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Amniotic fluid embolism (AFE) is a cata-
strophic complication unique to the obstetric 
patient characterized by acute cardiovascular 
collapse and a profound coagulopathy.1 While 
AFE is rare, with an incidence of 1–2/100,000 
pregnancies, it is associated with a mortality or 
permanent neurologic injury rate of 30–40%.1,2 
AFE is the second leading cause of maternal 
death on the day of delivery in the United 
States.3 Early recognition and goal-directed 
treatment of suspected AFE is critical to suc-
cessful management and decreasing morbidity. 
Women who die of AFE are less likely than 
those who survive to have an obstetrician or 
anesthesia professional present at the time of 
AFE,2 highlighting the critical role for early rec-
ognition. Despite being recognized as a syn-
drome for nearly 100 years, the etiology of AFE 
remains elusive, the diagnosis remains clinical, 
and management is entirely supportive. The 
goal of this article is to review the presentation, 
differential, and initial management of AFE as 
well as to discuss potential avenues to further 
our understanding and management of this 
rare, but potentially fatal syndrome. Given the 
critical need for timely and focused intervention 
for AFE, the development of facility-specific 
cognitive aids is recommended to assist in ini-
tial management.4

The historical lack of consistent criteria for 
diagnosing AFE has made it challenging to 
define the true incidence of the syndrome and 
has hampered efforts to evaluate treatment 
strategies. AFE is a clinical diagnosis based on 
cardiorespiratory collapse and coagulopathy in 
the absence of other conditions sufficient to 
explain these symptoms: there are no serum or 
histologic findings specific to AFE. The need to 
rely on clinical criteria has likely resulted in both 
over- and underdiagnosis, with underdiagnosis 
of mild cases as well as inappropriate diagnosis 
of AFE in women who become critically ill from 
other causes. Given that AFE is considered the 
least preventable cause of maternal mortality,5 
there may be additional medical legal pressure 
to diagnose AFE in some cases of maternal 
mortality. Furthermore, international criteria for 
diagnosis of AFE vary considerably,2 and some 
definitions include the presence of fetal epithe-
lial cells in post-mortem histopathologic sam-
ples from maternal lungs, despite evidence that 
the presence of fetal epithelial cells in the 
maternal pulmonary circulation is neither spe-
cific nor sensitive for AFE.6,7 In an effort to stan-
dardize diagnosis and reporting of AFE for 
research purposes, an expert panel convened 
by the Society for Maternal-Fetal Medicine and 

by an expert panel assembled by the Interna-
tional Network of Obstetric Surveillance Sys-
tems (INOSS): acute cardiorespiratory collapse 
within 6 hours after labor, delivery or ruptured 
membranes, with no other identifiable cause, 
followed by acute coagulopathy in those 
women who survive the initial event.10 In an 
analysis of cases submitted to the United States 
AFE registry, 12% of cases were considered 
atypical in that they did not meet the full 
research criteria, but nevertheless were felt 
upon expert review to represent AFE.9 In con-
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the Amniotic Fluid Embolism Foundation has 
proposed diagnostic criteria (commonly 
referred to as the Clark Criteria) for amniotic 
fluid embolism for research purposes (Table 1).8 

AFE must be distinguished from other life-
threatening causes of cardiovascular collapse 
in obstetric patients. In an analysis of cases sub-
mitted to the United States AFE Registry, obstet-
ric hemorrhage was the most common actual 
diagnosis in cases misdiagnosed as AFE.9 
While severe obstetric hemorrhage may cause 
life-threatening hypotension and hemostatic 
derangements, it can be distinguished from 
AFE by both the antecedent event as well as by 
the absence of respiratory compromise. Sepsis 
is associated with hypotension and can cause 
both hypoxia and a coagulopathy, but typically 
is insidious in onset and is associated with 
maternal hyper- or hypothermia. Anaphylaxis 
can cause hypotension and hypoxia, but is not 
associated with a coagulopathy and occurs in 
association with exposure to an allergen, such 
as a medication, latex, or chlorhexidine skin 
prep. Anesthetic complications, such as a high 
neuraxial block, can be associated with hypo-
tension and respiratory compromise, but do not 
include a coagulopathy and can further be dis-
tinguished from AFE by the association with 
neuraxial anesthesia. While pulmonary venous 
or air embolism can cause hypotension and 
hypoxia, they are not typically associated with a 
coagulopathy. Similarly, hemodynamic collapse 
from a primary cardiac etiology, such as an 
acute myocardial infarction, does not present 
with a coagulopathy and typically occurs in the 
clinical context of patients with known risk fac-
tors or recognized cardiac pathology.

The criteria described in Table 1 are biased 
towards specificity as opposed to sensitivity 
and thus some cases of AFE may not meet 
these strict criteria. A slightly more liberal defini-
tion was agreed on through a Delphi process 
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Table 1: Diagnostic Criteria for 
Research Reporting of Amniotic Fluid 
Embolism.8

1. Sudden onset of cardiorespiratory arrest, 
or both hypotension (systolic blood 
pressure <90 mm Hg) and respiratory 
compromise (dyspnea, cyanosis, or 
peripheral capillary oxygen saturation 
[SpO2 < 90%).

2. Overt disseminated intravascular 
coagulation (DIC)* following appearance 
of these initial signs or symptoms. 
Coagulopathy must be detected prior to 
loss of sufficient blood to itself account 
for dilutional or shock-related 
consumptive coagulopathy.

3. Clinical onset during labor or within 
30 min. of delivery of placenta

4. No fever (>38° C) during labor

* A score >3 is considered compatible with overt DIC 
in pregnancy

Platelet count >100,000/mL = 0, <100,000/mL = 1, 
<50,000/mL = 2

Prolonged prothrombin time or international 
normalized ratio (from baseline): <25% increase = 0,  
25–50% increase = 1, >50% increase = 2

Fibrinogen level: >200 mg/dL = 0, <200 mg/dL = 1

https://www.apsf.org/
https://www.apsf.org/


APSF NEWSLETTER October 2022 PAGE 2

©2022 Anesthesia Patient Safety Foundation.  All rights reserved. Reprinted with permission from Anesthesia Patient Safety Foundation.   
Copying, use and distribution prohibited without the express written permission of Anesthesia Patient Safety Foundation.

David Arnolds, MD, PhD, is a clinical assistant 
professor of Anesthesiology and Obstetrics and 
Gynecology at the University of Michigan Medi-
cal School, Ann Arbor, MI.

The author has no conflicts of interest. 

REFERENCES:
1. Clark SL. Amniotic fluid embolism. Obstet Gynecol. 

2014;123:337–348. 24402585. 

2. Fitzpatrick KE, van den Akker T, Bloemenkamp KWM, et al. 
Risk factors, management, and outcomes of amniotic fluid 
embolism: a multicountry, population-based cohort and 
nested case-control study. PLoS Med. 2019;16:e1002962. 
PMID: 31714909. 

3. Petersen EE, Davis NL, Goodman D, et al. Vital signs: preg-
nancy-related deaths, United States, 2011-2015, and strate-
gies for prevention, 13 states, 2013-2017. MMWR-Morbid 
Mortal W. 2019;68:423–429. PMID: 31071074. 

4. Combs CA, Montgomery DM, Toner LE, Dildy GA. Society 
for Maternal-Fetal Medicine Special Statement: Checklist 
for initial management of amniotic fluid embolism. Am J 
Obstet Gynecol. 2021;224:B29–32. PMID: 33417901. 

5. Main EK, McCain CL, Morton CH, et al. Pregnancy-related 
mortality in California: causes, characteristics, and improve-
ment opportunities. Obstet Gynecol. 2015;125:938–947. 
PMID: 25751214. 

6. Clark SL, Pavlova Z, Greenspoon J, et al. Squamous cells in the 
maternal pulmonary circulation. Am J Obstet Gynecol. 
1986;154:104–106. PMID: 2418682. 

7. Hankins GDV, Snyder R, Dinh T, et al. Documentation of 
amniotic fluid embolism via lung histopathology. Fact or fic-
tion? J Reprod Med. 2002;47:1021–1024. PMID: 12516321. 

8. Clark SL, Romero R, Dildy GA, et al. Proposed diagnostic cri-
teria for the case definition of amniotic fluid embolism in 
research studies. Am J Obstet Gynecol. 2016;215:408–412. 
PMID: 27372270. 

9. Stafford IA, Moaddab A, Dildy GA, et al. Amniotic fluid 
embolism syndrome: analysis of the Unites States Interna-
tional Registry. Am J Obstet Gynecol MFM. 2020;2:100083. 
PMID: 33345954. .

10. Schaap T, Bloemenkamp K, Deneux-Tharaux C, et al. Defin-
ing definitions: a Delphi study to develop a core outcome 
set for conditions of severe maternal morbidity. Brit J Obstet 
Gynaec. 2019;126:394–401. PMID: 28755459. 

11. Panchal AR, Bartos JA, Cabañas JG, et al. Part 3: Adult basic 
and advanced life support: 2020 American Heart Associa-
tion guidelines for cardiopulmonary resuscitation and emer-
gency cardiovascular care. Circulation 2020;142:S366–468. 
PMID: 33081529. 

12. Pacheco LD, Clark SL, Klassen M, Hankins GDV. Amniotic 
fluid embolism: principles of early clinical management. Am 
J Obstet Gynecol. 2020;222:48–52. PMID: 31376394. 

13. Simard C, Yang S, Koolian M, et al. The role of echocardiog-
raphy in amniotic fluid embolism: a case series and review 
of the literature. Can J Anes. 2021;68:1541–1548. PMID: 
34312822. 

14. Acker LC, Jones RC, Rasouli MR, Bronshteyn YS. Focused 
cardiac ultrasound during amniotic fluid embolism. Anes-
thesiology. 2019;130:1032–1033. PMID: 30762592. 

15. Loughran JA, Kitchen TL, Sindhakar S, et al. ROTEM®-
guided diagnosis and management of amniotic fluid embo-
lism. Int J Obstet Anesth. 2018;38:127–130. PMID: 
30279053. 

16. Collins NF, Bloor M, McDonnell NJ. Hyperfibrinolysis diag-
nosed by rotational thromboelastometry in a case of sus-
pected amniotic fluid embolism. Int J Obstet Anesth. 
2013;22:71–76. PMID: 23159521. 

trates,15 although empiric ratio-based resuscita-
tion may be necessary in the face of massive 
ongoing hemodynamically significant hemor-
rhage. Several case reports and case series 
suggest hyperfibrinolysis during AFE,16,17 and 
tranexamic acid administration (1 g IV over 10 
minutes, with the possibility of an additional 1g 
dose after 30 minutes with ongoing bleeding) is 
recommended4 based on extrapolation from 
the WOMAN trial18 despite the lack of specific 
evidence for efficacy in AFE. Administration of a 
concentrated source of fibrinogen (fibrinogen 
concentrate or cryoprecipitate) has also been 
associated with improved outcomes,2 consis-
tent with the established role for treating hypo-
fibrinogenemia in obstetric hemorrhage. 
Uterine atony should be anticipated and pro-
phylactically treated to further limit blood loss 
following delivery.

While multiple “treatments” for amniotic fluid 
embolism have been proposed in case reports 
or suggested in discussions of the syndrome, 
none have been universally accepted or are 
supported by evidence. Proposed treatments 
include hydrocortisone,19 lipid emulsion,20 C1 
esterase inhibitor,21 and the combination of atro-
pine, ondansetron, and ketorolac, often referred 
to as “A-OK.”22,23 While hydrocortisone is effec-
tive in the treatment of adrenal insufficiency and 
plays a role in managing allergic reactions, lipid 
emulsion is effective for local anesthetic sys-
temic toxicity, and C1 esterase inhibitor is effec-
tive for treatment and prevention of hereditary 
angioedema, there is no evidence supporting 
use of any of these agents to treat AFE. Similarly, 
atropine is an effective antidote in cases of cho-
linergic poisoning, but there is no evidence for 
the effectiveness of atropine, ondansetron, and 
ketorolac in treatment of AFE. Unless or until 
additional research demonstrates the effective-
ness of any case-reported treatments for AFE, 
they should not distract from prioritizing effec-
tive supportive care.

AFE is a rare and potentially catastrophic 
event. As with all such events, postevent 
debriefing sessions are crucial to offer support 
to affected staff members and identify opportu-
nities for improvement. In addition, contacting 
the Amniotic Fluid Embolism Foundation 
(https://afesupport.org/) for all suspected cases 
is recommended as it provides an additional 
source of support for the patient and their 
family. Furthermore, the AFE Foundation sup-
ports a registry and biorepository that facilitates 
research on this rare syndrome with the goal of 
transforming AFE into a predictable, prevent-
able, and treatable condition. Until such 
advances occur, early recognition and high-
quality supportive care are essential to 
decrease the morbidity from AFE.
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trast, the INOSS found that 31% of cases2 col-
lected by member institutions met INOSS, but 
not Clark Criteria, with a lack of evidence for 
DIC being the most common reason for not 
meeting the Clark Criteria. At a practical level, 
while obtaining laboratory studies to assess 
coagulation status can be essential in the man-
agement of a critically ill patient, it may not 
occur, or may not occur in the appropriate time 
frame, in the context of ongoing resuscitation.

Some patients with AFE will present with car-
diac arrest as their first recognized symptom: for 
these patients, initial management should focus 
on providing high-quality advanced cardiac life 
support as outlined in the American Heart Asso-
ciation Scientific Statement on Cardiac Arrest in 
Pregnancy.11 Key considerations in pregnant 
patients of greater than 20 weeks of gestational 
age include left uterine displacement, prioritiza-
tion of oxygenation and airway management, 
and perimortem cesarean delivery (resuscitative 
hysterotomy) to relieve aortocaval compression 
and aid in maternal resuscitation within 5 min-
utes of arrest if return of spontaneous circulation 
(ROSC) has not been achieved, regardless of 
fetal viability. For patients with AFE who do not 
present with cardiac arrest or in whom ROSC is 
achieved, acute pulmonary hypertension and 
right ventricular failure is typically the primary ini-
tial presentation.12 Right ventricular failure may 
progress to left ventricular failure with ongoing 
clinical deterioration. Focused cardiac ultra-
sound (either transthoracic or transesophageal) 
is within the scope of appropriately trained anes-
thesia professionals, provides valuable diagnos-
tic information, and can be used to guide 
therapy.13,14 Norepinephrine or epinephrine may 
be appropriate depending on the extent of circu-
latory collapse, with consideration for use of 
dobutamine or milrinone for inotropic support 
and inhaled nitric oxide or epoprostanol as pul-
monary vasodilators.4,12 As these agents are not 
routinely available on most labor and delivery 
units, phenylephrine and epinephrine may be 
appropriate in the initial phases of resuscitation, 
and the locations of, and processes to rapidly 
obtain advanced inotropic support and pulmo-
nary vasodilators should be identified in institu-
tional-specific planning sessions and clearly 
featured on cognitive aids. Similarly, extracorpo-
real membrane oxygenation (ECMO) can be 
considered early if it is institutionally available, 
and cognitive aids should include ECMO contact 
information. Overzealous fluid administration 
should be avoided in the presence of right ven-
tricular failure.

Patients who survive the initial cardiorespira-
tory collapse associated with AFE go on to 
develop a profound coagulopathy. Viscoelastic 
testing may help guide rational management of 
blood products and clotting factor concen-
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