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ABSTRACT

Amniotic fluid embolism (AFE) is a catastrophic syndrome occurring
during labor and delivery or immediately postpartum. Amniotic
fluid embolism is an important cause of maternal deaths in de-
veloped countries. It has high morbidity and mortality rate. The
associated mortality and morbidity have decreased dramatically in
recent times, such that recent reported maternal mortality is now
in the order of 16%. The true incidence is unclear because this
syndrome is difficult to identify and the diagnosis remains one
of exclusion, with possible under-reporting of nonfatal cases. The
pathophysiology of AFE remains unclear. Amniotic fluid embolism
occurs when there is a breach in the barrier between the maternal
circulation and amniotic fluid. Two separate life-threatening pro-
cesses seem to occur either simultaneously or in sequence, namely,
cardiorespiratory collapse and coagulopathy. The symptoms of AFE
commonly occur during labor and delivery or in the immediate
postpartum period. Most cases (80%) occur during labor, but it
can occur either before labor (20%) or after delivery. About 25%
of patients will die within 1 hour of onset. The classic clinical
presentation of AFE is that of sudden onset of dyspnea, respira-
tory failure and hypotension followed by cardiovascular collapse,
disseminated intravascular coagulation and death. AFE is poorly
understood and diagnosed largely by exclusion. Presently, the AFE
diagnosis is not based on any clinical or laboratory finding. The
treatment is still not causative but supportive and focuses ini-
tially on rapid maternal cardiopulmonary stabilization. The most
important goal of therapy is to prevent additional hypoxia and
subsequent end-organ failure. The prognosis and mortality of AFE
have improved significantly with early diagnosis of AFE and prompt
and early resuscitative measures.

Keywords: Amniotic fluid embolism, cardiorespiratory collapse,
coagulopathy, disseminated intravascular coagulation .
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INTRODUCTION

Amniotic fluid embolism (AFE) is a catastrophic syn-
drome occurring during labor and delivery or im-
mediately postpartum. Although presenting symptoms
may vary, common clinical features include shortness
of breath, altered mental status followed by sudden
cardiovascular collapse, disseminated intravascular
coagulation (DIC), and maternal death(1). The syn-
drome of AFE was first described by Meyer in 1926
(2). It became an established clinical entity in 1941
after Steiner and Luschbaugh (3) published a mater-
nal mortality case series that included eight wom-
en who had squamous cells and mucin, presumably
of fetal origin, within their pulmonary vasculature.
The authors postulated that these histologic findings
formed the basis of a clinical syndrome characterized
by sudden shock and pulmonary edema during labor
that ultimately resulted in maternal death.

Amniotic fluid embolism is an important cause of ma-
ternal deaths in developed countries. It has high mor-
bidity and mortality rate. The associated mortality
and morbidity have decreased dramatically in recent
times, such that recent reported maternal mortality
is now in the order of 16% (4). Entry criteria consist
of the presence of the following 4 factors:

1. Acute hypotension or cardiac arrest
2. Acute hypoxia

3. Coagulopathy or severe clinical hemorrhage in the
absence of other explanations

4. All of these occurring during labor, cesarean deliv-
ery, or D&C or within 30 minutes postpartum with
no other explanation for the findings(5).

EPIDEMIOLOGY

The true incidence is not known because of inac-
curacies in reporting maternal deaths, lack of data
from nonfatal cases, and the fact that AFE is difficult
to identify and remains a diagnosis of exclusion. In
Morgan’s series (6) of 272 cases the incidence is re-
ported to range between 1:8000 and 1:80,000, with a
maternal mortality of 86%. It is responsible for 10% of
all maternal deaths in the United States (7). Burrows
and Khoo (8) published a series of ten cases of AFE
with a maternal mortality rate of 22%.The syndrome
typically occurs during labor, soon after vaginal or ce-
sarean delivery, or during second-trimester dilatation
and evacuation procedures. In the national registry,
70% of the cases occurred during labor, 19% were
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recorded during cesarean delivery, and 11% occurred
after vaginal delivery (9). All of the cases noted dur-
ing cesarean section had their onset soon after deliv-
ery of the infant. Despite technological advances in
critical care life support, the maternal mortality rate
for AFE remains around 61%; a large percentage of
survivors have permanent hypoxia-induced neurologi-
cal damage. The fetal mortality rate, although better
than the maternal rate, is a dismal 21%, and 50% of
the surviving neonates experience permanent neu-
rological injury (9,10). Recently, the mortality rates
of AFE have decreased because of better critical
care and early diagnosis. The critical care, multidisci-
plinary approach to the treatment of AFE is becoming
more widely available. The neonatal survival rate was
95% and routine discharge was reported in 72% (8).
Neonatal outcome was only marginally better, with
a survival rate of undelivered fetuses at the time of
AFE of 79%, in which only 50% of those infants were
normal at discharge (9).

DESCRIPTION and ETIOLOGY

Normally, amniotic fluid does not enter the mater-
nal circulation because it is contained safely within
the uterus, sealed off by the amniotic sac. AFE oc-
curs when the barrier between amniotic fluid and
maternal circulation is broken and, possibly under
a pressure gradient, fluid abnormally enters the ma-
ternal venous system via the endocervical veins, the
placental site (if placenta is separated), or a uterine
trauma site(11). Why this entry into maternal circula-
tion occurs in some women and not in others is not
clearly understood (10). Clark et al.(9) contend that
AFE more closely resembles an anaphylactic reac-
tion to fetal debris than an embolic event, and they
propose the term "anaphylac-toid syndrome of preg-
nancy” instead of AFE. The exact mechanism of this
anaphylactoid reaction to amniotic fluid is not clearly
understood. Predisposing factors once considered to
be associated with AFE include placental abruption,
uterine overdistention, fetal death, trauma, turbulent
labor oxytocin-stimulated labor, multiparity, male fe-
tus, cesarean delivery, advanced maternal age, pro-
longed gestation, instrumental vaginal delivery, ec-
lampsia, polyhydramnios, fetal distress, large fetal
size, high cervical laceration, premature separation
of the placenta and rupture of membranes (12-15).
The presence of a large or dead fetus and meconium
staining of the amniotic fluid are also felt to increase
the risk (5) (Table 1).
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Table 1. Risk factors of amniotic fluid embolism.

Older age

Multiparity

Physiologic intense uterine contractions
Medical induction of labour
Instrumental vaginal delivery
Prolonged gestation

Cesarean section

Uterine rupture
Polyhydramnios

High cervical tears

Premature placental separation

Intrauterine fetal death

Large fetal size

Meconium staining of the amniotic fluid
Placental abruption

Eclampsia

Fetal distress

Trauma to abdomen

Surgical intervention

Saline amnioinfusion

Male fetus meconium

CLINICAL PRESENTATION

One of the major factors that makes AFE so devastat-
ing is its total unpredictability. AFE typically occurs
during labor and delivery or in the immediate post-
partum period. Exceptions to this timing of onset are
rare but cases have been reported in the late post-
partum period, after cesarean delivery, amniocente-
sis, (16) removal of the placenta, or with therapeutic
abortions.(17). Other cases have been associated with
abdominal trauma,(18) cervical suture removal, rup-
tured uterus or intrapartum amnioinfusion.

The classic presentation of AFE is described as sud-
den, profound, and unexpected dyspnea, respira-
tory failure hypotension followed by cardiovascular
collapse disseminated intravascular coagulation and
death (3). In Morgan’s series, the presenting symptom
was respiratory distress in 51% of the patients, hypo-
tension in 27%, coagulation abnormality in 12%, and
seizures in 10%. Analysis of Clarke’s national registry
reveals that of the women presenting before delivery,
the presenting symptom was seizures or seizure like
activity 30%, dyspnea 27%, fetal bradycardia 17%, and
hypotension in 13%. Of those who developed symp-
toms after delivery, 54% presented with an isolated
coagulopathy resulting in postpartum hemorrhage (9)
(Table 2).

There are 3 identified phases of AFE in humans.
Phase 1 includes;

1. Respiratory-distress and cyanosis,

2. Hemodynamic-pulmonary edema and hemorrhagic
shock,

3. Neurologic- confusion and coma.

These manifestations can occur in combination, sepa-
rately, and in different magnitudes. If patients survive

110

Table 2. Cardinal criteria of amniotic fluid embolism.

* Acute hypoxia diagnosed by dyspnea cyanosis, and/
or respiratory arrest

o Shock (typically obstructive, cardiogenic, or dis-
tributive. Acute hipotansion and/or cardiac arrest)

o Coagulopathy severe clinical hemorrhage/ dissemi-
nated intravascular coagulation

o Altered mental status /hypoxic encephalopathy

o All of these occurring during labor, cesarean
delivery, or dilatation and evacuation or within 30
minutes postpartum with no other explanatiovn
for the findings

o Seizure activity, confusion, agitation, constitu-
tional (fever, chills, headache, nausea, vomiting),
evidence of fetal distress (late decelerations,
bradycardia) , other common presenting signs and
symptoms

the initial cardiorespiratory insult, 40% to 50% prog-
ress into phase 2, which is characterized by coagulop-
athy, hemorrhage, and shock. In phase 2, left-sided
heart failure is evident and is the most reported sign
in humans. Increases in pulmonary capillary wedge
pressure, PA pressure and central venous pressure
are characteristic of pulmonary edema. In phase 3,
acute symptoms have passed and injury to the brain
lung and renal systems already established. Phase 3
may last weeks, and patients may die as a result of
severe brain and lung injury. Infection and multiple
organ system failure also may cause death (19).

PATHOPHISIOLOGY

The pathophysiology of AFE is multifactorial, poorly
understood and speculative; various theories have
been published. Gei and Hankins (20) proposed a
pathophysiological course. Three distinct responses
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or a combination of clinical responses to circulating
fetal debris are suggested. The initial respiratory
reaction possibly begins with transient pulmonary va-
sospasm (21) may be caused by amniotic microemboli
that trigger the release of arachidonic acid metabo-
litesb (22) and lead to pulmonary hypertension, intra-
pulmonary shunting, bronchoconstriction, and severe
hypoxia (21) Exactly which components of amniot-
ic fluid actually cause this effect is unknown (10).
The conventional explanation states that particulate
matter such as fetal squamous cells, lanugo, and
meconium contained in the amniotic fluid produce
pulmonary vascular obstructions that lead to pulmo-
nary hypertension, right- and left-sided heart failure,
hypotension, and death. However, current evidence
suggests that a mechanical origin is less likely than
an immunologic reaction. In this model, pulmonary
vasospasm causes a physiologic pulmonary artery ob-
struction as a reaction to abnormal substances such
as leukotrienes and metabolites of arachnoid acid
in the amniotic fluid (23). The second manifesta-
tion includes negative inotropism and left ventricular
failure resulting in increasing pulmonary edema and
hypotension quickly leading to shock. The third mani-
festation is a neurological response to the respiratory
and hemodynamic injury, which may include seizures,
confusion, or coma(20). About 40% to 50% of patients
who survive to this point have severe coagulopa-
thy, usually disseminated intravascular coagulation,
which results in uncontrollable uterine bleeding along
with bleeding from puncture sites such as insertion

sites for intravenous and epidural catheters(20) This
coagulopathy is thought to be precipitated by sev-
eral procoagulant components of amniotic fluid, most
notably thromboplastin, which initiate the extrinsic
pathway of the clotting cascade and result in exces-
sive fibrinolytic activity (20,24,25,26) (Table 3).

DIAGNOSIS

Immediate recognition and diagnosis of AFE is essen-
tial to improve maternal and fetal outcomes.AFE is
poorly understood and diagnosed largely by exclusion.
Presently, the AFE diagnosis is not based on any clini-
cal or laboratory finding. The differential diagnosis
includes air or thrombotic pulmonary emboli, septic
shock, acute myocardial infarction, cardiomyopathy,
anaphylaxis, aspiration, placental abruption, eclamp-
sia, uterine rupture, transfusion reaction and local
anaesthetic toxicity (27) )(Table 4). The diagnosis of
amniotic fluid embolism should be considered when a
pregnant woman with one or more of these risk fac-
tors suddenly deteriorates with respiratory distress,
bleeding or shock. Several methods have been sug-
gested for the diagnosis of amniotic fluid embolism
but no diagnostic test is reliable (28). The initial
presenting signs are often seen on the electrocardio-
gram and the pulse oximeter. The electrocardiogram
may show tachycardia with a right strain pattern and
ST-T wave changes, and pulse oximetry may reveal a
sudden drop in oxygen saturation (5). Although most
patients initially present with cardiac and respiratory
failure, there is a subset of patients in whom severe

Table 3. Pathophysiology of amniotic fluid embolism (10).

Progression of events:

1.

For reasons not completely understood, amniotic fluid reaches the maternal intravascular compartment (systemic
venous system).

. The amniotic fluid enters pulmonary circulation via the pulmonary artery. This contaminated blood crosses to the

left atrium through a patent foramen and probably through intrapulmonary shunts once the embolism is signifi-
cant, as shown in cases of massive amniotic fluid embolism at autopsy.

. The exposure of the pulmonary vasculature to both soluble (leukotrienes, surfactant, thromboxane A2, endothe-

lin, etc.) and insoluble components (squames, vernix, hair, mucin, etc.) of the amniotic fluid and possibly other
mediators released locally induces capillary leak, negative inotropism, and bronchospasm. This results in sudden
onset of respiratory distress and cyanosis.

. Within minutes, the negative inotropic effect becomes prevalent (probably due to myocardial ischemia). Pulmo-

nary venous pressure (congestion) increases and a drop in cardiac output are manifested by pulmonary edema
and hypotension to the point of shock.

. The exposure of the intravascular compartment to amniotic fluid thromboplastin and to other mediators freed

in the circulation by the presence of amniotic fluid induces a consumptive coagulopathy in a large proportion of
the first-phase survivors. This disseminated intravascular coagulation often results in severe uterine bleeding.

. The resultant systemic hypotension decreases the uterine perfusion. Abnormalities of the fetal heart tracing will

rapidly follow and may result in fetal death.
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Table 4. Differential diagnosis of amniotic fluid
embolism.

Pulmonary thromboembolism
Air embolism

Transfusion reaction
Hemorrhage

Anaphylaxis

Cardiomyopathy,

Myocardial infarction

Septic shock

Uterine rupture

Eclampsia

Placental abruption
Anesthetic complications
Aspiration of gastric contents
Systemic inflammatory response syndrome

hemorrhage with DIC may be the first sign. The clini-
cal diagnosis is made most frequently in 65-70% of
cases during labor and much less frequently, in 11%
of cases, in the postpartum patient (29).

There are no specific laboratory tests that confirm
the diagnosis of AFE, but some tests may support the
diagnosis. Initial laboratory data should include an
arterial blood gas to determine adequacy of ventila-
tion and the degree of hypoxemia (29). Diagnostic
markers for amniotic fluid embolism based on periph-
eral blood samples have also been introduced. These
include sialyl Tn (STN), zinc coproporphyrin and com-
plement factor consumption (30, 31). Significantly
higher serum STN levels were found in patients with
clinically apparent AFE than in controls (32). It has
recently been demonstrated that the monoclonal an-
tibody THK-2 may be a specific pathologic marker for
amniotic fluid embolism (32, 33). Another suggestion
is that finding fetal megakarycytes and syncytiotro-
phoblastic cells in the maternal pulmonary circulation
by monoclonal antibodies (CD-61—GPllla, p-hCG, and
factor VIII-vW hPL antibodies) may be diagnostic (34).
The most reliable laboratory test to evaluate the de-
velopment of DIC are the AT-1ll level, fibrinopeptide
A level, D-dimer level, prothrombin fragment 1.2 (PF
1.2), thrombin precursor protein, and platelet count.
More global tests, including the PT, PTT, and fibrino-
gen level are helpful if abnormal; however, these
tests may frequently be normal in DIC (15).

When correlated with clinical signs and symptoms,
other diagnostic tools may be employed to support
the presumptive diagnosis of AFE. Echocardiography

112

showed severe pulmonary hypertension and right ven-
tricular dilatation, with a displaced intraventricular
septum pressing on the left ventricle (35). Trans-
esophageal echocardiography performed during the
acute presentation of AFE was reported in case re-
ports. In this reports, the trans-esophageal echo-
cardiography showed right ventricular failure with
leftward deviation of the interventricular septum and
severe tricuspid regurgitation (36). Chest radiography
is a helpful diagnostic tool, but it is limited by a lack
of specificity. In mothers with AFE, 24% to 93% show
pulmonary edema that presents as acute respiratory
distress syndrome on chest radiograph (37). However,
multiple patchy, nodular infiltrates and small pleural
effusion could occur in chest x-ray (35).

Lung pathology may reveal gross findings of edema or
hemorrhage, but the lung may have a normal appear-
ance. Histological examination demonstrates foreign
material in the pulmonary capillaries, arterioles, and
arteries. Special stains such as TKH-2, a monoclo-
nal antibody to fetal glycopreotein sialyl Tn antigen
have been applied to pathologic specimens and also
evaluated in maternal serum has not been validated
and is not currently recommended for diagnosing the
syndrome (38).

TREATMENT

The treatment is still not causative but supportive
and focuses initially on rapid maternal cardiopulmo-
nary stabilization. The majority of patients will re-
quire intensive care unit admission after initial stabi-
lization(39). The most important goal of therapy is to
prevent additional hypoxia and subsequent end-organ
failure(29). Despite the decline in mortality, no new
therapies have emerged and treatment remains es-
sentially supportive (Table 5). Aggressive resuscitation
may be indicated depending on the clinical presenta-
tion. Management strategies is improve oxygenation,
support circulation, and correct the coagulopathy.
When clinically possible, an arterial line and a pulmo-
nary artery catheter should be placed to help guide
the therapy (40). If the fetus is sufficiently mature
and is undelivered at the time of maternal cardiac
arrest, Cesarean section should be instituted as soon
as possible (41). Maternal oxygenation up to an arte-
rial oxygen tension of more than 60 mmHg should be
achieved by administering oxygen via a face mask to
all awake patients. Tracheal intubation and mechani-
cal ventilation using 100% oxygen should be instituted
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Table 5. General supportive measures in the treatment of amniotic fluid embolism.

. Treat hypoxia with 100% oxygen.

. Treat hypotension by fluid resuscitation with isotonic solutions and vasopressors.

1

2

3. Treat left ventricular diminished contractility with fluids and inotropic therapy.

4. Treat DIC and coagulopathy with FFP, cryoprecipitate, fibrinogen and factor replacement.
5

. Treat hemorrhage with RBC transfusions and thrombocytopenia with platelets.

DIC: Disseminated intravascular coagulation; FFP: Fresh frozen plasma; RBC: Red blood cells.

in patients with refractory hypoxemia, seizures, or
in comatose patients (42). Vasoactive drug therapy
must be tailored to the clinical situation. To enhance
cardiac output and support blood pressure, dopamine
is suggested, although in severe shock epinephrine or
norepinephrine may be ideal agents because of the
additional p-adrenerjic effects, which improve cardiac
function in addition to the a-adrenerjik vasoconstric-
tor effects. Inotropic support with dobutamine or mil-
rinone may be needed for inotropic support(29). Other
treatment modalities that might have been beneficial
for sever pulmonary hypertension include nitric ox-
ide, as a selective pulmonary vasodilator, prostacyclin
and sildenafil (43). In less than 4 h, half of the pa-
tients who survive the initial phase go on to develop
DIC, with massive haemorrhage (3). Therefore, blood
products should be prepared ahead of time, and re-
placement with typed and crossed packed red blood
cells, or with O-negative blood, is essential (44).
Treatment of DIC requires transfusion of packed red
blood cells and blood products. Large-bore intrave-
nous access is essential because massive transfusion
may be required (45). Platelets, cryoprecipitate, and
fresh frozen plasma should be administered as guided
by laboratory assessment of the prothrombin time/
partial thromboplastin time, fibrinogen, and fibrin and
fibrin degradation products. In literature, treatment
of AFE have described the use of plasma exchange,
cardiopulmonary bypass, aprotinin and recombinant
activated factor seven (rVlla) in the management
of the associated coagulopathy (46-48). The success-
ful use of uterine arterial embolization to control
massive bleeding in two cases of AFE is described
(49). During cardiopulmonary resuscitation and chest
compressions and before delivery, the uterus should
be displaced to the left to avoid compression of the
aorta and the inferior cava that compromise mater-
nal venous return to the heart. The uterus can be
displaced manually or by placing a wedge under the
woman’s right hip (29) (Table 6).
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Table 6. Newer strategies in the treatment of amni-
otic fluid embolism.
1. Intra-aortic balloon counterpulsation (54)
2. Extracorporeal membrane oxygenation (54)
3. Cardiopulmonary bypass (46)
4. Plasma exchange transfusions (55,56)
5. Uterine artery embolization (53,57)
6. Continuous hemofiltration (56)
7. Cell-salvage combined with blood filtration (44)
8. Serum protease inhibitors (41)
9. Inhaled nitric oxide (41)
10. Inhaled prostacyclin (41)
11. Application sildenafil (46)
12. High-dose corticosteroids (41)
PROGNOSIS

Patients with AFE have a very poor prognosis .To this
date, this syndrome cannot be predicted or prevent-
ed. AFE remains one of the most feared and lethal
complications of pregnancy. The prognosis and mor-
tality of AFE have improved significantly with early
diagnosis of AFE and prompt and early resuscitative
measures. Although mortality rates have declined,
morbidity remains high with sever sequel, particularly
neurologic impairment. Corticosteroid therapy may be
administered immediately before amniocentesis and
delivery to minimize the theoretical potential of a
recurrence (50). Parturient with a known history of
atopy or anaphylaxis are also at a high risk of AFE.
In the National Amniotic Fluid Embolism Registry, a
known history of drug allergy and atopy was found in
41% of the 46 patients with

AFE (9). However, the mainstay of a successful out-
come remains the identification of high risk patients.
In some cases, death is inevitable despite early and
appropriate management. Neonatal survival is report-
ed at 70%. Although there are many new develop-
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ments with respect to our knowledge of the diseases,
AFE continues to be a catastrophic illness requiring a
high index of suspicion, a multidisciplinary approach,
and rapid resuscitation efforts in order to have a
desirable clinical outcome (29). Ideal management
includes prompt evaluation of and intervention for
each of the pathologic events found in this complex
obstetric condition (1).

FETAL CONSIDERATIONS

In some instances, and of course most favorable for
the fetus, AFE does not occur until after delivery.
When AFE occurs before or during delivery, however,
the fetus is in grave danger from the onset because
of the maternal cardiopulmonary crisis. In addition
to concern for fetal well-being, delivery of the fetus
increases the chances for a good outcome for the
mother because the weight of the gravid uterus on
the inferior vena cava impedes blood return to the
heart and decreases systemic blood pressure (25,51).
Therefore, as soon as the mother’s condition is stabi-
lized, delivery of the viable infant should be expedit-
ed. If resuscitation of the mother is futile, an emer-
gency bedside cesarean delivery may be necessary to
save the infant. Undeniably, the sooner after maternal
cardiopulmonary arrest that the fetus is delivered, the
more favorable is the fetal outcome. (9,52) Therefore,
as difficult as it may be, and even though the mother
may be viewed as the primary patient, prolonged re-
suscitation efforts should be discouraged (10).
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