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Air embolism may occur in up to 50%
of women undergoing cesarean delivery. A
lethal embolism may follow a bolus of 3 to
5 mL/kg of air. Chief among the many
symptoms of air embolism are tachypnea,
chest pain, and gasping. The diagnosis
may be facilitated by precordial Doppler
monitoring, transesophageal echocardiogra-
phy, or by the identification of air when
aspirating from a right heart catheter.
Management includes optimum patient
positioning, aspiration of air,
discontinuation of nitrous oxide,
administration of 100% oxygen, and
flooding the surgical site with saline to
avoid further air entry. Preventive
strategies are also discussed.
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pregnancy, thromboembolism, venous
air embolism.

Introduction
Pregnancy-related mortality is tragic, but fortu-
nately rare, with an overall mortality rate in the
United States of approximately 7.8 pregnancy-
related deaths per 100,000 live births.1 The lead-

Venous air embolism is the entrapment of air
into the venous system producing signs and
symptoms due to obstruction of pulmonary
arterial blood flow. We present a healthy, 27-
year-old, full-term parturient admitted for
postdate induction of labor. Cesarean
delivery was required following fetal distress.
During delivery, the mother became
bradycardic and required advanced cardiac
life support for resuscitation. Serial
hemoglobin values, electrocardiograms,
echocardiograms, and a magnetic resonance
image of the head were all normal. No fetal
squamous cells were found in the patient’s
blood. She required 6 days of ventilation, was
successfully extubated, and was discharged
14 days after the cesarean delivery.
The differential diagnosis in this

patient’s care centered on a pulmonary
embolic event. Thromboembolism was
unlikely, based upon the patient’s rapid
clinical improvement without definitive
therapy for thrombotic disease or detection
of peripheral thrombosis. Amniotic fluid
embolus was unlikely, although not
excluded, by the absence of fetal cells in the
maternal circulation and the lack of an
accompanying intravascular coagulopathy.
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ing causes of death include complications of
ectopic pregnancy, embolism, intrapartum cardiac
arrest, and neurologic sequellae of hypertension.

The following obstetrical case involves acute
cardiorespiratory collapse in a young woman dur-
ing cesarean delivery of a healthy infant. The dif-
ferential diagnosis, medical assessment, treat-
ment, prevention, and anesthetic implications for
gravid women with unexpected cardiorespiratory
collapse are discussed.

Case report
A 27-year-old woman, gravida 1, para 0, at 41

5/7 weeks’ gestation with no significant past med-
ical history was admitted to the labor and delivery
unit for postdate induction of labor. Three hours
after labor induction was started with oxytocin,
the fetal heart rate decreased to 60 to 70 beats per
minute (bpm) for 2 minutes, then returned to 120
bpm after the placement of internal scalp leads.
Fifty minutes later, the fetal heart rate again pre-
cipitously but transiently decreased, and a deci-
sion was made to proceed with a cesearean deliv-
ery. Preanesthetic maternal vital signs included a
blood pressure of 109/70 mm Hg, a pulse of 78
bpm, and respirations of 18 per minute. She was
given a spinal anesthetic using 8 mg of tetracaine
with 10% dextrose and was placed in slight reverse
Trendelenberg position with left uterine displace-
ment.

No hemodynamic consequences occurred
during or after the administration of spinal anes-
thetic. The patient was prepared and draped. The
incision was delayed approximately 2 minutes to
allow for adequate sensory block. The obstetrician
then infiltrated the surgical site with 15 mL of 1%
lidocaine. When the skin incision was complete,
the obstetrician attempted to disengage the
infant’s head from the pelvis, stopped, and on the
second attempt lifted the head into the incision
and delivered the infant. At that moment the
mother suddenly became unresponsive. Sinus
tachycardia occurred to heart rates of 140 to 150
bpm followed by an abrupt decrease in heart rate
to 42 bpm. Progressive slowing of her heart rate
continued requiring intravenous epinephrine and
external cardiac massage. Sinus tachycardia with
an adequate blood pressure was restored. Sponta-
neous respirations were maintained, and no
hypoxia was recorded. However, oral intubation
was performed without further sedation to secure
her airway.

Following intubation, the patient developed

ventricular tachycardia and was treated with a 100-
mg bolus of intravenous lidocaine followed by an
intravenous maintenance drip at 2 mg/min. While
the obstetrician closed the incision, an anesthesi-
ologist inserted a right internal jugular central
venous line and a CRNA inserted a left radial arte-
rial line. Arterial blood gases displayed a pH of
7.44, PCO2 of 30 mm Hg, PO2 of 171 mm Hg, and
HCO3 of 20, performed on 100% FIO2. The patient
was transferred to the surgical intensive care unit.
Laboratory results included normal electrolytes
and creatinine, a hemoglobin of 10.8 grams per-
cent, hematocrit of 31.4%, and platelet count of
197,000.

In the intensive care unit, a transthoracic
echocardiogram revealed hyperdynamic cardiac
contractility. This finding was interpreted as nor-
mal since studies using Doppler and m-mode
echocardiography have indicated that cardiac out-
put is 33% higher at term than in the nonpregnant
state.2 No fetal squamous cells were evident in the
patient’s blood after laboratory analysis. A mag-
netic resonance image of the head was normal. An
echocardiogram with Doppler flow repeated 2
days later confirmed normal ventricular function.
The right ventricular peak systolic pressure was
elevated at 40 mm Hg, and mild to moderate tri-
cuspid insufficiency was present. The clinical
examination and peripheral venous Doppler stud-
ies showed no evidence of peripheral venous
thrombotic disease.

The patient remained on a ventilator for 6
days, largely to secure her airway, while neurologic
status slowly improved. Gradual improvement in
gas exchange was noted with normalization of her
blood oxygenation. Her chest x-ray films showed
mild pulmonary edema that promptly resolved.
Upon extubation, she was alert and responded to
commands appropriately with occasional disorien-
tation. She showed continuous improvement in
strength, gait, and short-term memory and was
discharged home with full neurologic recovery 14
days after delivery.

Differential diagnosis
In a review of pregnancy-related mortality in

New York City in the 1980s, Syverson et al1

described the leading causes of death as complica-
tions of ectopic pregnancy, vascular embolism,
intrapartum cardiac arrest, and the neurologic
sequellae of hypertension. Expanding this list,
Dildy and Clark3 added trauma, congenital heart
disease, cardiomyopathy, complications of toco-



446 AANA Journal/October 2000/Vol. 68, No. 5

lytic treatment, cardiac tamponade, and acute
myocardial infarction. In considering the differen-
tial diagnosis, one may consider grouping the
diagnoses into maternal factors due to antecedent
disease (eg, acute myocardial infarction) and com-
plications of delivery (eg, hemorrhage and amni-
otic fluid or air embolism).

Preexisting maternal illness was not apparent
in this case. We clinically excluded cardiovascular
diseases associated with a high maternal risk,
including pulmonary hypertension, coarctation of
the aorta, and Marfan’s syndrome.4 Other less-
threatening maternal diseases that increase mater-
nal mortality including mitral stenosis, prosthetic
heart valves, tetralogy of Fallot, and previous
myocardial infarction were excluded as well. Vir-
tually all of these conditions are evident by clinical
history, echocardiograms, and electrocardiograms
and were not identified in our patient.

Most major hemorrhages complicating ec-
topic pregnancies occur in the first trimester.
Beyond this time, antepartum obstetric hemor-
rhage usually results from a disruption of the pla-
cental attachment site or uterine rupture. Clinical
shock virtually always preceeds circulatory and res-
piratory collapse and is unlikely until the blood
volume deficit approaches 25%.5 In the present
case, characterized by sudden, unprecedented cir-
culatory collapse, hemorrhage appears unlikely.
Serial hemoglobin studies failed to support a diag-
nosis of bleeding.

A primary cardiac arrhythmia was not evi-
dent during the course of the patient’s collapse.
Although sinus bradycardia was profound, the
heart rate clearly slowed incident to disturbed
maternal physiology following her collapse and
obtundation and not as a primary arrhythmia.
Similarly, the initial collapse and bradycardia
occurred without hypoxia relating to anesthetic
technique.

Having excluded preexisting maternal car-
diac or pulmonary disease and maternal hemor-
rhaging, the differential diagnosis of the present
case strongly favored an embolism in the pul-
monary circulation resulting in acute cardiorespi-
ratory collapse. The 3 major sources of pulmonary
embolism include thromboembolism, amniotic
fluid embolism, and air embolism. Each of these
represents a challenging diagnosis and may result
in a devastating obstetric syndrome.

Thrombotic embolism
According to Syversen et al,1 12.9% of mater-

nal mortality is due to embolism, at least half of
which is thrombotic in origin. Important predis-
posing factors include advanced maternal age and
preexisting venous thrombosis, the latter of which
occurs in approximately 0.29% of women present-
ing for delivery.6 Risk factors include a cesarean
delivery, prolonged immobilization, inherited
deficiencies in the natural inhibitors of coagula-
tion, pelvic trauma, ethnic background, and
higher parity. Pregnancy itself may enhance the
probability of thrombosis. Hemostatic changes
occurring during pregnancy include increased lev-
els of clotting factors, increased tissue thrombo-
plastin released into the circulation at placental
separation, venous stasis of the lower extremities,
and endothelial damage associated with parturi-
tion. Jeffries and Bochner7 and others have
reported that thromboembolism is 5 to 6 times
more frequent in pregnancy than in age-matched
nonpregnant females.8

The most common clinical findings suggest-
ing pulmonary thromboembolism include the
sudden onset of dyspnea and tachypnea. Pleuritic
chest pain, apprehension, and cough also are com-
mon. However, symptoms may be absent in as
many as 70% of patients with documented pul-
monary embolism.9

Major pulmonary embolism causing sudden
death in pregnancy is uncommon, however, com-
prising only 12.9% of deaths reported by Syverson
et al.1 The diagnosis of major pulmonary throm-
boembolism is supported by the findings of unex-
plained tachypnea or tachycardia, arterial oxygen
desaturation associated with a respiratory alkalo-
sis, and a normal chest x-ray film. Electrocardio-
graphic findings are nonspecific. The diagnosis is
confirmed by venography, ventilation-perfusion
lung scanning, and magnetic resonance angiogra-
phy. Rarely, pulmonary angiography may be
required.

The treatment of thromboembolism includes
anticoagulation, thrombolytic therapy, and, in
some cases, surgical embolectomy.7 General hemo-
dynamic support with inotropes, vasopressors,
and fluids also may be required. The specific ther-
apy of choice is anticoagulation with heparin, fol-
lowed by 6 months of warfarin anticoagulation. In
controlled, randomized trials comparing heparin
with thrombolytic therapy, mortality from the
acute embolic event was not significantly affected.7

However, pulmonary function may be better fol-
lowing therapy with thrombolytics. Surgical
embolectomy is rarely required for major pul-



AANA Journal/October 2000/Vol. 68, No. 5 447

monary embolism. In most patients who are resus-
citated from the acute event, surgery does not
improve survival better than continued conserva-
tive medical therapy. The survival rate is poor for
patients with massive embolism with prolonged
hemodynamic instability and may not be
improved significantly by surgery.

Prevention of thromboembolism includes
ensuring early ambulation, administering low-
dose subcutaneous heparin during times of immo-
bilization, and, in high-risk patients, applying com-
pression devices to the lower extremities.
Interruption of the inferior vena cava with an
umbrella filtration device may be life-saving in
patients at high risk for recurrent embolism who
cannot take anticoagulation or who re-embolize
despite adequate anticoagulation.8

Amniotic fluid embolism
Amniotic fluid embolism is responsible for

approximately 10% of the obstetrical deaths occur-
ring in the United States each year. The maternal
mortality for clinically diagnosed cases may
exceed 80%. The reported prevalence of this com-
plication is 1 occurrence in every 20,000 to 80,000
deliveries.10,11

Amniotic fluid increases from about 50 mL at
12 weeks’ gestation to about 1,000 mL at normal
term. The composition of amniotic fluid includes
prostaglandins F2 and E, sloughed-off cells from
the fetus including hair and skin, and occasionally
meconium. The fluid also is procoagulant, proba-
bly due to factor X-activating properties. For an
amniotic fluid embolus to occur, amniotic fluid
must enter the maternal circulation at a time when
a positive pressure gradient exists between the fetal
amniotic fluid and the maternal circulation.10

Certain clinical conditions may predispose
the patient to an amniotic fluid embolism. These
include advanced maternal age, multiparity, large
fetuses greater than 3 kg, and possibly the use of
uterine stimulants.10 These risk factors have been
contradicted by Clark et al,11 who maintain that no
demographic maternal risk factors that predis-
posed parturients to this syndrome could be iden-
tified in their study. In a study by Morgan,12 the
average patient was 32 years of age, and 90% of
cases occurred during active labor. Only 14% of
patients survived. Morgan named additional risk
factors including twins, post-term pregnancy, pla-
cental abnormalities, and preeclampsia.

The classic presentation for amniotic fluid
embolism includes sudden dyspnea, hypotension,
and hemodynamic collapse. The initial insult

occurs due to obstruction of pulmonary arterial
blood flow. The release of cellular mediators, such
as histamines, prostaglandins, and leukotrienes,
may play a role in perpetuating the overwhelming
ventilation-perfusion mismatch. Margarson13

stressed the importance of these and other medi-
ators that promote pulmonary arterial vasocon-
striction and generate microthromboemboli that
further aggravate hypoxia. Disseminated intravas-
cular coagulation may complicate up to 40% of
cases, adding to the morbidity and mortality of the
syndrome. Clark et al12 reported striking similari-
ties between amniotic fluid embolism and anaphy-
lactic shock, leading the authors to suggest a link
between the pathophysiologic mechanisms for
these conditions.

Certain diagnostic tests may be useful in eval-
uating patients with possible amniotic fluid
embolism. A lung ventilation-perfusion scan may
show multiple perfusion defects, although this is a
nonspecific finding also seen in thromboem-
bolism. Electrocardiographic changes, blood gas
derangements, and chest x-ray film findings are
also nonspecific. Finding fetal remnants in the
maternal circulation was once thought to be spe-
cific for amniotic fluid embolism. However, this
finding has been recognized in patients clearly
free of amniotic fluid emboli. In addition, the
finding is not highly sensitive for the diagnosis of
amniotic fluid embolism. In the study by Clark et
al,11 fetal remnants were found in pulmonary arte-
rial blood in only 50% of patients being resusci-
tated for an amniotic fluid embolism. This figure
rose to 73% when autopsies were performed.
According to Martin,10 no test provided a clear
diagnosis of the syndrome. Frequently, the diag-
nosis of amniotic fluid embolism in a woman
developing shock and respiratory failure during
delivery is made only after exclusion of other
causes.

The treatment of amniotic fluid embolism is
supportive and nonspecific. The basic principle of
therapy is to maintain appropriate oxygenation
and cardiac output. Intubation and mechanical
ventilation, often with positive end-expiratory
pressure, are frequently required. In most cases,
circulating blood volume should be increased with
crystalloids, guided by hemodynamic monitoring
as clinically indicated. Vasoactive drugs are fre-
quently necessary.10

Venous air embolism
Venous air embolism is the entrapment of air

from an entrance site into the venous system, pro-
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ducing a broad constellation of signs and symp-
toms due to obstruction of pulmonary arterial
blood flow. Neurosurgical procedures performed
in the sitting position have the highest rate of
venous air embolism. Approximately 10% of cervi-
cal laminectomies and as many as 80% of seated
posterior fossa surgeries may be complicated by
air embolism.14 Other high-risk situations include
laparoscopic surgical procedures and unprotected
vascular catheters that allow air entry to occur.
Malinow et al15 reported venous air embolism in
50% of women undergoing cesarean delivery.

Factors determining the morbidity and mor-
tality from venous air embolism are summarized
in Table 1. These include the rate of air entry, the
volume of air entrapped, and the position of the
patient when the event occurs.14 The amount of
entrapped air tolerated prior to circulatory arrest
may vary but has been reported to average 300
mL.16 Flanagan et al17 noted that a flow rate of 100
mL/s is required for significant events to evolve.
This can be achieved through a 14-gauge needle.
Conditions that predispose obstetrical patients to
venous air embolism include exposure of uterine
venous sinuses to air, uterine rupture, placenta
previa, abortion, exteriorization of the uterus, and
manual extraction of the placenta. For venous air
embolism to occur, a pressure gradient must also
exist between the surgical incision and the right
side of the heart.18 Gradients as small as 5 cm H2O
pressure have been shown to result in entrapment
of large amounts of air.19 Knee-chest and Trende-
lenberg positions, occasionally employed in the
obstetrical patient, may increase the air pressure
gradient.16

The major cause of death from air embolism
is circulatory arrest resulting from air entrapped
in the right ventricular outflow tract. This trapped
air in combination with pulmonary artery vaso-
constriction can result in acute cor pulmonale.
Right ventricular decompensation may then occur
due to an acute rise in right ventricular afterload.
Left ventricular filling severely decreases, and car-
diac output drops contributing to cardiac arrest.
An air-blood interaction also may occur causing
the production of fibrin clots that further obstruct
pulmonary blood flow. Rarely, paradoxical
embolism to the cerebral or coronary circulation,
microembolization to the pulmonary capillary cir-
culation, and the formation of subsequent
thrombi with additional obstruction have been
reported.20 Large emboli may cause paradoxical
embolization into the systemic arterial circulation
by acutely increasing right atrial pressure, facilitat-

ing a right-to-left shunt through a patent foramen
ovale or across an unrecognized atrial septal
defect.20 Of note, 25% of adults have a probe-
patent foramen ovale. This places them at
increased risk of arterial air embolism whenever
right atrial pressure exceeds left atrial pressure.

The signs and symptoms of air embolism are
summarized in Table 2. In the conscious patient,
symptoms of air embolism include tachypnea,
chest pain, and a sense of impending death. Signs
and symptoms in the sedated patient or the
patient under general anesthesia may not be as
obvious. Subtle findings may include tachycardia,
decreased end-tidal CO2, arterial oxygen desatura-
tion, atrial arrhythmias, atrioventricular block,
and rising pulmonary arterial pressures. However,
the most common initial manifestation is acute
cardiorespiratory arrest. Rare cases of fatal air
embolism have been reported several hours fol-
lowing cesarean delivery.20

The diagnosis of venous air embolism may be
very difficult. Although the actual sensitivities and

Table 1. Predicting the severity of venous air

embolism

• Volume of air embolus (lethal dose = 3-5 mL/kg)
• Rate of entry of air embolus
• Duration of air entrapment
• Patient’s general medical condition
• Patient’s body position
• Coexisting use of nitrous oxide

Table 2. Signs and symptoms of venous air

embolism

• Gasping
• Dyspnea
• Chest pain
• Hypotension
• Abruptly decreased ETCO2

• Decreased SaO2

• Electrocardiogram changes
• Elevated central venous pressure
• Increased pulmonary artery pressures
• Mill wheel murmur
• Cyanosis
• Cardiac arrest
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specificities of diagnostic tests are uncertain, the
transesophageal echocardiogram probably offers
the most sensitive measurement by visualizing air
entrapped within the right atrium or ventricle. A
transesophageal echocardiogram can detect as lit-
tle as .02 mL/kg of air administered by bolus injec-
tion.14 However, the transesophageal echocardio-
gram is invasive, expensive, and the risk of glottic
injury with prolonged use makes its use limited,
especially in obstetric patients who are frequently
awake under regional anesthesia. Standard pre-
cordial echocardiography is usually less sensitive
in detecting right ventricular anatomy, although
the sensitivity may be improved after careful
observation for right-sided, spontaneously occur-
ring contrast echoes due to microemboli.19 A pre-
cordial ultrasound Doppler study also may assist
in detecting air passing through the central circu-
lation. Pulmonary arterial monitoring may reveal
a sudden increase in pulmonary artery pressures
which, although nondiagnostic, is slightly more
sensitive than capnography and may raise the
index of suspicion in the appropriate surgical set-
ting. Finally, some authors recommend monitor-
ing of end-tidal CO2 as the most convenient and
practical routinely applied method of detecting air
emboli in any surgical position.17 As in any case, a
high index of suspicion may be the best route to
diagnosis.

The management of acute air embolism,
summarized in Table 3, primarily involves maneu-
vers designed to prevent further air entry into the
right ventricle and pulmonary artery. Maintaining
adequate ventilation will promote the removal of
small emboli by dispersion through lung vascula-
ture. Nitrous oxide should be discontinued
because it is more soluble in blood than nitrogen
and will rapidly dissolve into trapped air bubbles,
increasing the size of the embolus. In contrast,
100% oxygen promotes nitrogen diffusion out of
the bubbles and into the alveoli, decreasing the
size of the bubbles.19 Aspiration of air from an
appropriately placed right atrial catheter may be
helpful and can at times be guided by trans-
esophageal echocardiography. Aspiration of air
from the right atrium can only retrieve approxi-
mately 50% of the trapped air, but this volume
may be sufficient to prevent a fatal outcome. Most
important, the patient should be lowered immedi-
ately, if possible, into a position that places the
operative site below the level of the heart. In the
obstetrical patient, reverse Trendelenberg posi-
tion may prevent air from entering the right ven-
tricle. By lowering the uterus, the negative pres-

sure in the uterine sinuses induced by gravity is
eliminated. A left lateral tilt is employed in an
effort to break up the trapped air in the right ven-
tricle, force it into the pulmonary circulation, and
restore right ventricular blood flow.19 Concur-
rently, the surgical site should be immediately
flooded with saline to prevent further air entry.

Prevention of air entry into the vascular sys-
tem is an essential component of vigilant anesthe-
sia care. Pertinent preventive strategies include
maintaining generous hydration and compression
devices to maximize right atrial pressure and the
use of positive end-expiratory pressure to increase
right ventricular pressure. Careful attention to
open vascular beds with adequate application of
saline is essential. All surgical venous catheters
must be surveyed carefully to prevent disconnec-
tion with inadvertent air entry. Since there is no
therapeutic technique to prevent all venous air
emboli in obstetrical patients, avoiding the knee-
chest or Trendelenburg positions is important. It
has also been suggested that obstetricians should
avoid placing traction on and exteriorizing the
uterus.6 Use of this technique to initiate suturing
and decrease blood loss has become common
practice in the operating room. One explanation
is that traction might enlarge the uterine sinuses,
providing more exposure to air. Also, exterioriza-
tion raises the incisional area above the level of the
heart, increasing the hydrostatic gradient between
the 2 areas and promoting venous air embolism.16

Conclusions
We present a case of sudden cardiovascular

collapse during cesarean delivery in a young
woman without preexisting cardiac or pulmonary
disease. Common causes of an acute cardiopul-
monary collapse, including overwhelming mater-

Table 3. Therapy for venous air embolism in

pregnancy

• Maintain ventilation.
• Discontinue nitrous oxide.
• Administer 100% FIO2.

• Flood the surgical field with normal saline.
• Place a central venous pressure and attempt aspi-
ration of air from the right atrium.

• Place patient in reverse Trendelenburg position with
a 15° left-sided tilt.

• Administer advanced cardiac life support as
required.
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nal hemorrhage, an hypoxic event, acute brain
hemorrhage or infarction, or a primary cardiac
event, were excluded. In this setting, a pulmonary
embolus is strongly suggested. The differential
diagnosis includes thrombotic, amniotic fluid, and
air embolism. In our case, a thrombotic embolism
was unlikely due to the absence of peripheral
venous thrombosis and the recovery of the patient
without anticoagulation therapy. Amniotic fluid
embolism is difficult to exclude completely but
usually is accompanied by fetal squamous cells in
the maternal circulation and a coagulopathy fol-
lowing the event. Neither of these findings was
present in our case. Therefore, we strongly favored
venous air embolism to explain collapse in our
patient. A high index of clinical suspicion is always
required for air embolism because the presenta-
tion is usually sudden and catastrophic.
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