that all mono-
chorionic twins have intertwin vascular anastomoses.
In unfavorable angioarchitecture, approximately 9%
of monochorionic–diamniotic twins, and very rarely
monochorionic–monoamniotic twins, will develop
imbalanced blood flow between the fetuses. As a result,
one twin will become hypovolemic, oliguric, and
growth restricted, while the other twin becomes hyper-
volemic and polyuric. The smaller twin, therefore,
appears with oligohydramnios or anhydramnios, and
becomes “stuck” in a particular location because of the
lack of amniotic fluid. The other twin will have poly-
hydramnios, and a number of them will also suffer
from congestive heart failure. The polyhydramnios
also causes maternal discomfort and/or preterm labor
or rupture of the membranes. This condition is known
as twin-to-twin transfusion syndrome.

Other feto-fetal transfusion syndromes are those
monochorionic twins where one does not have a func-
tional heart. This twin is, therefore, called an acardiac
and acts as a parasite on the co-twin, causing additional
and unnecessary workload and putting the normal twin
at risk for high-output heart failure.

Neurological disease
The only neurological disease that has been shown to be
helped by fetal therapy so far is myelomeningocele [1].
Although this is not a life-threatening condition, the
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neonatal morbidity of this condition is significant. As
most of these arise while the fetus is still in utero, in utero
repair will avoid them. Prenatal closure of the myelome-
ningocele will protect the developing spinal cord from
the neurotoxic environment of the amniotic fluid and
direct trauma. This allows further growth and develop-
ment of the spinal cord, which will allow improved
neurological function. The associated herniation of the
hindbrain through the foramenmagnum resulting from
abnormal cerebrospinal fluid drainage can be reversed,
and the risk of hydrocephalus requiring ventriculoper-
itoneal shunting is decreased. Although endoscopic
repair has been reported, the effectiveness of this oper-
ation is questionable, as recently demonstrated [5]. Fetal
surgery to correct myelomeningocele, therefore, still
requires maternal laparotomy and hysterotomy and
while it is a procedure with proven fetal benefit [1], it
exposes the mother to significant surgical and anesthetic
risks (Figure 41.1). Even in uncomplicated cases, the
postoperative management of these patients requires
meticulous attention and close communication between
members of the perioperative team.

Airway obstruction
Fetal airway obstruction can be intrinsic or extrinsic.
Intrinsic airway obstruction typically arises from

laryngeal cysts or webs, or iatrogenic tracheal occlusion
for pulmonary hypoplasia or tracheal atresia; extrinsic
obstruction is from tumors around the airway, such as
lymphangiomas, teratomas, or other space-occupying
lesions around the neck or oral cavities. In most cases,
airway obstruction is not an issue until birth, as the
placenta is the organ of fetal respiration, but in certain
cases the fetal airway obstruction may be so complete
that the life of the fetus is threatened. This is not
intuitive, but the fetal airway must be patent enough
to allow egress of fluid from the fetal lung into the
amniotic space. If the fluid has no escape, the fetal
lungs will experience massive hyperplasia, the dia-
phragms will evert and project into the abdomen, and
the fetal lungs will compress on the heart and great
vessels. The fetus is experiencing “tension hydrothorax,”
and the cardiac compression will result in heart failure,
hydrops, and death [3,6]. Another side effect may be
that the fetus cannot swallow normally so that polyhy-
dramnios occurs, leading to preterm labor and/or
ruptured membranes.

Lung lesions
The management of fetal lung tumors highlights the
wide range of therapeutic options available and illus-
trates the fact that the pathophysiology and symptoms

(a) (b)

(d) (c)

Figure 41.1. View of the different steps during fetal myelomeningocele repair with operators of both the Philadelphia and Leuven team. Through
the hysterotomy, the lesion is exposed (a), the meninges (b) and the muscular layer (c) are closed, before finally closure of the fetal skin (d).
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of each patient must be considered when formulating a
fetal treatment plan [7]. Tumors may be small or large,
cystic or solid. Tumors may shrink or grow, and they
may become so large that they impair development of
the normal lung, and even become symptomatic (caus-
ing hydrops) at different stages of lung maturity. Small
asymptomatic tumors will likely not require fetal ther-
apy, but larger symptomatic tumors will require some
fetal intervention. If a cystic tumor becomes sympto-
matic in mid-gestation with immature lungs, drainage
with a one-time needle aspiration or placement of a
chronic fetal thoracoamniotic shunt may be all that
is required. Solid tumors may require maternal hys-
terotomy and fetal thoracotomy. The fetus is then
replaced in the uterus to continue gestation, hopefully
to term. If a solid tumor becomes symptomatic in
late gestation, with mature lungs, ex utero intrapartum
therapy (EXIT procedure) is indicated [8]. During
the EXIT procedure, the lung tumor can be removed,
and cardiac compression and mediastinal shift
relieved immediately before the fetus is delivered.

The large lung tumor will no longer hamper neonatal
resuscitation.

Congenital diaphragmatic hernia
While diaphragmatic hernia is not lethal in utero, the
resulting pulmonary hypoplasia places neonates with
this diagnosis at great risk of death and disability.
Current fetal therapy focuses on fetal tracheal occlu-
sion in the middle of gestation to promote lung
growth. There is already considerable experience
with percutaneous fetal endoluminal tracheal
occlusion suggesting an increased survival rate
(Figure 41.2). Trials are currently underway evaluat-
ing minimally invasive tracheal occlusion followed
by relief of this occlusion several weeks later [9].
Obviously survivors will still undergo postnatal ana-
tomical repair. The repair of the tracheal occlusion
can be done in utero by needle puncture or second-
look fetoscopy, or at the latest at the time of birth by
an EXIT procedure.

© UZ Leuven

Figure 41.2. Percutaneous approach for fetoscopic endoluminal tracheal occlusion and open fetal surgery, via laparotomy and hysterotomy,
for fetal myelomeningocele repair.
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Cardiac disease
Invasive treatment of fetal cardiac disease largely con-
sists of catheter-based therapy to palliate the cardiac
lesion until the fetus can be delivered and definitive
therapy undertaken [10]. Diseases such as fetal aortic
stenosis with evolving hypoplastic left heart syndrome,
or fetal pulmonary valve atresia with evolving hypo-
plastic right heart, may be amenable to catheter-based
fetal valvuloplasty. A fetus with hypoplastic left heart
and an intact atrial septum may be helped with fetal
atrial septostomy.

Renal disease
Fetal lower urinary tract obstruction, typically by pos-
terior urethral valves, is challenging to treat [11]. The
threat of this condition is double: neonates may die
from pulmonary hypoplasia as a consequence of oligo-
hydramnios or from renal failure. Fetal therapy has
been shown to improve neonatal survival, but the ability
to salvage renal function remains debated. Prenatal
therapy involves decompression of the lower urinary
tract, typically with a vesicoamniotic shunt placed per-
cutaneously. Recently, diagnostic fetal cystoscopy with
subsequent fulguration of fetal urethral valves has been
introduced as a causal therapy, although experience
remains scarce [12].

Sacrococcygeal teratoma
Sacrococcygeal teratoma are germ cell tumors that may
grow rapidly and become more massive than the fetus
itself. The tumors threaten the life of the fetus by caus-
ing high-output heart failure from a vascular steal
phenomenon. Tumors may also rupture in utero and
cause severe fetal anemia from hemorrhage. Definitive
therapy is often not possible in utero, but if the tumor
anatomy is favorable, then mid-gestation surgical
debulking has successfully treated the high-output
heart failure and allowed the mother to continue to
carry the fetus to term [13].

Maternal mirror syndrome
Maternal mirror, or Ballantyne syndrome is the devel-
opment of maternal edema along with fetoplacental
hydrops. Other terms used to describe this syndrome
are pseudotoxemia, triple edema (referring to the
mother, placenta, and fetus), and maternal hydrops
syndrome. While this does seem to be a rare compli-
cation of pregnancy, the true incidence of this process
is difficult to estimate, given the literature consists

mostly of case reports. Mirror syndrome can be asso-
ciated with both immune and non-immune hydrops,
but non-immune causes constitute the majority of
reported cases [14]. The condition may be reversible,
but when life threatening it may require early delivery
of the fetus or termination of pregnancy.

Diagnosis
The clinical presentation of mirror syndrome is quite
similar to if not the same as that of pre-eclampsia.
Weight gain, elevations in blood pressure, proteinuria,
oliguria, headache, visual changes, and increases in liver
enzymes may all occur. One distinguishing factor asso-
ciated more with mirror syndrome than pre-eclampsia
seems to be hemodilution andmild anemia. Pulmonary
edema occurred in 21% of reported cases [14].

Management
Stabilizing therapy for mirror syndrome should be
supportive, but if fetal hydrops is diagnosed, then either
treatment of the fetus to resolve the fetal hydrops or
delivery of the fetus should be undertaken to avoid
maternal complications of mirror syndrome. A brief
overview of the types of treatment options available to
the mother and fetus follows.

Types of fetal therapy
Fetal interventions may be classified into two broad
categories, minimally invasive and open fetal inter-
ventions. Minimally invasive procedures typically
involve the percutaneous insertion of small instru-
ments, such as injection or radiofrequency ablation
needles or fetoscopes with laser fibers, through the
maternal abdominal wall and uterus into the amni-
otic fluid. These instruments may be guided by a
combination of ultrasound and direct visualization.
Minimally invasive interventions include laser sur-
gery to ablate communicating vessels causing twin-
to-twin transfusion syndrome, bipolar umbilical cord
cautery or radiofrequency ablation to treat twin
reversed arterial perfusion sequence, placement of
shunts to decompress the fetal chest or bladder,
cardiac valve ablation, and in utero cystoscopy.
Minimally invasive surgery typically occurs between
18 and 24 weeks of gestation, but the clinical circum-
stances and the local legislation may result in some
variation of this timing.

Open fetal interventions involve a maternal lapa-
rotomy, followed by a hysterotomy through which
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the surgeons gain direct access to the fetus. Only the
necessary parts of the fetus are exposed for the surgical
procedure, while the rest of the fetus is kept submerged
in amniotic fluid, which is continually replaced by
an infusion of warmed crystalloid. Compared with
the minimally invasive interventions, these types of
fetal intervention may occur at 22–37 weeks of gesta-
tion. A mid-gestation open intervention is undertaken
if the fetus is showing signs of hydrops fetalis or if the
mother is showing signs of mirror syndrome. Lung
tumors and sacrococcygeal teratomas are two exam-
ples of fetal pathology that may result in hydrops,
although by different mechanisms. The treatment of
large lung lesions involves a fetal thoracotomy and
resection of the diseased lung mass. Large fetal sacro-
coccygeal teratomas that are anatomically favorable
and are causing heart failure may be debulked in
mid-gestation.

The case of fetal myelomeningocele repair is unique
in that it is the only mid-gestation surgery that is com-
pletely elective and not life saving. After mid-gestation
fetal surgery is completed, the uterus and the maternal
abdomen are closed. The hope is to deliver the fetus as
close to term as possible via cesarean section.

Open fetal interventions may also occur much
closer to term, when the fetal lungs are mature and
the fetus has a condition that may not allow successful
transition to extrauterine life. This type of open fetal
intervention is often referred to as the EXIT proce-
dure. The conditions that call for an EXIT procedure
include the above list plus intrinsic or extrinsic airway
obstruction from large airway teratomas or lymphan-
giomas, and intrinsic airway obstruction from laryng-
eal atresia, cysts, or webs. The last category of intrinsic
airway obstruction has also been called congenital high
airway obstruction syndrome.

The fetal airway must be secured to allow a success-
ful transition to extrauterine life. This may be as simple
as performing a direct laryngoscopy and intubating
the fetus, or may be as complex as performing rigid
bronchoscopy, tracheostomy, or retrograde wire intu-
bations. Large lung tumors that did not cause hydrops
in the middle of gestation may still cause physiological
compromise and impair efforts of neonatal resuscita-
tion. A thoracotomy to resect lung tumors causing
mediastinal compression may be required. In contrast
to a mid-gestation fetal procedure, where the fetus is
replaced in the uterus at the completion of surgery, an
EXIT procedure involves both completion of the fetal
surgery and then delivery of the fetus.

Anesthetic management
Anesthetizing a mother for fetal interventions is
unique for many reasons, one of which is the fact that
the anesthesia team is caring for two patients simulta-
neously and the well-being of the fetus is dependent on
the well-being of the mother. More detailed descrip-
tions of the anesthetic management of both minimally
invasive and open fetal surgical procedures can be
found in other resources [15]. A brief treatment of
this topic follows to provide a basis for understanding
the critical care issues of these patients in the perioper-
ative period. The goals of any anesthetic are maintain-
ing the safety of the patient, while keeping the patient
comfortable and facilitating the completion of what-
ever procedure needs to be done. The issues that
must be integrated when the anesthesiologist formu-
lates a plan include maternal and fetal physiology,
specifics of the fetal pathophysiology, placental physi-
ology and transport, and logistical details of the surgi-
cal procedure.

Many anesthetic techniques may be used for min-
imally invasive fetal interventions. The majority may
be performed quite simply with local anesthetic infil-
tration and, when desired, administration of sedatives
to the mother to ensure her comfort. Additionally, this
may cause fetal sedation. The mother herself should
not be excessively sedated as she is at greater risk for
pulmonary aspiration of gastric contents. Neuraxial
techniques such as spinal and epidural anesthesia
may be performed, but given the small size of the
instruments are not often warranted unless there is a
real risk of performing a cesarean section for fetal
distress. However, an epidural may also be used for
postoperative analgesia and as a consequence may
reduce the risk for preterm labor, and the need for
tocolytics. Neuraxial techniques will also predispose to
greater hemodynamic shifts, which may place fetuses
with impaired placental perfusion at greater risk.
General endotracheal anesthesia may be employed in
selected cases where absolute uterine relaxation is
needed, or when the mother cannot tolerate the seda-
tion. General anesthesia also provides fetal anesthesia,
its depth being dependent on the doses used. Standard
maternal monitoring will suffice for these cases,
including non-invasive blood pressure, 5-lead electro-
cardiogram, pulse oximetry, and temperature.
Monitoring of inspired and expired gases and volatile
anesthetic agents is obviously warranted in general
endotracheal anesthesia.
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Open fetal surgical procedures subject the mother
to greater physiological stress than minimally invasive
approaches, and so closer monitoring and tighter
anesthetic control of the maternal and fetal physiology
are warranted (Figure 41.3). The mother’s safety is the
highest priority, but she must be safely anesthetized
with the goal of providing optimal conditions for fetal
perfusion and well-being. Monitoring fetal well-being
can be challenging; minimum monitoring includes
intermittent fetal heart rate assessment by ultrasound.
Continuous fetal pulse oximetry is often used in open
fetal surgery and allows the team to continuously
monitor both fetal heart rate and oxygen saturation.
Fetal echocardiography can also be used, and rarely
fetal blood gas analysis. To ensure fetal well-being, the
team must ensure adequate fetal perfusion. The pieces
of this puzzle include a patent umbilical cord, adequate
amniotic fluid volume, intact uteroplacental interface,
low uterine muscle tone, and adequate uterine blood
flow and oxygen delivery. The anesthesia team can
directly impact two of these factors: uterine smooth
muscle tone and uterine blood flow. The other factors
are under the care of the operating team.

High-dose volatile anesthetic or nitroglycerin
administration both allow uterine relaxation; however,
this relaxation comes at the expense of a decreased
maternal blood pressure and increased risk of maternal
bleeding. Uterine blood flow is directly proportional to

the difference between uterine arterial and venous
pressure and inversely proportional to the uterine vas-
cular resistance. Ensuring adequate maternal arterial
blood pressure will optimize blood flow to the uterus.
This can be achieved by ensuring left uterine dis-
placement, administration of vasopressors such as
phenylephrine and ephedrine, and in some cases by
optimizing cardiac preload with administration of
intravenous crystalloid. Historically, mothers under-
going fetal surgery have had an increased incidence
of pulmonary edema [16]. The causes of this are
unclear, but factors released by the uterus, aggressive
postoperative tocolysis with products that may cause
pulmonary edema, and enthusiastic fluid loading may
contribute. Experience with newer tocolytics, such as
atosiban acetate (Tractocile), which may be less prone
to causing pulmonary edema is at present lacking, in
part because this drug is not registered worldwide.
Mothers undergoing open mid-gestation surgery are
typically restricted to 500 mL of intravenous crystal-
loid. This fluid restriction makes blood pressure
management particularly challenging in the face of
the high-dose volatile anesthetic agent. Since mothers
undergoing EXIT procedure do not have as many
problems with pulmonary edema, intravenous fluid
administration can be more generous, and maintain-
ing an adequate blood pressure is not as problematic.
The EXIT procedure has been performed under epi-
dural anesthesia with nitroglycerin as the sole agent
used to provide uterine relaxation, but the fetal inter-
ventions have typically been brief [17]. The gravid
uterus receives a large proportion of the maternal car-
diac output, and even routine obstetric cases can be
complicated by significant hemorrhage. With high-
dose volatile anesthetic causing profound uterine
relaxation, hemorrhage may be even more problem-
atic. Fortunately, bleeding is rare, as special uterine
stapling devices keep the edges of the hysterotomy
from bleeding. Problems with the stapling device or
bleeding from venous sinuses may still occur, typically
when the hysterotomy is first made. Additionally,
EXIT procedures may be complicated by bleeding
after the fetus and placenta have been delivered, as it
will take a longer period of time for the high doses of
volatile anesthetic to be eliminated from the mother’s
body. The prolonged elimination of volatile anesthetic
results in a slower increase of uterine tone and slower
response to postdelivery uterotonics. Therefore, pre-
cautions have to be taken to have secondary uteroton-
ics ready.

Figure 41.3. Physiological monitors during open fetal surgery.
The waveforms from top to bottom include maternal 5-lead
electrocardiogram, invasive arterial blood pressure, and pulse
oximetry. The bottom waveform is from the fetal pulse oximeter.
The numbers on the left include the following (from top to bottom):
maternal heart rate, maternal non-invasive blood pressure, maternal
oxygen saturation, fetal oxygen saturation, maternal invasive blood
pressure, and maternal esophageal temperature.
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Postoperative management of fetal
surgical patients

Minimally invasive surgery
Patients who have undergone minimally invasive fetal
therapy typically do not require intensive monitoring
or critical care decision making. Recovery from the
anesthetic should be fairly brief and uncomplicated
in most patients, as the anesthetics typically consist
of light sedation combined with local anesthetic infil-
tration or a standard neuraxial anesthetic. As sedation
medications may be quite variable, the recovery from
sedation does deserve some mention. Many modern
anesthetic medications (midazolam, remifentanil,
propofol) are very short acting, but traditional seda-
tion has often consisted of high doses of diazepam
and morphine. Diazepam has quite a long half-life
and its metabolites are also pharmacologically active.
These patients should be monitored carefully for
adequate oxygenation and ventilation in the postoper-
ative period, as respiratory depression may persist for
many hours after the procedure. Fluid shifts are not
typically problematic. If a patient is given magnesium
sulfate for tocolysis (which may be the local practice)
at the end of the procedure, a typical anesthetic man-
agement would include restrictive administration of
intravenous crystalloid to prevent pulmonary edema
plus proactive observation for toxic side effects.
Consequently, postoperative hypovolemia may ensue,
and the patient’s hemodynamics and urine output
should be noted. Fluid boluses may be given judiciously.
Depending on the invasiveness of the procedure, some
patients are discharged after several hours of maternal
and fetal observation, and some patients may stay over-
night for observation.

Open mid-gestation surgery
Patients undergoing open mid-gestation fetal surgery
require intensive postoperative monitoring and close
collaboration between team members for medical
decision making. The mother may be sick to begin
with, as maternal mirror syndrome may be one of the
reasons for performing the fetal intervention. Issues
of note include recovering from a deep general anes-
thetic, postoperative analgesia, prevention of pulmo-
nary edema, avoidance of significant hypovolemia
or anemia, and tocolysis. A typical anesthetic for
open mid-gestation surgery should provide intense

uterine relaxation to optimize the surgical field and
to minimize uterine vascular resistance and allow
improved fetal perfusion. This intense uterine relaxa-
tion is often achieved by administering a high dose
of a volatile inhalational anesthetic agent such as
desflurane. The minimum alveolar concentration (of
desflurane in a 25-year-old woman is 7.3%, and typical
concentrations used in open fetal surgery can range
from 12 to 16%. Although the volatile anesthetics
are all quite short acting compared with many other
medications, the high doses required may predispose
patients to longer periods of sedation in the postoper-
ative period.

The transverse incisionsmade for open fetal surgery
are larger and more cephalad than the Pfannenstiel
incision performed for a cesarean delivery. If the pla-
centa has implanted on the anterior aspect of the ute-
rine wall, the entire gravid uterus must be exteriorized
so that the hysterotomy can be made on the posterior
aspect of the uterus. While postoperative analgesia may
certainly be achieved with intravenous opioid admin-
istration, continuous epidural infusion of local anes-
thetic with or without low-dose opioid provides more
satisfactory analgesia without as much patient sedation.
Given the high doses of volatile anesthetic adminis-
tered, any measures to improve patient alertness will
help with patient assessment. Some patients, however,
will experience postoperative hypotension. This hypo-
tension may or may not be a consequence of the epi-
dural infusion. It also may or may not be symptomatic
(maternal or fetal), and “treating the numbers” should
be avoided. Other causes of hypotension, such as aor-
tocaval compression, cardiac dysfunction, and hypovo-
lemia, should obviously be excluded, but decreasing
the epidural infusion rate is a frequently attempted
maneuver aimed at increasing the maternal blood
pressure.

Patients undergoing fetal surgery are at increased risk
for developing pulmonary edema [16,18]. Oxygenation,
ventilation, breath sounds, and work of breathing should
be frequently assessed. Simple measures such as physi-
otherapy or supplemental oxygen via nasal cannula may
be all that are needed, but advanced methods to assist
with maternal oxygenation and ventilation should be
available. Not all hypoxia is from pulmonary edema,
and other causes such as atelectasis or pneumonia should
also be considered. Intravenous fluid administration is
quite restrictive in the perioperative period with the
hopes of minimizing the incidence of maternal pulmo-
nary edema, but this fluid restriction places the patients
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at risk for hypovolemia. Intraoperative infusion of vaso-
pressors will allow adequate end-organ and fetal perfu-
sion in the face of the relative hypovolemia caused by the
high doses of volatile anesthetics. Postoperative vaso-
pressor administration is rarely needed, but urine output
must be closely monitored. Oliguria occurs commonly
in these patients and should respond to small boluses
of crystalloid. These boluses are given quite sparingly at
the authors’ institution. Central venous pressures have
been used to guide fluid therapy in the past, but even in
uncomplicated cases, central venous pressure is an
imperfect surrogate for left ventricular filling pressure
and volume. As this is the case, central venous pressure is
virtually never monitored.

Bleeding is rare in these patients. If it is going to
occur, the most likely time will be during the creation
of the hysterotomy or with closure of the hysterotomy.
When bleeding does occur, it is brisk, given the
high percentage of cardiac output dedicated to the
gravid uterus and the extraordinarily low uterine
tone caused by administration of volatile anesthetic
agents. Postoperative bleeding is quite rare but should
be considered if unexplained, persistent, or worsening
hypotension occurs.

Tocolytic regimens after open fetal surgery differ
between various healthcare systems. Magnesium sulfate
is used most commonly in the USA, whereas atosiban
may be used more commonly in Europe. A bolus of 6 g
magnesium sulfate followed by a 4 g/h infusion for
several hoursmay result in varying degrees ofmagnesium
toxicity. The patient must have frequent assessments
of level of consciousness, respiration, hemodynamics,
muscle strength, deep tendon reflexes, urine output, and
serum levels of magnesium when this has been used. If
magnesium levels are too high, administration of calcium
gluconate or calcium chloride will antagonize the effects.
Typically magnesium sulfate is used only briefly, and
when further tocolytics will include nifedipine, this
should not be started simultaneously.

The EXIT procedure
While the intraoperative management of a patient
undergoing an EXIT procedure has many similarities
with that of a patient undergoing open mid-gestation
surgery, the postoperative patient transported to the
recovery room has more in common with a postoper-
ative patient after cesarean section patient than one
after open mid-gestation fetal surgery. The incision
will likely be the same type of incision as that used for
openmid-gestation surgery. A postoperative epidural is

likely to be in place. Intravenous fluid management
will likely have been more similar to that for a cesarean
delivery. Oxytocin will have been given. Secondary
uterotonics may also have been administered, such as
methylergonovine or prostaglandin F2α.

Maternal complications of fetal
surgery

Intraoperative complications
Fetal surgery represents a significant undertaking for
the mother, the fetus, and the whole family. Greater
risk and more significant maternal complications will
arise with more invasive procedures. The list of poten-
tial intraoperative anesthetic complications is the same
as would occur during any anesthetic for any pregnant
patient. These complications include, but are not
limited to, lost maternal airway, pulmonary aspiration
of gastric contents, pulmonary edema, bronchospasm,
placental abruption with all its consequences, bleed-
ing, hypotension, anaphylaxis, cardiac dysrhythmia,
and local anesthetic toxicity. While amniotic fluid
embolism is always a concern, no cases have yet been
reported in the literature. Management of these intra-
operative complications is standard and should be
familiar to the anesthetic team involved in the care of
pregnant patients.

Postoperative complications
A variety of maternal complications are reported after
fetal surgery. Some of these occur in the immediate
perioperative period and some do not present until
subsequent pregnancies. Hemorrhage and pulmonary
edema would be the most likely reasons to admit a
mother to the intensive care unit. Hemorrhage is
more likely during open fetal surgery but is also possi-
ble during minimally invasive surgery. It should be
managed in the standard fashion, with close hemody-
namic monitoring and measurement of hemoglobin
concentrations, establishment of large-bore intrave-
nous access, cross-matching of blood products, and
transfusion as needed. Only rarely is bleeding uncon-
trollable. If this is the case, it might be necessary to
proceed to hysterotomy and termination of pregnancy
to empty the uterus. Placental abruption would be the
most likely reason. Established obstetric hemorrhage
protocols should be followed. Bleeding may occur dur-
ing the initial fetal surgery [18] ormay occur during the
subsequent cesarean section for delivery of the child [1].
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Pulmonary edema occurs in patients undergoing fetal
surgery with more frequency and severity than in the
general population, particularly where a maternal hys-
terotomy is required or mirror syndrome occurs. Rates
of pulmonary edema as high as 27% have been reported
from the earlier days of open fetal surgery [18]. These
rates were associated with the use of multiple tocolytics,
nitroglycerin, and liberal intravenous fluid administra-
tion [16,19]. Fortunately, however, the risk of develop-
ing pulmonary edema seems to be decreasing to rates as
low as 6% [1]. This decrease likely reflects increased
awareness of the risk of pulmonary edema, closer mon-
itoring, restrictive intravenous fluid management, plus
more frequent use of vasopressors and simplified toco-
lytic regimens.

Other complications may not necessitate maternal
critical care in the traditional sense but do call for close
observation of themother and fetus. Pretermpremature
rupture of membranes occurs in mothers who undergo
both minimally invasive surgery and, more frequently,
open fetal surgery. Reported rates of iatrogenic mem-
brane rupture range from 7 to 47% even in minimally
invasive surgery [20]. Chorioamniotic membrane sep-
aration may also occur, and this increases the risk of
premature rupture of the membranes, next to causing
fetal distress [1]. The consequences of prolonged, pre-
term premature rupture of the membranes include
oligohydramnios, increased risk of infection, preterm
delivery, and placental abruption. Management of this
complication may include bed rest and prophylactic
administration of antibiotics. If prolonged bed rest is
called for, thromboprophylaxis is an important consid-
eration. Reported rates of preterm labor leading to
delivery are similarly high, ranging from 12.9 to 32.9%
[19]. Mean gestational age at delivery has been reported
at approximately 30–32 weeks for a variety of open and
minimally invasive interventions [18]. After myelome-
ningocele closure, only 21% of mothers carried the
gestation to greater than 37weeks, andmean gestational
age at delivery was 34 weeks [1].

Myometrial wound healing and bleeding are impor-
tant issues to highlight both in the pregnancy involved
with the fetal surgery and in subsequent pregnancies.
Partial or complete uterine dehiscence was found at
delivery in 10% of the mothers participating in the
Management of Myelomeningocele Study, and only
64% of these mothers had an intact, well-healed uterine
scar. The exact relevance of these findings is uncertain;
no clinical ruptures during pregnancy occurred. At the
time of delivery, 9% of mothers who had fetal repair of

myelomeningocele received a blood transfusion, com-
pared with only 1% of mothers who were randomized
to postnatal repair of the myelomeningocele. Surveys
examining subsequent pregnancies have been sent to
mothers who have previously undergone open fetal
surgery, and have found rates of uterine dehiscence
ranging from 12 to 14%, and rates of rupture ranging
from 6 to 14% [21,22]. The rate of rupture is in the
upper range to just above that of mothers who have had
prior classical cesarean sections (6–9%) [21]. Bleeding is
still an issue for subsequent pregnancies, with 6% of
mothers responding to the survey experiencing exces-
sive bleeding at the delivery [22].

Logistics of a comprehensive fetal
surgery program
The range of fetal therapeutic procedures is wide, going
from needle-based procedures, placement of shunts,
and therapeutic applications of percutaneous fetoscopy,
to procedures under general anesthesia via laparotomy
and hysterotomy. Traditionally, open fetal surgery
has never been much embraced in Europe, so training
will be required in many places. As for any other com-
plex surgical technique, one cannot expect to have sim-
ilar outcomes from the beginning [23]. There are, at
present, no guidelines; nor is there a consensus onwhich
fetal surgical procedures should be offered regionally or
how training should be structured and evaluated [24].
The US Agency for Healthcare Research and Quality
has published a white paper on this and is expected to
produce recommendations soon for the expertise and
experience required for a center to operate andmaintain
competence. Two primary models of training are in use
in the USA [25]. The first consists of experts traveling to
teach at the candidate institution, and the second con-
sists of the candidate team traveling to expert centers to
learn from the experienced physicians and staff. The
candidate team can then safely and effectively establish
a program for open fetal surgeries, as well have return
visits for further training or assistance. The learning
process will be expedited by having a high-volume
fetal surgery program, with an interdisciplinary board
and team, and offering a variety of procedures (includ-
ing EXIT experience) as well as having a large exper-
imental program. In order to have a viable program,
turnover should be sufficient to maintain proficiency
both in diagnostic evaluation and in fetal surgery.
Numbers for that are lacking at present.
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Conclusions
Fetal surgery is a new and rapidly evolving field that
holds promise for the treatment of diseases that can
be either debilitating or life threatening to the fetus.
The safety of the mother carrying that fetus must not
be forgotten, as she is subjected to significant anesthetic
and surgical risks while seeking to improve the welfare
of her child. Many of these risks are similar to those
encountered over the course of any anesthetic or preg-
nancy and can be treated in the same ways. Unique
considerations, however, may arise when treating these
patients, and they should be cared for in specialized
centers with appropriate experience and infrastructure.
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