Acquired von Willebrand Syndrome

and Desmopressin Resistance During
Venovenous Extracorporeal Membrane
Oxygenation in Patients With COVID-19:
A Prospective Observational Study

OBIJECTIVES: Although COVID-19 is associated with high von Willebrand fac-
tor (VWWF) parameters promoting thrombosis, venovenous extracorporeal mem-
brane oxygenation (wECMO) is associated with the development of acquired von
Willebrand syndrome (AVWS) promoting bleeding. This study was designed to
assess both the incidence and severity of AVWS in COVID-19 patients undergo-
ing vwECMO, and the benefit of comprehensive vVWF analyses.

DESIGN: Prospective observational study.
SETTING: ICU at a tertiary-care center.

PATIENTS: Twenty-seven consecutive COVID-19 patients with acute respiratory
distress syndrome (ARDS) requiring wECMO.

MEASUREMENTS AND MAIN RESULTS: Comprehensive vVWF analyses
(including sodium dodecyl-sulfate polyacrylamide gel electrophoresis) were per-
formed before, during, and after vvECMO. In a subgroup of 12 patients with
AVWS, effectiveness of treatment with desmopressin was assessed. The patients’
mean age was 53 years (range, 23-73), 70% were male, and all had various
comorbidities. Following markedly elevated vwf antigen (VWF: Ag; mean, 546%
(sp, 282]), VWF collagen binding capacity (mean, 469% [sp, 271]), vVWF activity
(VWF:A; mean, 383% [sp, 132]), and factor VIII activity (mean, 302% [sp, 106]),
and only borderline decreases in high-molecular-weight (HMW) vWF multimers
before vwwECMO, all of these variables decreased and HMW vWF multimers be-
came undetectable within hours following initiation of wECMO. All variables fully
recovered within 3—38 hours after discontinuation of wECMO. During wECMO,
decreases in the VWF:A/VWF:Ag ratio correlated with absent HMW vWF multim-
ers. Desmopressin did not affect vVWF parameters.

CONCLUSIONS: In patients with COVID-19-associated ARDS, AVWS devel-
oped soon after initiation of wECMO. The vVWF:A/VWF:Ag ratio was a suitable
screening test for AVWS. As desmopressin was ineffective, bleeding during
wECMO-associated AVWS should preferably be treated with concentrates con-
taining vVWF.

KEY WORDS: bleeding; COVID-19; desmopressin; extracorporeal membrane
oxygenation; hemostasis; von Willebrand syndrome

(SARS-CoV-2)-induced acute respiratory distress syndrome (ARDS)
undergoing venovenous extracorporeal membrane oxygenation
(vwwECMO), safe and effective management of coagulation is a crucial part
of the overall medical care. It poses considerable diagnostic and therapeutic

In patients with severe acute respiratory syndrome coronavirus 2
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challenges because of the often differing and rap-
idly changing hemostaseological conditions. Early
COVID-19 is mostly associated with a prothrombotic
state promoted among others by endothelial inflam-
mation and dysfunction with consecutive release of
prothrombotic factors and exposure of collagen and
tissue factor (1-3). This results in thrombotic events
in up to one-third of patients with COVID-19 (4). At
the same time, disruption of the vascular endothelial
layer, reduced platelet count and function, and accom-
panying anticoagulation promote bleeding complica-
tions like spontaneous intracranial hemorrhage (5,
6). The use of vwvECMO is regularly associated with
bleeding diathesis caused by shear stress-induced
platelet dysfunction, consumption of coagulation
factors, and anticoagulation (7-9). It is increasingly
being recognized that acquired von Willebrand syn-
drome (AVWS) frequently develops during vwvECMO
and likely contributes to the associated hemorrhagic
complications (10).

The von Willebrand factor (vWF) is a multimeric
glycoprotein that facilitates primary hemostasis by
promoting platelet adhesion and aggregation at sites
of vascular injury. It is synthesized and polymerized
to high-molecular-weight (HMW) vWF multimers in
endothelial cells and stored in the intracellular Weibel-
Palade bodies (11). It is released into the blood by exo-
cytosis as folded glycoprotein presenting binding sites
for collagen. When getting into contact with collagen
at sites of endothelial injury, HMW vWF multimers
unfold, with each multimeric subunit of vVWF exposing
its binding sites to platelet glycoprotein receptors (12).
The larger the vWF multimers, the more effective the
binding to collagen and platelets will be. This is the
main mechanism of primary hemostasis (13).

AV WS s characterized by deficiency or complete loss
of HMW vWF multimers, increasing the risk of spon-
taneous bleeding from mucous membranes and, for
example, catheter insertion sites (9, 11, 14). Routine co-
agulation analyses (e.g., international normalized ratio
or activated partial thromboplastin time) are unsuited
in detecting AVWS. The diagnosis of AVWS requires
documentation of reduced vWF binding to either col-
lagen (VWF collagen binding capacity [vWF:CB]) or
to platelet glycoprotein Ib receptors (VWEF activity
[VWE:A]) in relation to overall vWF (vWF antigen
[VWE:Ag]). In case of decreased vVWF:CB/vWEF:Ag or
vWEF:A/vWE:Ag ratio, differentiation between AVWS
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and some types of inherited von Willebrand disease
requires subsequent documentation of deficiency or
loss of HMW vWF multimers by sodium dodecyl-sul-
fate-agarose (SDS) gel electrophoresis (15).

We have previously documented changes in vVWF
characteristics in six patients with SARS-CoV-2-
induced ARDS before, during, and after vwvECMO (16).
Before vvECMO, various vVWF parameters were mark-
edly elevated, and HMW vWF multimers were present.
However, following initiation of vwvECMO, vWF:CB/
vWF:Ag and vWF:A/vWEF:Ag ratios decreased, and
HMW vWEF multimers became undetectable, con-
sistent with AVWS.

The aims of the present study were to confirm our
previous findings in a larger cohort of consecutive
patients, to define incidence and severity of AVWS
in this setting, and to determine the value of differ-
ent VWF assay methods in the diagnosis of AVWS. We
hypothesized that COVID-19-associated increased
VWE parameters before vvECMO would not protect
patients from developing AVWS during vvECMO. As
desmopressin  (1-desamino-8-D-arginin-vasopressin
[DDAVP]) is the treatment of choice for AVWS (17),
we additionally investigated its efficacy in a subgroup
of patients with documented AVWS.

MATERIALS AND METHODS

The study was conducted in the ICU of the Department
of Anesthesiology and Critical Care at the Medical
Center of the University of Freiburg, Germany. It
was approved by the local Ethics Committee (EK
336/20) and registered in the German Clinical
Trials Register (DRKS No. 00006961). Informed
consent was waived because treatment entirely fol-
lowed departmental standard of care, and the study
design was purely descriptive. The study adheres
to the initiative for Strengthening the Reporting of
Observational Studies in Epidemiology and is com-
pliant with the International Society of Heart and
Lung Transplantation ethics statement (18). We pro-
spectively analyzed the data of 27 consecutive patients
with COVID-19-associated severe ARDS undergoing
vvECMO in our ICU between March 2020 and March
2021. SARS-CoV-2 infection had been diagnosed by
positive real-time reverse transcriptase-polymerase
chain reaction test results of specimens from the
upper or lower respiratory tract.
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Management of vwECMO

vvECMO was initiated either in the ICU or by the ECMO
outreach team followed by immediate transport of the
patient to our ICU. Elixhauser criteria were applied to
describe comorbidities (19). Treatment followed a stan-
dardized protocol. The indication for vvECMO was per-
sistent hypoxemia despite lung protective ventilation
and prone positioning. The patients were connected to
the vwvECMO circuit either via a transjugular double-
lumen Avalon Elite catheter or via two single-lumen
HLS catheters (Maquet Holding GmbH KG, Rastatt,
Germany). The vwvECMO circuit consisted of two par-
allel EOS Phisio- (polymethylpentene) oxygenators and a
Revolution5 centrifugal pump (Sorin Group, Mirandola,
Italy). Oxygenators, tubes, and centrifugal pump were
coated with phosphorylcholine. The system was actively
warmed by heated water. During the first couple of days,
pump flow was routinely set at 3-7 L/min and then grad-
ually reduced to a minimum of 1.8L/min. Stable vital
signs for several hours without vvECMO support were
required before the circuit was explanted.

Coagulation and Blood Management

During vvECMO, patients received low-molecular-
weight heparin (LMWH) targeting an antifactor-Xa
concentration of 0.15-0.35 international units (IU)/
mL at 4 hours after injection. One hour after removal of
the vvECMO cannulae, the patients started to receive
LMWH bid aiming for an antifactor-Xa activity of 0.5—
0.8 IU/mL (9). In the absence of contraindications (e.g.,
intracranial bleeding), therapeutic anticoagulation was
continued until patients were fully mobilized after ICU
discharge and for at least 4 weeks after decannulation of
ECMO. Thresholds for transfusion of packed RBCs and
platelet concentrates were a hemoglobin concentration
of less than or equal to 10g/dL and a platelet count of
less than or equal to 100 000/pL, respectively.

AVWS was presumed to have developed when the
VWE:A/vWF:Ag ratio was less than 0.73. In such case,
desmopressin (DDAVP) was intravenously adminis-
tered at 0.3-pg/kg body weight (maximum dose, 28 ug).

Screening for Acquired von Willebrand Syndrome

Plasma concentrations of VWF:A (normal range,
50-170%), vWF:Ag (normal range, 60-150%), and
factor VIII activity (normal range, 81-215%) were
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measured at the hospital’s central laboratory using the
commercially available test INNOVANCE vWEF:Acand
VvWE:Ag, and the one-stage clotting assay Pathromtin
SL (all by Siemens Healthineers, Erlangen, Germany).
Subsequently, the vWEF:A/vWF:Ag ratio (normal
range, 0.73-1.16) was calculated. Blood samples were
obtained at the following predefined time points:
t1, within 24 hours before cannulation of vvECMO; t2,
within 48 hours after its start; t3, during vvECMO; t4,
within 48 hours before decannulation at completion of
vvECMO; t5, within 24 hours; and t6, at least 3 days
after explantation of vvECMO.

Comprehensive Analysis of von Willebrand
Factor

HMW vWF multimers and vWF:CB were measured
immediately before the start of vvECMO, 30 minutes,
and 3 and 6 hours after its start, every 3 days during
vvECMO, shortly before, and finally 30 minutes, and 3,
6, and 48-72 hours after its explantation. HMW vWF
multimers were determined by SDS gel electrophoresis
with subsequent transfer of the resolved multimers to
a polyvinylidene fluoride membrane. On the basis of
visual inspection of the gel electrophoretic samples by
two highly experienced examiners (H.G., B.Z.), the
content of HMW vWF multimers was classified as
“normal,” “borderline,” (reduced but not entirely ab-
sent) and “missing.” Following presumed diagnosis of
AVWS based on a decreased vVWF:CB/vWEF:Ag ratio of
less than 0.7, AVWS was confirmed by loss of HMW
vWEF multimers.

For determination of VWEF:CB (normal range,
60-150%), an in-house enzyme-linked immuno-
sorbent assay was used. This assay is far more sensitive
than commercially available tests because it contains
collagen type I. Collagen type I (Nycomed Pharma,
Unterschleissheim, Germany) was immobilized on a
microtiter plate. vVWF:CB was quantified on the basis of
changes in optical density. Subsequently, the vWF:CB/
vWE:Ag ratio was calculated (normal value, > 0.7).

Statistical Analysis

Data were imported and explored in Microsoft Excel
sheets (Microsoft, Redmond, WA). Calculations, figure
designs, and statistical analyses were performed using
Graphpad Prism 8.0 (Graphpad Software, San Diego,
CA) and Statistical Package for the Social Sciences
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(Statistical Package for Social Sciences for Windows,
Version 27; SPSS, Chicago, IL). Metric data were ana-
lyzed by one-way analysis of variance test, followed by
post hoc Tukey test, and ordinal data by Friedman test.
Data acquired before and after desmopressin treat-
ment were analyzed by paired ¢ test. A p value of less
than or equal to 0.05 was considered to indicate statis-
tical significance.

RESULTS

The mean time interval between the patients” hospital
admission and their endotracheal intubation was 5
days (range, 0-13 d) and that between endotracheal in-
tubation and initiation of v7vECMO was 4 days (range,
0-15 d). The patient’s mean age was 53 years (range,
23-73 yr), 70% were male, and all had various comor-
bidities. Mean vvECMO duration was 12 days (range,
2-24 d), mean length of ICU stay 23 days (range, 2-55
d), and inhospital mortality 51.8% (Table 1).

von Willebrand Factor Multimeric Structure
Analysis

In all patients, HMW vWF multimers began to de-
crease shortly after initiation of vvECMO and became
undetectable within approximately 3 hours, indicating
development of AVWS. By 3 and 6 hours after decan-
nulation of the vvECMO circuit, HMW vWF multim-
ers became again detectable in 13 (41%) and 14 (53%)
patients, respectively (Fig. 1). Representative findings
on SDS gel electrophoresis acquired in patient 25 are
depicted in Supplemental Figure 1 (http://links.lww.
com/CCM/G990).

von Willebrand Factor Concentrations
and Factor VIII Activity

Although VWEF:Ag did not significantly change
throughout the observation period, VWF:CB and
VWE:CB/VWF:Agratio significantly decreased shortly
after the start of vvECMO and began to normalize
3 hours after discontinuation of vvECMO (Fig. 2).
At six predefined observation points, the findings were
confirmed by commercially available assays as part of
our routine laboratory diagnostic (Fig. 3). The median
time intervals between the various observation points
were as follows: between t1 and cannulation 4.8 hours
(sp, 7.5hr), between cannulation and t2 and t3 10.3

Critical Care Medicine

TABLE 1.

Patient, Venovenous Extracorporeal
Membrane Oxygenation, and Outcome
Characteristics (n = 27)

Sex n (%)
Male 19 (70.4)
Female 8 (29.6)

Age, mean (sb), yr 53 (11.9)

Comorbidities, n (%)

Hypertension 17 (63)
Diabetes 12 (44.4)
Cardiac arrhythmia 1(3.7)
Renal failure 2 (7.4)
Congestive heart failure 4 (14.8)
Chronic pulmonary disease 5 (18.5)
Obesity (BMI > 30) 14 (51.9)

BMI, mean (sp), kg/m? 31.38 (6.3)

Nicotine abuse, n (%) 13 (48.2)

vwECMO cannulation, n (%)

Avalon 31 F 14 (51.9)
Avalon 27 F 6 (22.2)
Femoral—jugular 5 (18.5)
Bifemoral 2 (7.4)

vwWECMO duration, mean (sp), d 12 (5.3)

Length of ICU stay, mean (sp), d 23 (14.7)

Died during extracorporeal membrane 8 (29.6)

oxygenation, n (%)

Inhospital mortality, n (%) 14 (51.8)

BMI = body mass index, wECMO = venovenous extracorporeal
membrane oxygenation.

hours (sp, 15.1hr) and 127.8 hours (sp, 38.1hr), re-
spectively, between t4 and decannulation 14.6 hours
(sp, 15.3hr), and between decannulation and t5 and
t6 17.7 hours (sp, 3.2hr) and 90.1 hours (sp, 32hr),
respectively. At these time points, factor VIII activity
significantly decreased within 48 hours after initiation
of vvECMO and recovered within 48 hours after its
discontinuation.

There were considerable agreements between cate-
gories of concentrations of HMW vWF multimers and
vWE:CB/vWEF:Ag ratios. When the concentrations of
HMW vWF multimers were classified as “normal,”
“borderline;,” or “missing,” the respective vVWF:CB/
vWE:Ag ratios were greater than 0.7 in 92% of blood
samples, between 0.5 and 0.7 in 85% of samples, and
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Figure 1. Violin plots of high-molecular-weight von Willebrand factor multimers. t1: before cannulation of venovenous extracorporeal
membrane oxygenation (WwECMO), t2: 30 min, t3: 3 hr, t4: 6 hr after cannulation of wECMO; 5 during wECMO therapy, t6: shortly
before, 17,18, 9, and t10: 30 min, and 3, 6, and 24 hr after decannulation of wECMO. ---- = median, -+ = 25-75 quartiles.

less than 0.5 in 96% of samples. When the vVWF:CB/
VWE:Ag ratio was less than 0.7, the vVWF:A/vWEF:Ag
ratio was less than 0.73 in all but one blood sample.

Desmopressin Effects

As all 27 patients demonstrated vVWF:A/vWF:Ag ratios
less than 0.73 during ECMO, all of them received a
desmopressin infusion. In those 12 of these 27 patients
in whom we assessed the effect of desmopressin, the
responses in VWEF:Ag, VWE:A, and VWF:A/VWE:Ag
ratio were not statistically significant (all p values
greater than or equal to 0.05; Fig. 4).

DISCUSSION

The main findings of this study in 27 consecutive
patients with SARS-CoV-2-induced ARDS undergoing
vwECMO are the following. First and foremost, severe
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AVWS developed in all patients during vvECMO, re-
flected by complete loss of HMW vWF multimers. This
occurred despite normal or only slightly decreased
HMW vWF multimers before vvECMO. This confirms
our hypothesis that COVID-19-associated increased
vWEF:Ag, vVWF:A, and vWF:CB would not protect
patients from developing AVWS during vvECMO.
Second, loss of HMW vWF multimers detected by
SDS gel electrophoresis was associated with decreased
vWE:CB/vWF:Ag and vWF:A/vWF:Ag ratios. Such
decreases can thus serve as surrogate for AVWS. Third,
desmopressin did not increase vVWF parameters in the
12 of the 27 patients with AVWS in whom we assessed
such effect. To the best of our knowledge, this is the first
systematic investigation of the incidence and severity
of AVWS in such patient population using compre-
hensive vWF assessment, including vWF multimeric
structure analysis at numerous time points.
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Figure 2. von Willebrand factor analysis using collagen binding capacity. Upper and lower
whiskers, box, and the inside horizontal line represent range of values, interquartile range,

and median, respectively. VWF:Ag = von Willebrand factor antigen, VWF:CB = von Willebrand
factor collagen binding capacity.
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Coagulation Status

Immediately before vwvECMO,
vWEF:Ag, vWEF:CB, VvWEA,
and factor VIII  activity
exceeded normal concentra-
tions manyfold. These find-
ings are in agreement with
previous reports (20, 21). In
the acute phase of COVID-19,
endothelial cell infection and
endotheliitis develop (22). The
associated endothelial cell acti-
vation causes secretion of VWF
from Weibel-Palade bodies
that, in turn, lead to increased
circulating vWF and depletion
of Weibel-Palade bodies (2, 3).
Increased concentrations of
VWE parameters result in a
procoagulatory state explain-
ing the frequent thrombotic
complications observed in
COVID-19 patients (6, 21, 23).
Following initiation  of
vwECMO, although vWEF:Ag
remained  statistically un-
changed, vVWF:A and vWE:CB
concentrations and factor
VIII activity decreased result-
ing in decreased VWEF:CB/
vWE:Ag and vVWF:A/vWEF:Ag
ratios. The clinically most rel-
evant finding was the rapid
decline and subsequent loss
of HMW vWF multimers in
all patients, reflecting devel-
opment of AVWS. High and
changing shear stress forces to
which blood is exposed during
vvECMO rapidly induce con-
formational changes ofthe vWF
multimers with subsequent
excessive cleavage of those
multimers by A Disintegrin
And Metalloprotease  with
Thrombospondin-1-like
Domains (ADAMTS-13) (24).
As development of AVWS
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Figure 3. von Willebrand factor parameters and factor VIII activity before, during, and after extracorporeal membrane oxygenation using
commercially available assays. T1, within 24 h before cannulation of venovenous extracorporeal membrane oxygenation (WECMO); T2,
within 48 hr after cannulation of wECMO; T3, during wECMO; T4, within 48 hr before decannulation of wECMO; T5, within 24 hr after
decannulation of wECMO; and T6, at least 3 d after decannulation of wECMO circuit. VWF:A = von Willebrand factor activity,

VWF:Ag = von Willebrand factor antigen.

combined with virus- and immune response-induced
endothelial injury and platelet dysfunction may in-
crease the risk of bleeding, only minimal anticoagula-
tion with LMWH was used during vvECMO, aiming
for antifactor-Xa activity of at most 0.15-0.35 IU/mL,
which is lower than usually reported (3, 21, 23, 25).
Within hours after decannulation of vwECMO,
HMW vWF multimers fully recovered. Furthermore,
vWE:A, vWE:CB, and factor VIII activity not only
recovered, but there was a tendency for overcorrec-
tion beyond the already pathologically elevated values
before vvECMO. These findings imply that the risk
of thromboembolic events is particularly high after
vwwECMO decannulation, which needs to be taken
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into account when planning appropriate anticoagu-
lation.(9) At the same time, incomplete recovery of
platelet function from damage by the extracorpo-
real system (16), virus-induced platelet exhaustion
(21, 26), and apoptosis (27) could increase the risk
of bleeding. These opposing effects complicate the
hemostaseological management (26, 27). We started
therapeutic anticoagulation with enoxaparin 1 hour
after explantation of the vvECMO cannulae and con-
tinued it until patients’ full recovery from critical
illness. Despite this management, occlusive intes-
tinal ischemia requiring surgical intervention was
diagnosed in two patients only 2 days after vvECMO
discontinuation.
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Figure 4. von Willebrand factor parameters before and after
treatment with desmopressin (n= 12). VWF:Ag = von Willebrand
factor antigen; VWF:A = von Willebrand factor activity.
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von Willebrand Factor and Factor VI
Interaction

Like vWE, factor VIII is synthesized and stored in en-
dothelial cells and constitutes a key factor in the cas-
cade of secondary hemostasis. Factor VIII activity
mirrored VWF concentrations throughout the study
period. This is explained by the vWEF-factor VIII in-
teraction. VWF serves as carrier of most of factor VIII
in plasma and protects it from proteolytic degrada-
tion (28). High factor VIII activity is mostly caused
by increased VWF concentrations consistent with
decreased clearance of the vWEF-factor VIII complex.
Thus, vVWF is not only essential for primary but also for
secondary hemostasis.

Assessment of Tests

Our investigation provides novel information re-
garding testing for AVWS. Normal or only slightly
decreased concentrations of HMW vWF multimers
before vvECMO, and deficient and ultimately absent
HMW vWF multimers after institution of vvECMO
correlated well with normal and decreased vVWF:CB/
vWF:Ag and vWEF:A/VWEF:Ag ratios, respectively.
Provided normal ratios have been documented before
vvECMO, decreasing ratios during vvECMO can serve
as surrogate for AVWS. Nevertheless, the definitive di-
agnosis of AVWS requires not only the documenta-
tion of decreased VWF function (e.g., as reflected by
decreased vWF:CB or cVW:A) in relation to vVWEF:Ag
resulting in decreased vVWF:CB/vWF:Ag and vVWF:A/
vWEF:Ag ratios, but also requires the loss of HMW
vWTF multimers (29).

When patients start bleeding during vwwECMO,
AVWS should be considered. As vWF multimeric
structure analysis using SDS gel electrophoresis is a la-
bor-intensive, time-consuming, and costly technique,
it is not routinely available at all healthcare centers. In
such case, VWF:Ag, vVWF:A, and vWF:A/vWEF:Ag ratio
should be determined before initiation of vvECMO. If
the ratio had been normal before and decreases during
vwECMO, AVWS is very likely, and appropriate hemo-
staseologic treatment should be initiated. In any case,
the suspected diagnosis of AVWS should be quickly
confirmed in a specialized laboratory.

In five of the 27 patients, HMW vWF multimer con-
centrations were slightly reduced even before vwvECMO
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(Fig. 1). This may reflect increased binding of HMW
vWF multimers to COVID-19-activated endothelium
and platelets, increased vVWF adhesive function caused
by the markedly elevated vVWF concentrations, a mul-
tifactorial downregulation in ADAMTS-13 function,
and/or mechanical damage of vVWF multimers within
vessels partly occluded by thrombosis (30).

Desmopressin Effects

The lacking effect of desmopressin on vVWF param-
eters in patients with AVWS was unexpected and is
of clinical relevance. Desmopressin usually acts by
inducing exocytosis of VWF and other factors stored in
the Weibel-Palade bodies within endothelial cells fol-
lowed by release into the blood (11). However, in the
acute phase of COVID-19, Weibel-Palade bodies be-
come depleted of vVWE. Lack of effect of desmopressin
is consistent with exhausted endothelial storage sites.
Desmopressin may thus not be the drug of first choice
in the treatment of AVWS developing in COVID-19
patients during vvECMO. In case of hemorrhage in
this situation, transfusion of vWF-containing con-
centrates or fresh frozen plasma and treatment with
tranexamic acid may be preferable (17).

Limitations

This is a single-center study with a limited number
of 27 patients. However, the single-center design
allowed us to fully standardize and control all aspects
of medical care, most importantly those of ywvECMO
and coagulation management. The routine sophis-
ticated testing for vWF parameters, especially the
SDS gel electrophoreses required highly experienced
personnel and advanced equipment to assure ex-
peditious and reliable processing of blood samples.
Organization of a multicenter study in the early phase
of the corona pandemic would have considerably
delayed acquisition of respective data that we consid-
ered to have an impact on clinical care of this patient
population. The analysis of HMW vWF multimers is
based on visual inspection of gel electrophoretic sam-
ples. In contrast to optical densitometry, this provides
a merely semiquantitative assessment of HMW vWF
multimers. However, the assessment was carried out
by two highly experienced examiners, and the loss of
HMW vWF multimers is easily recognizable on visual
inspection.
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CONCLUSIONS

Despite elevated vVWF parameters and normal con-
centrations of HMW vWF multimers in COVID-19-
patients with ARDS, severe AVWS may develop only
hours after initiation of vwECMO. Initially normal
VWE:A/vWEF:Ag or vWF:CB/vWF:Ag ratios decreas-
ing in the course of vvECMO are indicative of AVWS.
Nevertheless, confirmation of AVWS requires addi-
tional documentation of loss of HMV vWF multimers
by SDS gel electrophoresis. The rapid changes between
prothrombotic and prohemorrhagic conditions re-
quire effective hemostaseological monitoring and ad-
justment of coagulation therapy. Desmopressin may
not be the drug of choice in the treatment of AVWS
developing during vvECMO in COVID-19 patients.
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