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Abstract

We present a 27 year old G2P1001 woman at 29 weeks and 0 days with coronavirus disease 2019 (COVID-19)
and subsequent developed of severe ARDS. Following tracheal intubation and hospitalization, the patient and
fetus were monitored for seven days. Secondary to worsening oxygenation that was refractory to ventilator
and positioning changes, a cesarean was performed at 30 weeks and 0 days with immediate veno-venous (VV)
extracorporeal membrane oxygenation (ECMO) cannulation. The patient was transferred to an ECMO
referral center and was able to be successfully decannulated and extubated. This discussion focuses on
COVID-19 and ARDS in pregnancy with the treatment therein.

Tweetable abstract:

Successful use of VV ECMO to treat severe peripartum COVID-19 PNA in a 27 year old G2P1001 at 29
weeks gestation.

Glossary of Terms
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ARDS – Acute Respiratory Distress Syndrome

AFE – Amniotic Fluid Embolism

COVID-19 – Corona Virus Disease 2019

ECMO – Extracorporeal Membrane Oxygenation

FdO2 – Fraction of Delivered Oxygen (via ECMO)

FiO2 – Fraction of Inspired Oxygen (via ventilator)

PEEP – Positive End Expiratory Pressure

SARS-CoV-2 – Severe Acute Respiratory Syndrome Coronavirus 2

SpO2 – Oxygen Saturation

VV – Veno Venous

Introduction

The utilization of extracorporeal membrane oxygenation (ECMO) in the setting of severe acute respiratory
distress syndrome (ARDS) due to coronavirus disease 2019 (COVID-19) infection has been reported in limited
numbers. As of this writing the Extracorporeal Life Support Organization has registered 364 confirmed
COVID-19 cases on ECMO with 36% survival to discharge1 and there have been no reports of ECMO
use in the peripartum setting for severe COVID-19 pneumonia. This case discussion focuses on the peri-
partum considerations of veno-venous (VV) ECMO for a patient who developed respiratory failure due to
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection and subsequent development of
COVID-19. Heath Insurance Portability and Accountability Act authorization has been obtained from the
patient.

Case

A 27 year-old G2P1001 woman who tested positive for SARS-CoV-2 subsequently developed COVID-19
and was admitted to the hospital three days later. She was 28 weeks and 3 days pregnant by 8-week
ultrasound at time of diagnosis and was initially being monitored at home. On the day of admission, she had
developed acute shortness of breath and mild tachycardia, but remained afebrile. Despite 15 l/min oxygen
via a non-rebreather mask, she was unable to maintain oxygen saturations (SpO2) above 92%. Her trachea
was intubated, and she was transferred to the intensive care unit. She was thrombocytopenic (73,000/μl),
lymphopenic (500/mL, 12%), and mildly anemic (hemoglobin of 11.1 g/dl). C-reactive protein was slightly
elevated (5.3 mg/l) as was interleukin-6 (11.48 pg/ml). A chest radiograph demonstrated bilateral mild
atelectasis and mild opacification of the right lung base. The obstetric service diagnosed pre-eclampsia
without severe features on the basis of mild hypertension and a protein to creatinine ratio that was elevated
to 0.35. Magnesium therapy was deferred given her respiratory status. Continuous tocometry and fetal heart
rate monitoring demonstrated a normal fetal heart rate without regular contractions.

Despite transient improvement and extubation on Day 2, she worsened and required re-intubation on Day
3 for recurrent hypoxemic respiratory failure. There was concern for developing fetal hypoxemia, although
three times daily fetal nonstress tests were reassuring. Hydroxychloroquine was administered on Days 3-4,
and remdesivir was initiated on Day 5. Her hypoxemia continued to worsen despite fraction of inspired
oxygen (FiO2) 1.0, positive end-expiratory pressure (PEEP) of 12 cm H2O, chemical paralysis, and prone
positioning.

Due to significantly worsening respiratory status, a cesarean delivery was performed on Day 7 (30 weeks
gestation) prior to completion of a full course of betamethasone therapy for fetal lung maturity. Immediately
following an uneventful delivery, the patient received a heparin loading dose. A 25-French right femoral
drainage cannula and a 19-French right internal jugular return cannula were placed. Initiation of veno-venous
(VV) ECMO improved the SpO2 to 100%. The uterus was closed, however given immediate initiation of
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anticoagulation, the abdomen was temporarily closed with a vacuum-assisted dressing to better monitor
hemodynamics and intraabdominal bleeding. The patient received a dose of human convalescent serum and
was transferred to an ECMO referral center for further care.

At the referral center, the patient was supported with VV ECMO flows of 4.19 l/min (cardiac index of 2.08
l/min/m2), Fraction of Delivered Oxygen (FdO2) of 100% and a sweep flow of 2 l/min, titrating the FdO2

to keep SpO2> 85% and PaCO2 +/- 5 mmHg of 40 mmHg. She did not require ongoing neuromuscular
blockade. Pressure-controlled ventilation was continued with a plateau pressure of 24 cm H2O, PEEP of 10
cm H2O, and a respiratory rate of 14 breaths/min. Tidal volumes were approximately 350mL (5.4mL/kg
ideal body weight.) A repeat SARS-CoV-2 test was sent, which confirmed the diagnosis. Vancomycin and
cefepime were begun for empiric coverage of likely bacterial superinfection. Low dose norepinephrine and
vasopressin infusions were required to maintain mean arterial blood pressures above 65mmHg while using
a furosemide infusion for diuresis. There was no evidence of ongoing bleeding, and her abdominal wall was
closed two days after her cesarean delivery.

On Day 8, FiO2 was decreased to 0.3, and PEEP was decreased to 10 cm H2O. ECMO flows remained
unchanged and FdO2 was decreased to 90% with a sweep flow of 2 l/min. On Day 9, ECMO flows remained
unchanged, FdO2 was decreased to 35%, and the sweep flow was capped. Ventilator settings remained
unchanged while tidal volumes increased to 400mL. Pan-sensitiveStaphalococcus aureus was cultured from a
sputum culture collected on Day 1, and antibiotics were changed to cefazolin monotherapy.

On Day 10, with continued improvement, the patient was successfully decannulated at the bedside after cap-
ping the ECMO circuit for > 12 hrs. Remdesivir therapy, which was discontinued at the time of transfer for
administrative reasons, was re-initiated to complete a 10-day course. Vasoactive infusions were discontinued
on Day 12, and the patient was extubated on Day 13, and weaned off oxygen therapy on Day 15.

Comment

At the time of this report there have been almost 2,000,000 confirmed COVID-19 cases worldwide with
126,140 confirmed deaths in 213 countries2. The natural history, pathophysiology, epidemiology and associ-
ated facets of COVID-19 are still being characterized as the pandemic is ongoing. However, it is understood
that COVID-19 is known to prey on patients with existing medical co-morbidities3,4. COVID-19 is seem-
ingly less symptomatic in the parturient as compared to the general public5, which is in stark contrast to
the effects of SARS-CoV-1 and MERS-CoV on pregnant women6. The physiologic changes of pregnancy
would seemingly engender an increased risk from a SARS-CoV-2 infection. The decrease in functional resid-
ual capacity during pregnancy, as well as decreased chest wall and lung compliance in the third trimester7,
might limit the ability of pregnant women to compensate in the setting of SARS-CoV-2 associated lung
disease. Early reports, however, suggest a decreased mortality risk in the parturient5. It is hypothesized
that a hormone-mediated shift towards T-helper 2 cell-mediated immunity during pregnancy may result in
an anti-inflammatory response which could ultimately have protective effects against SARS-CoV-28.

Elevated SpO2 targets to preserve placental oxygenation and avoid placental vasoconstriction necessitate
greater levels of oxygen support in pregnant women with ARDS9. The absence of fetal distress and ability
to maintain adequate maternal oxygenation initially informed the patient’s trajectory of care, however,
worsening maternal hypoxemia resulted in fetal delivery as her ability to maintain adequate oxygenation
waned despite appropriate positioning maneuvers10,11.

The decision to delay delivery of the fetus until the mother wasin extremis directly led to the decision to
initiate ECMO at the time of delivery. The mother clearly met criteria for VV ECMO initiation in the hours
leading up to delivery, but she improved in short order following delivery and met criteria for decannulation
within 24hrs. This raises the obvious question of whether VV ECMO was necessary. Could ECMO have
been avoided if the patient had been delivered sooner? Should the medical team have waited to see if delivery
improved pulmonary status enough to obviate the need for VV ECMO?

It seems logical that delivery of the fetus generally improves the respiratory status of a mechanically ventilated
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mother, however, this effect may only be seen in severe respiratory disease,11 and there may be limited
benefit if tracheal intubation has occurred due to non-respiratory pathology12,13. The highest benefit is seen
in instances of mechanical ventilation for obstetric reasons14. Additionally, fluid shifts at the time of delivery,
often worse in mothers with cardio-pulmonary problems and/or preeclampsia, can lead to poor outcomes.
Other uncommon but acute peri-partum complications such as hemorrhage and amniotic fluid embolism
(AFE) can be life-threatening in the absence of existing pathology. This patient had no pre-existing cardiac
problems, but the additional pulmonary burden of fluid shifts could have proven catastrophic given her pre-
delivery PaO2. The mother’s inability to compensate for additional complications such as severe hemorrhage
or AFE, justifies planning to cannulate as a safe and reasonable approach. Furthermore, given her high risk of
postpartum hemorrhage with necessary initiation of anticoagulation, leaving the abdomen open afterwards,
while beneficial for close monitoring and bleeding management, could have likely been avoided if delivery
had occurred sooner in the hospital course. Regarding neonatal benefits of delivery, prolonged ventilator
support has been associated with increased rates of perinatal asphyxia and while that scenario was unlikely
in this case due to the reassuring fetal tracing, expedited delivery is always a consideration15.

The timing of delivery and initiation of ECMO in such a critically ill parturient with COVID-19 obviously
is not well established. Had the mother been delivered prior to meeting criteria for VV ECMO cannulation,
she may have avoided the need for cannulation. However, it is not easy to balance the needs of the mother
with the fetus in the setting of a novel and often deadly disease. While this neonate has done well postnatal,
consideration for earlier administration of antenatal corticosteroids is important to achieve maximal benefit,
as this patient did not receive her first dose of antenatal steroids until the morning of delivery. Regarding
the mother, the decision to plan for VV ECMO cannulation following delivery was likely the safest option
for the patient by the time that she delivered. While it is possible that the patient would have improved
over the two to four hours following delivery, the decision to cannulate immediately was well tolerated and
ultimately may have been life-saving for this patient. VV ECMO seems to be a reasonable and feasible
option as a life-saving therapy in the setting of severe ARDS and peripartum COVID-19 PNA.

Special Thanks To – Dr. Alex Kobzik, for providing care to this patient prior to transfer and help in
gathering data about her course.
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