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Abstract

The coronavirus disease 2019 (COVID-19) pandemic presented many
challenges during pregnancy. Complications of COVID-19 in preg-
nancy were abundant, with higher rates of respiratory failure and preec-
lampsia. We present here a case of a woman at 24 weeks’ gestation re-
quiring extracorporeal membrane oxygenation (ECMO) for refractory
hypoxic respiratory failure and her management for presumed preec-
lampsia. Current methods to diagnose preeclampsia can be severely
impacted by comorbid COVID-19 infection as well as the treatment
with ECMO support. This is the first report detailing the challenges of
using standard diagnostic criteria for diagnosis of preeclampsia while
on ECMO and highlights the potential for and need for further research
to identify and guide management of possible preeclampsia/eclampsia.
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Introduction

Venovenous extracorporeal membrane oxygenation (VV-EC-
MO) is being used more often in refractory acute respiratory
distress syndrome (ARDS), especially in younger patients [1].
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It can often be difficult to sort the underlying disease process
from the complications of VV-ECMO [1]. Additionally, the
physiologic effects of VV-ECMO related to microvasculature
and impaired autoregulation may be more complicated dur-
ing pregnancy [2]. Today we describe a case of preeclampsia
and possible eclampsia while on VV-ECMO support for coro-
navirus disease 2019 (COVID-19)-related ARDS and subse-
quent development of posterior reversible encephalopathy
syndrome. We herein discuss the difficulties in differentiating
disease processes while on VV-ECMO. All medical informa-
tion has been deidentified and the submission was reviewed,
and consent waived in compliance with medical ethics upon
review by the Institutional Review Board.

Case Report

A 30-year-old pregnant woman, gravida 2, para 1, presented
at 24 weeks’ gestation with dyspnea for 5 days secondary to
COVID pneumonia. She was admitted to the medical intensive
care unit (ICU) for progression to ARDS requiring intubation,
therapeutic deep sedation, and paralysis, and inhaled nitric ox-
ide for refractory hypoxic respiratory failure and subsequently
required cannulation for initiation of VV-ECMO. While on
VV-ECMO support, the paralysis was stopped and sedation
was successfully weaned, and the patient became progressive-
ly hypertensive with systolic blood pressures over 160. Given
concerns for comorbid preeclampsia, a 24-h urine protein was
measured and found to be markedly elevated. The patient was
also followed closely for coagulopathy and hemolysis felt to
be related to ECMO circuit function with associated mild el-
evations in lactate dehydrogenase, mild thrombocytopenia,
mild transaminase elevation, decreased fibrinogen and anemia
(Table 1). The blood pressure was managed with intravenous
analgesia with modest effect and nicardipine titration. At VV-
ECMO day 14 the patient had a subacute rise in transaminases,
thrombocytopenia, and persistent hypertension despite intra-
venous antihypertensives and analgosedation, and underwent
cesarean section and successful delivery at 30 weeks O day
of gestation. Her immediate post-partum course was compli-
cated by hemoperitoneum requiring massive transfusion proto-
col. Clinically she improved rapidly and was undergoing slow
wean of the VV-ECMO support and was successfully liber-
ated on post-partum day 8 (VV-ECMO day 44). The patient’s
hospital course was further complicated when she developed a
generalized tonic-clonic seizure with gaze deviation that was
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Table 1. Review of Patient Laboratory Data

Lot VV-ECMO day 10; gesta-

VV-ECMO day 36; gesta- Tty Gy 17

tion 26 weeks 5 days tion 30 weeks 0 day
Liver function
AST 90 IU/L 326 IU/L 19 IU/L
ALT 126 TU/L 408 IU/L 13 IU/L
Alkaline phosphatase 146 IU/L 214 IU/L 82 IU/L
Total bilirubin 1.4 mg/dL 2.1 mg/dL 0.6 mg/dL
LDH 477 TU/L 581 IU/L -
Platelets 196 x 10°/L 179 x 10°/L 736 x 10°/L
Hemoglobin 8.6 g/dL 8.4 g/dL 9.6 g/dL
Fibrinogen 121 mg/dL 167 mg/dL -
Urinalysis protein 30 mg/dL 100 mg/dL 200 mg/dL
24-h urine
Protein 1,674 mg/24 h (normal < 150 mg/24 h) - -
Creatinine 1.2 g/24 h (normal)

Temporal review of patient laboratory data on day 10 (gestation 26 weeks 5 days) at time of assessment for initial concern for preeclampsia, VV-
ECMO day 36 (gestation 30 weeks 0 days) at which time cesarean section was performed, and post-partum day 17 correlating with 8 days after can-
nulation when patient developed seizures. Laboratory values are expressed as units according to US traditional reporting. VV-ECMO: venovenous
extracorporeal membrane oxygenation; ALT: alanine aminotransferase; AST: aspartate aminotransferase; LDH: lactate dehydrogenase.

responsive to intravenous lorazepam bolus on post-partum day
17. Computed tomography (CT) of the brain and subsequent CT
angiogram showed focal frontal nonaneurysmal subarachnoid
hemorrhage (Fig. 1). The patient had several additional wit-
nessed and electrographic seizures over the subsequent 5 days
and magnetic resonance imaging (MRI) brain showed white
matter lesions consistent with posterior reversible encephalopa-
thy syndrome (PRES) (Fig. 2). Transcranial Doppler ultrasound

Figure 1. CT scan with small right frontal subarachnoid hemorrhage (ar-
row) with associated adjacent cerebral edema. CT: computed tomography.
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demonstrated mild diffusely elevated pulsatility indices con-
sistent with increase distal cerebrovascular resistance with no
evidence of vasospasm. Her antiepileptic and antihypertensives
were increased with resolution of symptoms. The patient ulti-
mately was liberated from VV-ECMO and ventilation, under-
went extensive physical therapy and was discharged home.

Discussion

Differentiating between preeclampsia and VV-ECMO compli-
cations is challenging for physicians. The patient had preec-
lampsia with severe features based on the following: hyperten-
sion, proteinuria, and end organ dysfunction. However, ECMO
can lead to liver and kidney dysfunction which can manifest
as elevated creatinine, proteinuria, and transaminitis. Thus,
it may be difficult to discern whether certain abnormal labo-
ratory findings are due to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection, ECMO support, or
preeclampsia, and this interplay may have treatment implica-
tions. For example, thrombocytopenia [3], liver function ab-
normalities, and renal dysfunction [4] are diagnostic criteria
for preeclampsia with severe features and are also associated
with worsening COVID-19 infection. There are currently no
data to suggest the incidence of proteinuria in ECMO patients.
Acute kidney injury (AKI) and volume overload are frequently
observed in pediatric and adult ECMO populations. The need
for combined ECMO and renal replacement therapy (RRT) is
up to 50% [5, 6]. Patients with ARDS secondary to COVID-19
infection often develop AKI [6] making it hard to determine
if end organ dysfunction is due to preeclampsia, ECMO, or
the infectious process. There is also a strong association with
COVID-19 and preeclampsia, especially among nulliparous
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Figure 2. MRI axial FLAIR images demonstrating hyperintensities in the periventricular and parietal, occipital and frontal regions
secondary to PRES (arrow). Diffusion-weighted imaging showed restricted diffusion along the right frontal convexity associated
with subarachnoid blood (not shown). Diffusion-weighted images did not show evidence of acute infarct. MRI: magnetic reso-
nance imaging; PRES: posterior reversible encephalopathy syndrome; FLAIR: fluid attenuated inversion recovery.

women, with several prior cases of ARDS attributed directly
to preeclampsia leading to need for ECMO [7].

In this case hypertension may have been the delineating
feature; however, hypertension in the ICU can have multifacto-
rial causes including pain, anxiety, trauma associated with the
presence of ECMO cannula, etc. Despite delivery, the patient
remained hypertensive and developed subsequent seizures.
Her imaging was remarkable for PRES and nonaneurysmal
subarachnoid hemorrhage as the likely the etiology of her new-
set seizures. PRES is a known complication of eclampsia, and
some studies demonstrate an incidence of up to 19% following
delivery [8, 9]. Development of seizures and PRES within 6
weeks of delivery indicates a diagnosis of eclampsia in this pa-
tient. However, seizures and PRES are also known complica-
tions of ECMO support and associated coagulopathy, and there
is no retrospective way to definitively differentiate etiology in
a patient with multiple contributing conditions. PRES is docu-
mented in ECMO patients though the incidence is not known
[10]. Cerebral blood flow and autoregulation can also be af-
fected during VV-ECMO, including abrupt PaO, and PaCO,
changes upon ECMO initiation [10]. Similarly, COVID-19
infection has been associated in small case series and case
reports with neurologic sequelae including PRES. Although
the patient also had a prolonged intubation period requiring
VV-ECMO with fluctuating blood pressures, endothelial dys-
function secondary to COVID-19 could also have contributed
to the PRES as we do not have information regarding timing
of PRES in relation to active or chronic infection. The pres-
ence of SARS-CoV-2 in slow-flowing cerebral microcircula-
tion may facilitate the interaction of the virus spike protein
with endothelial angiotensin-converting enzyme 2 (ACE2)
receptors causing impaired autoregulation and increasing the
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risk of capillary rupture [11]. This process could predispose to
additional microvascular changes and hemorrhage in a hyper-
tensive patient with multifactorial synergistic processes related
to infection, hypoxia, post-partum hemorrhage, and impaired
autoregulation in the setting of VV-ECMO, and preeclampsia
all contributing to post-hypoxic leukoencephalopathy.
Proteinuria, thrombocytopenia, and neurologic sequelae
including seizures and PRES can occur secondary to COVID-
19-related infection, ECMO support, and as a complication
of pregnancy. Differentiating the etiology of these findings is
important and identifying additional criteria for diagnosis of
preeclampsia in patients on ECMO support is paramount to
maternal and fetal health. Bleeding and neurologic symptoms
can occur as a complication of ECMO. While post-partum
preeclampsia and eclampsia can occur 6 weeks after delivery,
it would be unusual for her symptoms to occur so late. Un-
tangling the exact etiology of this patient’s complications can
make management challenging. New markers have been de-
veloped that help diagnose preeclampsia. Angiogenic markers
that capture the pathophysiology of preeclampsia include vas-
cular endothelial growth factor (VEGF) and placental growth
factor (PIGF), as well as two anti-angiogenic proteins, solu-
ble endoglin (sEng) and the truncated form of the full-length
VEGF receptor type-1 (Flt-1), known as soluble fms-like
tyrosine kinase 1 (sFlt-1). The sFIt-1/PIGF ratio has had the
most success for predicting preeclampsia and the adverse out-
comes in preeclampsia [12]. The issues with potentially using
these biomarkers are limited availability for clinical applica-
tion as they have not been validated outside of research, and
it is unclear the effect ECMO has on these markers, suggest-
ing opportunities for further investigation. Though we did not
have access to biomarker testing in this patient, others have
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demonstrated self-limited preeclampsia-like syndrome associ-
ated with severe COVID-19 with normal sFlt-1/PIGF, which
resolved after recovery from severe pneumonia [13].

Conclusions

In this case we present challenges in diagnosing preeclampsia
and possibly eclampsia in a patient with hypertension, protein-
uria, and COVID-19 infection who was maintained on ECMO
support. Comorbidities and use of ECMO can confound com-
mon diagnostic criteria for preeclampsia and leave patients at
high risk for misdiagnosis and development of eclampsia. This
unique case details the challenges of applying common diag-
nostic criteria in uncommon circumstances. We report this case
to support further exploration of alternative diagnostic meth-
ods and validation of biomarkers for clinical use to distinguish
preeclampsia-like syndromes associated with severe COV-
ID-19 and particularly those vulnerable patients on ECMO, for
whom standard diagnostic criteria may not be reliable.
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