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Preface to Special Issue: diagnosis and management of von
Willebrand disease —diverse approaches to a global and common
bleeding disorder

It is a pleasure to present the readership of Annals of Blood (AOB) with this special issue compilation on von Willebrand disease
(VWD,). It was with some substantial personal gratification for me to put this issue together, in part to reprise a similar issue
that I prepared for the journal Semzinars in Thrombosis and Hemostasis nearly a decade ago (1). The most intriguing question, of
course, is whether or not great strides have been made in the field since that time!

VWD is typically identified as being the most common inherited bleeding disorder, although some forms of VWD can
alternatively be considered as rare (2). The exact prevalence of VWD is often debated. In epidemiological studies, VWD
has been reported to affect up to 1% of the general population. However, using data related to symptomatic patients, as
presenting to clinicians for diagnosis and treatment, or according to bleeding registry data, the prevalence may alternatively
be identified as being as low as 0.01% (1 in 10,000) of the general population (1). Moreover, there is great debate also on the
(relative) incidence of different forms of VWD (1,2).

VWD is caused by deficiencies and/or defects in von Willebrand factor (VWF), a large and complex multimeric plasma
protein, which otherwise would facilitate both primary and secondary hemostasis, by binding to platelets, factor VIII (FVIII),
and subendothelial matrix components such as collagen (1-5). Congenital VWD would primarily arise from mutations in
VWE Acquired forms of VWD are also recognized, called acquired von Willebrand syndrome (AVWS), and may perhaps
reflect up to 25% of patients presenting to clinicians with a ‘VWD-like’ disorder.

Diagnosis of VWD or AVWS requires evidence of personal history (which may be life-long for VWD, or ‘recent’ for
AVWS), and for congenital VWD perhaps also family history, of (mainly) mucocutaneous bleeding, confirmed by laboratory
test results that can identify quantitative deficiency and/or qualitative defects in VWF (1-8). Current classification of patients
with VWD is into one of 6 types, and based on whether VWF quantitative deficiencies (VWD types 1 and 3), or qualitative
defects [type 2 (A, B, M or N) VWD] are present (3).

Type 1 VWD is typically considered the most common form of VWD, particularly in developed countries (1). Type
3 VWD is considered the rarest form of VWD (2). However, this situation can be reversed in developing countries. In part,
this is since there is a higher rate of consanguineous relationships in developing countries, leading to a higher occurrence of
genetic homozygosity, and thus an increasing risk of rare bleeding disorders such as type 3 VWD (2). Moreover, type 1 VWD
may be under-diagnosed in developing countries, because bleeding symptoms are less severe, and patients may not present to
clinicians, given the costs of investigation and treatment, the difficulties in finding local experts to provide definitive diagnosis
and treatment, as well as the economic burden of not undertaking any paid employment during this time. In contrast, type
1 VWD is no doubt over-diagnosed in developed countries, since inappropriate diagnosis is sometimes made on insufficient
findings (9).

Type 2 VWD actually comprises a disparate group of qualitative VWF disorders, and in general represents a group
of patients that is under-diagnosed or else misdiagnosed as having a different disorder. This is largely due to the general
difficulties in VWD diagnosis, and that some forms of type 2 VWD may look like other forms of VWD, or indeed other
clinical conditions entirely, depending on what investigations are performed.

For example, type 2B VWD may be incorrectly diagnosed as I'TP (immune thrombocytopenia), because I'TP is more
common, and because mild thrombocytopenia is often present in 2B VWD, and because VWF levels in type 2B VWD are
quantitatively often within the normal reference range. Moreover, definitive diagnosis or exclusion of type 2B VWD requires
specific performance of a test called RIPA (ristocetin induced platelet aggregation) (10), and this test is not commonly
available, and furthermore requires the use of fresh patient blood and specialized equipment, and so can only be performed at
expert sites close to the patient location (i.e., testing cannot be remotely performed).

Similarly, type 2N VWD is commonly misdiagnosed as hemophilia A, because both conditions present with a similar
laboratory test phenotype (low FVIII, potentially normal level of VWF protein) when using standard tests, and since
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Figure 1 Geographic locality of authorship groups contributing to this special issue of AOB. Authors are representative of developed or

developing countries, and derive from ‘the four corners of the World’. AOB, Annals of Blood.

hemophilia A is a more common disorder. Moreover, definitive diagnosis or exclusion of type 2N VWD requires specific
performance of a test called the VWE:FVIII binding assay (VWE:FVIIIB) (11) (which like RIPA is not generally widely
available), or else requires genetic testing of the VIWF (vs. F8) gene, which is not commonly applied in VWD diagnostics.

It is also my belief that 2M VWD is generally under-diagnosed or else may be misdiagnosed as type 2A or type 1 VWD
(3,12). This is because the differential diagnosis of 2A vs. 2M VWD would require the performance of VWF multimer
assessment (13) or some differential pattern of test results using VWEF activity assays (12,14). Unfortunately, VWF multimer
assessment is rarely performed in VWD investigations, being time-consuming, specialized, complex and costly; alternatively,
if performed, it may be poorly performed and subject to higher error rates than standard VWF assays (15,16). In terms of
assessment of differential patterns of test results using VWF activity assays, most laboratories do not perform sufficient
discriminatory VWF activity assays, or may not be able to properly interpret the resulting test patterns (12).

"This special issue of AOB aims to highlight some of the difficulties in diagnosis of VWD, and also explore some differences
in ways that laboratories approach the diagnosis, as well as differences in treatment of VWD based on geographical location.
Thus, VWD is actually the same disease in every country world-wide, but VWD is not diagnosed the same way or as
effectively all across the world, and may also be subject to different types of treatment, based on where the patient lives.

This issue of AOB is not meant to be comprehensive. Indeed, VWD is potentially diagnosed and treated in every country
of the world, and within each country there may be scores or even hundreds of VWD diagnosis and treatment centers.
Instead, this issue of AOB is meant to provide a snapshot of VWD diagnosis and management in the year 2018, across ‘the
four corners’ of the world. Invited contributions were received from the countries identified in Figure I, and as representing
both developed and developing countries. Recognized workers in the field were simply asked to prepare a paper on the
diagnosis and treatment of VWD in their country/locality. Only two items were mandated for these contributions, these
being information or statistics on VWD type/subtype distribution and an algorithm that described the diagnostic (and
optional — management) process in their country/locality. Authors were otherwise free to decide the remaining content of
their contributions, and it is always of interest to see the different ways that different authors approach such a task. This issue

© Annals of Blood. All rights reserved. aob.amegroups.com Ann Blood 2018;3:43



Annals of Blood, 2018 Page 3 of 8

A Main VWD types
100+

Type 2 VWD - overall breakdown

os)

100+
90+
80+
70+
60
50
10+

VWD population

m Uncharacterised
/uncertain/
not reported

K]

2
B

304
EZ1 2U/‘other’
W 2N
W 2m
2B
M 2A

204

Percentage of studied or reported
VWD population
Percentage of studied or reported

10

o-

A O NI PN
ST T B J C F
& Y

Locality Locality

C Type 2 VWD - breakdown with type 2

[Z12U/‘other’

Percentage of studied or reported
type 2 VWD population

é@@\)%:é&o 0{-{\,2}% ,b\z ,Z;iﬁb ;\\({b .
® SRSy
Locality

Figure 2 Proportions of VWD types as reported by authors of this special issue of AOB and representative of different geographical
localities. (A) Breakdown according to main VWD types (1, 2 and 3). Some cases of VWD remain uncharacterized, uncertain, or have
not been reported, according to some of the reports; (B) breakdown of type 2 VWD into ‘subtypes’ of 2A, 2B, 2M or 2N. Data shown as
proportion of overall VWD cases reported in each study. Some patients have been characterized as type 2 (qualitative defect in VWEF), but
the subtype has not been finalized (‘uncharacterized’; 2U’) or is considered to reflect a case that is not easily characterized into 2A, 2B,
2M or 2N (i.e., ‘other’). In some laboratories, such as ours, if a patient does not easily fit 2A, 2B or 2N, and has a defined qualitative VWF
defect, we would likely characterize these patients as 2M; (C) same data as per B, but proportions shown as percentage of type 2 VWD cases.
VWD, von Willebrand disease; VWE, von Willebrand factor.

of AOB has not been officially ‘closed’, and contributions are still invited if they add significantly to the discussion.

My own contribution to this issue of AOB, written with some clinical colleagues, is provided as an example of the diagnosis
and treatment of VWD in Australia, representing a developed country in the South Pacific region (6). Like most developed
countries, type 1 VWD is recognized as being the most common form of VWD in Australia (>60% of all VWD cases), and
type 3 VWD alternatively identified as the rarest form of VWD (<5% of all VWD cases) (Figure 2). Within type 2 VWD,
types 2B and 2N are the rarest forms identified in Australia, and types 2A and 2M are the most common. Nevertheless, type
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2 VWD in total represents <30% of all cases of VWD identified in Australia. We believe that Australians have access to the
best diagnostic laboratory tools, and we are fortunate to be in this position. Treatment of VWD in Australia comprises many
options, but primarily desmopressin (1-deamino-8-d-arginine vasopressin, DDAVP) for short term therapy in type 1 and
some type 2 VWD, with plasma derived VWF concentrates (typically also containing factor VIII; FVIII) employed for long
term therapy in all forms of VWD, or for short term therapy in cases of VWD where DDAVP is ineffective or considered
contraindicated. Although recombinant VWEF concentrate is available as a treatment in some geographies (17), it is not yet
available in Australia. Where recombinant VWF concentrate is unavailable, the therapeutic material employed is typically
plasma derived (18). In Australia, we also use the DDAVP response pattern to help characterize the VWD type in patients
with unclear type based on standard testing (6,19).

There are several additional contributions from other developed countries. For example, the contribution from Flood and
colleagues provides one perspective from the United States of America (USA) (20). In terms of broad VWD type frequencies,
their data (centered on the Milwaukee area of the USA), provides a similar breakdown to that of Australia in terms of the
main VWD types (Figure 2), with type 1 VWD most highly represented. Further specific breakdown of type 2 VWD was
not provided by these workers, but previous data from this group and the USA suggests type 2A as being the most common
‘subtype’, with 2M being less common, and again types 2B and 2N VWD being least common (21) (Figure 2). Although also
a developed country, the laboratory testing process is somewhat different in the USA compared to Australia, being sometimes
driven by what tests the FDA (Food and Drug Administration) has ‘approved’ (or ‘cleared’). In the USA, many fewer VWF
tests are regulatory approved than in Europe or even Australia, leading to potentially compromising VWD diagnosis, unless
laboratories are willing to take on the additional ‘risks’ of using ‘research only tests’ in diagnostics (22,23). From a treatment
perspective, VWD management would be broadly similar to that in Australia, except that recombinant VWF concentrate is
now available for treatment of VWD in the USA (17).

Several other reports from developed countries are presented in this issue of AOB, and generally they present similar
findings. One report that represents the ‘Nordic perspective’ is of interest as it represents a consortium of individually small
European countries (24). Here, VWD management/treatment is similar to that in Australia, albeit using different commercial
forms of VWE/FVIII concentrates (18,24). Diagnostic practice would also be similar to that in Australia and the USA,
although differences in the reported proportions of VWD types (24) (Figure 2) would suggest it is not entirely identical. In
particular, for example, type 2M VWD appears to be under-diagnosed, potentially instead being identified as type 2A VWD,
as otherwise previously reported in comparative studies (12,13). Sometimes, however, it is not misdiagnosis per se, but just
a preference to classify a patient differently. For example, the contribution from Spain (25) even discusses the concept of
2A/2M, representing patients with particular 'JW/F mutations that sometimes leads to a diagnosis of type 2A and other times
as 2M. Sometimes, the differential diagnosis between 2A and 2M hinges on the concept of ‘significant reduction’ in high
molecular weight (HMW) VWF multimers — this being generally clear in type 2A VWD. However, sometimes researchers
may apply this concept also to some cases of 2M in which others would only assign as ‘minor loss of HMW VWF multimers’,
or where there may be other evidence VWF multimer changes but no loss of HMW VWE. Overall, the report from Spain
provides the most up to date assessment around genetics in VWD in this issue of AOB, given their exploration of next
generation sequencing (25). It is important to note also that the frequencies shown in Figure 2 for VWD do not always reflect
a national database, but sometimes only represent local experience. For example, in the report from Spain (25), the authors
have focused their data on the results of a local genetics-focused study, and so this would reflect selection bias associated
to VWD patients with more severe disease (e.g., type 3 VWD) or with qualitative defects (i.e., type 2 VWD). Thus, the
frequency of type 1 VWD would be under-represented in their report (25), and not because type 1 VWD is less frequent in
Spain. In addition, these authors provide data on composite VWD disorders as well as ‘carriers’ of VWD (e.g., heterozygous
type 3 and 2N, who may or may not be clinically symptomatic).

Additional perspectives from developed countries and information of VWD type distributions is provided from the United
Kingdom (UK) (26), Italy (27), and Slovakia (28) (Figure 2). Some interesting similarities and differences can be highlighted
in these reports. For example, there is a greater variety of commercial VWF concentrate products available in some locations,
such as the UK (26). Again, the differences in reported VWD type frequencies can be highlighted (Figure 2). The contention
in regards to the perennial question of type 2A vs. 2M also continues upon review of the differential data presented from these
locations. Like the report from Spain (25), the report from Italy (27) also presents much genetic data, including a report of the

© Annals of Blood. All rights reserved. aob.amegroups.com Ann Blood 2018;3:43



Annals of Blood, 2018 Page 5 of 8

most frequent genetic mutations presenting in Italy. The report from the UK (26) has an interesting and in-depth discussion
of inhibitors. The report from Slovakia (28) also has several interesting insights, and reflects an unusually high proportion of
type 3 VWD cases compared to other developed countries. I was fortunate to recently visit the Slovakian laboratory, and was
impressed by the level of hemostasis related activity undertaken in the small township of Martin.

Additional insights into VWD diagnosis and management, from the perspective of developing or economically challenged
countries are also available in this special issue of AOB, as represented by reports from Argentina (29), South Africa (30) and
Iran (31). In developing countries, financial considerations can severely limit clinical investigation and laboratory testing,
and also potentially compromise treatment/management of patients. Each of these contributions therefore gives unique
insights into the difficulties faced is such localities in order to effect an accurate diagnosis of VWD, and thus facilitate the
best treatments/management. Additional strategies may therefore be employed to improve local practice. For example, in
Argentina (29), the DDAVP challenge test, like Australia (6,7,19) is used not only to assess clinical efficacy of treatment, but
also as a VWD diagnostic tool for difficult cases. Genetics testing is also increasingly being employed in Argentina. I have
been fortunate to also visit the Argentinean laboratory, and was saddened to hear that Dr. Lazzari has recently passed away.

In South Africa (30), the sustainability of the diagnostic service is enabled by judicious use of laboratory testing and mostly
by performing in-house developed assays. One big challenge in South Africa is the (poor) quality of the samples received,
and which jeopardizes effective diagnosis of VWD (30). That samples often need to be transported over large distances to
a central laboratory can lead to a variety of pre-analytical issues and thus causes false diagnosis of (especially type 2) VWD
(30,32). Transport costs, and additional costs involved in patient attendance to clinics, also helps explain the predominance of
type 2 VWD samples identified in this report (30) (Figure 2).

Finally, the report from Iran (31) also identifies a relatively low proportion of type 1 VWD for reasons that have already
been mentioned (Figure 2). In Iran, however, what is perhaps most striking is the comparatively very high proportion of type
3 VWD cases, as assessed against other localities. As mentioned earlier, this is likely to be due to a combination of factors,
including that consanguinity is more common in Iran than many other countries, and also since type 3 VWD represents the
most severe form of VWD, and thus those patients most likely to be investigated in a financially constrained environment.

Also provided within each of the issue contributions is an algorithm representing the diagnostic strategy used by each
authorship group or geographical region. Again, this reflects somewhat on the variable approaches taken in different
geographies, perhaps reflecting the dominant technologies (or else reflective of the lack of commercial tests) as available or
regulatory approved, as well as the respective biases of the groups involved in diagnosis. As a reiterated example, my own
group has continuously touted the value of the VWF collagen binding assay (6,7,33,34), not only to firm up a diagnosis or
otherwise of type 2 VWD, but to also help better subtype VWD patients into (for example) the 2A vs. 2M VWD ‘camp’.
Some other workers in this field also utilize this assay in their diagnostic workup, as identified in this special issue of the
journal. In contrast, in the USA, given lack of any FDA-cleared VWEF:CB assay (22,23), this method would be much more
selectively utilized.

It is hoped that this special issue compilation on VWD is found to be of interest to the readership of AOB. It is also hoped
that we can learn from one another, and adopt the best of the best in terms of methods and strategies for VWD diagnosis,
as well as improve the treatment of VWD—a globally widely distributed and common bleeding disorder, but with diverse
approaches to its diagnosis and management.
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