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Introduction

von Willebrand disease (VWD) represents the most common inherited bleeding
disorder. The majority of VWD cases are characterized by partial quantitative reduc
tions in plasma von Willebrand factor (VWF) levels. Management of patients with mild
to moderate VWF reductions in the range of 30 to 50 IU/dL poses a common clinical
challenge. Some of these low VWF patients present with significant bleeding problems.
In particular, heavy menstrual bleeding and postpartum hemorrhage can cause
significant morbidity. Conversely, however, many individuals with mild plasma VWF:
Ag reductions do not have any bleeding sequelae. In contrast to type 1 VWD, most
patients with low VWF do not have detectable pathogenic VWF sequence variants, and
bleeding phenotype correlates poorly with residual VWF levels. These observations
suggest that low VWF is a complex disorder caused by variants in other genes beyond
VWF. With respect to low VWF pathobiology, recent studies have shown that reduced
VWE biosynthesis within endothelial cells likely plays a key role. However, pathological
enhanced VWF clearance from plasma has also been described in approximately 20% of
low VWF cases. For low VWF patients who require hemostatic treatment prior to
elective procedures, tranexamic acid and desmopressin have both been shown to be
efficacious. In this article, we review the current state of the art regarding low VWF. In
addition, we consider how low VWF represents an entity that appears to fall between
type 1 VWD on the one hand and bleeding disorders of unknown cause on the other.

qualitative VWF defect.3-® Type 1 VWD accounts for 75% of

von Willebrand disease (VWD) is caused by quantitative or
qualitative reductions in plasma von Willebrand factor
(VWF) and represents the most common inherited bleeding
disorder." Approximately 1 in 1,000 individuals have bleed-
ing symptoms associated with reduced VWF levels.2 VWD is
classified according to whether there is a quantitative and/or
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cases and is characterized by partial quantitative deficiency
of plasma VWF. This quantitative defect means that plasma
VWEF antigen (VWF:Ag) and VWF activity assays are similarly
reduced in type 1 VWD patients.®’ Type 2 VWD constitutes
approximately 25% cases and includes a variety of different
VWF functional defects.® According to the nature of the
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qualitative VWF impairment, type 2 VWD is further sub-
classified into types 2A, 2B, 2M, or 2N, respectively. Finally,
type 3 VWD is a rare autosomal recessive bleeding disorder
that affects approximately 1 per million of the population.’®
Type 3 VWD is characterized by near-complete absence of
plasma VWF (plasma VWF:Ag levels < 3 IU/dL), and is more
prevalent in areas with higher consanguinity.1

With respect to bleeding phenotype, patients with VWD
commonly experience mucocutaneous bleeding including
epistaxis, oral bleeding, prolonged bleeding from minor
wounds, and easy bruising.”®° Accumulating evidence has
highlighted that heavy menstrual bleeding (HMB) is also
common in women with VWD.'%"" This HMB can significantly
impair quality of life and has important socioeconomic con-
sequences.'? Patients with VWD also experience significant
bleeding following trauma, surgery, dental extraction, or
during the postpartum period.' Spontaneous gastrointestinal
bleeding from angiodysplasia occurs in some VWD patients
and appears to occur more frequently in type 2A VWD. ' Since
plasma FVIII levels are also reduced in type 3 VWD,'* these
patients also have the potential to develop spontaneous joint
bleeding with subsequent arthropathy.'”

Low VWF and Type 1 VWD

Plasma VWF:Ag levels vary over a wide range (50-200 IU/dL)
in the general population."> Among the most important
determinants of this interindividual variability is ABO(H)
blood group.'® Previous studies have consistently reported

Table 1 Low VWF is distinct from Type 1 VWD
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that plasma VWF:Ag levels are 20 to 30% lower in blood
group O compared to non-O (A, B, or AB) individuals.'®'” The
reduced VWF levels in group O individuals likely result from
enhanced VWF clearance.'® Importantly, bleeding symptoms
are also common in the general population.19 This leads to
significant clinical challenges with respect to the diagnosis
and management of patients presenting with mild mucocu-
taneous bleeding and mild reductions in plasma VWF
levels.®2" To address this issue, previous expert consensus
guidelines recommended that patients with mild to moder-
ate quantitative VWD be subclassified into two distinct
groups.z"5 These guidelines proposed that patients with
plasma VWF levels <301U/dL should be given a diagnosis
of type 1 VWD. In contrast, the guidelines recommended that
patients with a bleeding phenotype and mild to moderate
reductions in plasma VWF in the range of 30 to 501U/dL
be registered with a diagnosis of low VWE.>> The rationale
behind this classification stemmed from reported differ-
ences between patients with plasma VWF levels less than
301U/dL and those with VWF levels in the range of 30 to
501U/dL (~Table 1).20"22 For example, in patients with
plasma VWF levels less than 30 IU/dL, VWF coding mutations
are commonly identified.>~?> Furthermore, families with
type 1 VWD typically demonstrate autosomal dominant
inheritance, albeit with variable penetrance.! In addition,
mucocutaneous bleeding is common in patients with plasma
VWEF levels less than 30 IU/dL, and severity correlates inversel
with endogenous plasma VWF:Ag levels.! Conversely, for low
VWEF patients with mild to moderate reductions in plasma

Low VWF

Type 1 VWD

Plasma VWF:Ag levels 30-501U/dL

< 301U/dL

VWF sequence variants ~ 40% of patients

Present in > 80% of cases

Rare non-synonymous
VWEF variants

48% of patients

74% of patients

Inheritance pattern Unknown

Autosomal dominant with incomplete penetrance

Bleeding symptoms Variable bleeding

HMB and PPH prominent

Mucocutaneous bleeding including HMB and PPH

Bleeding and VWF levels Independent of plasma

VWF levels

Correlates inversely with residual plasma VWF levels

VWF biosynthesis in EC
of VWF sequence variants

Reduced in>50% cases. Independent

Reduced biosynthesis common. Associated with
specific VWF sequence variants

Subtle increased clearance
in ~ 20% of patients

VWF half-life ~ 6 h
Independent of VWF variants

Pathological enhanced
VWEF clearance

Markedly enhanced clearance in >40% cases
VWF half-life ~ 2-4 h
Specific VWF sequence variants

Age-induced increase
in VWF levels

Age-dependent increase in
plasma VWF:Ag levels.
Commonly rises > 50 IU/dL.
Bleeding risk may remain

Plasma VWF:Ag levels may increase in some patients.
Depends on underlying VWF sequence variants

Pregnancy-induced
increase in VWF levels

Plasma VWF:Ag levels increase
with pregnancy.

Commonly rises > 50 IU/dL.
Bleeding risk may remain

Plasma VWF:Ag levels may increase in some patients.
Depends on underlying VWF sequence variants

Abbreviations: EC, endothelial cell; HMB, heavy menstrual bleeding; PPH, postpartum hemorrhage; VWF, von Willebrand disease.
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VWF (30-501U/dL), bleeding phenotype is variable and
difficult to predict.’®?’ Indeed, many people with VWF
levels in the range of 30 to 50IU/dL do not have any signifi-
cant bleeding tendency.’%?® Furthermore, bleeding risk
in these individuals with mild VWF reductions does not
correlate with residual VWF levels.?®?7 In addition, VWF
mutations are less common in patients with VWF levels in
the range of 30 to 501U/dL.?® These data suggest that
additional unknown modifier genes contribute to the etiol-
ogy of mild to moderate reductions in plasma VWEFE. This
hypothesis is supported by linkage analyses demonstrating
that low VWF levels in many families are not linked to the
VWF gene.zg'30 Consequently, again in contrast with type 1
VWD, the inheritance pattern and pathogenesis underlying
low VWF in specific families remains poorly defined.

ASH|ISTH|WFH|NHF Consensus Guidelines on VWD
Diagnosis

Recently, the American Society of Hematology/International
Society on Thrombosis and Haemostasis/World Federation of
Hemophilia/National Hemophilia Foundation (ASH/ISTH/
WFH/NHF) expert consensus guidelines reconsidered termi-
nology for use in patients with partial quantitative reduc-
tions in plasma VWF levels.® These guidelines used the
GRADEpro guideline-development tool and specifically
addressed several questions that had been prioritized fol-
lowing an international survey (601 respondents from 71
countries).3! One of the questions posed was “For patients
with an abnormal initial VWD screen suspected of type 1 VWD,
should the diagnostic cut-off be at VWF:Ag and/or VWF
platelet-dependent activity <0.301U/mL or <0.50IU/mL?" A
subsequent systematic review found low certainty in the
available evidence.3? However, the panel recommended that
a VWF level of <0.31U/mL should be enough to confirm a
diagnosis of type 1 VWD, irrespective of whether the indi-
vidual had any previous bleeding.® The panel further recom-
mended that patients with abnormal bleeding and plasma
levels in the range of 0.3 to 0.5IU/mL should also be
diagnosed with type 1 VWD (as opposed to “low VWF” in
previous guidelines). The ASH/ISTH/WFH/NHF panel judged
that patients with VWF levels in the range of 0.3 to 0.5 IU/mL
and bleeding symptoms would be more likely to have access
to clinical care, particularly in certain jurisdictions, if they
had a clear type 1 VWD rather than low VWF diagnosis.® This
decision has been the subject of subsequent discussion.>3-34
However, it is important to point out that the ASH/ISTH/
WFH/NHF guidelines specifically highlighted that bleeding
in patients with mild-to-moderate VWF reductions (0.3-
0.51U/mL) is likely to be multifactorial in nature.® Further-
more, the guidelines also emphasized the need for additional
research in this context. The lack of precision of VWF assays is
estimated to be between 8 and 25% which makes comparison
of mild-to-moderate VWF reductions (0.3-0.51U/mL) be-
tween laboratories less robust. Confirming the consistency
of an abnormal test improves the certainty of VWF classifi-
cation. The ASH/ISTH/WFH/NHF panel recommendation for
the use of new assays that measure the binding of VWF to the
recombinant platelet glycoprotein Ib (VWF:GPIbM and VWF:
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GPIbR) over the VWF Ristocetin Cofactor assay is likely to
improve VWF precision at lower levels. In addition, impor-
tant clinical issues still need to be elucidated.?? For example,
many individuals found to have mild to moderate reductions
in plasma VWF levels may not have a definitive bleeding
history. This is particularly true for children and for younger
adults who have not been exposed to previous hemostatic
challenges. These patients fall out with current guideline
criteria and clinical management poses significant issues,
particularly in the setting of elective surgical procedures.

Pathobiology of Low VWF versus Type 1 VWD
Previous studies have shown that pathogenic variants in the
VWF gene cannot be identified in ~35% of type 1 VWD
patients.35 Moreover, pathogenic VWF variants are detected
even less commonly in low VWF patients.?® These findings
suggest that type 1 VWD and low VWF are both complex
disorders involving variants in other genes beyond VWF. In
keeping with this concept, linkage studies found that only
~40% families with type 1 VWD demonstrated linkage to the
VWF locus.?%30 Interestingly, recent data from the Zimmer-
man Program has demonstrated that the number of rare
nonsynonymous variants in the VWF gene is significantly
increased in patients with type 1 VWD (1.26 per person)
and low VWF (0.67 per person) compared to healthy con-
trols (0.16 per person).36 Overall, 88% of the healthy controls
(n=210) studied had no rare nonsynonymous VWF variants.
In contrast, only 52% of low VWF patients (n = 169) and 26% of
type 1 VWD subjects (n=153) had no rare VWF variants.
Finally, Sadler et al further showed that the number of rare
nonsynonymous VWF variants inversely correlated with
plasma VWF:Ag levels.3® Interestingly, this association was
also observed in type 2 VWD patients with known pathogenic
VWEF variants. Cumulatively, these data further support the
hypothesis that low VWF and type 1 VWD are not monogenic
traits. Further studies will be required to define the biological
mechanisms through which rare VWF variants are associated
with VWF levels.

VWF Biosynthesis in Low VWF

A variety of different VWF pathogenic variants have been
shown to result in significantly reduced VWF biosynthesis
and/or secretion in patients with type 1 VWD.3’ Even though
VWF variants are significantly less common in low VWF
patients, accumulating data suggest that reduced VWF syn-
thesis also contributes to their reduced VWF levels.?®* For
example, the Low VWF Ireland Cohort (LoVIC) study reported
that plasma factor VIII/VWEF ratios were significantly elevated
in low VWF patients compared to healthy controls.?® Further-
more, significant reductions in platelet VWF:Ag levels have
been observed in some patients with low VWF patients.?®38 To
identify novel modifiers that might be responsible for this
impaired VWF biosynthesis within endothelial cell, Ng et al
investigated endothelial colony-forming cells (ECFCs) derived
from low VWEF patients, compared to ECFC from healthy
controls.3® Overall, VWF levels in the cell supernatant were
not significantly different between control ECFCs and low VWF
ECFCs. In contrast, however, VWF secreted from low VWF
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ECFCs following PMA activation was significantly attenuated
compared to healthy control ECFCs.>° Furthermore, immuno-
fluorescent studies demonstrated a significant reduction in
the number and size of Weibel Palade bodies in low VWF
ECFCs. Subsequent single-cell RNA sequencing (scRNA-seq)
showed reduced VWF mRNA transcription, together with
evidence of mosaicism in VWF expression in low VWF ECFCs.
Furthermore, 551 genes were differentially expressed in low
VWEF ECFC compared to control ECFCs.3° Collectively, these
findings suggest that, at least in some low VWF patients,
reduced VWF synthesis and/or secretion in endothelial cells
contributes to low VWF pathogenesis.

VWEF Clearance in Low VWF

A variety of different receptors and cellular clearance
pathways have been implicated in modulating physiological
clearance of VWF and the VWEF-FVIII complex from
plasma.**-** In addition, a series of VWF mutations in
patients with type 1 VWD have been shown to trigger
pathological enhanced clearance in vivo, leading to reduced
plasma VWF:Ag levels.?”4°=48 These include the archetypal
VWD Vicenza (R1205H) variant.*? Overall, reduced VWF
half-life appears to be relatively common in type 1 VWD,
where it is estimated to play a pathogenic role in more than
40% cases.?”*® This has led to the suggestion that type 1
VWD patients with rapid clearance should be categorized as
type IC (1—clearance).*”*® Similarly, recent studies have
shown that pathological enhanced VWF clearance also
contributes to low VWF pathogenesis in some patients.50'51
The ASH/ISTH/WFH/NHF guidelines recommend that
enhanced VWF clearance in patients be assessed by mea-
surement of sequential plasma VWF levels following des-
mopressin infusion.®'? The proposed threshold for defining
pathological increased VWF clearance is a fall in plasma
VWF:Ag levels >30% between +1hour and +4 hours after
desmopressin.® Recent data from the LoVIC study have
demonstrated that ~20% of patients with low VWF demon-
strate enhanced VWF clearance based on these criteria.>%->"
As an alternative approach, previous studies have success-
fully used a VWF propeptide (VWFpp)/VWF:Ag ratio >3 to
identify patients with type 1C VWD.*”**® Interestingly,
Doherty et al recently reported that the sensitivity of the
steady-state VWFpp/VWF:Ag ratio for identifying increased
VWEF clearance in patients with low VWF was significantly
reduced compared to gold-standard desmopressin fall-off
rates.”® This likely reflects the fact that the reduction in
plasma VWEF half-life in low VWF patients (~6 hours) is not
as marked as that observed in type 1C patients (2~4 hours).
Furthermore, VWFpp clearance kinetics may also vary
between individual patients with low VWF and type 1
VWD.?% Taken together, these data demonstrate that
enhanced VWF clearance plays an important role in low
VWF pathogenesis. Although the biological mechanisms
responsible for pathological VWF clearance in patients
without VWF sequence variants has not been defined,
previous studies have reported altered VWF glycosylation
in subsets of patients with both low VWF and type 1 VWD,
respectively.’' >3

Low von Willebrand Disease O’Donnell, Baker

Bleeding in Low VWF

Although BAT scores are associated with inherent limitations
(e.g., the need to perform at the time of first diagnosis and
lack of sensitivity in younger patients who have not under-
gone significant hemostatic challenges), the ISTH BAT score
does offer an objective approach to assessing bleeding
phenotype and is important in that it enables comparisons
between different low VWF studies. Studies to date suggest
that although patients with low VWF have only mild to
moderate reductions in plasma VWF levels, at least some
of these patients have a significant bleeding pheno-
type.'0:11:26.27.54 Eor example, almost 40% of females with
low VWF patients in the LoVIC study had ISTH BAT scores
> 10 (normal range: 0-5).2% In addition, 62% of patients with
low VWF in the Zimmerman Program had significantly
elevated ISTH BAT scores.?’ Flood et al further showed that
abnormal BAT scores in low VWF patients were comparable
to those seen in type 1 VWD patients.27 Similarly, significant
mucocutaneous bleeding has also recently been reported in a
study of 111 adolescent females, 14% of who had BAT scores
greater than 10.""

HMB and postpartum hemorrhage have been highlighted
as significant clinical issues in low VWE.'%11-26 Using the
Pictorial Bleeding Assessment Chart (PBAC) score, Srivaths
et al recently reported a median PBAC score of 630 in
adolescent women with low VWF (normal < 100)."" In the
LoVIC study, 40% of patients reported missing more than
2 days off work or school per year due to HMB, and 67% had
required treatment with either a combined oral contracep-
tive pill or hormone-releasing intrauterine device.?® Impor-
tantly, however, Srivaths et al reported that hormonal
therapy was not associated with significant clinical improve-
ment in 29% of adolescents with low VWF.'! Consistent with
that concept, 30% of female patients with low VWF in
the LoVIC study eventually required surgical intervention
(including endometrial ablation and hysterectomy) to con-
trol their HMB.%® Even though HMB is commonly associated
with iron deficiency in women with low VWEF, current
evidence suggests that there are often significant delays
before a diagnosis is reached.'®2°

Importantly, in the LoVIC study, bleeding scores in female
patients were still increased even after HMB and postpartum
hemorrhage (PPH) were removed from the assessment.'?-2
Although further studies will be required to define the
biological mechanism(s) that contribute to the increased
bleeding phenotype in low VWF individuals, factors outside
the hemostatic system are likely to contribute in at least
some cases.

Treatment of Low VWF

Due to lack of evidence, management of patients with low
VWEF levels poses significant clinical challenges.’> Treatment
decisions are typically based on personal bleeding history,
family bleeding history, and current plasma VWF levels.>
Based on current literature, it seems reasonable to assume
that many individuals with mild to moderate reduction in
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plasma VWF:Ag levels will not need hemostatic treatment
prior to procedures. Consistent with that hypothesis, Flood
et al showed that bleeding complications were rare in
pediatric low VWF patients who underwent tonsillectomy.?®
However, some low VWF patients will require hemostatic
support for elective procedures, particularly those with
significantly elevated personal ISTH BAT scores greater
than 10.°>°® Treatment options include antifibrinolytic
agents such as tranexamic acid (TA) or aminocaproic acid,
desmopressin, and VWF-containing concentrates.>>~>’

Doherty et al recently reported on the management of
elective procedures in adult low VWF patients in the LoVIC
study.58 This retrospective review included 160 invasive
procedures (40 dental, 109 minor, and 11 major procedures)
performed in 60 patients. Notably, these low VWF patients all
had abnormal ISTH BAT scores, with 21/60 (35%) patients
having BAT scores greater than 10.°® TA treatment alone,
commencing on the evening prior to the elective procedure,
was used for 25% of dental procedures and 23% of the minor
elective procedures examined. Bleeding complications were
seen in only three of these procedures managed with TA
alone. All three bleeding episodes were associated with
dental procedures, with no bleeding observed in any of the
other elective minor surgeries.58 Together, these findings
suggest that TA alone is useful treatment for adult low VWF
patients undergoing elective surgeries, particularly for non-
dental minor procedures.

Even though reduced VWF biosynthesis and enhanced
clearance are implicated in the etiology of low VWF, accumu-
lating data have shown that adult low VWF patients typically
demonstrate sustained desmopressin responses.’®>® For
example, in a cohort of 71 adult low VWF patients, Doherty

et al showed that median plasma VWF:Ag levels were 167
(range: 139-196IU/dL) at +1 hour and 1301U/dL (range: 110-
1541U/dL) at 4 hours following desmopressin infusion.’®>8 All
these low VWF patients therefore had a “complete response” to
desmopressin as previously defined.'?>*® Consistent with
these findings, Doherty et al went on to use desmopressin +TA
to manage 99 elective dental and minor surgical procedures.”®
Even though all these low VWF patients had significant
bleeding histories, bleeding complications were observed in
only one single dental extraction.>® Cumulatively, these labo-
ratory and clinical data therefore suggest that desmopressin
has an important role to play in the management of low VWE.

Low VWF and Bleeding Disorders of
Unknown Cause

In normal individuals and many patients with type 1 VWD,
plasma VWF:Ag levels increase progressively with
ageing.b0-%2 These increases are likely due in large part to
associated comorbidities including diabetes and hyperten-
sion.%3 Similar age-dependent increases in VWF levels have
also been reported in low VWF patients. In the LoVIC study,
plasma VWF:Ag levels increased by an average 1.9 I[U/dL per
annum.”® Consequently, plasma VWF:Ag levels often
increase into the normal range (>501U/dL) as low VWF
patients become older. Importantly, however, reports
suggest that this increase in plasma VWF:Ag levels is not
necessarily associated with a complete correction in bleeding
risk.%-%2 Pregnancy is also associated with a progressive
increase in VWF levels in low VWF patients, so that plasma
VWF:Ag levels typically rise to greater than 100IU/dL by
the third trimester.'%-2° Importantly, however, despite the

Low Bleeding disorders
VWF AnB of unknown cause
(Low VWF
+ other
hemostatic
defect)

Bleeding phenotype

Fig. 1 Low von Willebrand disease (VWF) and bleeding disorder of unknown etiology (BDUA).
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apparent correction in VWF levels, low VWF patients remain
at significant increased risk for both primary and secondary

These clinical observations suggest that mild reductions

in plasma VWF levels do not explain all of the bleeding
phenotype observed in patients with low VWE. Rather, it
seems that other pathological mechanisms play important
roles in bleeding.?4%> In that context, the pathogenesis
underlying bleeding in low VWF patients likely overlaps
with those involved in patients with bleeding disorders of

unknown cause (BDUC; ~Fig. 1

1.5 This hypothesis is also

consistent with the evidence that (1) only some patients with
mild reductions in plasma VWF:Ag levels have any bleeding
and (2) bleeding phenotype in these patients does not
correlate with residual VWF levels. Head-to-head studies
directly comparing bleeding phenotype in low VWF com-
pared to BDUC cohorts will be of interest in addressing this
hypothesis. In essence therefore, we propose that mild to
moderate reductions in VWF levels represent a risk factor for
bleeding, but of themselves are not sufficient to constitute a

distinct disease.

19-21

Authors’ Contribution
R.LB. and ].S.0’D. were involved in writing and reviewing
the paper.

Funding
Science Foundation Ireland, Frontiers for the Future (FFP)
Award (20/FFP-A/895)

Conflicts of Interest

J.S.0’'D has served on the speaker’s bureau for Baxter,
Bayer, Novo Nordisk, Boehringer Ingelheim, Leo Pharma,
and Octapharma. He has also served on the advisory
boards of Baxter, Bayer, Octapharma CSL Behring, Daiichi
Sankyo, Boehringer Ingelheim, and Pfizer. J.S.0’D has also
received research grant funding awards from Baxter,
Bayer, Pfizer, and Novo Nordisk.

R.LB. has served on the speaker’s bureau for Bayer and also
served on the scientific advisory boards of Roche and
Janssen-Cileg. R.LB.’s institution has received research
grant/clinical trial funding from Bayer, Takeda, Pfizer,
Daiichi Sankyo, CSL Behring, Roche, Amgen, Celgene, Rigel
Pharmaceuticals, Abbvie, Sanofi, MorphoSys AG, Acerta
Pharma, Jansen-Cileg, Bristol-Myers Squibb, Boehringer
Ingelheim, Portola, Technoclone, and Alexion.

References

1

2

Leebeek FW, Eikenboom JC. von Willebrand’s disease. N Engl ]
Med 2016;375(21):2067-2080

Bowman M, Hopman WM, Rapson D, Lillicrap D, James P. The
prevalence of symptomatic von Willebrand disease in primary
care practice. ] Thromb Haemost 2010;8(01):213-216

Laffan MA, Lester W, O’Donnell JS, et al. The diagnosis and
management of von Willebrand disease: a United Kingdom
Haemophilia Centre Doctors Organization guideline approved
by the British Committee for Standards in Haematology. Br ]
Haematol 2014;167(04):453-465

4

v

6

~

o

o

10

20

2

=

22

23

24

Low von Willebrand Disease O’Donnell, Baker

Castaman G, Goodeve A, Eikenboom JEuropean Group on von
Willebrand Disease. Principles of care for the diagnosis and
treatment of von Willebrand disease. Haematologica 2013;98
(05):667-674

Nichols WL, Hultin MB, James AH, et al. von Willebrand disease
(VWD): evidence-based diagnosis and management guidelines,
the National Heart, Lung, and Blood Institute (NHLBI) Expert
Panel report (USA). Haemophilia 2008;14(02):171-232

James PD, Connell NT, Ameer B, et al. ASH ISTH NHF WFH 2021
guidelines on the diagnosis of von Willebrand disease. Blood Adv
2021;5(01):280-300

Fogarty H, Doherty D, O’'Donnell |JS. New developments in von
Willebrand disease. Br ] Haematol 2020;191(03):329-339

de Wee EM, Sanders YV, Mauser-Bunschoten EP, et al; WiN Study
Group. Determinants of bleeding phenotype in adult patients
with moderate or severe von Willebrand disease. Thromb Hae-
most 2012;108(04):683-692

Sanders YV, Fijnvandraat K, Boender ], et al; WiN Study Group.
Bleeding spectrum in children with moderate or severe von
Willebrand disease: relevance of pediatric-specific bleeding. Am
J Hematol 2015;90(12):1142-1148

Lavin M, Aguila S, Dalton N, et al. Significant gynecological
bleeding in women with low von Willebrand factor levels. Blood
Adv 2018;2(14):1784-1791

Srivaths L, Minard CG, O’Brien SH, et al. The spectrum and severity
of bleeding in adolescents with low von Willebrand factor-asso-
ciated heavy menstrual bleeding. Blood Adv 2020;4(13):
3209-3216

Connell NT, James PD, Brignardello-Petersen R, et al. von Wille-
brand disease: proposing definitions for future research. Blood
Adv 2021;5(02):565-569

Castaman G, Federici AB, Tosetto A, et al. Different bleeding risk in
type 2A and 2M von Willebrand disease: a 2-year prospective
study in 107 patients. ] Thromb Haemost 2012;10(04):632-638
Turecek PL, Johnsen JM, Pipe SW, O’Donnell JSiPATH Study Group.
Biological mechanisms underlying inter-individual variation in
factor VIII clearance in haemophilia. Haemophilia 2020;26(04):
575-583

van Galen KP, Mauser-Bunschoten EP, Leebeek FW. Hemophilic
arthropathy in patients with von Willebrand disease. Blood Rev
2012;26(06):261-266

Ward SE, O’Sullivan JM, O’Donnell JS. The relationship between
ABO blood group, von Willebrand factor, and primary hemostasis.
Blood 2020;136(25):2864-2874

Gill JC, Endres-Brooks ], Bauer PJ, Marks WJ Jr, Montgomery RR.
The effect of ABO blood group on the diagnosis of von Willebrand
disease. Blood 1987;69(06):1691-1695

Gallinaro L, Cattini MG, Sztukowska M, et al. A shorter von
Willebrand factor survival in O blood group subjects explains
how ABO determinants influence plasma von Willebrand factor.
Blood 2008;111(07):3540-3545

Sadler JE. Low von Willebrand factor: sometimes a risk factor and
sometimes a disease. Hematology (Am Soc Hematol Educ Pro-
gram) 2009:106-112

Sadler JE. Von Willebrand disease type 1: a diagnosis in search of a
disease. Blood 2003;101(06):2089-2093

Sadler JE. Slippery criteria for von Willebrand disease type 1.
] Thromb Haemost 2004;2(10):1720-1723

O’Donnell JS. Low VWF: insights into pathogenesis, diagnosis, and
clinical management. Blood Adv 2020;4(13):3191-3199
Cumming A, Grundy P, Keeney S, et al; UK Haemophilia Centre
Doctors’ Organisation. An investigation of the von Willebrand
factor genotype in UK patients diagnosed to have type 1 von
Willebrand disease. Thromb Haemost 2006;96(05):630-641
Goodeve A, Eikenboom ], Castaman G, et al. Phenotype and
genotype of a cohort of families historically diagnosed with
type 1 von Willebrand disease in the European study, Molecular

Hamostaseologie  Vol. 43 No. 1/2023 © 2023. Thieme. All rights reserved.

49

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



50

Low von Willebrand Disease

25

26

27

28

29

30

31

32

33

35

36

37

38

39

40

41

42

43

Hamostaseologie

O’Donnell, Baker

and Clinical Markers for the Diagnosis and Management of Type 1
von Willebrand Disease (MCMDM-1VWD). Blood 2007;109(01):
112-121

James PD, Notley C, Hegadorn C, et al. The mutational spectrum of
type 1 von Willebrand disease: results from a Canadian cohort
study. Blood 2007;109(01):145-154

Lavin M, Aguila S, Schneppenheim S, et al. Novel insights into the
clinical phenotype and pathophysiology underlying low VWF
levels. Blood 2017;130(21):2344-2353

Flood VH, Christopherson PA, Gill JC, et al. Clinical and laboratory
variability in a cohort of patients diagnosed with type 1 VWD in
the United States. Blood 2016;127(20):2481-2488

GillJC, Conley SF, Johnson VP, et al. Low VWF levels in children and
lack of association with bleeding in children undergoing tonsil-
lectomy. Blood Adv 2020;4(01):100-105

James PD, Paterson AD, Notley C, et al; Association of Hemophilia
Clinic Directors of Canada. Genetic linkage and association anal-
ysis in type 1 von Willebrand disease: results from the Canadian
type 1 VWD study. ] Thromb Haemost 2006;4(04):783-792
Eikenboom ], Van Marion V, Putter H, et al. Linkage analysis in
families diagnosed with type 1 von Willebrand disease in the
European study, molecular and clinical markers for the diagnosis
and management of type 1 VWD. ] Thromb Haemost 2006;4(04):
774-782

Kalot MA, Al-Khatib M, Connell NT, et al; VWD Working Group. An
international survey to inform priorities for new guidelines on
von Willebrand disease. Haemophilia 2020;26(01):106-116
Kalot MA, Husainat N, El Alayli A, et al. von Willebrand factor
levels in the diagnosis of von Willebrand disease: a systematic
review and meta-analysis. Blood Adv 2022;6(01):62-71

Makris M, Hermans C. The 2021 von Willebrand disease guide-
lines: clarity and controversy. Haemophilia 2022;28(01):1-3
James PD, Connell NT, Flood VH, Mustafa RA. Response to “The
2021 von Willebrand disease guidelines: clarity and controversy”.
Haemophilia 2022;28(03):371-372

Swystun LL, Lillicrap D. Genetic regulation of plasma von Wille-
brand factor levels in health and disease. ] Thromb Haemost 2018;
16(12):2375-2390

Sadler B, Christopherson PA, Haller G, Montgomery RR, Di Paola J.
von Willebrand factor antigen levels are associated with burden of
rare nonsynonymous variants in the VWF gene. Blood 2021;137
(23):3277-3283

de Jong A, Eikenboom J. Von Willebrand disease mutation spec-
trum and associated mutation mechanisms. Thromb Res 2017;
159:65-75

Casonato A, Cattini MG, Daidone V, Pontara E, Bertomoro A,
Prandoni P. Diagnostic value of measuring platelet von Wille-
brand factor in von Willebrand disease. PLoS One 2016;11(08):
e0161310

Ng CJ, Liu A, Venkataraman S, et al. Single-cell transcriptional
analysis of human endothelial colony-forming cells from patients
with low VWF levels. Blood 2022;139(14):2240-2251
O’Sullivan JM, Ward S, Lavin M, O’Donnell JS. von Willebrand
factor clearance - biological mechanisms and clinical significance.
Br ] Haematol 2018;183(02):185-195

Rastegarlari G, Pegon JN, Casari C, et al. Macrophage LRP1
contributes to the clearance of von Willebrand factor. Blood
2012;119(09):2126-2134

Swystun LL, Lai D, Notley C, et al. The endothelial cell receptor
stabilin-2 regulates VWF-FVIII complex half-life and immunoge-
nicity. ] Clin Invest 2018;128(09):4057-4073

Ward SE, O'Sullivan JM, Drakeford C, et al. A novel role for the
macrophage galactose-type lectin receptor in mediating von
Willebrand factor clearance. Blood 2018;131(08):911-916

Vol. 43 No. 1/2023 © 2023. Thieme. All rights reserved.

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Wohner N, Muczynski V, Mohamadi A, et al. Macrophage scaven-
ger receptor SR-AI contributes to the clearance of von Willebrand
factor. Haematologica 2018;103(04):728-737

Eikenboom J, Federici AB, Dirven R], et al; MCMDM-1VWD Study
Group. VWF propeptide and ratios between VWF, VWF propep-
tide, and FVIII in the characterization of type 1 von Willebrand
disease. Blood 2013;121(12):2336-2339

Sanders YV, Groeneveld D, Meijer K, et al; WiN Study Group. von
Willebrand factor propeptide and the phenotypic classification of
von Willebrand disease. Blood 2015;125(19):3006-3013
Haberichter SL, Balistreri M, Christopherson P, et al. Assay of the
von Willebrand factor (VWF) propeptide to identify patients with
type 1 von Willebrand disease with decreased VWF survival.
Blood 2006;108(10):3344-3351

Haberichter SL, Castaman G, Budde U, et al. Identification of type 1
von Willebrand disease patients with reduced von Willebrand
factor survival by assay of the VWF propeptide in the European
study: molecular and clinical markers for the diagnosis and
management of type 1 VWD (MCMDM-1VWD). Blood 2008;111
(10):4979-4985

Casonato A, Pontara E, Sartorello F, et al. Reduced von Willebrand
factor survival in type Vicenza von Willebrand disease. Blood
2002;99(01):180-184

Doherty D, Lavin M, Byrne MB, et al. Enhanced VWF clearance in
Low VWF pathogenesis - limitations of VWFpp/VWF:Ag ratio and
clinical significance. Blood Adv 2022:bloodadvances.2022007340
Aguila S, Lavin M, Dalton N, et al. Increased galactose expression
and enhanced clearance in patients with low von Willebrand
factor. Blood 2019;133(14):1585-1596

Ward S, O’Sullivan JM, O’'Donnell JS. von Willebrand factor sialy-
lation - a critical regulator of biological function. | Thromb Hae-
most 2019;17(07):1018-1029

van Schooten CJ, Denis CV, Lisman T, et al. Variations in glycosyla-
tion of von Willebrand factor with O-linked sialylated T antigen
are associated with its plasma levels. Blood 2007;109(06):
2430-2437

Sadler B, Minard CG, Haller G, et al. Whole-exome analysis of
adolescents with low VWF and heavy menstrual bleeding iden-
tifies novel genetic associations. Blood Adv 2022;6(02):420-428
Lavin M, O'Donnell JS. How I treat low von Willebrand factor
levels. Blood 2019;133(08):795-804

Lavin M, O’Donnell JS. New treatment approaches to von Wille-
brand disease. Hematology (Am Soc Hematol Educ Program)
2016;2016(01):683-689

Connell NT, Flood VH, Brignardello-Petersen R, et al. ASH ISTH
NHF WFH 2021 guidelines on the management of von Willebrand
disease. Blood Adv 2021;5(01):301-325

Doherty D, Lavin M, O’Sullivan ]JM, et al. Management of elective
procedures in low von Willebrand factor patients in the LoVIC
study. ] Thromb Haemost 2021;19(03):701-710

Castaman G, Lethagen S, Federici AB, et al. Response to desmo-
pressin is influenced by the genotype and phenotype in type 1
von Willebrand disease (VWD): results from the European Study
MCMDM-1VWD. Blood 2008;111(07):3531-3539

Albanez S, Ogiwara K, Michels A, et al. Aging and ABO blood type
influence von Willebrand factor and factor VIII levels through
interrelated mechanisms. ] Thromb Haemost 2016;14(05):
953-963

Rydz N, Grabell ], Lillicrap D, James PD. Changes in von Willebrand
factor level and von Willebrand activity with age in type 1 von
Willebrand disease. Haemophilia 2015;21(05):636-641

Sanders YV, Giezenaar MA, Laros-van Gorkom BA, et al; WiN
Study Group. von Willebrand disease and aging: an evolving
phenotype. ] Thromb Haemost 2014;12(07):1066-1075

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



63 Atiq F, Meijer K, Eikenboom J, et al; WiN Study Group. Comorbid-
ities associated with higher von Willebrand factor (VWF) levels
may explain the age-related increase of VWF in von Willebrand
disease. Br ] Haematol 2018;182(01):93-105

64 O’Donnell JS, O’Sullivan JM, Preston R]S. Advances in understand-
ing the molecular mechanisms that maintain normal haemo-
stasis. Br ] Haematol 2019;186(01):24-36

Low von Willebrand Disease O’Donnell, Baker

65 Atiq F, Wuijster E, de Maat MPM, Kruip MJHA, Cnossen MH,
Leebeek FWG. Criteria for low von Willebrand factor diagnosis
and risk score to predict future bleeding. ] Thromb Haemost 2021;
19(03):719-731

66 Baker RI, O’'Donnell JS. How I treat bleeding disorder of unknown
cause. Blood 2021;138(19):1795-1804

Hamostaseologie  Vol. 43 No. 1/2023 © 2023. Thieme. All rights reserved.

51

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



