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Abstract

Introduction: The International Society of Thrombosis Haemostasis (ISTH)
classification separated Von Willebrand Disease (VWD) into type 1 and type 2
by the use of four insensitive Von Willebrand Factor (VWF) assays Ristocetine
Co-factor (VWF:RCo), VWF Antigen (VWF:Ag), Ristocetine Induced Platelet
Agglutination (RIPA) and VWF multimers in a low resolution gel. A complete
set of VWF parameters is mandatory to discriminate between all variants of
VWD type 1, 2 and 3 and includes Bleeding Time (BT), PFA-100 closure times,
FVIII:.C, VWF:RCo activity, VWF Collagen Binding (VWF:CB), RIPA, VWF
propeptide (VWF:pp), multimeric analysis of VWF and the response of FVIII:C
and VWF parameters to DDAVP. We here translate the ISTH into European,
Clinical, Laboratory and Molecular (2020 ECLM) classification of the Von
Willebrand Disease (VWD) related to the domain location of the Molecular (M)
defect in the VWF gene to detect all variants of VWD.

ECLM classification: Recessive VWD type 3 (Pseudo-hemophilia) caused
by homozygosity or double heterozygosity for non-sense mutations in the VWF
gene differs from severe recessive VWD type 1 due to homozygosity or double
heterozygosity for a nonsense/missense or double missense. Recessive “type
1” VWD is featured by very low detectable VWF:Ag between 0.01 and 0.05
U/mL and FVIII:C levels between 0.05 and 0.40 U/ml. Obligate carriers of
nonsense or missense mutation usually have mild type 1 VWD with normal VWF
multimers with variable penetrance of mild bleeding manifestations in particular
when associated with blood group O. Recessive type 2C is a secretion/
multimerization defect due to homozygous or double heterozygous gene defects
in the D2 domain. Obligate carriers of VWD type 2C may have mild VWF:RCo
deficiency, mild bleeding and abnormal 2C like multimer defect in high resolution
gel. Recessive VWD type 2 Normandy (N) due to FVIII binding defect due to
mutations in the D’D3 domain of the VWF is featured by low FVIII:C, normal or
moderate VWF deficiency type 1 VWD and normal VWF multimers.

Dominant VWD type 1/2E is quantitative/qualitative multimerization defect
caused by a heterozygous cysteine mutation in D3 domain of the VWF gene
resulting in a secretion and clearance defect of VWF not due to proteolysis of
the mutant VWF protein. Dominant VWD Vicenza is a rapid clearance defect
due to the R1205H mutation in the D3 domain labeled as VWD 1C and featured
by equally low levels of FVIIIC, VWF:Ag, VWF:RCo, VWF:CB labeled as VWD
1C with the presence of unusually large VWF multimers after exercise and
DDAVP. Mild VWD type 1m or 1sm (smeary multimers) due to mutations in the
D4 and C1-C6 domains clearly differs from dominant VWD type 1/2E and VWD
2M or 2U.

Proteolysis of VWF is increased in dominant type 2A due to mutations in the
A2 domain and 2B VWD due to gain of RIPA mutations in the A1 domain result
in the absence of large VWF multimers, increased triplet structure of each band,
decreased ratios for VWF:RCo/VWF:Ag and VWF:CB/Ag and prolonged BT.
Dominant VWD type 2M and 2U is caused by loss of RIPA function mutations in
the A1 domain featured by decreased VWF:RCo, normal VWF:CB associated
with normal and/or smeary VWF multimers (VWD 2M) or relative decrease of
large VWF multimers mimicking VWD 2A.
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Conclusion: Prospective clinical and basic research studies are warranted
to link clinical, laboratory and molecular defect using a complete set of FVIII:
C and VWF parameters. Good evidence exists that the combined use of rapid
Glycoprotein (GP) VWF:GPIbR and VWF:GPIbM assays and VWFpp on top of
classical VWF assays significantly improved or even appeared to be superior
for the correct ECLM defined diagnosis and classification of the manifold
manifestations of VWD type 1 and 2.

Keywords: Von willebrand disease; Von willebrand factor VWF antigen;
VWEF collagen binding; VWF ristocetine cofactor; VWF multimers; and VWF
propeptide; VWF ristocetine induced platelet aggregation; Autosomal recessive;
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Introduction

Von Willebrand Factor (VWF) isamultimeric plasma glycoprotein
that acts as a carrier for coagulation factor VIII in the plasma and as
a mediator of platelet adhesion to subendothelial after vascular injury
(Figure 1) [1-7]. A number of distinct functional domains have been
identified within the VWF, including regions involved in binding
to factor VIII, to platelet receptor Glycopotein Ib (GPIb), to platelet
GP IIb-IIIa, to components of extracellular matrix such as collagen,
regions involved in multimerization and dimerization of VWF, and
finally domains involved proteolysis and clearance of VWF in various
type 1 and type 2 von VWD defects (Figure 1, Table 1&2) [4]. In this
study, we provide historical background information and translated
the ISTH into the European Clinical, Laboratory and Molecular (2020
ECLM) classification of VWD based on personal experiences and
critical appraisal of the literature regarding the clinical, laboratory
and molecular characterization of patients with congenital VWD
type 1, 2 and 3 (Figures 2,3 and 4) [1-14].

Translation ISTH defined VWD type lIA, IIB, IIC, IIE and IID
into ECLM defined VWD 2A, 2B, 2C, 2E and 2D related to
domain location of mutations in the VWF gene

In 1980 Ruggeri et al discovered a heightened interaction
between platelets and functional abnormal FVIII/VWEF protein in
a new subtype of type II VWD with increased RIPA and labelled it
type IIB. VWD type II, in which the RIPA was decreased or absent,
were classified as type IIA [7]. Zimmerman et al. [8] demonstrated in
1986 that proteolysis of VWF is a normal event in normal individuals,
increased in type IIA (2A) and IIB (2B) VWD with pronounced
triplet structure of each band as the result of increased proteolysis
of large VWF multimers (Figure 2). In contrast, proteolysis of
VWEF is minimal in type IIC (2C), IID (2D) and IIE (2E) variants
with aberrant multimeric structure of individual oligomers (Figure
2) [4,8,9]. In type IIA (2A) and IIB (2B) the proportion of 176 kDA
and 140 kDA fragments were increased related to the intact 225
kDA subunit, and these degraded VWF fragment were not detected
or present in only trace amount in types IIC (2C), IID (2D) and IIE
(2E) VWD (Figures 2) [4,8,9]. The normal multimeric pattern (N) in
plasma from normal controls displays a typical triplex structure with
the presence of the high molecular weight multimers (large MM).
Budde & Schneppenheim nicely confirmed the different mechanisms
to explain the aberrant structure of individual oligomers in type IIA,
1B, IIC, IID and ITIE VWD patients (Figure 3) [4,9].

The classification of congenital Von Willebrand Disease (VWD) in
the literature is much too much dominated by the recommendations

of the VWF Scientific Standardization Committee (VWF-SSC) at
annual SSC meetings of the International Society on Thrombosis and
Haemostasis (ISTH) between 1993 and 2007 [10-12]. The VWE-SSC
classification of VWD patients in Table 2 is based on a few rather
insensitive laboratory tests including FVIII:C, VWF:Ag, VWF:RCo,
Ristocetin Induced Platelet Aggregation (RIPA) and VWF multimers
in low resolution gel, and therefore cannot clearly distinct between
the various variants of type 1 from type 2N, 2M or 2E VWD at
VWE levels below 0.15U/ml [1,2]. Type 1 VWD refers to partial
quantitative deficiency of VWF mainly based on a normal VWF:RCo/
VWF:Ag ratio, type 2 VWD refers to qualitative deficiency of VWF
as documented by a decreased VWF:RCo/VWEF:Ag ratio, and type
3 refers to virtually complete deficiency of VWF (Table 1). Type 2
VWD refers to qualitative variants with decreased platelet dependent
function that is attributed to the absence of high molecular weight
VWF multimers (Table 1). The VWF SSC of the ISTH followed a
compromised “lumping-spitting” approach in distinguishing four
mains categories of type 2A, 2B, 2M, 2N VWD patients when the
Budde, Schneppenheim & Ruggeri classification is applied (Figure 3).
Type 2A VWD refers to qualitative variants with absence of HMW
multimers, normal or decreased RIPA and decreased VWF:RCo/
Ag ratio. By the lumping-splitting approach 2A can be subdivided
in the clearly defied variants of IIA, IIC, IIE and IID as defined by
Zimmerman et al. (Figure 2). Type 2B refers to all qualitative variants
with absence of HMW multimers and decreased VWF:RCo/VWEF:Ag
ratio and increased RIPA as first described by Ruggeri et al. VWD
type 2M or 2U is a poorly defined entity defined by the SSC-ISTH
and refers to qualitative variants with decreased platelet dependent
function (VWEF:RCo), with the presence of large VWF multimers in
a low resolution agarose gel, but recent data show a relative decrease
of large VWF multimers in a medium resolution gel (Figure 3 and
4). VWD type 2N (Normandy) refers to all qualitative variants with
markedly decreased affinity for factor VIII, the presence of large VWF
multimers and normal VWF:RCo/VWEF:Ag ratio as first discovered
by Mazurier et al.

For reasons of simplicity, the SSC-VWD of the ISTH used a
“lumping” for the classification of type 2 VWD not based on structure
and function relationship of VWF gene mutations and functional
domains of the VWF protein [10-12]. In the “lumping” approach,
type 2 is independent of multimer structure and refers to all loss-of-
function variants including FVIII binding defect (FVIILB defect =
Normandy = 2N), loss of High Molecular Weight (HMW) multimers
with decreased Ristocetin Induced Platelet Aggregation (RIPA) as
2A thereby lumping ITA, TIC, IID as 2A (Figure 2) or loss of HMW
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Figure 1: Structure and function of the Von Willebrand Factor (VWF) gene. Pre-pro VWF is cleaved at the Furin Cleavage site 763aa into VWF propeptide (VWFpp

normal Von Willebrand Factor (VWF) protein (lower part).
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Figure 2: The Zimmermann and SSC-ISTH Classifications of VWD subtypes IIA, IIC, IIE and 1ID and 2N [10-12].

and increased RIPA (2B). 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: increased proteolysis in VWD type 2A and 2B,
multimerization defect in VWD 2E, and dimerization defect in VWD
2D. According to Michiels et al. [13] VWD 2M and 2U is featured by
decreased or absent RIPA due to loss of function in the interaction of
platelet-GPIb-VWF and is associated with normal or smeary VWF
multimers or relative loss of large multimers (Figure 3) [1,2,5]. VWD
type Vicenza has “supranormal” VWF multimers has been labeled
in the past as 2M and changed into VWD type 1C phenotype due
to increased clearance. VWD Normandy is labeled as 2N, but has
normal VWF multimers and shows a typical mild hemophilia A
with normal or mild type 1 VWD phenotype when caused by a non-
cystein mutation in the D’ domain of the VWF gene.

In the “spitting” alternative according to the ECLM criteria, type
2 VWD refers to the loss-of-function (VWF:RCo) attributed to the
absence of HMW multimers separating 2A, 2C, 2E and 2D with
decreased RIPA and 2B with increased RIPA (2B) (Figure 4) [1,2].
VWD type 2M according to Michiels [13] is type Ib according to
Budde [4] is frequently labeled according to the ISTH classification
as 2U, 2A-like or variant 2A. The common feature VWD 2M, 2U
and variant 2A is the loss of RIPA function (VWEF:RCo and RIPA)
due to mutations in the Al domain. Diagnosis of so-called severe
type 1 VWD with VWF:Ag and VWF:RCo or VWF:CB levels below
0.15U/L using the ISTH criteria in Table 1 includes various variant of
type 1 secretion and/or clearance defects as well as VWD type 2M [2].
The original description of dominant VWD type 2E by Zimmerman
et al. (Figure 2) has a laboratory phenotype 1E or 2E (Figure 4) [8].
Diagnostic differentiation of so-called severe type 1 VWD using the
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Willebrand Disease (VWD) type 1 and type 2 [4,10,49-51,71-73].

Figure 4: European Clinical, Laboratory and Molecular (ECLM) classification and clustered domain distribution of Von Willebrand Factor (VWF) gene mutations in

ISTH criteria in Table 1 remains a persistent problem in routine daily
practice, which can easily overcome by a correct interpretation of
VWE-FVIILC response curves to DDAVP [1,2,13,14].

Bleeding score assessment

Bleeding severity in patients with VWD has been clinically graded
by Eikenboom et al. (1993) [10] and modified by Michiels et al. (2002)
[13] as very mild, mild, moderate and severe:

Very mild: the patient has only one or two unclear minor bleeding
symptoms and no bleeding history in childhood.

Mild: the patient has one or two obvious bleeding symptoms
such as recurrent epistaxis, profuse menstruation, or frequent
subcutaneous hematomas (bruising), which usually do not require
treatment. This is usually mild type 1 VWD.

Moderate: the patient has more than two bleeding symptoms

and has needed a FVIII:C-VWF concentrate transfusion because of
abnormal bleeding after an operation or trauma, or both, or has bled
for more than 24 hours after tooth extraction. A moderate bleeding
type is usually recognized in childhood in type 2 VWD and in
pronounced type 1 VWD.

Severe: The patient has pseudo-hemophilia, hemarthrosis, muscle
bleeding, and a need for prophylactic treatment with FVIII:C-VWF
or VWF concentrate. This is usually type 3 VWD.

On top of clinical bleeding severity assesment we determine
grading of bleeding symptoms by use of the modified Adult and
Pediatric Vicenza VWD Bleeding Questionnaire and Scoring System
(Table 3). Each symptom was described using scale from -1 to +4
points. Bleeding Score (BS) greater than 3 points was considered
as positive. Comparison of the Brno results with recent literature is
presented in Table 4. VWD type 3 patients have the highest bleeding
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Table 1: Classification of VWD according to the VWF-SSC-ISTH guidelines 1994-2007 [10-13].
1. Inherited VWD caused by genetic mutations at the VWF locus includes a broad spectrum of recessive and dominant variants of VWD. Carriers of recessive
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. Type 1 VWD refers to partial quantitative deficiency of VWF mainly based on a normal VWF:RCo/VWF:Ag ratio above 0.70, type 2 VWD refers to qualitative
deficiency of VWF as documented by a decreased VWF:RCo/VWF:Ag ratio below 0.70, and type 3 refers to virtually complete deficiency of VWF.

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

4.  Type 2Mor 2U is a new entity defined by the SSC-ISTH and refers to qualitative variants with decreased platelet dependent function (VWF:RCo), with the

presence of large VWF multimers in a low resolution agarose gel, but recent data show a relative decrease of large VWF multimers in a medium resolution
gel.

Type 2A VWD refers to qualitative variants with absence of HMW multimers, normal or decreased RIPA and decreased VWF:RCo/VWF:Ag ratio below 0.70.
By the lumping-splitting approach 2A can be subdivided into the variants of IIA, IIC, IIE and IID as defined by Zimmerman et al (Figure 2).

Type 2B refers to all qualitative variants with absence of HMW multimers and decreased VWF:RCo/Ag ratio below 0.70 and increased RIPA as first described
by Ruggeri et al (Figure 2).

Type 2N refers to all qualitative variants with markedly decreased affinity for factor VI, the presence of large VWF multimers with decreased FVIII:C/
VWEF:Agratio (less than 0.50) and normal VWF:RCo/VWF:Ag ratio above 0.70.
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Figure 5: The European Clinical, Laboratory and Molecular (ECLM) VWD classification is based on the ‘splitting’ approach using sensitive and specific VWF
assays, VWF multimeric analysis and response to DDAVP for the detection of a secretion and/or clearance defect of mutated VWF [4,9,13,14,70,71]. The majority
of patients with dominant with pronounced type 1 are Secretion Defect (SD). FVIII-VWF clearance defect VWD 1C is typically seen in Vincenza type VWD 2A, 2B,
2C, 2E and 2M have prolonged Ivy bleeding time (and PFA-CT above 300 seconds) due to decreased functional levels of VWF:CB and VWF: RCo levels usually
below 0.30 U/dl and near normal to normal levels for VWF: Ag.above 0.60 U/mL.

From left to right upper panel. 1: Blood Group O, No VWD; 2: VWD type 1 Secretion Defect (SD) and clearance (C) defect; 3: VWD 1C Vicenza Clearance defect;
4: VWD type 1 SD; 5: VWD type 1 SD; 6: VWD type 1 SD.

From left to right lower panel. 1: VWD 2A with transient correction of VWF parameters after DDAVP; 2: VWD severe 2A with no correction of VWF parameters after
DDAVP; 3: VWD 2B with poor response of VWF: CB and VWF: RCo to DDAVP; 4: VWD 2M. with poor response of VWF:RCO good response of VWF:CB followed
by rapid clearance of FVIII: C and VWF: AF indicating an additional clearance defect.

scores. There is a broad range of bleeding scores from normal to
rather severe in VWD type 1 and type 2 VWD patients. The median
bleeding score in VWD type 1 and type 2 is not significantly different.
In one study, but clearly different in two studies very likely reflecting
different VWD patient populations. VWD 2A patients have higher
bleeding scores than VWD 2B, 2M and 2N patients.

Translation of ISTH into 2020 ECLM Classification of VWD

One of the main drawbacks of the ISTH nomenclature and
classification that the definitions of VWD type 1, 2 and 3 are based
on simple insensitive laboratory parameters and the distinction

of normal VWF MM versus abnormal VWF MM missing some or
most of the large MM in low resolution gels (Table 1). A molecular
approach to the classification of VWD was proposed by, Budde,
Schneppenheim & Ruggeri for specific variants of VWD type 2
is based on improved methods of medium and high resolution
gels in distinguishing a specific VWF multimeric pattern for each
of the main type 2 VWD patients, which is related to a clustered
distribution of VWF mutations causing each of the specific subtypes
of VWD type 24, 2B, 2C, 2D 2E and 2N (Figure 3). In VWD Ib [4]
(Figure 3) and 2M [13] (Figure 4), there is a relative or no significant
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Figure 6: VWF: pp and VWF: Ag related to VWF: Ag half-life times after DDAVP in patients with VWD type Vicenza, 1C, type 1E/ 2E (C1130F) and in mild VWD
type 1 in carriers of a stop codon or missense mutation and in controls with blood group O or non-O. Source Sztkowska & Casonato et al. 2008.

Left. VWF: pp/VWF: Ag ratios in blood group non-O healthy controls, in heterozygous carriers of a stop codon or missense mutation are in the normal range (<2.0),
slightly increased in blood group O healthy control, increased in C1130F mutated VWD type 2 E and high in R1205H mutated VWD Vicenza type 1C.

Right. Mean VWF: Ag biological half-life times in blood group non-O healthy control versus blood group O healthy control and heterozygous carriers of a stop
codon or missense mutation are in the normal range, but significantly shortened in C1130F mutated VWD type 1 E and very short in R1205 mutated VWD Vicenza

domain location [22,23,26,27].

Table 2: European Clinical Laboratory and Molecular (2020 ECLM) Classification of Von Willebrand Disease (VWD) related to functional Von Willebrand Factor (VWF)

Classification of Recessive versus Dominant hereditence of VWD

Recessive type 3: pseudohemophilia A of Erikson von Willebrand

VWF:Ag and FVIII: C undetectable or very VWF due double null VWF gene mutations.

Recessive type 1 pseudohemophilia A phenotype due to mutations in the D1 domain

defect due to mutations in the D1 and D2 domain.

Recessive type 1 and 2C VWD VWF: Ag and VWF:RCo detectable, increased FVIII:C/VWEF ratio due to secretion multimerization

Dominant Type 1: VWF:Ag< 0.30 U/mL

Normal VWF: CB/VWF: Ag and VWF:RCo/VWF:Ag ratio above 0.70

Low VWF type 1: VWF:Ag levels >0.30-0.60 U/mL .

Normal VWF: CB/VWF: Ag and VWF:RCo/VWF:Ag ratio above 0.70

Classification of congenital VWD related to domain located mutations in the VWF gene

Recessive von Willebrand Disease: VWD Domain
Recessive severe type 3 double null mutation VWF gene double null
Recessive severe or pronounced type 1, homozygous or double missense D1 D2 D’ D4
Recessive severe type 1 VWD-pseudohemophilia A mimicking type 3 D1
Recessive 2N FVIII: ¢/VWF:Ag ratio <0.5. FVIII-VWF binding defect D-D3
Recessive 2C FVIII: C.VWF: Ag increased, secretion mulimerization defect D2
Dominant von Willebrand Disease VWD Domain
2E: type 1/2, loss of large multimers, no triplets and increased clearance D3
2A: Loss of large MM due to increased VWF proteolysis, RIPA N or decreased A2
2M: Decreased RIPA, VWF:RCo/VWF:Ag ratio, normal VWF:CB/VWF:Ag ratio Al
2B: Increased RIPA (0.8mg/ml) and thrombocytopenia with VWD type 2 Al
2CB Collagen binding defect, RCo/VWF:Ag normal and CB/VWF:Ag ratio < 0.7 A3
2D: Dimerization defect, loss of large MM, intervening bands and absence of triplets CK
Dominant 1sm, dominant 1m or 1 sm with normal (m) or smeary (sm) MM D4 C1-C6
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decrease of large multimers compared to N, and the triplet structure
appears normal but may show a smeary pattern frequently seen in
VWD 2M (Figure 4). In VWD type 2A, there is a relative decrease in
large VWF multimers compared to normal, and the outer sub-bands
of each individual band show markedly pronounced triplets due to
increased proteolysis. VWD type 2B cannot be distinguished from
VWD type 2A by multimeric analysis alone since their multimeric
pattern are similar pronounced due to increased proteolysis, which
in VWD type 2B is cause by a gain of function in the platelet GP1b-
VWE interaction as reflected by the increased Ristocetin Induced
Platelet Aggregation (RIPA) at low concentration of ristocetin. In
VWD type 2C (usually autosomal recessive) there is a lack of large
VWF multimers and an absence of triplet structure of the individual
multimers due to a multimerization/secretion defect in endothelial
cells caused by mutations in the VWF propeptide (VWFpp) domains
D1 or D2. In VWD type 2D low molecular weight multimers and
especially the first band (probably a dimer of VWF) and a tetramer
are markedly pronounced with the presence of intervening bands
representing multimers with an odd number of monomers are the
result of a dimerization mutation defect in the CK domain. In VWD
2E the multimeric pattern is characterized by a lack of or relative
decrease of large VWF multimers with the absence of the outer sub-
bands (indicative for absence of increased proteolysis) due rapid
clearance of VWF protein due to a multimerization mutation defect
in the D3 domain. In VWD 2N, the VWF multimeric pattern is but
the VWF protein lacks the capacity to bind FVIII due to mutation in
the FVIII binding domain of the VWF gene and protein.

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, VWEF:RCo,
VWE:CB, RIPA, the response of VWF and FVIIL: C to DDAVP, and
analysis of VWF multimeric pattern using low medium and high
resolution gels to classify VWD according to established criteria
[1,2,10-13]. Three main categories of VWD can be distinguished: first
recessive type 3 and severe type 1, second dominant type 1 and 2, and
third alarge group of mild VWD with no or low penetrance of bleeding
manifestations [1,2,13,14]. In general VWD type 1 is a quantitative
VWEF deficiency with equally decreased values of all VWF parameters
(<0.60 U/ml), a normal ratio for VWF:RCo/VWEF:Ag and VWE: CB/
VWE: Ag (>0.60 or >0.70) before and after DDAVP. VWD type 2 is
a qualitative VWF deficiency with normal, near normal or decreased
levels for FVIII:C and VWF: Ag and much lower values for VWF:RCo
and VWF:CB with deceased ratios for VWF:RCo/VWEF:Ag and
VWEF:CB/VWEF:Ag (<0.60 or 0.70 ISTH). VWF multimeric analysis
using low and medium resolution gels clearly differentiates between
VWD type 24, 2C, 2E and 2D (Figures 4). 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 (Figure 5), and will elucidate differences between homozygous
or compound heterozygous autosomal recessive type 3 and severe
type 1 VWD [1,2,5,6,13,14]. 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 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
(Figure 5) [4,9].

Autosomal Recessive VWD

VWD Normandy 2N due gene mutations in the factor VIII
binding domain (D’-D3, Figures 3 and 4) typically featured by
reduced FVIIL:C levels despite normal or near normal VWF:Ag,
VWE:RCo and VWE:CB levels, decreased FVIII:C/VWEF:Ag ratio
less than 0.50 and normal VWF:RCo/VWF:Ag ratio together with
normal VWF multimeric pattern, normal RIPA and bleeding time
mimicking in fact mild hemophilia A. Although some cases of have
severe hemophilia A with FVIIL:C deficiency of 1U/dL, the majority
of 2N VWD patients have mild hemophilia A with FVIILC levels
above 5U/dL [16-20]. Consequently, recessive VWD type Normandy
2N 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].
Interestingly, homozygous mutations C788R, and C1225G and
double heterozygous C788T/null show a hybrid VWD phenotype of
pronounced 2E with a factor VIII binding defect (2E/N) (Michiels et
al. 2019 manuscript submitted).

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 detectable
but very low VWE levels and FVIILC levels may range from a few
up to around 30% of normal. A considerable number of missense
mutations related to autosomal recessive severe type 1 VWD have
been identified in the VWFpp D1 and D2 domains and the CK
dimerization domain [28-34]. Autosomal recessive VWD type 2C is
rare and caused by homozygosity for a missense mutation or double
heterozygosity of a null allele and missense mutation in the VWFpp
D1 and D2 domains (exon 11 to 16) (Figure 4) [35-41]. Autosomal
dominant or recessive VWD 2D is caused by missense mutations in
the CK domain (Figure 4).

Autosomal Dominant VWD

The type 2 VWD phenotypes 2A and 2B are clearly different from
VWD types 2C, 2D and 2E [35-42]. 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 (Figure 4) [42-48].
Budde & Schneppenheim proposed in 2001 and 2005 a novel molecular
classification of type 1 and 2 VWD with abnormal multimers (24, 2B,
2C, 2D, 2E, 2-Normandy versus VWD type 1.2E, 2M or 2U, and type
1sm/2M in Figure 3) mainly based on current knowledge regarding
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VWF pp/Ag ratio
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Figure 7: Analysis of VWF: pp/VWF: Ag ratios (Left) related to VWF: Ag half-life times after DDAVP (Right) from two studies on dominant VWD type 1E/2 E and
VWD Vicenza type 1C due to C1130, W1144G, and R1205H mutations in the D3 domain, VWD 2M due to 11416N mutation, and mild VWD type 1 heterozygous
carriers of missense mutation in the D1, D2 and D4-C1-C6. Source Gadisseur et al. 2009 [71].

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 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
Figure 3 [4,10,49-52].

Carriers of missense mutations R763Q, R760C, Y795C located
in or around the VWFpp Furin cleavage site 763 have ultra-large
VWE multimers with a smeary (sm) pattern on top of VWD type
Normandy when associated with R854Q or null allele, whereas ultra-
large VWEF multimers are also seen in VWD Vicenza R1205H/M740I,
but such ultra-large VWF multimers are not seen in VWD type 2E
(Figure 4) [53-55].

About half of patients diagnosed as type 1 in the 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, but were never re-diagnosed as type 2A, 2B, 2C or
2D [49-52]. Heterozygous mutations of the D1, D2 and the site D’
domains usually show a normal VWF multimeric pattern [49,50]. All
mutations in the FVIII binding domain show a multimers normal
VWE multimeric pattern except a few showing 2E phenotype. VWD
patients with mutations in the D3 (multimerization) domain (C1130R,
C1130G, W1144G, Y1146C, C1190F)) frequently show a type 1l VWD
laboratory phenotype but type 2E pattern with relative loss of large
VWF multimers and reduced triplet structure and proteolysis (Figure
4). 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 VWF:RCo and RIPA consistent
with VWD type 2M or 2U [4,10]. Several mutations (L2207P, C2257S,
C2304Y, R2379, G2441C, R2464C, R2464C, C2469P, C2671Y) in the
D4, B1-3, C1-2 domain show a dominant type 1sm VWD phenotype

featured by an atypical smeary pattern of large multimers and no
triplet structure of small multimers [49,50].

Data from the European MCMDM-1VWD study show that the
heterozygous mutations in the D4, B1-3, and C1-2 domains (L1774S’,
K1794E’, C2304Y’, R2313H, G2518S’, Q2544X’, C2693Y", and
P2722A) have normal multimers and have mild VWD type 1m disease
with variable penetrance of bleeding manifestations. Heterozygous
mutations in the D4, B1-3, C1-2 and CK domains V1822G’, L2207P",
C2257S", C2304Y", C2362F, G2441C’, R2464C’, C2477Y", C2477S’,
and Q2520P" have mild to moderate VWD type 1, abnormal VWF
multimers (usually smeary pattern) [51,52]. Nearly all mutations in
the D4, B1-3, C1-2 and CK domain have increased FVIII:C/VWEF:Ag
ratios around or above 2 (indicated by an astrix’) indicating a secretion
(S) defect [19], 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 [51,52].

The clinical importance of DDAVP response curves to
diagnose and classify VWD

Desmopressin (DDAVP, 1-desamino-8-D arginine vasopressin)
is a synthetic analogue of the natural hormone vasopressin [56], but it
has no pressor activity, in contrast to vasopressin. DDAVP stimulates
the endogenous release of endogenous factor VIII (FVIIL:C) and Von
Willebrand Factor (VWEF) proteins. The effect is virtually immediate,
usually with 2-6-fold increases in the plasma concentrations of FVIII,
VWE:Ag, VWE:RCo and VWF:CB and tissue plasminogen activator
[57,58]. Platelet function and coagulation assay, RIPA and the VWF
assays VWEF:Ag ELISA, VWF:RCo, VWEF:CB ELISA assay and VWF
multimeric analysis has been described in great detail by Michiels
et al in 2002. Ivy bleeding time (BT), PFA-100 closure time, and all
FVIII-VWF parameters FVIII:C, VWF:Ag, VWE:RCo, vWF:CB and
VWE multimers before and after a single DDAVP challenge test were
measured before (t=0) and after 1, 2, 4, and 24 hours postinfusion
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Table 3: Adult and Childhood Bleeding Score used in the Brno VWD cohort.

Spontaneous

therapy,
desmopressin

Symptom 4 0 1 2 3 4 Final
score
Epistaxis ) No or trivial >5 OR more Consultation onl Packing or cauterization or IrBGIoloa(l‘taﬁr;ftu;:Z?aor or
P (<5) than 10 Y antifibrinolytics P therapy
desmopressin
No or trivial > lcm AND no .
Cutaneous - Consultation only
(<1cm) trauma
Bleeding from No or trivial >5 OR more Consultation only or | Surgical hemostasis or Blood transfusion or
) - R o . replacement therapy or
minor wounds (<5) than 5 steri-strips antifibrinolytics )
desmopressin
. Reported at least ) Surgical hemostasis or Blood transfusion or
Oral Cavity - No Consultation only o . replacement therapy or
one antifibrinolytics ;
desmopressin
Surgical hemostasis,
Consultation or anti fibrin., blood
Gl Bleeding - No Identified cause transf., replacement

therapy

No bleeding None done or . . Blood transfusion or
. h ) Reported, no } Resuturing, repacking or
Tooth extraction in at least 2 no bleeding . Consultation only e . Replacement therapy
. . consultation antifibrinolytics .
extractions inl or Desmopressin
No bleeding None done or . . Blood transfusion or
. ) Reported, no . Surgical hemostasis or
Surgery in at least 2 no bleeding . Consultation only o . Replacement therapy
) ) consultation antifibrinolytics .
surgeries in1 or Desmopressin
Blood transfusion or
Menorrhagia ) No Reported_, or A_ntlflbrlnolytlcs or D&C, Iron therapy replacement th_erapy
consultation on ly Pill use or desmopressin or
hysterectomy
Post-partum No bleeding No dellverlgs Reported, or D&C, Iron therapy Blood transfusion or
in at least 2 or no bleeding . e ) Replacement therapy or | hysterectomy
hemorrhage L . . consultation on ly Antifibrinolytics .
deliveries in 1 delivery Desmopressin
. Spontaneous or
Spontaneous or traumatic, ) -
Post traumano Spontaneous, no - . traumatic, requiring
Muscle hematomas |- Never requiring desmopressin or N -
therapy therapy surgical intervention or
replacement therapy )
blood transfusion
. | Spontaneous or
Spontaneous or traumatic, . -
. Post traumano Spontaneous, no L . traumatic, requiring
Hemarthrosis - Never requiring desmopressin or L .
therapy therapy surgical intervention or
replacement therapy )
blood transfusion
CNS Bleeding - Never Subdural, any intervention !ntracere.bral, any
intervention
Childhood 2 3 4
R 0 1 ; Surgical hemostasis, Blood transfusion or
bleeding - No Reported Consultation antifibrinolytics, iron replacement thera
For each bleeding: P only ytics, P py

or desmopressin

Umbilical stump

Cerebral

At circumcision

At venipuncture

Suction bleeding

Hematuria

Menarche

Total Scores:

of DDAVP iv according to the Rotterdam protocol proposed
Dr Manucci on behave of the SCC ISTH (Table 5). The biological  5).

characteristics and half-life times of the VWF parameters were

by  mild and pronounced dominant type 1 type 2A, 2B and 2M (Figure

determined at 5 time points for the values between 15 minutes and

Standardization of DDAVP response curves

DDAVP Response Curves (RC) over at least six hours post-
DDAVP to study VWF clearance should follow the SSC-ISTH
recommendations (Table 5). Candidate election for a diagnostic
DDAVP:RC test should be very selective and restricted to the proband
of the family with a particular VWD molecular defect, simple because
you can predict a similar response to DDAVP in the other family
members with the same molecular defect.

6 hours after termination of intravenous DDAVP. Between 1992 and
2000 Michiels & Van Vliet of the Blood & Coagulation Laboratory,
Department of Hematology Erasmus University Medical Center
Rotterdam prospectively evaluated the combined use of FVIILC,
VWF:Ag, VWE:RCo, VWE:CB and responses to DDAVP in
VWD type 1 and 2 to improve the shortcomings of the 1994 ISTH
classification of VWD patients in recessive type 3 and severe 1, in
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Table 4: Results of the Adult Pedriatic Bleeding Score (BS) in 62 VWD type 2 patients from the Brno cohort compared to three reports in the literature.

1 2
Type of VWD 3 normal
definitive possible 2A ‘ 2E ‘ 2B ‘ 2M ‘ 2N controls
{3}* Gill 1C. Blood (ASH Annual Meeting Abstracts) 2008; 112: obstruct 425
n 149 17 ‘ | ‘ 18 ‘ 4 ‘ 6 28 234
Q25%-50% 3-10 3-13 10.5-23 -1-1
median 6 7 15 0
{1}* Biss TT, 1 Month Haernost 2010 8: 950-6
n 40 38 6 16 21
range 2-18 0-15 3-17 4-29 -1-2
median 9 2 14 12 0
{2}* Bowmon M,1 Thromb Hoemost 2008; 6; 2062-6
n 16 4 ‘ ‘ 9 ‘ 1 ‘ 12 100
0 +2S0 -3.2-3.6
median 8 16 19 mean 0.16
Department of Clinical Hematology - Department of Pediatric Hemotology, university Hospital Brno
n 53 17 19 2 24 6
range 0-18 1-23 0-16 9-11 0-18 13-25
median 6 10 8 10 4 15
Blood sample Before After DDAVP Clinical setting VWD type 1 and 2  Research studies
DDAVP 15 minutes 1 hour 2 4 6 12 24 hours
PFA-100 + + + + + + + + +
RIPA, if abnormal + + + + + + + + +
FVIII:C + + + + + + + + +
YWE:Az + + + + + + + + +
/ H + + + + + + + + +
VWEF:CB + + + + + + + + +
VWEMNML + + + + + + + + +
VWFnn + + + + + + + + +
Table 5: Standardized DDAVP challenge test over at least six hours proposed in the 1990s by Mannucci on behave of the SSC-ISTH and modified by Michiels et
al in 2002 for the diagnostic work-up and characterization of VWD type 1, 2 and recessive 1 [1].

The DDAVP trial has to be started between 8.00 and 9.00 O’clock a.m. and should be performed by a skilled nurse after informed consent of the patient by the
responsible physician. Blood sampling up to 6 hours is essential or evaluation of secretion and clearance pattern in VWD type 1 and 2. Blood sampling at 12 and 24
hours is optional but of high importance to differentiate between mild VWD and normal.

The DDAVP trial should start between 8.00 and 9.00 O’clock a.m.
and should be performed by a skilled nurse after informed consent
of the patient by the responsible physician. Blood sampling up to 6
hours is essential or evaluation of secretion and clearance pattern in
VWD type 1 and 2. Blood sampling at 12 and 24 hours is optional but
of high importance to differentiate between mild VWD and normal.
The responses of the FVIIL:C and VWF parameters to intravenous
DDAVP is an essential tool in the splitting approach for three reasons:

1. Tt will clearly distinguish pseudo-VWD from true type 1 VWD.

2. It will distinguish the various variants of dominant type 1 and

3. It will elucidate differences between homozygous or compound
heterozygous autosomal recessive type 3 and severe type 1 VWD
(Table 6) [1,2,13,14].

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 to
mild hemophilia due to a VWF binding defect in the FVIII protein

[17,19,20]. A short half life time of the VWF parameters and FVIIL:C
after DDAVP in type 1C Vicenza, 2E, 2M and 2U indicates rapid
clearance of VWF antigen not due to proteolysis as demonstrated by
the absence of triplet structures of VWF bands and absence of VWF
degradation products [13,14]. Short half-life times of functional
VWF parameters as compared to near normal to normal half-life
time for VWEF:Ag in type 2A and 2B indicates increased proteolysis
as demonstrated by the loss of large VWF multimers, the presence of
VWEF degradation products (Figure 3) and increased triplet structure
of VWF multimer bands [2,14].

Patients with recessive type 3 do not respond to DDAVP. Severe
recessive VWD type 1, 2C and 2D respond poorly or not to DDAVP
with regard to the VWF parameters but usually show an increase of
FVIIL:C to normal. The response to DDAVP in VWD type 1 and 2
is dependent on the severity of the disorder (Table 6). Patients with
mild VWD type 1 with normal VWF multimers and VWF values
between 0.30 and 0.60 usually respond well to DDAVP (Table 6).
Interestingly, the response to DDAVP of FVIIL:C is 2 to 3 times
higher to that of VWF:Ag in carriers of a null allele or missense
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Table 6: DDAVP response of FVIII:C and VWF parameters to DDAVP in patients with VWD type 1 and type 2 [13,14,59-66].

Response to DDAVP: VWD type Mutation FVIIl: C VWF:Ag VWF:RCo VWF:CB BTcorrection
Mild 1 Variable Good Good (G) Good Good Yes
Variable penetrance of bleeding

Rec 2N D-D3 Poor Good Good Good BT is normal
Short

Dominant VWD

1/12E D3 Good Transient Transient Transient Transient
1/Vicenza D3 Short/G Short/G Short/G Short/G Short/Yes
2M Al Good Restricted Poor Restricted Transient
2B Al Good Good Poor Poor No

2A group | A2 Good Restricted Poor Poor No

2A group Il A2 Good Good Short/G Short/G Transient
1m, sm,smf D4 B1-3, C1-2 Good Restricted/G Restricted /G Restricted/G Yes

2D CK Partial Partial Poor Poor No

mutation (parents of VWD patients with recessive type 3 or severe
type 1) [1,51]. The responses of FVIIL:C and VWF parameters are
of huge importance for the diagnostic work-up severity assessment
and characterization of the VWF defect related to domain location of
VWD type 1 and type 2 mutations [59-66]. The laboratory phenotype
of dominant VWD type 2M or 2U due to loss of GPIb function
mutation in the Al domain is characterized by decreased RIPA in
the presence of a near normal VWF multimeric pattern in a low
resolution gel, a poor response to DDAVP of VWEFE:RCo and good
responses to DDAVP of both VWF:CB and VWF:Ag and FVIIL:C
followed by decreased half life times of VWF parameters. This type
of response curves to DDAVP is corroborated by increased VWFpp/
Ag ratios in patients with VWD type 2 M as shown e.g. in VWD
2M due to the 11416N mutation [65]. Patients with dominant VWD
severe type 2A (group I) have pronounced or very low VWEF:RCo,
prolonged to very prolonged BT, PFA-100 Closure Times (CT)
longer than 250 seconds, and show a good response of FVIII:C and
VWE:Ag but a minor or poor response of VWF:RCo to DDAVP with
no correction of the BT (Table 3) are therefore candidates for VWF-
FVIII concentrate substitution for the treatment and prophylaxis of
bleeding symptoms. A minority of VWD mild type 2A (group II) are
featured by near normal to prolonged values for BT, normal FVIII:C
and VWEF:Ag, low VWF:RCo and VWF:CB, a normal RIPA and
complete correction of BT and functional VWF parameters to normal
for only a few hours followed by short half life times for VWE:RCo
and VWE:CB (Table 3). These mild type 2A VWD (group II) patients
have transiently complete response of FVIII and VWF parameters to
DDAVP that may be good enough for the treatment and prophylaxis
of spontaneous minor bleedings, but will not be enough for bleeding
prophylaxis in surgical and trauma. A good DDAVP response
curve (challenge test) can be used as sufficient for the treatment of
spontaneous minor bleeds. major bleeds after trauma, for prevention
of bleeding in connection with surgery or other invasive procedures,
if VWF:RCo and FVIII:C reach normal levels after infusion DDAVP
followed by near normal or normal half-life times. If the DDAVP
response of VWF parameters is insufficient or the response duration
is short, a VWEF/EVIII concentrate should be considered [59-66].

The role of FVIII:C/VWF:Ag ratio in the diagnosis and
classification of VWD

By definition, the concentration in plasma of FVIIL:C and
VWFEF:Ag is 1U/ml [13]. Consequently, the ratio FVII:C/VWEF:Ag is
around 1 in normal individuals with blood group O and non-O [15].

A decreased FVIII:C/VWF:Ag ratio of less than 0.5 is
caused by FVIII:C binding defect of the VWF protein in
recessive homozygous or double heterozygous type 2N
VWD

A decreased FVII.C/VWEF:Ag ratio is also seen in mild
hemophilia A due to a VWEF binding defect in the FVIII gene [16-20].
A normal response of VWF parameters and restricted response of
FVIIL: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 VWF binding defect in the FVIII protein
[17,19,20].

The ratio of FVIIL:C binding sites on VWEF:Ag on a molecular
basis is 1:50 and independent of the size of VWF multimers indicating
that many potential FVIIL:C binding sites on VWF:Ag are free. As
the VWEF:Ag is 50% of normal in quantitative VWD type 1 due to a
secretion defect of the mutated VWD protein, the ratio of FVIIL:C/
VWE:Ag will increase to about 2 [15]. Carriers of recessive VWD
type 3 heterozygous for the VWF null allele (decreased synthesis)
have an increased ratio of 2.06 for FVIIL:C/VWEF:Ag. The increased
FVIII/VWEF:Ag ratio is clearly related to the severity of the VWF:Ag
deficiency VWF due to a synthesis (null allele) or secretion (missense
allele) defect with FVIII:C/VWEF:Ag ratios of 3.2, 1.96 and 1.46 at
VWE:Ag plasma levels of <30, between 30-60 and above 60U/ml [15].

An increased FVIII:C/VWF:Ag ratio in VWD type 1 and
2 refers to a VWF synthesis (null allele) or secretion
(missense) defect of mutated VWF

A VWEF synthesis or secretion defect in carriers of a null allele or
missense allele in mild VWD type 1 and 2 as can be documented by a
restricted response of VWF;Ag to DDAVP and a normal response of
FVIIL:C to DDAVP [13]. A poor response of VWEF:Ag as compared to
a restricted response of FVIIL:C to DDAVP results in a pronounced
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increase of the FVIII:C/VWE;Ag ratio in severe recessive type 1 and
recessive type 2C VWD (asymptomatic parents showing mild type 1
VWD with increased FVIII:C/VWEF:Ag ratio after DDAVP. A normal
EVIIL:C/VWEF:Ag ratio is consistent with normal secretion of mutant
VWEF protein in type 1 (including Vicenza) and in type 2 (2A group
IT and 2B) VWD patients [2,13]. In VWD 2A, rapid proteolysis of
large VWF multimers results in rapid loss of functional VWF:RCo
and VWF:CB after DDAVP but normal levels of degraded VWF:Ag
levels after DDAVP followed by normal or near normal half-life of
VWE:Ag and VWF pp/Ag ratios between 1.0 and 2.0.

The role of VWFpp/VWF: Ag ratio in the diagnosis and
classification of VWD

The VWF propeptide (VWEF:pp) and VWF protein remain non-
covalently associated and are stored in Weibel-Palade bodies in
endothelial cells for regulated release [67,68]. After release in plasma,
VWE:pp and the mature VWF multimers dissociate and circulate
independently with a half life of 2 to 3 hours for VWFpp and 8-12
hours for VWF:Ag. The concentrations of VWF:pp and VWF:Ag in
plasma are expressed as 1U/mL in normal plasma. Consequently, the
ratio of VWF:pp to VWEF:Ag in plasma is by definition equal to 1.0.
The rationale behind the use of the VWF:pp/VWE:Ag ratio is that
in the various variants of VWD type 1 and 2 the half life time of
VWE:pp is normal, whereas the clearance of VWF:Ag may be very
short, shortened or normal. VWD patients with a secretion defect but
normal clearance and who thus show a restricted response of VWF to
DDAVP followed by normal half lifetimes of VWF:Ag are expected
to have decreased values for VWFpp and VWF:Ag: both low, ratio
1:1 reflecting the secretion defect in VWD due to stop codon or
missense, whereas a normal ratio for VWF:pp/VWEF:Ag reflects
a normal clearance of VWF:Ag (Figure 5). VWD patients with a
normal secretion but increased clearance of VWF:Ag (and associated
functions VWF:RCo and FVIIL:C) show good responses to DDAVP
followed by short half life times of VWF:Ag are expected to have an
increased VWEF:pp/VWEF:Ag ratio (reflecting increased clearance
VWF:Ag). Short half-life times of VWF:Ag, VWF:CB, VWE:RCo
parameters and FVIIL:C after DDAVP in type 1, Vicenza, 2E, 2M
and 2U results in increased VWF:pp/VWF:Ag ratios indicates rapid
clearance of the VWF:Ag/FVIII complex not due to proteolysis on
top of a multimerization defect in VWD 2 E, and loss of RIPA defect
in VWD 2M and 2U [13,14]. Short half-life times of functional VWF
parameters VWE:RCo and VWEF:CB caused by increased proteolysis
in type 2A and 2B is associated with near normal or normal VWF:Ag
half-life times and normal or slightly increased VWF:pp/VWEF:Ag
ratios [2,14].

We have critically analysed the literature on the results of
VWFE:pp/VWF:Ag ratios in relation to the level of VWF:Ag and the
VWF:Ag survival times after DDAVP in VWD type 1/2E, type 1
Vicenza due to mutations in the D3 domain, VWD type 1SC due to a
mutation in the D4 domain, mild VWD type 1 due to mutations in the
D4-B1-B3-C1-C2 domains and mild VWD type related to the C1584
mutation with blood group O (Figure 6) [67-71]. In case of secretion
defect both absolute levels of VWF:Ag and VWE:pp are decreased
but the VWF:pp/VWF:Ag ratio remains normal or near normal
(Figures 5 and 6). In case of normal secretion but increased clearance
of VWF;Ag the ratio VWF:pp/VWEF:Ag increases depending on the
degree of shortened VWF:Ag half-life time, which can nicely be

assessed after a DDAVP challenge test [59,60,63,67-71]. In view of
literature Vangenechten et al. and Michiels et al recently studied the
performance of a complete set of rapid and classical VWF functional
and quantitative assays for improved diagnosis of ECLM defined
VWD patients [72-75]. The response of FVIII and VWF parameters
to DDAVP in VWD Vicenza (R1205H) is normal indicating normal
secretion but followed by rapid clearance and very high VWEF:pp/
VWF:Ag ratios (Figures 5 and 6) [13,22,58,66,69,72-75]. Patients with
VWD type 1/2E due to mutations in the D3 multimerization domain
and the mutation S2179F in the D4 domain have increased VWF:pp/
VWF:Ag ratios despite decreased or low absolute values for VWF:pp
and shortened VWEF:Ag half-life times indicating rapid clearance
as a main mechanism for a laboratory phenotype (Figures 5 and 6).
Patients with mild VWD type 1 due to mutations in the D1, D2 and
D’ domains have decreased VWE:pp levels and normal VWF:pp/
VWE:Ag ratios of just above 1 indicating for a mild secretion defect
of VWF (D4-C1-C6 and D1D2 in Figure 1). Patients with mild VWD
due to mutations in the D4-B1-B3-C1-C2 domains have decreased
values for VWE:pp but slightly elevated VWEF:pp/VWEF:Ag ratios
indicative for the combination of a mild secretion combined with a
mild clearance defect (Figure 6). Patients with the C1584 mutation
and blood group O have normal values for VWF:pp and near normal
VWE:pp/VWEF:Ag ratios indicative for a mild clearance defect of
VWEF (Figure 6) [23]. Patients with recessive severe type 1 VWD are
predicted to have decreased values for both VWF:Ag and VWFE:pp
and normal VWF:pp/VWEF:Ag ratios due to a severe secretion defect.

Current recommendations of VWD patient diagnostic
work-up and characterization

Recommendations for current future VWD studies cannot be
made without knowledge of questions to be posed by the need to
better characterize VWD platelets at the clinical, laboratory and
molecular defects of specific VWD entities (Figure 7 and Table 2) [70-
72]. The following are recommended tools to be included for clinical
and basic research studies.

1. Standardized questionnaire to document clinical severity and
quantitate the burden of bleeding in all variants of VWD patients
using the original or modified Vicenza Bleeding Score (BS) assessment

2. Samples suitable for plasma, DNA and platelet RNA analysis

3. Plasma phenotype analysis using a complete set of laboratory
tools including bleeding time

PFA-100 closure times, FVIII:C, VWF:Ag, VWE:GPIbM,
VWE:GPIbR, VWE:pp, VWF:CB (collagen type 1), RIPA and
determination of ABO blood group

4. VWF multimer analysis using low, medium or high resolution
gels

5. Mutation screening of the VWF promoter and exons 2 to 52

6. Responses of FVIII:C and VWF parameters to DDAVP over at
least six hours post-DDAVP in mandatory to study VWF clearance
according to the SSC-VWD of the ISTH recommendations (Table 5).
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