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ABSTRACT

Von Willebrand disease (VWD) is the most common congenital bleeding disorder, with a clinical presenta-
tion of mucocutaneous and surgical bleeding varying from mild to severe. It is inherited in an autosomal
dominant or autosomal recessive manner. The disease is caused by quantitative or qualitative deficiency
of the von Willebrand factor (VWF) and is classified as type 1, 2 (2A, 2B, 2M, 2N), and 3. Although type
1 VWD is the most common form of VWD, the formal cutoff for diagnosis remains a subject of debate.
In our paper, we present results of studies regarding the clinical and laboratory importance of a new
type of bleeding disorder called low VWF. The new guidelines for VWD diagnosis and management sug-
gested that patients with historically type 1 VWD should be divided into 2 subsets: type 1 VWD with
a VWF antigen level (VWF:Ag) of less than 30 IU/dl or less than 40 1U/dl, in which about 80% of patients
exhibited VWF gene mutations, and low VWF with a VWF:Ag level of 30 to 50 IU/dl or 40 to 50 IU/dI, in
which the causative mutation is detected in merely 40% of patients and in most families, inheritance
is not dependent on the locus of VWF on chromosome 12. Previously, moderately reduced VWF levels
(30-50 1U/dl) were considered a risk factor for bleeding, but not a true bleeding disorder, and this condi-
tion was named low VWF. Recently, it was documented in a large group of patients with type 1 VWD
and low VWF that bleeding score does not correlate with VWF:Ag and bleeding symptoms in type 1
VWD (<30 IU/dl) and low VWF can change from infrequent and moderate to severe bleeds. Because
the plasma concentration of VWF depends on many physiological and pathological factors that may
mask the diagnosis of VWD, separation of the group of patients with low VWF (30-50 1U/dI) from those
with type 1 VWD may delay or prevent them from receiving appropriate treatment. Diagnosis of VWD
in each case, particularly those with a slight decrease in VWF (30-50 IU/dl), should be based primarily
on the clinical manifestations and family history of hemorrhagic diathesis.

Introduction Von Willebrand disease (VWD) is
the most common inherited bleeding disorder
and is characterized mainly by mucosal bleeding
and bleeding after surgery or trauma. It was de-
scribed for the first time in 1926 by Eric von Wil-

gene at chromosome 22q11.2. The presence of
the pseudogene VWF makes the molecular anal-
ysis of VWF more difficult.?

Biosynthesis of von Willebrand factor VWF is syn-

lebrand." The disorder is indicated by defective
platelet adhesion and aggregation caused by ei-
ther deficiency or dysfunction of the plasma gly-
coprotein von Willebrand factor (VWEF).

Inheritance of von Willebrand disease The inher-
itance of VWD can be autosomal dominant or
recessive. The VWF gene is located on the short
arm of chromosome 12 (12p13.2), and its pseu-
dogene corresponds to exons 23-34 of the VIWF

thesized by endothelial cells and megakaryo-
cytes as a pre-pro VWF consisting of a 22—-ami-
no acid signal peptide, 741-amino acid propep-
tide, and 20 150—amino acid mature molecule.?
After posttranslational modification (signal pep-
tide cleavage, dimerization, glycosylation, sul-
fation, and multimerization) in the Golgi ap-
paratus, VWF propeptide (VWFEpp) is cleaved
by the enzyme furin from a mature VWF mole-
cule in the acidic compartment of trans-Golgi.
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In the Weibel-Palade bodies of endothelial cells
and platelet o granules, VWF and VWFpp form
anoncovalent complex that is released into cir-
culation by a constitutive and regulated path-
way. After the release into circulation, complex
VWF and VWFpp dissociate, and VWFpp circu-
lates in plasma as a homodimer. Although 1 ml
of normal plasma contains 1 pg of VWFpp with
a half-life of 2 to 3 hours and 10 pug of VWF with
a half-life of 8 to 12 hours, the stoichiometric ra-
tio of VWFpp and VWF is 1:1.

The concentrations of VWFpp and VWF-
pp/ VWE:Ag ratio are important biomarkers of
the synthesis, secretion, and clearance of VWE.
What is important, in spite of VWE, the VWFpp
level is not influenced by the ABO blood group.?
This can be useful in VWD subtype discrimina-
tion to identify patients with acquired VWD and
to identify those with reduced survival of VWE.**
After proteolysis by a disintegrin and metallo-
proteinase with a thrombospondin type 1 motif,
member 13 (ADAMTS13), VWF appears in circu-
lating blood as a series of multimers, and their
weight ranges from 500 to 10 000 kDa. In circu-
lating blood, VWF plays an essential role in both
primary and secondary hemostasis. In primary
hemostasis, it mediates platelet adhesion and ag-
gregation at sites of vascular damage; in second-
ary hemostasis, it serves as the carrier protein for
coagulation factor VIII (FVIIL; cofactor), protect-
ing it from proteolytic degradation, prolonging
its half-life in plasma, and preventing its prema-
ture clearance from blood.?

Epidemiology of von Willebrand disease Epidemio-
logical investigations have shown that VWF defi-
ciency occurs in about 1% of the general popula-
tion, but only about 0.01% of the population de-
velops a significant bleeding as a manifestation
of VWD.®7 Despite the autosomal inheritance of
VWD, the distribution of male and female pa-
tients is not equal because of female physiolo-
gy. The results of epidemiological investigations
are strongly dependent on the diagnostic cutoff
level for VWE. The historically normal range for
VWE was 50 to 150 IU/d], but since 2008, sever-
al guidelines have suggested a cutoff level of 30
to 40 IU/dL.5-13

Diagnosis of von Willebrand disease The diano-
sis of VWD is based on a personal history of
the bleeding disorder, family bleeding history,
and reduced VWF activity confirmed by basic and
discriminating laboratory assays, such as ristoce-
tin cofactor (VWE:RCo), VWF antigen (VWF:Ag),
and collagen binding (VWEF:CB), as well as activi-
ty of coagulation FVIII (FVIIIL:C), low ristocetin-
-induced platelet aggregation, VWEpp assay, VWF
multimer analysis, binding of FVIII:C to VWE,
and molecular testing. For excluded hemostatic
defects other than VWD, platelet count, activat-
ed partial thromboplastin time (APTT), and clo-
sure time (platelet function analyzer 100) should
be measured.? *
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Clinical manifestation of von Willebrand disease
Clinical manifestations most commonly associ-
ated with VWD are mucosal bleeding (epistaxis,
especially during childhood), gingival bleedings,
bruising, menorrhagia, prolonged bleeding time
following (most frequently) dental extractions,
and bleeding after injury, trauma, and surgery
and from gastrointestinal and urinary tracts. Ex-
cessive menstruation lasting longer than 7 days
may be the only manifestation of VWD in wom-
en. Bleeding into the muscles and joints rarely oc-
curs, mainly in type 3 VWD.?910.14-16 Spontane-
ous bleedings are very rare, even in patients with
severe VWF deficiency.'®

For assessment of bleeding disorders and
the standardization of bleeding episodes, spe-
cial questionnaires are administered, such as
the bleeding assessment tool."’-'? These are then
used to calculate a BS (>4 for men, >6 for wom-
en, and >3 for children according to Eltabarny et
al,’ or >3 for men and >5 for women according
to Federici et al," though further VWD-directed
examinations are required). A low BS in combi-
nation with a normal APTT may be suggestive of
no bleeding disorder.®°

Classification of von Willebrand disease The cur-
rent classification of VWD includes 6 types: type
1 VWD, which accounts for 60% to 80% of all
cases; type 2 VWD (further divided into 24, 2B,
2M, and 2N), which accounts for 25% to 30% of
all cases; and type 3 VWD, which accounts for
1% to 2% of all cases.? In types 1 and 3 VWD,
the VWF defect is quantitative. In type 1 VWD,
it consists of partial VWF deficiency, and in type
3 VWD, there is almost complete deficiency of
VWEF in the plasma and platelets. In types 2A,
2B, 2M, and 2N VWD, the defect is qualitative.
In type 2A VWD, decreased platelet-dependent
function (aggregation with ristocetin) is associ-
ated with the absence of high- and intermediate-
-molecular-weight VWF multimers. Type 2B
VWD is characterized by an increased affinity
for platelet glycoprotein Ib (increased aggrega-
tion induced with ristocetin) and the absence
of high molecular multimers. In type 2M VWD,
impaired platelet aggregation is induced by ris-
tocetin in the presence of normal VWF high-
-molecular-weight multimers. Impaired binding
of FVIII characterizes type 2N VWD.

Types 2 and 3 VWD have been extensively ex-
plored and described, whereas the mechanisms
involved in the pathogenesis of type 1 VWD have
been poorly understood. This has recently begun
to change due to several studies involving large
cohorts of type 1 VWD patients.®2!-2°

Von Willebrand disease in Poland  There is still no
general registry of VWD in Poland. In the reg-
ister of patients with hemophilia and hemor-
rhagic diathesis held at the Institute of Hema-
tology and Transfusion Medicine in Warsaw,
there are 1849 patients with VWD (data from
2018), which represents 0.0048% of the general



TABLE 1 Current guidelines for the diagnosis of type 1 von Willebrand disease® '3

Guidelines Type 1 VWD Low risk of Reference
bleeding
United States National ~ VWF:RCo <30 IU/dI VWEF:RCo or Nichols et al'?
Heart, Lung, and Blood  and/or VWEF:Ag,
Institute VWF:Ag <30 IU/dl 30-50 1U/dI
Low VWF
Polish Society of VWF:RCo <30 IU/dI VWEF:Ag, Zdziarska et al’
Hematologists and and/or 30-50 IU/dI
Transfusionists VWF:Ag <30 IU/dI
European group on VWF:RCo <40 IU/dI - Castaman et al'®

VWD disease

or
VWEF:CB <40 Ul/dl

United Kingdom

VWEF:RCo <30 IU/dI VWEF:RCo, Laffan et al'’

Haemophilia Centre 30-50 IU/ml

Doctors Organization Low VWF

Zimmerman Program VWF:RCo <40 1U/dI VWEF:RCo, Flood et al®
for the Molecular and or 40 1U/dI

Clinical Biology of VWD

VWF:Ag <40 1U/dl Low VWF

Abbreviations: VWD, von Willebrand disease; VWF:Ag, von Willebrand factor antigen
level; VWF:CB, collagen-binding von Willebrand factor; VWF:RCo, Von Willebrand

ristocetin cofactor

population in Poland. Type 1 VWD (VWF <50
1U/dl) is most common, being reported in 1420
patients (76.7%).

The Polish Society of Hematologists and Trans-
fusiologists® recommendations regarding the
principles of diagnostic evaluation in VWD were
published in 2018. They include clinical criteria
for VWD, namely, medical history, family history,
and physical and laboratory examinations, that
is, hemostatic screening, basic tests for VWD, and
detailed tests enabling the identification of sub-
types of this highly heterogeneous hemorrhagic
disease, as well as treatment.

Von Willebrand disease type 1 vs threshold von
Willebrand factor values Type 1 VWD is most
common and occurs in 60% to 80% of the pa-
tient population. Historically, this category in-
cludes patients with VWF activity of less than
50 or 60 IU/dl and that is rather heterogeneous.
Type 1 VWD is diagnosed in patients with lower
VWE:RCo, a comparable decrease in VWF:Ag, and
a VWE:RCo-to-VWEF:Ag ratio higher than 0.6 or
0.7. Although type 1 VWD is the most frequent
type of VWD, extensive studies on its molecular
background did not begin until 2000.""12.17.18.26
VWEF gene mutations are detected in about 70%
of patients with type 1 VWD (historical range);
in about 82% of patients with type 1 VWD and
VWE:Ag of less than 30 IU/d], and in about 44%
of patients with type 1 VWD and VWEF:Ag high-
er than 30 IU/dL.%2"27 VWF gene mutations are
detected in about 70% of patients, and VWF of
less than 30 IU/dl is more common than the val-
ues of 30 to 50 IU/dIL. Although mutations are
mostly of the heterozygous missense type, small
deletions, insertions, splice sites, and nonsense
mutations have been reported. Mutations can be
dispersed throughout the whole VWF molecule
and may decrease VWF synthesis and secretion,

impair intracellular transport of VWF subunits,
or increase VWF clearance.?'-2%:28.29

Until recently, the accepted threshold value
for the diagnosis of type 1 VWD was VWE:RCo
and/or VWE:Ag of 50 IU/dl. In recent years, sev-
eral guidelines have suggested that only a VWF
level below 30% is diagnostic for VWD, while
a level of 30% to 50% is considered a mild risk
of bleeding.

According to current guidelines of the Unit-
ed States National Heart, Lung, and Blood Insti-
tute,'? Polish Society of Hematology and Trans-
fusion Medicine,’ the European Group on VWD,'?
and the United Kingdom Haemophilia Centre
Doctors Organization,' patients with type 1 VWD
(historical range) should be divided into 2 distinct
subsets: type 1 VWD (<30 IU/dl) and low VWF
levels (30-50 IU/d]). In addition, according to
the Zimmerman Program for the Molecular and
Clinical Biology of VWD, they should be divided
into type 1 VWD of less than 40 IU/dl and low
VWEF with VWE:RCo from 40 [U/dl to the lower
end of the normal range® (TABLE 1). Independent of
the guidelines, the cutoff varies widely in practice
and some authors use the lower limit of the nor-
mal range (50 [U/d]).1213.30

Patients with VWEF levels of less than 30 IU/dl
have a personal and family history of bleedings
correlated with the presence of VIWF gene mu-
tations. A more difficult diagnostic challenge
is patients with a VWF level of less than 30 to
50 IU/dl without a family history of bleedings
and frequently without detected causative VIWF
gene mutation. It should be kept in mind that
low VWE is quite common in the general popu-
lation, but not all of these patients have bleed-
ing symptoms that are significant enough for
VWD diagnosis. Studies have demonstrated that
a VWF level of 30 to 50 IU/dl is not sufficient for
VWD diagnosis but indicates merely increased
bleeding risk. It is suggested that patients with
VWE levels of 30 to 50 IU/dl with no family his-
tory of bleeding should be classified as having
a low bleeding risk and likely or low/ threshold
VWE levels.?'-3

Diagnostic problems in patients with von Willebrand
factor levels of 30 to 50 IU/dl The VWF thresh-
old values for the diagnosis of type 1 VWD have
aroused numerous controversies.’'??5 Histori-
cally, the threshold value of VWF:Ag was 50 IU/
dl, and currently, 2 values 30 or 40 IU/dl are ac-
cepted.'>?% In 2008, the National Heart, Lung,
and Blood Institute'? published recommendations
suggesting that type 1 VWD should only include
patients with VWF:Ag or VWF:RCo of less than
30 IU/dl because in this group, this VWF level is
correlated with the presence of VIWF gene mu-
tations and bleeding phenotype. Other patients
should be classified as low VWEF levels with low
bleeding risk.'>'® Recommendations of the Euro-
pean Group on von Willebrand Disease issued in
2013 stated that the likelihood of VWD marked-
ly increases in patients with a VWF level of less
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TABLE 2 The frequency of abnormal bleeding score in patients with type 1 von
Willebrand disease included in the Zimmerman Program?*

Diagnosis VWEF:Ag, 1U/dI Frequency of prevalence, %

Abnormal bleeding  Normal

score bleeding score
Type 1 VWD <30 76 24
Low VWF 30-50 64 36
Healthy control subjects 50-150 2 98

Abbreviations: see TABLE 1

than 40 IU/d], while VWE levels of 40 to 60 IU/dl
rarely confirm VWD diagnosis.?*

It is estimated that threshold VWD levels
(30-40 1U/d]) occur in approximately 0.4% of
the general population. In the United States
alone, this applies to about 1.3 million people.
No other type of VWD arouses such controver-
sy as the categorization of patients with mu-
cosal bleeding and VWF concentrations above
the threshold value as low VWE. In a study of
this population, VWF levels were inherited in
only 25% to 32% of patients.?

Molecular studies performed within the Zim-
merman Program,® which enrolled patients with
low VWE, demonstrated causative mutations in
82% of patients with VWF levels of less than 30
1U/dl. However, in patients with VWF levels of
30 to 50 IU/dI, causative mutations were detect-
ed in 44% of the American population,® 49% of
the Canadian population,®? 51% of the European
population, and 39.7% of the Irish population.?’

Diagnosis of low VWF is complicated by
the variability of VWE, and it is dependent on
numerous factors, both genetic and environmen-
tal. VWF plasma levels vary with age, are related
to physical activity and infections, and increase
during pregnancy. In addition, the clinical pre-
sentation of patients with low VWE levels is non-
specific; similar bleeding may occur in patients
with low VWF and in healthy people. It has been
demonstrated that at least 1 nonspecific VWD
symptom occurs in 23% of healthy people and in
88% of people with type 1 VWD. In healthy peo-
ple, nosebleeds occur in 5% to 23% of the pop-
ulation, gum bleeding in 7% to 47%, easy bruis-
ing in 12%to 50%, bleeding after minor cuts in
0.2% to 33%, bleeding following dental extrac-
tion in 5% to 42%, bleeding following surgery
in 1.4% to 28%, and postpartum bleeding in 6%
to 23%. In patients with VWF levels of 30 to 50
1U/dl and bleeding history, the predictability of
future bleeding is markedly higher, whereas in
asymptomatic patients with VWF levels of 30 to
50 1U/dl, the risk of bleeding is considered rath-

er IOW 12,31,32

Clinical and laboratory characteristics of low von Wil-
lebrand factor Test results from various centers
using large cohorts of patients suggest that in pa-

tients with VWF levels of 30 to 50 IU/dl, bleed-
ing symptoms and VWF levels are most often
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independently inherited.?*?72%32 Bleeding score
is high in most of these patients and does not
correlate with VWF levels. Flood et al** present-
ed the frequency of abnormal BS in type 1 VWD
(<30 1U0/d)) in comparison with low VWF (<30
1U/dl) and healthy controls (TABLE 2).

Analysis of test results for patients with type 1
VWD in the Zimmerman Program (741 patients
and 256 donors) demonstrated that VIWF gene
mutations are more common in patients with
VWE levels of less than 30 IU/dl than in those
with VWF levels of 30 to 50 IU/dl, while BSs are
similar regardless of the VWF level.** In patients
with low VWE, the VWF levels did not always
increase with age to a normal value. Increases
in VWF levels to normal values in patients with
low VWF levels enrolled in the Zimmerman Pro-
gram were reported in 36% of the population,
but for most of these patients, bleeding risk was
not reduced.?"-34-36

In the low VWF Ireland Cohort study, Lavin
et al’’ examined 126 patients, mostly women
(n = 112; 89%), with threshold VWF levels. Di-
agnosis of low VWF levels was based on patient
history, which included bleeding history and VWF
level of 30 to 50 IU/dl assayed twice (in a 3-month
interval). In the low VWF group, BS (according
to the International Society of Thrombosis and
Haemostasis Bleeding Assessment Tool) was high
and in some cases markedly high, irrespective of
a slight decrease in VWF plasma level. Flood et
al* presented the frequency of abnormal BS with
Zimmerman Program subjects: with type 1 VWD
(VWE:Ag <30), low VWE (VWE:Ag 30-50 IU/dl),
and VWEF:Ag higher than 50 IU/dl in comparison
with healthy controls. They showed that although
the frequency of abnormal bleeding BS was high-
er in the type 1 VWD group, significant bleedings
were also present in the low VWF group (TABLE 2).

In female patients with low VWE, as many as
77% had a BS of 6 or higher, and 37% had a BS of
10 or higher. No correlation between a VWEF level
of 30 to 50 IU/dl and severity of bleeding symp-
toms was determined. The highest BS was ob-
served in the menorrhagia and dental domains.
The most common symptom was increased men-
strual bleeding; in 86 cases (6%), pads/tampons
were changed more frequently than every 2 hours,
clots and flooding were common, and bleeding
lasted longer than 7 days.

Other studies®? have found that as many as
89% of women with VWF levels of 30 to 50 IU/dl
reported symptoms of menorrhagia; furthermore,
about 32.5% of women with low VWF levels re-
quired iron therapy, more than 30% needed sur-
gical intervention (including curettage, endome-
trial ablation, or hysterectomy), and 66% needed
hormonal therapy (contraceptive drugs or hor-
monal releasing intrauterine device in combina-
tion with antifibrinolytic agents).” Despite in-
creased VWF levels during pregnancy, women
with low VWF may experience severe postpartum
bleeding within 24 hours of delivery or secondary
bleeding within 6 weeks of delivery.*?



Laboratory characteristics of von Willebrand factor
levels of 30 to 50 IU/dl In an attempt to explain
the clinical phenotype and pathophysiology un-
derlying bleeding in patients with VWEF levels of
30 to 50 IU/dI, Lavin et al?’ studied a cohort of
126 patients (including 112 women). This study
and many others have demonstrated that for pa-
tients with low VWE:

+ FVIII:C was lower than in the control group (al-
though it was still within the reference range).?’-*®
+ FVIIL:C-to-VWEF:Ag ratio, which indicates im-
paired synthesis or VWF secretion, was marked-
ly higher.?7:3¢

+ VWFpp-to-VWE:Ag ratio was higher only in
6% of patients, which points to the small effect
of VWEF clearance on the reduction of VWF and
the occurrence of bleeding symptoms.?’-37-%1

« VWE:CB (collagen binding to VWF) and
VWE:Ag were significantly lower compared to
the control group.?’

+ VWF increased with age but only reached nor-
mal levels for some patients.?’*?

+ Low VWF was also reported in elderly people
with a bleeding history.**

+ No correlation was observed between platelet
VWF and intensity of bleeding disorder.?’

Pathogenesis of low von Willebrand factor A lab-
oratory analysis performed by Lavin et al?’ dem-
onstrated reduced VWF in the majority of pa-
tients; 3.2% of patients had reduced VWF high-
-molecular-weight multimers, and most lacked
an additional hemostatic defect. Most of the pa-
tients had elevated FVII-to-VWEF:Ag ratios, nor-
mal VWEpp-to-VWE:Ag ratio, and impaired col-
lagen binding compared with the control group.
This study strongly suggests that low VWF lev-
els of 30 to 50 IU/dl are mainly due to impaired
synthesis and/ or VWF clearance.

Genetic background: mutations within the VWF
gene Van Loon et al*’ performed a meta-analysis
of data from 11 European populations totaling
31149 persons and identified 5 genes associated
with low VWE. In about 40% of cases, low VWF
was caused by VIWF gene mutations. Diversity in
VWE levels also resulted from single nucleotide
polymorphisms in the VIWF gene. The most im-
portant is the single nucleotide polymorphism
rs216 303: T>C located within the intron. It is
now widely believed that intronic variants not
only regulate VWF plasma levels but also affect
gene splicing and mRNA stability.?!-44:45

Contribution of deficiencies other than von Willebrand
factor on hemostasis In a study of low VWF pa-
tients with high BS, only 11% had deficiency of
a coagulation factor other than VWE, suggest-
ing that the main cause of bleeding in this group
of patients is a reduced VWF level.?” However,
it should be remembered that skin and mucosal
bleeding, the most common symptoms of low
VWE, are not very characteristic and can be caused
or intensified by additional disorders, such as

abnormalities of primary hemostasis, generation
of thrombin, or fibrinolysis.

Abnormal von Willebrand factor glycosylation Ab-
normal glycosylation of the VWF molecule may
play an important role in VWD pathogenesis. Agu-
ili et al*® demonstrated that in patients with low
VWE, abnormal glycosylation in the final frag-
ment of the VWF molecule (02-6 binding) could
occur. Reduction of sialic acid at the N-terminus
of the VWF chain results in increased exposure of
galactose that correlates with a higher VWF clear-
ance through binding to receptors on hepatocytes
or macrophages. In patients with higher clearance,
an inverse correlation was observed between VWF
half-life and galactose exposure. Studies"® suggest
that modification in the VWE polysaccharide part
may play an important role in VWD pathogenesis,
particularly in low VWF pathogenesis in patients
with an undetected causative mutation.

Genetic background: gene mutations other than
VWD The activity of VWF is determined by blood
type (O < A< B < AB). It is known that about 14%
of healthy people with type O blood have a 25%
lower VWF than those with other blood types.*’
The mechanism behind this is not fully under-
stood. This is most likely due to the antigenic
determinants of the ABO system (H-antigen)
expressed on the N-linked VWF polysaccharide
chains. It has been suggested that slight modifica-
tion in the VWF structure containing these deter-
minants affects proteolysis and VWF clearance.*®

It has been demonstrated that in a large pro-
portion of patients with VWF levels of 30 to 50
1U/dl, the VWF threshold values are due to muta-
tions/ polymorphisms in genes other than VIWF
gene. Van Loon et al** performed a meta-analysis
of genome-wide association results from 11 Eu-
ropean populations (31149 people in total), and
they identified 3 additional genes (apart from
ABO and VWEF) that affect reductions in VWE
levels. These were syntaxin binding protein 5
(STXBP5) 6924, which is involved in the exocy-
tosis of Weibel-Palade bodies; stabilin-5 (STAB5)
12Q23, which is a transmembrane protein re-
ceptor involved in endocytosis; and ubiquitin-
-fold mogifier-1 (UFM1) 13q13, which is involved
in cellular homeostasis.’**°-*? In a manuscript
published in 2013, Rydz et al®' suggested a rela-
tionship between CLEC4M lectin gene polymor-
phisms (responsible for binding, internalizing,
and increasing VWF clearance) and reductions
in VWF plasma levels.

Treatment Treatment of patients with low VWF
is the same as that of those with type 1 VWD,
with management dependent on the intensity
of bleeding symptoms. Antifibrinolytic agents,
such as tranexamic or aminocaproic acid, des-
mopressin 1-desamino-8-D-arginine vasopres-
sin (DDAVP), or VWF concentrates, should be
administered.’' Patients with type 1 VWD have
individual sensitivities to DDAVP.
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Unlike patients with type 1 VWD, most of those
with low VWF exhibit a strong and long-lasting re-
sponse to DDAVP. For example, Lavin et al?’ found
that for 88% of patients, the VWE levels increased
above 100 IU/d], and in 72%, they remained un-
changed 4 hours after DDAVP administration.

Conclusion The 2008 guidelines of the Nation-
al Heart, Lung, and Blood Institute suggested
the distinction of 2 groups of patients with type
1 VWD. The first type is type 1 VWD with a VWF
concentration of less than 30 IU/d], in which al-
most all patients exhibit mutations of the VIWF
gene. Meanwhile, the second type is type 1 VWD
with a VWF concentration of 30 to 50 IU/dl,
named low VWE, in which the causative muta-
tion is detected in merely 40% of patients and in
most families, inheritance is not dependent on
the locus of VWF on chromosome 12. The bleed-
ing tendency in patients with low VWF is more
severe than in healthy people, and the elevated
BS is a risk factor for subsequent bleedings. Be-
cause the plasma concentration of VWF depends
on many physiological and pathological factors
that may mask the diagnosis of VWD, it is there-
fore suggested that patients with threshold VWF
values and bleeding symptoms should be treat-
ed in the same way as patients with type 1 VWD,
with management depending on the type and
severity of bleeding. In our opinion, all patients
with symptoms of bleeding, family bleeding his-
tory, and reduced VWF activity confirmed by ba-
sic and discriminating laboratory assays should
be referred to a hematologist.

ARTICLE INFORMATION

CONFLICT OF INTEREST None declared.

OPEN ACCESS This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 Inter-
national License (CC BY-NC-SA 4.0), allowing third parties to copy and re-
distribute the material in any medium or format and to remix, transform, and
build upon the material, provided the original work is properly cited, distrib-
uted under the same license, and used for noncommercial purposes only. For
commercial use, please contact the journal office at pamw@mp.pl.

HOW TO CITE Bykowska K, Ceglarek B. Clinical significance of slight-
ly reduced von Willebrand factor activity. Pol Arch Intern Med. 2020; 130:
225-231. doi:10.20452/pamw.15162

REFERENCES

1 Von Willebrand EA. Hereditary pseudohemophilia. Hereditar pseudohe-
mofili [in Finnish]. Fin Lakaresallsk Handl. 1926; 68: 87-112.

2 Sadler JE, Budde U, Eikenboom JC, et al. Update on the pathophysiolo-
gy and classification of von Willebrand disease: a report of the Subcommit-
tee on von Willebrand Factor. J Thromb Haemost. 2006; 4: 2103-2114. (7'

3 Marianor M., Wan Zaidah A, Maraina C. Von Willebrand factor propep-
tide: a potential disease biomarker not affected by ABO Blood Groups. Bio-
marker Insights. 2015; 10: 75-79. ('

4 Casonato A, Daidone V, Padrini R. Assessment of von Willebrand factor
propeptide improves the diagnosis of von Willebrand disease. Semin Thromb
Hemost. 2011; 37: 456-463. (7'

5 Stufano F, Boscarino M, Bucciarelli P, et al. Evaluation of the utility of von
Willebrand factor propeptide in the differential diagnosis of von Willebrand
syndrome. Semin Thromb Hemost. 2019; 45: 36-42. (7'

6 De Jong A, Eikenboom J. Developments in the diagnostic procedures for
von Willebrand disease. J Thromb Haemost. 2016; 14: 449-460. ('

7 Rodeghiero F, Castaman G, Dini E. Epidemiological investigation of
the prevalence of von Willebrand's disease. Blood. 1987; 69: 454-459. ('

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

POLISH ARCHIVES OF INTERNAL MEDICINE  2020; 130 (3)

9 Zdziarska J, Chojnowski K, Klukowska A, et al. Management of von Will-
ebrand disease. Postepowanie w chorobie von Willebranda: 2008 Polish So-
ciety of Hematology and Transfusion Medicine guidelines [in Polish]. Med
Prakt. 2008; 12 (special issue): 3-24.

10 Castaman G, Goodeve A, Eikenboom J, et al. Principles of care for
the diagnosis and treatment of von Willebrand disease. Haematologica.
2013; 98: 667-674. ('

11 Laffan MA, Lester W, 0'Donnell JS, et al. The diagnosis and manage-
ment of von Willebrand disease: a United Kingdom Haemophilia Centre Doc-
tors Organization guideline approved by the British Committee for Standards
in Hematology. Br J Haematol. 2014; 167: 453-465. ('

12 Nichols WL, Hultin MB, James AH, et al. Von Willebrand disease
(VWD): evidence-based diagnosis and management guidelines, the Nation-
al Heart, Lung, and Blood Institute (NHLBI) Expert Panel report (USA). Hae-
mophilia. 2008; 14: 171-232. ('

13 Neff AT. Current controversies in the diagnosis and management of von
Willebrand disease. Ther Adv Hematol. 2015; 6: 209-216. ('

14 Federici AB. Current and emerging approaches for assessing von Wil-
lebrand disease in 2016. Int J Lab Hematol. 2016; 38 (suppl 1): 41-49. ('

15  Federici AB, Bucciarelli P, Castaman G, et al. The bleeding score pre-
dicts clinical outcomes and replacement therapy in adults with von Wille-
brand disease. Blood. 2014; 123: 4037-4044. (%'

16 Ng Ch, Motto DG, Di Paolla J. Diagnostic approach to von Willebrand
disease. Blood. 2015; 125: 2029-2037. ('

17 Tosetto A, Rodeghiero F, Castamen G, et al. A quantitative analysis of
bleeding symptoms in type 1 von Willebrand disease: results from a mul-
ticenter European study (MCMDM-1 VWD). J Thromb Haemost. 2006; 4:
766-773. (2

18  Rodeghiero F, Tosetto A, Abshire T, et al. ISTH/SSC bleeding assess-
ment tool: a standardized questionnaire and a proposal for a new bleed-
ing score for inherited bleeding disorders. J Thromb Haemost. 2010; 8:
2063-2065. (£

19 Elbatarny M, Mollah S, Grabell J, et al. Normal range of bleeding scores
for the ISTH-BAT: adult and pediatric data from the merging project. Haemo-
philia. 2014; 20: 831-835. (7'

20 Tosetto A, Castaman G, Plug |, et al. Prospective evaluation of the clin-
ical utility of quantitative bleeding severity assessment in patients referred
for hemostatic evaluation. J Thromb Haemost. 2011; 9: 1143-1148. ('

21 Goodeve A, Eikenboom J, Castaman G, et al. Phenotype and genotype
of a cohort of families historically diagnosed with type 1 von Willebrand dis-
ease in the European study, Molecular and Clinical Markers for the Diagno-
sis and Management of Type 1 von Willebrand Disease (MCMDM-1VWD).
Blood. 2007; 109: 112-121.

22 Budde U, Schneppenheim R, Eikenboom J, et al. Detailed von Wille-
brand factor multimer analysis in patients with von Willebrand disease in
the European study, Molecular and Clinical Markers for the Diagnosis and
Management of Type 1 von Willebrand Disease (MCMDM-1VWD). J Thromb
Haemost. 2008; 6: 762-771. ('

23 James PD, Paterson AD, Notley C, et al. Genetic linkage and associ-
ation analysis in type 1 von Willebrand disease: results from the Canadian
Type 1 VWD Study. J Thromb Haemost. 2006; 4: 783-792. (7

24 Eikenboom J, Van Marion V, Putter H, et al. Linkage analysis in families
diagnosed with type 1 von Willebrand disease in the European study, Molec-
ular and Clinical Markers for the Diagnosis and Management of Type 1 VWD.
J Thromb Haemost. 2006; 4: 774-782. ('

25 Tosetto A, Rodeghiero F, Castaman G, et al. Impact of plasma von Wil-
lebrand factor levels in the diagnosis of type 1 von Willebrand disease: re-
sults from a multicenter European study (MCMDM-1VWD). J Thromb Hae-
most. 2007; 5: 715-721. (£

26  Laffan M, Brown SA, Collins PW, et al. The diagnosis of von Willebrand
disease: a guideline from UK Haemophilia Centre Doctor’s Organization. Hae-
mophilia. 2004; 10: 199-217. (%'

27 Lavin M, Aguila S, Schneppenheim S, et al. Novel insights into the clini-
cal phenotype and pathophysiology underlying low VWF levels. Blood. 2017;
130: 2344-2353. (7

28 de Jong A, Eikenboom J. Von Willebrand disease mutation spectrum
and associated mutation mechanisms. Thromb Res. 2017; 159: 65-75. (7

29 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: 145-154, (5"

30 Sharma R, Haberichter SL. New advances in the diagnosis of von Wil-
lebrand disease. Hematology Am Soc Hematol Educ Program. 2019; 2019:
596-600. (7

31 Lavin M, 0'Donnell JS. How | treat low von Willebrand factor levels.
Blood. 2019; 133: 795-804. (7"

32 Sadler JE. Low von Willebrand factor: sometimes a risk factor and
sometimes a disease. Hematology Am Soc Hematol Educ Program. 2009;
106-112. ('

33 De Wee EM, Sanders YV, Mauser-Bunschoten EP, et al. Determinants
of bleeding phenotype in adult patients with moderate or severe von Wille-
brand disease. Thromb Haemost. 2012; 108: 683-692. ('


https://doi.org/10.3324/haematol.2012.077263
https://doi.org/10.3324/haematol.2012.077263
https://doi.org/10.3324/haematol.2012.077263
https://doi.org/10.1111/bjh.13064
https://doi.org/10.1111/bjh.13064
https://doi.org/10.1111/bjh.13064
https://doi.org/10.1111/bjh.13064
https://doi.org/10.1111/j.1365-2516.2007.01643.x
https://doi.org/10.1111/j.1365-2516.2007.01643.x
https://doi.org/10.1111/j.1365-2516.2007.01643.x
https://doi.org/10.1111/j.1365-2516.2007.01643.x
https://doi.org/10.1177/2040620715587879
https://doi.org/10.1177/2040620715587879
https://doi.org/10.1111/ijlh.12540
https://doi.org/10.1111/ijlh.12540
https://doi.org/10.1182/blood-2014-02-557264
https://doi.org/10.1182/blood-2014-02-557264
https://doi.org/10.1182/blood-2014-02-557264
https://doi.org/10.1182/blood-2014-08-528398
https://doi.org/10.1182/blood-2014-08-528398
https://doi.org/10.1111/j.1538-7836.2006.01847.x
https://doi.org/10.1111/j.1538-7836.2006.01847.x
https://doi.org/10.1111/j.1538-7836.2006.01847.x
https://doi.org/10.1111/j.1538-7836.2006.01847.x
https://doi.org/10.1111/j.1538-7836.2010.03975.x
https://doi.org/10.1111/j.1538-7836.2010.03975.x
https://doi.org/10.1111/j.1538-7836.2010.03975.x
https://doi.org/10.1111/j.1538-7836.2010.03975.x
https://doi.org/10.1111/hae.12503
https://doi.org/10.1111/hae.12503
https://doi.org/10.1111/hae.12503
https://doi.org/10.1111/j.1538-7836.2011.04265.x
https://doi.org/10.1111/j.1538-7836.2011.04265.x
https://doi.org/10.1111/j.1538-7836.2011.04265.x
https://doi.org/10.1111/j.1538-7836.2008.02945.x
https://doi.org/10.1111/j.1538-7836.2008.02945.x
https://doi.org/10.1111/j.1538-7836.2008.02945.x
https://doi.org/10.1111/j.1538-7836.2008.02945.x
https://doi.org/10.1111/j.1538-7836.2008.02945.x
https://doi.org/10.1111/j.1538-7836.2006.01860.x
https://doi.org/10.1111/j.1538-7836.2006.01860.x
https://doi.org/10.1111/j.1538-7836.2006.01860.x
https://doi.org/10.1111/j.1538-7836.2006.01823.x
https://doi.org/10.1111/j.1538-7836.2006.01823.x
https://doi.org/10.1111/j.1538-7836.2006.01823.x
https://doi.org/10.1111/j.1538-7836.2006.01823.x
https://doi.org/10.1111/j.1538-7836.2007.02444.x
https://doi.org/10.1111/j.1538-7836.2007.02444.x
https://doi.org/10.1111/j.1538-7836.2007.02444.x
https://doi.org/10.1111/j.1538-7836.2007.02444.x
https://doi.org/10.1111/j.1365-2516.2004.00894.x
https://doi.org/10.1111/j.1365-2516.2004.00894.x
https://doi.org/10.1111/j.1365-2516.2004.00894.x
https://doi.org/10.1182/blood-2017-05-786699
https://doi.org/10.1182/blood-2017-05-786699
https://doi.org/10.1182/blood-2017-05-786699
https://doi.org/10.1016/j.thromres.2017.09.025
https://doi.org/10.1016/j.thromres.2017.09.025
https://doi.org/10.1182/blood-2006-05-021105.
https://doi.org/10.1182/blood-2006-05-021105.
https://doi.org/10.1182/blood-2006-05-021105.
https://doi.org/10.1182/hematology.2019000064
https://doi.org/10.1182/hematology.2019000064
https://doi.org/10.1182/hematology.2019000064
https://doi.org/10.1182/blood-2018-10-844936
https://doi.org/10.1182/blood-2018-10-844936
https://doi.org/10.1182/asheducation-2009.1.106
https://doi.org/10.1182/asheducation-2009.1.106
https://doi.org/10.1182/asheducation-2009.1.106
https://doi.org/10.1160/TH12-04-0244
https://doi.org/10.1160/TH12-04-0244
https://doi.org/10.1160/TH12-04-0244
http://creativecommons.org/licenses/by-nc-sa/4.0
https://doi.org/10.1111/j.1538-7836.2006.02146.x
https://doi.org/10.1111/j.1538-7836.2006.02146.x
https://doi.org/10.1111/j.1538-7836.2006.02146.x
https://doi.org/10.4137/BMI.S24353
https://doi.org/10.4137/BMI.S24353
https://doi.org/10.4137/BMI.S24353
https://doi.org/10.1055/s-0031-1281029
https://doi.org/10.1055/s-0031-1281029
https://doi.org/10.1055/s-0031-1281029
https://doi.org/10.1055/s-0038-1660481
https://doi.org/10.1055/s-0038-1660481
https://doi.org/10.1055/s-0038-1660481
https://doi.org/10.1111/jth.13243
https://doi.org/10.1111/jth.13243
https://doi.org/10.1182/blood.V69.2.454.454
https://doi.org/10.1182/blood.V69.2.454.454
https://doi.org/10.1182/blood-2015-10-673681
https://doi.org/10.1182/blood-2015-10-673681
https://doi.org/10.1182/blood-2015-10-673681

34 Flood VH, Abshire TC, Christopherson PA, et al. Von Willebrand dis-
ease in the United States: perspective from the Zimmerman Program. Ann
Blood. 2018; 3: 1-11. ('

35 Kouides PA. An update on the management of bleeding disorders dur-
ing pregnancy. Curr Opin Hematol. 2015; 22: 397-405. (7

36 Sanders YV, Giezenaar MA, Laros-van Gorkom BA, et al. Von Wille-
brand disease and aging: an evolving phenotype. J Thromb Haemost. 2014;
12: 1066-1075. (&

37 Llavin M, Aguila S, Dalton N, et al. Significant gynecological bleed-
ing in women with low von Willebrand factor levels. Blood Adv. 2018; 2:
1784-1791. (%

38 Eikenboom JC, Castaman G, Kamphuisen PW, et al. The factor VIII/
von Willebrand factor ratio discriminates between reduced synthesis and
increased clearance of von Willebrand factor. Thromb Haemost. 2002; 87:
252-251. (7

39 Eikenboom J, Federici AB, Dirven RJ, et al. VWF propeptide and ratios
between VWF, VWF propeptide, and FVIII in the characterization of type 1
von Willebrand disease. Blood. 2013; 121; 2336-2339. (7'

40 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:
3344-3351. (£

41 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 Clin-
ical Markers for the Diagnosis and Management of Type 1 VWD (MCMDM-
-1VWD). Blood. 2008; 111: 4979-4985. (7'

42 Rydz N, Grabell J, Lillicrap D, James PD. Changes in von Willebrand
factor level and von Willebrand activity with age type 1 von Willebrand dis-
ease. Haemophilia. 2015; 21: 636-641. (7

43  Leebeek FWG, Boender J. Low VWF: an established mild bleeding dis-
order? Blood. 2017; 130: 2241-2242. (%'

44 Van Loon J, Dehghan A, Weihong T, et al. Genome-wide association
studies identify genetic loci for low von Willebrand factor levels. Eur J Hum
Genet. 2016; 24: 1935-1040.

45 Campos M, Sun W, Yu F, et al. Genetic determinants of plasma von
Willebrand factor antigen levels: a target gene SNP and haplotype analysis
of ARIC cohort. Blood. 2011; 117: 5224-5230. ('

46 Aguila S, Lavin M, Dalton N, et al. Increased galactose expression and
enhanced clearance in patients with low von Willebrand factor. Blood. 2019;
133: 1585-1596. (7'

47  Gill CJ, Endres-Brooks J, Bauer PJ, et al. The effect of ABO blood group
on the diagnosis of von Willebrand disease. Blood. 1987; 69: 1691-1695. ('

48 Bowen DJ. An influence of ABO blood group on the rate of proteoly-
sis of von Willebrand factor by ADAMTS13. J Thromb Haemost. 2003; 1:
33-40. (£

49 Desch KC, Ozel AB, Siemieniak D, et al. Linkage analysis identifies a lo-
cus for plasma von Willebrand factor undetected by genome-wide associa-
tion. Proc Natl Acad Sci U S A. 2013; 110: 588-593.

50 Van Schie MC, Wieberdink RG, Koudstaal PJ, et al. Genetic de-
terminants of von Willebrand factor plasma levels and the risk of stroke:
the Rottdam Study. J Thromb Haemost. 2012; 10: 550-556. ("

51 Rydz N, Swystun LL, Notley C, et al. The C-type lectin receptor
CLEC4M binds, internalizes, and clears von Willebrand factor and contrib-
utes to the variation in plasma von Willebrand factor levels. Blood. 2013;
121: 5228-5237. (7

52 Smith NL, Chen MH, Dehghan A, et al. Novel associations of multiple
genetic loci with plasma levels of factor VII, factor VIII, and von Willebrand
factor. The CHARGE (Cohorts for Heart and Aging Research in Genome Epi-
demiology) Consortium. Circulation. 2010; 121: 1382-1392. ('

REVIEW ARTICLE Clinical significance of low von Willebrand factor

231


https://doi.org/10.21037/aob.2017.12.05
https://doi.org/10.21037/aob.2017.12.05
https://doi.org/10.21037/aob.2017.12.05
https://doi.org/10.1097/MOH.0000000000000167
https://doi.org/10.1097/MOH.0000000000000167
https://doi.org/10.1111/jth.12586
https://doi.org/10.1111/jth.12586
https://doi.org/10.1111/jth.12586
https://doi.org/10.1182/bloodadvances.2018017418
https://doi.org/10.1182/bloodadvances.2018017418
https://doi.org/10.1182/bloodadvances.2018017418
https://doi.org/10.1055/s-0037-1612981
https://doi.org/10.1055/s-0037-1612981
https://doi.org/10.1055/s-0037-1612981
https://doi.org/10.1055/s-0037-1612981
https://doi.org/10.1182/blood-2012-09-455089
https://doi.org/10.1182/blood-2012-09-455089
https://doi.org/10.1182/blood-2012-09-455089
https://doi.org/10.1182/blood-2006-04-015065
https://doi.org/10.1182/blood-2006-04-015065
https://doi.org/10.1182/blood-2006-04-015065
https://doi.org/10.1182/blood-2006-04-015065
https://doi.org/10.1182/blood-2007-09-110940
https://doi.org/10.1182/blood-2007-09-110940
https://doi.org/10.1182/blood-2007-09-110940
https://doi.org/10.1182/blood-2007-09-110940
https://doi.org/10.1182/blood-2007-09-110940
https://doi.org/10.1111/hae.12664
https://doi.org/10.1111/hae.12664
https://doi.org/10.1111/hae.12664
https://doi.org/10.1182/blood-2017-09-807180
https://doi.org/10.1182/blood-2017-09-807180
https://doi.org/10.1182/blood-2010-08-300152
https://doi.org/10.1182/blood-2010-08-300152
https://doi.org/10.1182/blood-2010-08-300152
https://doi.org/10.1182/blood-2018-09-874636
https://doi.org/10.1182/blood-2018-09-874636
https://doi.org/10.1182/blood-2018-09-874636
https://doi.org/10.1182/blood.V69.6.1691.bloodjournal6961691
https://doi.org/10.1182/blood.V69.6.1691.bloodjournal6961691
https://doi.org/10.1046/j.1538-7836.2003.00007.x
https://doi.org/10.1046/j.1538-7836.2003.00007.x
https://doi.org/10.1046/j.1538-7836.2003.00007.x
https://doi.org/10.1111/j.1538-7836.2012.04634.x
https://doi.org/10.1111/j.1538-7836.2012.04634.x
https://doi.org/10.1111/j.1538-7836.2012.04634.x
https://doi.org/10.1182/blood-2012-10-457507
https://doi.org/10.1182/blood-2012-10-457507
https://doi.org/10.1182/blood-2012-10-457507
https://doi.org/10.1182/blood-2012-10-457507
https://doi.org/10.1161/CIRCULATIONAHA.109.869156
https://doi.org/10.1161/CIRCULATIONAHA.109.869156
https://doi.org/10.1161/CIRCULATIONAHA.109.869156
https://doi.org/10.1161/CIRCULATIONAHA.109.869156

