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Abstract

A complete set of Von Willebrand Factor (VWF) laboratory investigations
including bleeding time, PFA-100 closure times, FVIII: C, VWF Ristocetin
Cofactor activity (VWF: RCo). VWF Collagen Binding (VWF: CB), VWF Antigen
(VWF: Ag), Ristocetin Induced Platelet Aggregation (RIPA), VWF multimeric
analysis and the response of FVIII: C and VWF parameters to DDAVP have
the power to diagnose all variants of Von Willebrand Disease (VWD) and to
discriminate between the type 1 and type 2 and between severe type 1 and type
3 VWD. The response to DDAVP of VWF parameters is normal in pseudo-VWD
(mild VWF deficiency due to blood group O), in mild VWD type 1 and in carriers
of type 1 and 3 VWD. The response to DDAVP is rather good but restricted
followed by increased clearance in dominant type 1/2E, transiently good in mild
type 2A group I, good for VWF: CB but poor for VWF: RCo in 2M and 2U, poor
in 2A group |, 2B, 2C and 2D, and very poor or non-responsive in recessive
VWD severe type 1 and 3.

Homozygosity or double heterozygosity for non-sense mutations in the
VWEF gene are the cause of recessive VWD type 3. Homozygosity or double
heterozygosity for a non-sense and mis-sense mutation or for two missense
mutation cause recessive severe type 1 VWD. VWD type 3 is a hemophilia-
like bleeding disorder with the complete absence of VWF and FVIII: C and
compatible with life. Recessive “type 1” VWD differs from “type 3” VWD by the
presence of detectable VWF: Ag and FVIII: C levels between 0.01 and 0.10
U/dL. Heterozygous carriers of recessive type 3 or 1 VWD with one mutant
null or missense allele are usually asymptomatic at VWF levels around 50% of
normal. Recessive type 2C (lIC) is due to homozygous or double heterozygous
mutations in the D2 domain. Homozygosity or double heterozygosity for the
FVIII binding defect of the VWEF is the cause of recessive VWD type 2 Normandy
featured by low FVIII: C, mild or moderate VWF deficiency type 1 VWD and
normal VWF multimers. Heterozygous carriers of VWD type 2C (lIC) may have
mild VWF: RCo deficiency, mild bleeding and abnormal 2C like multimer defect
in high resolution gel.

LowVWF mild VWD type 1 patients present with low to variable penetrance
of bleeding, have prolonged PFA-CT between the upper limiy of normal to 300
seconds, show a high (increased) prevalence of blood group O, have VWF
values between 0.30 and 0.60 U/dL with normal ratios of VWF: RCo/: Ag, VWF:
CB/Ag and FVIIl: C/VWF: Ag. LowVWF mild VWD type 1 has low penetrance
of mucocutaneous bleeding, the combination of C1584/blood group O is rather
frequent in the Euopean and Canadian VWD-1 studies. LowVWF mild VWD
type 1 show good and adequate responses of FVIII: C and VWF parameters to
DDAVP. The presence of a missense mutation in heterozygous LowVWF mild
type 1 VWD patients are featured by normal multimers in a low resolution gel
and are mainly located in the regulatory sequence region, the D1 D2 region,
the D’ VWF-FVIII binding site region and the D4, C1 to C6 region of the VWF
protein, but less frequent to rarely in the D3, A1 or A2 domain. A new category
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of mild VWD type 1 due to mutations in the D4, B1-3, C1-2 (recently labelled
as C1 to C6) domains of the VWF gene has been discovered by the European
MCMDM-1VWD study and consist of two groups. One group have normal VWF
multimers and present with mild VWD either dominant or recessive type 1 VWD
with variable penetrance of bleeding manifestations. The other group of VWD
type 1 with mutations in the D4, B1-3, C1-2 (C1 to C6) domains have a smeary
pattern of abnormal VWF multimers in low and medium SDS resolution gels.

Autosomal dominant VWD type 1/2E (lIE) is quantitative/qualitative
multimerization defect caused by a heterozygous cysteine mutation in D3
domain of the VWF gene resulting in a secretion (increased FVIII: C/VWF: Ag
ratio) and/or clearance defect (increased VWFpp/Ag ratio). The VWF in VWD
1E/2E VWD patients lack the triplet structure on VWF multimers using medium
to high resolution gel according to the method of Budde. Dominant VWD type 1/
Vicenza is qualitative defect with equally low levels of FVIII: C, VWF: Ag, VWF:
RCo, VWF: CB due to rapid clearance (high VWFpp/Ag ratio) with the presence
of large VWF multimers in plasma caused by a specific mutation R1205H in the
D3 domain. VWD 2A variant lIA, IIB, IIC, and IID are featured loss of large VWF
multimers in low resolution gels and caused by increased proteolysis in VWD
type 2A (ll1A) and 2B (IIB) RIPA is decreased in 2A (lIA) and increased in IIB.
VWD 2B (lIB) is caused by a gain of GPIb function mutation and VWD 2D (lID) is
a dimerization defect due to mutation in the CK domain. Dominant VWD type 2M
and 2U (2A-variant) are caused by loss of function mutations in the A1 domain
resulting in a quantitative/qualitative variants featured by decreased RIPA,
decreased platelet dependent function VWF: RCo, and normal VWF: CB with
the presence all VWF multimers (VWD 2M). VWD 2U (2A-variant) VWD patients
have some loss or relative decrease of large VWF multimers (VWD 2A variant).
Proteolysis of VWF is minimal in each of type 2C (lIC), 2D (lID), 2E (IIE), and
2M or 2U. VWD 2M and 2A-variant have aberrant VWF multimeric structure of
individual oligomers and lack of triplet structure of each band. Proteolysis of
VWEF is increased in dominant type 2A and 2B VWD and result in the absence of
large VWF multimers, increased triplet structure of each band, decreased ratios
for VWF: RCo/Ag and VWF: CB/Ag and prolonged BT. Autosomal dominant type
2A (IIA) is caused by heterozygous missense mutations in the A2 domain. VWD
type 2B (IIB) is due to gain of function mutations in the A1 domain and differs
from 2A by a normal VWF multimeric pattern in platelets, and increased RIPA.

Introduction

In routine daily practice simple sensitive and specific Von
Willebrand Factor (VWF assays) are to be used for clinical suspicion
and grading of bleeding severity evaluation and correct diagnosis
of patients with Congenital Von Willebrand Disease (VWD) [1-
12]. In classic VWD type 1, 2 or 3, either autosomal recessive or
dominant, the patient has recurrent mucocutaneous since early
childhood, more than two bleedings after tooth extraction, trauma
or surgery and bleedings that needed medical treatment and/or
EVIII/VWF concentrate transfusion because of abnormal bleeding
after an operation and/or trauma, menarche (in women), or has
bleed for a few to several hours or even more than 24 hours after a
tooth extraction, minor trauma or surgery. A moderate to severe
type of mucocutaneous bleeding either recessive or dominant since
early childhood plus, hemarthrosis, muscle bleeding, and a need
for prophylactic treatment with FVIII/VWF concentrate, refers to a
hemophilia bleeding type, which is usually seen in recessive 3 VWD
type 3 [1,2]. In very mild von Willebrand factor deficiency related
to blood group O and/or VWD type 1 in the study of Michiels et
al. (2002) [12] have VWF values between 0.30 U/dL and 0.60 U/
dl (LowVWF mild type 1 VWD), the patient has only one or two
unclear minor bleeding symptoms, no serious bleeding in childhood
and absence of secondary bleedings following trauma and/or surgery.

In LowVWF mild type 1 VWD, the patient has one or two obvious
mucocutaneous symptoms like frequent episodes of epistaxis, and/or
prolonged or profuse menstruation or frequent hematomas, which
usually do not require medical treatment or FVIII/VWF concentrate
treatment and usually show a rather good but restricted response to
DDAVP in carriers of recessive type 1 and type 3 to normal response
of FVIII: C and VWF parameters to DDAVP in blood group O
individuals (pseudo-VWD (Michiels et al 2002) [12].

Diagnostic differentiation of VWD type 1 and 2 with
“normal” VWF multimers

The ISTH classification of congenital Von Willebrand Disease
(VWD) is dominated by the reccommendations of the VWF Scientific
Standardization Committee (VWEF-SSC) at annual SSC meetings of
the International Society on Thrombosis and Haemostasis (ISTH)
between 1994 and 2000 [10-12]. The 1994-2000 ISTH classification
is based on a small set of insensitive VWF parameters VWE: Ag,
VWE: RCo, RIPA and VWF multimers in a low resolution gel. VWF
multimeric analysis in low SDS resolution gels cannot distinguish the
2A (IIA, 1IB, IIC, IIE and IID variants. VWF multimeric analysis in
medium to high resolution gels used by Ruggeri & Zimmermann, by
Battle et al and by Budde & Schneppenheim is highly sensitive for
the diagnosis of VWD type 1 with normal VWF multimers and does
distinguish each of VWD subtypes type IIA, IIB, IIC, IID and 2M
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Figure 1: 2000 - 2006 SSC-ISTH Classification of VWD type 2A and its subtypes IIA, IIC, IIE and 1ID [11,13].
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Table 1: Classification of VWD according to the VWF-SSC-ISTH guidelines 1994-2002 [10,11,13].

Inherited VWD caused by genetic mutations at the VWF locus includes a broad spectrum of recessive and dominant variants of VWD. Carriers of recessive

Type 1 VWD refers to partial quantitative deficiency of VWF mainly based on a normal VWF: RCo/Ag ratio VWD type 2A (lumping IIA, 1IB, IIC, IIE,IID) VWD
refers to qualitative VWF deficiency with the loss of large VWF multimers as documented by a decreased VWF: RCo/Ag ratio. VWD type 3 refers to virtually

Type 2A VWD refers to qualitative variants with decreased platelet dependent function that is attributed to the absence of high molecular weight VWF multimers.
The 2006 SSC ISTH followed a compromised “lumping-spitting” approach in distinguishing four mains categories of type 2A (lIA), 2B (11B), 2M, 2N VWD patients

Type 2M or 2U is a new entity defined by the 1994-2000 SSC-ISTH and refers to qualitative variants with decreased platelet dependent function (VWF: RCo and
RIPA), with the presence of large VWF multimers in a low resolution agarose gel (VWD 2M), but recent data show a relative decrease of large VWF multimers

Type 2A VWD refers to qualitative variants with absence of HMW multimers, increased, normal or decreased RIPA and decreased VWF: RCo/Ag ratio. The
lumping-splitting approach 2A by the ISTH 2006 can be subdivided in the variants of IIA, IIC, IIE and IID as defined by Zimmerman & Ruggeri, Battle, Budde

1.
> VWD type 3 or severe recessive type 1 VWD are asymptomatic or may manifest mild bleeding in particular when associated with blood group O'2.
3 complete deficiency of VWF and FVIII: C.
(Figure 1).
4.
5 in @ medium resolution gel (VWD 2A-variant).
6 & Schneppenheim (Figure 1).

Type 2B (lIB) refers to all qualitative variants with absence of HMW multimers and decreased VWF: RCo/Ag ratio and increased RIPA as first described by
Ruggeri & Zimmerman.

Type 2N (Normandy) refers to all qualitative variants with markedly decreased binding of factor VIII to VWF. VWD 2N show the presence of all large and

intermediate VWF multimers with a normal VWF: RCo/Ag ratio as first discovered as VWD Normandy (2N)I [17-20].

related to mutationsin the A2, A1, D2, D3 and CK domain respectively
(Figure 1) [1-12]. The VWF-SSC classification of VWD patients is
based on a few insensitive laboratory tests including FVIIL: C, VWEF:
Ag, VWE: RCo, VWE: RCo/Ag ratio RIPA and VWF multimers in
low resolution gels and therefore persisted to lump VWD 2A variants
IIA, 1IB, IIC, IIE and IID as one category (Table 1). The lowest
detection level of the VWEF;RCo assay between 1994 and 2000 was
0.10 to 0.15 U/dl), and RIPA was only used for the differentiation
of VWD IIA (2A) and IIB (2B), whereas VWF multimers in low
resolution gel only detect the absence of large VWF multimers. For
reasons of applicability in routine practice, the SSC-ISTH used the
combined “lumping” rather than the “splitting” approach for the
classification of type 2 VWD based on arbitrary rules but not based
on scientific analysis of structure and function relationship of VWF
gene mutations related to the functional domains of the VWF protein.

In the “lumping” approach of the ISTH classification, VWD type
2 is independent of multimer structure in a low resolution gel and
refers to all loss-of-function variants of VWF including FVIII binding
defect (FVIIL: B defect = Normandy = 2N), loss of high molecular
weight (HMW) multimers with decreased RIPA in VWD 2A lumped
as VWD IIA, IIC, IID, or loss of HMW and increased RIPA VWD 2
(IIB). Lumping is easier to apply at the expense of illogical grouping
of several variants of VWD IIA, IIC, IID, IIE as 2A with decreased
RIPA and loss of large VWF multimers due to various mechanisms

underlying VWD type 2. The underlying mechanisms of VWD type 2
include increased proteolysis in VWD type 2A (ITA) and 2B (IIB) due
to mutations in the A2 and A1 domain respectively; multimerization
defect in VWD 1E/2E (IIE) due to mutations in the D3 domain,
and dimerization defect in VWD 2D (IID) due to mutations in the
CK domain. The ISTH 1994 and 2000 ISTH classification poorly
defined dominant VWD 2M and its differentiation from dominant
pronounced type 1 was hardly possible VWF levels below 0.20 U/
dL. In 2000 decreased or absent RIPA due to loss of function in the
interaction between platelet-GPIb-ligand and VWE-GPIb receptor
appeared to key feature of VWD 2M and 2U with normal but relative
loss of large multimers, whereas RIPA is normal in pronounced
dominant VWD type 1. Initially VWD type Vicenza has labeled as 2M
but the detection all VWF multimers and normal RIPA after DDAVP
followed clearance VWF: Ag and FVIIL: C changed te classification
of VWD Vincenza into VWD 1C. Recessive VWD 2N (Normandy)
is caused by a FVIII-VWF binding defect but has normal VWF
multimers typical for VWD type 1.

In the “spitting” alternative, type 2 VWD refers to the loss-of-
function (VWEF: RCo) of circulating VWF attributed to the absence
of HMW multimers in 2A with decreased RIPA (lumping IIA, IIC,
IIE and IID with decreased RIPA) and 2B (IIB) with increased RIPA
according to Ruggeri & Zimmerman [1,2]. VWD type 2M frequently
labeled as 2U or 2A-variant refers to loss of VWF GPIb function
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Table 2: Laboratory parameters in patients with hemophilia, von Willebrand disease type 2A, 2B, 2N, type 3 and VWD type 1 classified according to the 1994 SSC-
ISTH classification of VWD in the French study of Fressinaud et al. [17] and reclassified more strictly according to 2000 ISTH recommendations is hardly possible.
Analysed by Michiels et al. in 2002.

Patients VWF: Ratio VWD type BT PFA-100 CT seconds
VWD type Ag Rco Rco/Ag reclassified ADP Epi
SSC-ISTH 2002 Michiels

Type 1 mild LowVWF

1 48 39 0.81 1 mild 10 136 137
2 40 39 0.98 1 mild 8 147 173
3 34 38 1.12 1 mild 6 154 202
4 62 38 0.61 1 mild 8.5 148 164
5 39 36 0.92 1 mild 18 193 159
6 45 35 0.77 1 mild 6 141 184
7 37 34 0.92 1 mild 6 144 183
8 35 34 0.97 1 mild 16 210 >250
9 38 34 0.89 1 mild 5 145 218
10 45 34 0.76 1 mild 6 138 180
11 42 31 0.74 1 mild 55 127 174
12 38 30 0.79 1 mild 8 129 191
13 35 28 0.8 1 mild 18 197 >250
14 29 28 0.97 1 mild 6 170 >250
15 48 27 0.56 1 mild 3.5 141 219

Type 1 or 2 moderate

16 59 27 0.56 1or2 >20 >250 >250
17 31 26 0.84 1 moderate 7 >250 >250
18 38 26 0.68 1 moderate 17 >250 >250
19 28 22 0.79 1 moderate 15 >250 >250
20 23 22 0.96 1 moderate 12 >250 >250
21 39 22 0.56 2 17 181 >250
22 30 22 0.73 1 moderate 15 181 >250
23 38 16 0.42 2 8.5 197 >250
24 24 15 0.62 1 moderate 6.5 >250 >250

Type 1 or 2 severe

25 24 14 0.58 1 or 2 severe >20 >250 >250
26 44 13 0.33 2 severe >20 >250 >250
27 26 12 0.46 2 severe >20 >250 >250
28 44 13 0.3 2 severe >20 >250 >250
29 23 10 0.43 2 severe 12 >250 >250
30 12 10 0.83 1 severe 9 >250 >250
31 15 10 0.67 1 severe >20 >250 >250
32 27 10 0.37 2 severe 1" >250 >250
33 12 9 0.75 1 severe 4 >250 >250
34 29 9 0.31 2 severe 8.5 >250 >250
35 9 0 1 1 severe >20 >250 >250
36 9 5 0.55 1 or 2 severe 7.5 >250 >250

Type 2A

3 patients 75-92 23-43 0.27-0.57 2A mild 8.5-18 >250 >250
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2 patients 51-61 15-17 0.25-0.33 2B 14->20 >25- >250
Type 3
4 patients <1 <3 - 3 >20 >250 >250
Type 2N
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Figure 2: Results of cutaneous Bleeding Time (BT), VWF: RCo and Platelet Function Analyzer Closure Times: PFA CT Epinephrin and PFA CT ADP before and
one hour after intravenous DDAVP in 34 patients with mild to moderate VWD in the French studies of Fressinaud'>'6. Please not that half of the 34 VWD patients
did have a prolonged cutaneous BT, whereas PFA CT values were prolonged in all 34 VWD patients and corrected to normal one hour after DDAVP. The figure
below shows that the correction of PFA-CT in VWD patients is transient and lasted only for a few hours.

(decreased VWEF: RCo and decreased RIPA) not caused by the loss
of HMW multimers. Using the 1994 - 2000 SSC-ISTH criteria, the
diagnosis of pronounced dominant VWD type with VWF: Ag and
VWE: RCo levels below 0.15 U/L could not be differentiated from
dominant VWD type 2 M and also not from recessive pronounced
VWD type 1 in the study of Michiels & Van Vliet 2002 [12-14].
The original description of dominant VWD type 2E (IIE) usually
has a laboratory phenotype 1 in all VWD studies when the ISTH
classification is applied [10-62]. Diagnostic differentiation of so-called
pronounced dominant or recessive VWD type 1 using the 1994-2006
SSC-ISTH criteria remained a persistent problem in routine daily
practice [10-62].

Fressinaud et al. (1998) evaluated the performance of the PFA-
100 Closure Times (CT) in 60 patients with VWD classified according

to the 1994 SSC-ISTH classification®. This study included 36 patients
with VWD typel, 24 patients with VWD 2A (ITA), 2B (IIB), patients
with 2N, and in 14 patients with hemophilia (Table 2). PFA CT Epi
and CT ADP were normal in VWD 2N and in hemophilia patients.
According to strict criteria proposed by Michiels et al the VWD
type 1 patients could be reclassified as mild VWD type 1 in 15 cases
(VWE: RCo 0.28-0.39 U/dl), moderate VWD type 1 or 2 in 9 cases
(VWE: RCo 0.15-0.27 U/dl) and severe VWD type 1 or 2 in 12 cases
(VWE: RCo 0.05-0.14 U/dl). All patients with severe VWD type 1
or 2, 2A (IIA), 2B (IIB) and 3 had prolonged PFA CT unmeasurable
above 250 seconds and prolonged cutaneous BT in the majority.
The Bleeding Time (BT) varied from normal in a few to prolonged
in patients with moderate or severe type 1 or 2 VWD. Mild VWD
type 1 patients had normal to marginally prolonged BT and slightly
prolonged PFA -CT between the upper limit of normal and 250
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Table 3: Baseline laboratory data in 15 patients with von Willebrand disease diagnosed as type 1 according to Mannucci et al in 1985 and reclassified according to

Michiels et al. [12,14] following the updated 2006 SSC-ISTH criteria [13].

Patient Age/Sex FVIII: CVWF: VWF: RCo/Ag Simplate BT VWD type
(urdl) Ag RCo ratio minutes (<7) Reclassified
1 36/M 18 12 <6 0.5 15 severe 1 recessive
2 36/F 22 11 9 0.81 7 1
3 29/F 30 58 29 0.5 5 mild 1 or 2
4 55/M 31 8 <6 <0.75 15 severe 1 (2E)
5 53/M 3 20 <6 <0.30 8 severe 1
6 47/M 33 18 7 0.39 12 2M
7 32/F 36 27 <6 0.22 8 2M
8 32/F 40 15 <6 <0.40 20 2M
9 24/F 42 23 23 1 14 1
10 30/M 42 16 6 0.38 11 2M
11 42/F 42 24 29 1.26 5 1
12 19/M 50 15 25 1.66 7 1
13 55/F 55 33 16 0.48 5 mild 1 or 2
14 63/M 57 24 7 0.29 6 2M
15 48/M 12 12 9 0.75 5 severe 1

seconds. These observations lead to the conclusion that the PFA-100
is clearly superior to cutaneous BT for the detection of mild versus
pronounced VWD. A normal PFA-CT exclude VWD except VWD
type 2N.

Fressinaud et al. (1999) evaluated the PFA-100 in the management
of 23 mild to moderate VWD patients with DDAVP [16]. Before
DDAVP infusion, the level of VWF: Ag ranged from 0.15 to 0.56
(mean 0.33 ) U/dl and that of VWF: RCo from 0.14 to 0.49 (0.29)
IU/dL. All VWD patients had prolonged PAF-100 CT Epi vs ADP
above 250 seconds in 13 cases and 8 patients had PFA-CT values
between the upper limit of normal to 250 s before DDAVP, The
PFA-CT corrected to normal one hour after DDAVP in all 8 and 25
VWD patients (Figure 2). There was no further follow-up except in
3 cases showing only transient correction of CT for only a few hours
(Figure 2). Such transient corrections of PFA-100 are typically seen
in patients with mild to moderate VWD type 1/2E, mild to moderate
2M, 2M-Vicenza, mild 2A (ITA) and in variants of dominant VWD
type due to a secretion and/or rapid clearance defect in the 2002 study
of Michiels & Van Vliet [12,14].

Michiels reclassified according to ISTH criteria the group of 15
patients with VWD type 1 described by Mannucci et al. (Table 3)
[13]. According to improved criteria proposed by Michiels & Van
Vliet in 2002 [12], there are 3 cases with severe type 1 VWD patients
in Table 1 with low values for FVIII: C and VWF parameters and
a very poor response of VWF: RCo and a partial good response of
EVIIL: C to DDAVP. This type of response as has been described in
recessive severe type 1 VWD patients. At least 5 patients in table 1
can readily be reclassified as VWD type 2M based on decreased VWEF:
Ag and very low VWF: RCo with RCo/Ag ratios of less than 50 when
the 2002-2006 Antwerp [1,2,14] criteria and the 2006 SSC-ISTH
classification are applied [13]. The response to DDAVP in these type
2M patients is restrictive (not reaching the lower limit of normal, less

than 0.60 U/dl) for VWE: RCo, whereas the response of FVIIL: C is
reasonable normal reaching 2 or 3 times higher to values between 1.0
to 1.5 U/dL As the ratios of post—to pre DDAVP induced increase of
FVIIL: C, VWE: Ag and VWE: RCo were not significantly different,
this simple means that the decreased ratios of VWF: RCo/Ag ratios in
type 2M VWD patients before DDAVP did not correct after DDAVP
thereby confirming the diagnosis VWD type 2M [1,2,12,14].

From the French Fressinaud studies in the end 1990s Michiels
& Van Vliet concluded in 2002 concluded that the combined use of
Ivy BT, VWF;Ag, VWF;RCo, RIPA and VWF multimers in a low
resolution gel as recommended by the ISTH absolutely could not
distinct between the VWD type 1 versus VWD type 2 in patients
with pronounced type 2N, 2M and 1E/2E (IIE) VWD at VWF levels
below 0.15 U/ml [12]. To overcome this shortcoming of the ISTH
classification Van Vliet & Michiels developed and introduced a
novel set of sensitive VWF parameters. The Ivy bleeding time was
replaced by Platelet Function Analyzer closure times (PFA-CT ADP
and Epinephrine). A normal PFA-CT result exclude mild VWD,
The PFA-CT is normal in pseudo-VD, slightly prolonged in mild
type 1 VWD and usually strongly prolonged (above 250 second or
above 300 seconds). Van Vliet developed the VWF collagen binding
ELISA assay using Coll type 1 as described in 2002 (Michiels& Van
Vliet) [12]. The VWE: CB assay is sensitive for the presence of large
VWEF MM in VWD type 1 and VWD type 2M. The VWF;CB is more
sensitive than the VWEF: RCO assay to detect the loss in large VWF
MM in VWD type 2A (IIA, IIC, IIE, IID) and 2A-variant. Van Vliet
used the Brosstad method for VWF multimeric analysis as a more
sensitive in VWF MM assay in low resolution gels to better separate
VWD type 1 and 2M from classical VWD 2A and 2B [12]. Please note
that recessive VWD IIC and IID are rare and never seen by Michiels
and Van Vliet in the large Rotterdam cohort of VWD patients 1994-
2020 [12]. Michiels & Van Vliet prospectively evaluated between
1994 and 1998 the large Rotterdam cohort of VWD patients study'”
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the novel set of VWF parameters PFA-CT, FVIII: C, VWE: Ag, VWE:
RCo, RIPA, VWEF: CB, modified Brosstad VWF analysis on top of
a DDAVP challenge test diagnosed as VWD type 1 or VWD type 2
RIPA and a correct interpretation of the response curves of FVIIIL:
C and VWEF parameter in subsequent VWD studies [1,2,13,14].
(reviewed in Thrombosis Hemostasis Research 2020: 4(1): 1040).

The molecular basis of mild VWD type 1 with normal VWF
multimers: LowVWF type 1 VWD

Parents of patients with recessive VWD type 3 and severe type 1
are carriers of nonsense (null) or missense mutation. Such carriers
of heterozygous for the VWF null allele or a missense mutation have
no history of bleeding or presented with minor bleedings (one or
two bleeding symptoms mainly epistaxis, bruises and/or prolonged

menstruations with no abnormal bleeding after tooth extraction,
trauma or surgery) [1,21-26]. There is a wide range of values from
0.11 to 1.28 U/ml for FVIIL: C, from 0.12 to 0.94 U/dL for VWEF: Ag,
with ratios of FVIII: C/VWFE: Ag ratio above 2 after DDAVP challenge
in all carriers of VWF nonsense or missense mutation. The response
to DDAVP of FVIII: C and VWF parameter is normal in mild VWF
deficiency related to blood group O (pseudo VWD) [1,12]. Carriers
of recessive VWD type 3 heterozygous for the VWF null allele have
a ratio of 2.06 for FVIII: C/VWEF: Ag, and this ratio appeared to be
dependent on the severity of VWD type 1 deficiency with FVIIL: C/
VWE: Ag ratios of 3.2, 1.96 and 1.46 at VWF: Ag plasma levels of <30,
between 30-60 and above 60 U/ml [1].

The 2008 ISTH data base reports 58 null alleles and 14 missense
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to Collins et al. [53,56,57-59].

Figure 5: Von Willebrand factor gene mutation profile in the Canadian, European and United Kingdom cohorts of type 1 von Willebrand disease studies according

alleles involved in the etiology of type 3 VWD. The null alleles are
located all over the VWF gene in nearly all exons 3 to 52 [27]. Missense
mutations either homozygous or double heterozygous and double
heterozygous for null/missense mutation as the cause severe type 3
VWD with detectable VWF after DDAVP (severe recessive VWD
type 1), are mainly located in the D1-D2 domains (D47H, S85P, Y878,
D141Y, D141N, C275S, W377C, 1427N), and the D4, C1 to C6, and
CK domains (P2063S, C2174G, C2362F, N2546Y, C2671Y, C2754W,
and C2804Y) and one in the D3 domain (C1071F). Some type 3
VWD patients who are compound heterozygous for a null allele and
a missense mutation indeed detectable but very low VWF levels and
measurable FVIII: C, are incorrectly diagnosed as type 3 and should
to be reclassified as autosomal recessive severe type 1 VWD [14,22].
The missense mutation in carriers of 2C VWD are mainly located in
the D1, D2 [1,14]. Several basic research studies have characterized
congenital VWD according to the 2006 ISTH classification of VWD
into recessive type 3, severe type 1, and 2N versus dominant VWD
type 1 and various variant of dominant VWD IIA, IIB,IIC IIE, IID,
and 2M related to domain located mutation defect on top of sensitive
VWE multimeric analysis in medium to high resolution gels [28-48].

The European Canadian and UK VWD-1 studies

When correctly applying the ISTH criteria, there are several
misclassifications of VWD in the European MCMDM-1VWD
study (Figure 3) [53-55]. The European MCMDM-1VWD study
used the VWEF: RCo/Ag cut off of 0.70 for the distinction of VWD
type 1 versus type 2. The European MCMDM-1VWD study did
contain typical examples of recessive or heterozygous VWD type 2N
(heterozygous R816W, R854W and R854W/R924Q, R854W/null).
The European MCMDM-1VWD study did include typical cases of
VWD 2M (D1277-E78delinsl, R1315C, R1342C, R1374C, R1374H,
G1415D I1416N, Figure 3) [53-55]. There were 3 cases with typical 2M
VWD with abnormal multimers and 2 mutations (R1315H/P1266L,

R1315L/R934Q and R1374C/P2145S) in which the 2M mutation has
a dominant negative effect on the VWD type 1 mutation (Figure 3)
[53-55]. The European MCMDM-1VWD study contained mutations
in exon 26, D3 domain, R1205H, R1130R/G/F, W1144G, Y1146C
and CI190R (Figure 3), which usually present with a laboratory
phenotype VWD 1 but do have abnormal VWF multimers with
typical features of VWD 2E in the Budde VWF multimer assay [55].
Michiels classified this entity as dominant VWD type 1/2E. Such
cases of VWD 1E/2E are previously classified by Eikenboom as VWD
type 1, which are featured by a secretion-multimerization defect as
shown in expression studies.

The Canadian VWD type 1 study used the more stringent 0.60
cut-off for the VWE: Activity to VWE: Ag ratio as reccommended by
the 2006 ISTH classification to improve the distinction between type 1
and 2 VWD [13]. The Canadian study excluded the majority of VWD
2M by correct application of the SSC-ISTH criteria for 2M (Figure 4)
[56]. With the exclusion of VWD type Vicenza R1205H, VWD type
1/2E, and the above mentioned cases with typical type 2N and 2M
VWD, the presence of a missense mutation in patients with mild type
1 VWD and normal multimers are mainly located in the regulatory
sequence region (Figure 4), the D1 D2 propeptide (pp) region (Figure
4), the D’ VWE-FVIII binding site region K762E, M7711, P812fs, Exon
21 skip, R924Q, R924W and C996E, Figure 4 [56], and only a few in
the D3 (S1024fs, 11094T, Figure 4), A1 (F1280fs, R1379C, P1413L,
Q1475X, Figure 6) or A2 domain (R1583W, and Y1584C, Figure
6) [53,56-59]. This large cohort of mild VWD with low to variable
penetrance of bleeding, show a high (increased) prevalence of blood
group O, have VWF values above 0.30 U/dL with normal ratios of
VWE: RCo/Ag, VWE: CB/Ag and FVIII: C/VWE: Ag [58,59]. Within
mild VWD type 1 with low penetrance of bleeding, the combination
of C1584/bloodgroup O is rather frequent and typically show a good
to normal response to DDAVP [58,59]. There is one case report on
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Figure 6: Relationship of LowVWF mild type 1 VWD, blood group O versus non-O, carriers of a nonsense (null) and missense allele in the VWF gene related to
recessive severe type 1 and type 3 VWD. Source Michiels et al. 2009 [59]. The 2006 VWD database of the ISTH reported 58 null alleles and 14 missense alleles
involved in the molecular etiology of recessive VWD type 3 and recessive severe type 1 VWD. Homozygous or double heterozygous null alleles as the cause
of recessive VWD type 3 are located over all domains of the VWF gene. Missense mutations either homozygous or double heterozygous or combined double
heterozygous null/missense alleles as the cause of severe recessive VWD type 1 are mainly located in the D1-D2 domains (D47H, S85P, Y87S, D141Y, D141N,
C285S, W377C and 1427H) and in the D4, C1 to C6 domains (P3063S, C2174G, C2362F, N2546Y, C2671Y, C2754W and C2804Y), but not in the D3, A1 and A2
domains. VWD type compound heterozygous for null/missense alleles do have measurable FVIIl and VWF after DDAVP are incorrectly diagnosed as VWD type
3 and should be reclassified as severe recessive type 1 VWD. Carriers of recessive |IC (2C) may present with LowVWF mild VWD and have mutations located in
the D1 D2 domains.

Heterozygous Obligatory Carriers (OC) of a nonsense (null) mutation related to recessive VWD type 3 and heterozygous OC of a missense mutation relate to
severe recessive type 1 VWD in the population are asymptomatic or manifest mild bleeding, have LowVWF levels around 0.50 U/dl (range 0.30-0.70 U/dL).
Following the laws of Mendel, defining recessive disease in figure 6 shows the relationship between LowVWF mild VWD type 1, blood group O versus non-O,
heterozygous Obligatory Carriers (OC) of nonsense and missense mutations in the VWF gene related to recessive sever type 3 and type 1 VWD. OC of null allele
or a missense allele do have lower VWF values than non-carriers, OC of a null or missense allele may become symptomatic when associated with blood group
O. (Castaman et al. reviewed by Michiels [59]). From a genomic point of view OC of VWD type 3 and severe recessive type 1 are very similar and both do have
restricted responses of VWF as compared to FVIII: C after DDAVP with FVIIl: C/VWF: Ag ratios around 2 after DDVP. Using Bleeding Score (BS) assessment,
The data of Castaman in figure 6 compared the bleeding severity in 70 OC of recessive VWD type 3, in 42 OC of recessive severe type 1 VWD. OC carrying a nul
allele of VWD type 3 had less severe bleeding than OC carrying a missense mutation of recessive type 1 VWD. OC carrying a missense mutation were distinct from
controls and presented more epistaxis, cutaneous bleeding and usually did not significantly bleed after surgery [59].

The concept in figure 6 point to the wide heterogeneity of LowVWF mild type 1 VWD patients. LowVWF mild VWD indeed is a heterogenous disorder with variable
penetrance of mild mucocutaneous bleeding manifestations and slight prolongation of PFA-CT [59]. LowVWF mild type 1 VWD patients are clearly distinct from
dominant variant of VWD type 1 SD, 1C Vincenza, 1E/2E (lIE) and 2M featured by bleeding since early childhood, high Bleedings Scores (BS) and strongly
prolonged PFA-CT during life-long follow-up.

homozygous Y1584C mutation featured by moderate VWD type 1
with FVIIL: C and VWF levels around 0.25 U/dL. The response curves
of FVIIL: C and VWF parameters to DDAVP in 3 studies significantly
contribute to a much better characterization of patients with various
variants of VWD type land 2 [12,13,54].

Figure 5 shows an update of mutations in the Canadian, European
and UK VWD-1 studies [53,56-59]. Lumping the Canadian, European
and UK VWD type 1 studies together the mutations 2436delC,
2685+2T>C, 3537+1G>A, 2686-1G>C 3072delC, 3108+5G>A and
3379+1G>C, Q2544X, 7437+1G>A, and 8412insTCCC are null
alleles and associated with very mild VWD with low penetrance of
bleeding. Carriers of a missense mutation related to severe recessive
type 1 or 2C in the population are asymptomatic or manifest mild
bleeding, have VWF levels around 0.50U/dL (range 0.30-0.70) 0.50
U/dl. Type 1 VWD according to the law of Mendel may become
more symptomatic when associated with blood group O or another
modifier of the VWF level. The Bleeding Score (BS) has also been

evaluated in Obligatory Carriers (OC) of recessive type 3 VWD with
a null or missense mutation [59]. From a genotypic point of view,
obligatory carriers of type 3 VWD patients are similar to obligatory
carriers of recessive type 1 VWD patients with a single mutated allele.
Obligatory Carriers (OC) of type 3 or severe type 1 VWD with a null
or missense mutation respectively may have bleeding symptoms
and meet the criteria of mild type 1 VWD (Figure 6). Using the BS,
Castaman et al. compared the severity of bleeding symptoms in 70
OC of recessive type 3 VWD, 42 OC of type 1 VWD and in 215
normal controls (Figure 6) [59]. OC of VWD type 3 had clearly less
severe bleeding than patients diagnosed as type 1 VWD. OC of type
3 VWD with a null or missense mutation were distinct from normal
controls, presenting more epistaxis, cutaneous bleeding and bleeding
after surgery, further pointing to the wide heterogeneity of VWD as a
heterozygous disorder (Figure 6).

The Canadian and European VWD-1 studies discovered a
new category of VWD type 1 due to mutations in the D4, Bl-
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Figure 7: Clustered distribution of von Willebrand factor (VWF) gene mutations, diagnosis and classification of Von Willebrand Disease (VWD) type 1 and VWD
type 2 with abnormal multimers: comparing the SSC-ISTH and the proposed ECLM classification in 2008 by Gadisseur & Michiels [65].

mature VWF subunit

3,C1-2 domains of the VWF gene [55,56]. Data from the European
MCMDM-1VWD study show two groups of heterozygous mutations
in the D4, B1-3, Cl1-2 domains with either Normal Multimers
(NM) or Abnormal Multimers (AbM) [55]. The group with normal
VWE multimers L1774S, K1794E*, C2304Y*, R2313H, G2518S*,
Q2544X*, C2693Y, and P2722A have mild VWD type 1 disease,
are autosomal dominant or recessive with variable penetrance of
bleeding manifestations [22]. Four of these mutations in the D4, B1-
3, C1-2 domains with an increased FVIII: C/VWF: Ag ratio of 2 or
more (indicated by an astrix) had complete penetrance of bleeding
manifestations indicating a dominant secretion defect as the cause of
VWD type 1. The group with abnormal multimers of heterozygous
mutations in the D4, B1-3, C1-2 and CK domains V1822G*, L2207P%,
C22578*,C2304Y*, C2362F*, G2441C*, R2464C*, C2477Y*, C2477S%,
and Q2520P* have mild to moderate VWD type 1, and usually smeary
pattern of abnormal VWF multimers) [22]. Most mutations in the
D4, B1-3, C1-2 and CK domain have increased FVIII: C/VWE: Ag
ratios around or above 2 (indicated by an astrix). This may predict
a secretion defect with restricted responses of VWF to DDAVP and
some increase of clearance of VWEF after DDAVP (VWD type 1 SC)
[54,55]. Expression studies of mutant VWF due to mutations in the
C1 to C6 domain will clarify and the mechanism abnormal banding
of mutant VWF multimers as the cause of a smeary pattern in
heterozygous cases due to mutations in the C1 to C6 domains [31,32].
Such smeary pattern of VWF multimers in mutant VWF are more
pronounced after DDAVP [31-33].

Translation of the ISTH into the ECLM Classification of
VWD 1994-2020

The splitting approach using a complete set of specific diagnostic
tools and sensitive VWF assays in view of new molecular data on
structure and function of VWF gene defects will be clearly superior
to classify VWD compared to the lumping approach using a few
insensitive tests reccommended by the ISTH for the distinction of two
main phenotypic variants of VWD type 1 and 2 [1-14]. Laboratory
diagnosis and classification of VWD patients should be based on a

complete set of laboratory measurements including bleeding time,
PAF-100 closure time, FVIII: C, VWF: Ag, VWE: RCo, VWF: CB,
VWEpp, RIPA, FIIIL.VWEF: A ratio, VWF: RCo/Ag ration, VWF: CB/
Ag ratio, VWFpp/Ag ratio and the responses of VWF and FVIII: C to
DDAVP, on top of VWF multimeric pattern analysis in low, medium
and high resolution gels to change or integrate the ISTH criteria into
the ECLM classification of congenital VWD established ISTH criteria
[1,2,10-13,28-48]. The ECLM classification is the extension of the
Antwerp Classification of VWD recessive type 3, recessive type 1,
recessive type 2C and 2N and sub classification of VWD type 2 into
2A, 2B, 2C, 2D, 2 1E/2E, 2 M due to mutations located in the A2,
Al, D2, CK, D3 and Al domains respectively [1,2,14]. The ECLM
classification distinguished three main categories of VWD can be
distinguished: first recessive type 3 and severe type 1, second dominant
type 1 and 2, and third a large group of mild VWD with no or low
penetrance of bleeding manifestations (Figure 7) [1,2,13,14,53-66]. In
general VWD type 1 is a quantitative VWF deficiency with equally
decreased values of all VWF parameters (<0.60 U/ml), a normal
ratio for VWEF: RCo/Ag and VWF: CB/Ag (>0.60) before and after
DDAVP. VWD type 2 is a qualitative VWF deficiency with normal,
near normal or decreased levels for FVIIL: C and VWF: Ag and much
lower values for VWF: RCo and VWEF: CB with deceased ratios for
VWE: RCo/Ag and VWF: CB/Ag (<0.60). VWF multimeric analysis
sing low and medium resolution gels clearly distinct VWD type
2A (ITA), 2C (IIC), 1E2E (IIE) and 2D (IID) (Figures 1 and 7). The
responses of FVIII and VWF parameter to intravenous DDAVP is an
essential tool in the spitting approach, will clearly distinguish pseudo-
VWD from true type 1 VWD, will distinguish the various variants
of dominant type 1 and 2, and will elucidate differences between
homozygous or compound heterozygous autosomal recessive type 3
and severe type 1 VWD [1,2]. The interpretation of VWF response
curves to DDAVP has significant therapeutic implications for the
different variants of recessive and dominant type 1 and type 2 VWD
mutations for both clinicians and VWD patients [13,14]. Responses of
FVIIL: C and VWF parameters to DDAVP related to the structure and
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function relationship between laboratory phenotype and expression
studies of VWF gene mutations significantly contribute to better
understanding of the pathobiology of mutant VWF for the etiology
and characterization of the various types of congenital VWD [4,9].

Therole of FVIII: C/VWF: Ag ratio in the ECLM classification
of VWD

By definition, the concentration in plasma of FVIII: C and VWEF:
Ag is 1.0 U/dL [13]. Consequently, the ratio FVIIL: C/VWE: Ag is
around 1 in normal individuals with blood group O and non-O [14,59].
The ratio of FVIII: C binding sites on VWF: Ag on a molecular basis
is 1: 50 and independent of the size of VWF multimers indicating
that many potential FVIII: C binding sites on VWF: AG are free.
As the VWF: Ag is 50% of normal due to decreased biosynthesis in
quantitative VWD type 1 due to a secretion or synthesis defect, the
ratio of FVIIL: C/VWE: Ag will increase to about 2 [14,61]. Carriers of
recessive VWD type 3 heterozygous for the VWEF null allele (decreased
synthesis) have a ratio of 2.06 for FVIIL: C/VWF: Ag, and this ratio
appeared to be dependent on the severity of the VWF: Ag deficiency
with ratios of 3.2, 1.96 and 1.46 at VWEF: Ag plasma levels of <30,
between 30-60 and above 60 U/ml [14,61]. An increased FVIII: C/
VWE: Ag ratio in VWD type 1 and 2 refers to a VWF secretion defect
of mutated VWF as can be documented by a restricted response of
VWE to DDAVP and a normal response of FVIII: C to DDAVP [12].
An increased FVIIIC/VWE: Ag ratio, a poor response of VWEF: Ag
as compared to a restricted response of FVIII: C and asymptomatic
parents is typically seen in severe recessive type 1 or 2 VWD. A
normal FVIIT: C/VWE: Ag ratio is consistent with normal secretion of
mutant VWF protein in type 1 (including Vicenza) and in type 2 (2A
group I and 2B) VWD patients [2,12,61]. Short half life time of VWF
parameters after DDAVP in type 1, Vicenza, 1E2E (IIE), 2M and 2U
indicates rapid clearance not due to proteolysis [13,14]. Short half life
times of functional VWF parameters in type 2A (IIA) and 2B (IIB)
indicates increased proteolysis [2,12,14,61,64]. A decreased FVIII: C/
VWE: Ag ratio (less than 0,50) due to a FVIIIL: C binding defect of the
VWEF protein plus recessive inheritance refers homozygous or double
heterozygous type 2N VWD [17-20]. A decreased FVIII: C/VWEF: Ag
ratio is also seen in heterozygous mild VWD Normandy and in mild
hemophilia A due to a VWF binding defect in the FVIII gene [16-20].
A normal response of VWF parameters and restricted response of
FVIII: C to DDAVP followed by shortened half life times of FVIII:
C refers to VWD 2N due to a FVIII binding defect in the VWF or
mild hemophilia due to a VWEF binding defect in the FVIII protein
[17,19,20].

Autosomal recessive VWD

The inheritance of VWD type 3 is autosomal recessive [21-26].
Type 3 VWD with virtual complete VWF deficiency are homozygous
or compound heterozygous for two null alleles (gene deletions, stop
codons, frame shift mutations, splice site mutations, and absence of
MRNA) in the majority and rarely compound heterozygous for a
null allele and a missense mutation or homozygous for a missense
mutation [27]. Compound heterozygosity for a null allele and a
missense mutation or homozygosity or double heterozygosity for
missense mutations is not consistent with type 3 VWD, but common
in patients with severe autosomal recessive type 1 VWD [28-34].
Autosomal recessive severe type 1 VWD patients have low VWF and
EVIIL: C levels may range from 0.01 U/dL up to around 0.30 U/dL.

A considerable number of missense mutations related to autosomal
recessive severe type 1 VWD have been identified in the VWEF
prosequence (D1 and D2 domains), in the C1 to C6 domain and the
dimerization site (CK domain) [28-34]. Autosomal recessive VWD
type 2C (IIC) is rare and caused by homozygosity for a missense
mutation or double heterozygosity of a null allele and missense
mutation in the D1 and D2 domains (exon 11 to 16) of the VWF
propeptide (Figure 4) [35-41]. Autosomal dominant or recessive
VWD 2D is caused by missense mutations in the CK domain (Figure
4) [34].

Von Willebrand Disease Normandy (VWD 2N) due gene
mutations in the factor VIII binding domain (D’-D3, Figure 4)
typically featured by reduced FVIIIL: C levels despite normal or near
normal VWE: Ag, VWEF: RCo and VWEF: CB levels, normal VWE:
RCo/Agratio,and anormal VWF multimeric pattern as well as normal
VWF dependent platelet functions including RIPA and bleeding
time (VWD type 1/N [16-20]. Recessive VWD type Normandy is
frequently misclassified as mild hemophilia. Intravenous DDAVP
in VWD type Normandy and in mild hemophilia A due to a VWF
binding defect of FVIII show completely normal responses for VWF
parameters consistent with type 1 VWD, but restricted responses of
FVIIL: C followed by shortened half life times [17,19]. The degree of
restricted response of FVIIL: C to DDAVP depends on the severity
the FVIII binding to VWF [17]. In a large group of 14 unrelated
patients with mild FVIIL: C deficiency and normal values for VWF 15
were diagnosed as homozygous VWD type 2N (FVIIL: C 0.21+14 U/
dl, VWEF: Ag 0.79+0.43 U/dl) and 5 were diagnosed as heterozygous
VWD 2N for (FVIIL: C 0.32+06 U/dL, VWF: Ag 0.91+0.18 U/dl, and
VWD type 2N could be excluded in 124 (FVIIL: C 0.29+0.12 U/d],
VWE: Ag 1.03.3+0.45 U/dL) [18]. The 15 type 2 Normandy patients
were either homozygous or compound heterozygous for known
mutations whereas the 5 individuals with intermediate VWE: VIIIB
values were heterozygous for the R854Q type Normandy mutation
[18].

Autosomal dominant VWD

Lumping of dominant ITA (2A), recessive IIC (2C), dominant
IIE (1E/2E), and dominant or recessive IID (2C) as type 2A by the
SSC-ISTH (Figure 4) is illogical and confounding. The type 2 VWD
phenotypes ITA (2A) and IIB (2B) are clearly different from VWD
types IIC (2C), IID (2D) and IIE (2E) (Figures 1 and 7) [14]. Careful
analysis of reported cases with dominant VWD type 1 due to mutations
in the D3 domain (multimerization-secretion-clearance defect) are
featured by a type 2E multimeric pattern in medium resolution gels
(Figures 1,7 and 8) [42-48]. Budde & Schneppenheim proposed in
2001 and 2005 a novel molecular classification of type 1 and 2A VWD
with abnormal multimers (2A, 2B, 2C, 2D, 2E, 2-Normandy in Figure
4 versus VWD type 1/2E, 2M or 2U, and type 1sm/2M in Figures 7
and 8) mainly based on current knowledge regarding the structure
and function relationship of the normal and mutated VWF gene and
proteins [4,10,49-52]. By applying a complete set of laboratory tools
including a sensitive method for the analysis of the VWF multimeric
pattern within the setting of the European study on Molecular and
Clinical Markers for the Diagnosis and Management of Type 1 VWD
(MCMDM-1VWD), Budde & Schneppenheim produced consistent
good data on the relation between VWF gene mutations and the
proposed classification of dominant VWD type 1 and 2 in Figures 1,7
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VWF:Ag VWEF:RCo VWF:RCo/ VWF:pp/ VWD typ
VWEF:Ag VWF:Ag
71-119 62-113 0.93 1.0 -
12-22 7-13 N/L 2-4 I/2E
31 12 N/L 2-4 1/2E
5-10 3-10 +1 =10 I/Vicenzz
16 7 0.44 - M
7-25 3-10 0.42 = 2M
- - - 5 2M
10-45 3-7 <0.70 - 2Mm
29-74 10-16 0.22-0.34 - 2M
26 19 0.73 <2 1ms
29 42 14 <2 1sms
20 19 1.0 <2 1ms
25-33 25-30 1.0 <2 1 smf

Figure 8: In the European MCMDM-1VWD study VWF multimeric pattern in VWD 1E/2E(IIE) is featured by the loss of large multimers and each of the VWF bands
lack the triplet structure seen in VWD IIA and IIB (figure 1) [55]. VWD 2M is featured by the a smeary pattern of large and intermediate VWF multimers, VWD 2U
or 2A-variant reveals some loss of large VWF multimers and the triplet structure of each VWF band is less pronounced as compared to VWF from VWD IIA (2A)
and IIB (2B) patients (figure 7) [55]. In the European MCMDM-1VWD study, Dr Budde observed that in 6 of eight mutations L2207P, C2257S, C2304Y, C2362F,
C2441Y, C2441 C, R2464C, C2477Y, C2477S in exon 38, 40, 42, and 43 (D4, B1-B3 C1 domain) are clearly VWD type 1 showing a smeary VWF multimeic pattern
indicated as sm or smf with the presence of large VWF multimers and a laboratory phenotype of mild to moderate VWD type 1 [55]. The responsible mutations with
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a smeary VWF pattern in the D4, C1 to C6 domain were cysteine (C) mutations in 6 of these 8 mutations [55].

and 8 [4,10,49-52].

In his review on VWD 2N Michiels draw attention to the fact that
carriers of missense mutations R763Q, R760C, Y795C located in or
around the VWF propeptide (pp) cleavage site 763 have ultralarge
VWF multimers with a smeary (sm) pattern also on top of VWD type
Normandy when associated with R854Q or null allele. Ultralarge VWF
multimers are also seen in VWD Vicenza R1205H/M7401 in after
DDAVP or exercise, but such ultralarge VWF multimers are never
seen in VWD type 1E/2E (Figure 8) [53-55]. LowVWEF mild VWD
patients are characterized by low to variable penetrance of bleeding
when associated with blood group O (Figure 6) [56]. The lowest
values of VWF in LowVWEF mild VWD type 1 are around 0.30 u/dL
with normal ratios for vYWF: RCo/Ag and VWF;CB/Ag. (Michiels et al
2009, Figure 6) [56]. About half of patients diagnosed as type 1 in the
European MCMDM-1 study had abnormal VWF multimers, which
were diagnosed as VWD type 2E in the D3 domain, 2M, 2A-like (2U)
in the A1 domain, and type 1 with a smeary pattern of VWF multimers
in the D4, B1-3, C1-2 domain (Figure 8) [53-55]. Mild VWD type
1 due heterozygous mutations of the D1 and D2 usually decreased
values for VWFpp and normal VWF multimeric pattern in a low
resolution gel [54]. All mutations in the FVIII binding domain show

a multimers normal VWF multimeric pattern except due to non-
cysteine 2N mutations in the D3 domain. Interestingly, homozygous
cysteine mutations C788R, and C1225G and double heterozygous
C788T/null show a hybrid VWD phenotype of pronounced severe
VWD 2E with factor VIII binding defect of about 50% (VWD 2E/N).
VWD patients with mutations in the D3 (multimerization) domain
(C1130R, C1130G, W1144G, Y1146C, C1190F) frequently show a type
1 VWD laboratory phenotype but type 2E pattern with relative loss
of large VWF multimers and reduced triplet structure and proteolysis
(Figure 8). Loss of function mutations in the A1 domain (L1307P,
R1315C, R1315L, R1374C, R1374H, G1415D) show the presence but
relative loss of large VWF multimers in medium resolution gels, no
increase of triplet structure, and a defect of the ristocetine cofactor
activity and RIPA consistent with VWD type 2M or 2U (Figure 8)
[4,10,12,14,65]. Several mutations (1L2207P, C2257S, C2304Y, R2379,
G2441C, R2464C, R2464C, C2469P, C2671Y) in the D4, B1-3, C1-2
domain show a dominant type 1 VWD phenotype show an atypical
smeary pattern of large multimers and no triplet structure of small
multimers (Figure 8) [55].

Data from the European MCMDM-1VWD study show that the
heterozygous mutations in the D4, B1-3, and C1-2 domains (L1774S*,
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Figure 9: Responses of FVIII;C (left) and VWF: Ag (right) after intravenous DDAVP in VWD patients with the mutation R1205H and C1330F/G/F in the D3 domain,
and the mutations C2477S, Q2544X, R2313H, C2693Y, and Q2544 in the C1 to C6 domains or a mutation in the propeptide (pp) domain D1 D2 domain. Please
note that the response of FVIII;C is 2x higher than of VWF: Ag. The clearance of FVIII/VWF: Ag is increased in the D3 mutations R1205H and C1130F/G/F (half
life time of FVIII;C/VWF: Ag about 2 hours), whereas the FVIII/VWF: Ag half-life times are nirmal around 10 hours in VWF mutations in the D1, D2, C1 to C1 to C6
domains of the VWF gene. These findings are consistent with the results shown in table 4. Source Castaman et al. [54].

200

Table 4: Result of VWF: Ag and VWF: pp levels in VWD type 1/2E or 1 SC with the mutations W1144G (D3 domain) and S2179F (D4 Domain) and blood group O and
in mild VWD type 1 due to mutations in the D1-D2-D’ domain and the D4-C1-C3-C1-C2 domain in the studies of Haberichter et al. [47,63] as compared to C1584 [64]

and controls related to ABO blood group.

VWD type Number VWF: Ag VWF: pp VWF: T1/2 VWF: Ag
Mutations patients 1U/dl 1U/dI pp/Ag after DDAVP
Mild type 1
D1, D2, D’ domain
G160W, N1161, M7711 6 46.1 64 1.13 near normal
R854Q/ R854Q 37-79 23-96 0.6-1.6 to normal
Type 1/2E (lIE)
W1144G 6 16 61 4.1 2to 4 hours
Blood group O 13-22 55-69 3.1-5.1
Type 1/2E (lE)
W1144G 6 22 72 3.2 2 to 4 hours
Blood group non-O 14-32 68-80 2.1-5.0
Type 1 SC
S2179F 5 15 65 4.8 2 to 4 hours
Blood group O 01-Sep 56-77 3.2-6.4
Type 1 Vicenza
R1205H/M7401 3 6.8 72.8 10.9 less than 2hrs
5.7 63-85 10.1-11.5
Mild type 1
A3, D4, B-C domains 6 58.4 77.6 1.85 near normal
28-65 66-109 1.0-2.8 to normal
Davies et al [62]
C1584 all 50 82+35 94 + 20 1.36 £ 0.40 -
C1584 group O 23 58 + 14 94 + 20 1.66 £ 0.33 -
C1584 group non-O 17 98 + 34 109 + 30 1.17 £0.25 -
Blood group O 50 97 + 24 110 + 31 1.16 £ 0.24 -
Blood group non-O 50 126 + 30 110 £ 28 0.90 +0.21 -
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Table 5: VWD type 1 SD and smeary WF multimers due to heterozygous mutations in the C1 to C6 domains in the European MCMDM-1VWD study [55].

Mutation/ FVII: C VWF: Ag VWF: RCo VWF: CB RCo/Ag CB/Ag VIII: C/Ag VWD type
Domain u/dL u/dL u/dL u/dL ratio ratio ratio
L2270P/C1 0.71 0.26 0.19 0.35 0.73 1.35 2.7 1SD sm
C2257S/C1 0.70 0.29 0.42 0.30 1.45 1.03 2.4 1SD sm
C2304Y/C1 0.42 0.20 0.19 0.37 0.95 1.85 21 18D sm
C2362F/C2 0.88 0.35 0.34 0.39 0.97 1.1 25 Mild 1 SD sm
G2441C/C3 0.61 0.22 0.20 0.26 0.91 1.18 2.8 18D sm
C2464C/C3 0.32 0.25 0.25 0.37 1.00 1.48 1.7 18D sm
C2464C/C3 0.52 0.33 0.30 0.50 0.91 1.52 1.7 Mild 1 SD sm
C2477YIC4 0.68 0.38 0.33 0.43 0.87 1.13 1.8 Mild 1 SD sm
C2477S/C4 0.58 0.28 0.40 0.31 1.43 1.1 21 18D sm
Q2520P/C4 0.48 0.19 0.27 0.19 1.42 1.00 25 18D sm

VWD type 1 with normal VWF multimers due to mutations in the D4-C1-6 domain in the European MCMDM-1VWD study include L1774S, K1794E*, C2304Y*, R2313H,
G2518S*, Q2544X*, C2693Y, and P2722A, have mild VWD type 1 disease, are autosomal dominant or mild with variable penetrance of bleeding manifestations. The
laboratory features of the VWD type 1 VWD patients with abnormal multimers of heterozygous mutations in the D4 and C1-6 CK domains shown in table V1822G*,
L2207P*, C2257S*, C2304Y*, C2362F*, G2441C*, R2464C*, C2477Y*, C2477S*, and Q2520P* have mild to moderate VWD type 1, and a smeary pattern of abnormal
VWF multimers (sm). The majority of the mutations in the D4 and C1-6 have increased FVIII: C/VWF: Ag ratios around or above 2 (indicated by an astrix) indicating a
secretion defect and a poor or restricted response of VWF parameters to DDAVP.

K1794E*, C2304Y*, R2313H, G2518S*, Q2544X*, C2693Y*, and
P2722A) have normal multimers and have mild VWD type 1 disease
with variable penetrance of bleeding manifestations. Heterozygous
mutations in the D4, B1-3, C1-2 and CK domains V1822G*, L2207P%,
C22578*,C2304Y*, C2362F*, G2441C*, R2464C*, C2477Y*, C2477S%,
and Q2520P* have mild to moderate VWD type 1, abnormal VWF
multimers (usually smeary pattern) [53,55]. Nearly all mutations in
the D4, B1-3, C1-2 and CK domain have increased FVIII: C/VWE: Ag
ratio around or above 2 (indicated by an astrix*) indicating a Secretion
(S) defect [61], which predict restricted response of VWF to DDAVP
and more or less rapid Clearance (C) after DDAVP (VWD type 1 SC).
Expression studies of mutant VWF are predicted to show abnormal
banding of VWF multimers as the cause of a smeary pattern, which is
more pronounced after DDAVP [54,55].

The role of VWF multimeric pattern and VWF-propeptide
in the characterization of VWD type 1 and type 2

Haberichter et al in the USA [47,63], Casonato in Italy®® and the
European MCDMDM-1VWD study [53-55] introduced the role of
VWE-propeptide in the characterization of VWD (Table 4, Figure 9
and 10). The VWF: pp and VWF: Ag are non-covalently associated
and stored in Weibel-Palade bodies in endothelial cells for regulated
release [60-62]. After release in plasma, VWFpp and mature VWF
multimers dissociate and circulate independently with a half- life
of 2 to 3 hours for VWF: pp and a half-life time of 8-12 hours for
VWE: Ag. Concentrations of VWF: pp and VWF: Ag in plasma are
expressed in units per ml of normal plasma, consequently, the ratio of
VWE: pp to VWEF: Ag in plasma is defined to equal 1.0. The rationale
behind the use of the VWE: pp/VWEF: Ag ratio as an indicator for
increased clearance of VWF is that in all variants of VWD type 1 and
2 the half life time of VWF: pp is normal, whereas the clearance of
VWE: Ag may be very short, shortened or normal. In patients with
VWD type 1 and type2 VWD patients with a secretion defect but
normal clearance do show a restricted response of VWF to DDAVP
followed by normal half lifetimes of VWF: Ag are expected to have
decreased values for VWE: pp and VWEF: Ag with normal ratio for

VWE: pp/VWE: Ag. VWD patients with a normal secretion but
increased clearance of VWEF: Ag plus VWEF: RCo and FVIII: C do
show good responses to DDAVP followed by short half-life times of
VWE: Ag which result in increased VWF: pp/VWF: Ag ratio. Four
original studies of Haberichter et al. [47,63], MCMDM-1VWD study
[54] and Davies et al. [64] analysed the results on VWF: pp and VWEF:
Ag related to clearance of VWF: Ag after DDAVP as a component in
the etiology of type 1 and type 2 VWD (Table 5, Figures 9 and 10).
Davies et al analysed the findings in mild VWD related to the C1584
mutation in comparison with controls blood group O vs Non-O [64].
Table 5 summarizes the results of VWE: pp/Ag ratios related to the
level of VWF: Ag and VWE: Ag survival times after DDAVP in VWD
type 1/2E, and type 1 Vicenza due to mutations in the D3 domain,
VWD type 1SC due to a mutation in the D4 domain and mild VWD
type 1 due to mutations in the D1-D2-D’ domains, the D4-B1-B3-
C1-C2 domains and the C1584 mutation with blood group O.

The VWE: pp/Ag ratios in two studies of Haberichter et al are
increased cases of VWD type 1/2E with the mutation C1130, W1144G
in the D3 domain and in case S2179F type 1 mutation in the D4
domain indicating that a pronounced increased clearance (C) of the
VWE: Ag [47,63]. This could be documented by a good response to
DDAVP of VWF: Ag followed by shortened half-life times for VWEF:
Ag of about 2 to 4 hours as demonstrated by Casonato in the Italian
study (Figure 9) [65,66]. These observations clearly indicate that rapid
clearance of VWEF: Ag also contributes pronounced VWF deficiency
in VWD type 1/2E (secretion clearance defect, Figure 9).There is a
strong inverse correlation between rapid clearance of VWF: Ag
and increased VWE: pp/Ag ratios above 2 seen in VWD type 1/2E.
Increased clearance of VWF is not in mild VWD due to mutations in
the D1 D2 and the D4-B-C domains (Table 4) [63-66]. The response
to DDAVP in VWD Vicenza (1C) is very good for FVIIL: C, VWE:
Ag and VWE: RCo, which is followed by very short half-life times of
less than a few hours for FVIIL: C and all VWF parameters indicating
a rapid clearance defect of VWEF: Ag as the explanation of very high
VWE: pp/VWE: Ag ratios above 10 (Table 4, Figure 4&10) [63-66].
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Figure 11: Results of Platelet Factor Analyzer Closure Times (PFA-CT) with Epinephrin (EPI) and Adenosine Diphosphate (ADP) cartridges in a one center study
of Nummi et al in normal controls, individuals with no VWD and in 54 ISTH defined VWD patients: LowVWF in 10, type 1in 7, type 2A in 14, type 2B in 9, type 2N
in 1, type 3 in 13 and normal VWF in no VWD 19 [33]. The VWF: RCo and VWF: Ag levels were between 0.14 -0.33 U/dL and 0.08-0.25 iU/dL in pronounced VWD
type 1 and between 0.43-0.64 U/dL and 0.36-0.64 in LowVWF respectively. The PFA CT EPI and ADP were prolonged with values between 150-250 seconds in
6 of 10 and in 2 of 10 LowVWEF patients. The PFA CT EPI and ADP were strongly prolonged above 250 seconds in VWD 2A, 2B, 2M and type 3. The PFA CT EPI

and ADP prologations in VWD type 1 are in between the values seen in LowVWF versus VWD type 2A, 2B and 2M.

The quantitative response of FVIII and VWF parameters to DDAVP
in VWD Vicenza is normal indicating normal secretion, which is
followed by rapid clearance of VWF: Ag resulting in very high VWEF:
pp.Ag ratios. Patients with VWD type 1/2E (IIE) due to C1130G/For
R and W1144G mutations in the D3 multimerization domain and
the S2179F mutation in the D4 domain have increased VWEFpp/Ag
ratios despite decreased or low absolute values for VWF: pp (Table 4
Figures 9 and 10) and shortened VWE: Ag half-life times indicating
rapid clearance as a main mechanism for a laboratory phenotype 1.
Patients with mild VWD type 1 due to mutations in the D1, D2 and
D’ domains have decreased VWE: pp levels and normal VWE: pp/Ag
ratios of just above 1 indicating for a mild secretion defect of VWF
[63-66]. Patients with mild VWD due to mutations in the D1 D2
domains and in the D4-B1-B3-C1-C2 domains have decreased values

for VWE: pp but slight increased VWF: pp/Ag ratios indicative for
a secretion defect (high FVIII: C/VWE: Ag ration) and no clearance
defect (Table 4) [63]. Patients with the C1584 mutation and blood
group O have normal values for VWEF: pp, near normal VWEF;: pp/
Ag ratios indicative for a mild clearance defect of VWEF. Patients with
recessive severe type 1 VWD are predicted to have decreased values
for both VWF: Ag and VWF: pp and normal VWF: pp/Ag ratios
reflecting a secretion defect (VWD typelSD) [54,66].

Molecular etiology and pathology of VWF behind the ISTH
and ECLM classifications

With the advent of a complete of new rapid and specific
VWF assays and VWF multimer analysis Katarzina, Smejkal &
Vangenechten induced an earth breaking undermining of the ISTH
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Mutant Case FVIILC  VWF:Ag VWF:RCo Vill:ClAg
O/MNon-0 | UrdL urdL urdL Ratio
W1144G CH1 A 0.82 0.48 0.43 1.7
W1144G = CI-30 0.21 0.14 0.18 1.5
W1144G  Cll4 A 0.51 0.22 0.29 23
W1144G  Cl-5 A 0.37 0.26 0.21 14
W1144G  ClI-3 A 0.63 0.40 0.32 16
W1144G  ClI5 A 0.45 0.23 0.23 19
W1144G  Cll-6 A 0.41 0.21 0.25 2.0
W1144G  Cll9 A 0.29 0.23 0.26 1.3
W1144G D10 0.23 0.06 0.15 38
W1144G DI 0 0.18 0.12 0.08 1.5
W1144G = DI-20 022 0.06 0.13 3.6
W1144G = DI-3 O 0.28 0.09 0.19 31
W1144G = DI4 0 0.16 0.09 0.18 1.8
W1144G  DISO 0.35 0.05 0.08 7.0
Normal values <14
Mutant Case FVIILC VWF:Ag | VWFRCo  VII:CiAg
Q /Non-0 ufdL urdL uidL Ratio
S2179F Al-10 0.26 0.06 0.06 4.3
S2179F All-1 0 0.33 0.13 0.09 25
S217T9F All-2 O 021 0.07 0.06 3.0
S2179F A1 O 0.28 0.12 0.14 2.3
S2179F BI-10 0.18 0.13 0.12 1.5
S2179F Blll-1 0.29 0.15 0.12 2.2
Normal vaues 0.70-1.4
secretion defect by application of VWF: pp/Ag ratio and FVIII: C/VWF: Ag ratio.

RColAg VWFpp! T1/2 days ISTH ECLM
Ratio Ag ratio VIl vs VIWF:Ag Diagnosis  Diagnosis
0.80 21 1EC 1ECSD
1.10 4.6 1314 1EC 1ECSD
1.30 26 1EC 1ECSD
0.80 3.0 1EC 1EC
0.80 23 nt3i6 1EC 1ECSD
1.00 5.0 1EC 1ECSD
1.18 39 1EC 1ECSD
1.13 3.7 1EC 1EC
1.80 51 1EC 1ECSD
0.70 36 1EC 1ECSD
2.10 4.7 1EC 1ECSD
2.10 31 1EC 1ECSD
2.00 4.0 1EC 1ECSD
1.60 39 1EC 1ECSD

>0.70 <2.0 11-18 812 MNormal Normal
RColAg VWFpp/ T1/2 days ISTH ECLM
Ratio Ag Ratio VIl vs VWF:Ag Diagnosis Diagnosis

1.00 3.2 1310 im¢C im C SD

0.69 5.1 nt nt im¢C imC SD

0.86 6.4 1912 im¢ im C SD

1.17 4.2 2334 1imcC im C SD

0.82 49 1614 imC 1m C SD

0.80 nt nt17 imceC imcC SD

=0.70 <2.0 11-18 8-12 Normal Normal

Table 6: Critical analysis according to the ISTH compared to the ECLM classification of VWD by the combined use of a complete set of VWF assays FVIII: C, VWF:
Ag, VWF: RCo and VWFpp of dominant VWD type 1 mutation W1144G (ISTH) (Haberichter et al.) [47,63]in the D3 domain and dominant VWD type 1 mutation
S2179F (ISTH) (Haberichter et al)*®® in the D4 domain. Subsequent ECLM reclassification of the W1144G mutation changed the diagnosis into VWD 1E C SD
clearance and secretion defect by application of VWF: pp/Ag ratio and FVIII: C/VWF: Ag ratio and changed the S2179F mutation into VWD 1m C SD clearance and

criteria as an artificial authorative classification by dictation based on
a few insensitive test not based on basic research and without scientific
evidence [67-70]. Katarzina, Smejkal & Vangenechten in fact presented
a novel focus on the molecular basis of VWD genotype-phenotype
classification behind the ISTH and the ECLM classifications [67-70].
Basic insights into the molecular etiology and pathology of VWF
and related clinical phenotypes start with the detection of domain
located mutation in the D1, D2, D’, D3, Al, A2, A3, D4, C1 to C6
and CK domain of the VWF gene followed by phenotyping of each
individual VWD patient with a complete new set of PFA-CT, FVIIIL:
C, VWE: Ag, VWF: RCo (HemosIL), VWF;GPIbM, VWFpp, assays
RIPA, VWEF: RCo/Ag,VWF;CB/Ag, VWFpp/Ag VWF multimers in
a low, medium or high resolution gel on top of a DDAVP challenge
test [70]. Katarzina, Smejkal & Vangenechten directly compared
the performances of the rapid VWEF assays VWFE.GPIbR and
VWF;GPIbM and VWFpp against a complete set of classical VWF
assays VWF;Ag, VWEF: CB, RIPA on top of VWF multimeric analysis
in a low, medium and high resolution gel in the large Brno cohort of
VWD patients VWD type 1, 2N,andtype 2 due to mutations in the
D1, D2, D’, and D3 domains of the VWF genes [67,68]. The ECLM
phenotype of VWD type 1 with heterozygous mutations in the D1
domain (Brno cohort, Smejkal Table 5) [68] is clearly distinct from
VWD type 1M and type 1Msm caused by heterozygous mutations in
the D4 and C1 to C6 domain as described by Budde in the European
MCMDM-1VWD study [55]. VWD patients due to mutations in the
D3 domain are of type 1E or 2E multimerization defect associated

with an additional secretion defect (SD, increased FVII: C/VWE: Ag
ratio) and or an additional clearance defect (1C Vincena, or W1144G
VWD 1E C SD) defect (Table 6). The combined use of VWF;Ag,
VWE: RCo (HemosIL), VWE: CB and VWF GPIbM and RIPA on
top of low medium and high resolution VWF multimer analysis in
need to make a correct diagnosis of VWD 2BC, VWD 2B, VWD
2M VWD 1M [69]. The P1266L mutation refers to VWF 1M VWD
Malmo or New York. Heterozygous mutations in the A3 domain has
been described as VWD 1m with selective VWEF Collagen Binding
Defect (VWFCBD). The spectrum of VWD type 1m or type lmsm
due to mutations in the D4 and C1 to C6 domains are not yet clearly
defined. A detailed diagnostic basic research approach in defining
each individual VWD patient using a complete nover set of sensitive
VWE assays is mandatory to realise the scientific goal of precision
and personalized medicine management options in all variants of
recessive and dominant type 1, type 2 and type 3 VWD patients [67-
70].

The role of PFA-CT in the diagnostic work-up of patients with
von Willebrand disease and controls has recently been evaluated
by Nummi et al by measuring PFA-CT using Epinephrin (EPI) and
Adenosinediphosphate (ADP) cartridges in a one center cohort of 54
ISTH defined VWD patients: LowVWE type 1 VWD in 10, classical
type 1 in 7, type 2A in 14, type 2B in 9, type 2N in 1, type 3 in 13 and
normal VWF in no VWD 19 (Figure 11) [71]. The VWEF: RCo and
VWE: Ag levels were between 0.14-0.33 U/dL and 0.08-0.25 iU/dL
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in classical dominant VWD type 1 and between 0.43-0.64 U/dL and
0.36-0.64 in LowVWF mild type 1 VWD respectively. PFA-CT EPI
and ADP were normal (less than 150 seconds in healthy controls and
in the group of no VWD with normal VWF levels. The PFA CT EPI
and ADP were prolonged with values between 150-250 seconds in 6
of 10 and in 2 of 10 LowVWEF mild 1 VWD patients. The PFA CT EPI
and ADP were strongly prolonged above 250 seconds in VWD 2A,
2B, 2M and type 3. The PFA CT EPI and ADP prologations in mild
VWD type 1 are in between the values seen in LowVWF versus VWD
type 24, 2B and 2M (Figure 11) a normal PFA-CT in LowVWF mild
VWD type 1 excludes a clinical relevant bleeding tendency [71].
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