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Patients with severe COVID-19 often experience complications including coagulopathy and fatal thrombo-
sis. COVID-19 pneumonia sometimes leads to acute respiratory distress syndrome, requiring extracorporeal
membrane oxygenation (ECMO), during which thrombosis and bleeding are major causes of death. Anticoagula-
tion such as heparin is essential for COVID-19 patients on ECMO; however, bleeding might be caused by not
only heparin, but also acquired von Willebrand syndrome (AVWS). To date, no study has examined ECMO-
related bleeding and AVWS in COVID-19 patients.

We report a COVID-19 patient who experienced bleeding from AVWS in addition to disseminated intra-
vascular coagulation (DIC) during ECMO. The level of high-molecular weight VWF multimers decreased dur-
ing ECMO therapy, and these findings promptly improved after discontinuation of ECMO. Plasma levels of
VWEF antigen were extremely high, probably due to endothelial cell damage caused by COVID-19. On the other
hand, plasma levels of ADAMTS13 activity were moderately reduced, to 20-30% of normal. The patient was
successfully treated with cryoprecipitate in bleeding during ECMO without a reduction in heparin, which might
have induced thromboembolism. Bleeding found in this patient might be caused by AVWS and DIC.

Severe COVID-19 patients are in a thrombotic state and need to receive anticoagulant therapy. However,
once they receive ECMO therapy, bleeding symptoms could be observed. In such cases, physicians should think
of AVWS in addition to the side effect of heparin and DIC.
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Introduction Haemostasis (ISTH) diagnostic creiteria®.

Coronavirus disease 2019 (COVID-19) is caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)V. Multiple studies have shown that
coagulation abnormalities are related to mortality in
patients with severe COVID-19 pneumonia?. In fact,
the incidence of thrombotic complications such as
pulmonary embolism and extremity venous thrombo-
sis is very high in critically ill COVID-19 patients,
even in those receiving thromboprophylaxis®®. In
addition, 71.4% of non-survivors are diagnosed with
disseminated intravascular coagulation (DIC) accord-

Some patients with COVID-19 rapidly develop
acute respiratory distress syndrome (ARDS), necessi-
tating veno-venous extracorporeal membrane oxygen-
ation (ECMO) support”®. ECMO is frequently com-
plicated by hemorrhage and thrombosis”®. Anticoag-
ulant to prevent thrombus is a common cause of
bleeding during ECMO. In addition, acquired von
Willebrand syndrome (AVWS) has been reported as a
hemorrhagic side effect of ECMO? 17,

von Willebrand factor (VWEF), a large plasma

glycoprotein that plays an important role in hemosta-
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sis and thrombosis, is exclusively produced in vascular
endothelial cells. Reduced levels or defective function
of VWF can cause the most common inherited bleed-
ing disorder, von Willebrand disease'". Plasma VWF
consists of heterogeneous multimers with molecular
masses ranging from 500 to 20,000 kDa'?. High—
molecular weight VWF multimers (HMW-VWEFM:s)
are more active in thrombosis and hemostasis. A
VWEF-cleaving protease, ADAMTS13, regulates the
molecular size of VWF under high shear stress. Type
2A von Willebrand disease (VWD) is associated with
a mutation in the VWF A2 domain, which contains
the ADAMTS13 cleaving site. In patients with type
2A VWD, mutated VWF is easily cleaved by
ADAMTS13. This type of VWD results in reduced
levels of HMW-VWEFMs and a strong tendency to
bleed. VWEF dysfunction in patients with various
underlying diseases is referred to as AVWS. Patients
with cardiovascular diseases associated with AVWS,
such as Heyde syndrome'?, have been reported with
increasing frequency over the past few decades. In
these types of AVWS, non-physiologically high shear
stress in blood results in excessive cleavage of VWEF by
ADAMTS13, resulting in AVWS with reduced levels
of HMW-VWEMs as observed in type 2A VWD.
ECMO-related AVWS is caused by the extraordinarily
high shear stress inside the pump?.

In patients with severe COVID-19, thrombotic
complications should be noted, and anticoagulation
therapy prescribed as appropriate. To date, however,
no study has examined ECMO-related bleeding and
AVWS in COVID-19 patients in a thrombotic state.
In this report, we describe the successful management
of ECMO-related AVWS in a COVID-19 patient
with elevated D-dimer.

Case Presentation

A 57-year-old man visited our hospital with
cough and a high-grade fever (>397) for 5 days. He
had a history of contact with a COVID-19 patient 12
days prior. COVID-19 infection was confirmed by
PCR, and he was admitted to our hospital the next
day (day 1). The patient had been on medication for
hypertension and hyperlipidemia, and had smoked
until 4 years ago. On admission, pulse was 103 beat/
minute, temperature 39.5C, blood pressure 118/62
mmHg, respiratory rate 28/minute, and oxygen satu-
ration 91% on room air. Blood examination revealed
fibrin/fibrinogen degradation products (FDP) 10.6
pg/mL (normal, <10 pg/mL), D-dimer 2.7 pg/mL
(normal, <0.5 pg/mL); platelets 142 x 10°/L; fibrino-
gen, 10.6 g/L (normal, 20-40 mg/dL); prothrombin

time, 12.6 seconds (normal, 11-13 seconds); throm-

bin-antithrombin complex (TAT) 3.7ng/mL (normal,
3.75 ng/mL); and plasmin-a2-plasmin inhibitor com-
plex (PIC) 5.4 pg/mL (normal, <0.8 pg/mL). Chest
computed tomography showed bilateral ground-glass
opacities. After admission, oxygen therapy was started,
but pneumonia rapidly worsened. On day 3 after
admission, he was transferred to the intensive care
unit (ICU), and mechanical ventilation and favipiravir
for SARS-CoV-2 were initiated. On day 7, D-dimer
rapidly increased, and continuous unfractionated hep-
arin was administrated. (D-dimer 176.8 pg/mL; plate-
lets 213 x 10%/L; fibrinogen, 8.24 g/L; prothrombin
time, 14.2 seconds). A time course of clinical data and
therapeutic interventions is shown in Fig. 1.

On day 11, however, the patient was diagnosed
with ARDS, and ECMO therapy was initiated. We
used the right femoral vein (21 Fr cannula) for blood
access and the right jugular vein (16.5 Fr cannula) for
blood return. The volume of heparin was increased
after ECMO began to prevent thrombosis in the cir-
culation. Bleeding was observed at the cannula inser-
tion point at the jugular vein. Platelet counts rapidly
decreased after initiation of ECMO, probably because
of the ECMO therapy. After initiation of ECMO,
TAT and PIC gradually increased. In fact, this patient
was diagnosed with DIC during ECMO treatment,
based on the DIC score according to ISTH diagnostic
guidelines. Platelets were transfused twice, but were
not effective against bleeding.

Therefore, we performed VWF multimer analy-
sis and observed decreased HMW-VWEFMs after initi-
ation of ECMO (Fig. 2). Hence, the patient was diag-
nosed with AVWS caused by ECMO. Loss of HMW-
VWEMs can be induced by the degree of shear stress
in ECMO and inserted pumps. Shear stress depends
on the velocity and viscosity of blood and the diame-
ter of vessels. However, we could not reduce the rota-
tion rate of the ECMO pump or cannula size because
of the severe respiratory condition. Therefore, cryo-
precipitate made from 1,440 mL of fresh frozen
plasma (FFP) was administrated to replenish VWF on
day 17. Severe bleeding was temporarily stopped, but
minor bleeding continued. In addition, oozing at the
anus was observed between day 19 and 23. We per-
formed surgical tracheostomy on day 29 due to the
long period of intubation in the mouth. Bleeding
from tracheal incision continued despite platelet trans-
fusion. The patient received cryoprecipitate made
from 1,440 mL of FFP again, and bleeding subsided.
ARDS gradually improved, and ECMO was discon-
tinued on day 31. Platelet counts quickly recovered,
and D-dimer, PIC, and TAT decreased promptly. In
addition, bleeding symptoms completely disappeared
after discontinuation of ECMO therapy.
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Fig. 1. Time course of clinical data and therapeutic interventions

On admission, the patient had extremely high fibrinogen levels with normal platelet counts. Following the development of respiratory failure,
D-dimer levels suddenly increased. Continuous administration of unfractionated heparin was initiated on day 7 after admission. ECMO sup-
port was provided between days 11 and 31. Cryoprecipitate was administrated on days 17 and 29, and was effective for bleeding.
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Fig.2. VWF multimer analysis and plasma levels of VWF antigen and ADAMTS13 activity

VWEF multimer analysis using SDS-1.0% agarose electrophoresis revealed a reduction in the level of high—-molecular weight VWF multimers
(HMW-VWEMs) during ECMO support. VWF multimers were classified as HMW-VWEMs if they corresponded to bands >10 in the
VWEF multimer analysis. Plasma levels of VWF antigen were extremely high, and ADAMTS13 activity was moderately reduced during the
hospitalization. Values of 100% were defined as the amounts of VWF antigen, and ADAMTS13 activity in pooled plasma from normal
healthy volunteers.

NP: normal human plasma, ECMO: veno-venous extracorporeal membrane oxygenation
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Fig. 2 shows the results of VWF multimer analy-
sis, with plasma levels of VWF antigen and
ADAMTS13 activity. The level of HMW-VWEMs
dramatically decreased during ECMO therapy
between day 14 and day 31. Notably, these findings
promptly improved after ECMO discontinuation.
Plasma levels of VWEF antigen were extremely high,
probably due to endothelial cell damage caused by
COVID-19. On the other hand, plasma levels of
ADAMTSI13 activity were moderately reduced, to
20-30% of normal.

Plasma levels of VWEF antigen were measured by
sandwich ELISA using rabbit anti-VWEF polyclonal
antibodies (Dako Cytomation, Copenhagen, Den-
mark) . VWF multimers were classified as HMW-
VWEMs if they corresponded to bands >10 in the
VWEF multimer analysis as shown in Fig.2'9. Plasma
values of ADAMTSI13 activity were measured by
chromogenic ADAMTS13-act-ELISA'®. VWF multi-
mer analysis was performed according to the method
of Ruggeri and Zimmerman'” with some modifica-
tions'?. Values of 100% were defined as the amounts
of VWF antigen and ADAMTS13 activity in pooled
plasma from normal healthy volunteers. This study
was conducted with the approval of the ethics com-
mittee of Nara Medical University. Written informed
consent was obtained from the patient.

Discussion

Currently, the pathophysiology and clinical
course of COVID-19 patients are not well under-
stood. However, two serious complications have been
reported in patients with severe COVID-19: ARDS
and coagulopathy with thromboembolism. For the
latter, anticoagulant therapy such as low—molecular
weight heparin (LMWH) is associated with better
prognosis in COVID-19 patients with markedly ele-
vated D-dimer level'”. The coagulation abnormalities
found in COVID-19 patients suggest activation of
blood coagulation with fibrinolysis. This type of coag-
ulopathy is observed in DIC patients with enhanced
fibrinolysis, which often tend to experience bleeding.
However, bleeding is a rare complication in patients
with COVID-19. ISTH interim guidance recom-
mends that LMWH should be considered in all
patients who require hospital admission for COVID-
1929, If these patients exhibit bleeding, physicians are
often reluctant to administer LMWH.

ARDS is the most common reason for ICU manage-
ment in patients with severe COVID-19, and 2.9-4.9%
of hospitalized patients require ECMO support® 2" 2.
Bleeding, which is often caused by anticoagulant and

AVWS, is a frequent complication of ECMO?% 29,

However, it is difficult to diagnose and treat patients
with AVWS caused by excessive cleavage of VWE by
ADAMTS13. The definitive therapy for this type of
AVWS is to stop mechanical circulation of blood, but
that is impossible in patients with severe respiratory
failure, as in this patient. FFP and plasma-derived
(PD) VWF products can be used to replenish VWE,
but are effective only for short periods. Bleeding
symptoms during ECMO are often misunderstood as
a side effect of anticoagulant. Therefore, physicians
often stop or decrease the volume of anticoagulant
such as heparin. However, almost all patients with
severe COVID-19 have coagulopathy; consequently,
reduction of anticoagulant therapy is dangerous and
might lead to severe thrombotic events.

In addition, DIC could not be excluded even
during ECMO. In fact, our patient met the DIC score
by ISTH diagnostic guidelines during ECMO.
Because heparin might be effective for patients with
DIC, it should be continued during ECMO even if
the patient tends to bleed. In this patient, TAT was
analyzed for activation of the coagulation pathway and
PIC for activation of the fibrinolytic pathway. Before
initiation of ECMO, PIC levels were constantly ele-
vated. On the other hands, TAT levels sharply
increased with elevated D-dimer. Activation of the
coagulation pathway due to COVID-19 might have
contributed to the pulmonary vascular microthrom-
bosis® in this patient, resulting in respiratory failure.
After initiation of ECMOQO, both levels of TAT and
PIC increased while going up and down, and
decreased sharply after ECMO discontinuation. Con-
tact activation of the coagulation cascade, thrombin
generation, and fibrin deposition occur on the artifi-
cial surfaces in ECMO?. Thrombin generation also
evokes the fibrinolytic system. Therefore, it is difficult
to assess the coagulation precisely. However, we specu-
late that DIC-like coagulopathy existed in this patient
even during ECMO.

In the case described here, unfractionated hepa-
rin was continued, and cryoprecipitate was adminis-
trated for bleeding. Thrombocytopenia was observed
during ECMO, but platelet transfusion was not effec-
tive for treatment of bleeding. Thrombocytopenia is
common in ECMO patients®”. Combes er al?®
reported that thrombocytopenia (=<50x%10°/L) was
found in 40% of patients with ECMO and severe
thrombocytopenia (=200x10°/L) was found in 27
%. The underlying mechanisms of thrombocytopenia
during ECMO are multifactorial, including primary
disease, toxic drug effects, anticoagulation and the
ECMO system used””. Therefore, it is difficult to
speculate about the cause of thrombocytopenia. We

considered that DIC due to ECMO and COVID-19
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infection and contact with foreign surfaces in the
ECMO system are major causes of thrombocytopenia.

In order to stop the bleeding caused by VWF
deficiency, it is necessary to increase the plasma level
of HMW-VWFMs over the threshold. PD-VWEF
product (Confact F®) and cryoprecipitate contain a
higher concentration of VWF and a lower concentra-
tion of ADAMTSI13 relative to FFP?. PD-VWF
product and cryoprecipitate can supply HMW-
VWEMs faster than FFP. In addition, cryoprecipitate
contains a2 anti-plasmin, which can inactivate plas-
min and suppress fibrinolysis®”. Bleeding found in
this patient might be mainly caused by AVWS and
DIC. We believe that cryoprecipitate is the most effec-
tive treatment for ECMO-related AVWS in COVID-
19 patients with DIC.

Patients with severe COVID-19 are in a throm-
botic state and need to receive anticoagulant therapy
such as LMWH. However, once they receive ECMO
therapy, bleeding symptoms could be observed. In
such cases, physicians should think of AVWS and ini-
tiate appropriate therapy while maintaining LMWH.
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