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Abstract

Amniotic fluid embolism (AFE) is a rare but potentially fatal complication of pregnancy. Prompt and aggressive resuscitative
strategies are crucial in promoting survivability. We present a case of AFE resulting in cardiopulmonary collapse and subsequent
cardiac arrest where we were able to safely deliver the baby and resuscitate the mother with veno-arterial extracorporeal
membrane oxygenation and Impella CP—a novel combination known as ECPELLA. We discuss the implications of this approach
as a more efficacious strategy in resuscitating AFE-induced cardiogenic shock and arrest.
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Introduction

Amniotic fluid embolism (AFE) is a rare but potentially fatal
complication of pregnancy that accounts for nearly one in
five maternal deaths globally. Of these deaths, nearly half
of them occur within 1 h of symptom onset.> Therefore,
prompt and aggressive resuscitation strategies are crucial
in promoting survivability. Unfortunately, traditional ap-
proaches of resuscitation fail to provide adequate cardio-
pulmonary support. Because AFE is a diagnosis of exclusion,
it is challenging to properly study and obtain reliable infor-
mation in terms of incidence, risk factors, managements,
and outcomes.”? The use of veno-arterial extracorporeal
membrane oxygenation (VA-ECMO) has only recently
expanded to include such unique patient populations. We
present a case of a mother with a relatively uncomplicated
pregnancy who developed AFE, resulting in peripartum
adult respiratory distress syndrome (ARDS) with subsequent

cardiogenic shock and cardiac arrest in her late third
trimester. We were able to both safely deliver the baby
and successfully resuscitate the mother with the novel
combination of VA-ECMO and Impella CP—a combination
known as ECPELLA.

Case report

A 31l-year-old primigravid female with an uncomplicated
pregnancy presented to the emergency room at 35 weeks
of gestation for sudden onset shortness of breath. Upon
arrival, she was too lethargic to provide history. A set of
vital signs revealed an oral temperature of 98.1°F, a
blood pressure of 135/118 mmHg, a respiratory rate ~ 40
breaths/min, and heart rate ~ 160 beats per minute. Fetal
heart tones were very faint and roughly 90 beats/min
(normal: 120-160 beats/min). Frequent uterine contractions
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Figure 1 Chest radiograph obtained on initial presentation demonstrat-
ing diffuse bilateral opacities and cardiomegaly.

were noted. She developed pre-eclampsia and subsequently
rapidly progressed to severe ARDS (Figure 1) requiring
intubation with mechanical ventilation.

Our initial differential diagnoses at this time included
acute myocardial infarction, upper respiratory infection,
AFE, aortic or coronary dissection, pulmonary embolism,
and septic shock. Thorough assessment of her hemody-
namic and laboratory workup including high-sensitivity
troponin, electrocardiography, computed tomographic
angiography, and blood cultures allowed us to rule out all
the aforementioned differentials except for AFE-induced
shock.

An emergent caesarean section was then performed, and a
viable healthy newborn was successfully delivered.
Immediately after the infant was delivered, the mother fully
decompensated into cardiac arrest. Cardiopulmonary resusci-
tation (CPR) was successful after 4 min. Bedside transthoracic
echocardiogram (TTE) revealed biventricular failure with a
severely reduced left ventricular ejection fraction (EF) of
7.1% by Simpson’s method (Figure 2 and Supporting
Information, Video S1).

Methods and results

The patient was provided standard therapy for AFE per the
Society for Maternal-Fetal Medicine (SMFM) guidelines.?

Figure 2 Transthoracic echocardiogram before ECPELLA application demonstrating minimal EF of ~7% once appropriately calculated for using
Simpson’s method. BP, blood pressure; EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; LV, left ventricular.
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She was being sustained on high-dose norepinephrine,
epinephrine, and vasopressin. She had elevated ventilatory
pressures and high oxygen requirements. A right heart
catheterization was performed, which revealed no pulsatility
in the pulmonary arteries, central venous pressure of
20 mmHg, pulmonary capillary wedge pressure of 17 mmHg,
and a cardiac index of 1.8. The decision was then made to
perform emergent VA-ECMO (Figure 3) with percutaneous
left ventricular decompression using Impella CP (ECPELLA).
To do this, we utilized a standard TandemLife system—two
minimally invasive large-bore catheters connected in series
with an oxygenator and motorized pump that serve to
provide cardiopulmonary bypass. This was prepared per
manufacturer’s recommendations. While the TandemlLife
system was being deaired, we expeditiously obtained 14 Fr
right femoral arterial access and placed an Impella CP
catheter. Thereafter, a 17 Fr left femoral arterial return and
24 Fr multi-hole right femoral venous drainage cannulas were
placed using standard percutaneous access techniques. The
Impella CP was turned down from P8 to P3 to function as left
ventricular decompression given an EF of 7% during
VA-ECMO implementation. Additionally, 6 Fr antegrade distal
perfusion sheaths were placed for bilateral external limb
bypasses to ensure limb viability. Finally, standard imaging
with transesophageal echocardiography was utilized to
confirm correct positioning of the cannulas.

Figure 3 Successful percutaneous cannulation and initiation of
veno-arterial extracorporeal membrane oxygenation with distal perfusion
catheters bilaterally to the lower extremities.

Repeat assessment of her hemodynamic post-ECPELLA
revealed a pulmonary capillary wedge pressure of 9 mmHg.
The patient was supported as needed with various transfu-
sions, inotropes, and pressors to ensure that mean arterial
pressures were kept above 65 mmHg, PaO, 70—-100 mmHg,
SvO, > 60%, and central venous pressures 10-15 mmHg.
The patient’s course was complicated by worsening dissemi-
nated intravascular coagulation (DIC) and hemorrhage at
the site of cannulation on Day 2, which resolved under 48 h
with a series of aggressive transfusions (Supporting
Information, Table S2). A repeat post-procedural TTE on Day
3 revealed an improvement of her EF to 25-30% with
moderately reduced right ventricular function. Serial echocar-
diograms continued to show improvement in cardiac function
throughout the hospitalization course. By Day 5 on ECPELLA,
our patient had total resolution of her ARDS, cardiogenic
shock (Supporting Information, Table S3), DIC, lactic acidosis,
and oliguric renal failure with an EF of 55% (Figure 4 and
Supporting Information, Video S2). Using weaning protocols
and parameters previously described by Ortuno et al., we
were able to assess her readiness for decannulation.* Our
patient was simultaneously weaned off both Impella CP and
VA-ECMO with no complications. She was subsequently
discharged to our inpatient rehabilitation unit after
continued clinical improvement.

Follow-up and outcomes

Our patient is almost 1 year status-post ECPELLA resuscitation
and doing very well. Her EF remains 65%. She has no cardio-
pulmonary limitation to date.

Discussion

AFE remains a diagnosis of exclusion primarily based on
clinical manifestations. The SMFM issues a Grade 1C
recommendation to strongly consider AFE in any peripartum
woman who develops sudden cardiopulmonary collapse.® To
this day, there are no specific diagnostic tests to confirm or
rule out AFE. Up until recently, the majority of mothers who
developed AFE succumbed to death. Nearly half of these
deaths occur within the first hour of incidence. Furthermore,
once cardiac arrest occurs, the chances of successful
resuscitation and recoverability significantly decrease.
Proposed algorithms for cardiac arrest in AFE are centered
around immediate delivery of the fetal followed by support-
ive care for the mother using advanced cardiovascular life
support (ACLS) CPR, mechanical ventilation, massive
transfusion protocols, and maintenance of hemodynamic
stability with inotropes and norepinephrine.®> Conventional
approaches in dealing with AFE with supportive care,
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Figure 4 Transthoracic echocardiogram on Day 5 after successful ECPELLA decannulation demonstrating significantly improved EF of 55%. BP, blood
pressure; EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; LV, left ventricular.
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mechanical ventilation, dialysis, and pressor support with
medications have had very low success rates.” We believe ag-
gressive interventions such as VA-ECMO are necessary in this
patient population where the decompensation to acute
multiorgan failure is of high probability. With advancements
in technology and the recent widespread popularity of
VA-ECMO for CPR, we anticipate the mortality rates to signif-
icantly improve if applied in a timely manner. Data regarding
the use of extracorporeal membrane oxygenation (ECMO) in
peripartum and postpartum women remain extremely sparse
and primarily pertain to the use of veno-venous ECMO (VV-
ECMO) and not VA-ECMO.® To our knowledge, this is the only
reported case of AFE and cardiopulmonary collapse that has
been treated with the ECPELLA strategy. To date, no trials
have included peripartum patients. In other populations,
the ECPELLA strategy has shown to result in improved hemo-
dynamics, decrease usage of vasopressors and inotropes, in-
crease likelihood of survival to discharge, and recently has
been shown to be associated with reduced mortality.”® We
believe our patient’s youth, minimal pre-existing comorbidi-
ties, and our team’s expeditious implantation were all
favourable factors in her outcome and may support the use
of such a strategy in these critically ill patients. Given the pau-
city of data and the difficulty in making such a diagnosis, phy-

sicians need to be aware of such presentations and the vari-
ous approaches to management.
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1: Timeline of pertinent daily lab results.

Table S2: Timeline and quantity of blood product transfu-
sions.

Table S3: Comprehensive flowsheet of our patient’s hemody-
namic progress on ECPELLA.
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