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Unusual clinical course

There are few reports of coronavirus disease 2019 (COVID-19) in pregnant women. Although coagulation dys-
function was reported to affect the severity of COVID-19, the association between pregnancy, which is usually
accompanied by changes in coagulation function, and the worsening of COVID-19 is unknown. We present a
case of a 30-year-old woman in the 36" week of pregnancy who was diagnosed with severe COVID-19 pneu-
monia and required postpartum extracorporeal membrane oxygenation (ECMO) therapy.

A 30-year-old, 36-weeks pregnant woman presented to our hospital and was diagnosed with severe COVID-19
pneumonia soon after she had undergone a cesarean section. Her respiratory failure could not be managed
by conventional therapeutic approaches. Therefore, ECMO was administered on day 7. Controlling coagulation
function to maintain ECMO therapy was challenging. Nafamostat mesylate and cryoprecipitate were admin-
istered to treat the hypercoagulative status and severe hypofibrinogenemia, respectively. Since coagulopathy
and her respiratory state improved, the ECMO therapy was terminated on day 15.

We report a case of severe COVID-19 pneumonia in a pregnant woman urgently treated with ECMO in the post-
partum period. Thus, this case highlights the importance of close monitoring and appropriate medical care for
pregnant women with severe COVID-19 pneumonia.

COVID-19 ¢ Extracorporeal Membrane Oxygenation ¢ Puerperal Infection

COVID-19 - novel coronavirus disease 2019; SARS-CoV - severe acute respiratory syndrome coronavi-
rus; ECMO — extracorporeal membrane oxygenation; RT-PCR — reverse transcriptase polymerase chain re-
action; ARDS — acute respiratory distress syndrome; ICU — Intensive Care Unit; HD — hospital day; ID —ill-
ness day; PEEP - positive end-expiratory pressure; FiO, - fractional inspired oxygen concentration;

FIB - fibrinogen; FDP — fibrin-fibrinogen degradation products; APTT — activated partial thrombin time;
INR - international normalized ratio; ACT — activated clotting time; PICS — post-intensive care syndrome
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Case Report

The novel coronavirus disease 2019 (COVID-19) is an emerging
disease caused by the novel coronavirus called “severe acute
respiratory syndrome coronavirus 2” (SARS-CoV-2), with a rapid
increase in cases since its first identification in Wuhan, China,
in December 2019 [1,2]. In Japan, since the first diagnosis of
COVID-19 on January 16, 2020, the number of domestic pa-
tients has gradually increased and resulted in 75 218 cases
and 1439 deaths [3].

Generally, pregnant women are at high risk of developing viral
infections such as influenza-A, HIN1, severe acute respirato-
ry syndrome coronavirus, and the Middle East respiratory syn-
drome coronavirus. Reports have indicated that SARS-CoV-2
is highly contagious and can be transmitted through droplets,
which can trigger a cytokine storm and affect the function-
ing of multiple organs [4,5]. Nonetheless, it has been suggest-
ed that intrauterine transmission of SARS-CoV-2 is rare [6].

According to reports from the American College of Obstetricians
and Gynecologists (ACOG) and the Centers for Disease Control
(CDC), compared with non-pregnant women, pregnant wom-
en with COVID-19 in the US are at increased risk for severe
symptoms and are more likely to be admitted to the inten-
sive care unit (1.5% versus 0.9%) and to require mechanical
ventilation (0.5% versus 0.3%). This suggests that pregnant
women with COVID-19 should undergo careful follow-up to
enable close monitoring and adequate management if symp-
toms become severe. Moreover, a large-population study in
the United States reported that pregnancy with COVID-19 in-
fection was associated with increased risk for ICU admission
and administration of mechanical ventilation, but was not as-
sociated with mortality [6,7]. In contrast, another large study,
in the United Kingdom, reported an increased risk of mortality
(1.0%), stillbirth (1.2%), and preterm delivery (24.8%) in preg-
nant patients with COVID-19 [8,9].

It was reported that clotting function changes dramatically
during pregnancy and postpartum, and the coagulation ac-
tivity is approximately double that before pregnancy [10].
Moreover, several studies have reported the existence of a
hypercoagulable state in severe COVID-19 that leads to mul-
tiple organ dysfunction and high mortality [11]. These com-
bined pathophysiologies related to coagulation disorder might
result in worsening outcomes of pregnant COVID-19 patients.
Nonetheless, there are few reports on COVID-19 in pregnant
women. Here, we report the case of a 30-year-old woman in
the 36th week of pregnancy who needed immediate postpar-
tum extracorporeal membrane oxygenation (ECMO) therapy
for severe COVID-19 pneumonia.
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A 30-year-old woman at 36 weeks of gestation presented with
fever and cough to a nearby general hospital where she was
scheduled for delivery. Her symptoms started with 1 day of
fatigue, followed by intermittent fever (38.0°C) and cough for
3 days. A nasopharyngeal swab test was positive for SARS-
CoV-2 by real-time reverse transcriptase polymerase chain
reaction (RT-PCR) running on the cobas® 6800/8800 system
and negative for other common respiratory viruses. She had
no underlying diseases and all previous scheduled pregnan-
cy screening test results were within normal limits. Her con-
dition during diagnosis was relatively stable. She was diag-
nosed with mild pneumonia caused by SARS-CoV-2 and was
subsequently admitted to the isolation room in a respiratory
ward (Figure 1A). She had a pulse of 104 beats/min, a blood
pressure of 114/80 mmHg, a respiratory rate of 24 breaths/
min, and oxygen saturation of 95% on room air. On day 8 after
the onset of symptoms, her respiratory condition worsened,
and she developed mild acute respiratory distress syndrome
(ARDS) [12] (Figure 1B). Given the potential risks of impend-
ing respiratory decompensation and subsequent severe fe-
tal hypoxia, an emergency cesarean section under combined
spinal and epidural anesthesia was performed. A preterm fe-
male neonate weighing 2.56 kg was delivered uneventfully
with an Apgar score of 8 (on day 8 after the onset of symp-
toms). The neonate was placed in isolation and observed at
the Neonatal Intensive Care Unit. The result of RT-PCR test-
ing for SARS-CoV-2 in the neonate was negative, and no other
complications were observed. Several hours after the cesarean
section, the mother was transferred to the general Intensive
Care Unit (ICU) and intubated. The next day, she was trans-
ferred to our Emergency and Critical Care Center with a diag-
nosis of severe COVID-19 pneumonia (hospital day 1, day 9
after onset of symptoms).

The initial physical examination revealed alert conscious-
ness with a Glasgow Coma Scale of E4VTM6, body tempera-
ture of 37.7°C, blood pressure of 102/70 mmHg, pulse rate of
92 beats/min, respiratory rate of 28 breaths/min, and oxygen
saturation of 89% under the mechanical ventilation setting
including positive end-expiratory pressure (PEEP) of 12 and
fractional inspired oxygen concentration (FIO,) of 50%. Her
initial arterial blood gas analysis showed: pH 7.359, PaCO, of
41.7 mmHg, Pa0, of 59.8 mmHg, HCO," of 22.9 mmol/|, and lac-
tate of 1.9 mmol/|, suggesting profound hypoxemia and mod-
erate ARDS (Figure 1C). Other coagulation laboratory findings
included fibrinogen (FIB), D-dimer, and fibrin-fibrinogen degra-
dation products (FDP) of 422 mg/d|, 4.42 pg/ml, and 8.8 pg/ml,
respectively. Levels of activated partial thrombin time (APTT)
and prothrombin time international normalized ratio (INR) were
38.9 s and 1.07, respectively. After arrival at our hospital, fa-
vipiravir [13], which was approved by the Ethics Committee as
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Figure 1. Anteroposterior chest X-ray in a 30-year-old woman who underwent cesarean section at 36 weeks of pregnancy with
COVID-19 infection showing the lung changes after the onset of symptoms and hospital admission. (A) Day 6 after the
onset of symptoms, the lung fields show faint bilateral patchy opacities. (B) Day 8 after the onset of symptoms, radiological
worsening, with involvement of lower lobes. (C) Hospital day 1 (day 9 after the onset of symptoms), the lung fields show
bilateral alveolar consolidation with panlobular affectation, with typical radiological findings of ARDS. Endotracheal tube and
central venous line were required. (D) Hospital day 7, the lung fields show radiological worsening. extracorporeal membrane
oxygenation (ECMO) was administered. (E) Hospital day 15, the lung fields show radiological improvement after ECMO
therapy. (F) Hospital day 19 after extubation, the lung fields show radiological improvement.

a drug for treatment of COVID-19, was administered at a dose
of 200 mg every 24 h for 2 weeks. Intravenous pulse methyl-
prednisolone (500 mg/day) for ARDS was administered for 3
days. Anticoagulation with continuous unfractionated hepa-
rin infusion (UFH) was initiated for thrombosis prevention. In
addition, tocilizumab [14], which is a suggested treatment op-
tion for COVID-19, was administered at a dose of 480 mg ev-
ery 24 h on hospital days 4 and 5.

Her oxygenation gradually worsened after 6 days (hospital day
7); arterial blood gas showed pH of 7.404, PaO, of 74.7 mmHg,
PaCO, of 47.2 mmHg under the mechanical ventilator setting,
tidal volume of 333 ml (5.8 ml/kg predicted body weight), re-
spiratory rate of 24 breaths/min, PEEP of 16, and FIO2 of 80%
(severe ARDS and Murray score 3.5). In this setting, the plateau
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pressure increased up to 35 cmH,0. Transthoracic echocardiog-
raphy excluded cardiogenic pulmonary edema resulting from
a massive pulmonary embolism. Since her respiratory failure
could not be managed by mechanical ventilation, medication,
or prone positioning therapy, veno-venous ECMO was initi-
ated on hospital day 7, which was the 15™ day after the on-
set of symptoms, by following the Extracorporeal Life Support
Organization guidelines [15]. ECMO was established via the
right internal jugular vein for access (17 Fr cannula, inflow)
and via the right femoral vein for return (24 Fr cannula, out-
flow), with an initial blood flow of 4.5 L/min and sweep gas of
5.0 L (Capiox EBS SP-200 "NEO” Terumo Corporation, Japan).

The mechanical ventilator was set at lung rest setting with driv-
ing pressure of 10, PEEP of 8, and FIO2 of 40%, and continuous
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Table 1. Clinical laboratory results and the dose of heparin sodium.

Reference

Variables
range

Heparin sodium (U/kg/h) = 9.8 22.7 22.7 22.7 25.8 12.1 114 7.8 = =

3300-8600 10400 7500 5500 5200 5500 5200 8400 9200 9600 7200

Activated partial
thrombin time (s)

Fibrinogen (mg/dl) 200-400 422 402 349 376 240 177 176 45 145 176

Fibrin/fibrinogen

degradation products 2.0-8.0 8.8 10.4 6.0 12.4 19.9 13.1 9.1 230.3 43.0 5.3
B $ T I e e e

D-dimer (pg/ml) <1.0 4.42 5.04 2.43 6.81 13.68 10.64 4.68 43.43 10.83 2.36

Antithrombin activity (%) > 80.0 - 84.2 - 85.0 - 84.1 - 100.8 - -

Activated clotting time (s)  90-120 164 199 241 232 210

HD - hospital day; ID —illness day; ECMO — extracorporeal membrane oxygenation.

diuretic administration, early nutrition, and rehabilitation were
administered (Figure 1D). Additionally, high-dose intravenous
immunoglobulin therapy was included from hospital day 7 to
day 11. During ECMO therapy, target activated clotting time
(ACT) and APTT were approximately 180 s and twice the ref-
erence value, respectively; however, although the level of anti-
thrombin was within normal limits (<80%), her hypercoagula-
tive status was not well-controlled by UFH at the dose of more
than 15 U/kg/h. A duplex ultrasound confirmed the absence
of deep vein thrombosis. To control coagulation function [16],
simultaneously expecting a favorable effect on COVID-19 [17],
nafamostat mesylate was administered from hospital day 7
onwards. From hospital day 10 onwards, chest radiography
showed gradual improvement and lung compliance (Figure 1E).
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On hospital day 11, severe hypofibrinogenemia (<50 mg/dl)
was observed, and cryoprecipitate was administered for 2 days.
As her respiratory condition had improved, ECMO therapy was
terminated on hospital day 15, and the duration of ECMO sup-
port was 9 days. All procedures were performed safely without
complications related to ECMO therapy, including circuit/ox-
ygenator thrombosis, and no cannulation site hemorrhage
occurred. She was extubated on hospital day 16 and subse-
quently could consume food orally without worsening of oxy-
genation, with an oxygen saturation of 98% under nasal can-
nula at 2L/min. Hypofibrinogenemia gradually improved with
her respiratory condition and normalized on hospital day 19
(Figure 1F, Table 1). On hospital day 20, she was transferred
to the previous hospital, where her baby was admitted. The
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Figure 2. Time course of the patient in terms of lung conditions and therapeutic interventions. VV-ECMO - veno-venous extracorporeal
membrane oxygenation; IVIG — high-dose intravenous immunoglobulin therapy. Lung compliance is defined as the change in
lung volume for a unit change in trans-alveolar pressure (ml/cmH,0).

patient and her infant had an uneventful postpartum and neo-
natal course. Her clinical course and treatments provided in
our hospital are summarized in the progress chart (Figure 2).

Discussion

We report a case of severe COVID-19 pneumonia in a preg-
nant woman who was successfully treated with intensive care
including early anticoagulation therapy, mechanical ventila-
tion, and ECMO. Several studies have reported that pregnant
women with viral respiratory illnesses are at higher risk than
non-pregnant women of developing various complications,
including critical ARDS and perinatal adverse outcomes, pos-
sibly due to changes in the immune system [1,2]. Previous
studies have reported that fibrinogen and D-dimer elevation
are associated with the severity of COVID-19 [18]. Moreover,
it was reported that the fibrin level was elevated in the lungs
of the COVID-19 patients, and excessive fibrin accumulation
in the alveoli led to acute inflammation and pulmonary fibro-
sis [19]. It was reported that the coagulation system during
pregnancy is complex, and standard coagulation tests such as
INR and APTT have reported normal or slightly hypercoagula-
ble states; however, some clotting factors (such as fibrinogen,
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factor VIII, IX, X, XII, and von Willebrand factor) are reported
to be more than 2-fold higher during pregnancy than before
pregnancy [10,20]. A large study reported an increased risk of
mortality, stillbirth, and preterm delivery in pregnant patients
with COVID-19 [8,9]. Therefore, it was speculated that preg-
nancy can affect the severity of COVID-19 pneumonia due to
abnormalities in clotting function.

We encountered several challenging issues, especially in con-
trolling the coagulation function to maintain ECMO therapy,
although the relationship between coagulopathy and preg-
nancy was unclear. During ECMO therapy, nafamostat mesyl-
ate, which was reported to have increased in usage as a sub-
stitute for heparin because of its very short half-life [16] and
thus potentially applicable for the treatment of COVID-19 [17],
was used in addition to high-dose heparin to maintain ACT
and APTT within the therapeutic range. However, the pres-
ent case showed severe hypofibrinogenemia, possibly caused
by administration of coagulation factor [21], tissue plasmin-
ogen activator-induced hyperfibrinolysis [17], or both, which
can cause severe hemorrhage. Considering the risk of exces-
sive fluid overload and lung edema, we used cryoprecipitate
instead of fresh frozen plasma to prevent hemorrhagic com-
plications related to COVID-19 [13,14].
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Additionally, in this case, the timing and the anesthesia ap-
proach for cesarean section were considered to be debatable.
The possibility of vertical transmission during vaginal deliv-
ery remains unknown, and COVID-19 itself is not an indication
for immediate cesarean section. However, emergency cesar-
ean section should be performed if there is intrauterine fetal
distress caused by hypoxia or other reasons [22], as was ob-
served in this case. To this end, multidisciplinary evaluation
by an obstetrician, pulmonary physician, and an intensivist,
would be required. Regarding the anesthetic approach, both
neuraxial and general anesthesia have been reported to be
safe in pregnant patients [23]. However, a study recommend-
ed that cesarean section under regional anesthesia should be
avoided in COVID-19 patients with respiratory symptoms or
hypoxemia [22], since regional anesthesia could cause hypo-
tension, possibly due to activation of angiotensin-converting
enzyme Il receptor [24]. As our patient had already developed
ARDS prepartum, cesarean section under general anesthesia
with intubation and mechanical ventilation might have been
a therapeutic option, with possible benefit from changes in
cardiopulmonary physiology.

The relationship between pregnancy and the worsening of
COVID-19 cannot be discussed without epidemiologic com-
parison; however, in addition to a previous report of pregnant
COVID-19 cases [25], the present case has some remarkable
implications regarding the progressive nature of COVID-19 in
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pregnant women, the interaction between pregnancy-related
hypercoagulability and that induced by COVID-19, and, possi-
bly, an appropriate anesthetic approach for cesarean section.

Conclusions

We report the case of a 30-year-old woman in the 36th week
of pregnancy who developed severe COVID-19 pneumonia and
required ECMO therapy postpartum. This case suggests that
SARS-CoV-2 infection during pregnancy might indeed entail
high risk of ARDS and coagulation disorder, and thus would
require respiratory support. Thus, our present report supports
the view that pregnant women with COVID-19 pneumonia re-
quire close follow-up to provide prompt treatment if necessary.
Further reports are needed to describe the clinical characteris-
tics and treatment approaches of COVID-19 in pregnant women.
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