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Abstract: Despite von Willebrand disease (VWD) being the most c01m11on inherited
bleeding disorder, its accurate diagnosis is frequently shrouded by diagnostic pitfalls.
VWD is frequently under-diagnosed, over-diagnosed and misdiagnosed, leading to signifi
cant avoidable patient morbidity and health care system burden. At the heaii of this dilemma
lies the heterogeneity and complexity of von Willebrand factor (VWF) and associated
defects, and the necessity of coalescing clinical and laboratory features to obtain an accurate
diagnosis. Common pitfalls include poor clinical and scientific understanding and fallliliarity
with VWD, incomplete clinical history and lack of routine use of standardised bleeding
assessment tools (BAT), difficulty in accessing a comprehensive repertoire of laboratory
tests, significant pre-analytical, analytical and post-analytical issues, and lack of expertise in
laboratory testing and interpretation. Errors, resulting in under-diagnosis, over-diagnosis, and
misdiagnosis of VWD, are presented and discussed. Strategies to minimise errors include
better education of clinicians and laboratory staff on VWD, routine use of validated BAT,
utilising a comprehensive galllut of laboratory investigations according to a stai1dardised
algorithm, and repeating testing to minimise pre-analytical errors. Recommendations on
appropriate patient selection for VWD testing, how VWD should be investigated in the
laboratory, and how to ensure test results are accurately interpreted in the correct clinical
context are detailed.
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von Willebrand disease (VWD) is the most common inherited bleeding disorder. 1'2
Despite this, VWD is one of the most commonly misdiagnosed or overlooked
entities in everyday clinical practice. Of interest, VWD may be both over- and
under-diagnosed, as well as misdiagnosed, either as another entity or as a different
subtype of the disorder. This review will detail the causes underlying the diagnostic
uncertainties overshadowing VWD and provide solutions on how to overcome
these.

von Willebrand Disease
VWD was first described by Finnish physician Erik Adolf von Willebrand in 1926,
following the presentation of a young girl with recurrent episodes of bleeding,
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which were clinically distinct from haemophilia.3 VWD is
caused by quantitative or qualitative deficiencies in a
plasma protein now called von Willebrand factor (VWF).
VWF is a large, complex protein that has essential roles in
primary and secondary hemostasis.4 High-molecular
weight VWF multimers mediate platelet adhesion at sites
of vascular injury in primary hemostasis by binding to
connective tissue and platelets.4 VWF also plays a key
role in secondary hemostasis, acting as a chaperone to
clotting factor VIII (FVIII) by binding to and stabilizing
it in the circulation.4 The multifunctional nature of VWF
explains the heterogeneity in clinical symptoms and bleed
ing risk seen in VWD, as well as the resulting diagnostic
challenges. 5
VWD is autosomally inherited and arises due to muta
tions in VWF, mapped at 12p13.3 and comprised of 52
exons. 6 Approximate exon locations have been mapped to
binding locations on the VWF protein with corresponding

defects. The majority of mutations in VWD are missense,
with some having variable penetrance, particularly in Type
1 VWD.4
VWD is classified into three major types (summarised
in Table 1). Type 1 reflects a mild to moderate reduction in
functionally normal VWF; Type 2 involves the expression
of functionally abnormal VWF; and, Type 3 is the (near)
complete absence of VWF.4 65-80% of identified VWD
cases are Type 1, whereas Type 2 and 3 account for
20--35% and < 1% of cases, respectively.7 A potential sub
type of Type 1 called VWD Type 1 C has been proposed.
In contrast to classic VWD type 1, where there is a
reduction in the production of VWF and/or a mild
increased clearance, VWD Type 1 C is characterised by a
significant increase in clearance of VWF resulting in low
VWF levels and an exaggerated but short-lived response to
desmopressin.8 Type 2 VWD is separated into four 'sub
types' (2A, 2B, 2M, 2N), according to the functional

Table I Classification Scheme for van Willebrand Disease, Inheritance, Genetic Defect and Phenotypic Presentation
Type

Mechanism

Inheritance

Genetic Defect

Clinical Phenotype

I

Partial quantitative deficiency VWF

Autosomal

Missense mutation (85-

dominant

90%), null-alleles ( I 015%), variable
penetrance

Severity of bleeding associated with level ofVWF (the
lower the level, the more severe the bleeding
presentation)

DecreasedVWF-dependent platelet
adhesion due to deficiency of HMW
VWF multimers

Autosomal
dominant

Missense mutations,
mainly in D3, A2 and CK
domains
Missense mutations in
propeptide
Exons 5, 28 and 52

Increased affinity ofVWF for platelet
GPlb

Autosomal

2M

Decreased VWF-dependent platelet
adhesion without a selective
deficiency of MHW VWF multimers

Autosomal
dominant

Missense mutations in
A l domain
Exons 28, 45

Severity of bleeding associated with level and
functionality of VWF.

2N

Decreased binding affinity of VWF
for Factor VIII

Autosomal
recessive

Missense mutations in D'
and D3 domains
Exons 5, 10, 18

Generally present with moderate or moderately
severe bleeding and may have a phenotype more
typically seen in mild or moderate hemophilia A (due
to factorVIII deficiency): soft tissue, joint, and urinary
bleeding, and bleeding after invasive procedures.

3

Complete deficiency of VWF

Autosomal
recessive

Null-alleles, often
consanguinity

Most severe form of VWD, and patients show
bleeding symptoms similar to moderate or severe
hemophilia A.

2A

28
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and
recessive

dominant

Missense mutations in
A l domain
Exon 28

Severity of bleeding associated with level and
functionality of VWF.

Generally, presents with moderate or moderately
severe bleeding.
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defect. A separate defect affecting the platelet receptor for
VWF, namely glycoprotein lb (GPib) is called platelet
type (PT-) VWD.
VWD diagnosis requires the presence of both clinical
features, such as a personal (typically lifelong) history of
primarily mucocutaneous bleeding, and laboratory evi
dence of absence, deficiency, or defect in VWF. This is
usually accompanied by a family history of the disease.
VWD has a variable clinical presentation due to the
heterogeneity of the disease.9 VWD is mainly associated
with mucocutaneous bleeding, although there are more
severe bleeding phenotypes, which carry significant mor
bidity and mortality. 1 0 Mucocutaneous bleeding may pre
sent as spontaneous or minimally provoked bruising,
excessive bleeding from minor wounds, gum bleeding,
epistaxis, menorrhagia and bleeding from the gastrointest
inal tract. 11 Site of bleeding may also change with patient
age, with higher rates of gastrointestinal bleeding reported
in older age groups. 12 Other than spontaneous bleeding,
patients with VWD also experience bleeding after invasive
procedures, such as surgery or tooth extraction and during
hemostatic challenges, such as childbirth or trauma.6 The
severity of VWD ranges from very mild, with bleeding
only after major procedures, up to spontaneous bleeding,
including muscle and joint bleeding, in the most severe
cases.
Clinical presentation and bleeding history can also
assist with diagnosis (see Table 1). Type 1 VWD has a
range of clinical presentations, from mild to severe, with
bleeding phenotype broadly corresponding to the level of
plasma VWF. Type 3 presents as the most severe pheno
type of VWD, and is sometimes likened to moderate to
severe hemophilia A. Type 2A and 2M presentations cor
respond to the quantity and functionality of VWF. Types
2B and 2N VWD generally present as a moderate to severe
bleeding phenotype. Type 2N may also present with joint
bleeding or urinary bleeding and presents as phenotypi
cally similar to mild-to-moderate hemophilia A, but
instead is due to the inability of VWF to appropriately
bind to (and thus protect) Factor VIII.6
The assessment of bleeding history is the most impor
tant initial step in the analysis of a suspected bleeding
tendency, as laboratory evaluation will only be initiated
after the appropriate clinical suspicion.9 The severity of
bleeding diathesis can be judged by the frequency of
bleeding events as well as the age of onset. 11 A patient's
bleeding phenotype can be identified and quantified with
the use of various tools including the International Society
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on Thrombosis and Haemostasis (ISTH) bleeding assess
ment tool (BAT) and should be used to aid in clinical
suspicion of a diagnosis of VWD (Table 2).13 A lack of
understanding of the difference between "normal" and
"abnormal" bleeding symptoms is a common reason for
misdiagnosis of VWD.13
Bleeding frequency and severity are influenced by
many factors, which must be carefully evaluated to avoid
diagnostic oversight. Important considerations for diagno
sis are the age and gender of the patient, their comorbid
ities, their family history of bleeding diathesis and diet (for
relative vitamin C intake). It is essential to ascertain
whether the patient is using any anticoagulant or antiplate
let medications, as well as otherwise undisclosed over-the
counter or herbal remedies, such as glucosamine, ginkgo,
garlic, ginseng, fish oil, primrose oil, echinacea, dong quai
or feverfew, all of which can dampen hemostasis and thus
increase bleeding risk. 1 4 Concurrent diagnoses such as
joint hypermobility may also exaggerate joint-based
symptoms.
Differential diagnoses for an individual who presents
with symptoms consistent with VWD include mild hae
mophilia A or mild haemophilia B, vitamin C deficiency,
platelet function disorder, or deficiency of other coagula
tion factors (II, VII, X or XI). In addition, should VWD be
identified, the type of VWD should also be characterised.
Optimal management of patients depends on an accurate
diagnosis, and an error in diagnosis will potentially lead to
inappropriate testing and compromise patient manage
ment, including over-diagnosis and unnecessary treatment.

Laboratory Testing

While thorough clinical evaluation is essential to guide
appropriate investigations in the workup of VWD, a lack
of expertise in laboratory testing and interpretation
remains a common reason for diagnostic inaccuracies.
The first step to a correct laboratory diagnosis is ensur
ing the most appropriate tests are performed for the correct
indication. Testing for VWD should be considered when
there is a bleeding history, a positive family history, a mild
unexplained thrombocytopenia, a mildly prolonged acti
vated partial thromboplastin time (APTT), or an apparent
hemophilia A in a female. Even males "diagnosed" with
hemophilia A should be considered for VWD testing, as
Type 3 or Type 2N VWD can sometimes be misdiagnosed
as hemophilia A.
An approach to testing is outlined in Table 3.6, 15
Laboratory assessment should commence with a review
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Table 2 ISTH Bleeding Assessment Tool (BAT)
Score

o§

Symptoms
(Up to

2

I§

3

4

Time of
Diagnosis)

Epistaxis

No/trivial

Cutaneous

No/trivial

Bleeding
from minor
wounds

No/trivial

Oral cavity

No/trivial

Gastro
intestinal
bleeding

No/trivial

Consultation
only*

Packing/cauterization or
antiflbrinolytic

Blood transfusion, replacement
M
therapy or desmopressin

Consultation
only*

Extensive

Spontaneous haematoma
requiring blood transfusion

Consultation
only*

Surgical hemostasis

Blood transfusion, replacement
M
therapy or desmopressin

Present

Consultation
only*

Surgical hemostasis or
antiflbrinolytic

Blood transfusion, replacement
M
therapy or desmopressin

Present (not
associated with
ulcer, portal

Consultation
only*

Surgical hemostasis or
antiflbrinolytic

Blood transfusion, replacement
M
therapy or desmopressin

Present

Consultation

(macroscopic)

only*

Surgical hemostasis, iron
therapy

Blood transfusion, replacement
M
therapy or desmopressin

>5/year or> I 0
minutes
;;:5 bruises of> I cm
in exposed areas
>5/year or> I 0
minutes

hypertension,
hemorrhoids,
angiodysplasia)
Hematura

No/trivial

Tooth
extraction

No/trivial or
none done

::;;25% of all
procedures, no
intervention**

>25% of all
procedures, no
intervention**

Resuturing or packing

Blood transfusion, replacement
M
therapy or desmopressin

Surgery

No/trivial or
none done

s;25% of all
procedures, no
intervention"''*

>25% of all
procedures, no
intervention**

Surgical hemostasis or
antiflbrinolytic

Blood transfusion, replacement
M
therapy or desmopressin

Menorrhagia

No/trivial

Consultation only*
or Changing pads>

T ime off worl<l

Combined treatment with

school>2/year
or
Antiflbrinolytics/

antiflbrinolytics and hormonal
therapy or Present since
menarche and>12 months

Acute menorrhagia requiring
hospital admission and
emergency treatment or Blood
transfusion, replacement
M
therapy or desmopressin or

every 2 hours or
Clot and flooding or
PBAC score> I 00#

Post-partum
hemorrhage

No/trivial or
no deliveries

Consultation only*
or Use of syntocin

hormonal/iron
therapy

Iron therapy or
Antiflbrinolytics

or Lochia>6 weeks

Dilatation and curettage or
endometrial ablation or
hysterectomy
Blood transfusion, replacement
M
therapy or desmopressin or

Any procedure requiring critical
care or surgical intervention (eg

Examination under anaesthesia
and/or uterine balloon/package
to tamponade uterus

hysterectomy, internal iliac
artery legation, uterine artery
embolization, uterine brace
sutures)

Never

Muscle
haematomas

Post trauma, no
therapy

Spontaneous,
no therapy

Spontaneous or traumatic,
requiring desmopressin or
M
replacement therapy

Spontaneous or traumatic,
requiring surgical intervention
or blood transfusion

(Continued)
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Table 2 (Continued).
Score

o§

Symptoms
(Up to

3

2

1§

4

Time of
Diagnosis)
Hemarthrosis

Never

Post trauma, no

Spontaneous,

Spontaneous or traumatic,

Spontaneous or traumatic,

therapy

no therapy

requiring desmopressin or

requiring surgical intervention

replacement therapy
CNS bleeding

Never

Other

No/trivial

1\/\

Subdural, any intervention
Present

I\

bleeding

or blood transfusion
lntracerebral, any intervention

Consultation

Surgical hemostasis,

Blood transfusion or

only*

antifibrinolytics

replacement therapy

or

desmopressin
Notes: In addition to the guidance offered by the table, it is mandatory to refer to the text for more detailed instructions. §Distinction between O and I is of critical
importance. Score I means that the symptom is judged as present in the patient's history by the interviewer but does not qualify for a score 2 or more. *Consultation only:
the patient sought medical evaluation and was either referred to a specialist or offered detailed laboratory investigation. **Example: I extraction/surgery resulting in bleeding
( I 00%): the score to be assigned is 2; 2 extractions/surgeries, I resulting in bleeding (50%): the score to be assigned is 2; 3 extractions/surgeries, I resulting in bleeding
(33%): the score to be assigned is 2; 4 extractions/surgeries, I resulting in bleeding (25%): the score to be assigned is I. #If already available at the time of collection. 'Include:
umbilical stump bleeding, cephalohematoma, cheek hematoma caused by sucking during breast/bottle feeding, conjunctiva! hemorrhage or excessive bleeding following
circumcision or venipuncture. Their presence in infancy requires detailed investigation independently from the overall score. MUse of hemostatic blood components and
rFVlla. Reproduced from Rodeghiero F. Tosetto A, Abshire T, Arnold DM, Coller B, James P, Neunert C, Lillicrap D; ISTH/SSC joint VWF and Perinatal/Pediatric Hemostasis
Subcommittees Working Group. lSTH/SSC bleeding assessment tool: a standardized questionnaire and a proposal for a new bleeding score for inherited bleeding disorders.}
Thromb Haemost. 20 I 0;8(9):2063-2065. © 20 I O International Society on Thrombosis and Haemostasis.13

of the full blood count and blood film to investigate any
platelet deficiencies or clumping. Blood group assessment
is also important, given group O individuals are known to
have a lower baseline VWF level. 15 Routine coagulation
tests, including prothrombin time (PT) and APTT are often
useful as a baseline screen.

Most importantly, a group of tests useful for evaluating
VWD should also be performed. At a bare minimum, the
VWD screening tests should include a factor VIII activity
assay, a VWF protein level assessment (VWF:Ag; "anti
gen"), and sufficient tests to properly investigate the activ
ity of VWF. Most laboratories utilise ELISA (enzyme-

Table 3 Laboratory Work Up of a Patient with Suspected VWD
Investigation

Purpose

FBC + blood film

Platelet deficiencies
Morphological changes

PT/APT T/fibrinogen

Screen of factor deficiencies

Blood group

To check for group 0

FVIII

Initial screen for VWD

VWF: Ag
VWF:RCo or VWF:GPlbR (or VWF:GPlbM)
VWF:CB
DD AVP Challenge

Extended testing for VWD: Type IC VWD, Type 2N VWD

VWF:FVIIIB

2A vs 28 vs PT-VWD

Platelet aggregometry - R IPA
Multimer assays
Genetic studies

Confirmatory testing: Type 2A, 28, 2M, 2N, PT-VWD, Type 3 VWD

I-hour and 4-hour desmopressin trial

Type IC VWD

Journal of Blood Medicine 2021: 12
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linked immunosorbent assay) or LIA (latex immunoassay)
based methods to test for VWF :Ag, both offering low
variability, high sensitivity, and full automation
capabilities. 6 ELISA assays may predominate in research
laboratories due to the common use of ELISA methodol
ogy for other research analysis. LIA assays tend to dom
inate in diagnostic laboratories. The newest addition of
CUA (chemiluminescent immunoassays)-based testing
methods is less readily available, although they offer the
best low-level sensitivity and lowest assay variation in
VWF :Ag testing. 6 Importantly, no VWF :Ag assay identi
fies any functional parameter for VWF.
The activity assays for VWF should incorporate both
an assessment of the ability of VWF to bind platelets and
collagen, and where indicated also to FVIII. Thus, a risto
cetin cofactor (VWF :RCo) or platelet GPib recombinant
surrogate to ristocetin cofactor assay (VWF :GPibR) is
required to assess for VWF platelet binding and a collagen
binding assay (VWF:CB) is required to assess for VWF
collagen binding; in our view, this pair of assays is
required for all VWD investigations. An alternate gain of
function "mutant" GPib assay (VWF :GPibM) is used in
some laboratories instead of VWF :RCo or VWF :GPibR. 6
In general, VWF:RCo, VWF :GPibR and VWF :GPibM all
represent platelet GPib binding assays, and in diagnostic
laboratories, they are usually performed as agglutination
assays, including LIA-based. 6 VWF :GPibR is also avail
able using CLIA. VWF :CB is usually performed by
ELISA or increasingly by CUA. Again, research labs
may also perform some VWF activity assays, including
VWF :GPibM, by ELISA.
In cases of suspected 2N VWD, an additional assay,
the factor VIII binding assay (VWF :FVIIIB) is also
recommended. These tests will allow identification of the
two quantitative deficiencies (Type 1 and Type 3 VWD),
as well as all the qualitative defects.
In brief, a low level of VWF :Ag with a similar level of
activity (VWF:RCo, VWF :GPibR, VWF :GPibM, VWF :
CB), suggests Type 1 VWD; a level of VWF :Ag and
activity of <5% likely indicates Type 3 VWD; a dispropor
tion of VWF activity and VWF:Ag, suggests a qualitative
(Type 2) VWD. If Type 1 VWD is suspected, a VWF
propeptide assay may be considered in those who do not
have a sustained response to DDAVP to confirm Type I C
subtype, indicative of reduced survival of VWF in
plasma. 16 A provisional exclusion or diagnosis of VWD
may require further testing for confirmation. This may
include repeat testing of the same panel of tests or
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extending the test panel. For example, while a discordant
low ratio of RCo/Ag and CB/Ag provides a likely indica
tion of Type 2A, 2B, or PT-VWD, separating out these
disorders, or diagnosis of difficult cases, requires an
extended test repertoire, such as utilisation of the ristocetin
induced platelet agglutination assay (RIPA), genetic test
ing or VWF multimer analysis. An appropriate testing
algorithm is shown in Figure 1. Genetic testing is some
times also useful in Type 3 VWD cases.
Though not as well recognised, it is important to con
sider Type I C VWD when subtyping VWD. Accurate
identification of Type IC VWD has significant therapeutic
implications, as management of bleeding or prophylaxis
against bleeding will likely require treating with VWF con
centrates rather than desmopressin, given the short half-life
of native VWF in these patients. Type IC VWD can be
identified by the abnormally high ratio of VWF pro-peptide
to VWF:Ag associated with this condition due to the
increased clearance of the mature VWF molecule compared
with the pro-peptide. 1 7' 1 8 Pro-peptide measurement is not
readily available in clinical practice, and in some cases, the
ratio can be normal despite rapid clearance of VWF. 1 9
Another method for detection of Type 1C VWF is via a
desmopressin trial with a 1- and 4-hour post-infusion VWF
level measurement, with Type IC VWD patients expected
to show a >30% decrease of VWF levels from peak levels
at 4 hours post desmopressin infusion. 1 6, 1 9
The current definition of VWD is not restricted to those
with VWF gene mutations.4 Underscoring this is the com
plexity, limited availability, high cost, and low clinical
utility of genetic testing generally associated with
VWD.5 A significant proportion of patients have no iden
tifiable VWF mutations on readily available genetic
methods.4 In particular, quantitative defects, such as seen
in Type I VWD, often bear unsuccessful genetic analyses,
despite undertaking evaluations of the entire VWF gene,
and therefore also proving very costly.4'5 A positive result
is more likely attainable for qualitative VWF defects or
Type 2 VWD, as often a more directed analysis of the
VWF gene can be performed, thereby making this more
cost-effective. 5 The diagnostic unce1iainty that generally
accompanies Type 2 VWD further increases the utility of
genetic testing in these scenarios. In general, it is recom
mended to only perform genetic testing in select investiga
tions, such as for confirmatory testing of Type 2A, 2B,
2M, 2N, PT-VWD given their diagnostic difficulty, and
selected cases of Type 3 VWD, for example, to assist with
pre-natal diagnoses (Table 3). 5
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VWF:Ag + VWF:CB + FVll l :C
+ VWF G Plb binding*

Low VWF:CB and/or
- VWF
G P l b binding*
--+

VWF:Ag <SU/d L
........... (VWF: CB & VWF GPlb
binding* & FVll l :C
�lOU/d L)

VWF:CB/Ag and VWF GPlb
binding*/Ag both ;?:0.6

1

l

Type 3 VWD

Type 1 VWD (VWF:Ag
<30U/dL)
or 'low VWF' (VWF:Ag
30-SOU/dL)

....

VWF:CB/Ag and/or VWF GPlb
b indi ng*/Ag <0.6
I

*

Type 2A, 28, 2M
� RIPA
or PT-VWD

J

2A or 2M VWD

1

r-

I Multimers �
I

l

r

Normal or
high dose
response

Disproportional
low FVll l :C

J

-

Distinguish :
hemophilia A
vs 2N VWD
Low dose
response

--+J 28 or PT-VWD

R I PA mixing and/or genetic
testing ( VWF & GPIB)

Loss H MW VWF - 2A
No 'significant' loss HMW VWF - 2M**

* VWF G P lb binding = VWF :RCo, VWF:G PlbR, or VWF:GPlbM

** usu ally VWF GPlb binding*/Ag <0.6 but VWF :CB/Ag ;?:0.6
Sometimes VWF:CB/Ag <0.6 and VWF GPlb binding*/Ag ;?:0.6
Sometimes VWF:CB/Ag and VWF GPlb binding*/Ag both <0.6
Figure I A simplified algorithm that describes the VWD diagnostic process using laboratory testing. This considers the differential utility of different VWF methods, as well
as VWF multimers, and potentially genetic testing.
Abbreviations: Ag, antigen; CB, collagen binding; FVIII, factor VIII!; GPlb, glycoprotein lb (the platelet VWF receptor); GPlbM, GPlb mutation-based assay; GPlbR,
recombinant G Plb-based assay; H MW. high molecular weight (VWF); RCo, ristocetin cofactor; RIPA, ristocetin induced platelet aggregation; VWF. von Willebrand factor;
VWD, von Willebrand disease.

Causes of M isd iagnosis
The complexity and breadth of tests required for the
proper diagnosis of VWD leads itself to being an entity
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that is commonly under-diagnosed, misdiagnosed, or over
diagnosed. 5·6· 1 5·20-22 Both clinical and laboratory-related
issues contribute to this. This is summarized in Table 4.
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Table 4 Summary of Diagnostic Errors Encountered in van Willebrand Disease and How to Avoid Them

Over
diagnosis

Examples

Overcoming Errors

Mild bleeding symptoms with no confirmatory laboratory
investigations
Inadequate clinical correlation of laboratory results

Correlation of laboratory and clinical data
Accurate clinical history taking

Extraneous influences to plasma VWF levels (group O blood group,
exercise, pregnancy)

Correlation of laboratory and clinical data
Accurate clinical history taking
Repeating VWD laboratory testing prior clinical decisions
are made

Incorrect laboratory reference ranges

Establishing laboratory-specific reference ranges that are
clinically relevant

Pre-analytical sample issues - overfilled collection tubes,
contamination with anticoagulants, high haematocrits, EDTA plasma/
serum samples, excessive heating of samples, delay in laboratory
processing, pneumatic tube systems
A lack of expertise in laboratory testing and interpretation

Minimising pre-analytical sample issues
Repeating VW D laboratory testing prior clinical decisions
are made

Utilising a laboratory with experience in VWD testing with
well-studied reference ranges
Improved education of laboratory scientists and medical
practitioners on VW D and its laboratory investigation

Under
diagnosis

Lack of awareness and familiarity with VWD clinical phenotype

Improved education of medical practitioners on VWD

Extraneous influences to plasma VWF levels (Non-group O blood
groups, exercise, pregnancy, African ancestry, older age)

T horough clinical evaluation of patients with bleeding
complaints

High biological variability ofVWF levels and activity (acute phase
reactant, adrenalin associated with physiological stressors, sex
hormone changes in pregnancy/oral contraception/menstruation,
nicotine/caffeine exposure, medications such as NSAIDs, previous/
current thromboembolic disease)
Pre-analytical sample issues - overfilled coagulation tubes with
inadequate mixing and partial clotting, excessive delays in sample
testing causing sample stasis, improper collection tubes

Blood collection is undertaken appropriately in a citrate
tube filled to the correct level
Samples processed and transported in a timely manner
without overheating
Repeating VWD laboratory testing prior clinical decisions
are made

Utilising inappropriate screening tests/test panels or a panel that is too
restricted

Utilising the best methodologies available and a broad gamut
of tests

Analytical issues secondary to acquired antibodies (eg rheumatoid

Recognizing affected patients

factor, paraproteins, human anti-mouse antibodies or HAMA)

Recognizing effect of specific acquired antibodies on specific
diagnostic assay
Improved education to assist laboratories to consider these
issues when performing diagnostic testing and reporting
results

A lack of expertise in laboratory testing and interpretation

Improved education of laboratory scientists and medical
practitioners on VW D and its laboratory investigation
(Continued)
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Table 4 (Continued).

Incorrect
diagnosis

Examples

Overcoming Errors

Lack of awareness and familiarity with VWD clinical phenotype and
what abnormal bleeding symptoms are

Improved education of medical practitioners on VWD and
what constitutes an abnormal bleeding phenotype

Misinterpretation of laboratory results

Complete clinical assessment of patients and correlation
with laboratory results

Use of inappropriate or restrictive test panels

Utilising the best methodologies available and a broad gamut
of tests

Pre-analytical errors including use of poorly mixed thawed plasma,
filtered plasma or serum

Blood collection is undertaken appropriately in a citrate
tube filled to the correct level
Samples processed and transported in a timely manner
without overheating
Repeating VWD laboratory testing prior clinical decisions
are made

Analytical issues secondary to acquired antibodies (eg rheumatoid
factor, paraproteins, human anti-mouse antibodies or HAMA)

Recognizing affected patients
Recognizing effect of specific acquired antibodies on specific
diagnostic assay
Improved education to assist laboratories to consider these
issues when performing diagnostic testing and reporting
results

A lack of expertise in laboratory testing and interpretation

Overdiagnosis of von Wi llebrand Disease

Overdiagnosis has been extensively described in the
medical literature, and commonly identifies "problems"
that were never destined to cause morbidity, or results
in over-medicalisation of normal physiology through
expanded definitions of disease. 23 Mild bleeding symp
toms may be a common feature of normal life and are
thus often identified by the general public, particularly
with regard to mucosal bleeding from dental proce
dures, epistaxis or menorrhagia. 7 Such symptoms may
lead to an overdiagnosis of VWD, particularly when
VWD has been described in as much as 1% of the
population, whereas only 0.05% actually present for
investigation. 6 In many of these patients, a true haemo
static challenge may never be obtained, and they may
be labelled as von Willebrand-like bleeding without
confirmatory laboratory investigations. Asking ques
tions to distinguish normal from abnormal bleeding,
together with the use of an appropriate bleeding assess
ment tool, is critical. This is particularly important in
patients who have a family history of VWD, but have a
normal bleeding phenotype, therefore not meeting diag
nostic criteria for VWD.

Journal of Blood Medicine 2021:12

Improved education of laboratory scientists and medical
practitioners on VWD and its laboratory investigation

Among those having laboratory investigations, there
are several factors that may lead to an overdiagnosis of
VWD, such as laboratory reference ranges, extraneous
influences on plasma VWF levels (such as the ABO sys
tem) and current high availability of laboratory testing. 6
Laboratories, which are not performing the full repertoire
of tests, sometimes incorrectly interpret results, especially
given recent changes in test methods used. 6 Patients with
an 0-type blood group have up to 25% less plasma VWF
than non-0 type, and are therefore more likely to be
falsely diagnosed as having VWD. 1 5
Pre-analytical factors may also contribute to overdiag
nosis, including inadequate patient hist01y. Accurate his
tory taking is considered one of the best screening tests for
the risk of bleeding. 13 Overfilled collection tubes, samples
contaminated with anticoagulants, samples with high hae
matocrit, EDTA plasma or serum samples can all result in
falsely low levels of VWF and/or its activity. Excessive
heating of collected samples (eg, due to poor sample
transport), delay in time taken to reach a laboratory, and
use of pneumatic tube systems causing platelet activation
and VWF adhesion may also affect VWF testing and are
recommended to be avoided.24
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Overdiagnosis of VWD can lead to increased patient
morbidity and health care system burden. Overdiagnosis
can result in unnecessary intervention for patients ,vho
require urgent or elective surgery by restricting the loca
tions of appropriate interventions (such as dedicated bleed
ing centre facilities). Overdiagnosis can lead to
unnecessary medical anxiety and extended familial testing,
in addition to potentially exposing patients to an increased
thrombotic risk with therapies.

Underdiagnosis of von Wil lebrand
Disease

Underdiagnosis of VWD can also occur, and, for example,
result from under-recognition of the VWD clinical pheno
type and/or a lack of awareness of VWD, both resulting in
appropriate VWD diagnostic investigations not being per
formed. A mild bleeding phenotype, such as with Type 1
VWD in a male, may not be clinically apparent, especially
if there have been limited haemostatic challenges, such as
surgery, dental work, or trauma. Females presenting with
excessive uterine bleeding are often not tested for VWD,
as menorrhagia may not be recognised as a "bleeding
disorder" symptom.
High biological variability of VWF levels and activity
also contributes to diagnostic uncertainty of VWD (espe
cially in Type 1 and Type 2). VWF levels can increase
transiently as an acute-phase reactant in inflammatory con
ditions, with increased adrenalin associated with exercise or
other physiological stressors, recent caffeine exposure, and
with changes in sex hormones as seen with pregnancy, the
oral contraceptive pill, and menstruation.25 '26 VWF levels
hit a nadir on days 1 to 4 of the menstrual cycle, and testing
at this phase of menses, when VWF levels are at their
lowest and least likely to be elevated due to hormonal
effects, is recommended to avoid underdiagnosis of
VWD.27 Furthermore, there is an increase in VWF levels
with increasing age, with African ancest1y, and non-group
0 blood groups.22'28 These factors, if unappreciated, can
result in underdiagnosis of VWD, especially if laboratory
testing is not repeated or appropriately timed, and correlated
with clinical bleeding history.
Pre-analytical issues related to test sample integrity are
also an impmtant factor leading to missed diagnoses of
VWD. Using an overfilled coagulation tube may lead to
inadequate mixing with partial clotting that can falsely
elevate FVIII levels.22 Excessive delays in testing with
sample stasis can result in potential shortening of routine
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APTT and factor activation that may result in false high
levels.22 Ensuring blood collection is undertaken appro
priately in a citrate tube filled to the correct level, with
samples being processed and transported in a timely man
ner will assist with avoiding issues related to sample
integrity.
Laboratmy-related analytical issues can also result in
an underdiagnosis of VWD. Using inappropriate screening
tests or an inappropriate test panel or a test panel that is
too restricted is a commonly recognised issue. 6'22 For
example, performing only a VWF:Ag test as the initial
screening test, has the potential of missing Type 2 VWD,
as many Type 2 VWD have VWF:Ag within the normal
range.22 Performing only the VWF :Ag and the highly
variable classical VWF:RCo as screening tests with exclu
sion of VWF:CB, as is commonly practiced worldwide,
can also result in missed VWD diagnosis, especially Type
2 VWD. 29 A study of North American specialised coagu
lation laboratories found that only one third of laboratories
correctly identified Type 2 VWD when using either VWF:
Ag and VWF :RCo tests. 30 The presence of various
acquired antibodies, such as rheumatoid factor, parapro
teins, and human anti-mouse antibodies or HAMA, can
result in a false normal laboratory test result with some
assay methods, especially in immune assays such as latex
based immunoturbidimetric assays (LIA) which are com
monly utilised in the investigation of VWD. 22 Another
issue is not utilising the best methodologies available.
Utilising VWF:Ag assays that lack a high degree of sensi
tivity to VWF can result in the underdiagnosis of Type 3
VWD, since falsely high VWF levels may be reported.
The newer chemiluminescence latex immunoassay tech
nology (CLIA) for ristocetin cofactor activity measure
ment using non-platelet recombinant GPib receptor
(VWF :GPibR) has been shown to have superior sensitivity
and reduced variability to other methods, and is recom
mended in preference to traditional VWF:RCo testing
methods in current bleeding disorder guidelines. 3 1 -33 As
another example, testing only for FVIII, and not testing for
VWF parameters, may miss patients with Type 3 and Type
2N VWD, and falsely identify haemophilia A.
Underdiagnosis of VWD can lead to increased patient
morbidity and mortality. Underdiagnosis may result in an
increased uncorrected bleeding risk in patients when sub
jected to haemostatic challenges, such as surgery. Under
recognised VWD can cause ongoing preventable morbid
ity in patients, such as those with excessive uterine bleed
ing. Underdiagnosis of VWD can also result in missed
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identification of similarly affected family members given
the variable expressivity and penetrance of genes encoding
VWF, as well as lost opportunities for pre-pregnancy
counselling of patients.7 Under-recognition of VWD also
precipitates misdiagnosis or incorrect diagnoses of other
bleeding disorders, which may result in patients receiving
incorrect treatment.

Incorrect Diagnosis of von
Willebrand Disease

Pre-analytical and analytical issues that potentiate under
diagnosis of VWD can also result in misdiagnosis of
bleeding disorders. Lack of familiarity with the different
VWD types, misinterpretation of laboratory results, or use
of inappropriate or restrictive test panels, can lead to
qualitative types of VWD (Type 2 VWD) being misdiag
nosed as Type I VWD.6 A common issue is pre-analytical
errors, such as poorly mixed thawed plasma, filtered
plasma or serum, leading to identification of a false
VWD phenotype. This is especially a problem that results
in misdiagnosis of Type I VWD as Type 2 VWD. 6
Analytical issues stemming from acquired antibodies,
which can result in a false normal VWF:Ag on LIA test,
in combination with a low activity assay, can also lead to a
false Type 2 VWD diagnosis in a Type I VWD.
VWD may also be misdiagnosed as an entirely differ
ent bleeding disorder. Whilst haemophilia is well ingrained
in the clinician's mind, VWD, despite its higher preva
lence, remains an esoteric entity to many, resulting in
missed ordering of specific VWD tests. This can result in
certain types of VWD being incorrectly diagnosed as
haemophilia A. If VWD testing is completely disregarded,
a patient with severe Type 3 VWD may be inadvertently
diagnosed with haemophilia A, due to associated low
FVIII activity found in both conditions. This potential
pitfall should especially be considered when there is no
family history of severe haemophilia A. Even if a select
panel of screening VWD tests are performed, not perform
ing an FVIII binding assay when a low F VIII activity is
detected can result in the misdiagnosis of Type 2N VWD
as haemophilia A. The correct diagnosis of Type 2N VWD
can only be achieved by performing a VWF:FVIII binding
assay or by genetic testing. Misdiagnosis of VWD as
haemophilia A has significant negative clinical implica
tions, as treating severe VWD patients with recombinant
FVIII products devoid of any VWF will not alleviate their
bleeding diathesis. Such a misdiagnosis can also result in
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significant issues when it comes to genetic and pre-preg
nancy counselling, given the autosomal inheritance of
VWD and X-linked inheritance of haemophilia A.
VWD may also be misdiagnosed as immune thrombo
cytopenic purpura (ITP) or an inherited platelet disorder,
particularly in cases of Type 2B VWD associated with
thrombocytopenia. It is important to consider VWD in
any patient that presents with a thrombocytopenia, or
with abnormal platelet function, especially if there is a
family history or prolonged personal history of a bleeding
phenotype. Accmate diagnosis is important to avoid unne
cessary and potentially harmful treatments, such as immu
nosuppression, splenectomy and platelet transfusions.
Alternatively, Type 2B VWD and PT-VWD may be mis
diagnosed for the other. Here, RIPA testing with mixing
studies will point to the correct type; and, genetic testing
of VWF and GPib may be required (Table 3).

Acquired von Willebrand Syndrome
Acquired von Willebrand syndrome (AVWS) is a rare,
potentially underdiagnosed bleeding disorder that may
also be misdiagnosed as congenital VWD (Table 5). 4 '
Diagnosis of AVWS is challenged by the same problems
already mentioned for congenital VWD. In addition, diag
nosis of AVWS is further hampered by the lack of a single
diagnostic test that can rule in or rule out this disorder. 4
The main distinguishing features from inherited VWD are
lack of family history, late onset bleeding phenotype, and
presence of a suspicious underlying condition. 4 In diffi
cult cases, testing family members, genetic analysis, and
specialised assays such VWF pro-peptide levels and VWF
mixing studies may be helpful. Differentiating the two
conditions, one acquired and the other congenital, is
important, as the disease course, management principles,
and prognosis may differ. 4
It is noted that several primary conditions can lead to
AVWS, and there are several potential mechanisms
involved in AVWS (Table 5). First, AVWS can be due to
decreased protein production, such as in hypothyroidism,
leading to a Type I deficiency of VWF. Second, VWF can
be absorbed onto aberrant cells, such as in blood cancers,
leading to clearance of plasma VWF. This may lead to
either a Type I or 2 AVWS, depending on whether or not
high molecular weight (HMW) is preferentially absorbed.
Third, structural blood vessel deformities or the presence
of artificial surfaces can lead to loss of VWF, typically
HMW forms, again leading to a Type 2 AVWS.
Absorption of VWF can also occur during extracorporeal
3

35

3

3

3
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Table 5 Pathogenesis of Acquired von W illebrand Disease3 4• 3 5
Examples

Mechanism
Reduced protein production, leading to reduced production of VWF

Hypothyroidism

Adsorption to surface of transformed cells or platelets

Myeloproliferative neoplasms
Multiple myeloma
Lymphoma

Mechanical destruction of VWF under high shear stress and increased proteolysis

Aortic stenosis
Paravalvular leak
Hypertrophic obstructive cardiomyopathy
Congenital heart disease
Left ventricular assist device use
Extracorporeal membrane oxygenation devices

Autoantibody-mediated clearance or functional interference

Myeloma
Lymphoma
Autoimmune conditions - eg systemic lupus erythematosus

membrane oxygenation. Fourth, antibodies against VWF
may be formed in autoimmune disease and certain blood
disorders, and thus also leading to clearance of VWF, or
interference to its function.
In addition to potentially being underdiagnosed or mis
diagnosed as congenital VWD, AVWS can also be over
diagnosed in certain conditions. For example, during
extracorporeal membrane oxygenation, additional con
founders may be present leading to an increased bleeding
phenotype, such as anticoagulation, to provide blood com
patibility with foreign surfaces.

Recom mendations

In order to avoid the underdiagnosis, overdiagnosis and
misdiagnosis of VWD, it is important to consider three
central questions.

Who Should Have VWD Testing?

It is important to have VWD readily present in the reper
toire of differential diagnoses one considers in order to
avoid underdiagnosing and misdiagnosing this common
inherited disorder. It is, however, equally important not
to cast a mindless wide net of VWD testing without first
considering the pre-test probability of the diagnosis.
Testing in situations of low pre-test probability, especially
if paired with an inadequate test panel and pre-analytical
sample issues, sets the stage for inaccurate diagnoses
including overdiagnosis and misdiagnosis that can lead to
significant patient morbidity. VWD testing should be
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considered in patients with a significant rather than trivial
bleeding history, a family history of significant bleeding or
VWD, or in patients with laboratory abnormalities, such as
a mild unexplained thrombocytopenia, a mild prolonged
APTT or an apparent factor VIII deficiency.

How Should VWD Testing Be Performed ?

The importance of a comprehensive test panel that utilises
the best methodologies cannot be overstated. Having a
basic understanding of the type of tests and methodologies
utilised by local laboratories will help understand the
potential pitfalls and rigor of the diagnostic process. A
suitable diagnostic algorithm is provided (Figure 1).

How to Ensure VWD Test Results are
Correctly I nterpreted ?

It is important to always repeat VWD studies on a fresh
sample for confirmation of initial test results. VWD testing
should always be supplemented by a full blood count,
coagulation studies, and blood group analysis (Table 3).
The results should be interpreted in context with any
anticoagulant use, hormone therapy, pregnancy and poten
tial physiological stressors, or testing timed to minimise
the impact of these factors. Utilising the results of a
desmopressin trial can also be helpful in providing sup
porting evidence of the diagnostic possibilities. 6
Correlation between clinical phenotype and bleeding his
tory is essential for an accurate diagnosis. Finally, family
studies can be a valuable adjunct, especially when trying
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to disentangle differential diagnoses such as acquired
bleeding disorders and X-linked hemophilias.

Conclusions
VWD is a complex, heterogenous condition, which lends
itself to significant diagnostic dilemmas and inaccuracies,
and in turn leads to significant avoidable patient harm
including inappropriate testing, overdiagnosis, underdiag
nosis and inadequate treatment. Utilising a structured
approach, the careful consideration of differential diag
noses, the integration of accurate clinical and laboratory
features, as well as ensuring tests are repeated to minimise
pre-analytical errors, are all important aspects in ensuring
the accuracy of the diagnosis of VWD.
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