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Introduction

Hemorrhagic events are frequently observed in critically ill
patients with the need for extracorporeal membrane oxy-
genation (ECMO) therapy.1,2 A recent large cohort study

investigating 210 ECMO patients suggested, that severe
bleeding complication is more frequent in coronavirus dis-
ease 2019 (COVID-19) by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) than in other viral infections.3

Contrary to these, COVID-19 is characterized by
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Abstract Acquired von Willebrand disease (aVWD) is frequently observed in patients with the need
for extracorporeal membrane oxygenation (ECMO). aVWD can be treated by plasma-
derived concentrates containing factor VIII (FVIII) and/or von Willebrand factor (VWF) and
recombinant VWF concentrate as well as adjuvant therapies such as tranexamic acid and
desmopressin.However, all of these therapeuticoptionspossibly cause thromboembolism.
Therefore, the optimal treatment remains uncertain. This report presents a case of a 16-
year-old patient suffering from severe acute respiratory distress syndrome due to
coronavirus disease 2019 with the need of ECMO support. Our patient developed aVWD
under ECMO therapy characterized by loss of high-molecular-weight multimers (HMWM)
and severe bleeding symptoms following endoscopic papillotomy due to sclerosing
cholangitis. At the same time standard laboratory parameters showed hypercoagulability
with increasedfibrinogen level andplatelet count. Thepatient was successfully treatedwith
recombinant VWF concentrate (rVWF; vonicog alfa; Veyvondi) combined with topic
tranexamic acid application and cortisone therapy. rVWF concentrate vonicog alfa is
characterized by ultra-large multimers and absence of FVIII. Patient could be successfully
weaned from ECMO support after 72 days. Multimer analysis 1 week after ECMO
decannulation showed an adequate reappearance of HMWM.
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immunothrombosis and other immunological reactions.4–8

Due to low incidence, little is known about pediatric COVID-
19 ECMO patients. Considering the limited evidence, pediat-
ric patients seem to have a milder clinical course and better
prognosis of bleeding complications than adults,9 but sepsis-
induced coagulopathy is also frequently observed in critical
ill pediatric patients.10 Acquired von Willebrand disease
(aVWD) is frequently diagnosed in ECMO patients2,11 and
gastrointestinal (GI) bleeding events are common.12 Most
likely high-molecular-weight multimers (HMWM) of von
Willebrand factor (VWF) are damaged due to mechanical
stress inside the ECMO circuit.13 Increased cleavage by a
disintegrin and metalloproteinase with a thrombospondin
type 1 motif, member 13 (ADAMTS13) and binding of the
VWF to platelets might also play a role in the development of
aVWD.14 Weaning from ECMO therapy can restore VWF
function.15 However, it can only be performed when respi-
ratory function has stabilized. Therefore, best treatment
strategy for aVWD in bleeding ECMO patients remains
challenging.

Methods

VWF-antigen (VWF:Ag), VWF-collagen-binding-activity
(VWF:CB), and VWF-ristocetin-induced-binding (VWF:
GP1bR) were determined applying HemosIL AcuStar-Assays
(Instrumentation Laboratory, Werfen, Germany) including
the calculation of VWF:GP1bR/Ag andVWF:CB/Ag ratio. VWF
HMWMwere analyzed using the Hydragel 5 von Willebrand
Multimer kit and a Hydrasis 2 analyzer (both Sebia Labor-
diagnostische Systeme GmbH, Fulda, Germany).

Case Description

A 16-year-oldmale patient was admitted to the intensive care
unit (ICU)with severe dyspnea andhypoxia (SpO2 48%) 1week
after reversed phase polymerase chain reaction confirmed
SARS-COV-2 infection. Initially, the patient could be stabilized
with nasal high-flow therapy and noninvasive ventilation.
Sixteen days after ICU admission, the patient had to be
intubated, but gas exchange remained persistently insuffi-
cient. Due to refractory hypoxemia, therapy with ECMO,
cortisone, and prone positioning were initiated and adequate
gas exchange could be restored immediately (►Fig. 1). Thorac-
ic computed tomography showed severe bilateral milk glass
opacities and increasing consolidation of pulmonary tissues. A
minor peripheral pulmonary embolismwas also detected. No
venous thromboembolism could be diagnosed using repeated
complete compression ultrasound of both lower limbs. The
patient suffered from bacterial superinfection, recurrent sep-
sis and septic shock accompanied by liver dysfunction. Forty-
seven days after the start of ECMO therapy, endoscopic pap-
illotomy for hyperbilirubinemia due to sclerosing cholangitis
had to be performed (endoscopic retrograde cholangiopan-
creatography [ERCP] picture is shown in right part of►Fig. 1).
As side effect, diffuse bleeding symptoms from the GI tract
occurred, prompting the need for daily transfusion of 2 to 3
packs of red blood cell concentrate (►Supplementary Fig. S1).
Repeated endoscopic attempts to achieveGI hemostasis failed.
Intravenous unfractionated heparin therapy was stopped im-
mediately and subsequently anti-Xa level decreased to<0.1
IE/ml. Conventional laboratorycoagulationparameters didnot
indicate any specific bleeding disorder (►Table 1). On the

Fig. 1 Presentation of patient’s time course of disease since hospital admission (day 0). ICU, intensive care unit; NIV, noninvasive ventilation;
HFNC, high-flow nasal cannula; PCR, polymerase chain reaction; BAL, bronchial lavage sampling; vv-ECMO, veno-venous extracorporeal
membrane oxygenation; RBC, red blood cell transfusion; ERCP, endoscopic retrograde cholangiopancreatography; NAVA, neurally adjusted
ventilator assist; pSO2, partial oxygen saturation.
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contrary, the patient exhibited highly elevated factor VIII
levels, what is common in acute phase reaction. The VWF
analysis was consistent with severe aVWD showing low ratios
for VWF:CB/VWF:Ag (0.48) and VWF:GP1bR/VWF:Ag (0.5).
Multimer analysis confirmed the diagnosis with abnormal
distribution and nearly complete absence of HMWM com-
pared to healthy controls (►Fig. 2). The patient was treated
with recombinant human VWF (vonicog alfa), at a dose of 65
IE/kg daily for five consecutive days. Additionally, 2 g tranexa-
micacidwere administered throughgastral tube (indicated for
enteral nutrition). After a single dose of recombinant VWF
(rVWF), bleeding symptoms improved and the need for blood
transfusion decreased (►Supplementary Fig. S1). Following
the last dose, GI bleeding stopped and no further blood trans-
fusionswerenecessary for severaldays.VWF:CB/VWF:Ag ratio
increased during therapy with vonicog alfa to 0.64 and to 0.82
for VWF:GP1bR/VWF:Ag, respectively. Liver function recov-
ered and the patient could be sufficiently weaned from ECMO
therapy after 72 days. Multimer analysis 1 week after ECMO
decannulation showed an adequate reappearance of HMWM
(►Fig. 2). On day 110 the patient could be discharged from the
ICU to a rehabilitation facility in stable condition (►Fig. 1).

Discussion

While severe coursesofCOVID-19where often seen inadults it
is quite rare in children. A U.S. cohort study showed that of
167,262 children tested positive for SARS-CoV-2 10,245 (6.1%)

were hospitalized, 1,423 (0.85%) met criteria for severe dis-
ease, and 42 (0.03%) required ECMO.16 As in adults, obesity is
associated with a severe course of COVID-19 in children, a
condition with also was present in our case.17 There is a
growing body of evidence, that immune-related aspectsmight
determine the development of severe causes. Therefore,
immunomodulatory and anti-inflammatory therapies are rec-
ommended, especially in the early phase of COVID-19 disease.
Whether a dysregulated immune response is also crucial for
the failure in pulmonary improvement in the subsequent
course remains hypothetical. However, it is known from other
etiologies (viral infections, drugs, aspiration, rheumatological
diseases) that the immune response can contribute to the
development of a secondary organizing pneumonia (OP), a
subtype of interstitial lung diseases.18 For this reason, a high-
dose prednisolone therapy can be indicated if OP is sus-
pected.19 Usually, an initial does of 0.75 to 1.5mg/kg body-
weight (BW) of prednisolone for 4 weeks is used.18

Considering secondary OP in an early phase of the COVID-19
disease is an established approach in our institution. We
usually start with a dose of 2mg/kg BW of intravenous
prednisolonefor3days, followedby0.75mg/kgBWfor2weeks
followed by subsequent tapering. As described above, this
early therapy did not improve the condition of the patient.
In severe cases of OP a high dose of intravenous methylpred-
nisolone (500–1,000mg) for 3 days is described.19 This ap-
proach led to a substantial improvement of the respiratory
system in our case.

Fig 2 von Willebrand factor (VWF) multimer distributions on day 3 after bleeding occurred under and after ECMO therapy compared to healthy
control. ECMO, extracorporeal membrane oxygenation; HMWMM, high molecular weight multimers.
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Secondary sclerosing cholangitis (SSC) of the critical ill
patient including COVID-19-related cholangiopathy (SC-CIP)
is an underestimated and underdiagnosed disease with poor
prognosis (1-year survival 55% without transplantation).20

The SC-CIP is one entity of SSC, where toxic (drug associated)
or hereditary forms are only fewother examples of SSC types.
The pathophysiology of SC-CIP is not well understood, but
hypoxia of the biliary system seems to be a crucial factor
leading to subsequent bile cast formation (composed of
collagen from necrotic bile ducts21) with superimposed
biliary infections.6 Due to commonly seen prolonged hypox-
emic episodes in severe COVID-19 patients, the SC-CIP is a
common complication in these patients affecting both, acute
care22 and long-term outcomes.23,24 During critical care
ursodeoxycholic acid, ERCP with sphincterotomy, evacuation
of the sludge from the biliary system, as well as microbio-
logical analyses of the bile with consequent anti-infective
therapy for at least 2 weeks are recommended, although
today there are no data available that show a stop of
progression of SC-CIP due to this therapy.6 Sphincterotomy
led to an ongoing intraluminal bleeding in our case, what
eventually led to the diagnosis of aVWD. aVWD is common in
ECMO patients. Panholzer et al found that bleeding symp-
toms in ECMO patients occurred in 23% in combination with
aVWD.11 Start of the ECMO therapy induces changes in the
coagulation system including low platelets, platelet function
disorders, consumption of coagulation factors, and aVWD.
However, these laboratory changes do not lead to clinically
overt bleeding symptoms in all patients. Against this back-
ground, preemptive screening for coagulations disorders
during ECMO therapy is useful,25 especially before surgery.
Few data are available on the prevalence of aVWD patients
and its optimal treatment. Biguzzi et al presented a series of
aVWD patients with GI bleeding and differing therapeutic
approaches, recommending individualized treatment and
control of underlying disease.26 Kalbhenn and Zieger sug-
gested an algorithm for prevention and therapy of aVWD-
related bleeding in ECMO patients.25 They emphasize the
importance of bleeding prevention and recommend routine
screening for coagulation disorder in ECMO patients. Al-
though desmopressin is part of their suggested therapy
concept, other studies showed that desmopressin may be
less effective for treatment for aVWD.2 The upregulation of
factor VIII and VWF due to severe inflammation of the
endothelium might be a reason for the reduced efficiency
of desmopressin in these patients. Something similar had to
be expected in our case. As shown in ►Table 1 the patient
exhibited very high factor VIII levels, consistent with an
inflammatory state. In this situation the ability of a further
release of VWF and factor VIII from the endothelium by
desmopressin is uncertain. Therefore, a VWF-containing
product can be discussed in that situation. However, the
elevated factor VIII levels should be taken into account when
initiating therapy. COVID-19 acute respiratory distress syn-
drome is known for its coagulopathy with an increased risk
for thromboembolic complications.27 This, together with an
ECMO circuit running in a patient should always be taken
into consideration when giving coagulation factors because

it can lead to both thrombosis in the patient and clotting in
the ECMO circuit. Probably due to the shear stress within the
ECMO circuit an unfolding of HMWM of VWF occurs. This
makes them vulnerable to the cleavage by ADAMTS13 result-
ing in reduced HMWM levels. The simple evaluation of VWF:
AgorVWF:CB valueswithout assessing the ratios could lead to
the diagnosis being overlooked. This would have happened in
the presented case. The confirmation of suspected VWD
requires gel electrophoresis which is laborious and usually
takes time. However, the ratio of VWF:CB/VWF:Ag is a rapid
and reliableway todetect aVWD. Theonlycausal treatment for
ECMO-associated aVWD (i.e., the loss of highmolecularmulti-
mers of VWF due to unfolding of VWF by the ECMO) is
termination of the ECMO therapy, which requires sufficient
pulmonary gas exchange. Therapeutic options for bleeding
aVWD patients include plasma-derived concentrates contain-
ing factorVIII and/orVWFand rVWFconcentrate (vonicogalfa)
as well as adjuvant therapies such as tranexamic acid and
desmopressin.28 Therapeutic efficacy might be limited due to
short half-life of the given VWF within the ECMO circuit and
therefore the dose of rVWF has to be increased up to 65 IE/kg.
Moreover, complex coagulopathy andhypercoagulabilitywith
increased factor VIII are a hallmark of severe COVID-19 dis-
ease,29 leading to high number of thromboembolic events.30

Thismayexplain thepulmonaryembolism inour patient,who
exhibited elevated factor VIII levels (►Table 1), what also can
disturb the determination of the activated partial thrombo-
plastin time values.31 rVWF, unlike plasma-derived VWF con-
centrates, does not contain factor VIII. This feature might be a
particular advantage for patients with clinically relevant
bleeding and simultaneous hypercoagulability due to severe
COVID-19, sepsis, or similar critical conditions. Of note, the
safeandeffectiveuseof rVWFforaVWDinpediatricpatientsas
shown in the reported case is still off-label.

This case features the importance of aVWD in ECMO
patients, the efficient use of rVWF concentrate in aVWD,
and the high-dose methylprednisolone therapy in OP in a
pediatric COVID-19 patient. Transfusion of rVWF should
therefore be considered as a potential therapeutic strategy
for ECMO patients bleeding due to aVWD and high levels of
factor VIII at the same time. If OP is suspected a high-dose
methylprednisolone therapy should be considered even after
initial failure of prednisolone therapy.
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