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Critical Care of the Obstetric Patient

Janet M. Shapiro, MD, FCCP

The obstetric patient poses exceptional challenges in the
intensive care unit. Knowledge of the physiologic changes
of pregnancy and specific pregnancy-related disorders is
necessary for optimal management. Intensive care unit
diagnoses may include preeclampsia, including the HELLP
syndrome, pulmonary embolic disease, amniotic fluid
embolism, status asthmaticus, respiratory infection, the
acute respiratory distress syndrome, and sepsis. The man-
agement of mechanical ventilation is based on principles
of avoiding lung injury, and hypercapnia may be tolerated
even during the pregnancy. When the clinician is faced
with the extraordinary instance of cardiopulmonary
arrest, perimortem cesarean delivery must be considered
to improve the potential for maternal and fetal survival.

Key words:  pregnancy, obstetric, intensive care unit, perimortem
cesarean delivery, mechanical ventilation, cardiopulmonary
resuscitation, preeclampsia, HELLP syndrome, amniotic fluid
embolism, status asthmaticus, pulmonary embolism

The intensive care management of the obstetric
patient presents particular challenges. Critical ill-
ness complicates fewer than 0.3% of deliveries [1,2].
Obstetric admissions to the intensive care unit
(ICU) are uncommon, comprising less than 1% of
ICU admissions [1,2]. Obstetric disorders account
for the majority of admission diagnoses, and most
patients are admitted to ICU postpartum. The most
common ICU diagnoses in obstetric patients are
obstetric hemorrhage in 26% to 33%; hypertensive
disorders, especially preeclampsia, in 21% to 42%;
respiratory failure in 10%; and infection in 10% of
obstetric admissions [1-4]. Disorders specific to
pregnancy such as preeclampsia and amniotic fluid
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embolism may lead to respiratory failure in preg-
nancy. Diseases such as status asthmaticus, severe
respiratory infection and sepsis, the acute respira-
tory distress syndrome (ARDS), and venous throm-
boembolic disease may develop during pregnancy
or postpartum. Intensive care unit mortality rate of
obstetric patients is generally 2% to 3% [1,2,4].

This article focuses on several important disor-
ders of critically ill obstetric patients and reviews
issues of respiratory failure in pregnancy. The rare
situation of cardiopulmonary arrest and perimortem
delivery is addressed.

Changes in Pregnancy

Pulmonary physiology changes in normal preg-
nancy [5]. Upper airway mucosal edema, mucus
secretion, nasal congestion, and rhinitis can create
difficulties with mask ventilation and endotracheal
intubation. The respiratory stimulant effect of prog-
esterone leads to an increase in minute ventilation
through an increase in tidal volume and generally
unchanged respiratory rate. Consequently, arterial
blood gas analysis typically shows respiratory alka-
losis with Paco, in the range of 28 to 32 mm Hg
[5,6]. Elevation of the hemidiaphragm is attributable
to the enlarging uterus, and functional residual
capacity is reduced. There is no change in lung
compliance, but chest wall compliance is reduced.

The pregnant patient has reduced respiratory
system reserve in the face of elevated maternal and
uteroplacental oxygen demand. In a critical illness,
rapid and severe respiratory decompensation may
occur. The pregnant patient is also at greater risk of
gastric aspiration related to reductions in lower
esophageal sphincter pressure and gastric motility [5].

Circulatory changes include an increased cardiac
output attributable to the expanded circulation and a
decrease in systemic vascular resistance attributable
to the uteroplacental circulation [5,6]. Aortocaval
compression by the gravid uterus is extremely impor-
tant; in fact, in late pregnancy, the inferior vena cava
may be completely obstructed in the supine position,
and venous return occurs through azygous, lumbar,
and paraspinal veins. The uterus receives up to 30%
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of the cardiac output. The uteroplacental circulation
lacks autoregulation. When the maternal circulation is
compromised and compensatory vasoconstriction
occurs, uteroplacental perfusion will be reduced,
leading to rapid fetal hypoxia and acidosis. For this
reason, evidence of fetal distress such as fetal brady-
cardia may be a sign of maternal deterioration [7]. For
the team of intensivist and obstetrician, fetal heart
monitoring provides crucial information about both
the maternal and fetal conditions.

Preeclampsia

Hypertension is one of the most common disorders
complicating pregnancy. Preeclampsia is character-
ized by hypertension and proteinuria occurring
after the 20th week of gestation [6]. This disorder
complicates 5% to 8% of pregnancies. Patients pre-
sent with edema, visual disturbances and headache,
and epigastric pain. Preeclampsia is a procoagulant
and proinflammatory state caused by placental
hypoperfusion. Impaired trophoblast invasion of
the uterine spiral arteries prevents the normal
increase in blood flow to the placenta [8,9]. The
placenta secretes antagonists to vascular endothe-
lial growth factor and placental growth factor.
Locally, there is endothelial release of the vasocon-
strictor thromboxane, activation of platelets, reduc-
tion in nitric oxide, and vascular sensitivity to
angiotensin. In addition, inflammatory cytokines
such as interleukin-6 and tumor necrosis factor are
released [8]. Placental hypoperfusion is the result.

The local vascular dysfunction becomes general-
ized in severe preeclampsia, leading to dysfunction
of hepatic, renal, cerebral, and hematologic systems.
Clinical findings of severe preeclampsia are severe
blood pressure elevation >160/110 mm Hg, protein-
uria, oliguria, blurred vision, headache, cerebrovas-
cular accident, elevation of transaminases, liver
capsule distention leading to pain, nausea and vom-
iting, platelet count below 100 000/mm? and pul-
monary edema [9]. Placental pathology reveals
fibrinoid necrosis, thrombosis, and infarction.
Preeclampsia can progress rapidly to eclampsia,
characterized by development of seizures [8].

The HELLP syndrome—hemolysis, elevated liver
enzymes, and low platelets—complicates 10% to
20% of cases of severe preeclampsia [8]. Although
this syndrome is believed to be in the spectrum of
severe preeclampsia, 15% of patients do not have
hypertension or proteinuria. Patients present with
abdominal pain, nausea, and malaise. The key fea-
tures are thrombocytopenia <100 000/mm?, microan-
giopathic hemolytic anemia with schistocytes and
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elevated lactate dehydrogenase >600 IU/L, and ele-
vated transaminases [10,11]. Complications may
include hemorrhage, but more prominent are
hepatic failure or infarction and rupture. Pathology
of the liver shows similar changes of preeclampsia in
the placenta: fibrin microthrombi, periportal hemor-
rhage, and necrosis [8]. The differential diagnosis of
HELLP includes acute fatty liver of pregnancy [11].
Only 50% of these patients have a diagnosis of
preeclampsia. Signs of acute fatty liver of pregnancy
are more prominent findings of hepatic failure with
hypoglycemia, coagulopathy, and encephalopathy.
In contrast to the vasculopathy of preeclampsia, liver
pathology demonstrates microvesicular steatosis [6].

Pulmonary edema complicates 3% of cases of
preeclampsia and usually occurs postpartum [8].
Respiratory failure occurs in the setting of fluid
overload, hypoalbuminemia and decreased colloid
oncotic pressure, and increased pulmonary capil-
lary hydrostatic pressure. Pulmonary edema may
develop in severe preeclampsia complicated by car-
diopulmonary arrest, hypertensive crisis, dissemi-
nated intravascular coagulation, acute renal failure,
and cerebral edema.

Delivery is indicated for severe maternal organ
failure, placental abruption, or gestation over 34
weeks [6,8]. Supportive treatments with oxygen,
mechanical ventilation, and antihypertensive therapy
are administered. Fluid management may be chal-
lenging because intravascular volume is often low.
The goal is perfusion of vital organs, including pla-
cental perfusion, guided by clinical examination and,
at times, by hemodynamic monitoring [6]. Magnesium
sulfate is effective for the prevention of seizures in
severe preeclampsia as well as treatment of eclamp-
tic seizures [8]. Management of the HELLP syndrome
includes corticosteroid therapy for fetal lung matura-
tion antepartum,; corticosteroids have been shown to
increase platelet count [12]. Plasma exchange has
been advocated in patients with severe HELLP syn-
drome (platelet count below 50 000/mm?) that does
not resolve postpartum. In 1 case series of daily
plasma exchange in severe HELLP, there were no
maternal deaths [13]. Maternal mortality rate in
preeclampsia is reported up to 11% [6].

Pulmonary Embolism

Venous thromboembolism (VTE) is an important
cause of maternal morbidity and mortality [14,15]. Tt
is estimated that VTE complicates 0.06% of preg-
nancies and is a leading cause of maternal mortal-
ity [14]. VTE may occur throughout the pregnancy:
the highest incidence of pulmonary embolism is in
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the immediate postpartum period. Risk factors for
venous thromboembolism in pregnancy include
prior VTE, recent surgery, older age, obesity, and
thrombophilia.

Specific changes related to pregnancy favor the
development of venous thrombosis: venous stasis,
endothelial injury, and an increase in coagulation
[14]. Venous stasis is attributable to a progesterone-
induced increase in venous capacitance and vena
caval obstruction from the uterus. Vascular injury at
the uteroplacental surface occurs at delivery.
Favoring coagulation are the increase in coagulation
factors I, I1, VII, VIII, X; a decrease in the coagula-
tion inhibitor protein S; an increase in resistance to
activated protein C; impaired fibrinolysis attributable
to an increase in plasminogen activator inhibitors;
and activation of platelets. Pregnant women with
thrombophilic disorders may present with the initial
VTE during pregnancy. These thrombophilic disor-
ders include activated protein C resistance attribut-
able to factor V Leiden mutation, prothrombin gene
mutation, and deficiencies of protein C, protein S,
and antithrombin IIT [14].

The clinical findings of pulmonary embolism
include dyspnea and chest pain. Syncope is an
uncommon presentation. As in nonpregnant indi-
viduals, a massive pulmonary embolism may pre-
sent with shock attributable to embolic obstruction
to right ventricular cardiac output. The hypotension
with elevated right ventricular wall tension may
lead to coronary ischemia and further impair
myocardial function.

The diagnosis of pulmonary embolism during
pregnancy raises concerns about diagnostic yield
and safety of the radiographic studies for the fetus.
Although measurement of serum D-dimer, a break-
down product of fibrin, has been applied to exclude
pulmonary embolism, levels are generally increased
in the postpartum period and so this test is not as
useful in pregnancy [14]. A chest radiograph should
always be performed to assess for an alternative
diagnosis, particularly pneumonia. The ventilation-
perfusion (V/Q) lung scan has been the traditional
initial test for pulmonary embolism during preg-
nancy. In the largest series of 121 V/Q scans in
pregnant women with suspected pulmonary
embolism, there was a higher proportion of diag-
nostic scans (ie, 1.8% high probability and 73.5%
normal scans) than in nonpregnant individuals [16].
The yield of V/Q scanning may be higher in preg-
nant patients because of less comorbid pulmonary
disease and the lower prevalence of pulmonary
embolism in this younger age population.

With a nondiagnostic V/Q scan, lower extremity
compression ultrasound is the next test, because
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demonstration of lower extremity deep venous
thrombosis will render a diagnosis of venous throm-
boembolic disease, which requires anticoagulation.
If compression ultrasound is negative and the
pretest probability of pulmonary embolism remains
moderate or high, additional testing is mandatory.

Pulmonary angiography has been considered the
gold standard for the diagnosis of pulmonary
embolism for patients with suspected pulmonary
embolism and nondiagnostic noninvasive tests. In
practice, helical chest computed tomography (CT)
scanning has become a common initial test for pul-
monary embolism. The diagnostic yield is excellent
for major pulmonary embolism involving the main
and lobar pulmonary arteries. The studies of helical
CT, however, have excluded pregnant patients. A
calculation of fetal radiation exposure with helical
CT for pulmonary embolism supported its use,
because the fetal exposure was less than that in
V/Q lung scanning [17]. A survey of radiologists
revealed that most perform CT angiogram in preg-
nant women [18]. A recently published decision-
tree analysis supported CT angiogram as the most
cost-effective initial test in diagnosis of pulmonary
embolism in pregnant women [19].

It is recommended that fetal radiation exposure
be limited to less than 5 rad. Estimates of fetal radi-
ation exposure are [14,17] as follows:

Chest radiograph: <0.001 rad

Ventilation-perfusion scan: <0.011 rad

Pulmonary angiogram (via brachial artery): <0.05 rad
Chest CT scan: <0.016 rad

These values should assure clinicians that diag-
nostic evaluation for pulmonary embolism can be
safely pursued in the pregnant patient with sus-
pected pulmonary embolism. Among 120 pregnant
women who underwent V/Q scanning for sus-
pected pulmonary embolism, there was no increase
in spontaneous fetal loss, congenital abnormalities,
or malignancies compared with general pregnant
women [16].

Echocardiography may be useful in supporting
the diagnosis and in guiding therapy of massive
pulmonary embolism. Right ventricular dilation and
hypokinesis, paradoxical septal motion, and com-
pression of the left ventricle may be observed in
major pulmonary embolism. The echocardiographic
findings alone are generally not sufficient to estab-
lish the diagnosis of pulmonary embolism [20].

For treatment of pulmonary embolism, heparin
is administered during the pregnancy because it
does not cross the placenta, in contrast to war-
farin, which can cause fetal hemorrhage and mal-
formations [21]. Low—molecular weight heparin or
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intravenous unfractionated heparin may be used.
Low—molecular weight heparin is advantageous in
terms of fixed dosing and lack of monitoring,
potentially lower incidence of heparin-induced
thrombocytopenia, and decreased risk of osteo-
porosis in women who must continue heparin
throughout the pregnancy [21]. Low-molecular
weight heparin may be adjusted during the preg-
nancy based on weight gain or targeted to anti-Xa
level [21]. Warfarin is administered for postpartum
anticoagulation. Anticoagulation for pulmonary
embolism is generally administered for 6 months
and should include 6 weeks postpartum.

Massive pulmonary embolism may complicate
pregnancy or the postpartum state. Intravenous
unfractionated heparin is administered. Right ven-
tricular failure may occur attributable to the embolic
obstruction and may require hemodynamic sup-
port. Hypotension is first addressed by positioning
the patient in the left lateral decubitus position, so
that compression of the inferior vena cava may be
relieved and venous return improved. Intravenous
fluids should be administered. Vasopressors should
be administered to achieve adequate maternal per-
fusion; although uterine artery vasoconstriction may
occur, improving maternal circulation will enhance
vital organ perfusion. Dopamine has been used as
an effective vasopressor during pregnancy [6] and
may be required in the setting of massive pul-
monary embolism.

Thrombolytic therapy with tissue plasminogen
activator may be administered for massive pul-
monary embolism with hemodynamic compromise
[22]. Case reports and series describe the use of
thrombolytic therapy during pregnancy and the
immediate postpartum period, times considered to
be relative contraindications to this therapy [23,24].
In the largest series of 172 uses of thrombolytic
therapy, maternal mortality rate was 1%, maternal
hemorrhage 8%, and pregnancy loss 6% [23].

Amniotic Fluid Embolism

Amniotic fluid embolism syndrome is characterized
by abrupt cardiorespiratory collapse and coagulopa-
thy during labor or immediately postpartum [25,206].
Amniotic fluid includes particulates such as squames,
lanugo hairs, mucin, and bile from meconium,;
prostaglandins E2 and F2a; leukotriene B4; and a
thrombokinase-like element. Amniotic fluid gains
entry into the maternal circulation by disruption of
the uterine wall and rupture of the placental mem-
branes. Induction medications and difficult labor
with forceful contractions have been disproved as
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causing amniotic fluid embolism. These amniotic
fluid elements may produce pulmonary artery
obstruction, activation of inflammation, and activa-
tion of coagulation. For this reason, the term “ana-
phylactoid syndrome of pregnancy” has been
applied [25]. Components of amniotic fluid such as
fetal squames have been discovered in the circula-
tion of patients without the clinical syndrome, so the
mere presence of the particulates is not sufficient to
cause the syndrome.

In animal models, injection of amniotic fluid
causes pulmonary vascular occlusion and vasospasm
leading to cor pulmonale [26]. The human syn-
drome is characterized by left ventricular failure, as
documented in patients who survived to have a
pulmonary artery catheter placed. It is postulated
that the human response may be biphasic, with ini-
tial pulmonary hypertension [27], followed by
myocardial depression from inflammatory media-
tors and hypoxemia. The left heart failure then
manifests as pulmonary edema and shock or car-
diopulmonary arrest. Neurologic dysfunction with
seizures and coma and coagulopathy complete the
clinical picture.

Lung pathology may reveal gross findings of
edema or hemorrhage, but the lung may have a nor-
mal appearance. Histologic examination demon-
strates foreign material in the pulmonary capillaries,
arterioles, and arteries [25]. Special stains such as
TKH-2, a monoclonal antibody to fetal glycoprotein
sialyl Tn antigen, have been applied to pathologic
specimens and also evaluated in maternal serum
[28]. Testing maternal serum has not been validated
and is not currently recommended for diagnosing
the syndrome.

The results of a national registry of 46 clinically
diagnosed cases provide information on the syn-
drome [26]. The majority of cases occurred during
labor or within 8 minutes of delivery. Hypotension
and fetal distress were universal; almost all
patients  (93%) were in respiratory failure,
described as pulmonary edema or ARDS, and 87%
suffered cardiopulmonary arrest. Coagulopathy
was present in 83% of cases. Supportive manage-
ment includes advanced cardiac life support pro-
tocol for cardiopulmonary arrest, mechanical
ventilation, hemodynamic support, and blood
product administration. Maternal outcome was
poor: maternal mortality rate was 61%, and 85%
died or survived with permanent neurologic dam-
age [26]. Bleeding from the delivery site caused by
the coagulopathy may be difficult to control, and
cases are reported of treatment with uterine artery
embolization [29] and recombinant factor VIIa
administration [30].

281

Downloaded from http://jic.sagepub.com at UCLA COLLEGE SERIALS/YRL on December 1, 2007
© 2006 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://jic.sagepub.com

Shapiro

Respiratory Infection

Pneumonia can lead to maternal death, preterm
delivery, and low—birth weight infants. Pathogens
in community-acquired pneumonia are similar in
pregnant and nonpregnant individuals and include
Streptococcus pneumoniae, Hemophilus influenzae,
Mycoplasma, Chlamydia, and Legionella [31].

Cell-mediated immunity is impaired in preg-
nancy; findings include a decrease in T-helper cells,
reduced natural killer cell activity, and reduced lym-
phocyte proliferation. Viral pathogens, such as
influenza and varicella, may thus cause severe infec-
tion in pregnancy. Influenza caused excess deaths
among pregnant women during influenza epi-
demics, and women in the second and third
trimesters are at increased risk for influenza-related
morbidity and mortality [32]. Influenza may cause
primary pneumonia or be complicated by secondary
bacterial infection. Patients may present with acute
hypoxemic respiratory failure and bilateral opacities
on chest radiograph. Early diagnosis with a rapid
enzyme-linked immunosorbent assay for influenza
A can provide a diagnosis in 30 minutes, and viral
culture provides influenza subtype and strain.
Antiviral agents such as amantadine and oseltamivir
may reduce the duration of illness; however, these
agents have not been shown to affect the course of
influenza complicated by respiratory failure.
Amantadine has been administered to pregnant
women with respiratory failure, despite concern
about teratogenicity. The neuraminidase inhibitor
oseltamivir is preferred in pregnant patients [32].

Pregnant patients infected with the human
immunodeficiency virus (HIV) present additional
infectious possibilities. Respiratory failure attribut-
able to Pneumocystis carinii pneumonia may be
rarely diagnosed and successfully treated with
antibiotics and corticosteroids during pregnancy
[33]. In recent large series of obstetric patients
requiring ICU, HIV-related disorders have not been
reported [3,4].

Status Asthmaticus

Asthma is a common respiratory disorder in preg-
nancy. Poor control of asthma is associated with
adverse maternal and fetal outcomes: preeclampsia,
uterine hemorrhage, preterm delivery, and low
birth weight [34]. Mechanical ventilation for status
asthmaticus is uncommon in the general popula-
tion, and the incidence of intubation for status asth-
maticus in pregnancy is unknown. In our series of
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87 patients with status asthmaticus, 3 pregnant
women required intubation [35].

In status asthmaticus, airway inflammation and
edema and smooth muscle bronchoconstriction lead
to severe airflow obstruction. Incomplete exhalation
leads to lung hyperinflation, which compromises
diaphragm function. Hypoxemia attributable to V/Q
mismatching and increased muscle metabolic
demands may eventuate in respiratory muscle fail-
ure. Inhaled B-agonist and anticholinergic therapy is
administered, and systemic corticosteroids are given.
Although parenteral B-agonist therapy has not been
proven more effective than inhaled treatment, if sub-
cutaneous P-agonist therapy is considered, terbu-
taline is the preferred agent in pregnancy [36].

Ventilator management in the pregnant patient
with status asthmaticus is identical to that of the
nonpregnant patient. Dynamic hyperinflation with
an increase in intrathoracic pressure can lead to
hypotension or barotrauma. Thus, controlled venti-
lation with slow respiratory rate to allow sufficient
expiratory time and prevent dynamic hyperinflation
remains the goal. Decreasing ventilation may lead
to hypercapnia; permissive hypercapnia is well-
accepted for management of ventilatory failure
attributable to obstructive airways disease. Studies
have not specifically addressed pregnancy; how-
ever, in one small series, hypercapnia (mean Paco,
57 mm Hg) was induced during labor without
maternal or fetal complication [37].

We have cared for 1 patient in her first trimester
of a twin pregnancy who required mechanical ven-
tilation, sedation and neuromuscular blockade, and
aggressive inhaled and systemic therapy. She expe-
rienced marked hypercapnia with Paco, greater than
80 mm Hg (maximum Paco, 150 mm Hg) during 3
days of mechanical ventilation; she was extubated
on the fourth day, continued outpatient asthma ther-
apy, and delivered normal twins at term.

In status asthmaticus, ventilation must be con-
trolled to minimize dynamic hyperinflation and its
consequences. To control ventilation, sedatives, and
rarely neuromuscular blockade, are used. Morphine,
fentanyl, and propofol have all been used in preg-
nant patients [30].

Acute Respiratory Distress
Syndrome (ARDS)

The ARDS may occur in the obstetric patient as a
complication of pneumonia, aspiration, sepsis, and
amniotic fluid embolism. Cytokines and inflammatory
cells and their products injure the alveolar epithelium
and capillary endothelium. Physiologic consequences
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are hypoxemia, decreased compliance, and pul-
monary hypertension [38]. Clinical evaluation reveals
a rapid decline in oxygenation and bilateral opacities
on chest radiograph. Respiratory system compliance
may be reduced in pregnant patients near term
because of upward displacement of the diaphragm
[5], and so measurements of end-inspiratory (plateau)
pressure may be elevated without severe ARDS.

The essential support in patients with ARDS is
mechanical ventilation. Recent studies have refined the
ventilatory approach. It is postulated that ventilator-
induced lung injury may perpetuate and add to the
lung injury and increase the risk of mortality. The
ARDS Network trial found that the use of lower tidal
volumes (6 mL/kg compared with 12 mL/kg ideal
body weight) was associated with a decrease in mor-
tality rate [39]. Additional strategies have been used
in ventilatory management. Prone positioning to
attempt to improve oxygenation by enhanced V/Q
matching, augment secretion drainage, and relieve
lower lobe compression by the heart has been
applied but has shown no mortality benefit in large
trials. In pregnancy, prone positioning is not feasible.

The approach in pregnant patients is similar to
the nonpregnant population with ARDS. Ensuring
adequate oxygenation and allowing hypercapnia
to prevent ventilator-induced lung injury are goals.
Pregnant women have been excluded from trials
of ARDS. Few obstetric patients are described with
ARDS [1,3]. In two series addressing outcome of
ARDS, mortality was 25% and 39% [40,41]; these
values reflect the range of mortality in nonpreg-
nant patients.

Sepsis

Sepsis is an uncommon complication during preg-
nancy or the postpartum period. The most common
site of infection among critically ill obstetric patients
is the wurinary tract. Obstetric causes include
chorioamnionitis, endometritis following cesarean
delivery, and infection of the episiotomy site [6].
Necrotizing fasciitis can complicate the obstetric
wound. Specific organisms that must be covered
include the Enterobacteriaceae (specifically Klebsiella
and Escherichia coli), Streptococcus (including toxin-
producing strains), and anaerobes.

The management of sepsis is the same as in the
nonpregnant individual and depends on appropri-
ate antibiotics, source control, volume resuscitation,
and hemodynamic support. Activated protein C, a
circulating anticoagulant with anti-inflammatory
properties, was shown to reduce mortality rate
in patients with severe sepsis with high Acute
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Physiology and Chronic Health Evaluation II score
and high risk of death [42]. This has not been stud-
ied specifically in pregnancy, but 2 case reports
describe the administration of activated protein C
during pregnancy [43,44].

Patients With Diabetes Mellitus

Diabetes mellitus may complicate pregnancy.
Among pregnancies in women with diabetes, dia-
betic ketoacidosis is reported to occur in 1% to 3%
and most often in patients without a prior diagnosis
of diabetes [45]. Tt is rarely reported as a reason for
ICU admission. In 1 series of 174 obstetric admis-
sions, diabetes mellitus was the medical disorder in
2.3% [4]. Among 74 critically ill obstetric patients,
diabetic ketoacidosis was the admission diagnosis in
3 patients (4%) [3]. Management with intravenous
fluids and insulin is analogous to that of nonpreg-
nant patients.

Current critical care practice has included strict
glycemic control in critically ill patients, particularly
patients with sepsis [46]. The goals of tighter con-
trol may be especially prudent in obstetric patients.

Does Delivery Improve Maternal
Condition in Respiratory Failure?

Several issues must be considered in the manage-
ment of respiratory failure in the pregnant patient.
The first priority is oxygenation and ventilatory sup-
port of the mother. The critically ill obstetric patient
may develop spontaneous labor in the ICU.
Evidence of fetal distress on fetal heart monitoring
may include bradycardia, lack of heart rate variabil-
ity, or late decelerations with contractions that indi-
cate fetal hypoxia or acidosis [47]. The fetus is
exposed to many medications; however, medica-
tions necessary for life- saving treatment of the
mother should be administered. In managing the
ventilated patient, sedatives such as opiates and
propofol, and rarely neuromuscular blocking
agents, are administered. These drugs cross the pla-
centa, and it must be anticipated if delivery occurs,
the neonate will be sedated (and possibly para-
lyzed) and will require respiratory support.

In managing the pregnant patient with respira-
tory failure, intensivists and obstetricians confront
the question of whether delivery—when the patient
is not in labor—will improve the maternal condi-
tion. In specific disorders such as preeclampsia,
amniotic fluid embolism, and placental abruption,
delivery is indicated.
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In patients with respiratory failure attributable to
pneumonia or ARDS, for example, the answer is
not established. One would not expect delivery to
lead to immediate recovery of respiratory failure
attributable to ARDS. The obstetric literature
addresses this question in case series of intubated
pregnant patients. Tomlinson et al® described 10
intubated pregnant patients; 7 were delivered vagi-
nally and 3 underwent cesarean delivery. Postde-
livery, there was a decrease in FiO, but no other
changes in ventilator parameters. The average dura-
tion of ventilation was 7 days, 2.6 days after deliv-
ery. Three of the 10 patients died. In another series
of mechanically ventilated obstetric patients, 37
intubated patients who delivered during the course
of respiratory failure were identified [49]. Eleven of
24 cesarean deliveries were for “maternal condi-
tion.” Of the 7 maternal deaths, 5 had cesarean
deliveries and 4 were performed for expected
improvement in maternal condition [49]. In addi-
tion, in a series that included 5 intubated pregnant
patients, the maternal condition was believed to
have improved in only 1 patient who was extu-
bated 2 days postdelivery [50]. Authors express cau-
tion in proceeding with elective delivery in the
hope of improving the maternal condition [49].

Cardiopulmonary Arrest

Cardiopulmonary arrest is an uncommon event
during pregnancy [51]. Causes of cardiopul-
monary arrest include venous thromboembolism,
pregnancy-induced hypertension, sepsis, amniotic
fluid embolism, hemorrhage, trauma, and cardiac
disease. Pregnant patients may have preexisting
cardiac disorders, myocardial infarction, or peripar-
tum cardiomyopathy as causes of cardiopulmonary
arrest [52].

During cardiopulmonary resuscitation (CPR),
blood flow is less than 30% of normal blood flow.
Circulation during CPR requires achieving adequate
cardiac compression with elevation in intrathoracic
pressure and adequate venous return from the sys-
temic veins and pulmonary circulation. Physiologic
and anatomic changes in pregnancy affect the cir-
culation during CPR [53]. In late pregnancy, the
gravid uterus may completely obstruct the inferior
vena cava. Hypotension is thus initially treated with
positioning in the left lateral decubitus position.
Respiratory compromise may be precipitous
because of the increase in oxygen consumption
and the decrease in reserve. The upward displace-
ment of the diaphragm alters chest wall compliance
and position of intrathoracic organs.
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When CPR is performed in pregnancy, the air-
way must be achieved immediately. Inferior vena
caval compression must be relieved. Chest com-
pressions are not effective in the lateral position; a
30° elevation of the right hip is the optimal position
[53]. No changes in hand position or defibrillation
energy have been recommended for pregnant
patients [52]. Medications are given in the standard
fashion; although epinephrine causes uteroplacen-
tal vasoconstriction, it is given according to the
Advanced Cardiac Life Support (ACLS) protocol.
Concerns have been raised that bicarbonate leads
to fetal acidosis; however, bicarbonate is no longer
standard in the ACLS protocol because of experi-
mental findings of worsening intracellular acidosis.

The most important intervention during CPR in a
patient with late pregnancy is cesarean delivery
[52,53]. The term “4-minute rule” has been coined to
indicate that a perimortem cesarean delivery should
be initiated within 4 minutes of cardiopulmonary
arrest. Delivery will immediately relieve the uterine
compression and improve venous return and allow
more effective chest compressions. A review of 61
cases of perimortem cesarean delivery by Katz et
al®* revealed that fetal survival was 70% if delivery
occurred within 5 minutes of arrest. Initiating the
delivery within 4 minutes and accomplishing deliv-
ery within 5 minutes can provide the possibility of
maternal code survival and opportunity for fetal sur-
vival. Cases are reported of maternal survival after
25 to 30 minutes of CPR with return of circulation
immediately after delivery [55-57]. CPR must be con-
tinued during and following the delivery. There is
uncertain benefit with a smaller fetus, and peri-
mortem cesarean delivery is not recommended in a
pregnancy of less than 24 weeks gestation.

Conclusion

The management of the obstetric patient in the ICU
is especially difficult and stressful for the patient,
family, and clinicians. The presence in the ICU of a
young patient with a viable pregnancy or postpar-
tum with a neonate, who suffered a drastic, unan-
ticipated illness, demands many skills. Obstetric
nurses can offer valuable guidance and support to
the patient and family. Communication is vital to
prepare and inform the patient and family about
the course of ICU. Anticipation of a poor outcome
for mother or fetus can prompt consultations for
additional support systems and possibly bereave-
ment services.

The critical care clinician must be knowledge-
able about the physiologic changes and distinctive
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illnesses and complications in the critically ill
obstetric patient. Optimal management requires the
close collaboration of intensivists and obstetricians
to review changes in maternal condition and mod-
ify care plans throughout each ICU day. For the
patient near term, the ICU must be prepared for

spontaneous

delivery or perimortem delivery.

Maternal cardiac arrest necessitates immediate per-
imortem cesarean delivery to improve the possibil-
ity of maternal and fetal survival.
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