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Objectives: Amniotic fluid embolism is a rare obstetric emergency
that can be accompanied by profound hypoxemia, coagulopathy,
hemorrhage, and cardiogenic shock. Extracorporeal membrane oxy-
genation may provide a rescue strategy in amniotic fluid embolism
with cardiopulmonary collapse. Approaches to anticoagulation must
be balanced against the risk of hemorrhage with concomitant coagu-
lopathy. Although extracorporeal membrane oxygenation has been
described for cardiopulmonary collapse in the setting of amniotic fluid
embolism, its initiation as a bridge to hemostasis and cardiopulmo-
nary recovery in amniotic fluid embolism—induced hemorrhagic and
cardiogenic shock remains a novel resuscitation strategy.

Design, Subject, and Intervention: \We present a case detailing the
initiation of extracorporeal life support with veno-arterio-venous extra-
corporeal membrane oxygenation in a patient with hemorrhagic shock
and cardiopulmonary failure due to amniotic fluid embolism. The
patient was ultimately discharged home 19 days after presentation
free from neurologic or other significant disability.

Main Results and Conclusion: Through this case, we describe a tai-
lored approach to extracorporeal life support initiation and advanced
extracorporeal membrane oxygenation management as a bridge to
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recovery in patients with mixed shock. Additionally, we discuss how
the culmination of prehospital, outpatient and inpatient provider
teamwork, easily portable extracorporeal membrane oxygenation
equipment, and multispecialty collaboration can afford promising
therapeutic options for patients who were previously deemed ineli-
gible for extracorporeal life support.
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BACKGROUND

Amniotic fluid embolism (AFE) is a rare but potentially life-
threatening obstetric emergency with a reported incidence of 5.5
per 100,000 parturients in the United States and a mortality as
high 60% in some studies (1, 2). The clinical manifestations are
characterized by the sudden onset of respiratory distress, cardio-
vascular collapse, and disseminated intravascular coagulation.
The hypothesized pathophysiology of AFE involves unregulated
activation of proinflammatory and vasoactive mediators leading
to a consumptive coagulopathy, severe pulmonary hypertension,
and ultimately right ventricular (RV) failure (3).

As a result of these profound systemic changes, the optimal
management of AFE can be markedly challenging. Guidelines
recommend high-quality advanced cardiac life support (ACLS),
although this may prove inadequate in cases of refractory circula-
tory collapse (4, 5). Veno-venous, veno-arterial ECMO, and other
forms of extracorporeal life support (ECLS) have been described
as rescue modalities for obstetrical complications—including
AFE (5-15). The initiation of ECLS in the context of profound
coagulopathy and hemorrhagic shock requiring activation of a
massive transfusion protocol (MTP) have been described in the
setting of trauma (9-12). ECLS has also been safely used in the
setting of postpartum bleeding (11, 16). However, ECLS in the
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setting of profound disseminated intravascular coagulation (DIC)
with hemorrhagic shock owing to AFE has yet to be reported.
Traditionally, the anticoagulation required to maintain ECMO
circuit patency and oxygenator function limited its applicability in
patients with profound coagulopathy. As the associated technol-
ogy has evolved, the conduct of “heparin-free” ECMO has become
more commonplace, and the potential role of extracorporeal sup-
port even in the setting of coagulopathy appears promising but
has yet to be fully explored (17).

In this case report, we describe the utilization of ECLS in a
patient with mixed cardiogenic and hemorrhagic shock second-
ary to AFE. We additionally discuss the potential advantages of
advanced ECMO configurations in this context and address anti-
coagulation strategies in the ECMO patient with coagulopathy.
This patient’s course is detailed from clinical presentation through
discharge from the ICU.

This article adheres to the Consensus-based Clinical Case
Reporting Guidelines (18). Written informed consent was
obtained from the patient for publication of this case report.

CASE PRESENTATION

A 25-year-old multiparous woman at 18 weeks gestation pre-
sented to the emergency department (ED) from an outpatient
surgery center in respiratory distress after a dilatation and evac-
uation. According to the report from the referring surgery cen-
ter, she became tachypneic and unresponsive when transferring
to a recovery room stretcher at the end of the procedure. She
subsequently developed profuse vaginal bleeding and was trans-
ported by ambulance to the ED. On arrival, she was minimally
responsive with cool extremities. Vitals signs included a heart
rate of 158 beats/min, respiratory rate 32 breaths per min, blood
pressure 110/60 mm Hg, and oxygen saturation of 99% on a non-
rebreather face mask. She was subsequently intubated for airway
protection and worsening hypoxic respiratory failure.

Following intubation, she became hypotensive. Physical exami-
nation revealed significant vaginal bleeding without evidence of
retained products of conception or uterine atony. The estimated
blood loss was 2L within the first hour of presentation, and she
required ongoing protocolized massive transfusion for hemor-
rhagic shock. Despite initial resuscitation efforts, she remained
hypoxemic and hemodynamically unstable with increasing doses
of vasopressors, inotropes, and massive transfusion. In order to
better characterize her shock state, a bedside transthoracic echo-
cardiogram (TTE) was performed, which demonstrated severe
biventricular hypokinesis.

Given evidence of medically refractory cardiogenic shock,
preparations were undertaken to emergently initiate veno-arte-
rial ECMO. While preparing, the patient sustained cardiac arrest
with pulseless electrical activity. ACLS was promptly initiated
with high-quality cardiopulmonary resuscitation continuing until
peripheral cannulation for veno-arterial ECMO (via the right
femoral vein and right common femoral artery) was completed.
Cannulation and initiation of veno-arterial ECMO support were
completed within 30 minutes of cardiac arrest. A right superficial
femoral artery distal reperfusion cannula was additionally placed
according to institutional protocol.

2 www.ccejournal.org

The patient was transferred to the operating room (OR) for an
anticipated hysterectomy. Prior to transport to the OR, the patient
had received the following: 58 units of packed RBCs, 32 units of
fresh frozen plasma (FFP), 10 units of pooled platelets, 30 units of
cryoprecipitate, and 3 L of crystalloid. Laboratory studies revealed a
pH of 6.98, base deficit of -20.9, lactate of 12 mmol/L, international
normalized ratio (INR) 3.22, p-dimer 60,000 ng/mL, fibrinogen
61 mg/dL, and platelet count of could use 51,000 alternatively for
reader ease/comprehension. She was transported to the OR with
ongoing veno-arterial ECMO, MTP, and high-dose vasopressor
(norepinephrine, epinephrine, and vasopressin) support.

Once in the OR, the patient received an additional 2 units
of packed RBCs, 10 units of cryoprecipitate, and 8 units of FFP.
Upon reevaluation, the patient’s vaginal bleeding had slowed
considerably with marked improvement in her coagulopathy.
Persistent hypoxemia as measured by a right radial arterial
catheter raised concerns for differential hypoxia and prompted
conversion to veno-arterial-venous ECMO. A right internal
jugular venous outflow (i.e., return) cannula was placed to
ensure adequate upper body and cerebral oxygenation. Serial
reevaluations of coagulopathy and vaginal bleeding continued
to demonstrate interval improvement, INR downtrended to
1.0 from 3.0, and therefore hysterectomy was deferred. Inhaled
epoprostenol was initiated after perioperative transesophageal
echocardiography demonstrated significant right-ventricular
dysfunction with an associated left-ventricular ejection frac-
tion (LVEF) of 25%. She was transferred to the ICU for further
management.

Within 24 hours of admission to ICU, a repeat TTE demon-
strated decreased left-ventricular function with an LVEF of 20%
and moderately dilated RV with severely reduced systolic function.
Chest x-ray at that time showed diffuse bilateral pulmonary edema

Figure 1. Portable chest radiograph from hospital day 1. This radiograph
demonstrates diffuse bilateral coalescent opacities with complete and near
complete opacification of right and left lungs respectively. Inflow (blue arrow)
and outflow cannula (red arrow) from initial VA ECMO configuration can be
additionally visualized. Endotracheal tube (*); Percutaneous sheath introducer
(black arrow).
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despite appropriate urine output and creatinine of 0.89; therefore,
the decision was made to initiate continuous renal replacement
therapy for aggressive fluid removal (Fig. 1). Anticoagulation
was withheld due to high risk of hemorrhage, and ECMO flow
rates were maintained at approximately 5 L/min. Flows for venous
return, arterial, and distal perfusion cannulas were 4.5, 0.5, and
0.2L/min, respectively.

Over the next 48 hours, her lactic acidosis resolved, and her
vasopressor requirements were minimal. On day 3 of admission,
repeat TTE showed marked improvement in cardiac contractil-
ity with normalization of RV systolic function and a LVEF of
45-50%, prompting femoral artery decannulation. Due to per-
sistent hypoxemia, she was transitioned to veno-venous ECMO
(Fig. 2). Six days after admission, the patient was decannulated,
and veno-venous ECMO support discontinued. She was weaned
off mechanical ventilation 10 days after her admission and trans-
ferred to the surgical floor after a 14-day ICU stay.

Prior to discharge from the hospital, TTE demonstrated
improvement in LVEF to 55%, normal diastolic function, and
normal RV systolic function (Supplemental Fig. 1, Supplemental
Digital Content 1, http://links.Iww.com/CCX/A232). She was dis-
charged home on day 19, neurologically intact, with recovered
renal function, and without a supplemental oxygen requirement.

DISCUSSION
The case exemplifies not only the diagnostic and pathophysi-
ologic challenges in managing a patient with an AFE but also
the advanced resources required for the successful resuscita-
tion and longitudinal management of such a patient. In this
case with combined shock with associated coagulopathy, we
were able to use veno-arterial-venous ECMO to promote both
cardiopulmonary and eventual functional recovery following
timely diagnosis and intervention. In addition, we were able
to demonstrate that advanced ECMO configurations can still
be used to support cardiopulmonary function and perfusion
while attempts are made at obtaining hemostasis and correct-
ing coagulopathy.

Early diagnostic recognition of AFE and associated hallmark
cardiopulmonary manifestations (i.e. RV failure from increased

Figure 2. Selected images from computed tomographic imaging of the chest
during hospital day 2. Computed tomographic imaging demonstrated diffuse,
near complete, consolidative opacities in the bilateral lungs fields.
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pulmonary vascular resistance and associated impairment in LV
filling and cardiac output) was crucial to mobilization of addi-
tional care teams. Expansion to veno-arterial-venous ECMO
allowed for RV offloading in the setting of severe dysfunction
while also supporting systemic oxygenation and perfusion. The
resultant decrease in myocardial oxygen demand and improved
delivery allowed time for cardiopulmonary recovery.

The ability of our team to implement ECLS while managing
this patient’s severe hemorrhage, coagulopathy, cardiovascular
collapse, and respiratory failure was the result of the rapid mobi-
lization of a multidisciplinary and multidepartmental team. Our
ECMO consultants—consisting of a critical care attending and fel-
low—were notified promptly after the realization that initial pre-
hospital and ED resuscitation efforts were becoming futile. Our
ECMO procedural team—including representatives from critical
care medicine, cardiothoracic surgery and perfusion medicine—
responded quickly to subsequent activation, and the decision to
cannulate was reached based on discussions between the ECMO
team, obstetricians, and emergency medicine providers. The suc-
cessful response would not have been possible without physicians
accustomed to cannulating in periprocedural locations, perfu-
sionists, portable ECMO cannulation equipment, a MTP, and on-
call OR capabilities.

Veno-arterial ECMO initially accomplished two primary objec-
tives: oftfloading the RV through diversion of systemic venous
return and augmentation of systemic perfusion. Additional
improvements in cardiac function can be seen through correc-
tion of acid/base and gas exchange abnormalities. As biventricu-
lar function improved, differential hypoxemia (i.e. Harlequin or
north-south) syndrome was observed. Improving cardiac func-
tion with simultaneous respiratory failure shifts the transition
point between deoxygenated blood from the patient’s native car-
diac output, which is why arterial blood sampling (and/or pulse
oximetry) from the right upper extremity is typically undertaken.
When encountered, one potential response is conversion to veno-
arterial-venous ECMO, wherein an additional postoxygenator
outflow limb and venous cannula are used to deliver oxygenated
blood to the RV to partially supplant pulmonary function. In this
instance, the patient required relatively little arterial outflow early
in her ECMO course after correction of factors that contributed to
her initial cardiogenic shock, which highlights the need to contin-
uously reassess the interactions between native cardiac function,
native pulmonary function, and ECLS modalities. After recovery
of biventricular function, we converted solely to veno-venous
ECMO to promote ongoing respiratory support.

The risk of thromboembolic events (e.g., circuit thrombosis,
oxygenator failure, and native vasculature thromboembolism)
during ECMO must be weighed against the risk of major bleed-
ing during systemic anticoagulation. Advancements in oxygenator
design alongside heparin-bonded and other coated circuits have
allowed for the safe conduct of ECMO without systemic anticoagu-
lation. Risks of circuit failure can be further mitigated by maintain-
ing high circuit flows (thereby avoiding stasis), simplifying circuit
configurations (e.g., excluding sampling ports), and monitoring
the flow of bifurcated circuit limbs. Moreover, the need for sys-
temic anticoagulation may be further diminished in the setting of
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superimposed coagulopathy. Recent cohorts demonstrate a lack of
increase in thromboembolism rates and overall decreased bleed-
ing-related complications in patients who are not anticoagulated
while on ECMO (19). This strategy was initially described in the
trauma literature (17, 20, 21). During the time that this patient
was on veno-arterial-venous ECMO, anticoagulation was initially
deferred in light of her hemorrhagic shock and DIC. Her relatively
rapid recovery allowed us to decannulate her quickly and defer
anticoagulation completely. She demonstrated no thrombotic com-
plication on routine post decannulation venous duplex ultrasound.
A high index of suspicion by outpatient and prehospital provid-
ers, first responders, and inpatient providers from various disciplines
alike is crucial in timely diagnosis of AFE. Awareness of advanced
management options (e.g., veno-arterial-venous ECMO) when
AFE is associated with persistent hemorrhagic shock, profound
hypoxemia, and cardiopulmonary arrest can promote rapid mobili-
zation of resources (22-25). As additionally highlighted in this case,
a multidepartmental and multidisciplinary team is needed to initi-
ate ECLS and longitudinally manage ECLS, but through timely rec-
ognition and group efforts, the potential for significant reduction in
AFE-associated morbidity and mortality may be possible.

CONCLUSIONS

As demonstrated, morbidity-free survival can be achieved through
timely utilization of veno-arterial-venous ECMO and without sys-
temic anticoagulation in a patient suffering from combined car-
diopulmonary failure and hemorrhagic shock. There continues
to be a need for additional exploration of advanced mechanical
support options in young, comorbid free patients suffering from
hemorrhagic shock and cardiopulmonary failure, such as ours.
Application of a successful extracorporeal treatment strategy is
contingent on prompt resource mobilization and care coordina-
tion between practiced, interdisciplinary healthcare professionals.
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