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von Willebrand factor (VWF) represents a large and complex adhesive plasma protein
whose main function is to provide a bridge between blood platelets and damaged
endothelium, and thus facilitate primary hemostasis. VWF also binds to FVIII, preventing early proteolysis, and delivers this cargo to sites of vascular injury, thereby
promoting clot formation and secondary hemostasis. An absence, deﬁciency, or defect
in VWF can lead to a bleeding diathesis called von Willebrand disease (VWD),
considered the most common inherited bleeding disorder. Contemporary laboratory
assays used in VWD diagnosis/exclusion comprise a myriad of assays that identify the
quantity (level) of VWF, as well as the multitude of VWF activities. These may use the
following test abbreviations: VWF:Ag, VWF:RCo, VWF:CB, VWF:GPIbR, VWF:GPIbM,
VWF:FVIIB, VWF:Ab. The current review explains what these assays are, as well as their
place in VWD diagnostics.

Introduction
von Willebrand factor (VWF) represents a large and complex
adhesive plasma protein whose main function is to provide a
bridge between blood platelets and damaged endothelium.1
Thus, tissue injury, leading to endothelial cell damage, exposes
subendothelial matrix proteins, such as collagen, to which
VWF can bind. In addition, VWF can also bind to activated
platelets via the VWF-binding receptor, glycoprotein Ib (GPIb).
Thus, VWF can act as a bridge between the two, and in essence
provides a kind of “mortar” to the “bricks” that platelets
represent in the “brickwall” called a platelet thrombus. Consequently, VWF is a key component of primary hemostasis.
Nevertheless, VWF actually displays a multitude of “activities,” and is represented by a variety of forms of increasing size
or molecular weight (MW).2 One key additional activity of VWF
is to bind, and stabilize the activity of, coagulation factor (F) VIII
(FVIII).1 By binding to FVIII, VWF helps to prevent its proteolysis
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and extends the FVIII half-life in plasma. Indeed, VWF transports FVIII to sites of vascular damage, and unloads this cargo
(FVIII) to such localized regions. FVIII is then deployed to
promote hemostasis and thrombin generation, and eventually
this supports the conversion of ﬁbrinogen to ﬁbrin, and further
supports thrombus formation. Consequently, VWF is also a key
component of secondary hemostasis.
As noted brieﬂy above, VWF is present in plasma as
protein moieties of increasing MW, as created by a process
of multimerization of individual molecules of VWF. The
activities (or individual functions) of VWF, including adhesion to platelets and collagen, and binding of FVIII, all happen
on individual molecules of VWF. What the increasing MW
achieves is the addition of multiple functional sites to a
“single” protein moiety. Thus, a high MW (HMW) form of
VWF carries in total a greater number of adhesive sites than
does a small MW form. It is also helpful for readers to
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consider VWF as a kind of “sticky string”—the larger the
sticky string, the more platelets that can be bound to the
damaged endothelium, and thus the stronger the overall
platelet thrombus.

von Willebrand Disease
An absence, deﬁciency, or defect in VWF can lead to a
bleeding diathesis called von Willebrand disease (VWD).2–6
Indeed, VWD is reportedly the most common inherited
bleeding disorder, potentially affecting up to 1% of the
population according to epidemiological data, although the
number based on presentation to clinics is closer to 0.1%.3
There are currently six deﬁned “types” of VWD4: types 1 and
3, respectively, deﬁne partial and (“virtually”) complete loss
of VWF, and the residual four types of VWD are classiﬁed
within type 2, representing “qualitative” defects of VWF, as
expressing loss of VWF activity or functionality. Type 2 VWD
may also be compounded by quantitative reduction in VWF.4
In type 1 VWD, the quantity of plasma VWF is lower than
that in normal individuals, but the relative activity of the VWF
is the same as in normal individuals.4–7 Expanding the analogy
of the “sticky string,” this means less “sticky string” in plasma
in total, but any “sticky string” remaining has the same
adhesive functionality as normal VWF. The ISTH (International
Society on Thrombosis and Hemostasis) SSC (Scientiﬁc Standardization Committee) on VWF has deﬁned type 3 VWD as
“virtually” complete loss of VWF4 since it is sometimes difﬁcult
with existing laboratory assays to identify “complete” loss due
to issues with detection and quantitation of low levels of VWF.8
Thus, there may be an overlap in what one diagnostic center
may call type 3 VWD, and another center may call “severe”
type 1 VWD. Irrespective, type 3 VWD represents the most
severe form of VWD and patients will present with greater
disease symptomatology. In type 3 VWD, not only is VWF
absent, but FVIII is also very low (generally <10 U/dL), since
absence of protection by VWF leads to proteolysis of “free”
FVIII and thus fast clearance from circulation. Consequently,
patients with type 3 VWD suffer from both primary and
secondary hemostasis-related bleeding.
Type 2 VWD is categorized into four different types according to the latest classiﬁcation scheme4: (1) type 2A VWD,
characterized by a loss of HMW forms of VWF; these patients
also display a reduction in overall quantity of plasma VWF.
Furthermore, their bleeding diathesis may be severe since the
HMW VWF forms would typically otherwise display greatest
overall adhesiveness and functionality. (2) Type 2B VWD,
characterized by a hyper-adhesive form of VWF that leads to
“spontaneous” binding of VWF to the platelet GPIb receptor,
and then clearance of both platelets and (HMW) VWF, given
the HMW VWF forms display greatest overall adhesiveness.
Thus, type 2B VWD is often also characterized by a loss of
HMW forms of VWF, as well as by thrombocytopenia (typically
“mild”). (3) Type 2N VWD, representing a loss of FVIII binding.
These patients phenotypically present with a disproportionally lower level of measurable FVIII, given their VWF is no
longer able to bind and protect FVIII. Consequently, their
bleeding expresses primarily as a secondary hemostasis defect,
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and indeed, differential diagnosis from patients with hemophilia A (representing a loss of FVIII) is typically the most
pressing diagnostic challenge. Differential diagnosis is nonetheless important, given differing therapy (VWF replacement
in 2N VWD; FVIII replacement in hemophilia A). (4) Type 2M
VWD, representing a fairly heterogeneous group of qualitative
defects affecting VWF, but not characterized by (“signiﬁcant”)
loss of HMW VWF. 2M VWD is perhaps the most underrecognized and misunderstood form of VWD, and is more
typically “misdiagnosed” as either type 1 or 2A VWD.9 The
simplest way to think of 2M VWD is to essentially consider it a
diagnosis of exclusion, thus, if a patient does not have types 1,
2A, 2B, 2N, or 3 VWD, then they should be able to fulﬁll the
criteria for inclusion in 2M VWD.
Although not a true form of VWD, as the defect lies in the
platelet VWF receptor (GPIb), platelet type (PT-) VWD
(sometimes called “pseudo-VWD”) also deserves to be mentioned. Some consider PT-VWD to be a kind of “cousin” to 2B
VWD, in which the patient’s GPIb shows enhanced binding
for plasma VWF (whereas in 2B VWD, the patient’s plasma
VWF shows enhanced binding for platelet GPIb).10 PT-VWD
and 2B VWD show similar phenotypic features—loss of
(HMW) VWF and (typically mild) thrombocytopenia. In
both cases, “spontaneous” binding of VWF to platelet GPIb
occurs and these platelets are cleared from the circulation. In
PT-VWD, GPIb is the driver, and in 2B VWD, plasma VWF is
the driver. Irrespective, as treatment differs (platelets for PTVWD and VWF replacement for 2B VWD), their discrimination is important (discussed below).

VWF Assays
In summary, VWD arises from defects and/or deﬁciency of
VWF, and laboratory testing therefore assists clinical exclusion
or diagnosis of VWD.4–7 Contemporary laboratory assays
comprise a myriad of assays that identify the quantity (level)
of VWF, as well as the multitude of VWF activities. The primary
assay of VWF is measurement of its level, which is achieved by
an assay we called VWF antigen (VWF:Ag).7,11 Nevertheless,
this assay can be performed by a myriad of methods, including
ELISA (enzyme linked immunosorbent assay), LIA (latex [agglutination] immunoassay), and chemiluminescence immunoassay (CLIA; ►Table 1). Laboratory testing for FVIII, mostly
of its “coagulant activity,” by means of FVIII:C assays12 is also
required in VWD testing, given the close connection with level
and functionality of VWF and consequent level and functionality of FVIII. Thus, FVIII levels are low in most forms of VWD,
and especially in types 3 and 2N VWD.
There is also a requirement in VWD testing to assess for the
functionality of VWF, and this is achieved using VWF “activity”
assays.7 Here, there is considerable confusion amongst both
clinicians and laboratory workers, given the misunderstanding
about their “equivalence” or otherwise. Most available activity
assay “interrogate” the effectiveness of GPIb binding, as representing one major activity of VWF.7,13 Such assays include
the classical ristocetin cofactor (VWF:RCo) assays.14 Given the
recent explosion of assays reﬂective of GPIb binding, however,
the ISTH SSC on VWF/VWD is now recommending a revised
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Abbreviation
for assay

Description of assay

Comments

VWF:Ag

von Willebrand factor antigen

All assays that provide a quantitative level of VWF
protein, be it by ELISA, LIA, CLIA, or other
methodology

VWF:CB

von Willebrand factor collagen binding capacity

All assays that provide a quantitative level of VWF–
collagen binding capacity, be it by ELISA, CLIA, or
other methodology

VWF:RCo

von Willebrand factor ristocetin cofactor activity:
all assays that use platelets and ristocetin

Historically, the only such assay type available was
that based on platelet agglutination. This has
changed with the advent of nonplatelet-based
methods.

VWF:GPIbR

All assays that are based on the ristocetin-induced
binding of von Willebrand factor to a recombinant
wild type GPIb fragment

Essentially a VWF:RCo assay that does not use
platelets, and which currently comprises the
IL Werfen VWF:RCo assays, as performed by either
CLIA or LIA technology. These assays essentially
generate test results that are very similar to those
generated using other “standard” VWF: RCo assays
that utilize platelets.

VWF:GPIbM

All assays that are based on the spontaneous binding
of von Willebrand factor to a gain-of-function mutant
GPIb fragment

Essentially a GPIb binding assay that does not use
platelets, and which currently comprises the Siemens
Innovance VWF Ac assay (by LIA), as well as noncommercialized ELISA-based assays. These assays
essentially generate test results that are very similar
to those generated using VWF:RCo assays, but do not
use ristocetin in the assay.

VWF:Ab

All assays that are based on the binding of a monoclonal antibody (MAB) to a von Willebrand factor A1
domain epitope

Essentially a VWF binding assay that utilizes a
monoclonal antibody; this currently comprises the IL
Werfen“VWF activity” assay (LIA), as well as ELISAbased assays. These assays do not use ristocetin.

VWF:FVIIIB

von Willebrand factor: factor VIII binding capacity

All assays that provide a quantitative level of VWF–
factor VIII binding capacity, irrespective of speciﬁc
methodology. Generally performed by ELISA.

VWF:pp

von Willebrand factor: propeptide

Assays that provide a quantitative level of VWF
propeptide. Generally performed by ELISA.

RIPA

Ristocetin induced platelet aggregation
(agglutination)

As assay performed as part of platelet function
testing, usually with a platelet aggregometer that
measures the sensitivity of plasma VWF to ristocetin
concentration.

Abbreviations: CLIA, chemiluminescence immunoassay; ELISA, enzyme linked immunosorbent assay; LIA, latex immunoassay; VWF, von Willebrand factor.
Source: Adapted from Favaloro et al7 and Bodó et al.15

nomenclature.7,15 VWF:RCo assays using platelets, ristocetin
and native GPIb remain “VWF:RCo,” but those using other solid
phase particles and recombinant GPIb are termed VWF:
GPIbR.7,15 Additional gain-of-function VWF assays using
recombinant GPIb mutations reﬂecting VWF:GPIb binding
assays similar to VWF:RCo and VWF:GPIbR but which do not
employ ristocetin are termed VWF:GPIbM.7,15,16 Adding to the
confusion, GPIb binding assays can be performed by a myriad
of methods (►Table 1). Classical VWF:RCo is performed by
platelet agglutination, but may be performed on a platelet
aggregometer or on automated analyzers. For example, at least
two manufacturers (Siemens and Stago) make assays that can
be performed on their automated analyzers. VWF:GPIbR
assays, reﬂecting a kind of modern VWF:RCo assay, are typically performed on automated analyzers and most often via
LIA or CLIA procedures. VWF:GPIbM assays can be performed

on automated analyzers via a LIA method, but can also be
performed via ELISA.17 In general, all VWF:GPIb binding assays
(i.e., VWF:RCo, VWF:GPIbR, VWF:GPIbM) are essentially “interchangeable” from a VWD-diagnostic viewpoint, in that they
all measure some form of GPIb binding, although they will not
always provide exactly identical test data on individual
patients. Nevertheless, it is important to identify which assay
is used in a laboratory in case unexpected ﬁndings are
observed.
A separate category of distinct VWF activity assay is the
collagen binding (CB) assay (VWF:CB).7,18 VWF:CB testing is
most usually achieved using either ELISA or CLIA based
methodology.7,18,19 Like the GPIb binding test group, most
VWF:CB assays are largely “interchangeable” from a VWDdiagnostic viewpoint, as they all measure a form of CB,
although they will not always provide exactly identical test
Hämostaseologie
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data on individual patients. Thus, it is again important to
identify which assay is used in a laboratory in case unexpected ﬁndings are observed. In particular, different VWF:CB
assays may have differential utility based on the type of
collagen used, and also the effectiveness of the assay for
differential sensitivity to HMW VWF and also to different
VWF mutations.19,20 Also, VWF:CB by ELISA may provide
different diagnostic outcomes to CLIA-based assays in some
patient types, for example 2M VWD.19
Another test used by some laboratories is the VWF:Ab
assay. Indeed, some laboratories use this test instead of a
GPIb-binding assay for screening VWD.21 In reality, the VWF:
Ab assay is not a VWF:GPIb binding assay, or indeed a VWF:
CB, but a “monoclonal antibody (MAB) binding assay,” as
expanded below.
The other main test used in VWD diagnostics is the
assessment of VWF multimers on the basis of size (or MW)
by gel electrophoresis. Here, classical methods are mostly
based on in-house assays and are nonstandardized, complex,
and time consuming. They are performed well in some
specialized laboratories, but are subject to high error rates
in general diagnostic practice.22,23 A commercial semiautomated method is now available which offers better standardization and faster turnaroundtime, but which may not
be able to evaluate ﬁne details around VWF multimer
structures.24,25
Finally, there are other assays used to further interrogate
VWF function, for example (1) the VWF propeptide assay
(VWF:pp), which mostly helps to identify VWD types sitting
in type 1 with faster VWF clearance,26 and (2) the VWF–FVIII
binding (VWF:FVIIIB).27 Neither of these assays is widely
employed, and instead tends to be only offered by specialist
laboratories. The VWF:FVIIIB is particularly pertinent to the
accurate diagnosis of 2N VWD, and its discrimination from
hemophilia A.

VWF:Ag
As noted, this assay identiﬁes the level of VWF protein in
plasma. This assay identiﬁed protein can be functional (as in
type 1 VWD) or functionally defective (as in type 2 VWD). The
most common methodology utilized in 2020 is LIA, which is
usually performed using automated analyzers. Most manufacturers of hemostasis analyzers and reagents offer their own
commercial “solution” for VWF:Ag.28 An additional emerging
method, by CLIA, is now available for use on the HemosIL
AcuStar instrument.19 In theory, all VWF:Ag assays are “interchangeable” for the purpose of VWD diagnostics. However,
external quality assessment (EQA) data show us that there are
subtle differences between results of different VWF:Ag assays
on a sample-by-sample test basis. In part, this variability
reﬂects the use of different methods (different manufacturer
kits, different instruments, different antibodies) and different
assay calibrators. An example of EQA data reﬂective of such
differences is shown in ►Fig. 1.
This ﬁgure, for within-sample differences between test
results between assays of a single “class” helps identify (1)
the assay variation of any particular assay (spread of data
values identiﬁed by yellow bars) and (2) for functional assays
Hämostaseologie
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listed below, the relative sensitivity/insensitivity of a particular assay to loss of HMW VWF (the lower the values
represented by the yellow bars, the more sensitive is that
assay to loss of HMW VWF; conversely, the higher the values
represented by the yellow bars, the less sensitive that assay is
to loss of HMW VWF).

VWF:RCo
As noted, this assay identiﬁes a “functional” activity of VWF
binding to platelets via GPIb. This assay reﬂects the original
VWF activity assay.13 Originally performed by a semiquantitative visual inspection method of platelet agglutination, the
method was adapted for use on platelet aggregometers and
later on automated analyzers. The assay suffers from several
technical limitations, partially historical, including high assay variability and poor performance at low levels of VWF.8,29
Another recognized limitation is the use of ristocetin, which
binds to VWF and acts to unfold VWF to expose the GPIb
binding site on VWF, but which may lead to false low values
of VWF:RCo in patients with genetic variants affecting
ristocetin–VWF binding, but not actually reﬂective of
VWD.30 These shortcomings have inspired the development
of modern replacements for VWF:RCo by VWF:GPIbR assays,
as well as by VWF:GPIbM.

VWF:GPIbR
Assays under this category still utilize ristocetin (like VWF:
RCo) to initiate a change in VWF conformation that then
permits GPIb binding, but instead of platelets utilize another
solid phase (latex for LIA; magnetic particles for CLIA) as well as
recombinant (not native) GPIb for VWF binding.7,15 The most
common methodology is LIA, and most manufacturers of
hemostasis instruments and reagents will have a commercial
VWF:GPIbR “solution” for their customers.28 An additional
emerging method, by CLIA, is now available for use on the
HemosIL AcuStar instrument.19 In theory, all VWF:GPIbR
assays are “interchangeable” for the purpose of VWD diagnostics, and also potentially interchangeable with VWF:RCo.
However, EQA and other published data show us that there are
subtle differences between results of different VWF:GPIbR
assays on a sample-by-sample test basis. In part, this variability
(similar to VWF:Ag) reﬂects use of different methods (different
manufacturer kits, different instruments, different solid-phase
particles) and different assay calibrators. An example of EQA
data reﬂective of such differences is shown in ►Fig. 1.

VWF:GPIbM
Assays under this category do not utilize ristocetin to initiate a
change in VWF conformation that then permits GPIb binding,
but instead use a mutated form(s) of platelet GPIb to which
VWF will “spontaneously” bind.7,15–17,30 This is “analogous” to
adding platelets from a patient with PT-VWD to plasma, and
assessing how well plasma VWF binds. There is only one
commercial offering for this assay by LIA (Siemens Innovance
VWF Ac assay) and this can be performed on Siemens analyzers,7,16,24,28 and in theory can also be adapted to nonSiemens analyzers. The other main assay type is ELISA,17,30
but this reﬂects different methodologies and reagents and is
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Fig. 1 Some examples from external quality assessment (EQA) that highlight some differences in test results even in the same “class” of VWF tests. Shown
are some recent data (from 2019) from the RCPA QAP (Royal College of Pathologists Quality Assurance Program). Sample 19–08a (A, B) is meant to mimic an
acquired von Willebrand syndrome with normal VWF:Ag but slight loss of HMW VWF (“AVWS-2A”). Sample 19–08b (C–J) is meant to mimic a 2A VWD-like
sample (“2A VWD”) with loss of HMW. In this EQA program, VWF:Ag assays comprise one test group and VWF:CB assays comprise another test group, but
VWF:RCo and VWF:GPIbR are grouped together in a third group, and the residual VWF “activity assays” of VWF:GPIbM and VWF:Ab form a separate fourth
group. Yellow bars identify results with a speciﬁc reagent as indicated below. Results with all other reagents of that assay class are shown as black bars. (A)VWF:
RCo using Siemens reagent (yellow bars) showing wide spread of test results for this sample. (B)VWF:GPIbR using Instrumentation Laboratory assay on
AcuStar instruments (yellow bars) showing generally higher test results compared with rest of class group for this sample. (C)VWF:Ag using Siemens reagent
(yellow bars) showing generally low test results compared with rest of class group for this sample. (D)VWF:Ag using Diagnostica Stago reagent (yellow bars)
showing generally higher test results compared with rest of class group for this sample. (E)VWF:GPIbM using Siemens reagent (Innovance VWF Ac; yellow
bars) showing some spread of test results for this sample. (F)VWF:Ab using Instrumentation Laboratory assay (yellow bars) showing generally higher test
results compared with rest of class group for this sample. (G)VWF:CB using Technoclone ELISA-based assay (yellow bars), showing generally higher test results
compared with rest of class group for this sample. (H)VWF:CB using AcuStar CLIA-based assay (yellow bars), showing generally lower test results compared
with rest of class group for this sample. (I)VWF:GPIbR/Ag ratio using Instrumentation Laboratory assays on AcuStar instruments (yellow bars) showing
generally lower test results compared with rest of this class group for this sample. (J)VWF:CB/Ag ratio using Instrumentation Laboratory assays on AcuStar
instruments (yellow bars) showing generally lower test results compared with rest of the VWF:CB/Ag group for this sample.
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not yet commercially available to this author’s knowledge.
Broadly speaking, VWF:GPIbM assays should provide similar
diagnostic information as VWF:RCo and VWF:GPIR assays for
the purpose of VWD diagnostics. However, EQA and other
published data show us that there may be subtle differences
between results of different VWF GPIb-binding assays on a
sample-by-sample test basis, for similar reasons identiﬁed
above for other assay types. An example of EQA data reﬂective
of such differences is shown in ►Fig. 1.

VWF:CB
This class of assays identiﬁes a separate activity of VWF,
namely, binding to collagen.7,18,20,31 The main assay options
are ELISA or more recently CLIA. The results of these assays
are not interchangeable with those of GPIb-binding assays,
and measure completely different functional aspects of VWF.
Of course, in some patients with VWD (especially type 1),
results will be similar to those of VWF:GPIb binding assays.
However, results will be disparate in type 2 VWD, and
indeed, the combined complementary results of VWF:CB
and VWF:GPIb binding assays provide clues as to the likely
defect in type 2 VWD.7 Broadly speaking, VWF:CB assays
should provide similar diagnostic information to one another
for the purpose of VWD diagnostics in most cases. However,
EQA and other published data show us that there are
substantive differences between results of different VWF:
CB assays on a sample-by-sample test basis, for similar
reasons identiﬁed above for other assay types, but also since
some assays do not have good clinical utility.20 Moreover, the
ELISA-based methods employ a wide variety of collagen
types (primarily types I and III) in differing concentrations
and mixtures, whereas the CLIA method uses a type III
collagen peptide. How the collagen is applied to the ELISA
plate, and other assay conditions, may also affect test
results.20,31 As noted, most commercial VWF:CB assays
purport to using type I collagen or type III collagen or a
mixture of types I and III collagen.20 In truth, this is difﬁcult
to conﬁrm, since the main driver for VWF binding in VWF:CB
seems to be type III collagen, and small “contaminating”
quantities (even 1%) of type III collagen may actually drive
VWF:CB detection in a purported type I collagen assay. Other
collagen types (IV and VI) have also been tried in VWD
studies,32,33 but they have not in general generated commercial offerings, nor provided consistent ﬁndings in VWD
patients. Some examples of EQA data reﬂective of differences
between VWF:CB assays are shown in ►Fig. 1.

VWF:Ab
This assay is marketed as an “activity” assay by commercial
companies, and may be performed via either ELISA or LIA
methods.21,34 The premise for this assay is binding of a MAB
that recognizes a region of VWF that is involved in GPIb
binding. Thus, VWF mutations that affect this epitope on
VWF will not be detected by this MAB, and thus yield lower
VWF test results. Thus, VWF:Ab assays have some sensitivity
to type 2A, 2B, and 2M VWD cases that may have altered
structure of VWF. In addition, VWF:Ab assays can also be
designed to have some sensitivity to loss of HMW VWF.34
Hämostaseologie
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Although some workers ﬁnd the assay useful for VWD
screening, in our experience, VWF GPIb-binding assays
(VWF:RCo, VWF:GPIbR, VWF:GPIbM) and VWF:CB have
overall greater utility and greater sensitivity to loss of
HMW VWF, and would be preferentially recommended.34–36

Use of Assay Panels and Assay Ratios
Each test result on its own provides some information about
the likelihood or not of VWD, as well as potential type of
VWD if VWD is suggested, and also the potential severity of
the disease. However, greatest utility in VWD diagnostics is
achieved by the use of assay panels. Our laboratory continues
to promote a minimal four-test panel comprising (1) VWF:
Ag, (2) VWF:CB, (3) FVIII:C, and (4) one or more VWF:GPIb
binding assays (i.e., VWF:RCo, VWF:GPIbR, VWF:GPIbM).
This recommendation mirrors that of the United KingdomHaemophilia Centre Doctors’ Organization.5 Additional tests,
including VWF multimers, and VWF:FVIIIB (and VWF:pp,
etc.) may then be included based on results of the initial
testing. This can be facilitated by means of an algorithmic
approach to diagnosis, as shown simply in ►Fig. 2, and more
extensively in ►Supplementary Fig. 1. Additional details
around the utility of test panels and assay ratios are shown
in ►Table 2 and below.
In normal (non-VWD) individuals, the levels of all VWF
assays should fall within the respective assay normal reference ranges (NRRs), or perhaps above those ranges. Importantly, similar values should be obtained with each VWF
assay, so that all arising assay ratios should be close to unity.
In practice, assay ratios above 0.7 are considered normal for
most test combinations. In patients with type 1 VWD test
patterns (i.e., VWF levels below their respective NRRs but
similar values for each VWF assay), all assay ratios will again
approximate unity, or as reﬂected by assay ratios above 0.7
for most test combinations. In both normal (non-VWD) and
type 1 VWD individuals, this is called VWF assay “concordance.” In patients with type 1 VWD test patterns, the level of
VWF:Ag may help further stratify bleeding risk. For example,
those with VWF:Ag below 10U/dL may be considered as
suffering from “severe” type 1 VWD, whereas those with
VWF:Ag between 10 and 30U/dL may be considered as
suffering from a moderate or mild form of type 1 VWD.
Those with VWF:Ag between 30 and 50U/dL (or up to the
lower cut-off value in the NRR for the assay) may instead be
identiﬁed as having “low VWF” levels as a possible risk factor
for bleeding, without actually being designated as having
VWD. This is since the ability to establish a genetic cause for
the VWF deﬁciency is higher the lower the level of VWF.
Thus, a genetic mutation or variant will often be identiﬁed if
VWF:Ag is 30U/dl, but not if >30U/dL.6
In patients with type 2 VWD, there would be an expectation
of a qualitative VWF defect, and thus test results with VWF
activity assays may be much lower than that identiﬁed using
VWF:Ag. In general, assay ratios <0.5 are consistent with
representing assay “discordance” and reﬂective of a type 2
VWD test pattern. Assay ratios between 0.5 and 0.7 reﬂect a
gray zone, which may or may not reﬂect assay discordance
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Fig. 2 A simpliﬁed algorithm that describes a diagnostic process for VWD that considers the differential utility of different VWF methods, as well
as VWF multimers, as modeled on the United Kingdom Haemophilia Centre Doctors’ Organization guidance model.5 Ag, antigen; CB, collagen
binding; FVIII, factor VIIII; GPIb, glycoprotein Ib (the platelet VWF receptor); GPIbM, GPIb mutation-based assay; GPIbR, recombinant GPIb-based
assay; HMW, high molecular weight (VWF); RCo, ristocetin cofactor; RIPA, ristocetin-induced platelet aggregation; VWF, von Willebrand factor;
VWD, von Willebrand disease.

based on the assays used. The United KingdomHaemophilia
Centre Doctors’ Organization guidance recommends a single
cut-off of 0.6 for most assay ratios.5 This is also now employed
in our laboratory, and reﬂects a reasonable “global” compromise approach. Nevertheless, there is some potential for some

misclassiﬁcations, and test results usually need repeating for
conﬁrmation. This is because sample issues (preanalytical
variables), assay limitations (including limits to assay precision
for some assays), and intrapatient variability prevent deﬁnitive diagnosis based on a single round of testing. Some
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may however be
observed

Normal pattern
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intensity
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NA
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(platelet binding
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(collagen binding
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CB/Agb

Type 3 VWD can only be identiﬁed
when VWF tests are performed and
these are sensitive to very low levels
of VWF. The parents of affected
patients should also be tested for
VWF levels.

2A and 2M VWD can only be distinguished by comprehensive or composite panel testing, including VWF:
Ag, GPIb binding assay,aplus VWF:CB
and/or multimer analysis. Platelet
binding dysfunction 2M VWD is more
common than collagen binding
defect variants.

Phenotypically similar to hemophilia
A; distinguish using VWF:FVIII binding assay or genetic analysis of FVIII
and/or VWF genes.

2A and 2B VWD can only be distinguished by means of RIPA. Platelet
type (PT-) VWD phenotypically
resembles 2B VWD; these can be
distinguished by means of RIPA mixing studies, or by genetic analysis of
VWF and/or platelet GPIb genes.
Some atypical 2B VWD cases will not
show these patterns, but will still
express elevated RIPA responsiveness
and a VWF mutation.

VWF levels between approximately
30 and 50 U/dL will generally not be
associated with VWF mutations and
can be considered as representing
“low” VWF as a risk factor for bleeding. VWF levels below 30 U/dL will
often be associated with VWF mutations and can be considered as representing “true” VWD.

Comments/additional testing
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Abbreviations: Ag, antigen; CB, collagen binding; FVIII, factor VIIII; GPIb, glycoprotein Ib (the platelet VWF receptor); GPIbM, GPIb mutation-based assay; GPIbR, recombinant GPIb based assay; HMW, high
molecular weight (VWF); N, normal; NA, not applicable; RCo, ristocetin cofactor; RIPA, ristocetin-induced platelet aggregation; VWD, von Willebrand disease; VWF, von Willebrand factor.
Notes: This table is intended to provide a practical guide to current identiﬁcation of different types of von Willebrand disease (VWD).↓ to ↓↓ to ↓↓↓ are “grades” representing increasing loss.
a
For the purpose of this review, VWF:GPIb binding assays include classical VWF:RCo assays plus VWF:GPIbM and VWF:GPIbR assays.
b
Assay ratios used as cut-off for type 1 vs. 2 VWD discrimination generally range in the region of 0.5–0.7 (viz. 0.5, 0.6, or 0.7). Different assays and different laboratories will use different cut-offs based on local
evaluation, but a generic cut-off of 0.6 is often applied. Type 2N VWD patients yield FVIIIB/VWF:Ag ratios around 0.5 (0.3–0.7) for heterozygous mutations, and <0.3 for more severe genetic changes (including
homozygous, double heterozygous, or combined heterozygous 2N mutation with second null allele).

Decreased
VWF-dependent platelet
adhesion and a selective
deﬁciency of high-molecular-weight (HMW) VWF
multimers

Partial quantitative
deﬁciency of VWF

1

2A

Classification description

VWD
type

Table 2 Main VWD classiﬁcations with anticipated test patterns in different types of VWD
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assay/Ag ratios (i.e., VWF:RCo/Ag, VWF:GPIbR/Ag, and VWF:
GPIbM/Ag) will generally be normal but VWF:CB/Ag ratios
will be low.37,38 The fact that VWF GPIb-binding assay/Ag
ratios are normal will again exclude a HMW VWF deﬁciency
(and thus 2A or 2B VWD)—providing the VWF GPIb-binding
assay(s) in place is sensitive to such HMW VWF loss. A third
group of 2M reﬂects patients with VWF mutations affecting
both CB and GPIb binding. These can only be differentiated
from 2A VWD by means of multimer analysis, or potentially
by genetic analysis of VWF.

VWF Multimers
Gel electrophoresis of VWF can separate VWF on the basis of
size (MW) as well as identify other VWF structural defects.
These assays can be performed as in-house assays, although
utility depends on who performs the assay. In general
diagnostic practice, there is a high error rate associated to
use of VWF multimers (20–50%),22,23 compared with classical phenotypic assays (around 10%).29 Conversely, in expert
hands, VWF multimers can add considerable value to identiﬁcation of speciﬁc VWD types, in particular to distinguish
types 2A and 2M VWD. An alternative commercial method is
now available that can also in general distinguish 2A and 2M
VWD.24,25 Recognize, however, that VWD represents a continuous variable, with hundreds of separate VWF mutations
identiﬁed,39 and thus some patients will still remain in an
equivocal zone with exhaustive testing, even including VWF
multimers and genetic testing. Be also aware that the commercial VWF multimer method cannot distinguish multimer
changes in a triplet structure, as sometimes used to identify
rarer forms of type 2 VWD.

Additional Strategies for Diagnosing VWD
This review has mostly focused on the myriad of VWF assays
in use in laboratories and to diagnose or exclude VWD, and to
provide for a better understanding of their differential utility.
It is recognized, however, that such testing only comprises
one phase of the investigation. If all VWF tests and FVIII:C are
normal, especially if conﬁrmed on a repeat (new) sample,
then VWD is effectively “excluded.” Naturally, given the
complexity of VWD, 100% exclusion is never guaranteed,
and there are rare forms of VWD that will yield normal test
results for standard tests. As an example, some rare forms of
2B VWD will yield normal VWF tests but still show up with
speciﬁc testing by RIPA (ristocetin-induced platelet aggregation) analysis (i.e., response to low concentrations of ristocetin) and also by genetic testing. As another example, we
recently reported on a rare 2M VWD with normal VWF test
results by all VWF test classes (VWF:Ag, VWF:RCo, and VWF:
CB by ELISA, VWF:GPIbR, and VWF:GPIbM) that was only
identiﬁed because abnormally low VWF:CB/Ag ratios were
identiﬁed using a new VWF:CB assay based on CLIA.38 Also
relevant is that VWF and FVIII:C represent acute-phase
proteins, and may be elevated in individuals due to concurrent illness, or stress.40 Thus, VWF and FVIII:C may return
normal test results in a patient with mild type 1 VWD, and
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examples from EQA testing, and highlighting different test
results on the same samples, are shown in ►Fig. 3. In general,
however, the lower the VWF activity/Ag assay ratios, the more
likely a type 2 VWD diagnosis (baring preanalytical events),
and the more normal the assay ratios, the more likely a type 1
or non-VWD diagnosis. However, in some patients with type 2
VWD, some assay ratios will actually be normal (concordant)
while others are discordant—this is to be expected and provides clues to the actual VWD type (see below). Again, refer to
►Fig. 3 for some examples.
Thus, in type 2A VWD, reﬂecting a loss of HMW VWF, one
would expect to see universally reduced ratios of VWF
“activity”/Ag (i.e., low VWF:CB/Ag, low VWF:RCo/Ag, low
VWF:GPIbR/Ag, and low VWF:GPIbM/Ag). This is because
all these activity assays are “similarly” sensitive to loss of
HMW VWF, with this form of VWF normally representing the
highest relative VWF “activity.” In addition, however, the
above-noted VWF activity assays are also all sensitive (but to
potentially varying degrees) to the qualitative defect
reﬂected by the presenting VWF mutation.
In type 2B VWD, test ﬁndings with VWF assays will be
similar to that of 2A VWD, with evident loss of HMW VWF and
also sensitivity to the qualitative defect reﬂected by the
presenting VWF mutation. Again, some differences between
assays may be seen based on the extent of such sensitivity (i.e.,
reﬂecting a balance between the loss of HMW VWF and the
respective VWF assay sensitivity to the hyper-adhesive VWF
present in 2B VWD). In theory, since the level of HMW VWF
loss is usually less than that observed in 2A VWD, the assay
ratios may not be as low as those observed in 2A VWD. On the
other hand, differing assay sensitivity for the 2A versus 2B VWF
mutation-driven VWF conformational changes, plus the hyper-adhesive nature of 2B VWF, can complicate assay ratio
derivations and thus clear-cut separation of VWF assay ratios
between 2A and 2B VWD is never achieved.
In 2N VWD, the diagnostic clues are in the relative ratios of
VWF and FVIII, as is also the case for hemophilia A. The VWF:
FVIIIB assay can be used to differentiate 2N VWD from
hemophilia A.27 Otherwise, these disorders can only be differentially diagnosed by molecular investigation of VWF and F8
genes.
2M VWD provides a more complex pattern of assay ratios.
In general, patients can be separated into three 2M VWD
groups. The main group reﬂects patients with VWF mutations primarily affecting GPIb binding, and not affecting (or
only weakly affecting) CB. Some workers, including us, would
assign these to a 2MGPIb subgroup of 2M VWD. In these
patients, VWF:CB/Ag ratios will generally be normal but VWF
GPIb-binding assay/Ag ratios (i.e., VWF:RCo/Ag, VWF:GPIbR/
Ag, and VWF:GPIbM/Ag) will be low (►Fig. 3 shows some
examples). The fact that VWF:CB/Ag ratios are normal in
such patients will exclude a HMW VWF deﬁciency (and thus
2A or 2B VWD)—providing the VWF:CB assay in place is
sensitive to such HMW VWF loss. A second rarer group of 2M
reﬂects patients with VWF mutations primarily affecting CB,
and not affecting (or only weakly affecting) GPIb binding.
Some workers, including us, would assign these to a 2MCB
subgroup of 2M VWD. In these patients, VWF GPIb-binding
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Fig. 3 Some examples from external quality assessment (EQA) that highlight some notable differences between different “classes” of VWF tests, as well as
assay variability and occasional test errors (including some outliers identiﬁed in red ﬁlled symbols). Shown are some historical data from the RCPA QAP (Royal
College of Pathologists Quality Assurance Program). Samples reﬂect different type 2 VWD samples (2B, 2A, 2M). The gray highlighted region on the right of
each ﬁgure reﬂects an equivocal zone (between 0.5 and 0.7), whereas values <0.5 are reﬂective of a type 2 (VWF discordance) pattern, and values >0.7 are
reﬂective of a type 1 (VWF concordance) pattern. (A) 2B VWD sample. Several outliers noted. Note also the variability in assay data as well as assay ratio data.
Some false VWF “concordance” events can be associated with a failure to identify type 2 VWD in this sample. (B) Another 2B VWD sample. (C) A type 2A VWDlike sample. (D) Another type 2A VWD-like sample. (E) A type 2MGPIb sample. Some outliers noted, but most laboratories reported low VWF:RCo but normal
VWF:CB/Ag ratios. For this sample, most laboratories using a VWF:Ab assay also reported generally lower VWF:Ab/Ag ratios. (F) The same type 2MGPIb sample as
in (E), but tested on a separate occasion in a separate EQA exercise. (G) Another type 2MGPIb sample. Some outliers noted, but most laboratories again reported
low VWF:RCo but normal VWF:CB/Ag ratios. For this sample, most laboratories using a VWF:Ab assay reported generally normal VWF:Ab/Ag ratios, but most
laboratories using a VWF:GPIbM assay reported generally abnormal VWF:GPIbM/Ag ratios. (H) The same type 2MGPIb sample as in (G), but tested on a separate
occasion in a separate EQA exercise. Ag, antigen; CB, collagen binding; GPIb, glycoprotein Ib (the platelet VWF receptor); GPIbM, GPIb mutation-based assay;
RCo, ristocetin cofactor; VWF, von Willebrand factor; VWD, von Willebrand disease.
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implication and diagnostic utility—providing multiple time
points at which to interrogate assay ratios.42 VWF multimers
can also help to distinguish 2A (loss of HMW) and 2M (no
“signiﬁcant” loss of HMW). Genetic testing is also
progressed.
As noted before, such strategies are summarized in ►Fig. 2
and extensively detailed in ►Supplementary Fig. 1.

Conclusion
VWD is a common bleeding disorder and its diagnosis is
facilitated by laboratory testing for VWF and FVIII:C. VWF tests
take various forms, and are not identical. There are differences
between the different classes of tests (►Fig. 3), as well as
within the same test classes (►Fig. 1). This review has
attempted to orientate the reader toward an understanding
of these differences, and thus hopefully direct laboratories and
clinicians to improved diagnosis and classiﬁcation of VWD.
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