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Patients with type 1 and type 2 vonWillebrand disease (VWD) can be treated with

desmopressin. Although a previous study has shown that the location of the causative VWF

gene variant is associated with desmopressin response in type 1 VWD, the association between

variants in the VWF gene and desmopressin response is not yet fully understood. Our primary

aimwas to compare desmopressin response in type 1 VWD patients with and without a VWF

gene variant. Secondly, we investigated whether desmopressin response depends on specific

VWF gene variants in type 1 and type 2 VWD.We included 250 patients from theWillebrand in

the Netherlands study: 72 type 1 without a VWF gene variant, 108 type 1 with a variant, 45 type

2A, 16 type 2M, and 9 type 2N patients. VWF gene was analyzed with ion semiconductor

sequencing andMultiplex Ligation-dependent Probe Amplification. Complete response to

desmopressin was observed in all type 1 VWD patients without a variant, 64.3% of type 1

patients with a variant, and 31.3% of type 2 patients (P, .001). Despite a large interindividual

variability in desmopressin response, patients with the same variant had comparable

desmopressin responses. For instance, in 6 type 1 patients with exon 4 to 5 deletion, mean

VWF activity at 1 hour after desmopressin was 0.81 IU/mL, with a coefficient of variation of

22.9%. In conclusion, all type 1 VWD patients without a VWF gene variant respond to

desmopressin. In type 1 and type 2 VWD patients with a VWF variant, desmopressin

response highly depends on the VWF gene variants.

Submitted 3 December 2021; accepted 4 April 2022; prepublished online on Blood
Advances First Edition 21 April 2022; final version published online 20 September 2022.
DOI 10.1182/bloodadvances.2021006757.

The data reported in this article have been deposited in the ClinVar database (acces-
sion numbers SCV002546246-SCV002546352).

Requests for data sharing may be submitted to Frank W. G. Leebeek
(f.leebeek@erasmusmc.nl).

The full-text version of this article contains a data supplement.

© 2022 by The American Society of Hematology. Licensed under Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-
ND 4.0), permitting only noncommercial, nonderivative use with attribution. All other
rights reserved.

Key Points

� All type 1 VWD
patients without a
VWF gene variant
have a complete
response to
desmopressin.

� In type 1 and type 2
VWD patients with a
VWF gene variant,
desmopressin
response highly
depends on the
causative VWF gene
variant.
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Introduction

von Willebrand Disease (VWD) is characterized by a reduced or
abnormal function of vonWillebrand factor (VWF).1 VWF is responsi-
ble for platelet adhesion and aggregation.2 Therefore, patients with
VWD have a reduced clot formation and an increased bleeding phe-
notype.1 VWF also serves as carrier protein for coagulation factor VIII
(FVIII), explaining the reduced FVIII levels observed in VWD patients.2

Clinical manifestations of VWD include mucosa-associated bleeding,
such as menorrhagia, gingival bleeding, and postsurgical bleeding.3

VWD can be classified in 3 types.1 Type 1 VWD is most prevalent
and characterized by reduced levels of VWF. Type 2 VWD is charac-
terized by an abnormal function of VWF, whereas type 3 VWD is
characterized by a complete absence of VWF.1

Treatment of VWD consists of increasing VWF and FVIII levels by infu-
sion of exogenous VWF-containing concentrates or by administration
of desmopressin, which stimulates the release of endogenous VWF
from vascular endothelial cells.4-6 Treatment with desmopressin is pre-
ferred above VWF-containing concentrates as it is more convenient
because desmopressin can be administered intranasally and subcuta-
neously and is less expensive. However, not all VWD patients have a
sufficient increase in VWF and FVIII after desmopressin administra-
tion.6 The majority of patients with type 1 VWD respond well to des-
mopressin, whereas only a small number of type 2 VWD patients
respond.7 In type 2 VWD patients, VWF antigen usually increases
after desmopressin, but VWF activity remains low.8 Therefore, a des-
mopressin test dose is required in patients diagnosed with VWD to
assess the magnitude and duration of response to desmopressin.6 In
patients with type 2B VWD, desmopressin is contraindicated because
desmopressin administration may lead to thrombocytopenia.1,4

VWF levels in circulation are largely determined by the VWF gene,
which is located on chromosome 12.9 A broad spectrum of variants
in the VWF gene are found in patients with VWD.9-12 However,
�30% of type 1 VWD patients do not have a variant in the VWF
gene.10,13-15 The European MCMDM-1VWD study has previously
shown in 77 patients that the location of the causative VWF gene
variant is associated with desmopressin response in type 1 VWD
patients.16 The MCMDM-1VWD study also found that all of the 16
included type 1 VWD patients without a VWF gene variant had a
complete response to desmopressin.16 Larger studies are needed to
compare the desmopressin response of type 1 VWD patients with
and without a VWF gene variant. Moreover, it is unknown whether
specific VWF gene variants explain the variability in desmopressin
response in type 1 and type 2 VWD patients. It is also unclear
whether family members with a comparable phenotype of VWD have
a similar response to desmopressin. By clarifying the association
between genotype and desmopressin response, one may hypotheti-
cally be able to predict the desmopressin response of patients, and
thereby, patients may not need a test dose of desmopressin.

Therefore, we have investigated the association between genotype and
desmopressin response in a large cohort of type 1, type 2A, 2M, and
2N VWD patients. Our primary aim was to compare the desmopressin
response between type 1 VWD patients with and without a VWF gene
variant. Secondly, we aimed to investigate whether the desmopressin
response depends on specific VWF gene variants in type 1 and type 2
VWD patients. Lastly, we aimed to compare the desmopressin

response of index cases in whom the VWF gene was analyzed and
affected family members in whom the VWF gene was not analyzed.

Methods

Patients

We included all type 1, type 2A, 2M, and 2N VWD patients from the
Willebrand in the Netherlands (WiN) study in whom a desmopressin
test was performed and in whom all exons of the VWF gene was ana-
lyzed.3,17 Affected family members from the WiN study in whom the
VWF gene was not analyzed but who had the same type of VWD as
an index case, including comparable historical and centrally mea-
sured VWF and FVIII levels, were also included. Inclusion criteria of
the WiN study were historically lowest VWF antigen (VWF:Ag), VWF
activity or VWF collagen binding (VWF:CB) #0.30 IU/mL or FVIII
activity (FVIII:C) #0.40 IU/mL (in case of type 2N VWD), and a posi-
tive family history of VWD or personal bleeding diathesis.3,17 The
WiN study was approved by the Erasmus Medical Center Medical
Ethical Committee. The study was conducted in accordance with the
Declaration of Helsinki.

Data assessment

During inclusion in the WiN study, blood was obtained, and all
patients filled in a questionnaire containing a self-administered
Tosetto bleeding score. VWF and FVIII levels prior and immediately
after a test dose of desmopressin were obtained from the electronic
patient files. Desmopressin was, in most cases, administered intrave-
nously at a dosage of 0.3 mg/kg in 50 mL of sodium chloride 0.9%
infused over 30 minutes or intranasally at a total dosage of 300 mg.
Venous blood samples were routinely obtained according to the insti-
tutional protocols. This consisted routinely of samples before and 1
to 4 or 6 hours after desmopressin administration.

Laboratory measurements

VWF and FVIII levels were centrally measured at inclusion in the WiN
study at the Erasmus University Medical Center as described before.3,18

VWFpropeptide (VWFpp) was centrally measured at the LeidenUniver-
sity Medical Center as described before.18 The assessment methods of
theWiN study have been described in detail previously.3,17,18

VWF:Ag, VWF activity (VWF:Act), VWF:CB, and FVIII:C before and
after desmopressin response were measured at the local treatment
centers and were obtained from the electronic patient files.
VWF:Act measurements varied between centers and varied in each
center over time. In short, VWF:Act was measured with the antibi-
otic ristocetin and platelets assay (VWF:RCo), ristoceting and
recombinant glycoprotein Ib (GPIb) fragments (VWF:GPIbR),
recombinant GPIb fragments with 2 gain-of-function mutations
(VWF:GPIbM), and monoclonal antibody assay (VWF:Ab). Although
the laboratory assays that were used in each center may differ, all
centers participated in external quality controls. As such, VWF and
FVIII measurements were obtained from standardized assays, which
were used in routine diagnostic settings.

Genetic analysis

Data on genetic analysis were obtained from the WiN study, in which
the 52 exons of VWF gene and plus or minus 20 bp exon-intron
boundaries were analyzed with Ion semiconductor sequencing (Ion-
Torrent) at the hematology laboratory of the Radboud University
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Medical Center in Nijmegen. All detected variants were confirmed
with Sanger sequencing. In patients without VWF gene variants, Multi-
plex Ligation-dependent Probe Amplification was performed to detect
large deletions or duplications. All presented variants in this manu-
script are in heterozygous form unless specified as homozygous.
Benign variants were not regarded as pathogenic and were therefore
omitted from this manuscript.

Definitions

Complete response to desmopressin was defined according to the
2021 American Society of Hematology, International Society on
Thrombosis and Haemostasis, National Hemophilia Foundation, and
World Federation of Hemophilia VWD guidelines: 2 times increase
in VWF:Act (from baseline) at 1 hour after desmopressin and
VWF:Act and FVIII $0.50 IU/mL until 4 hours after desmopres-
sin.6,19 In patients with VWF:Act $0.50 IU/mL measured immedi-
ately before desmopressin administration, complete response was
defined as VWF:Act .1.00 IU/mL until 4 hours after desmopressin.

Reduced synthesis/secretion of VWF was defined as FVIII:C/VWF:Ag
ratio $1.9, whereas increased clearance of VWF was defined
as VWFpp/VWF:Ag ratio $2.2 as described before.18,20 FVIII:C/
VWF:Ag ratio ,1.9 and VWFpp/VWF:Ag ratio ,2.2 was defined as
undetermined pathophysiology of reduced VWF levels.18

Affected family members

Affected family members were only included in the analyses com-
paring desmopressin response of type 1 VWD patients with and
without a VWF gene variant and type 2 VWD patients and in the
analyses comparing the desmopressin response of index cases and
affected family members.

Statistical analysis

Continuous data are described as median and interquartile range
and categorical data as number and percentage. The normality of

data was visually assessed with histograms. In case of .30 patients
per group, we compared groups with parametric tests, such as
independent sample t-test or analysis of variance. Categorical data
were compared between groups using a x2 test.

Desmopressin response between type 1 with and without variants
and type 2 VWD patients were compared with an analysis of
variance test. Proportion of responders to desmopressin were
compared between groups with a x-square test. Desmopressin
response per VWF gene variant are presented descriptively,
without statistical tests, because of the low number of patients per
VWF gene variant. The variability in desmopressin response is pre-
sented as the coefficient of variation (CV), which is expressed in
percentages. Statistical analyses were performed with SPSS Statis-
tics version 25 (IBM Corp., Armonk, NY). P , 0.05 was considered
significant.

Results

We included a total of 250 type 1, type 2A, 2M, and 2N VWD
patients. In 208 patients, genetic analysis was performed, and 42
patients were affected family members with the same type of VWD
as the index case with a known genetic variant and similar historical
and centrally measured VWF and FVIII levels. The patient character-
istics are presented in Table 1. Seventy-two patients had type 1
VWD without a VWF gene variant, 108 patients had type 1 VWD
with a VWF gene variant, 45 patients had type 2A, 16 had type 2M,
and 9 had type 2N VWD. The median age at desmopressin admin-
istration was 36 years (24-46) and did not differ among type 1
patients with a variant, type 1 patients without a variant, and type 2
patients (Table 1). Older age was associated with a better desmo-
pressin response (supplemental Figure 1). For instance, in type 1
VWD patients with a variant, a complete response to desmopressin
was observed in 10/26 (38.5%) patients younger than 18, 25/37
(67.6%) patients 18 to 40, and 27/33 (81.8%) patients older than
40 years (P 5 .002). In type 1 VWD patients without a variant,

Table 1. Patient characteristics

Characteristics

Type 1 without variant

(n 5 72)

Type 1 with variant

(n 5 108)

Type 2 VWD

(n 5 70)

Age at desmopressin 37 [26-46] 35 [18-45] 38 [27-48]

Female, n (%) 48 (66.7%) 66 (61.1%) 39 (55.7%)

Blood group O, n (%) 54 (75.0%)* 60 (60.6%)* 38 (55.1%)*

Genetic analysis, n (%) 63 (87.5%) 86 (79.4%) 59 (84.3%)

Included AFMs, n (%) 9 (12.5%) 22 (20.4%) 11 (15.7%)

Bleeding score1 9 [5-15]* 7 [4-12]* 11 [6-14]*

Historically lowest VWF levels
2

VWF:Ag 0.39 [0.30-0.46]* 0.26 [0.15-0.36]* 0.31 [0.19-0.43]*

VWF:Act 0.24 [0.20-0.27]* 0.18 [0.10-0.25]* 0.09 [0.04-0.22]*

VWF:CB 0.25 [0.19-0.33]* 0.19 [0.10-0.26]* 0.15 [0.03-0.27]*

FVIII:C 0.50 [0.40-0.61]* 0.44 [0.27-0.60]* 0.38 [0.26-0.57]*

FVIII:C/VWF:Ag ratio1 1.6 [1.4-1.8]* 2.0 [1.6-2.5]* 1.5 [1.2-2.0]*

VWFpp/VWF:Ag ratio1 2.0 [1.7-2.3]* 2.8 [1.9-5.0]* 4.1 [3.1-5.6]*

Data are presented as median [interquartile range] unless otherwise specified. AFMs affected family members. 1FVIII:C/VWF:Ag ratio and VWFpp/VWF:Ag ratio were obtained at the
inclusion in the WiN study. 2Historically lowest levels were measured at the local laboratories were also VWF and FVIII levels before and after desmopressin administration were
measured.
*P , .05. between groups.
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VWF and FVIII levels 1 hour after desmopressin were similar, but
levels at 2 to 5 or 6 hours were lower in patients with blood group
O compared with patients with blood group non-O, although not
statistically significant (supplemental Figure 2).

Desmopressin response in patients with and

without a VWF gene variant

An overview of all VWF gene variants found in our cohort and their
association with desmopressin response is provided in supplemental
Table 1. Overall, we found a clear difference in VWF and FVIII
levels after desmopressin between type 1 VWD patients with and
without a variant and type 2 VWD (P , .001 for all variables at all
measurements, Figure 1A-C). Desmopressin response was at all
measurements after desmopressin significantly higher in type 1 VWD
patients without a variant compared with type 1 patients with a vari-
ant (P , .001 at all measurements, Figure 1A-C). Even after adjust-
ment for relevant confounders, these differences were present. For
instance, in patients without a VWF gene variant, VWF:Act was at 1
hour after desmopressin b 5 0.36 IU/mL higher (95% confidence
interval, 0.16-0.56; P , .001) compared with type 1 VWD patients

with a VWF gene variant (adjusted for historically lowest VWF:Act,
VWF:Act immediately prior to desmopressin administration, FVIII:C/
VWF:Ag ratio, and VWFpp/VWF:Ag ratio). As expected, VWF:Act
was lower after desmopressin administration in type 2 VWD patients
compared with type 1 patients with a variant (P, .01 at all measure-
ments, Figure 1B), whereas VWF:Ag was not different between both
groups (P. .3 at all measurements, Figure 1A).

Based on the most recently defined desmopressin response criteria,
100% of type 1 patients without a VWF gene variant had a com-
plete response, whereas 64.3% of type 1 VWD patients with a
VWF gene variant and 31.3% of type 2 VWD patients had a com-
plete response after desmopressin (P , .001, Figure 1D).

Desmopressin response depends on VWF gene

variants in type 1 VWD

In all type 1 VWD patients in whom genetic analysis was performed,
the interindividual variability in desmopressin response was large,
with a CV of, respectively, 61.9% and 48.6% at 1 hour after desmo-
pressin and 69.7% and 69.2% at 4 hours after desmopressin for
VWF:Act and FVIII:C. However, patients with the same VWF gene
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Figure 1. A large difference in desmopressin response was observed between type 1 VWD with and without a VWF gene variant and type 2 VWD. (A)

VWF:Ag was higher after desmopressin in type 1 VWD patients without a variant compared with type 1 VWD patients with a variant and type 2 VWD patients. (B-C) VWF:Act and

FVIII:C after desmopressin administration was highest in type 1 patients without a variant, followed by type 1 patients with a variant and type 2 VWD patients. (D) All type 1 VWD

patients without a variant had a complete response to desmopressin, whereas 66.3% of type 1 patients with a variant and 31.1% of type 2 VWD patients had a complete response.

In panels A-C, data are represented as mean and 95% CI. CI, confidence interval.
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variant had comparable desmopressin responses with small interindi-
vidual differences (Figure 2). For instance, in 6 type 1 VWD patients
with an exon 4 to 5 deletion, mean VWF:Act at 1 hour after desmo-
pressin was 0.81 IU/mL, with a CV of 22.9%, whereas at 4 hours
mean VWF:Act was 0.73 IU/mL, with a CV of 27.0% (Figure 2A).
Similar small interindividual CVs were observed for all other variants,
except for R854Q and R924Q. One patient with R924Q had a lower
desmopressin response compared with other patients with R924Q,
which could be attributed to a second VWF gene variant (C1169W)
present in this patient. One patient with R854Q had a lower desmo-
pressin response compared with other patients with R854Q, for
which no clear explanation could be found.

Desmopressin response depends on VWF gene

variants in type 2 VWD

We included 36 type 2A VWD patients with 16 different VWF gene
variants. Overall, a large interindividual variability was found, especially
for VWF:Act with interindividual CVs of 80.7% and 38.1% at, respec-
tively, 1 hour and 4 hours after desmopressin. However, the interindivid-
ual variability in type 2A patients with the same variant was low
(Figure 3A). Patients with C1190Y had the highest VWF:Act after des-
mopressin, followed by V1499E. In all type 2A patients, desmopressin
response was very comparable between patients with the same variant.

In type 2M VWD, 14 patients were included with 8 different VWF
gene variants. Overall, also type 2M patients showed a variable

response in VWF:Act at 1 hour and 4 hours after desmopressin,
depending on the causative mutation (Figure 3B). However, in
patients with the same variants, the interpatient variability in
response was small because 2 patients with R1374H both had no
increase in VWF:Act after desmopressin, whereas 2 patients with
R924Q both had a complete response to desmopressin. In 5
patients with F1293L, desmopressin responses were very compara-
ble, with low interindividual variance at measurements after desmo-
pressin (Figure 3B).

In type 2N VWD, 6 patients had compound heterozygous variants,
2 patients had heterozygous variants, and 1 patient had a homozy-
gous variant. Because there was a large variety of second variants
in type 2N patients, we could not assess the variability in desmo-
pressin response between patients with exactly the same genetic
background, except for R854Q1R2535*, which was present in 2
patients with a comparable desmopressin response (Figure 3C-D).
Although VWF:Act increased well after desmopressin in all type 2N
patients, there was a large interindividual variability in FVIII:C
response after desmopressin (Figure 3C-D).

The association between genotype and

desmopressin response is mediated via the

pathophysiological defects of VWF

In type 1 VWD, all patients with reduced synthesis/secretion of VWF
with normal clearance (FVIII:C/VWF:Ag $1.9 and VWFpp/VWF:Ag
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,2.2) had a complete response to desmopressin (Figure 4A). All
patients with a rapid clearance of VWF with VWFpp/VWF:Ag ratio
.7 had an incomplete response to desmopressin (Figure 4A). Lastly,
all patients with undetermined pathophysiology of reduced VWF lev-
els (FVIII:C/VWF:Ag ,1.9 and VWFpp/VWF:Ag ,2.2) had a com-
plete response to desmopressin (Figure 4A).

In type 2 VWD, all patients with rapid clearance of VWF with
VWFpp/VWF:Ag ratio $6.0 had an incomplete response to desmo-
pressin (Figure 4B). Also, all patients with a combination of both
reduced synthesis/secretion and increased clearance of VWF
(FVIII:C/VWF:Ag ratio $1.9 and VWFpp/VWF:Ag $2.2) had an
incomplete response to desmopressin, except for 1 patient with a
borderline response (VWF:Act of 0.56 IU/mL 4 hours after desmo-
pressin, Figure 4B). Lastly, all 4 patients with undetermined patho-
physiology of reduced VWF levels (FVIII:C/VWF:Ag ,1.9 and
VWFpp/VWF:Ag ,2.2) had a complete response to desmopressin
(Figure 4B).

Desmopressin response in affected family members

VWF and FVIII levels after desmopressin were similar between index
cases and affected family members at all measurements after des-
mopressin (all P values . .05). In 41 type 1 VWD patients, desmo-
pressin response was very comparable between index cases in
whom the VWF gene was analyzed and affected family members
(9 families with a VWF gene variant and 5 families without a variant,
Figure 5A). In 19 type 2 VWD patients from 7 families, desmopres-
sin response also seemed comparable between index cases and
affected family members (Figure 5B).

Discussion

In this large study in well-defined type 1 and type 2 VWD patients,
we have investigated the association between genotype and des-
mopressin response. We found that all type 1 VWD patients with-
out a VWF gene variant had a complete response to desmopressin,

whereas in type 1 VWD patients with a VWF gene variant, only
64.3% had a complete response, and in type 2 VWD, only 31.3%
had a complete response. Furthermore, despite a large interindivid-
ual variation in desmopressin response in type 1 and type 2 VWD,
patients with the same VWF gene variants had very similar desmo-
pressin responses, even in unrelated patients. Lastly, desmopressin
response seemed comparable between index cases in whom the
VWF gene was analyzed and affected family members.

The results of our study indicate that there is a clear difference in
the desmopressin response of type 1 VWD patients with and with-
out a VWF gene variant, confirming the results of the MCMDM-
1VWD study.16 Because all type 1 VWD patients without a VWF
gene variant had a complete response, desmopressin testing may
not be needed in these patients. Similarly, it was previously found
that 40/40 (100%) patients with historically lowest VWF levels of
0.30 to 0.50 IU/mL had a complete response to desmopressin, sug-
gesting that desmopressin testing may not be needed in these
patients.21 Together with our previous findings that there is a clear
difference in the pathophysiology of type 1 VWD patients with and
without a VWF gene variant and that type 1 VWD patients without
a mutation have higher VWF and FVIII levels, the results of our cur-
rent study indicates that type 1 VWD patients with and without a
VWF gene variant are distinct groups.22 Although until now, genetic
testing was not routinely performed in type 1 VWD patients, these
new insights raise the question of whether we should perform
genetic analyses in type 1 VWD patients. Especially, because
genetic analysis may have therapeutic consequences as observed
that all type 1 patients without a variant respond well to desmopres-
sin and therefore do not need a desmopressin test.

Castaman et al have previously demonstrated in 77 patients that
desmopressin response is influenced by the genotype in type 1
VWD patients.16 We have confirmed their results in type 1 VWD
patients with various variants and additionally found the same asso-
ciation in type 2 VWD patients. Some of the variants that we
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describe in this manuscript have already been reported in relation to
desmopressin response. As described in several previous studies,
type 1 Vicenza (R1205H) is known for its poor response to desmo-
pressin, due to fast clearance of VWF.23 We have also found that
type 1 VWD patients with other variants associated with a rapid
clearance of VWF based on a VWFpp/VWF:Ag ratio above 7.0,
such as S2179R, also do not respond to desmopressin. Of note,
despite that patients with an increased clearance of VWF may not
have a complete desmopressin response, desmopressin treatment
may still have a therapeutic role during minor interventions, as was
previously shown for R1205H and C1130F.24 Also comparable to
our study, patients with R1374H and R1374C were previously
found not to respond to desmopressin.8,16 On the other hand,
Y1584C and R854Q were previously shown to be associated with
a good response to desmopressin, as confirmed in the current
study.8,16 Importantly, in patients with R854Q who did not respond
to desmopressin, a second variant was often identified. It was also
previously shown that most patients with R1597W have a poor
response to desmopressin.8,16 In summary, these findings illustrate
that desmopressin response highly depends on the specific VWF
gene variant in type 1 and type 2 VWD patients. This suggests that
if the genetic variant in a certain patient is known in literature to be
associated with no response or with a very good response to des-
mopressin, then a desmopressin test may not be required in that
patient. In type 2N VWD, only a small number of patients had the
same VWF gene variants. Therefore, we could not reliably assess
the variability in desmopressin response of patients with the same
variants. In line with our study, it was previously found that type 2N
VWD patients have a good response to desmopressin.16,25 More-
over, it was also found that there is a large variability in FVIII:C
increase after desmopressin in type 2N VWD patients.25

Older age was associated with a better desmopressin response.
This could mean that desmopressin response is better in older
patients, which may have to do with the age-related increase of
VWF levels.26,27 It could also be associated with the fact that
patients that are diagnosed at a younger age generally have a more
severe bleeding phenotype, which is associated with a worse des-
mopressin response.28 Future studies are needed to investigate
whether desmopressin response changes intraindividually with aging.

We have also observed that in index cases and affected family mem-
bers with the same type of VWD and similar historical and centrally
measured VWF and FVIII levels, desmopressin response was compa-
rable between index cases and affected family members. This sug-
gests that desmopressin tests may not be needed in affected family
members with the same disease phenotype as an index case. Addi-
tional prospective studies are needed to confirm these findings. How-
ever, one may choose to perform a test dose of desmopressin to
assess the side effects of desmopressin in a certain patient.

Furthermore, the pathophysiology of reduced VWF levels was
strongly associated with desmopressin response, especially in type
1 VWD patients. We have previously shown that each VWF gene
variant leads to specific synthesis/secretion and/or clearance
defects of VWF and is associated with historically lowest and cen-
trally measured VWF levels.22 Together, these findings lead to the
working hypothesis that a specific VWF gene variant leads to spe-
cific defects in VWF synthesis/secretion and/or clearance, which
determines VWF levels and subsequently determines whether a
patient responds to desmopressin or not.

The main strength of this study is that extensive VWF and FVIII
measurements were performed before and after desmopressin
administration, and all exons of the VWF gene were analyzed,
including Multiplex Ligation-dependent Probe Amplification, in a
large cohort of well-defined type 1 and type 2 VWD patients. There-
fore, we were able to investigate many VWF gene variants and to
compare the desmopressin response between several patients with
the same VWF gene variants. Also, we had data on the pathophysi-
ology of reduced VWF levels and were therefore able to investigate
the association between genetic variants, pathophysiological defects
in VWF, and desmopressin response. A potential limitation is that
VWF and FVIII levels after desmopressin were measured with differ-
ent assays in different laboratories. However, we have demonstrated
for the 4 most used VWF:Act assays that overall, the assays are
very comparable.29 Moreover, we found a similar response to des-
mopressin in patients with the same variants in whom VWF and
FVIII levels were measured in different laboratories. If VWF and FVIII
levels would have been measured in the same laboratory, desmo-
pressin responses would have probably been even more compara-
ble. Another potential limitation is that some VWF gene variants may
lead to a laboratory phenotype of type 1 VWD in some patients and
type 2 VWD in other patients. Therefore, some variants are listed in
this manuscript as causing both type 1 VWD and type 2 VWD.
Lastly, it should be noted that a patient who is classified as a non-
responder according to the desmopressin response criteria may still
benefit from desmopressin during, for instance, small bleeding such
as epistaxis.

In conclusion, this study shows that type 1 VWD patients without a
VWF gene variant always respond to desmopressin, and desmo-
pressin response strongly depends on specific VWF gene variants
in patients with type 1 and type 2 VWD. These results indicate that
genetic analysis may have an important additional value for optimiz-
ing the therapeutic management of VWD patients.
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