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Abstract

Von Willebrand Disease (VWD), as the most common inherited bleeding
disorder, is a widely misdiagnosed disease due to several diagnostic pitfalls.
At the heart of this challenge lies the complexity and heterogeneity of VWF,
significant (pre-) analytic issues, limited access to a comprehensive repertoire
of laboratory assays, inter-individual variations, lack of expertise and complex
interpretation of results. Next to a personal and family bleeding history, an
array of clinical laboratory tests is required because no single test reflects both
quantity and quality of VWF. The assays measure different VWF properties
and may be affected by (pre-) analytic variables possibly leading to inaccurate
interpretation. Therefore, a laboratory investigation and diagnosis according to
a standard algorithm, and repetitive testing, are essential for accurate diagnosis
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which is illustrated in detail in this review.
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Introduction

Although it is the most common autosomal inherited bleeding
disorder, Von Willebrand Disease (VWD) is an under diagnosed
and relatively unknown disease with his accurate diagnosis to be
very challenging. A panel of laboratory assays measuring different
VWF functions is used in diagnosis and classification of VWD.
Introduction of new improved techniques can contribute to better
diagnosis, classification and treatment. This review describes the
laboratory assays for VWD diagnosis and classification, including
their mechanisms and pitfalls.

Von Willebrand Disease

VWD is characterized by mucocutaneous bleeding, like bruising,
epistaxis and menorrhagia [1], prolonged bleeding after trauma and
surgery, and occurs with equal frequency among man and women.
The estimated prevalence is 0.1 - 1.0%, although actual figures may
be higher since a large number of people with a VWF mutation
are asymptomatic or undiagnosed. Different from Hemophilia,
VWD is caused by a deficiency or dysfunction of Von Willebrand
Factor (VWE), giving rise to deficits both in primary and plasmatic
haemostasis.

VWF Structure

The VWEF gene is located at chromosome 12p13.3 compromising
52 exons [2], and mutations located in different domains of the
VWEF protein [3] give rise to VWD with domain-specific function
abnormalities. The intracellular uncleaved VWF has a domain
structure constructed as follows: SP-D1-D2-D’-D3-A1-A2-A3-D4-
C1-C2-C3-C4-C5-C6-CK [3] (Figure 1). D1-D2 represents the VWF
propeptide and are cleaved of during proteolytic processing [4]. The
remaining domains form the mature VWF with their own specific
function; binding of factor VIII (D’-D3), platelet Glycoprotein
(GP) Ib receptors (A1) or Collagen (Al and A3), and ADAMTS-13

cleavage site (A2 at position Tyr1605-Met1606).
VWF Functions

At sites of vascular injury, VWF binds to sub endothelial collagen
and platelet GPIb, allowing platelet adhesion to these sites. This
VWE-platelet interaction is needed in areas of high shear stress
where direct platelet-collagen binding is ineffective. It also promotes
platelet-platelet interactions (aggregation) by binding platelet
membrane GPIIb/IIIa.

Additionally, VWF protects coagulation factor VIII from rapid
proteolytic degradation and exposes it to the site of vascular damage,
thus indirectly also contributing to the plasmatic coagulation process

[5].

This multifunctional nature of VWEF contributes to the
heterogeneity in clinical symptoms and bleeding risk, but also poses a
diagnostic challenge in VWD.

VWD Classification

Because there is no clear correlation between bleeding severity and
a particular laboratory test, VWD classification is not straightforward.
The current International Society on Thrombosis and Haemostasis
(ISTH)/Scientific and Standardization Committee (SSC) classification
[6] (Table 1) is based on a limited panel of laboratory parameters
(coagulation factor VIII (FVIIL:C), VWF antigen (VWF: Ag) and
VWE Ristocetin Cofactor activity (VWE: RCo), Ristocetin Induced
Platelet Aggregation (RIPA) and VWF Multimeric analysis (VWE:
MM))allowing classification of VWD into 3 main categories: type 1
(partial quantitative deficiency), type 2 (qualitative defect) and type 3
(complete deficiency).

Type 1, affecting>70% of all VWD patients, is characterized by a
partial reduction of a functionally normal VWF, with a normal VWF
activity/ VWEF: Ag ratio and the presence of all VWF multimers. A
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Table 1: Laboratory phenotype of different VWD types.

VWF mutlimers

Specialized

VWF gene

FVII:C | VWF:Ag | VWF:RCo |VWF:RCo/VWF:Ag VWF:CB VWF:CB/VWF:Ag pattern assays mutation

Type 1 N/} l l > 0.60 l > 0.60 N* Whole gene
Type 1C N/} 1 l >0.60 l > 0.60 N VWFpp/VWF:Ag 1 D3

Type 3 Wl L 1l 1l absent Whole gene
Type 2A N/} 1 1 <0.60 i <0.60 Loss of A2
HMWM/IMWM D2
D3
CK
Type 2B N/ 1 1 <0.60 1 <0.60 Loss of LD-RIPA 1 A1

HMWM
Type 2M N/ l 1 <0.60 N >0.60 N* A1
Type 2N i N/ N/ >0.60 N/| >0.60 N VWF:FVIIIB | D’-D3

N, normal. *subtle changes are allowed [42,43].

1, mild decrease; | |, moderate decrease; | | |, severe decrease; 1, increase; HMWM, high molecular weight multimers; IMWM, intermediate molecular weight multimers;

GPIIb/Ilia Dimerisation
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Figure 1: VWF gene structure.

Abbreviation: FVIII: Factor VIII; GPIb: Glycoprotein Ib; GPIIb/llla: Glycoprotein llb/llla

type 1 subtype, type 1 Vicenza (recently renamed as type 1 clearance
(1C)) is characterized by a significant increased VWF clearance,
resulting in low VWF levels and a good but short lived response to
Desmopressin.

There is some controversy in type 1 VWD versus “Low VWF” [7].
Ithas been suggested to reserve type 1 diagnosis for patients with VWF
levels <30IU/dL [8,9] and using the term “low VWF” when VWF level
is 30-50IU/dL [10,11]. In this last group there is a low association
with mutations and using “Low VWF” avoids misdiagnosis of these
patients as having an inherited bleeding disorder. This has recently
been reassessed and currently diagnosis of VWD can be made with
VWF 30-501U/dL with a history of abnormal bleeding [9].

Type 2, 20% of all VWD cases, is divided into four subtypes (2A,
2B, 2M and 2N) according to VWF functional defects (Table 1). The
Antwerp Haemostasis Research Unit (University Hospital Antwerp)
and the CSL Behring Chair in von Willebrand disease at Antwerp
Universityuse an extended ISTH/SSC classification [6] with additional
subdivision of type 2A into 2A/IIA, IIC,IID and IIE [12,13], based on
VWF multimeric patterns and unique domain location of the VWF
mutation (Table2).

Type 3, a rare form accounting for<5% of all VWD cases, is
characterized by a near complete absence of VWF: Ag and VWF:

RCo (<11U/dL) and VWF propeptide levels (<5IU/dL) [14], whereas
severe type 1 has low VWE: Ag levels but nearly normal VWF
propeptide levels (>5IU/dL) [15]. The almost absent VWF gives rise
to a non-stabilized FVIII resulting in low FVIIL: C levels (<5IU/dL).
This type is caused by a homozygous or compound heterozygous
inheritance [16].

Laboratory Diagnosis of VWD

Clinically VWD can be suspected when there is history of
mucocutaneous bleeding symptoms or bleeding during surgery,
which triggers laboratory analysis.

The current diagnostic approach is based upon a few routinely
available screening tests; VWEF: Ag, VWF platelet Glycoprotein (GP)
Ib binding function and FVIIL:C because of its relationship with
VWE. These tests allows for VWD classification into his three main
types (type 1, 2 and 3).

If available, other functional tests can be added to further
investigate type 2; VWF binding to collagen (VWEF: CB) or FVIII
(VWE: FVIIIB), RIPA and VWF:MM. Rapidly gaining interest is the
VWEF propeptide measurement reflecting VWF protein production,
secretion and elimination.

Most laboratories make use of an algorithm of all available
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FVIIEEC/VWF:Ag < 0.6 VWF:Ag + VWF:GPIb® + VWF:CB + FVIII:C mfﬁmg@;w - VWELCB <101U/dL
VWF:GPIb/VWF:Ag VWF:GPIb? VWF:GPIb/VWF:Ag
7 and andfor and/or
YWhEVIID VWFCB/VWF:Ag VWFCB VWECB/VWF:Ag VWepp
20.60 reduced <0.60
VWF:Ag VWF:Ag
Normal Reduced 30.501U/dL <3010/dL RIPA >51U/dL <51U/dl
a-"""'-{{- s T
Normal HD-RIPA + Mormal/reduced
Response LD-RIPA HD-RIPA
VWF:MM
F ol = ® TS
Loss of HMWM Presence of HMWM
VWF:GPIb/VWF:Ag <0.60 | | VWF:GPIb/VWF:Ag <0.60
and and
VWF:CB/VWF:Ag <0.60 VWF:CB/VWF:Ag 20.60
} i ! I ! ! i i l

HaemophiliaA|| Type2n “Low” VWF Type 1 PT::::&:; Type 2A Type 2M ?r?’:: Type3
Figure 2: A diagnostic algorithm that describes the VWD diagnostic and classification process using laboratory testing.
Abbreviations: Ag: Antigen; CB: Collagen Binding; FVIII: Factor VIII; GPIb: Glycoprotein Ib; HD: High Dose; HMWM: High Molecular Weight Multimers; LD: Low
Dose; RIPA: Ristocetin Induced Platelet Aggregation; VWF: Von Willebrand Factor; VWD: Von Willebrand Disease

Table 2: Laboratory phenotype of different VWD subtypes.

. . . VWF:RCo/ . VWF:CB/ . Specialized VWF gene
FVII:C VWF:Ag VWF:RCo VWE:Ag VWF:CB VWF:Ag VWF mutlimers pattern assays mutation
Quantitative defect
of VWF
Type 1 N/| 1 l >0.60 1 > 0.60 N* Whole gene
Type 1C N/ ! ! >0.60 ! 2060 N VWFpp’TV WF:Ag D3
Type 3 W L 1l L absent Whole gene
Qualitative defect of
VWF
Type 2A/IIA N/ 1 1l <0.60 1 <0.60 11 HMWM+IMWM A2
Enhanced proteolytic
bands
Type 2A/IIC N/| l 1l <0.60 1 <0.60 1| of HMWM D2
Increased protomer
Decrease of satellite
bands
Type 2A/IID N/| l i <0.60 1 <0.60 | of HMWM CK
Extra central bands
Type 2A/IIE N/| l 1 <0.60 1 <0.60 1} of HMWM D3
Loss of outer proteolytic
bands
Type 2B N/| l 1l <0.60 1 <0.60 1 of LD-RIPA 1 A1
HMWM
Type 2M N/| l i <0.60 N 20.60 N* A1
Type 2N 1 N/| N/| 2 0.60 N/| 2 0.60 N VWF:FVIIIB | D-D3

|, mild decrease; | |, moderate decrease; | | |, severe decrease; 1, increase; HMWM, high molecular weight multimers; IMWM, intermediate molecular weight multimers;
N, normal. *subtle changes are allowed [42,43].
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Table 3: VWF GPIb binding activity assays.

Assa ISTH rinciples
Y nomenclature P P
VWF:F‘\ngO? d?y;sng(;:? dometry VWF: RCo |Plasma VWF aggregates/agglutinates with washed/lyophilized platelets in the presence of ristocetin
- . VWEF agglutinates with particles coated with a specific anti-VWF mouse mAb that binds the binding site of platelet
HemosIL VWF activity VWF: Ab GPIb receptor (VWF A1 domain), without the requirement of ristocetin
HemosIL VWF-RCo VWE- GPIbR VWF agglutlnates with latex particles cqated with a mor.wclongl antibody (mAb) to measure VWF binding to
recombinant GPIb fragments (fGPIba) in presence of ristocetin
Innovance VWFAc VWF: GPIbM | VWF agglutinates spontaneously with latex particles containing two gain-of-function mutations (G233V, M239V)
HemsolL Acustar VWF: RCo | VWE: GPIbR YWF algglutmates W|th magnetwT begds coated with recombinant GPIb in the presence of ristocetin and detected by
isoluminol labeled anti-VWF antibodies

Abbreviations: GPIb: Glycoprotein Ib; RCo: Ristocetin Cofactor; VWF: Von Willebrand Factor.

assays for the investigation of suspected VWD and classification [17]
(Figure 2).

VWEF Antigen

The VWF Antigen (VWEF: Ag) quantification, determining VWF
protein plasma levels but not its functional status, is most often the
first diagnostic step. It is typically done using an ELISA (enzyme-
linked immunosorbent assay), ora more rapid automated LIA-test
(latex particle immune turbidimetric assays). The newer CLIA
(chemiluminescent immunoassay; HemosIL® AcuStar® VWF:Ag,
Werfen, Barcelona, Spain) based assay shows good agreement with
the currently used assays. It offers the lowest assay variation and a
Lower Limit Of Quantification (LLOQ) of 0.2IU/dL compared with
the other VWF antigen assays; LIA: 0-5IU/dL and ELISA: 5-10IU/
dL [18].

An automated LIA VWEF: Ag assay is preferred due to its excellent
overall performance, stability, single determinations and precision.
Unfortunately, the CLIA assay is restricted to the AcuStar®.

Factor FVIII Activity

The FVIII activity (FVIIL: C) is a clot based one-stage assay
measuring the ability to correct the Activated Partial Thromboplastin
Time (APTT) of FVIII deficient plasma, compared with a normal
plasma.

VWE is a carrier of FVIII in the circulation forming a VWE/
FVIII complex in a 1:1 ratio in healthy individuals, blood group
independent. This ratio (FVIIL: C/VWE: Ag) can distinguish normal
subjects from VWD type 2N because of a significant loss of FVIIL:C
caused by a FVIII binding defect of VWEF.

The FVIIIL: C assay is a rapid, simple to perform, automated assay
which is widely used for clinical monitoring.

The assay is influenced by large variation of assay kits/reagents,
assay conditions and which analysers are used which may result in
high inter-laboratory variability.

VWF — Platelet Dependent Binding Activity

VWEF platelet dependent binding activity assays (VWEF: GPIb)
measure the capacity of VWF to bind GPIb platelet receptors and
allow to distinguish type 1 and 2 VWD, and differentiation of type 2
into type 2A/B and 2M VWD.

Historically, the VWF Ristocetin Cofactor assay (VWEF: RCo)
using manual light transmission aggregometry (LTA) was the “gold”
standard method. It measures VWF-dependent agglutination in the
presence of ristocetin, an antibiotic mediating the VWF binding to

platelet GPIb receptor [19]. Because the VWEF: RCo was impacted by
many issues leading to VWD misdiagnosis (time-consuming, difficult
execution and interpretation, LLOQ of 10-20IU/dL insufficiently low
to distinguish dominant type 1 versus type 2M versus 2A/IIE, high
intra- and inter-laboratory coefficients of variation (CV’s) of 25-
30IU/dL, and reproducibility issues), the assay needed to be repeated
several times to confirm (low) levels.

Currently, automated LIA-assays, developed to improve precision
and LLOQ of VWF: GPIb detection, with or without ristocetin, are
widely used. They are all based on optical density changes provoked by
micro particle agglutination directly proportional to the VWF:GPIb
activity amount (Table 3) [20].

The HemosIL°VWEF: RCo assay [21] (VWEF: GPIbR, Werfen)
uses a monoclonal antibody (mAb) to measure VWF binding to
recombinant GPIb fragments (rfGPIba) coated onto latex particles
in presence of ristocetin. In contrast, the HemosIL® VWF activity
assay [22] (VWEF: Ab, Werfen) uses particles coated with a specificant
i-VWF mousem Ab that binds the binding site of platelet GPIb
receptor, without the requirement of ristocetin. The Innovance®
VWE: Ac assay [23] (VWEF: GPIbM, Siemens Healthcare Diagnostics,
Marburg, Germany ) utilizes a rfGPIba, containing two gain-of-
function mutations (G233V, M239V),which bind plasma VWF
through its GPIb receptor spontaneously.

All three methods have shown to have lower LLOQ (respectively
4, 3 and 2IU/dL), improved accuracy to distinguish type 1 from 2M,
even as low as 3-30IU/dL, and better inter- and intra-assay variation
(<10%) compared with the traditional VWEF: RCo [22,24]. Recently a
CLIA based assay (HemosIL® AcuStar® VWEF: RCo, Werfen) [25] has
become available offering an even lower LLOQ of 0.2IU/dL and an
imprecision of <8%, even in the lower level range [26].

By using the ristocetin dependent assays, significant lower
VWF: GPIb levels were seen in carriers of specific VWF amino acid
polymorphisms (i.e. D/H1472) compared to wild type VWEF [27].
Although this polymorphism has no clinical significance, it can
lead to VWD misdiagnosis. In contrast, the gain of function GPIb
assay (VWF: GPIbM) did not show any difference between D/H1472
carriers and non-carriers, probably due to a minor affinity of VWF A1l
domain to bind ristocetin [27].

Based on our comparative analysis on different automated VWEF:
GPIDb activity assays in a well-defined VWD cohort [28], the VWF:
GPIbM seemed to be the best choice as it provides the best balance
between sensitivity and specificity for type 2, the lowest LLOQ
compared with VWEF: Ab and VWE: GPIbR, and is not affected by
polymorphisms giving false low VWF:GPIDb levels. Despite the even
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lower LLOQ of the CLIA based assay, the VWF: GPIbM is preferred
as it does not require a specific coagulation analyser, where the CLIA
assay is restricted to the AcuStar® (Werfen). It has to be noted that
even though these assays measure VWEF: GPIb, they are not a “true”
VWEF activity assay because they determine an antigen-antibody
reaction rather than a VWEF-platelet binding as is the case in VWEF:
RCo by aggregometry.

Platelet Function Assay

The Platelet Function Analyzer (PFA-100, Siemens) using
Collagen/ADP and Collagen/Epinephrine cartridges as screening
tool for abnormalities in primary haemostasis [29], is easy to perform
and uses whole blood. It measures the closure time (CT, occlusion
of blood flow) in a shear flow environment after blood is exposed
to the agonist (COL/ADP and/or COL/EPI) coated membrane
within the cartridge. It has a high negative predictive value, i.e. with
some exceptions (Storage Pool Disease, Primary Secretion Defects,
mild Type 1 VWD) normal PFA results correlate with an intact
primary haemostasis. Prolonged CT are less specific arising from
VWD, platelet dysfunction, low platelet count or low hematocrit.
Generally in more significant VWD both COL/EPI and COL/ADP
CT will be prolonged, where this may be only the case for COL/EPI
in milder forms. The PFA-100 is very sensitive to the presence or
absence of VWF; >99% sensitive to VWD type 2A, 2B, 2M and type
3; and around 80% sensitive to VWD type 1 (increasing sensitivity
~decreasing VWF) [30].

In conclusion, in normal practice, VWD and subtypes can be
determined by a broad VWD test panel (VWE: Ag, VWE: GPIb,
FVIIL:C and PFA) but enormous variations between hospitals and
a large degree of misdiagnosis/-classification can be due to the
performance of insufficient test panels or inappropriate tests [31].
The performance of one single assay is not sufficient to diagnose/
classifty VWD. (E.g. PFA-100 results reflect abnormalities in primary
haemostasis not restricted to VWD. By using only VWE: Ag, type
2 VWD can be missed, as normal VWEF: Ag levels are seen in type
2. Therefore, for a satisfactory analysis, laboratories should employ
a comprehensive panel [32] that comprises FVIII, VWF: Ag, VWE:
GPIb and PFA which can help clinicians to detect the presence of
quantitative or qualitative VWF defects and/or determine the need
for further investigation.

Specialized Laboratory Assays

Once VWD is diagnosed, additional assays, mostly only provided
in specialized (reference) laboratories, can be used. This will provide
additional information for classification of VWD into different
subtypes.

VWEF Collagen Binding

The VWF collagen binding assay (VWEF: CB) was developed out
of concerns over sensitivity, reproducibility and inter-laboratory
variability of VWEF:R Cobinding assay, and was initially proposed
as replacement for the latter because of less inter-assay and inter-
laboratory variability. However, it measures another VWF function
than platelet binding [33], namely the binding of VWF to collagen
mostly by the A3 domain (major binding site of collagen type III/I),
while GPIb binding happens in the A1 domain. The ability of VWF
to bind collagen is associated with High Molecular Weight Multimers

(HMWM) [34], which are also important for platelet adhesion.
Specific mutations in the A3 domain [35] affect the ability of VWF to
bind type I/III collagen. Additionally, patients with VWEF: CB defects
may have normal VWEF: GPIb activities. This would only be picked up
by using the VWEF: CB assay.

The source and types of collagen are important variables [36]. A
collagen mixture of type I/III collagen from equine or bovine tendon
is generally better to detect HMWM in contrast with purified animal
derived type I collagen or human derived type III collagen. Collagen
type I seems to bind poorly with VWF, while type III collagen will
bind too well. The VWF: CB assay is an ELISA which mainly uses
type I/III collagen [37]. A minor collagen binding site (collagen type
IV and VI) is present in the A1 domain of the VWF gene which binds
to different sites on collagen [35,38], but these assays are not widely
available or used.

There is an increasingly interest for the automated CLIA assay
(HemosIL® AcuStar VWE: CB, Werfen) which uses type III collagen-
triple-helical peptide coated magnetic particles. This new technique
has major advantages; it is rapid, simple in use, ready-to-use reagent
cartridges and can be an addition for non specialized laboratories.
It shows high sensitivity to low VWF levels and type 2 versus type
1 VWD although with a lower discrimination between type 2A and
2M [39]. Although theoretically this assay has important advantages
especially in rapidity, the assay can only be used on the AcuStar®.

VWEF Activity to Antigen Ratios

VWE: GPIb/VWFEF: Ag ratio was introduced to differentiate VWD
type 1 from 2, with a ratio ~1.0 as denoting type 1 and a reduced
ratio for type 2 (except 2N). The VWEF: CB/VWEF: Ag ratio has been
considered to reflect a multimer distribution outside the reference
range interval [40].

Using both ratios, it is possible to distinguish type 1 from type
2A/B and type 2M, without distinction between 2A and 2B, which is
usually done by RIPA. In type 1 and 2A/B, both ratios are respectively
normal and reduced. In general, type 2M patients are characterized
with a reduced VWE: GPIb/VWE: Ag ratio with normal VWEF: CB
levels. However, a very rare type 2M with reduced VWF: CB and
normal VWEF: GPIb levels has been described [41], called type
2M-collagen binding defect VWD.

The cut-off ratio to define type 2 has been variously set at <0.70
[9,42], <0.60 [43] and even lower at <0.50 in some studies, but based
on our own experience, we recommend to use the 0.60 cut-off, as it is
advocated by several publications and the British guidelines [8,14,43].
It has to be noted that with important laboratory CV’s in all three
tests (VWE: Ag; VWEF: GPIb and VWE: CB) these ratios may not be
reliable and differ from blood sampling to blood sampling. In case of
VWE: Ag and/or VWF GPIb and/or VWEF: CB levels <15IU/dL, the
ratios must not be used because they become too unreliable.

Ristocetin Induced Platelet Aggregation

Ristocetin Induced Platelet Aggregation (RIPA) is an ex-vivo
platelet function assay which measures platelet aggregation with
the help of VWF and exogenous ristocetin in low and high dose as
agonist (0.6 and 1.2 mg/mL respectively) [44]. Ristocetin causes ex-
vivo formation of the Al loop whereby VWF binds to platelet GPIb.
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In general, RIPA will identify severe or moderate VWD by
the lack of aggregation at high dose RIPA. However, “low VWF”
individuals (levels 30-50IU/dL) may have normal results. Compared
to the currently used VWEF: GPIb assays, RIPA has an added benefit
in diagnosis of type 2B/pseudo VWD because it uses patient’s
endogenous platelets, whereas VWF: GPIb assays uses exogenous
fixed platelets to evaluate the VWF function and not the platelet
function.Therefore, the most important role of RIPA is the accurate
type 2B identification because this impacts prognosis and treatment.
In type 2B,with higher platelet binding affinity, Desmopressin
treatment will increase the abnormal VWF, resulting in further
binding of platelets and development of thrombocytopenia and
potentially greater bleeding making Desmopressin contraindicated
in case of suspected type 2B.

Evaluation of RIPA by Light Transmission Aggregometry (LTA),
performed on Platelet Rich Plasma (PRP), is considered the “gold”
standard [45]. It determines platelet aggregation by measuring light
transmission increases in response to addition of the platelet agonists
to the platelet suspension. Making PRP and assay execution is very
time consuming, labor-intensive, is affected by different pre-analytic
conditions (i.e. low platelet count, lipemic plasma) and requires some
expertise to interpret the results. The test can only be done on fresh
samples. This all limits the use of LTA to specialized laboratories.

As a consequence, Whole Blood (WB) impedance aggregometry,
which is time-sparing and needs less blood, has been introduced in
more routine laboratories (i.e. Multiplate® system Roche Diagnostics,
Mannheim, Germany). There is no need for centrifugation. The test is
based on impedance changes proportional to the number of platelets
sticking to two electrodes through which an alternating current is
passed; results expressed in arbitrary units corresponding to the area
under the aggregation curve observed over time. The WB-RIPA on
Multiplate is recommended as RIPA assay for reliable differentiation
between VWD (type 2B) and non-VWD, with as few operational
steps as possible, more time-saving, and without the need of an expert
interpretation and has a potential role as a rapid VWD screening test
[46].

VWEF Multimer Assay

VWF circulates in plasmain different multimeric forms of different
molecular weight with the HMWM having the greatest haemostatic
capacity. Undergoing ADAMTS-13 mediated proteolysis, under
high sheer stress conditions the initial VWF multimer distribution
is remodeled by converting large multimers into smaller parts with
production of cleavage products, all leading to typical steady-state
electrophoresis patterns which vary from mutation to mutation.

The VWF multimeranalysis (VWEF: MM) is a specialized technique
which evaluates the size distribution of multimers and aids in VWD
subtype differentiation. It is the ultimate arbiter for the distinction
between type 1, type 2M (both traditionally defined as having normal
multimers, although subtle changes have been allowed [42,43]) and
type 2 VWD with abnormal multimers (type 2A variants, 2B).

The “gold” standard multimer technique [47], not routinely
available, allows a sensitive and precise analysis of multimeric
patterns using different resolution gels (0.6-1.2%). The visual number
of bands is counted by naked eye. Theoretically, quantification

using densitometric curves is possible but not reliable because of
standardisation issues due to differences between gels, technical skills,
etc. which may lead to incorrect VWD subtyping. Expert knowledge
is always required. Only a limited number of centers have been able
to duplicate this technique successfully.

These mi-automated assays, HYDRAGEL VW multimers (Sebia,
Lisses, France) is more standardised with a ready to use kit and is
performed on a single instrument which reduces workload and gives
results within 1-day. It is reliable, demonstrating comparable results
with the “gold” standard technique with an acceptable discrimination
between type 1 and 2 VWD. It has been shown that the HYDRAGEL
offers the possibility of quantification of densitometry by calculating
the Area Under the Curve (AUC), which standardizes a “visual”
technique with pathological reference ranges that can simplify
VWD classification, making it less observer dependent [48]. The
HYDRAGEL VW multimers assay can be used in routine laboratories
to detect HMWM losses but is restricted to the HYDRASYS 2 SCAN
analyser. So, unless it is already accessible in the lab as a multi-
parameter gel electrophoresis system, it will need to be especially
acquired.

This being said, VWF multimers do not protect against errors in
VWD diagnosis/classification. In a series of ‘type 1 VWD’ studies
[49], based on ‘diagnosis’ of type 1 VWD using VWEF: Ag, VWEF:
RCo and VWE: MM around 15-20% of type 1 cases were later re-
identified as type 2 (predominantly 2M) VWD. Therefore it is of great
importance that VWF multimer results are interpreted in conjunction
with results of the initial VWD screening panel.

VWF - FVIII Binding Assay

Normally FVIII circulates bound to VWF with a half-life of 8-12h.
Structurally abnormal (type 2N VWD) or absent (type 3 VWD)
VWEF will reduce the half-life of FVIII thereby lowering plasma
concentration. Type 2N can be mistaken for mild Haemophilia A
because of low FVIII levels, with treatment implications. Type 2N
is characterized by a reduced VWEF: FVIIIB, while this is normal in
Haemophilia A.

The ELISA VWE-EVIII binding assay (VWE: FVIIIB) evaluates
the capacity of VWF to bind FVIII and is only performed in cases of
disproportionality between VWF and FVIII, below a FVIIL: C/VWE:
Ag ratio<0.5.

VWE: FVIIIB is not widely used and only performed in
specialized laboratories.
but will not be as accurate as genetic testing as patients with type
2N can be homozygous for one single 2N mutation or compound
heterozygous for two 2N mutations or a single 2N that is co-inherited
with a null allele. Despite this limitation, and because genetic testing
is not available in all centers, the VWE: FVIIIB can be used as type
2N screening. Severely decreased VWE: FVIIIB results denotes
type 2N VWD, while a moderate decrease of VWF:FVIIIB suggests
heterozygous type 2N (but does not exclude Haemophilia A).

VWF Propeptide

The mature VWF and VWF propeptide stay non-covalently
associated in a 1:1 ratio and are stored into the WPB (endothelial
cells) and a-granules (megakaryocytes) for a regulated simultaneously

It provides an accurate measurement
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release [50] into circulation. The VWF propeptide circulates
independently with fixed half-life of 2-3 hours, whereas the mature
VWF has a 8-12 hours half-life [51], which can vary in different
VWD (sub) types. This means that VWF propeptide assay (VWFpp)
is a measure for VWF synthesis/secretion, and the VWFpp/VWF:
Agratio can indicate an increased VWF elimination/clearance as it
is in type 1C, 2B and 2A VWD [52], either by proteolysis of VWF
due to ADAMTS-13, or through removal by macrophages in liver
and spleen.

In general, an increased VWFpp/VWE: Ag is associated with
a shorter VWF half-life, although some patients show normal
ratio’s with rapid clearance. An accurate diagnosis of patients with
increased clearance, i.e. type 1C, has important implications on
patient treatment. They may require VWF concentrates instead
of Desmopressin, because the increase inendogenous VWEF after
Desmopressin infusion will dissipate quickly.

Because the VWFpp assay has become more available in the last
few years, a higher incidence of increased VWF clearance within
classic type 1 patients has been found. This may indicate that type
1C is more common than previously suspected. The ELISA assay is
currently not routinely included in the VWD diagnostic setup but
several published data suggest that the implementation would be a
valuable addition to the diagnostic panel.

Genetic Testing

The current VWD diagnosis/classification [6] is not restricted
to VWF gene mutations. A significant proportion of VWD patients,
mainly type 1 (40% of all type 1 cases), have no identifiable mutation
[42] and other genes (e.g. blood group) may contribute to the VWD
phenotype. A higher linkage is seen in qualitative defects (type 2
VWD) and type 3 VWD.

Identification of causal mutations is complicated by the large
size of the VWF gene, highly polymorphic, and the presence of a
pseudogene located on chromosome 22q11-13. Full genetic analysis
is done by DNA sequencing and Multiplex ligation-dependent probe
amplification but is time consuming and therefore limited to expert
labs. All identified mutations are collected in the ISTH/EAHAD
VWD database. Although it contains most known VWF mutations,
the VWD (sub) classification dependents on the laboratory panel
results and several mutations are reported with more than one
classification. As a consequence there is no gold standard in VWD
classification.

Although genetic testing is not required for VWD diagnosis and
classification, it can be valuable in case of the presence of a known
VWEF mutation in order to perform a genetic-based family study
as it is not hampered by intra-individual variations of the VWF
parameters.

Intra-Individual Variation

As acute phase reactant, VWF can vary importantly in the same
patient at different occasions with levels influenced dramatically
related to physical activity, stress, inflammation, medication and
hormonal influences with values rising by a factor 2-3 [53], requiring
multiple blood samplings to make the VWD diagnosis. VWF levels
also increase with age [54] masking a VWD phenotype in patients

who may still be at risk of bleeding.

As VWE levels are very much influenced by ABO blood groups,
this patient specific factor has to be considered when interpreting the
VWE results if VWD is being considered. Compared with non-O
individuals, Blood group O individuals have 25% lower [55] levels,
but this does not necessarily cause bleeding symptoms or VWD.
Therefore it is required to use different reference ranges for blood
group O and non-O next to general reference intervals.

Conclusion

Over the years remarkable advances have been made in the
understanding of VWD with introduction of new technologies
that can contribute to the improvement of diagnosis, classification
and treatment. Although widely used, the currently available
laboratory assays are not infallible; often unreliable results can lead
to misdiagnosis. It is increasingly apparent that differences in results
among laboratories and the use of more specialized assays have an
impact on VWD diagnosis/classification. This has been demonstrated
in several population studies where patients, initially classified as
type 1, were reclassified as type 2 based on their VWF multimer
distribution [56,57]. Laboratories are recommended to establish their
own reference ranges along with strict quality control procedures.
Standardization of all assays is also an ongoing effort led by the ISTH.

An algorithm to diagnose/classify VWD is also recommended by
the ISTH. Because no single test gives information on both quantity
and quality of VWE, it is necessary to put all the pieces of the puzzle
together to obtain the whole diagnostic picture.

In most laboratories, the diagnosis is supported by a basic panel
with the most common assays (VWE: Ag, VWF: GPIb and FVIII:
C). All three tests are recommended for initial VWD screening and
results may not only establish the diagnosis but also suggest the main
type of VWD (1, 2 and 3) present.

VWE levels can vary widely by preanalytical variables and within
the same individual making a correct diagnosis of (sub) types difficult,
which may reflect on treatment. Therefore it is recommended to
repeat tests at different times to confirm (suspected) VWD diagnosis.

The currently used automated VWF: GPIb assays, with or without
ristocetin, reduce operator imprecision and workload and are more
time-saving. All these assays have been shown to have a better intra-
and inter assay variation with an improved LLOD compared with
the “gold” standard VWEF: RCo technique and they also improve the
accuracy with which to distinguish type 1 from type 2M even when
VWE: Ag levels are relatively low.

The need for specialized assays such as VWF: MM, VWE:CB,
VWF pp and VWE:EFVIIIB presents another challenge in accurate
VWD diagnosis.

The VWE: CB assay is consistently more sensitive to HMWM
losses than VWF: GPIb. Its addition to the basic panel, allows to
classify VWD according to the current ISTH/SSC classification [6]
(type 1, 2A/B, 2M, 2N and 3 VWD) with both VWF GPIb/VWE:
Ag and VWF:CB/VWEF: Aghavinga great importance to distinguish
between type 1 VWD, type 2A,B and type 2M, without distinction
between 2A and 2B. The latter is usually done by the RIPA.
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The VWF multimeric results are qualitatively (arbitrarily)
interpreted in conjunction with results of the initial screening panel
and help to determine VWD subtypes, distinguishing type 2A from
2B or subtyping 2A into 2A/IIA, TIC, IID and IIE. Therefore, the
VWE: MM should only be performed if the screening panel identifies
an aberrant result (e.glow VWF: GPIb and/or VWF:CB/VWF: Ag)
[58]. The semi-automated HYDRAGEL VW multimer assay can
function as an initial screening of VWF multimers and is a useful
addition to the VWD diagnosis in routine laboratories in conjunction
with the VWD algorithm. However, it cannot fully replace the “gold
“standard method since the latter shows information about triplet
structure and allows modifications of the technique to “study” the
underlying mechanisms.

Although genetic testing is not required for VWD diagnosis and
there is no guideline under which condition genetic testing should be
performed, the detection of VWF mutationsis especially important
in specific situation where molecular diagnosis will help to guide
treatment (type 2N and 2B) or when results are doubtful and genetic
results can serve as confirmation of VWD diagnosis/classification.
In case of the presence of a knownVWD mutation, a genetic-based
family study can be valuable because it is not hampered by intra-
individual fluctuations of VWF parameters. Normally the diagnosis
of recessively inherited type 3 is unmistakable (with some exceptions)
by solely measuring VWF:Ag in contrast with heterozygous type 3
mutation carriers because they mimic a type 1. Therefore genetic
analysis of potential carriers within a family of a type 3 patient is
justified.

A significant limitation of VWD testing is the inability to measure
VWEF functions under physiological flow conditions as they function
in vivo. The current in vitro assays are all performed under static
conditions and may not adequately reflect thrombus formation under
physiological shear stress conditions.

In general, to diagnose and classify VWD in a most accurate
way and with more confidence, we recommend routine laboratories,
which are mostly limited in time, personal staff, expert knowledge,
etc. to choose methodologies for the different assays with the best
balance between accessibility and accuracy. Therefore mostly
automated assays are preferred above the more manual (ELISA)
methods. LIA-based or CLIA assays (unfortunately only available for
use on an AcuStar”) for VWF: Ag and VWE: CB; Innovance VWF
Ac (VWE: GPIbM); WB-RIPA and semi-automated VW multimer
assay (if a HYDRASYS® 2 Scan is available)in conjunction with a
diagnostic algorithm aids to classify VWD according to the ISTH/SSC
classification with subdivision of type 2 VWD into 2A, 2B, 2M, and
2N. This panel also allows an additional subdivision of type 2A into
IIA, IIC, IID and IIE, which is interesting for research purposes as it
provides more information on differences in sensitivity to cleavage,
dimerization and multimerization.
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