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ABSTRACT

Amniotic fluid embolism (hereafter, AFE) is a uniformly devastating event that is both un-
predictable and unpreventable. Despite having been first described nearly 80 years ago, it
remains a significant cause of maternal mortality worldwide. AFE is characterized by the triad
of sudden hypoxia and hypotension, followed in most cases by coagulopathy. The diagnosis of
AFE is clinical and prompt recognition and multi-disciplinary intervention essential. This paper
seeks to review the history, pathophysiology, potential risk factors, strategies for identification
and management, and outcomes of this unfortunate and storied obstetric emergency.
Keywords: Amniotic Fluid Embolism; Obstetric Emergency; Disseminated Intravascular Coag-
ulation; Anaphylactoid Syndrome of Pregnancy; Systemic Inflammatory Response Syndrome;
Critical Care in Pregnancy.

EMBOLIA DE LiQuIDD AMNIGTICO: PERSPECTIVA HISTGRICA, FISIOPATOLOGIA Y MANEIO
CLiNICO

REsuMEN

La embolia de liquido amnidtico (ELA) es una ocurrencia devastadora, impredecible y no pre-
venible. A pesar de haber sido descrita por primera vez hace casi 80 afios, todavia es causa
significativa de mortalidad materna en el mundo. La ELA se caracteriza por la triada con-
sistente en hipoxia subita e hipotensién, seguida en la mayorfa de casos por coagulopatia.
El diagnostico de la ELA es clinico, y es esencial su pronto reconocimiento y la intervencién
multidisciplinaria. Este articulo trata de revisar la historia, fisiopatologfa, factores de riesgo
potenciales, estrategias para su identificacién y manejo, asf como los resultados de esta des-
afortunada y antigua emergencia obstétrica.

Palabras clave: Liquido Amnidtico, Embolia; Emergencia Obstétrica; Coagulacion Intravascu-
lar Diseminada; Sindrome Anafilactoide del Embarazo; Sindrome de Respuesta Inflamatoria
Sistémica; Cuidados Criticos en la Gestacién.
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INTRODUCTION

Amniotic fluid embolism (hereafter, AFE) is a uni-
formly devastating event that is both unpredict-
able and unpreventable. Despite having been
first described nearly 80 years ago, it remains
a significant cause of maternal mortality world-
wide2. AFE is characterized by the triad of sud-
den hypoxia and hypotension, followed in most
cases by coagulopathy®. The diagnosis of AFE is
clinical and prompt recognition and multi-disci-
plinary intervention essential. This paper seeks
to review the history, pathophysiology, poten-
tial risk factors, strategies for identification and
management, and outcomes of this unfortunate
and storied obstetric emergency.

History

The history of AFE is as fascinating as it is infor-
mative, with our present understanding of the
disease owing much to its historical roots. Stein-
er and Lushbaugh coined the term amniotic fluid
embolism in 1941 when they reported eight cas-
es of ‘'maternal pulmonary embolism by amni-
otic fluid’ based on the histopathologic findings
at autopsy of components from the fetal com-
partment in the maternal pulmonary circulation.
Such components included: meconium mucous,
leukocytes, and squamous cells™. From Steiner
and Lushbaugh’s description and initial studies,
a relatively simple model of the pathophysiology
was developed and involved embolism of amniot-
ic fluid and associated components into the ma-
ternal circulation with subsequent obstruction of
the pulmonary vasculature and pulmonary arte-
rial blood flow causing hypoxia, heart failure and,
ultimately, maternal death®.

The basis of this pathophysiologic mechanism is
rooted in the assumption that neither amniotic flu-
id, nor its components, escape into the maternal
circulation during normal parturition - except in
those cases which have yielded a diagnosis of am-
niotic fluid embolism. This assumption was seem-
ingly confirmed by Sparr and Pritchard in 1958
following an inability to detect the presence of ra-
dioactively-labeled red blood cells in the maternal
circulation following delivery. The cells had been
tagged with chromium and injected into the amni-
otic cavity. From this, they concluded: “...the finding
of any amniotic fluid debris in the maternal lungs is
evidence of a pathologic process rather than mere-
ly an aftermath of normal labor and delivery."®.
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Animal studies seeking to confirm this mecha-
nism yielded markedly conflicting results, with
the injection of either autologous or heterolo-
gous amniotic fluid into the circulation of various
animal models producing a wide array of adverse
effects, up to and including sudden death of the
animal®. Of interest, only two studies were car-
ried out in primates and both demonstrated that
the intravenous injection of amniotic fluid was
entirely benign, without effect on monitored he-
modynamic or respiratory parameters®.

In the 1980s, the previously-held pathophysio-
logic basis of disease was further refuted by sev-
eral studies that (1) demonstrated the presence
of once-presumed etiologic squamous cells in
the pulmonary arterial circulation of universal-
ly all pregnant patients and (2) described similar
clinical presentations and outcomes in patients
with conditions unrelated to AFE®. These find-
ings called into question the long-held assump-
tion about the mechanisms of disease and have
led to notable advances in our present under-
standing of the disease and its management.

PATHOPHYsIOLOGY & Risk FACTORS

Our present understanding of the pathophysi-
ology of AFE is not entirely different from that
proposed in generations past. Essentially, mech-
anism seems to hinge on the entrance of materi-
alsfrom the fetal compartmentinto the maternal
circulation that, in a rare minority of parturients,
provoke an anaphylactoid-like response that cul-
minates in a clinical picture resembling the sys-
temic inflammatory response syndrome (SIRS)
(Figure 1)®. The clinical triad of hypoxemia, hy-
potension, and coagulopathy, though non-spe-
cific, remains the hallmark of AFE. As such, AFE
must be considered in the differential diagnosis
for any pregnant or recently postpartum patient
who presents with these clinical findings.

AFE has been documented at the time of both
vaginal and cesarean deliveries, as well as in
case reports following amniocentesis and termi-
nation of pregnancy‘®. Abenhaim, et al. (2008)
evaluated the incidence and risk factors of AFE
over the course of 4 years from 1999 - 2003, en-
compassing nearly 3 million births in the United
States. Their study determined the incidence to
be 7.7 per 100 000 deliveries, with a case fatali-
ty rate of nearly 22%. They concluded that AFE
is a rare but serious entity that appeared to be
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FIGUREL. PATHOPHYSIOLOGY & CLINICAL RESPONSE TO SUSPECTED AFE.
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Adapted from: SMFM Amniotic fluid embolism: diagnosis and management. Am | Obstet Gynecol 2016.
* Adapted from: Clark Amniotic fluid embolism. Obstet & Gynecol 2008, 123(2)337-48.

associated with abnormal placentation - specifi-
cally placenta previa and abruptio placentae, ad-
vanced maternal age, and cesarean delivery‘™.
Their study did not find, as some have suggested
in the past, an association of medical induction
of labor with risk for AFE!2).

Concerningly, current trends in obstetrics mirror
the independently-associated risk factors for AFE,
with increasing maternal age and a trend towards
a greater percentage of operative or cesarean de-
liveries, which predispose patients to placental
problems in subsequent pregnancies. As a result,
the practicing obstetrician must be aware of AFE
and understand not only the pathophysiology
but the multidisciplinary management necessary
in the acute setting to prevent maternal death.
The remainder of this document seeks to provide
the practicing clinician with a guide for recogni-
tion and management of AFE.

CLINICAL FEATURES

The classic triad of AFE is hypotension, hypox-
emia, and coagulopathy. Prevention of severe
maternal and/or fetal morbidity or mortality re-
quires prompt recognition and multi-disciplinary
intervention (Figure 1). Analysis of the national
registry by Clark, et al. (1995) found that 70% of
AFE occur during labor, 11% immediately follow-
ing vaginal delivery and 19% at time of cesarean
delivery®.

Case reports have demonstrated the patients
may have sudden-onset anxiety, mental status
changes, anxiety, or sense of impending doom
immediately preceding objective clinical find-
ings in AFE®). Clinically, AFE may present with
dyspnea, frothing from the mouth, cyanosis, or
bleeding from incision or intravenous sites. Fetal
monitoring will present with loss of variability,
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decelerations, and terminal bradycardial?. These
findings are the result of oxygen being shunted
away from the uterus in the acute phase of the
event. Tocometric monitoring may reveal uter-
ine tachysystole in the moments immediately
before cardiovascular collapse®.

MANAGEMENT

Obstetric providers must be aware of AFE as a clin-
ical entity such that it can be recognized early and
also so those caring for parturients know how to
respond in order to best minimize obstetric and
neonatal morbidity and mortality. A patient sus-
pected of having an AFE needs to be evaluated
by an obstetric care provider immediately. Ma-
ternal and fetal clinical status should be quickly
assessed. Clinical signs and symptoms consistent
with potential AFE should prompt a series of over-
lapping events (Figure 1), starting with concurrent
initiation of maternal cardio-pulmonary resuscita-
tion (CPR) and recruitment of needed help.

Simultaneously, neonatal and anesthesia care
providers should be notified along with mater-
nal-fetal medicine subspecialists and intensive
care providers. Furthermore, obstetric care pro-
viders should assess the patient’s labor course
and make preparations for either expeditious
operative vaginal delivery or emergent cesarean
delivery for the un-delivered patient with a via-
ble fetus.

With regard to CPR, the Figure 1 details the ba-
sic components of what has been termed ‘'high
quality CPR in pregnancy.™. Importantly, prepa-
rations for the delivery of the viable fetus must be
made simultaneously with initiation of CPR. Via-
bility is determined by estimated gestational age
at which neonatal resuscitation is possible. If an
operative vaginal delivery by vacuum or forceps is
not possible, plans must be made for perimortem
emergent cesarean delivery. Emergent cesarean
delivery should be embarked upon after four
minutes of CPR fails to establish spontaneous cir-
culation®?. Delivery of the viable fetus may assist
resuscitative efforts by removal of compression
on the vena cava. However, cesarean delivery or
laceration at time of operative vaginal delivery
may worsen associated coagulopathy.

In addition to CPR and fetal assessment, care
providers must also be cognizant of means nec-
essary to address associated right and left-sid-
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ed cardiac failure, subsequent hemodynamic
instability, and the likely ensuing coagulopathy.
With particular respect to cardiac function, in-
creased levels of pulmonary vasoconstrictors,
as well as potential mechanical obstruction of
pulmonary vasculature from fetal cellular debris
may initially cause acute right ventricular failure
and respiratory failure with acute hypoxemia.
This is characteristic of the first phase of hemo-
dynamic changes associated with AFE. Bedside
echocardiogram may confirm these findings, but
is not necessary. The second phase of hemo-
dynamic changes is related to left-sided heart
failure which ensues following right ventricular
infarction. With left-sided failure comes hemo-
dynamicinstability, manifest as decreased cardi-
ac output and systemic hypotension. Excessive
fluid administration should be avoided. Instead,
right ventricular failure should be treated with
intropes, such as dobutamine or milrinone. In-
halational nitric oxide may be administered to
decrease pulmonary afterload. Left ventricu-
lar failure and systemic hypotension should be
treated with norepinephrine®@.

Coagulopathy (Figure 1) arises after the amniotic
fluid activation of platelets and clotting cascade
produces a consumptive coagulopathy leading
to disseminated intravascular coagulation, which
ultimately leads to end-organ damage and sub-
sequent multi-organ failure. Furthermore, hem-
orrhage is common in AFE with bleeding from
incision and/or laceration sites or intravenous ac-
cess sites. Uterine atony is common and should
be aggressively managed. The clinician must also
search for and treat sources of bleeding that are
not related to DIC, such as uterine rupture or vag-
inal laceration as they will contribute to ongoing
coagulopathy. Treating clinicians should activate
their local variant of the massive transfusion pro-
tocol, replacing red blood cells, fresh frozen plas-
ma, and platelets in a 1:1:1 ratio®?.

CoNCLUSIONS

AFE as a disease has had a storied history. We
now know that amniotic fluid or fetal debris in
the maternal circulation is neither sufficient to
provoke clinical phenotype nor is it diagnostic.
AFE is both rare and lethal. It is a true obstetric
emergency. Risk factors for AFE, including ad-
vanced maternal age, cesarean delivery, or pla-
cental problems are all rising in incidence in the
general obstetric population and may lead to an
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increase in the incidence of AFE. As a result, all
clinicians providing care to the parturient must
be aware of AFE as a clinical entity and have ba-
sic knowledge of how to immediately recognize
and promptly intervene to the benefit of the ex-
pectant and her fetus.
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