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Review Article

von Willebrand disease: A laboratory approach
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INTRODUCTION
von Willebrand disease (VWD) is one of the most common
inherited bleeding disorders.1,2 It is caused by a qualitative or
quantitative deficiency of the von Willebrand factor (VWF), a
multimeric glycoprotein that plays an important role in primary
haemostasis and acts as a carrier of factor VIII.3 VWD has a
variety of manifestations and the symptoms could range from a
few episodes of mild bleeding such as ecchymoses, epistaxis or
gum bleeding to severe haemarthrosis or life-threatening visceral

bleeding. However, many patients bleed only when they come
across a major haemostatic challenge such as trauma, tooth
extraction or surgery. VWD is an underdiagnosed entity in India
because of its mild manifestations.

The International Society of Thrombosis and Hemostasis clas-
sifies VWD into three major categories (Table I).4 VWD type 1 is
relatively mild, has partial, quantitative deficiency of the VWF
and an autosomal dominant inheritance.5 VWD type 2 has quali-
tative abnormalities in the structure and function of the VWF, is
independent of the quantity of VWF antigen and may be inherited
in either an autosomal dominant or recessive manner. It is further
subdivided into four variants (2A, 2B, 2M, 2N) based on the
phenotype. In type 3 VWD, there is reduced or total absence of the
VWF antigen and corresponding factor VIII:C (FVIII:C) levels.
Type 3 has an autosomal recessive inheritance. These six catego-
ries have distinct pathophysiological mechanisms and correspond
to distinct clinical features and therapeutic requirements.

PATHOPHYSIOLOGY OF VWD
The diagnosis of VWD is based on the characteristic of VWF as
a multifunctional protein. VWF serves two important biological
functions: (i) it modulates adhesion and aggregation of platelets at
sites of vascular injury; and (ii) it serves as a carrier molecule for
FVIII:C in circulation, thus protecting it from proteolytic cleavage
and inactivation. These biological functions are made possible by
the presence of discrete functional sites on the mature VWF
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TABLE I. Classification of von Willebrand disease (VWD)

Type Description

1 Partial deficiency (person has reduced levels of qualitatively
[functionally] normal VWF)

2A Qualitative variant, decreased VWF-dependent platelet
function due to absence of high molecular weight (HMW)
multimers

2B Qualitative variant, increased affinity of VWF for platelet
glycoprotein Gp1b leading to loss of HMW VWF multimers
from the plasma

2M Qualitative variant, decreased VWF-dependent platelet
function not due to loss of HMW multimers

2N Qualitative variant, decreased affinity of VWF for factor
VIII leading to factor VIII deficiency, VWF-dependent
platelet function is normal

3 Total quantitative deficiency

VWD-like disorders

Pseudo VWD Arises through some other inherited mechanism. The
platelet Gp1b disorder previously described as ‘platelet-
type VWD’

Acquired VWD Arises through some other mechanism, usually associated
with the presence of auto-antiVWF antibodies
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molecule. The N-terminal domain of the VWF molecule contains
disulphide bonds which are essential for binding VWF to factor
VIII.6 The interaction of VWF with the vessel wall involves
mainly collagen and platelets—glycoprotein 1ba (Gp1ba), a com-
ponent of the platelet Gp1b-IX-V receptor complex.7,8 Besides,
there are heparin-binding sites which reflect the ability of VWF to
interact with matrix proteoglycans that contain sulphated sugars.9

Mature VWF molecules are polymers of varying sizes, commonly
known as VWF multimers. The heterogeneity in size is a conse-
quence of post-translational cleavage of the subunit which, in turn,
is reflected in the clinical heterogeneity.10

The effect of VWD is borne disproportionately by women
because of the haemostatic stresses of menstruation and child-
birth. Several studies have reported a high incidence of VWD
among women presenting with menorrhagia and postpartum
haemorrhage.11,12 This suggests that these patients should be
screened for the presence of an underlying bleeding disorder such
as VWD.

It is also important to consider the acquired von Willebrand
syndrome (AVWS). This is seen more commonly with a variety of
concurrent diseases such as monoclonal gammopathies,
lymphoproliferative disorders, myeloproliferative disorders and
acute leukaemias, neoplasms, systemic lupus erythematosus (SLE),
hypothyroidism and scleroderma. Certain antibiotics such as
griseofulvin and ciprofloxacin, anticonvulsants such as valproic
acid, and plasma volume expanders such as hydroxy ethyl starch
(HES) have also been reported to cause AVWS.13,14

LABORATORY EVALUATION
The diagnosis of VWD requires a battery of tests. No single
laboratory test can detect all the variants of VWD. A thorough
clinical examination and a detailed history that includes the nature
and frequency of bleeding, any co-existing disease, exposure to
drugs or toxins, family history of bleeding tendencies and history
of consanguinity are essential. These would provide clues to the
type of bleeding disorder in the family.

The laboratory evaluation of VWD requires screening as well
as specific and discriminant tests.

SCREENING TESTS
Screening coagulation tests
These include prothrombin time (PT), activated partial thrombo-
plastin time (APTT) and thrombin time (TT). The PT and TT are
not sensitive in detecting either FVIII:C or VWF deficiency.
However, these tests exclude a deficiency of factors in the extrinsic
coagulation cascade or a deficiency of fibrinogen in the plasma.

Skin bleeding time
This procedure is neither specific nor highly sensitive for VWD.
Despite its poor reproducibility, low efficacy as a predictor of
surgical bleeding, its operator dependence and inconvenience to
the patient, it is still recommended in the investigations for VWD.
However, an abnormal test does not predict VWD nor does a
normal test exclude VWD.

Platelet count
It is often worthwhile to determine the platelet count. It helps
exclude a platelet-related deficiency as the cause of bleeding. Both
platelet count and size should be evaluated. The platelet count may
be decreased in type 2B VWD, particularly in association with
surgery or pregnancy. The other types of VWD do not directly
affect the platelet count.

SPECIFIC TESTS
These tests can estimate the levels of VWF antigen, both qualita-
tively and quantitatively.

Platelet aggregation studies
These tests utilize an instrument called the platelet aggregometer,
using either whole blood (i.e. citrate anticoagulated) or whole blood
processed by selective centrifugation to obtain separate platelet-rich
plasma (PRP) and platelet-poor plasma (PPP) fractions. The whole
blood or PRP is then exposed to various agonists such as ristocetin,
ADP, collagen, thrombin, epinephrine or arachidonic acid and the
resulting platelet aggregation measured.15 Various factors such as
drugs, diet or stress affect the outcome of platelet function.16

Therefore, it is essential that before the tests the patients should be
off all medications, if possible. In case of an abnormal result, the test
should always be repeated at least twice before confirming the
diagnosis. Because of the complexity of the test and cost, platelet
function studies are generally not performed in all laboratories
except for ristocetin-induced platelet aggregation (RIPA).

Ristocetin-induced platelet aggregation. Ristocetin is used in
two concentrations in the RIPA assay—1.25 mg/ml and 0.5 mg/ml.
It depends on both the concentration of VWF and the affinity of
VWF for platelet Gp1b. RIPA is reduced or absent in types 2M and
2A, and normal in type 1 and 2N VWD. However, increased
aggregation is seen even at low concentrations of ristocetin (0.5 mg/
ml) in patients with type 2B VWD. Figure 1 shows our approach
to the investigation of a patient with suspected VWD.

Automated platelet function analysers, which simulate pri-
mary haemostasis, use whole blood flow through a capillary
device to mimic the high shear stress conditions that occur in
vivo.17 These devices use platelet agonists to cause platelet adhe-
sion and aggregation resulting in capillary occlusion. Though
sensitive, the results are not specific for VWD.18

Another automated analyser19 assesses blood flow in an ago-
nist-free and a collagen-containing environment. The Clot Signa-
ture Analyzer is also a whole blood flow monitoring system that
mimics primary haemostasis. It can be used to assess other aspects
of platelet function and coagulation status. However, it requires
non-anticoagulated blood which needs to be tested within 3
minutes of blood collection. As a result, patients must come to the
place of testing; hence it is impractical for use in inpatients. A
multicentre clinical evaluation of the clot signature analysis showed
that despite good sensitivity it does not distinguish between
platelet and coagulation disorders.20

Factor VIII coagulant activity (FVIII:C) assay
This is measured by either a one-stage clotting assay based on the
APTT method or by a chromogenic assay based on the generation
of activated factor X. Since VWF is a carrier molecule for factor
VIII, the level of FVIII:C in the plasma usually parallels that of
VWF:Ag. The FVIII:C level also directly reflects the binding
capacity of plasma VWF to factor VIII which can be estimated by
a VWF–FVIII binding ELISA.

Quantitative assays for the detection of VWF antigen
These tests detect the total VWF antigen quantitatively and do not
reflect the functional VWF.

Laurell electro-immunodiffusion technique. The assay in-
volves the incorporation of human VWF antibody into agarose gel
plates and the wells are filled with standard and patient plasma
samples. On application of an electric current, precipitation peaks
are obtained, the heights of which are proportional to the concen-
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FIG 1. Our approach to the investigation of patients with von Willebrand disease (VWD)
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• Age, gender: Pregnant ?; Excessive menstruation ?
• Blood group
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• Platelet count
• Screening coagulation tests, prothrombin time, activated partial thromboplastin time
• Factor VIII coagulant activity (FVIII:C)
• von Willebrand factor antigen (VWF:Ag)
• von Willebrand factor ristocetin cofactor (VWF:RCoF) and/or von Willebrand factor collagen binding assay (VWF:CBA)
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tration of VWF antigen in the plasma. However, the technique is
not sensitive at antigen levels <0.10 U/ml in the plasma. The test
is relatively simple, less expensive and does not require sophisti-
cated equipment, and is suitable for smaller laboratories in devel-
oping countries. However, it is done less frequently in western
countries.21

Enzyme-linked immunosorbent assay (ELISA). This is the
most sensitive and widely used technique for the quantitative
estimation of VWF antigen.22,23

Latex immunoassay. This is an infrequently used technique for
the detection of VWF antigen.24 False-positive results occur
because of the interference of rheumatoid factor.25

VWF ristocetin cofactor (VWF:RCoF) assay. This test is
performed using a platelet agglutination procedure (quantitatively
using a platelet aggregometer and semi-quantitatively using the
slide technique).26 For the assay, normal formaldehyde fixed
platelets are allowed to aggregate in the presence of the plasma of
a patient and a fixed amount of ristocetin. The VWF:RCoF activity
is then determined by comparison with a standard (or reference
plasma) containing pre-quantified levels of VWF:RCoF activ-
ity.22,27,28 Alternatively, the assay can be performed using fresh
platelets in laboratories where the sample load is not too high.
Although VWF:RCoF assay provides an estimate of the total
amount as well as quality of VWF (i.e. the presence of intermedi-
ate- and high molecular weight multimers), it can be used in
combination with the VWF:Ag assay to provide additional data.
However, the overall effectiveness of the assay is reduced because
of the multiple testing steps, complex procedure and performance
time. High inter-assay and high inter-laboratory variability are
additional problems.29 The use of an ‘artificial’ test system (i.e. use
of ristocetin) to induce platelet agglutination and the lack of an in
vivo correlate for this assay has raised several criticisms.

 Recently, ELISA-based methods have been described.30–32

These employ monoclonal antibodies against a functional site of
VWF (i.e. platelet Gp1b binding site).

DISCRIMINATING TESTS
These tests are performed to classify and subtype VWD.

VWF–FVIII binding assay
This test distinguishes type 2N VWD, characterized by a de-
creased binding of VWF to factor VIII, from the mild to moderate
forms of haemophilia A. The affinity of factor VIII–VWF binding
is determined by isolating the VWF by immunoadsorption, fol-
lowed by binding with purified factor VIII. The bound factor VIII
is estimated by either a chromogenic assay33 or by an ELISA.34

These tests are not required for the initial diagnosis of VWD.

VWF multimer assay
These tests are required to characterize VWD or to classify it into
specific subtypes. It involves assessment of the circulating mol-
ecular weight profile of VWF. Normal plasma VWF appears as a
series of bands separated in size by the mass of 2 VWF subunits.
The multimers range in size from 500 kDa dimers to >10 000
kDa containing 20 subunits. Two methods have been used, an
agarose gel 2-dimensional immunoelectrophoresis,35 and the more
favoured SDS–agarose gel electrophoresis.36 The latter initially
involved the use of a radioactive isotope (125I), but recently com-
bined non-radioactive, chemiluminescent detection of multimer
bands has been used which is simple and enhances the objectivity
of the assay.37 High molecular weight multimers are absent in 2B

VWD and the intermediate- and high molecular weight multimers
are absent in type 2A VWD (Fig. 2).

The VWF multimer assay is not required in the initial investi-
gation of VWD. Because of the complexity, cost and time in-
volved, these tests are performed only in specialized laboratories.

VWF–collagen binding assay (VWF:CBA)

The collagen binding assay (CBA) detects VWF antigen qualita-
tively as well as quantitatively and is generally ELISA-based.38,39

CBA can selectively detect high molecular weight forms of VWF
that are functionally more active, and thus provides information on
the quality of VWF. However, CBA detects only 30% of the total
VWF and does not provide information on the overall VWF
content. The ratio of VWF:CBA to VWF:Ag is useful for distin-
guishing between types 1 and 2 VWD. The binding of VWF to
collagen has also been measured by flowcytometry.40

OTHER TESTS
Several other quantitative and qualitative assays have been em-
ployed for the detection of VWF in investigational settings.
Assays based on the botrocetin-induced binding of platelets can be
used to characterize various subtypes of VWD. Botrocetin, a
snake venom protein, induces the binding of VWF to platelet
Gp1b receptor by a mechanism which is different from that of
ristocetin.41 The VWF–cerebroside binding assay42 measures the
binding of VWF to cerebrosides.

FACTORS AFFECTING LABORATORY EVALUATION
Various factors influence the level of VWF in the plasma. The best
characterized genetic influence relates to the ABO blood group.42

It has been observed that factor VIII and VWF levels in O blood
group individuals are approximately 25% lower than in non-O
blood group individuals.42 This suggests that separate normal
ranges should be defined for O and non-O blood groups. This
would help in identifying pathologically low factor VIII and VWF
levels more clearly. The major environmental influence on VWF
and factor VIII levels is their involvement as acute phase reac-
tants. Higher levels of VWF have been found in response to stress,
trauma and after surgery. Increased levels of VWF have been
obtained in pregnancy and in newborn babies.43 Other parameters
such as age, ethnic group or hormonal status could affect the level
of VWF in the plasma. Consequently, the observed normal values
show a wide distribution from 40 to 240 IU/dl.

Due to the variability of the disease and varying levels of VWF
release and synthesis in individuals over time, all the laboratory
tests can give normal results on some occasions but clearly abnor-
mal results on others. Hence, it is essential to take into consideration
all these factors when one suspects VWD. Laboratory investiga-
tions for VWD should be carried out on at least two occasions prior
to confirming or refuting the diagnosis.

DISCUSSION
von Willebrand disease is a common inherited bleeding disorder.
Patients with VWD have qualitative or quantitative defects of
VWF. It is a heterogeneous condition; hence, a correct diagnosis
and subtyping of VWD is crucial for subsequent management.

It is essential to take into consideration the patient’s bleeding
history and family history. These would give an initial clue to the
diagnosis of VWD. If the bleeding tendency is mucosal in origin,
then one should suspect VWD. It has been observed that mild
bleeding symptoms such as ecchymoses, epistaxis and even
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FIG 2. Biosynthesis, storage and release of von Willebrand factor (VWF)
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menorrhagia are very common in certain families. However,
patients do not seek medical advice and consider these symptoms
as a common trait in the family. Hence, a detailed family history
is essential. Furthermore, the regular challenges of menstruation,
pregnancy and childbirth contribute to a higher frequency of
symptomatic VWD among women.

Various factors play an important role in the variability of the
VWF levels in the plasma. Factors such as age, gender, recent
drug history, oestrogen replacement therapy and blood group
should also be considered. In case of blood groups, separate
normal ranges should be considered for O and non-O blood
groups. Our experience shows that the mean (SD) VWF:Ag level
in O blood group subjects is 90.12% (10.31%), which is much
lower than that in non-O group subjects who have VWF:Ag levels
of 106.33% (26.75%) (unpublished data).

The laboratory evaluation of VWD requires a battery of tests.
However, it is not possible for a single laboratory to do all the
investigations required for the diagnosis of VWD. It would be
reasonable to perform at least the following test panel: PT, APTT,
platelet count, FVIII:C and VWF:Ag, and at least 2 functional
VWF assays. If VWD is suspected on the basis of the clinical
history and by initial testing, then more comprehensive laboratory
assessment is required. This would help to confirm the initial
findings, and subtype and characterize VWD.

Often a laboratory investigation gives a borderline or normal
result. Hence, the investigations should be repeated to confirm the
initial findings. Patients should be investigated on at least 2–3
occasions. However, borderline or normal results need to be assessed
by the clinician in the light of a history of clinical bleeding.

It has been seen that screening of certain groups of patients
helps in detecting those with bleeding disorders such as VWD.
These groups include women with menorrhagia, patients with
unexplained recurrent mucocutaneous bleeds, those with epistaxis
or those with post-surgical bleeding.

AVWS generally presents with late onset of bleeding symp-
toms and is devoid of both a personal and familial history of a
bleeding diathesis. It is usually associated with a concurrent
disease. The pathophysiology of AVWS remains incompletely
explored and poorly elucidated.

Improvements in the current test methodologies and develop-
ment of new methodologies have led to a better diagnostic ap-
proach for VWD.

CONCLUSION
von Willebrand disease is a heterogeneous bleeding disorder with a
spectrum of mild to severe bleeding episodes. As a result, many
patients with mild VWD remain undiagnosed. Although several
studies in India have shown that VWD is the third or fourth most
common bleeding disorder,44–46 it is underdiagnosed in India.

The lack of awareness of this common inherited bleeding
disorder and a paucity of good diagnostic facilities add to the
problem. However, in recent years, a wider variety of basic
coagulation tests and platelet function studies are available. This
should facilitate the detection and subsequent management of
these patients.
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