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1 Summary

Von Willebrand disease (VWD), the most common congenital bleeding disorder, is characterized 
primarily by mucocutaneous bleeding. It is caused by a quantitative or qualitative deficiency of 
von Willebrand factor (VWF). Diagnosing VWD is challenging due to varied clinical presentation. 
Specialized laboratory tests and the influence of various physiological processes on von Wille-
brand factor further complicate diagnosis. Approved therapeutic options include DDAVP, VWF 
concentrates, and adjuvant therapies such as antifibrinolytics.

Interdisciplinary collaboration and decision-making, including individualized care, are essential 
in the assessment and treatment of patients with VWD.

2 Basics

2.1 Definition and basic information

In 1926, Finnish physician Erik von Willebrand published a description of a new bleeding disor-
der that he observed in a family living on the Åland Islands in the Baltic Sea [1]. The index case 
was a young woman who bled to death during her fourth menstrual period; and many other 
family members also suffered from excessive bleeding. In the original report, the disease was 
initially referred to as "pseudohaemophilia"; however, it later became known as von Willebrand 
disease (VWD) [2, 3].

VWD is caused by a deficiency or disorder of von Willebrand factor (VWF), a multimeric glyco-
protein that performs important hemostatic functions. These functions include the adhesion 
and aggregation of platelets to endothelial injuries and acting as a carrier protein (chaperone) 
for FVIII. Without binding to VWF, FVIII has a shortened half-life.

The VWF gene is located on the short arm of chromosome 12 (12p13.2-13.3). It is approxi-
mately 178 KBp, in size and consists of 52 exons. The primary VWF translation product is a 
2,813 amino acid pre-pro peptide. VWF undergoes secondary modification and polymerization 
to form so-called multimers. The particularly large multimers are most active in primary hemo-
stasis. FVIII binding is ensured by smaller multimers. VWF is synthesized exclusively in endothe-
lial cells and megakaryocytes, released into the plasma, or stored in cell organelles.

The half-life of VWF in circulation is reported to be 12-18 hours [4].

There are different types of VWE.
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Table 1: Classification of von Willebrand types  

Type Description Functional effects

1 Quantitative reduction of VWF with consistent ratios between 
VWF/Ag, VWF/Act, and FVIII

VWF is functional but present in reduced quantities. 
Usually mild course.

1C Increased clearance of VWF/Ag
Increased VWF:pp compared to VWF/Ag

Usually mild course, DDAVP test (chapter 6.3.3) useful

2A Reduced platelet-dependent VWF activity with loss of high-
molecular-weight multimers

Impaired platelet adhesion due to lack of the largest, 
most effective multimers.

2M Reduced platelet-dependent VWF activity with preserved mul-
timeric pattern

VWF cannot bind platelets efficiently despite normal 
multimeric structure

2N Reduced binding of FVIII Clinically resembles mild hemophilia A, as factor VIII is 
rapidly degraded.

2B Increased binding of VWF to GPIba, often leading to thrombo-
cytopenia and loss of high molecular weight multimers

Excessive binding to platelets → possible thrombocy-
topenia (low platelet count).

3 Absence or near absence of VWF Severe form with severely impaired hemostasis, spon-
taneous bleeding, and pronounced symptoms.

Legend:
VWF: von Willebrand factor, VWF/Ag: von Willebrand factor antigen, VWF/Act: von Willebrand factor activity, GPIba: 
glycoprotein Iba; pp: propeptide [5].

2.2 Epidemiology

The prevalence varies widely and is attributable to various criteria in the diagnosis of VWE. 
These include the complexity of the diagnosis, the variability of bleeding symptoms, the pres-
ence of external variables (blood groups, physiological factors such as physical activity, thyroid 
hormones, estrogens, and age), and insufficient knowledge about the clinical picture of VWD [6-
 8].

2.2.1 Distribution of Von Willebrand types

VWD type 1 is the most common form, followed by VWD type 2 and the least common type 3. 
Most studies and registries estimate the distribution of VWD types to be 60–70% type 1, 20–
30% type 2, and 5–10% type 3 [9- 12].

2.2.1.1 Type 1 VWD

Type 1 VWD is the most common hereditary bleeding disorder affecting an estimated 0.1–1% of 
the general population [13] or 0.01% [14]. These large differences in the prevalence of type 1 
VWD are due to the difficult diagnostic distinction between low normal VWF levels and a defini-
tive diagnosis of VWD.

2.2.1.2 Type 2 VWD

The distribution of the various type 2 VWD patients was reported in a large Italian study of 321 
patients as 35% 2M, 31% 2A, 26% 2B, and 8% 2N [15].

2.2.1.3 Type 3 VWE

The prevalence of VWE type 3 is very low, ranging between 0.1 and 5.3 per million people [16]. 
This rate varies by country and is influenced by the rate of consanguinity (recessive inheri-
tance).
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For example, a higher prevalence has been observed in Scandinavian countries (2.4–3.12 per 
million) [17], and the highest prevalence has been observed in Arab individuals (5.3 per million) 
[18].

2.2.2 Genetic prevalence

A genetic epidemiological, population-based study of 141,456 individuals estimated the global 
prevalence at 74 per 1,000 people for type 1, 3 per 1,000 for type 2A, 3 per 1,000 for type 2B, 
6 per 1,000 for type 2M, 0.31 per 1,000 for type 2N, and 0.7 per 1,000 for type 3 [19].

These results suggest that von Willebrand disease (VWD) is underdiagnosed or that the bleed-
ing phenotype is attenuated by unknown factors [8].

Age of diagnosis: The age of onset varies, with earlier onset associated with more severe VWF 
deficiency [20].

The reported prevalence was higher in women than in men (p < 0.01), although the gender dis-
tribution between men and women should actually be approximately equal [21].

Table 2: Summary of von Willebrand types* 

Type Mechanism Inheritance Genetic defect Comments

1 Partial quantitative reduc-
tion in VWF

Autosomal domi-
nant

Missense mutation (85–90%), 
null alleles (10–15%), variable 
penetrance

Includes VWF variants that cause 
rapid VWF clearance (e.g., VWF 
Vicenza) and requires a functional 
antigen ratio > 0.6.

2A Reduced VWF-dependent 
platelet adhesion due to 
deficiency of high molecu-
lar weight VWF multimers

Autosomal domi-
nant and recessive

Missense mutations, mainly in 
domains D3, A2, and CK; mis-
sense mutations in the 
propeptide; exons 5, 28, and 
52

There is some controversy regarding 
the classification of VWF variants 
associated with a slight reduction in 
HMW multimers.

2B Increased affinity of VWF 
for platelet GPIb

Autosomal domi-
nant

Missense mutations in the A1 
domain; exon 28

The phenotype is variable, and some 
cases with normal VWF multimers 
and normal platelet counts have 
been described.

2M Decreased VWF-dependent 
platelet adhesion without 
selective deficiency of high 
molecular weight multimers

Autosomal domi-
nant

Missense mutations in the A1 
domain; exons 28, 45

May also include cases with isolated 
defect in VWF collagen binding.

2N Reduced binding affinity of 
VWF to FVIII

Autosomal reces-
sive

Missense mutation in the D 
and D3 domains, exons 5, 10, 
18

To be distinguished from mild hemo-
philia A

3 Absence of VWF Autosomal reces-
sive

Frequent null alleles Corresponds to <3 IU/dL in most 
assays

Legend:
VWF: von Willebrand factor, GPIb: glycoprotein Ib
*Adapted from [22]

2.3 Pathogenesis

This guideline describes the congenital form of von Willebrand disease. There is also an 
acquired form—see the Onkopedia guideline on acquired hemophilia and von Willebrand dis-
ease.

Type 1 VWD is the most common form of VWD. It is characterized by low plasma VWF levels 
with normal VWF structure and function and autosomal dominant inheritance [23]. These 
patients are classified based on their plasma VWF levels into a low VWF phenotype (0.3-0.5 U/
mL) and type 1 VWD (0.03-0.3 U/mL) [5], although these thresholds have long been controver-
sial [24]. In fact, the recently revised guidelines for the diagnosis of VWD suggest that patients 
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with reduced VWF levels between 0.3-0.5 U/mL and bleeding should be classified as patients 
with type 1 VWD in order not to complicate access to treatment [25].

3 Prevention and early detection:

Von Willebrand disease is a congenital bleeding disorder [26. If VWD runs in the family, early 
diagnosis of affected family members is possible, This diagnosis can be made regardless of 
bleeding symptoms. Appropriate information should be provided to patients with VWD in hemo-
stasis centers and help them to evaluate potentially affected family members and refer them 
for possible treatment.

The guideline team favors early detection through family screening [27] and clarification of 
VWD in cases of abnormal symptoms such as hypermenorrhea, iron deficiency, and postopera-
tive bleeding. Tools such as the ISTH-BAT (bleeding assessment tool) are available for this pur-
pose [28].

A research group was able to demonstrate the usefulness of the ISTH-BAT as a diagnostic tool 
in adolescents with heavy menstrual bleeding. Due to its standardized application and evidence 
of its predictive value, it would be desirable to use the ISTH-BAT routinely in clinical practice to 
promote the early identification of bleeding disorders in this age group [29].

Social media formats and patient organizations (e.g., IGH, DHG, ÖHG, SHG) are being used to 
raise awareness of VWD [30].

Current efforts to raise awareness seem to focus more on healthcare professionals and patient 
organizations than on comprehensive screening programs. A project to promote the emotional 
and social strengths of girls and boys, led by PD Dr. Susan Halimeh and Dirk Heinrich, has set 
itself the task of promoting the emotional and social strengths of young people and highlighting 
this in relation to the topics of heavy menstruation and puberty. A secondary endpoint of the 
project is the early detection of bleeding tendencies such as VWE.

This project is funded by the state of North Rhine-Westphalia (Startchancen-Programm) and is 
being carried out on behalf of Deutsche Bluthilfe e.V. (Startchancen-Programm – BMFTR; https://
deutschebluthilfe.com/).

Efforts are underway to develop diagnostic tools using machine learning algorithms and 
improve diagnostics with these algorithms. The goal is to identify patients with potentially undi-
agnosed symptomatic vascular wall erosion (VWE). However, the authors conclude that further 
external validation using other VWE diagnostic databases is necessary [31].

4 Clinical picture

4.1 Bleeding symptoms

Typical bleeding symptoms are primarily mucocutaneous bleeding and bleeding in high-risk sit-
uations. Rare locations and severe bleeding are listed below, as each patient may have differ-
ent symptoms.

 Bleeding of the mucous membranes of the mouth and nose

 Increased bleeding and tendency to hematomas in cases of minor trauma

 heavy menstrual bleeding (hypermenorrhea)

 Bleeding after dental procedures, bleeding gums

 Increased tendency to develop hematomas, with and without trauma
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 Postpartal and postsurgical bleedings

 Prolonged bleeding after injury

 Urogenital bleeding

 Joint bleeding, especially in type 3, but also in severe forms of types 1 and 2

 Gastrointestinal bleeding

 Rare internal bleeding, e.g., intracerebral hemorrhage in 0.1–0.5% of cases, most com-
mon in type 3 VWD [32].

 Petechial bleeding and bleeding in unusual locations, e.g., the eye, also occur rarely [33].

 The signs of bleeding can vary among patients and within families. They can also change 
over time for the same patient. [34, 35].

4.1.1 Hemarthrosis

Joint bleeding (hemarthrosis) occurs particularly in severe forms of VWD, such as type 3. These 
bleeds are less common than in hemophilia but can also lead to hemophilic arthropathy. 
Hemarthrosis is very rarely observed in VWD types 1 and 2, but can occur post-traumatically 
[36, 37].

As with severe hemophilia, prophylactic treatment may be advisable in patients with a severe 
VWD who experience spontaneous bleeding events. One recommendation for prophylaxis is 
substitution with a VWF/VWF-VIII concentrate at a dosage of 40–60 IU 2–3 times per week intra-
venously [10].

4.1.2 Angiodysplasia

Patients with VWD have an increased risk of angiodysplasia. The association between angiodys-
plasia and gastrointestinal (GI) bleeding in patients with VWD was first described in 1976 by 
Ramsey et al. [38].

One explanation for the occurrence of angiodysplasia may be the influence of VWF on angio-
genesis. A deficiency of functional VWF can lead to dysregulation of angiogenesis with 
increased formation of large-lumen and thin-walled vessels, as vascular stabilization and matu-
ration are reduced in favor of proliferation and migration [39- 42].

In the gastrointestinal tract, angiodysplasia occurs most frequently in the appendix and ascend-
ing colon, but has also been found throughout the gastrointestinal tract and is characterized by 
a fragile vascular network [43, 44].

The incidence of angiodysplasia varies depending on the VWE subtype. Angiodysplasia was 
found in 2% of patients with VWE type 2 and in 4.5% of patients with VWE type 3 [45].

Angiodysplasia may be associated with anemia and life-threatening gastrointestinal bleeding 
requiring transfusions [46-   49]. Although gastrointestinal bleeding caused by angiodysplasia 
also occurs in the general population, it is rare (prevalence 0.092–0.83%) and the lesions are 
usually small and have a low risk of bleeding [50, 51].

In a retrospective study of VWE patients with occult or angiodysplastic bleeding in the VWE pro-
phylaxis network, angiodysplasia was confirmed as the cause of gastrointestinal bleeding in 
only one-third of the patients [52].

The management of angiodysplasia poses significant challenges due to the complexity of the 
condition and the absence of effective surgical or endoscopic treatment options. The high 
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recurrence rate of this condition further complicates therapeutic efforts. In addition to endo-
scopic and surgical interventions, treatment encompasses the substitution of VWF and VWF/
factor VIII concentrates, along with therapeutic trials involving statins, tamoxifen, thalidomide, 
and VEGF inhibitors, among others, in cases of acute severity. It is also recommended that 
patients receive prophylaxis [40, 53].

Recurrent bleeding events due to angiodysplasia can lead to a deterioration in quality of life in 
patients with VWE.

4.1.3 Iron deficiency (anemia)

Iron deficiency anemia or iron deficiency can be an initial indication of VWE. General symptoms 
of anemia such as exhaustion, fatigue, dizziness, and even depressive disorders, which lead to 
an impairment of quality of life, may occur. In women and girls with VWE, iron deficiency (ane-
mia) / may be caused by menorrhagia.

Regular hemoglobin checks are recommended for patients with VWE, and oral or intravenous 
iron treatment may be initiated as needed [54- 57].

4.1.4 Habitual abortions

The abortion rate in patients with VWE is reported to be 7% to 25% based on retrospective 
studies or databases.

A recently published study evaluated the frequency of miscarriage in women with VWE com-
pared to women with a similar mucocutaneous bleeding phenotype ("bleeding disorder of 
unknown cause" – non-VWE) and control subjects without bleeding disorders.

No statistically significant difference was found between the two patient groups and the normal 
collective (odds ratio 0.94) in a total of 1,193 pregnancies examined. At least one live birth was 
documented in >90% of participants and in 95% of patients with VWE and non-VWE.

Finally, a comparative study showed that patients with VWE (with VWF-Ag and VWF-Act values 
< 50%) do not have an increased risk of miscarriage compared to the normal population. In 
addition, a German group was able to show that there were no differences in outcome between 
patients with and without VWE after reproductive medicine measures [58, 59].

4.2 General morbidity

Another underestimated issue in patients with VWE is morbidity Subjects diagnosed with VWE 
exhibited a 2.0-fold (SD 1.5–2.5) increase in the frequency of inpatient hospitalizations com-
pared to the control group.. The most common causes for hospital stays were gastrointestinal 
(GI) bleeding (n = 232 as primary diagnosis), menorrhagia (n = 198), and epistaxis (n = 192). 
Outpatient visits per year were also twice as frequent in individuals with VWE. An excerpt from 
the Scandinavian registry with 105 patients showed the following distribution: VWE type 3, 
52.4%; type 2A, 22.9%; type 1, 12.4%; and other types, 3.9%) [60].

The quality of life of those affected is significantly impaired by the bleeding (see chapter 6.9
Quality of life).

4.3 Prognosis

Patients with VWE have a life expectancy comparable to that of healthy individuals.
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There is no cure for the hereditary form of the disease. For information on acquired forms, see 
the Onkopedia guideline on acquired hemophilia and VWD (guideline to be published shortly).

Gene therapy is not currently available.

5 Diagnosis

5.1 Diagnostic criteria

5.1.1 Introduction and summary

The diagnosis of von Willebrand disease is a multifaceted process, characterized by a series of 
obstacles that must be overcome. Patients present with a broad spectrum of symptoms, rang-
ing from mild to severe manifestations, which complicates the diagnostic process. A detailed 
medical history, including family history, is therefore important. A special feature of the diagno-
sis is the variability of von Willebrand factor levels due to acute phase reactions such as stress, 
physical exertion, infections, pregnancy, and acute illnesses, but also due to age and blood 
type. Nicotine abuse and air pollution also have an influence [61].

The diagnosis of VWE should be made when the patient is in a "basic state of health". Repeated 
measurements are therefore often useful.

In summary, the diagnosis includes [62, 63]:

1. Bleeding assessment tools (standardized questionnaires on

2. bleeding history),

3. Laboratory tests (including diagnosis-relevant threshold values)

4. special diagnostics for the diagnosis of subtypes

5. Genetic testing

5.1.2 Influence of age

VWF parameters may increase with age, leading to normalization of VWF levels [24]. In a study 
group (n=617) with a median age of 28 years and a mean observation period of 16 years, it 
was shown that VWF and factor VIII increased discreetly from the age of 20 and linearly from 
the age of 40. In type 2 vWE, only an increase in factor VIII was observed, while in type 1 vWE 
and patients with low vW levels, an increase in both vW activity and factor VIII was docu-
mented.

The authors observed an overall average increase in VWF of 22 IU/dl over a period of 10 years, 
accompanied by an increase in VWF propeptide (VWFpp), VWF:Ag of 6.9% over 10 years, and 
FVIII [64- 66].

5.1.3 Influence of blood type

VWF:Ag levels in individuals with blood group O are measured at 25-30% lower than in individu-
als with blood groups A, B, and AB. Individuals with blood group O are overrepresented among 
VWE patients (77% of all VWE patients), although they make up only 45% of the total European 
and American population. In addition to ABO, other modifying genes have been identified, 
including CLEC4M, STXBP5, and STAB2. Variants in the genes for the sinusoidal endothelial 
receptors "C-type lectin domain family 4 member M" (CLEC4M) and "Stabilin-2" are associated 
with plasma levels of VWF and/or FVIII in healthy individuals. The ability of these receptors to 
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bind, internalize, and remove the VWF-FVIII complex from the bloodstream [67-   69]. Blood 
groups ABO-adjusted reference ranges are not considered necessary according to the 2021 
guidelines for the diagnosis of VWE [70].

5.1.4 Influence of subtypes

The existence of different VWD subtypes (e.g., type 1, type 2 with subtypes 2A, 2B, 2M, 2N, 
and type 3), which must be identified by different tests, also makes diagnosis complex, expen-
sive, and time-consuming (e.g., multimer analyses or genetic testing).

Furthermore, the optimal approach for managing patients who exhibit a propensity for bleeding 
in their daily lives and who fall within the borderline range of 50–70% remains to be elucidated 
[71, 72]. See chapter 5.3 Diagnostics.

5.1.5 Summary

The diagnosis of von Willebrand disease requires a combination of detailed medical history, 
including family history, a combination and, if necessary, repetition of specialized laboratory 
tests, and a differentiated interpretation of the results. Prothrombin time (Quick, PT) and partial 
thromboplastin time (aPTT) have been determined to be unreliable screening tests for diagnos-
ing VWD are not reliable tests for screening for the diagnosis of VWD. Although the aPTT may 
be prolonged in certain types of VWD, such as type 3 or type 2N (as a proxy for the degree of 
factor VIII activity), it is not traditionally used as a screening test for VWD because it is normal 
in most cases [73].

Figure 1 below shows a significantly simplified diagnostic scheme. Further explanations follow 
in chapter 5.2.

Figure 1: Simplified diagnostic scheme for VWD 

Legend:
BAT: bleeding assessment tool, VWF:Ag: von Willebrand factor antigen, VWF:Rco: von Willebrand factor risto-
cetin, GpIb: glycoprotein I b, BB blood count, PFA: platelet function analyzer
TP: thromboplastin time, aPTT: activated partial thromboplastin time; pp: propeptide; CBA: collagen binding 
assay
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5.2 Diagnostics in detail

5.2.1 Screening with a standardized medical history questionnaire (BAT)

For the initial screening examination in cases of suspected VWE, the use of a validated bleeding 
assessment tool (ISTH-BAT) is recommended [30]. BATs can be helpful in documenting the 
severity of bleeding and can be used in combination with laboratory tests for initial diagnosis. A 
standardized medical history questionnaire has been shown to be more accurate than individ-
ual interviews conducted by individual practitioners. It should be noted that BAT is most effec-
tive in adult women. In patients with a high probability of VWD (e.g., those with affected first-
degree relatives), the decision to perform specific tests should not be based on BAT alone [28].

There are practical suggestions for the use of BAT [74]:

A: Use of BAT in cases of moderate VWE probability: For patients with a moderate probability of 
VWE (approximately 20%, often with a history of bleeding or abnormal initial tests), BAT alone 
should not be used to decide whether further tests are necessary.

B: BAT in cases of high VWE probability: Target group: Patients with a high pre-test probability 
of VWE (approximately 50%), often due to a family history, regardless of their own bleeding 
symptoms or initial laboratory tests.

The following is a diagnostic decision tree with explanations (Figure 2), adapted from the WFH/
ISTH guideline [62], as well as another proposal from 2021 [63].

Figure 2: Use of the ISTH Bleeding Score 

Legend:
Adapted from [75]

5.2.2 Further von Willebrand-specific laboratory methods

If VWD is suspected, specific tests such as VWF antigen (VWF-Ag), platelet-dependent VWF 
activity (e.g., VWF:GPIb), and factor VIII activity (FVIIIc) should be performed, ideally in conjunc-
tion with aPTT and PFA measurements (see chapter 5.2.3). Various reagents from different com-
panies are available for determining von Willebrand parameters.

After determining these parameters, most laboratories automatically determine the VWF:Act / 
VWF:Ag ratio.

If the VWF:Act / VWF:Ag ratio is < 0.7, this indicates type 2 VWD.

12



5.2.3 Multimer analysis

Multimer analysis is particularly useful for differentiating between the various types of VWD: 
type 2. This is important because a reliable diagnosis of patients with types 2A, 2B, or 2M is 
essential for the prognosis and counseling of patients and their families. The analysis is per-
formed by electrophoresis [76, 77].

5.2.4 Supplementary special tests (VWF:CBA and VWF:pp)

Other measurement methods include von Willebrand factor collagen-binding activity (VWF:CBA) 
and VWF:propeptide (VWF:pp).

Explanation: VWF: The functionality of von Willebrand factor (VWF) is assessed by the CBA, 
which involves testing the ability of VWF to bind to subendothelial collagen. The test is often 
performed using an enzyme-linked immunosorbent assay (ELISA) or chemiluminescence 
[78, 79].

The VWF:CBA test is helpful in distinguishing between different types of VWD. The ISTH guide-
lines recommend either VWF multimer analysis or the VWF:CBA/VWF:Ag ratio for the diagnosis 
of type 2 VWD in patients suspected of having type 2A, 2B, or 2M [62, 80].

Von Willebrand propeptide measurement (VWF: pp) was originally used to diagnose type 1C 
VWD. The propeptide is produced during the synthesis of von Willebrand factor (VWF) in the 
Weibel-Palade bodies and is released into the bloodstream in the same amount as VWF [81]. 
Due to its shorter half-life compared to VWF, the ratio of VWFpp to VWF:Ag (VWF:Ag) provides 
important insights into the synthesis, secretion, and degradation of VWF.

Increased degradation of VWF from the blood is reflected in a high VWF:pp/VWF:Ag ratio.

A normal VWF:pp/VWF:Ag ratio but low absolute values indicate reduced VWF synthesis [82]. 
This test is therefore useful for determining VWE type 1C. Unfortunately, the test is not yet 
widely available [83]. Alternatively, a DDAVP test can/should be performed if there are no con-
traindications. In the DDAVP test, the VWF levels that are elevated after one hour in VWE 1C 
already decrease again after 4 hours (see chapter 6.3.3) [62].

5.2.5 Tests to differentiate between type 2 VWE

If the multimeric analysis cannot be performed, is unclear, or if further diagnostic confirmation 
is desired, additional detailed examinations can be performed. The focus is on the difficult diag-
nosis of VWE type 2 B and VWE type 2 N. The diagnosis of the subtypes VWE type 2 B (RIPA) 
and type 2 N (VWF:FVIIIB) is particularly difficult. The following are explanations and sugges-
tions for step-by-step diagnosis (Figure 3).

5.2.5.1 Explanation of type 2B diagnosis

Ristocetin-induced platelet agglutination (RIPA) is an in vitro test for examining the function and 
interaction of VWF with the GPIbα-V-IX complex of platelets. The test is performed with platelet-
rich plasma (PRP) and measures agglutination at different ristocetin concentrations [84, 85]. A 
low ristocetin concentration (0.5 mg/ml) can distinguish type 2B (VWE 2B) from the platelet 
type (PT). At this concentration, platelet agglutination occurs, which is not triggered in normal 
individuals [86].
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Figure 3: Clarification of VWE type 2B 

Legend:
VWF:Act von Willebrand factor activity, VWF:Ag: von Willebrand factor antigen

5.2.5.2 Explanation of type 2N diagnosis

The FVIIIC binding test, also known as the FVIII binding assay (VWF:FVIIIB), measures the ability 
of VWF to bind FVIII. This is an essential function of VWF, as it protects FVIII from degradation 
and supports its release at the site of injury. This test is used in particular to diagnose VWE 2N, 
which is characterized by a reduced FVIII binding capacity of VWF and is difficult to distinguish 
from mild hemophilia in individual cases. This test is particularly beneficial in circumstances 
where genetic testing is not an option and patients exhibit symptoms consistent with those 
associated with hemophilia A. A reduced ratio of VWF antigen (VWF:Ag) to FVIII binding activity 
(<0.7) indicates a defect in FVIII binding, which is typical of VWE 2N.
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Figure 4: Diagnosis of VWE type 2N 

Legend:
VWF:Act von Willebrand factor activity, VWF:Ag: von Willebrand factor antigen

5.2.6 Diagnosis of von Willebrand type 1 Vicenza and type 1C

Von Willebrand disease type 1C and von Willebrand type Vicenza are not the same, even 
though they have some similarities. They are both characterized by low von Willebrand factor 
(VWF) levels, but they differ in cause and mechanism.

VWE 1C is a subcategory of type 1 VWE characterized by increased clearance of VWF from the 
bloodstream. This means that VWF is produced normally but is unstable and therefore breaks 
down faster than usual. It is characterized by certain known mutations (see chapter 5.2.8). 
Patients typically have low VWF levels, a reduced half-life of VWF (can be detected by the 
DDAVP test (chapter 6.3.3) and due to the high VWF:pp/ag ratio), and a tendency to bleed.

Von Willebrand disease type Vicenza is characterized by very low VWF levels (<10 IU/dl) and an 
exceptionally short half-life of circulating VWF. It is typically associated with the R1205H muta-
tion in the VWF gene. This mutation causes VWF to be removed from the blood unusually 
quickly. The bleeding tendency can vary greatly. The Vicenza type was first described in the 
Vicenza region of Italy but is not limited to this region. The multimeric pattern shows ultra-large 
multimers.

VWE Vicenza is often considered a special case within type 1 disorders, with overlaps with type 
1C (increased clearance) [87- 89].

5.2.7 Platelet function analyzer 100/200 (PFA)

The PFA-100/200 simulates the conditions of an injured endothelium under flow conditions and 
thus records, among other things, the function of VWF. The closure time (CT) is measured. One 
advantage of this method is that it can be performed quickly. PFA alone is not an adequate 
diagnostic tool for VWE [90- 92].
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5.2.8 Genetic testing

Genetic analyses are becoming increasingly important in the diagnosis of VWD. In line with the 
British guidelines, genetic testing can be performed if patients have reduced VWF activity (as 
determined by any activity test) or VWF levels: antigen <30 IU/dL on two occasions and VWF 
levels between 30 and 50 IU/dL are detected, if no other causes for the bleeding phenotype 
have been identified [93].

In line with the WFH ISTH guidelines (James et al.), genetic testing should be preferred over 
RIPA for the diagnosis of VWE type 2B.

Genetic testing is also recommended for the determination of type 2N, if available. Alterna-
tively, the FVIII binding test can be used.

Genetic testing can also be helpful in distinguishing between congenital and acquired forms 
[94]. Genetic testing is also helpful in the diagnosis of VWD type 3, type 1C, and type Vicenza 
[95].

Many mutations are already known. Most mutations that cause VWD type 1 are missense muta-
tions (about 70%), followed by splice site mutations (about 9%), transcription mutations (8%), 
small deletions (6%), nonsense mutations (5%), and small insertion or duplication mutations 
(2%). Type 2 VWD can be explained genetically in a relatively simple manner, as mutations in 
specific areas of the VWF protein lead to defects in its function. Type 3 VWS is the most severe 
form: due to homozygosity or compound heterozygosity for zero alleles in the VWF gene, 
affected individuals produce virtually no von Willebrand factor (VWF). In addition, it has been 
demonstrated that copy number variants (CNVs) can cause all subtypes of VWE [96- 98].

In recent years, it has become increasingly evident that a more comprehensive genetic under-
standing of VWE also requires analysis outside the VWF gene. This is evident from the fact that 
not all patients with low VWF or type 1 VWS have characteristic mutations in the VWF gene, 
which highlights the genetic complexity of this disease. Specifically, no probable causative vari-
ant in the VWF gene has yet been identified in approximately 35% of patients with VWE type 1, 
and only 41% of families with VWE type 1 show linkage to the VWF locus [99].

The same applies to type 3 VWE: in one study, no null mutations in the VWF gene were 
detected in approximately 15% of type 3 patients, suggesting that other genes may also play a 
role in the disease. An increase in genetic testing is expected in the coming years [100- 104].

The authors believe that the recommendations will be adapted in the coming years. Next-gen-
eration sequencing (NGS) is a suitable method for this purpose.

This method enables more accurate and faster diagnosis, can identify variants that are not 
detected by the older test, and offers the possibility of updating or expanding the diagnosis at 
a later date when new findings become available [95, 105].

In general, before a person undergoes genetic testing, a declaration of consent must be 
obtained that also contains information about possible incidental findings. Not all physicians are 
allowed to order all genetic tests. The respective regulations of the federal states must be con-
sidered.
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5.2.9 Summary of diagnostics

Table 3: Short version of typing 

Type 
1

Type 2A Type 2B Type 2M Type 2N Type 3 Vicenza Type 1C

aPTT N (↑) N (↑) N (↑) N (↑) ↑ ↑ ↑ N (↑)

FVIIIc N (↓) N (↓) N (↓) N (↓) ↓ ↓↓ ↓ N (↓)

VWF:Ag ↓ ↓ N (↓) N (↓) N (↓) <10% N (↓) N (↓)

 
VWF Act ( e.g., 
VWF:GpIb

↓ ↓ ↓ N (↓) N (↓) ↓↓ ↓ ↓

Ratio Act/Ag 1 <0.7 <0.7 <0.7 <0.7 nd mostly 1 mostly 1

RIPA (0.9 mg/
ml ristocetin)

N (↓) N (↓) ↑ N (↓) n nd n N (↓)

Multimers All 
bands

Reduction of 
high molecular 
weight bands

Reduction of 
high molecular 
weight bands

Normal/high 
molecular 
weight

All nd Partial 
reduction 
of high 
molecular 
weight

All bands

VWF:pp n n n n n nd ↓ n

Ratio to pp/Ag n n n n n nd ↓ n

VWF:FVIII n n n ↓ n n n

Legend:
N normal, high molecular weight or all bands (multimer field)
↓ : decreased, ↑ : increased, nd: not relevant
VWF: PP: von Willebrand factor propeptide, RIPA: ristocetin-induced agglutination, GpIb: glycoprotein Ib, Act/Ag: ratio 
of von Willebrand factor activity to antigen

5.3 What pitfalls should be considered in the diagnosis?

5.3.1 Preanalytics

It is important to observe the preanalytical conditions; current recommendations are available.

Whole blood samples for coagulation tests should be stored at an ambient temperature of 18–
25°C during transport and storage prior to processing. Refrigeration should be avoided.

The time between sample collection and testing (or freezing) of citrated plasma for VWE tests 
should not exceed twelve hours.

Before making a diagnosis of VWE, it is recommended that results that deviate from the normal 
values be confirmed at a specialised center with experience in performing the tests and inter-
preting the results. In addition, samples should be taken on site to check the preanalytics [93].

5.3.2 Borderline findings*

*see also chapter 5.1.4 Subtypes

 0.3–0.50 IU/mL and 0.5–0.7 IU/mL are diagnostically challenging.

 According to WFH guidelines: In cases of clinically relevant bleeding, the threshold value 
is < 0.50 IU/mL; if the lower normal limit of the local laboratory is below this, its reference 
values should be used.
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 Patients with 0.5–0.7 IU/mL are not currently classified as having VWD, but require a 
careful bleeding history and, if necessary, control measurements, especially in older 
patients [62].

In a German cohort of patients with suspected VWD, 47 patients with a slight reduction in VWF 
at the lower end of the normal range (50-70 IU/dL) were examined to gain more insight into this 
specific cohort, which does not meet the official diagnostic criteria for VWD. Remarkably, 
approximately 70% (33 of 47) of these patients carried VWF variants associated with VWD. 
Most of the VWF variants identified in this group were also present in patients with a confirmed 
diagnosis of VWD type 1 [106].

5.4 Classification

VWD is classified according to typing (multimer composition) and clinical severity of bleeding 
(see Table 1 and Table 3).

5.4.1 Differential diagnosis

Once the diagnosis of von Willebrand disease has been confirmed, there are only a few differ-
ential diagnoses.

Thrombocytopenia in VWD type 2b can sometimes lead to a false diagnosis of isolated throm-
bocytopenia [12].

Type 2N can be difficult to distinguish from moderate hemophilia A. In this case, the FVIIIc bind-
ing test or genetic analysis are helpful and effective [107].

It is therefore most important to consider Von Willebrand disease in patients with a bleeding 
tendency and to investigate this possibility.

6 Therapy

6.1 Therapy structure

Treatment involves various mechanisms, which may vary depending on the type and severity of 
the disease:

 Increasing the body's own von Willebrand factor (VWF) in the blood

 Replacement of VWF

 Additional treatments.

A detailed description of the medication is provided in chapter 6.2.

In principle, the following treatment scenarios are distinguished for VWE [108, 109]:

 Treatments for acute bleeding (on demand)

 Preventive substitution of VWF , for example before surgical procedures (short-term pro-
phylaxis)

 Long-term prophylaxis with regular factor infusions (long-term prophylaxis). Prophylaxis 
in VWD is defined as the administration of factor at least once a week to prevent or 
reduce the severity of bleeding. The definition also stipulates that this regimen must be 
maintained for at least 45 weeks per year.

Numerous factors must be taken into account when deciding on treatment:
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 clinical bleeding tendency,

 von Willebrand factor levels,

 joint damage,

 previous course of the disease and bleeding history,

 side effects of therapy,

 consequences for education and career (avoiding occupational disability),

 age of the patient, comorbidities, concomitant medication (especially anticoagulants),

 access to outpatient and inpatient specialist care,

 Experience of the attending physician/clinic in the treatment of VWD

 Patient preferences, health literacy, psychosocial situation,

 In children and adolescents, there is a stronger urge to move, therefore special consider-
ation must be given to the risk of injury in kindergarten, school, and leisure activities.

Shared decision making (SDM) promotes patient participation in treatment and, through active 
involvement, strengthens trust and adherence to therapy recommendations [74, 109].

6.2 Overview of therapeutic options

Antifibrinolytic therapy is considered the basic treatment, especially for mucosal bleeding. In 
Germany, only tranexamic acid is currently approved. The drug can be administered orally, 
intravenously, as a nasal ointment, or as a mouthwash.

Topical aids are also useful for minor injuries.

Desmopressin (DDAVP): This drug can be used in particular in type 1 VWD, but also in types 2A, 
2M, and 2N, to stimulate the release of VWF and factor VIII from the endothelium.

VWF concentrates: These are used to replace VWF deficiency, especially in more severe forms 
of VWD or when desmopressin is ineffective or contraindicated The concentrates are available 
in two forms: plasma derived and recombinant. The concentration of FVIIIc varies between 
these forms.. There are also FVIII-poor or FVIII-free preparations.

Combination therapies: In some cases, such as in patients with inhibitors, a combination of dif-
ferent therapies may be necessary to achieve effective bleeding control.

6.3 Presentation of treatment options

See also approval status (German Version)

6.3.1 Local hemostatic agents

Local hemostatic agents are also available to support the daily lives of VWD patients.

Local hemostatic agents are applied directly to a wound to stop bleeding. Their principle is 
based on promoting blood clotting or mechanically sealing the wound. Here are the main princi-
ples with examples [110- 112]:

1. Activation of blood clotting by chemical substances or promotion of platelet aggregation, 
e.g., thrombin-based agents (e.g., Thrombin-JMI®, a fibrin glue)

2. There are also bioactive agents that promote cell activation. E.g. Chitosan-based prod-
ucts (e.g. Celox®): Promote platelet activation and have an antibacterial effect.
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3. Kaolin-containing products (e.g., QuikClot®): activate the intrinsic coagulation pathway

4. Mechanical sealing of the wound:
 Gauze or cellulose sponges (e.g., Surgicel®): These are placed in the wound, 
absorb blood, and promote hemostasis through swelling.

 Gelatin sponges (e.g., Gelfoam®): These act as a physical barrier and absorb 
blood. TABOTAMP-Nu-Knit (absorbable cellulose) [113] is also commercially avail-
able.

It is important to note that these products for local hemostasis are also prescription-only.

6.3.2 Tranexamic acid

Tranexamic acid (Cyklokapron®, a fibrinolysis inhibitor) can be used to support mucosal bleed-
ing in all types of VWD. It is available as intravenous administration (not intramuscular), orals 
as well as a gel (nasal ointment) [114, 115].

The recommended dosage is:

 oral: 3 x 1-2 tablets of 500 mg per day.

 Ampoules of 500 or 1000 mg: 3 x 1 slow intravenous injection of one ampoule per day
In other words, 3x25 mg/kg.

For tooth extractions, rinsing the mouth with tranexamic acid is recommended (1 ampoule in 
1/2 glass of water, rinse mouth for 3 minutes and then spit out).

In children, tranexamic acid should only be used from the age of 1 year in a reduced dose of 20 
mg/kg/day.

It should not be administered in cases of urogenital bleeding due to the possible formation of 
blood clots in the urinary tract [116, 117].

Furthermore, dose adjustments are advisable in cases of renal insufficiency.

6.3.3 Minirin (desmopressin, DDAVP)

Desmopressin (1-desamino-8-D-arginine vasopressin, or DDAVP for short) is a synthetically pro-
duced protein. It is very similar to the body's own hormone vasopressin (also known as antidi-
uretic hormone, or ADH for short). The administration of DDAVP releases VWF from the body's 
own endothelial stores.

In mild forms of VWE, especially VWE type 1, DDAVP can be used to increase the amount of von 
Willebrand factor (VWF) available in the blood. A 2–3-fold increase in VWF parameters is 
expected. This is mainly the case with VWE type 1 or some VWE type 2. A certain amount of 
residual activity must be present. However, since not all patients (e.g., VWE type 1C) respond 
to DDAVP, a DDAVP test should be performed once.

 The test must be performed in basic state of health.

 VWF antigen, VWF activity, and factor VIII levels are measured at baseline and 1 and 4 
hours after administration.

 Response definition: At least a twofold increase in VWF antigen and activity levels and a 
VWF level (antigen or activity) and factor VIII level above 0.50 IU/mL.

 During this test, patients should also be informed about the restriction on fluid intake on 
that day to 1-1.5 liters.

20



It should be noted that desmopressin, due to its antidiuretic effect, can cause hyponatremia 
with all the associated complications such as flushing and seizures.

The contraindications and side effects result from the mode of action. It is particularly unsuit-
able for small children under 5 years of age and elderly people over 65. Other contraindications 
include coronary heart disease, arterial hypertension, kidney disease, known seizures, known 
allergy to ingredients, migraine, presence of TTP, and interactions with various medications.

Patients with VWE type 2B often have a contraindication to minirin administration due to the 
risk of thrombocytopenia.

Desmopressin (e.g., Minirin®, desmopressin acetate nasal spray, Octostim®) can be adminis-
tered subcutaneously, intranasally, or intravenously, depending on availability and approval 
status. A common dosage is 0.3 μg/kg/bw in an infusion of 100 ml NaCl over 30 minutes. The 
maximum effect in terms of VWF increase occurs after 30 to 60 minutes and is detectable for 
approximately 6 hours. Octostim® is currently not commercially available, but desmopressin 
acetate nasal spray can be used instead. The dosage of the current nasal spray (desmopressin 
acetate spray) is 2x1 spray from 12 years of age = 300 µg, 1 x1 spray (ages 4-12) corresponds 
to 150 µg.

Subcutaneous administration is approved. The dose for subcutaneous administration is 0.3μg/
kg/ body weight, and the maximum effect occurs after 60-90 minutes. It is reported to be bet-
ter tolerated in terms of side effects such as facial flushing, increased heart rate, and 
decreased blood pressure.

The nasal spray can be confused with the spray for diabetes insipidus, which is approximately 
10 times more concentrated.

Administration for a maximum of 3 days is recommended because tachyphylaxis may then 
occur. Sodium levels should be monitored during repetitive administration. For surgeries requir-
ing prolonged bleeding control, factor concentrate administration should be planned. It should 
also be determined in advance whether fluid restriction and sodium control can be imple-
mented.

There is little data on use during pregnancy. No randomized studies exist [118- 122].
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6.3.4 von Willebrand factor concentrates

Table 4: Overview of von Willebrand factor concentrates 

Trade name Haemate/Von-
cento®

Wilate® Willfact® Veyvondi®

Manufacturer CSL Behring Octapharma LFB Biomedicaments Takeda

Active ingredient Human VWF & FVIII 
(2.4:1)

Human VWF & FVIII 
(1:1)

Human VWF (FVIII 
≤10%)

Recombinant VWF 
(Vonicog alfa)

FVIII content 250–1000 IU FVIII / 
600–2400 IU VWF

500/1000 IU per 
500/1000 VWF/FVIII

≤10 IU FVIII per 100 IU 
VWF

<0.01 IU FVIII per IU 
VWF

Multimer structure Contains large multi-
mers

Contains large multi-
mers

Contains large multi-
mers

Contains large multi-
mers

Recommended dosage 20–40 IU/kg FVIII and 
40–80 IU/kg VWF

20–50 IU/kg FVIII and 
50–80 IU/kg VWF (for 
type 3

40–80 IU/kg VWF; 
additional FVIII if nec-
essary

40–80 IU/kg VWF; 
additional FVIII if nec-
essary

Half-life (FVIII) 12–14 hours
1. –11.8 hours

8–14 hours 18–23 hours

Virus inactivation Pasteurization (60°C/
10 h)/dry heat (V)

Solvent/detergent, dry 
heat (100°C/120 min)

Solvent/detergent, 
nanofiltration, dry 
heat (80°C/72 h)

Solvent/detergent, 
nanofiltration

Approval for VWE Yes Yes Yes Yes (from 18 years of 
age)

Special features Higher VWF content Equal ratio of VWF to 
FVIII

Pure VWF concentrate 
with traces of FVIII

Recombinant prepara-
tion without FVIII

Legend:
Key: IU International units VWF von Willebrand factor
VWE von Willebrand disease, FVIII Factor VIII
It is not necessary to convert the required package sizes according to content, because:
- The preparations are already available in standardized package sizes
- Dosage is based directly on the corresponding active ingredient content (FVIII or VWF)
- The product information provides clear dosage recommendations based on the respective content
Adapted from the prescribing information and approval status

6.3.5 Summary: Haemate®

Haemate® is approved for the treatment of von Willebrand disease and hemophilia A, both for 
the prophylaxis and treatment of bleeding or bleeding during surgery when treatment with 
desmopressin (DDAVP) alone is ineffective or contraindicated.It contains von Willebrand factor 
(VWF) and factor VIII (FVIII) from human plasma [123-   125]. It is approved for children and 
adults, although no data from clinical studies on the dosage of Haemate P® for prophylaxis in 
children are available.

It is administered intravenously at a recommended maximum rate of 4 mL/min.

In general, 1 IU/kg VWF:RCo raises the plasma level of VWF:RCo by 0.02 IU/mL (2%). VWF:RCo 
levels of >0.6 IU/mL (60%) and FVIII:C levels of >0.4 IU/mL (40%) should be targeted.

Usually, 40–80 IU/kg of von Willebrand factor (VWF:RCo) and 20–40 IU FVIII:C/kg body weight 
are recommended to achieve hemostasis. 100 IU/kg is also possible.

6.3.6 Summary of Voncento®

Voncento® is approved for the treatment of von Willebrand disease and hemophilia A, as well 
as for the prophylaxis and treatment of bleeding and bleeding during surgery in all age groups, 
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and contains von Willebrand factor (VWF) and factor VIII (FVIII) from human plasma. For further 
information, see approval status.

It is administered intravenously at a recommended maximum rate of 4 mL/min.

In general, 1 IU/kg VWF:RCo raises the plasma level of VWF:RCo by 0.02 IU/ml (2%). VWF:RCo 
levels of >0.6 IU/mL (60%) and FVIII:C levels of >0.4 IU/mL (40%) should be targeted.

Usually, 40–80 IU/kg of von Willebrand factor (VWF:RCo) and 20–40 IU FVIII:C/kg body weight 
are recommended to achieve hemostasis. 100 IU/kg is also possible.

6.3.7 Summary of Wilate®

Wilate® is a human combination preparation of von Willebrand factor (VWF) and coagulation 
factor VIII (FVIII). It is used to treat von Willebrand disease and hemophilia A. Indications 
include acute control of bleeding, perioperative bleeding control, and prophylactic reduction of 
bleeding episodes. Wilate® is approved for use in children and adults. Wilate is indicated for 
the prevention and treatment of bleeding or the treatment of bleeding during surgical proce-
dures in patients with von Willebrand disease (VWD) when treatment with desmopressin 
(DDAVP) alone is ineffective or contraindicated. There are insufficient data on the use of Wilate 
in children under 6 years of age.

The drug consists of VWF and FVIII in a 1:1 ratio. It is derived from human plasma and is avail-
able as a lyophilized powder for the preparation of an intravenous solution. The dosage form 
facilitates precise dosing, especially in prophylactic treatment regimens [54].

The drug may cause hypersensitivity reactions, including allergic reactions.

To prevent bleeding during surgery, Wilate® should be administered 1–2 hours before the pro-
cedure. VWF:RCo plasma levels of ≥ 60 IU/dl (≥ 60%) and FVIII:C plasma levels of ≥ 40 IU/dl (≥ 
40%) should be achieved. Repeated doses may be given after 12 hours. The dosage can be cal-
culated using the following formula.

Required units = body weight (kg) × desired factor VIII increase (%) (IU/dl) × 0.5 IU/kg

In general, one unit of VWF:RCo and FVIII:C/kg BW increases the activity by 1.5–2 IU/dl of the 
respective protein. Normally, approximately 20–50 IU Wilate®/kg BW are administered to 
achieve adequate hemostasis. This increases VWF:RCo and FVIII:C in the patient by approxi-
mately 30–100%. An initial dose of 50–80 IU Wilate®/kg BW may be necessary [54, 126].

6.3.8 Summary of Willfact® (LFB)

Willfact® contains only human von Willebrand factor (pd-VWF). It is used for the treatment and 
prophylaxis of bleeding in patients with von Willebrand disease (vWD), including type 3, in 
which patients have a complete deficiency of VWF.

It is administered intravenously at a recommended maximum rate of 4 ml/min. It is approved 
for all age groups.

In general, 1 IU/kg of von Willebrand factor leads to an increase in the circulating level of 
VWF:RCo by 0.02 IU/ml (2%).

Levels of VWF:RCo > 0.6 IU/ml (60%) and FVIII:C > 0.4 IU/ml (40%) should be achieved. This 
means that, depending on the extent of the procedure and the individual's residual activity, a 
factor VIIIC preparation should be added. Alternatively, substitution can be started 12-24 hours 
before the procedure. The dosage here is 820 IU kg BW [127- 131].
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6.3.9 Summary of Vonicog alfa (Veyvondi®)

This is a genetically engineered von Willebrand factor (rVWF) without FVIII [129].

It is used for the prophylaxis and treatment of bleeding, as well as bleeding during surgery in 
adults (aged 18 years and older) with von Willebrand disease (VWD) when treatment with 
desmopressin (DDAVP) alone is not effective or indicated. rVWF is a treatment option based on 
recombinant von Willebrand factor and was developed specifically for the treatment and pre-
vention of VWD.

VEYVONDI must not be used to treat hemophilia A.

The on-demand dose, e.g., preoperatively, is 40 to 60 IU/kg VEYVONDI to ensure endogenous 
FVIII levels reach the target value of at least 0.4 IU/mL for minor procedures and 0.8 IU/mL for 
major procedures.

VEYVONDI should be administered together with recombinant factor VIII to control bleeding if 
FVIII:C levels are < 40% or unknown. The rFVIII dose should be calculated based on the differ-
ence between the patient's baseline FVIII:C level and the desired peak FVIII:C level in order to 
achieve an adequate plasma level of FVIII:C based on the approximate average recovery of 
0.02 (IU/mL) /(IU/kg). The full dose of VEYVONDI should be administered, followed by rFVIII 
within 10 minutes.

6.3.10 General information on prophylaxis

The standard treatment for patients is with factor concentrates. When dosing these concen-
trates, the different content of VWF and FVIII should be taken into account..

Long-term prophylaxis, which has become standard for hemophilia, is not very common for 
VWE. However, recent data suggest that a significant number of VWE patients could benefit 
from prophylactic treatment with VWF-containing concentrates. For example, 35 Swedish VWE 
patients who required prophylaxis (mainly due to nose/mouth and joint bleeding) showed a sig-
nificant overall reduction in bleeding episodes, and children who were treated with prophylaxis 
before the age of 5 did not develop arthropathies. Studies on VWE prophylaxis are urgently 
needed to develop evidence-based guidelines for this approach. The VWE Prophylaxis Network 
has therefore initiated the international VWS Prophylaxis Study [132].

All factor concentrates are subject to stringent documentation requirements ensuring traceabil-
ity. Each batch must be documented in the patient's medical record. The Paul Ehrlich Institute, 
in collaboration with patient associations (Interessengemeinschaft Hämophiler e. V., or IGH for 
short, and the German Hemophilia Society, or DHG for short) and the medical association GTH 
(Gesellschaft für Thrombose- und Hämostaseforschung e. V.), has been maintaining the Ger-
man Hemophilia Registry (DHR) since 2008. Patients who receive factor concentrates are to be 
recorded anonymously in an annual report, either individually or as a collective report, in accor-
dance with § 21 (1a) TFG. It is advisable for patients to document their own substitutions and 
bleeding episodes. Both paper and electronic substitution calendars are available for this pur-
pose.

Prophylaxis with von Willebrand factor (VWF) concentrates is indicated for patients with a his-
tory of severe and frequent bleeding. It is particularly suitable for patients with type 3 VWE or 
severe forms of type 1 and type 2A, who experience spontaneous bleeding or gastrointestinal 
bleeding. In addition to gastrointestinal bleeding, frequent reasons for prophylaxis include 
bleeding into the joints, severe epistaxis or heavy menstrual bleeding, and anticoagulation as 
concomitant medication. A distinction is made between long-term prophylaxis and short-term 
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(intermittent prophylaxis). Both forms can significantly reduce the risk of bleeding and improve 
quality of life [129].

All factor concentrates are approved for prophylaxis.

One standard dosage is 20–40 IU/kg body weight and is administered intravenously two to 
three times a week. The exact dose and frequency can be adjusted individually based on the 
patient's bleeding profile.

Patients should be monitored regularly, as is the case with patients with hemophilia. Continu-
ous communication with the treatment team ensures that the therapy is optimally adapted to 
the patient's changing needs.

A therapy diary (paper, app) documenting infusions and possible bleeding episodes facilitates 
the adjustment of therapy.

It is also advisable to check VWF levels and the effectiveness of prophylaxis at regular intervals 
of between 3 and 6 months.

As a concomitant measure, patient and family education regarding infusion administration 
techniques, promotion of a salubrious lifestyle, and the importance of optimal oral hygiene to 
mitigate oral hemorrhaging have demonstrated efficacy.

After receiving appropriate training, patients can administer their own infusions at home, which 
increases adherence to the prophylaxis regimen.

It should be noted that prior to surgical procedures or traumatic events, the dose should be 
temporarily adjusted to minimize the risk of bleeding [10, 54, 133].

Table 5: Summary table of treatment options (adapted from [74]) 

Basic therapy: Topical treatment Tranexamic acid

Subtype Diagnosis Treatment

1 (most com-
mon type)

Mild to moderate quantitative decrease in VWF. 
VWF level (quantitative antigen or activity) below 
0.30 international units/mL regardless of bleeding 
history, or below 0.50 international units/mL with 
previous bleeding history. Functional defect is pro-
portional to quantitative deficit.

VWF concentrates or desmopressin if previous desmopressin 
testing* outside of pregnancy showed efficacy. If desmo-
pressin response history is unknown, treat with VWF concen-
trates (most patients with levels above 0.30 international 
units/ml respond to desmopressin). If the history of response 
to desmopressin is unknown, treat with VWF concentrates 
(most patients with values above 0.30 international units/ml 
respond to desmopressin).

2A Mainly functional abnormality with a deficiency of 
high molecular weight multimers.
Ratio of VWF activity/VWF antigen below 0.7
and low ratio of VWF-CBA/VWF antigen, which 
mainly indicates a functional defect.

VWF concentrates are usually required. Some patients may 
respond to desmopressin (requires prior positive desmo-
pressin testing).

2B VWF activity/VWF antigen ratio below 0.7 Multimer 
analysis (deficit of large multimers) Thrombocy-
topenia present. Confirm diagnosis with targeted 
genetic testing.

Desmopressin is contraindicated as it can exacerbate throm-
bocytopenia. Treat with VWF concentrates. If necessary, 
platelet concentrate.

2M Ratio of VWF activity/VWF antigen below 0.7. 
Pathological interaction between VWF and platelet 
glycoprotein Ib-IX-V.

Most cases require VWF concentrates. Some patients may 
respond to desmopressin (requires prior positive desmo-
pressin testing).

2N Ratio of VWF activity/VWF antigen below 0.7. Lim-
ited VWF binding to factor VIII, resulting in low fac-
tor VIII levels.

Most cases require VWF concentrates. Some patients may 
respond to desmopressin (requires prior positive desmo-
pressin testing).

3 Severe quantitative decrease in VWF. VWF concentrates.

Legend:
Abbreviations: Ag: antigen; VWF: von Willebrand factor; VWF:CBA: von Willebrand factor collagen binding activity
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6.3.11 Home care service

In recent years, home care service for patients has become increasingly established.

Various providers (e.g., pharmacies) offer support for people with von Willebrand disease and 
other bleeding disorders. Reasons for using a home care service include problematic vein con-
ditions, fear of needles, emotional coping with the disease, and the organization of factor 
preparations. The support program is aimed at people of all ages. The services team consists 
mainly of health care professionals and nurses who also educate patients on prophylaxis and 
offer telephone support. This significantly increases patient adherence. In most cases, the ser-
vices are supplemented by reminder management or assistance with documentation. Collabo-
ration with the treating physicians is a matter of course.

We would like to emphasize once again that multidisciplinary care with close cooperation 
between hemostasiologists, gynecologists, and other specialists is crucial to ensure compre-
hensive care [10, 34][133- 135].

6.3.12 Treatment of emergencies

Patients with VWD should be trained for emergencies and carry an emergency card.

Patients should also know whether they can receive DDAVP and which factor preparation has 
already been used. Patients should also be familiar with self-help methods such as cold and 
pressure bandages. In individual cases, it is certainly difficult to assess the timing of a medical 
consultation. In our opinion, it is important that patients are offered the opportunity to consult a 
doctor and are aware that medical consultation is possible.

Due to the complexity of von Willebrand disease, not all therapies are suitable for all patients. 
This once again underlines the importance of an individual emergency card.

There are various types of emergencies that occur at home and are not caused by trauma. 
There is certainly room for improvement in patient awareness here, as emergencies are usually 
associated with accidents and not with bleeding that is difficult to stop. The following is a (prob-
ably incomplete) practical overview.

Epistaxis emergency: First, patients should sit upright and tilt their head slightly forward, not 
backward, while breathing calmly through their mouth. The soft wings of the nose should be 
pressed for 5-10 minutes. In addition, a cool compress on the neck or forehead is helpful [136].

It is important that patients know when to take further action: (1) if the bleeding does not stop 
after 15–20 minutes of pressure, (2) if the bleeding is very heavy, or (3) if symptoms such as 
dizziness, weakness, or palpitations occur.

In these cases, the priority is to stop the bleeding with factor concentrates. Desmopressin takes 
too long, as do tranexamic acid and nasal spray, and ointment is not effective enough.

Substitution with a VWF factor concentrate is a possible treatment: The dosage of the various 
factor preparations depends on the approval (see chapter 6 Treatment).

Emergency heavy menstrual bleeding: Despite taking basic medication such as tranexamic 
acid or having already taken hormones, uncontrollable, Hb-relevant bleeding occurs repeatedly 
[57].

Emergency upper gastrointestinal bleeding: Furthermore, upper gastrointestinal bleeding 
due to angiodysplasia (see chapter 4.1.3), which can also manifest itself in abdominal pain or 
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nonspecific symptoms, is an emergency, especially if the patient has not yet been diagnosed. 
Here, in addition, a switch to prophylaxis is advisable [137].

6.4 Special patient groups

6.4.1 Children and adolescents

The special feature in children and adolescents is that DDAVP etc. must be viewed critically and 
not all medications are approved. The information is included in the respective chapters.

6.4.2 Women

A survey of gynecologists showed that awareness of bleeding tendencies, including VWD, as a 
cause of heavy menstrual bleeding is low among gynecologists [138].

Where feasible, the utilization of multidisciplinary medical facilities that facilitate collaborative 
examinations by gynecologists and hematologists/hemostasiologists is recommended. These 
specialized settings are designed to optimize the treatment of heavy menstrual bleeding in 
patients with bleeding tendencies. [74].

Women with known bleeding disorders and heavy menstrual bleeding should undergo a stan-
dard gynecological examination, which is recommended for women with heavy menstrual 
bleeding in the general population, to rule out common pelvic disorders such as fibroids and 
polyps, especially those that do not respond to initial treatment [139].

Women with inherited bleeding tendencies such as VWD are still more likely to be referred for 
bleeding, have a longer diagnostic delay, and often require treatment for gender-specific bleed-
ing [140].

It is important to mention that heavy menstrual bleeding in particular, with all its consequences 
(iron deficiency, dizziness, social withdrawal, etc.), is receiving greater awareness.

The basic treatment for heavy menstrual bleeding is tranexamic acid, which can be taken in 
doses of 3x500 mg to 3x1g for approximately 4-5 days.

6.4.2.1 Hormones

In 2021, international guidelines [74] issued recommendations for the treatment of heavy men-
strual bleeding (hypermenorrhea) in VWD. First, tranexamic acid, if possible DDAVP or the 
administration of factor concentrates. Unfortunately, these recommendations are based on lim-
ited data and studies. Decisions on the use of a levonorgestrel-releasing intrauterine system 
should be made in accordance with the guideline as part of a multidisciplinary decision-making 
process (e.g., by gynecologists, hematologists, and patients).

It should be noted that most hormonal contraceptives are not officially approved for the treat-
ment of bleeding tendencies, but primarily for contraception.

One exception is Qlaira®, a combination pill containing estradiol valerate and dienogest. This is 
approved in Germany for the treatment of non-organic menorrhagia [141].

Hormone therapy may offer benefits for some patients, such as the treatment of menstrual 
cramps and symptoms associated with endometriosis and polycystic ovary syndrome.

However, caution is advised with regard to the side effects of hormone therapy in patients at 
high risk for endometrial hyperplasia/malignancies, such as women over 35 and women with 
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polycystic ovaries, a high body mass index, and comorbidities such as diabetes and high blood 
pressure.

There is little data available on hormone treatment for VWE: there are two comparative studies: 
a randomized clinical trial comparing tranexamic acid with desmopressin [142] and an observa-
tional study comparing hormone therapy with desmopressin [143].

In addition, the colleagues found five case studies on a levonorgestrel-releasing intrauterine 
system [144- 148].

A general meta-analysis on hypermenorrhea from 2020 [149], which was not specific to VWE, 
demonstrated that the levonorgestrel-releasing hormone coil (LNG-IUS) can ameliorate heavy 
menstrual bleeding. However, the effect is analogous to that of endometrial ablation. In sum-
mary, the authors express uncertainty regarding the comparative efficacy of the results in rela-
tion to those of hysterectomy. They also note that the LNG-IUS is likely associated with adverse 
events of a similar severity to that observed with other medical therapies.

In summary, there is only one observational study that deals with hormone administration in 
patients with VWE, no prospective study, and no registry.

We therefore consider it sensible to reconsider the now "automated" recommendation of hor-
mone administration to reduce or stop bleeding.

As a next step, the administration of DDAVP is recommended, if possible. This may also be use-
ful in combination. However, it is important to note the restriction on fluid intake, which can be 
a challenge for affected women, especially in summer, and can then lead to hypotension itself.

The option of short-term (intermittent) prophylaxis during menstrual bleeding with a factor 
preparation should therefore be offered to all women who need it.

Another unmet need is older women with VWE. The treatment of hypermenorrhea is often asso-
ciated with young women. However, women in early menopause (once again) experience 
heavy bleeding. However, there is little awareness of this issue.

We consider it essential to expand the data available on this topic.

Childbirth and the question of possible anesthesia, as well as bleeding during pregnancy, are 
also topics that are particularly important due to their complexity (see chapter 6.6).

Von Willebrand parameters usually increase during pregnancy (especially in mild forms) but 
may decrease again postpartum. This is difficult to communicate to both patients and the care 
team, such as obstetricians, midwives, etc. Unfortunately, in some clinics, patients are denied 
either the birth itself or epidural anesthesia, etc. [150]. Postnatal monitoring is also not always 
guaranteed, as the risk of postpartum hemorrhage is usually underestimated and, to make 
matters worse, varies in severity. The time it takes to return to pre-pregnancy levels is given as 
3 weeks. Patients and postnatal midwives should be given this information [151].

In this case as well, further research and analysis of registry data would be beneficial

Providing detailed information to patients and their families, materials for midwives and obste-
tricians, and a letter explaining the birth are important measures to prevent this. The clinic 
should provide the factor preparation. An emergency card alone is not sufficient. A multidiscipli-
nary team of experts in obstetrics, maternal-fetal medicine, hemostaseology, and anesthesiol-
ogy should be available.
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6.4.3 Patients with inhibitors against VWF

It is important to our committee that inhibitors can also occur in patients with VWE.

Type 3 von Willebrand disease (VWD) is characterized by the complete absence of von Wille-
brand factor (VWF) and leads to a severe bleeding phenotype. The standard treatment is 
replacement therapy with VWF-containing products. A key problem with this therapy is that the 
immune system can produce anti-VWF antibodies against the administered VWF. These anti-
bodies can either have a neutralizing effect by blocking the function of VWF, or they can be 
non-neutralizing, which can nevertheless impair the effectiveness of the therapy or even lead 
to severe allergic reactions such as anaphylaxis.

 18% of the 49 patients with type 3 VWE tested had anti-VWF antibodies (inhibitors).

 Of these antibodies, 67% were neutralizing and 33% were non-neutralizing.

 The antibodies targeted various VWF binding partners such as factor VIII, collagen III, col-
lagen IV, and platelet glycoprotein Ibα (GPIbα).

 89% of the identified antibodies belonged to the IgG class, specifically the IgG1 and IgG4 
subclasses.

These important findings were obtained as part of the Zimmerman Program and should be 
noted by clinicians. It is possible to detect the antibodies using ELISA [152].

A recent study also investigated the occurrence of anti-VWF antibodies. These were found in 
8.4% of subjects with type 3 VWE, while neutralizing VWF inhibitors were found in 6%, mainly in 
subjects who were homozygous for VWF null alleles [153, 154].

6.5 Special situations

6.5.1 Surgical procedures

A distinction is made between minor and major surgical procedures, i.e., those with a high and 
low risk of bleeding.

A review provides guidance on classification [155]:

Table 6: Surgical procedures 

General surgery Orthopedics Other

Major  otomy Osteotomy Tooth (more than 2)

 ectomy Arthrodesis

Joint replacement

Osteosynthesis

Pseudotumor Arthroscopy

Amputation

Minor Central venous catheter place-
ment

RSO* Cataract

Gastrointestinal endoscopy, 
etc.

1-2 teeth

Legend:
Key: CVC: central venous catheter RSO: radiosynoviorthesis
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While there is good data on the risk of bleeding in hemophilia, there is little data available for 
VWE. The table should therefore be used as a guide, based on the recommendations for 
patients with hemophilia.

For major surgery, both FVIII and VWF activity levels of ≥0.50 IU/ml should be targeted for at 
least 3 days postoperatively. The respective target values should be determined individually 
depending on the patient, the type of surgery, the bleeding history, and the availability of VWF 
and FVIII tests.

The duration of treatment may vary depending on the type of surgery. On the one hand, this 
gives practitioners freedom in their choice of therapy, but on the other hand, it underscores the 
significance of von Willebrand disease as a complex clinical picture.

There is an interesting meta-analysis on the question of optimal postoperative VWF:Ag/FVIIIc 
levels [156].

Here, too, given the limited evidence available as a basis for treatment decisions, a process of 
shared decision-making for individualized treatment plans is of great importance.

Another publication examined the target values for surgical procedures. It showed a mean FVIII 
activity of 1.344 IU/ml (134%) and a mean VWF activity of 0.924 IU/ml (92%). Below this, 
hemostatic efficacy was excellent in 92% of cases, good in 4% of cases, and poor in 4% of 
cases. There were no postoperative bleeding complications, therapy-related adverse events, or 
thrombotic events. Another study reported a mean FVIII level of 1.15 IU/mL (IQR, 0.97-1.34 IU/
mL) and a mean VWF level of 0.85 IU/mL (IQR, 0.67-1.03 IU/ml) with 100% hemostatic efficacy 
and no thrombotic events. These case series probably reflect the practice of many clinicians to 
bring VWF:Ag and FVIIIC levels within the normal range [157, 158].

There is little data on the bleeding risks associated with vaccinations, especially in comparison 
to patients with hemophilia. In principle, all vaccinations can be administered, and standard 
vaccinations are highly recommended. The bleeding risk is not considered high, even with 
intramuscular administration. Prior to vaccination, prophylactic administration of von Wille-
brand factor/concentrate or desmopressin (for mild forms) or tranexamic acid can help reduce 
the risk of bleeding, especially in patients with a history of bleeding and/or residual activity 
below 10%.

It should also be noted that most vaccinations are also approved for subcutaneous administra-
tion (see German RKI website).

General measures such as a pressure bandage after the injection are advisable [159, 160].

6.6 Management during pregnancy and childbirth

6.6.1 Pregnancy

An individual risk assessment should be carried out, taking into account the patient's diagnosis 
and medical history. Regular monitoring of VWF and FVIII levels is advisable but is strongly rec-
ommended in the third trimester.

VWE type 1: In many women, VWF activity levels rise to normal levels in the third trimester. 
Nevertheless, the risk of bleeding remains, especially in cases with low baseline values (<30%).

VWE type 2: VWF levels may appear normal, but the factor is dysfunctional. Therefore, factor 
administration is often necessary.
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VWE type 3: Women with this subtype do not show an increase in VWF during pregnancy and 
have a particularly high risk of bleeding complications.

The care of women with VWE during pregnancy and childbirth requires interdisciplinary collabo-
ration between obstetricians and hematologists. The goal is to prevent bleeding complications 
without risking unnecessary interventions. Factor therapy should be planned early to ensure 
the safety of both the mother and the child. Both the risk of postpartum hemorrhage (PPH) in 
the mother and potential bleeding in the newborn must be taken into account. Therapeutic 
measures include factor administration, antifibrinolytics (e.g., tranexamic acid), and platelet 
transfusions. Recommended for platelet counts <50 × 10⁹/L, especially in type 2B VWD [161].

6.6.2 Peri- and postpartum management

6.6.2.1 Introduction

Patients with von Willebrand disease are at risk of PPH (postpartum hemorrhage).

Primary PPH is defined as blood loss of more than 500 ml within the first 24 hours after delivery.

Secondary PPH is defined as bleeding occurring between 24 hours and 6 weeks after delivery 
[162- 164].

6.6.2.2 Peripartum recommendations/obstetric measures

There is initially no preference for a mode of delivery. A cesarean section is not considered a 
routine procedure but is performed when medically necessary. Adequate factor replacement 
therapy should be ensured.

For women with VWE who require neuraxial anesthesia, e.g., epidural anesthesia during labor, 
a VWF activity value above 0.50 (up to 1.50 IU/mL) was considered sufficient. Previous working 
groups recommended aiming for a target value of ≥ 0.50 IU/mL to enable neuraxial anesthesia, 
instead of the previously required activity level of > 1.50 IU/mL. This reduction was based on 
the assumption that even moderate activity values in this range ensure a sufficient level of 
hemostatic safety [74].

In a single-center study, higher target values for VWF and FVIII:C were aimed for at the time of 
delivery to reduce the risk of bleeding complications. The aim of this study was to investigate 
the obstetric outcomes of pregnant individuals with VWE under this treatment protocol. 
Between 2015 and 2023, 47 singleton births in 41 patients were included, resulting in 46 live 
births and one fetal death. Early PPH occurred in 12.8% (6/47) of deliveries. Two patients 
required blood transfusions. One patient experienced severe bleeding, requiring an unplanned 
hysterectomy and transfer to the intensive care unit.

No thrombotic events occurred. Targeting higher peak plasma levels of VWF and FVIII:C (≥100 
U/dL) appears to be effective in reducing the risk of obstetric bleeding complications in patients 
with VWD. Nevertheless, the rate of early PPH remains unsatisfactorily high compared to the 
general population. This underscores the need for further optimization of care [165].

Another working group was able to show that despite the target values of ≥100 IU/dL for von 
Willebrand factor (VWF) and factor VIII:C (FVIII:C) at the time of delivery, the rate of PPH 
remains elevated in patients with von Willebrand disease (VWD), even with prophylactic factor 
replacement therapy [166].
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The previous recommendation focused on the results of the anesthesia procedure itself and not 
on the effects of VWF levels on postpartum bleeding, where VWF activity levels of >1.50 U/dl 
may be recommended in some situations.

VWF activity levels should be maintained at >0.50 U/dl while epidural anesthesia is in place 
and for at least 6 hours after removal.

Patients should also be assessed for risk of thrombosis after delivery, and prophylaxis (e.g., 
compression stockings or low molecular weight heparin) should be instituted if indicated [167-
 170].

6.6.2.3 Postpartum management

Fortunately, some recommendations for action already exist.

If the von Willebrand parameters fall below the desired range of 50%, a 3- to 5-day substitution 
is recommended after a vaginal delivery, and an extension to 5 to 7 days after a cesarean sec-
tion. Optimal control of von Willebrand parameters is recommended.

After delivery, VWF and FVIII levels drop rapidly, increasing the risk of secondary PPH. Col-
leagues, patients, and their families should be aware of this.

The use of low molecular weight heparin is recommended to prevent thrombotic complications.

Patients who intend to breastfeed should be informed about the safety of tranexamic acid dur-
ing breastfeeding in conjunction with its benefits in reducing bleeding.

Tranexamic acid can be used to reduce postpartum bleeding in women with VWE. Secondary 
postpartum bleeding in particular can be effectively reduced. However, studies indicate uncer-
tain effects in primary PPH and other types of severe bleeding. There was a tendency toward a 
reduction in the risk of PPH and severe bleeding (RR = 0.25; 95% CI: 0.04–1.75/RR = 0.36; 95% 
CI: 0.05–2.59). The risk of vaginal hematomas may have been reduced (RR = 0.34; 95% CI: 
0.02–6.39) [171].

This applies to patients with type 1 VWE but may also potentially apply to type 2 (and 3) VWE. 
The oral dosage is 25 mg/kg (approx. 1000–1300 mg).

A recently published study presented impressive data on the efficacy of tranexamic acid in rela-
tion to secondary PPH, Hb decline, and the need for further medication. However, this study 
does not only apply to patients with VWE. The authors conclude that prophylactic administra-
tion of tranexamic acid at birth would be an option for all women [172].

Against this background, it seems sensible to collect further studies and registry data on this 
topic for patients [173].

There are no prospective or comparative studies, and the recommendations for patients with 
VWD are based on the recommendations for women with hemophilia.

6.7 Painkillers

The question of suitable painkillers for patients with VWE is a common issue in practice. In gen-
eral, painkillers that impair platelet function or inhibit blood clotting should be avoided if possi-
ble. Patients with more severe forms (type 3 or severe type 2 forms) often require close moni-
toring and/or substitution.
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Acetaminophen (paracetamol) is initially considered a suitable painkiller, as it does not interact 
with hemostasis and is particularly suitable for mild to moderate pain (e.g., headaches, 
toothaches). Another medication without anticoagulant properties is metamizole (Novaminsul-
fon). This can also be used for more severe pain. However, the potential risk of agranulocytosis 
must be taken into account.

Opioids (e.g., tramadol, morphine) are also available for severe pain (e.g., postoperative or 
chronic pain). Due to their side effects and the risk of dependence, these should not be taken 
without medical supervision.

Acetylsalicylic acid in particular is not recommended as a painkiller. If its use is necessary due 
to a concomitant disease: see chapter 6.8.4.

It should be noted that non-steroidal anti-inflammatory drugs (NSAIDs, e.g., ibuprofen®, 
diclofenac®) inhibit platelet function and can therefore increase the risk of bleeding. How-
ever, the risk of bleeding appears to be/is not as high with ibuprofen as with ASA, as it does not 
cause irreversible inhibition of platelet aggregation.

Evaluations have also shown that moderate use of ibuprofen does not lead to a clinically rele-
vant risk of bleeding. It should be noted that these effects do not apply to patients with VWE. 
No data are available on this, although low-dose ibuprofen is used in practice without bleeding 
complications [174, 175].

For patients, selective COX-2 inhibitors (such as Celecoxib®) are available as alternatives, par-
ticularly in cases of irritation due to degenerative joint disease (activated arthrosis), rheuma-
toid arthritis, and ankylosing spondylitis (Bechterew's disease).

Overall, painkillers should be used in the lowest effective dose and for the shortest possible 
duration, and should be coordinated with the treating physicians whenever possible [176, 177].

6.8 Elderly patients, comorbidities, co-medication

6.8.1 Basics/Introduction

Patients with VWE have a life expectancy similar to that of the normal population and therefore 
may have comorbidities that influence treatment decisions and bleeding risk [178].

In particular, the question arises as to whether patients with VWD and cardiovascular disease 
who require treatment with antiplatelet agents or anticoagulants should receive such treatment 
(see chapter 6.8.4).

It should be noted that VWE does not protect against the occurrence of thrombosis and 
endothelial dysfunction as risk factors for cardiovascular disease [179]. Additionally, bleeding 
tendencies change with age (see chapter 5.2 Diagnosis).

6.8.2 Comorbidities

In principle, patients may have various comorbidities that affect therapy. The diseases listed 
below require evaluation to determine if prophylaxis is appropriate.

6.8.3 Joint damage (hemarthrosis and arthropathy)

The main reason why patients with VWD start prophylaxis is joint bleeding (40%) [180].
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Patients with phenotypically severe VWD have an increased risk of developing arthropathy, 
especially after joint bleeding. Joint bleeding is observed in approximately 50% of patients with 
VWD type 3 and in 5-10% of patients with moderate to severe forms of VWD type 1 and type 2. 
However, comprehensive data on the prevalence and severity of arthropathy are limited 
[181, 182].

Retrospective analyses suggest that joint bleeding has a negative impact on joint health and 
health-related quality of life [183]. A Dutch case-control study investigated the incidence and 
severity of arthropathy in VWD patients and social participation in VWD patients with and with-
out clinically manifest joint bleeding.

The Hemophilia Joint Health Score (HJHS) was developed and validated to assess 
arthropathy in children [184].

It is also used in everyday clinical practice to assess joints in patients with von Willebrand dis-
ease.

It was found that 40% of VWE patients with a documented history of treated joint bleeding 
showed arthropathy (HJHS ≥10) on physical examination, while 25% exhibited radiological 
signs of arthropathy in the ankles, knees, or elbows (PS >3). In contrast, the prevalence of 
arthropathy in VWD patients without a history of joint bleeding was significantly lower—10% 
with HJHS ≥10 and 4% with PS >3.

Arthropathy was strongly associated with clinically significant joint pain, reduced social partici-
pation, and greater functional limitations. Predictors for the development of arthropathy ly in 
VWD patients were a factor VIII (FVIII) level of <10 IU/dl and the cumulative number of joint 
bleeds. Arthropathy in these patients correlates with significant functional limitations, reduced 
social participation, and frequent joint pain, underscoring the long-term effects of joint bleeding 
in VWD [185].

We therefore recommend routine screening (HJHS, ultrasound, or radiological) in patients with 
residual activity below 30 IU/dl regardless of severity, as well as in all patients with known joint 
pain of any kind [186, 187].

Prophylaxis should be considered in patients who have experienced joint bleeding (see chapter 
4.1.1 and chapter 6.3.10).

Further studies are warranted.

6.8.4 Cardiovascular and thrombotic disease and atrial fibrillation

No comparative studies have been conducted on the circumstances under which anticoagu-
lants can be administered without significantly increasing the risk of bleeding. A review of the 
literature revealed two case series reported in three sources [188- 190].

Patients should be informed about the risks and benefits of antiplatelet agents or anticoagu-
lants to enable shared decision-making.

In patients with a severe bleeding phenotype (e.g., severe VWD type 1, type 2, or type 3), pro-
phylaxis with VWF concentrate may be necessary to prevent bleeding during antiplatelet or 
anticoagulant therapy.

DDAVP therapy is generally contraindicated in individuals with cardiovascular disease (e.g., 
coronary artery disease, cerebrovascular disease, and peripheral vascular disease) and/or an 
increased risk of thrombosis.
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Among the 26 patients with VWE in the series (see above literature), there was 1 serious bleed-
ing event. Serious adverse events, hospitalizations, transfusions, health-related quality of life, 
or heavy menstrual bleeding were not reported.

The ISTH/WFH guidelines committee reported on their experience with 65 patients with VWD 
who were recommended antiplatelet or anticoagulant therapy for cardiovascular disease. In the 
56 patients who received this therapy and in the 9 patients who did not receive therapy despite 
it being recommended, the mean mortality, thrombotic events, serious adverse events, hospi-
talizations, and bleeding were low in both groups, and most patients had an acceptable health-
related quality of life according to their physicians.

In summary, based on the evidence, both antiplatelet agents and anticoagulants reduce the 
risk of thromboembolic complications.

Due to the significant potential benefits of these therapies, which have been demonstrated in 
large cardiovascular disease studies involving patients without VTE, these therapies should not 
be withheld from patients with VTE.

In line with the WFH/ISTH guidelines, measures should be considered that limit the duration of 
the required antiplatelet or anticoagulant therapy (e.g., non-drug-coated stents). In patients 
with a severe bleeding phenotype, prophylaxis with VWF concentrate or the administration of 
tranexamic acid may be necessary to minimize bleeding. An individual treatment plan (e.g., 
administration of VWF concentrate for prophylaxis) should be developed.

However, second-generation drug-eluting stents are now available that are compatible with 
patients at risk of bleeding due to the short one-month dual antiplatelet therapy; they have 
therefore recently been proposed as the first choice for hemophilia patients. This approach also 
appears to be appropriate for patients with VWD [191].

An interdisciplinary discussion with cardiologists is important [192].

In addition to questions about long-term anticoagulation due to atrial fibrillation or similar con-
ditions, treatment recommendations exist for coronary angiography and catheter ablation. 
These treatments appear safe and feasible after substitution with VW factor in patients with 
VWE and HA. The recommended dosage is similar to that used for minor surgical procedures. 
These recommendations are similar to those for patients with hemophilia [193, 194].

6.9 Quality of life and fatigue/depression

Several studies have shown that depression and anxiety do occur in patients with VWD. It has 
also been shown that a lack of social support and the frequency of bleeding are important fac-
tors associated with depression and anxiety in these cohorts [195- 197].

For a long time, the mental health of von Willebrand disease (VWD) patients was overlooked. 
Screening for mental health is also useful in patients with VWD for a comprehensive clinical 
assessment [198].

There are no data on fatigue.

6.10 Sports

Currently, there are no prospective studies. A questionnaire evaluation and registry data gener-
ally showed that patients with von Willebrand disease participate in sports and sometimes have 
bleeding problems. No recommendations for action can be derived from this data [199].
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The recommendations, which can be found online, are primariy based on those for hemophilia. 
In summary, sports with a high risk of injury and therefore an increased risk of bleeding should 
be avoided. However, this does not do justice to the complexity of VWD and patients with 
reduced von Willebrand factor in the gray area, but also with existing bleeding. A universal rec-
ommendation cannot be made for all types of VWE.

6.11 Alternative and complementary treatment methods

To our knowledge, there are no studies and no sufficient data that explicitly examine comple-
mentary medicine drugs in patients with VWE.

Agnus castus is a complementary medicine preparation that is frequently used in everyday 
practice. t is valued for its use in treating premenstrual syndrome. In various studies, it appears 
to have a positive effect and no side effects [200, 201].

The genus Arnica L. (Asteraceae) comprises perennial herbs that are native to the northern 
hemisphere. It has various biological activities such as antioxidant, anti-inflammatory, antibac-
terial, antifungal, and antitumor effects. Arnica formulations are mainly used for pain manage-
ment. A systematic review summarized studies that looked at the use of arnica products for 
pain and inflammation symptoms caused by sports injuries and surgical procedures [202]. It 
appears to have positive effects on wound healing and pain.

Cold compresses also have a positive effect through vasoconstriction. However, they are not 
effective enough in cases of severe bleeding or for deeper-lying vesselsThe application of cold 
is supportive [203].

6.12 Innovative forms of therapy that are not approved

Newer therapeutic approaches for the treatment of von Willebrand disease (VWD) are produc-
ing some innovative drugs and treatment options [55].

6.12.1 Emicizumab

Emicizumab is a bispecific antibody developed for the treatment of hemophilia A with and with-
out inhibitors. Emicizumab forms a bridge between activated factors IX and X, thereby replac-
ing the function of FVIII. Emicizumab is not approved for VWE.

Off-label use of emicizumab has been successfully used in patients with VWD, particularly type 
3 [204]. The drug is therefore a good alternative, especially for patients with inhibitors. Case 
reports show a significant improvement in hemostasis in patients who did not respond to other 
treatments. Subcutaneous administration also makes emicizumab more attractive for patients 
who prefer a less complex treatment for prophylaxis [205].

In contrast to intravenous prophylaxis, which involves several infusions of clotting factor con-
centrate per week, emicizumab is administered subcutaneously (SC) weekly, biweekly, or 
monthly, which significantly reduces the effort required [204][206- 208].

These case reports include the successful treatment of hemarthrosis in men and women and a 
significant improvement in hemoglobin monovolume concentration in an 11-year-old girl with 
VWE type 3, anemia, and hypovolemic shock. She had not responded to hormone therapy, cry-
oprecipitate, or tranexamic acid. After the addition of low-dose emicizumab (3 mg/kg sc, once a 
month), no further menorrhagia or bleeding occurred [208]. In addition, recent in vitro studies 
show an improvement in thrombus formation under shear stress in all types of VWD, which may 
extend its clinical use beyond VWD type 3 [209].
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6.12.2 Gene therapy

Preclinical gene transfer studies for von Willebrand factor (VWF) already exist. However, there 
are no ongoing clinical studies specifically focused on VWD [210- 215].

6.12.3 Other drugs VGA039 and BT200 (rondoraptivon pegol)

Studies are currently being conducted in various phases on VGA039 (a monoclonal antibody 
that targets human protein S and inhibits its cofactor activity for tissue factor inhibitor α and 
activated protein C) and BT200 (rondoraptivon pegol). BT200 is a pegylated aptamer that binds 
specifically to the A1 domain of VWF and slows down the clearance of VWF and FVIII, thereby 
increasing their concentrations in the blood [216- 220].

For further information, see chapter 10 Clinical Studies and Approval Status (German Version).

7 Rehabilitation

7.1 Social law (applies only to the Federal Republic of Germany)

The assessment of the degree of disability (GdB) in accordance with Social Code Nine (SGB IX – 
Rehabilitation and Participation of Disabled Persons) is based on the Medical Care Principles 
(VMG) Part B. There are no specific guidelines for patients with von Willebrand disease. This 
falls under category 16.10, which is as follows: "Hemophilia; hemophilia and corresponding 
plasma bleeding disorders (depending on bleeding tendency)."

According to No. 16.10 of the VMG, the following degrees of disability are provided for, see 
Table 7.

Table 7: Degrees of disability 

Bleeding tendency GdB

No significant effects 10

Moderate effects 20

Severe effects (severe bleeding even with minor trauma) 50

Constant clinically manifest bleeding tendency (spontaneous 
bleeding, risk of life-threatening bleeding)

80

According to case law, only the actual tendency to bleed is decisive for the assessment, not the 
abstract possibility that severe bleeding could occur in the future.

7.2 Financial limits

The so-called cost limit sets a maximum annual value for co-payments. Above this value, co-
payments are waived. For chronically ill patients, there is a low cost limit of 1% of family 
income.

7.3 Special considerations for children who need factor administration

Educators are not obliged to administer coagulation factors intravenously. There is no specific 
law governing the refusal of intravenous medication administration by educators, but the gen-
eral legal structure (labor law, professional law, duty of supervision) clearly defines that educa-
tors are not obliged to do so. If the child is too young to administer the medication themselves, 

37

https://www.onkopedia.com/resolve-link?uid=57e23e9dec0248f7a1f669c03d2fde8a&path=onkopedia%2Fde%2Feditorial-board%2F44168ac6-cc59-11f0-93e8-75116849b595&document_type=certifications&language=de&guideline_topics=254&area=onkopedia


it is advisable to store an emergency dose at the kindergarten/school so that relatives or the 
emergency doctor can administer the factor in an emergency.

In childcare facilities and schools, all children are subject to the duty of supervision by staff due 
to their minority (§ 832 BGB). Children with VWE are neither an exception nor are special 
requirements important here.

8 Follow-up

According to expert opinion, patients are advised to visit the treating center regularly. During 
the visit, open questions such as pain medication, severity of heavy menstrual bleeding, epis-
taxis, treatment satisfaction, trough levels, etc. can be clarified. In addition, the indication for 
prophylaxis should always be evaluated. Due to the known fluctuations in Von Willebrand para-
meters, it is important that a check-up takes place before a planned surgical procedure, if pos-
sible. For elective procedures, this should ideally take place 2-3 weeks in advance.

However, women in the postpartum period should also be examined, especially in cases of 
heavy bleeding. The common practice in Germany, Austria, and Switzerland is for patients with 
mild cases to be examined once a year, and those with severe cases every 3-6 months.

9 References

1. von Willebrand EA: Hereditaer pseudohemofili [Hereditäre Pseudohemophilie]. Finska 
Läkaresällskapets Handlingar 68:87–112, 1926.

2. Weiss HJ, Sussman II, Hoyer LW: Stabilization of factor VIII in plasma by the von Wille-
brand factor. Studies on posttransfusion and dissociated factor VIII and in patients with 
von Willebrand's disease. J Clin Invest 60(2):390-404, 1977. DOI:10.1172/jci108788

3. Bowman M, Hopman WM, Rapson D et al.: The prevalence of symptomatic von Willebrand 
disease in primary care practice. J Thromb Haemost 8(1):213-216, 2010. DOI:10.1111/
j.1538-7836.2009.03661.x

4. Schneppenheim R: Hämophilie und von Willebrand-Syndrom Diagnostik und Therapie in 
Hämostaseologie für die Praxis. 2012, Bruhn A. ISBN:9783794565887

5. Colonne CK, Reardon B, Curnow J et al.: Why is Misdiagnosis of von Willebrand Disease 
Still Prevalent and How Can We Overcome It? A Focus on Clinical Considerations and Rec-
ommendations. J Blood Med 12:755-768, 2021. DOI:10.2147/jbm.S266791

6. Swami A, Kaur V: Von Willebrand Disease: A Concise Review and Update for the Practicing 
Physician. Clin Appl Thromb Hemost 23(8):900-910, 2017. 
DOI:10.1177/1076029616675969

7. Miesbach W, Halimeh S, Platokouki H et al.: An open-label, multi-centre, post-marketing 
study to assess the efficacy and safety of a plasma-derived VWF/FVIII concentrate in 
patients with von Willebrand disease. Haemophilia 30(1):236-240, 2024. DOI:10.1111/
hae.14868

8. Seidizadeh O, Eikenboom JCJ, Denis CV et al.: von Willebrand disease. Nat Rev Dis Primers 
10(1):51, 2024. DOI:10.1038/s41572-024-00536-8

9. Borràs N, Batlle J, Pérez-Rodríguez A et al.: Molecular and clinical profile of von Willebrand 
disease in Spain (PCM-EVW-ES): comprehensive genetic analysis by next-generation 
sequencing of 480 patients. Haematologica 102(12):2005-2014, 2017. DOI:10.3324/
haematol.2017.168765

10. Miesbach W, Berntorp E: Translating the success of prophylaxis in haemophilia to von 
Willebrand disease. Thromb Res 199:67-74, 2021. DOI:10.1016/j.thromres.2020.12.030

38

http://dx.doi.org/10.1172/jci108788
http://dx.doi.org/10.1111/j.1538-7836.2009.03661.x
http://dx.doi.org/10.2147/jbm.S266791
http://dx.doi.org/10.1177/1076029616675969
http://dx.doi.org/10.1111/hae.14868
http://dx.doi.org/10.1038/s41572-024-00536-8
http://dx.doi.org/10.3324/haematol.2017.168765
http://dx.doi.org/10.1016/j.thromres.2020.12.030


11. Heijdra JM, Cnossen WH, Leebeek FWG: Current and Emerging Options for the Manage-
ment of Inherited von Willebrand Disease. Drugs 77(14):1531-1547, 2017. DOI:10.1007/
s40265-017-0793-2

12. Veyradier A, Boisseau P, Fressinaud E et al.: A Laboratory Phenotype/Genotype Correla-
tion of 1167 French Patients From 670 Families With von Willebrand Disease: A New Epi-
demiologic Picture. Medicine (Baltimore) 95(11):e3038, 2016. DOI:10.1097/
md.0000000000003038

13. Rodeghiero F, Castaman G, Dini E: Epidemiological investigation of the prevalence of von 
Willebrand's disease. Blood 69(2):454-459, 1987. PMID:3492222

14. Sadler JE: Von Willebrand disease type 1: a diagnosis in search of a disease. Blood 
101(6):2089-2093, 2003. DOI:10.1182/blood-2002-09-2892

15. Seidizadeh O, Baronciani L, Pagliari MT et al.: Phenotypic and genetic characterizations of 
the Milan cohort of von Willebrand disease type 2. Blood Adv 6(13):4031-4040, 2022. 
DOI:10.1182/bloodadvances.2022007216

16. Rodeghiero F,Castaman G: von Willebrand Disease: Epidemiology (in Textbook of Hemo-
philia 3), 362-369, 2014. DOI:10.1002/9781118398258.ch49

17. Mannucci PM, Bloom AL, Larrieu MJ et al.: Atherosclerosis and von Willebrand factor. I. 
Prevalence of severe von Willebrand's disease in western Europe and Israel. Br J Haema-
tol 57(1):163-169, 1984. DOI:10.1111/j.1365-2141.1984.tb02876.x

18. Berliner SA, Seligsohn U, Zivelin A et al.: A relatively high frequency of severe (type III) 
von Willebrand's disease in Israel. Br J Haematol 62(3):535-543, 1986. DOI:10.1111/
j.1365-2141.1986.tb02966.x

19. Seidizadeh O, Cairo A, Baronciani L et al.: Population-based prevalence and mutational 
landscape of von Willebrand disease using large-scale genetic databases. NPJ Genom 
Med 8(1):31, 2023. DOI:10.1038/s41525-023-00375-8

20. Dupervil B, Abe K, O'Brien SH et al.: Characteristics, complications, and sites of bleeding 
among infants and toddlers less than 2 years of age with VWD. Blood Adv 
5(8):2079-2086, 2021. DOI:10.1182/bloodadvances.2020004141

21. WFH 2024 Annual Report. 2024. https://wfh.org/about-wfh/#wfh-annual-report-2024/1/

22. Laffan M, Sathar J, Johnsen JM: von Willebrand disease: Diagnosis and treatment, treat-
ment of women, and genomic approach to diagnosis. Haemophilia 27(Suppl 3):66-74, 
2021. DOI:10.1111/hae.14050

23. Sharma R, Haberichter SL: New advances in the diagnosis of von Willebrand disease. 
Hematology Am Soc Hematol Educ Program 2019(1):596-600, 2019. DOI:10.1182/hema-
tology.2019000064

24. Alavi P, Yousef Abdualla R, Brown D et al.: Aging Is Associated With Organ-Specific Alter-
ations in the Level and Expression Pattern of von Willebrand Factor. Arterioscler Thromb 
Vasc Biol 43(11):2183-2196, 2023. DOI:10.1161/atvbaha.123.319255

25. Favaloro EJ, Pasalic L: Laboratory diagnosis of von Willebrand disease in the age of the 
new guidelines: considerations based on geography and resources. Res Pract Thromb 
Haemost 7(5):102143, 2023. DOI:10.1016/j.rpth.2023.102143

26. Regling K, Sidonio RF: Factor VIII stimulants and other novel therapies for the treatment of 
von Willebrand disease: what's new on the horizon? Expert Opin Pharmacother 
25(11):1427-1438, 2024. DOI:10.1080/14656566.2024.2391526

27. Federici AB: Clinical and laboratory diagnosis of VWD. Hematology Am Soc Hematol Educ 
Program 2014(1):524-530, 2014. DOI:10.1182/asheducation-2014.1.524

39

http://dx.doi.org/10.1007/s40265-017-0793-2
http://dx.doi.org/10.1097/md.0000000000003038
http://www.ncbi.nlm.nih.gov/pubmed?term=3492222
http://dx.doi.org/10.1182/blood-2002-09-2892
http://dx.doi.org/10.1182/bloodadvances.2022007216
http://dx.doi.org/10.1002/9781118398258.ch49
http://dx.doi.org/10.1111/j.1365-2141.1984.tb02876.x
http://dx.doi.org/10.1111/j.1365-2141.1986.tb02966.x
http://dx.doi.org/10.1038/s41525-023-00375-8
http://dx.doi.org/10.1182/bloodadvances.2020004141
http://dx.doi.org/10.1111/hae.14050
http://dx.doi.org/10.1182/hematology.2019000064
http://dx.doi.org/10.1161/atvbaha.123.319255
http://dx.doi.org/10.1016/j.rpth.2023.102143
http://dx.doi.org/10.1080/14656566.2024.2391526
http://dx.doi.org/10.1182/asheducation-2014.1.524


28. Pathare A, Al Omrani S, Al Hajri F et al.: Bleeding score in Type 1 von Willebrand disease 
patients using the ISTH-BAT questionnaire. Int J Lab Hematol 40(2):175-180, 2018. 
DOI:10.1111/ijlh.12761

29. Jain S, Zhang S, Acosta M et al.: Prospective evaluation of ISTH-BAT as a predictor of 
bleeding disorder in adolescents presenting with heavy menstrual bleeding in a multidis-
ciplinary hematology clinic. J Thromb Haemost 18(10):2542-2550, 2020. DOI:10.1111/
jth.14997

30. Deforest M, Grabell J, Albert S et al.: Generation and optimization of the self-administered 
bleeding assessment tool and its validation as a screening test for von Willebrand dis-
ease. Haemophilia 21(5):e384-e388, 2015. DOI:10.1111/hae.12747

31. Sidonio RF, Lu A, Hale S et al.: Early diagnosis of persons with von Willebrand disease 
using a machine learning algorithm and real-world data. Expert Rev Hematol 
17(6):261-268, 2024. DOI:10.1080/17474086.2024.2354925

32. Lu M, Oladapo A, Wu Y et al.: Economic burden of major bleeding events in commercially 
insured patients with von Willebrand disease based on claims data from the United 
States. J Manag Care Spec Pharm 27(2):175-185, 2021. DOI:10.18553/jmcp.2020.20327

33. Du P, Bergamasco A, Moride Y et al.: Von Willebrand Disease Epidemiology, Burden of Ill-
ness and Management: A Systematic Review. J Blood Med 14:189-208, 2023. 
DOI:10.2147/jbm.S389241

34. Peyvandi F, Castaman G, Gresele P et al.: A phase III study comparing secondary long-
term prophylaxis versus on-demand treatment with vWF/FVIII concentrates in severe 
inherited von Willebrand disease. Blood Transfus 17(5):391-398, 2019. 
DOI:10.2450/2019.0183-18

35. Leebeek FWG, Eikenboom JCJ: Von Willebrand's Disease. N Engl J Med 375(21):2067-2080, 
2016. DOI:10.1056/NEJMra1601561

36. Berntorp E,Shapiro AD: Modern haemophilia care. Lancet 379(9824):1447-1456, 2012. 
DOI:10.1016/s0140-6736(11)61139-2

37. Castaman G: How I treat von Willebrand disease. Thromb Res 196:618-625, 2020. 
DOI:10.1016/j.thromres.2020.07.051

38. Ramsay TM, Buist DA, Macleod TA et al.: Persistent gastrointestinal bleeding due to 
angiodysplasia of the gut in von Willebrand's disease. Lancet 2(7980):275-278, 1976. 
DOI:10.1016/s0140-6736(76)90729-7

39. Lehner, Die Rolle des Von-Willebrand-Faktors bei der Angiogenese: Jenseits der Hämo-
stase. Trillium Diagnostik 4, 2023. DOI:10.47184/td.2023.04.09

40. Chornenki NLJ, Shanjer M, James PD: Vascular abnormalities in patients with von Wille-
brand disease: A scoping review. J Thromb Haemost 19(9):2151-2160, 2021. 
DOI:10.1111/jth.15410

41. Randi AM, Smith KE, Castaman G: von Willebrand factor regulation of blood vessel forma-
tion. Blood 132(2):132-140, 2018. DOI:10.1182/blood-2018-01-769018

42. Starke RD, Ferraro F, Paschalaki KE et al.: Endothelial von Willebrand factor regulates 
angiogenesis. Blood 117(3):1071-1080, 2011. DOI:10.1182/blood-2010-01-264507

43. Franchini M, Mannucci PM: Gastrointestinal angiodysplasia and bleeding in von Willebrand 
disease. Thromb Haemost 112(3):427-431, 2014. DOI:10.1160/th13-11-0952

44. Boley SJ, Sammartano R, Adams A et al.: On the nature and etiology of vascular ectasias 
of the colon. Degenerative lesions of aging. Gastroenterology 72(4 Pt 1):650-660, 1977. 
PMID:30422504

40

http://dx.doi.org/10.1111/ijlh.12761
http://dx.doi.org/10.1111/jth.14997
http://dx.doi.org/10.1111/hae.12747
http://dx.doi.org/10.1080/17474086.2024.2354925
http://dx.doi.org/10.18553/jmcp.2020.20327
http://dx.doi.org/10.2147/jbm.S389241
http://dx.doi.org/10.2450/2019.0183-18
http://dx.doi.org/10.1056/NEJMra1601561
http://dx.doi.org/10.1016/s0140-6736(11)61139-2
http://dx.doi.org/10.1016/j.thromres.2020.07.051
http://dx.doi.org/10.1016/s0140-6736(76)90729-7
http://dx.doi.org/10.47184/td.2023.04.09
http://dx.doi.org/10.1111/jth.15410
http://dx.doi.org/10.1182/blood-2018-01-769018
http://dx.doi.org/10.1182/blood-2010-01-264507
http://dx.doi.org/10.1160/th13-11-0952
http://www.ncbi.nlm.nih.gov/pubmed?term=30422504


45. Fressinaud E, Meyer D: International survey of patients with von Willebrand disease and 
angiodysplasia. Thromb Haemost 70(3):546, 1993. PMID:8259565

46. 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. J Thromb Haemost 
10(4):632-638, 2012. DOI:10.1111/j.1538-7836.2012.04661.x

47. Makris M: Gastrointestinal bleeding in von Willebrand disease. Thromb Res 118(Suppl. 
1):S13-S17, 2006. DOI:10.1016/j.thromres.2006.01.022

48. Warkentin TE, Moore JC, Anand SS et al.: Gastrointestinal bleeding, angiodysplasia, car-
diovascular disease, and acquired von Willebrand syndrome. Transfus Med Rev 
17(4):272-286, 2003. DOI:10.1016/s0887-7963(03)00037-3

49. Zanon E, Vianello F, Casonato A et al.: Early transfusion of factor VIII/von Willebrand fac-
tor concentrates seems to be effective in the treatment of gastrointestinal bleeding in 
patients with von Willebrand type III disease. Haemophilia 7(5):500-503, 2001. 
DOI:10.1046/j.1365-2516.2001.00543.x

50. Foutch PG, Rex DK, Lieberman DA: Prevalence and natural history of colonic angiodyspla-
sia among healthy asymptomatic people. Am J Gastroenterol 90(4):564-567, 1995. 
PMID:30422504

51. Bermont A, Abu-Freha N, Cohen DL et al.: Epidemiology and risk factors for angiodys-
plasias of the upper and lower gastrointestinal tract: A large population-based study. Dig 
Liver Dis 57(1):220-224, 2025. DOI:10.1016/j.dld.2024.07.037

52. Makris M, Federici AB, Mannucci PM et al.: The natural history of occult or angiodysplastic 
gastrointestinal bleeding in von Willebrand disease. Haemophilia 21(3):338-342, 2015. 
DOI:10.1111/hae.12571

53. Crossette-Thambiah C, Randi AM, Laffan M: von Willebrand disease and angiodysplasia: a 
wider view of pathogenesis in pursuit of therapy. Haematologica 110(3):588-595, 2025. 
DOI:10.3324/haematol.2024.285244

54. Sidonio RF, Boban A, Dubey L et al.: von Willebrand factor/factor VIII concentrate (Wilate) 
prophylaxis in children and adults with von Willebrand disease. Blood Adv 
8(6):1405-1414, 2024. DOI:10.1182/bloodadvances.2023011742

55. Casari C, Leung J, James PD: New and emerging therapies for women, girls, and people 
with the potential to menstruate with VWD. Blood Adv 7(24):7501-7505, 2023. 
DOI:10.1182/bloodadvances.2023010716

56. Eladly F, Miesbach W: Von Willebrand Disease-Specific Aspects in Women. Hamostaseolo-
gie 42(5):330-336, 2022. DOI:10.1055/a-1891-9976

57. Turan O, Gomez K, Kadir R: Review of interventions and effectiveness for heavy menstrual 
bleeding in women with moderate and severe von Willebrand disease. Haemophilia 
30(5):1177-1184, 2024. DOI:10.1111/hae.15078

58. Skeith L, James P, Kouides P et al.: Pregnancy loss in individuals with von Willebrand dis-
ease and unspecified mucocutaneous bleeding disorders: a multicenter cohort study. J 
Thromb Haemost 23(2):429-439, 2025. DOI:10.1016/j.jtha.2024.09.037

59. Haack L, Dasenbrook B, Steiner P et al.: Reproductive outcome after fertility treatment in 
women with von Willebrand disease: a retrospective cohort study. Fertil Steril 
123(5):902-904, 2025. DOI:10.1016/j.fertnstert.2024.11.020

60. Holm E, Carlsson KS, Lövdahl S et al.: Bleeding-related hospitalization in patients with von 
Willebrand disease and the impact of prophylaxis: Results from national registers in Swe-
den compared with normal controls and participants in the von Willebrand Disease Pro-
phylaxis Network. Haemophilia 24(4):628-633, 2018. DOI:10.1111/hae.13473

41

http://www.ncbi.nlm.nih.gov/pubmed?term=8259565
http://dx.doi.org/10.1111/j.1538-7836.2012.04661.x
http://dx.doi.org/10.1016/j.thromres.2006.01.022
http://dx.doi.org/10.1016/s0887-7963(03)00037-3
http://dx.doi.org/10.1046/j.1365-2516.2001.00543.x
http://www.ncbi.nlm.nih.gov/pubmed?term=30422504
http://dx.doi.org/10.1016/j.dld.2024.07.037
http://dx.doi.org/10.1111/hae.12571
http://dx.doi.org/10.3324/haematol.2024.285244
http://dx.doi.org/10.1182/bloodadvances.2023011742
http://dx.doi.org/10.1182/bloodadvances.2023010716
http://dx.doi.org/10.1055/a-1891-9976
http://dx.doi.org/10.1111/hae.15078
http://dx.doi.org/10.1016/j.jtha.2024.09.037
http://dx.doi.org/10.1016/j.fertnstert.2024.11.020
http://dx.doi.org/10.1111/hae.13473


61. Al-Awadhi AM, AlFadhli SM, Mustafa NY et al.: Effects of cigarette smoking on hematologi-
cal parameters and von Willebrand factor functional activity levels in asymptomatic male 
and female Arab smokers. Med Princ Pract 17(2):149-153, 2008. DOI:10.1159/000112970

62. James PD, Connell NT, Ameer B et al.: ASH ISTH NHF WFH 2021 guidelines on the diagno-
sis of von Willebrand disease. Blood Adv 5(1):280-300, 2021. DOI:10.1182/bloodad-
vances.2020003265

63. DiGiandomenico S, Christopherson PA, Haberichter SL, et al.: Laboratory variability in the 
diagnosis of type 2 VWD variants. J Thromb Haemost 19(1):131-138, 2021. DOI:10.1111/
jth.15129

64. Atiq F, Meijer K, Eikenboomm J et al.: Comorbidities associated with higher von Willebrand 
factor (VWF) levels may explain the age-related increase of VWF in von Willebrand dis-
ease. Br J Haematol 182(1):93-105, 2018. DOI:10.1111/bjh.15277

65. Biguzzi E, Siboni SM, le Cessie S et al.: Increasing levels of von Willebrand factor and fac-
tor VIII with age in patients affected by von Willebrand disease. J Thromb Haemost 
19(1):96-106, 2021. DOI:10.1111/jth.15116

66. Atiq F, Blok R, van Kwawegen CB et al.: Type 1 VWD classification revisited: novel insights 
from combined analysis of the LoVIC and WiN studies. Blood 143(14):1414-1424, 2024. 
DOI:10.1182/blood.2023022457

67. Swystun LL, Lai JD, Notley C et al.: The endothelial cell receptor stabilin-2 regulates VWF-
FVIII complex half-life and immunogenicity. J Clin Invest 128(9):4057-4073, 2018. 
DOI:10.1172/jci96400

68. Swystun LL, Notley C, Georgescu I et al.: The endothelial lectin clearance receptor 
CLEC4M binds and internalizes factor VIII in a VWF-dependent and independent manner. J 
Thromb Haemost 17(4):681-694, 2019. DOI:10.1111/jth.14404

69. Zhu Q, Yamakuchi M, Ture S et al.: Syntaxin-binding protein STXBP5 inhibits endothelial 
exocytosis and promotes platelet secretion. J Clin Invest 124(10):4503-4516, 2014. 
DOI:10.1172/jci71245

70. Sadler JE: Low von Willebrand factor: sometimes a risk factor and sometimes a disease. 
Hematology Am Soc Hematol Educ Program 2009:106-112, 2009. DOI:10.1182/asheduca-
tion-2009.1.106

71. Bykowska K, Ceglarek B: Clinical significance of slightly reduced von Willebrand factor 
activity. Pol Arch Intern Med 130(3):225-231, 2020. DOI:10.20452/pamw.15162

72. O'Donnell JS,B aker RI: Low von Willebrand Disease: A Bleeding Disorder of Unknown 
Cause? Hamostaseologie 43(1):44-51, 2023. DOI:10.1055/a-1980-8198

73. Tosetto A, Castaman G, Plug I et al.: Prospective evaluation of the clinical utility of quanti-
tative bleeding severity assessment in patients referred for hemostatic evaluation. J 
Thromb Haemost 9(6):1143-1148, 2011. DOI:10.1111/j.1538-7836.2011.04265.x

74. Connell NT, Flood VH, Brignardello-Petersen R et al.: ASH ISTH NHF WFH 2021 guidelines 
on the management of von Willebrand disease. Blood Adv 5(1):301-325, 2021. 
DOI:10.1182/bloodadvances.2020003264

75. Bodó I, Eikenboom J, Montgomery R et al.: Platelet-dependent von Willebrand factor activ-
ity. Nomenclature and methodology: communication from the SSC of the ISTH. J Thromb 
Haemost 13(7):1345-1350, 2015. DOI:10.1111/jth.12964

76. Saadalla A, Seheult J, Pruthi RK et al.: Von Willebrand Factor Multimer Analysis and Classi-
fication: A Comprehensive Review and Updates. Semin Thromb Hemost 49(6):580-591, 
2023. DOI:10.1055/s-0042-1757183

42

http://dx.doi.org/10.1159/000112970
http://dx.doi.org/10.1182/bloodadvances.2020003265
http://dx.doi.org/10.1111/jth.15129
http://dx.doi.org/10.1111/bjh.15277
http://dx.doi.org/10.1111/jth.15116
http://dx.doi.org/10.1182/blood.2023022457
http://dx.doi.org/10.1172/jci96400
http://dx.doi.org/10.1111/jth.14404
http://dx.doi.org/10.1172/jci71245
http://dx.doi.org/10.1182/asheducation-2009.1.106
http://dx.doi.org/10.20452/pamw.15162
http://dx.doi.org/10.1055/a-1980-8198
http://dx.doi.org/10.1111/j.1538-7836.2011.04265.x
http://dx.doi.org/10.1182/bloodadvances.2020003264
http://dx.doi.org/10.1111/jth.12964
http://dx.doi.org/10.1055/s-0042-1757183


77. Pérez-Rodríguez A, Batlle J, Corrales I et al.: Role of multimeric analysis of von Willebrand 
factor (VWF) in von Willebrand disease (VWD) diagnosis: Lessons from the PCM-EVW-ES 
Spanish project. PLoS One 13(6):e0197876, 2018. DOI:10.1371/journal.pone.0197876

78. Popov J, Zhukov O, Ruden S et al.: Performance and clinical utility of a commercial von 
Willebrand factor collagen binding assay for laboratory diagnosis of von Willebrand dis-
ease. Clin Chem 52(10):1965-1967, 2006. DOI:10.1373/clinchem.2006.070730

79. Jousselme E, Jourdy Y, Rugeri L et al.: Comparison of an automated chemiluminescent 
assay to a manual ELISA assay for determination of von Willebrand Factor collagen bind-
ing activity on VWD plasma patients previously diagnosed through molecular analysis of 
VWF. Int J Lab Hematol 40(1):77-83, 2018. DOI:10.1111/ijlh.12743

80. Abdulrehman J, Ziemba YC, Hsu P et al.: Diagnosis of von Willebrand disease: An assess-
ment of the quality of testing in North American laboratories. Haemophilia 27(6):e713-
e720, 2021. DOI:10.1111/hae.14397

81. Sztukowska M, Gallinaro L, Cattini MG et al.: Von Willebrand factor propeptide makes it 
easy to identify the shorter Von Willebrand factor survival in patients with type 1 and 
type Vicenza von Willebrand disease. Br J Haematol 143(1):107-114, 2008. DOI:10.1111/
j.1365-2141.2008.07311.x

82. Stufano F, Boscarino M, Bucciarelli P et al.: Evaluation of the Utility of von Willebrand Fac-
tor Propeptide in the Differential Diagnosis of von Willebrand Disease and Acquired von 
Willebrand Syndrome. Semin Thromb Hemost 45(1):36-42, 2019. DOI:10.1055/
s-0038-1660481

83. Haberichter SL, Castaman G, Budde U et al.: Identification of type 1 von Willebrand dis-
ease 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 111(10):4979-4985, 2008. DOI:10.1182/
blood-2007-09-110940

84. Frontroth JP, Favaloro EJ: Ristocetin-Induced Platelet Aggregation (RIPA) and RIPA Mixing 
Studies. Methods Mol Biol 1646:473-494, 2017. DOI:10.1007/978-1-4939-7196-1_35

85. Castaman G, Federici AB: Type 2B von Willebrand Disease: A Matter of Plasma Plus 
Platelet Abnormality. Semin Thromb Hemost 42(5):478-482, 2016. DOI:10.1055/
s-0036-1579638

86. Othman M, Kaur H, Favaloro EJ et al.: Platelet type von Willebrand disease and registry 
report: communication from the SSC of the ISTH. J Thromb Haemost 14(2):411-414, 2016. 
DOI:10.1111/jth.13204

87. Casonato A, Pontara E, Sartorello F et al.: Identifying type Vicenza von Willebrand dis-
ease. J Lab Clin Med 147(2):96-102, 2006. DOI:10.1016/j.lab.2005.10.002

88. Casonato A, Galletta E, Galvanin F et al.: Von Willebrand disease type Vicenza: In search 
of a classification for the archetype of reduced von Willebrand factor survival. EJHaem 
2(3):340-348, 2021. DOI:10.1002/jha2.196

89. Atiq F, Rawley O, O'Sullivan JM et al.,:R1205H (Vicenza) causes conformational changes in 
the von Willebrand factor D'D3 domains and enhances von Willebrand factor binding to 
clearance receptors LRP1 and SR-AI. J Thromb Haemost 22(10):2752-2760, 2024. 
DOI:10.1016/j.jtha.2024.06.023

90. Gomez K, Anderson J, Baker P et al.: Clinical and laboratory diagnosis of heritable platelet 
disorders in adults and children: a British Society for Haematology Guideline. Br J Haema-
tol 195(1):46-72, 2021. DOI:10.1111/bjh.17690

91. Favaloro EJ: Clinical utility of closure times using the platelet function analyzer-100/200. 
Am J Hematol 92(4):398-404, 2017. DOI:10.1002/ajh.24620

43

http://dx.doi.org/10.1371/journal.pone.0197876
http://dx.doi.org/10.1373/clinchem.2006.070730
http://dx.doi.org/10.1111/ijlh.12743
http://dx.doi.org/10.1111/hae.14397
http://dx.doi.org/10.1111/j.1365-2141.2008.07311.x
http://dx.doi.org/10.1055/s-0038-1660481
http://dx.doi.org/10.1182/blood-2007-09-110940
http://dx.doi.org/10.1007/978-1-4939-7196-1_35
http://dx.doi.org/10.1055/s-0036-1579638
http://dx.doi.org/10.1111/jth.13204
http://dx.doi.org/10.1016/j.lab.2005.10.002
http://dx.doi.org/10.1002/jha2.196
http://dx.doi.org/10.1016/j.jtha.2024.06.023
http://dx.doi.org/10.1111/bjh.17690
http://dx.doi.org/10.1002/ajh.24620


92. Favaloro EJ: Clinical utility of the PFA-100. Semin Thromb Hemost 34(8):709-733, 2008. 
DOI:10.1055/s-0029-1145254

93. Platton S, Baker P, Bowyer A et al.: Guideline for laboratory diagnosis and monitoring of 
von Willebrand disease: A joint guideline from the United Kingdom Haemophilia Centre 
Doctors' Organisation and the British Society for Haematology. Br J Haematol 
204(5):1714-1731, 2024. DOI:10.1111/bjh.19385

94. James P, Leebeek F, Casari C et al.: Diagnosis and treatment of von Willebrand disease in 
2024 and beyond. Haemophilia 30(Suppl 3):103-111, 2024. DOI:10.1111/hae.14970

95. Seidizadeh O, Baronciani L, Lillicrap D et al.: Application of genetic testing for the diagno-
sis of von Willebrand disease. J Thromb Haemost 22(8):2115-2128, 2024. DOI:10.1016/
j.jtha.2024.05.006

96. Goodeve AC: The genetic basis of von Willebrand disease. Blood Rev 24(3):123-134, 
2010. DOI:10.1016/j.blre.2010.03.003

97. Daidone V, Gallinaro L, Grazia Cattini M et al.: An apparently silent nucleotide substitution 
(c.7056C>T) in the von Willebrand factor gene is responsible for type 1 von Willebrand 
disease. Haematologica 96(6):881-887, 2011. DOI:10.3324/haematol.2010.036848

98. Cartwright A, Webster SJ, de Jong A et al.: Characterization of large in-frame von Wille-
brand factor deletions highlights differing pathogenic mechanisms. Blood Adv 
4(13):2979-2990, 2020. DOI:10.1182/bloodadvances.2018027813

99. Sadler B, Castaman G, O'Donnell JS: von Willebrand disease and von Willebrand factor. 
Haemophilia 28(Suppl 4):11-17, 2022. DOI:10.1111/hae.14547

100. James PD, Paterson AD, Notley C et al.: Genetic linkage and association analysis in type 1 
von Willebrand disease: results from the Canadian type 1 VWD study. J Thromb Haemost 
4(4):783-792, 2006. DOI:10.1111/j.1538-7836.2006.01860.x

101. Lavin M, Aguila S, Schneppenheim S et al.: Novel insights into the clinical phenotype and 
pathophysiology underlying low VWF levels. Blood 130(21):2344-2353, 2017. 
DOI:10.1182/blood-2017-05-786699

102. Cumming A, Grundy P, Keeney S et al.: An investigation of the von Willebrand factor 
genotype in UK patients diagnosed to have type 1 von Willebrand disease. Thromb 
Haemost 96(5):630-641, 2006. PMID:30422504

103. Bowman M, Tuttle A, Notley C et al.: The genetics of Canadian type 3 von Willebrand dis-
ease: further evidence for co-dominant inheritance of mutant alleles. J Thromb Haemost 
11(3):512-520, 2013. DOI:10.1111/jth.12130

104. Baronciani L, Peake I, Schneppenheim R et al.: Genotypes of European and Iranian 
patients with type 3 von Willebrand disease enrolled in 3WINTERS-IPS. Blood Adv 
5(15):2987-3001, 2021. DOI:10.1182/bloodadvances.2020003397

105. Aly SM, Sabri DM: Next generation sequencing (NGS): a golden tool in forensic toolkit. 
Arch Med Sadowej Kryminol 65(4):260-271, 2015. DOI:10.5114/amsik.2015.61029

106. Krahforst A, Yadegari H, Pavlova A et al.: Unravelling the spectrum of von Willebrand fac-
tor variants in quantitative von Willebrand disease: results from a German cohort study. J 
Thromb Haemost 22(11):3010-3034, 2024. DOI:10.1016/j.jtha.2024.06.026

107. Seidizadeh O, Peyvandi F, Mannucci PM: Von Willebrand disease type 2N: An update. J 
Thromb Haemost 19(4):909-916, 2021. DOI:10.1111/jth.15247

108. Hermans C, Noone D, Benson G et al.: Hemophilia treatment in 2021: Choosing 
the"optimal" treatment using an integrative, patient-oriented approach to shared deci-
sion-making between patients and clinicians. Blood Rev 52:100890, 2022. DOI:10.1016/
j.blre.2021.100890

44

http://dx.doi.org/10.1055/s-0029-1145254
http://dx.doi.org/10.1111/bjh.19385
http://dx.doi.org/10.1111/hae.14970
http://dx.doi.org/10.1016/j.jtha.2024.05.006
http://dx.doi.org/10.1016/j.blre.2010.03.003
http://dx.doi.org/10.3324/haematol.2010.036848
http://dx.doi.org/10.1182/bloodadvances.2018027813
http://dx.doi.org/10.1111/hae.14547
http://dx.doi.org/10.1111/j.1538-7836.2006.01860.x
http://dx.doi.org/10.1182/blood-2017-05-786699
http://www.ncbi.nlm.nih.gov/pubmed?term=30422504
http://dx.doi.org/10.1111/jth.12130
http://dx.doi.org/10.1182/bloodadvances.2020003397
http://dx.doi.org/10.5114/amsik.2015.61029
http://dx.doi.org/10.1016/j.jtha.2024.06.026
http://dx.doi.org/10.1111/jth.15247
http://dx.doi.org/10.1016/j.blre.2021.100890


109. Abou-Ismail MY, James PD, Flood VH et al.: Beyond the guidelines: how we approach chal-
lenging scenarios in the diagnosis and management of von Willebrand disease. J Thromb 
Haemost 21(2):204-214, 2023. DOI:10.1016/j.jtha.2022.11.042

110. Sorushanova A, Delgado LM, Wu Z et al.: The Collagen Suprafamily: From Biosynthesis to 
Advanced Biomaterial Development. Adv Mater 31(1):e1801651, 2019. DOI:10.1002/
adma.201801651

111. House Mg, Kim R, Tseng EE et al.: Evaluating the safety and efficacy of a novel polysac-
charide hemostatic system during surgery: A multicenter multispecialty prospective ran-
domized controlled trial. Surg Open Sci 19:205-211, 2024. DOI:10.1016/
j.sopen.2024.04.009

112. Spotnitz WD, Burks S: Hemostats, sealants, and adhesives III: a new update as well as 
cost and regulatory considerations for components of the surgical toolbox. Transfusion 
52(10):2243-2255, 2012. DOI:10.1111/j.1537-2995.2012.03707.x

113. Slezak P, Keibl C, Labahn D et al.: A Comparative Efficacy Evaluation of Recombinant Topi-
cal Thrombin (RECOTHROM(®)) With A Gelatin Sponge Carrier Versus Topical Oxidized 
Regenerated Cellulose (TABOTAMP(®)/SURGICEL(®)) In A Porcine Liver Bleeding Model. J 
Invest Surg 34(8):862-868, 2021. DOI:10.1080/08941939.2019.1705444

114. Eghbali A, Melikof L, Taherahmadi H et al.: Efficacy of tranexamic acid for the prevention 
of bleeding in patients with von Willebrand disease and Glanzmann thrombasthenia: a 
controlled, before and after trial. Haemophilia 22(5):e423-e426, 2016. DOI:10.1111/
hae.13051

115. Al-Huniti A, Marshall L, Rusk D et al.: Use of crushed tranexamic acid tablets in water for 
paediatric patients with bleeding disorders. Haemophilia 30(3):648-657, 2024. 
DOI:10.1111/hae.14996

116. Chauncey JM, Patel P: Tranexamic Acid. in StatPearls 2025, StatPearls Publishing. 
PMID:30422504

117. Franchini M, Focosi D, Mannucci PM: Tranexamic Acid: An Evergreen Hemostatic Agent. 
Semin Thromb Hemost 50(5):733-738, 2024. DOI:10.1055/s-0044-1779632

118. Weyand AC, Flood VH: Von Willebrand Disease: Current Status of Diagnosis and Manage-
ment. Hematol Oncol Clin North Am 35(6):1085-1101, 2021. DOI:10.1016/
j.hoc.2021.07.004

119. Kalot MA, Husainat N, Abughanimeh O et al.: Laboratory assays of VWF activity and use 
of desmopressin trials in the diagnosis of VWD: a systematic review and meta-analysis. 
Blood Adv 6(12):3735-3745, 2022. DOI:10.1182/bloodadvances.2021005431

120. Beltran A, Jaramillo AP, Vallejo MP et al.: Desmopressin as a Treatment in Patients With 
Von Willebrand Disease: A Systematic Review. Cureus 15(8):e44310, 2023. DOI:10.7759/
cureus.44310

121. Trigg DE, Stergiotou I, Peitsidis P et al.: A systematic review: The use of desmopressin for 
treatment and prophylaxis of bleeding disorders in pregnancy. Haemophilia 18(1):25-33, 
2012. DOI:10.1111/j.1365-2516.2011.02573.x

122. Karanth L, Barua A, Kanagasabai S et al.: Desmopressin acetate (DDAVP) for preventing 
and treating acute bleeds during pregnancy in women with congenital bleeding disorders. 
Cochrane Database Syst Rev 2(2):CD009824, 2019. 
DOI:10.1002/14651858.CD009824.pub4

123. Rugeri L, Thomas W, Schirner K et al.: A Systematic Review of Efficacy and Safety of 
Plasma-Derived von Willebrand Factor/Factor VIII Concentrate (Voncento) in von Wille-
brand Disease. Thromb Haemost 124(9):828-841, 2024. DOI:10.1055/a-2253-9701

45

http://dx.doi.org/10.1016/j.jtha.2022.11.042
http://dx.doi.org/10.1002/adma.201801651
http://dx.doi.org/10.1016/j.sopen.2024.04.009
http://dx.doi.org/10.1111/j.1537-2995.2012.03707.x
http://dx.doi.org/10.1080/08941939.2019.1705444
http://dx.doi.org/10.1111/hae.13051
http://dx.doi.org/10.1111/hae.14996
http://www.ncbi.nlm.nih.gov/pubmed?term=30422504
http://dx.doi.org/10.1055/s-0044-1779632
http://dx.doi.org/10.1016/j.hoc.2021.07.004
http://dx.doi.org/10.1182/bloodadvances.2021005431
http://dx.doi.org/10.7759/cureus.44310
http://dx.doi.org/10.1111/j.1365-2516.2011.02573.x
http://dx.doi.org/10.1002/14651858.CD009824.pub4
http://dx.doi.org/10.1055/a-2253-9701


124. de Jager NCB, Bukkems LH, Heijdra JMet al.: One piece of the puzzle: Population pharma-
cokinetics of FVIII during perioperative Haemate P(®) /Humate P(®) treatment in von 
Willebrand disease patients. J Thromb Haemost 18(2):295-305, 2020. DOI:10.1111/
jth.14652

125. Ahn JW, Chang ES, Jung YJ et al.: Characterization of the von Willebrand factor/factor VIII 
complex produced by a novel purification process. Arch Pharm Res 43(7):714-723, 2020. 
DOI:10.1007/s12272-020-01245-y

126. Boban A, Dubey L, Vilchevska KV et al.: Efficacy of Wilate Prophylaxis in Reducing Nose-
bleeds in Patients with Severe VWD - A Post-hoc Analysis of the WIL-31 Study. Clin Appl 
Thromb Hemost 30:10760296241306755, 2024. DOI:10.1177/10760296241306755

127. Rugeri L, Benoit R, Desage S et al.: Effectiveness of individualized management using 
WILFACTIN® in patients with von Willebrand disease during surgical procedures: A single-
center study. Thromb Res 220:88-90, 2022. DOI:10.1016/j.thromres.2022.09.028

128. Gouider E, Klukowska A, Maes P et al.: Efficacy and safety of von Willebrand factor con-
centrate almost devoid of factor VIII (Wilfactin(®)) in paediatric patients under 6 years of 
age with severe von Willebrand disease. Blood Transfus 21(1):83-92, 2023. 
DOI:10.2450/2022.0329-21

129. Leebeek FWG, Peyvandi F, Escobar M et al.: Recombinant von Willebrand factor prophy-
laxis in patients with severe von Willebrand disease: phase 3 study results. Blood 
140(2):89-98, 2022. DOI:10.1182/blood.2021014810

130. Hancock JM,Escobar MA: An evaluation of von Willebrand factor (recombinant) therapy for 
adult patients living with severe type 3 von Willebrand disease. Expert Rev Hematol 
16(3):157-161, 2023. DOI:10.1080/17474086.2023.2184339

131. Peyvandi F, Mamaev A Wang JD et al.: Phase 3 study of recombinant von Willebrand fac-
tor in patients with severe von Willebrand disease who are undergoing elective surgery. J 
Thromb Haemost 17(1):52-62, 2019. DOI:10.1111/jth.14313

132. Berntorp E, Abshire T: The von Willebrand disease prophylaxis network (vWD PN): explor-
ing a treatment concept. Thromb Res 118(Suppl 1):S19-S22, 2006. DOI:10.1016/
j.thromres.2006.01.016

133. Berntorp E: Prophylaxis in von Willebrand disease. Haemophilia 14(Suppl 5):47-53, 2008. 
DOI:10.1111/j.1365-2516.2008.01851.x

134. Abshire T, Cox-Gill J, Kempton CL et al.: Prophylaxis escalation in severe von Willebrand 
disease: a prospective study from the von Willebrand Disease Prophylaxis Network. J 
Thromb Haemost 13(9):1585-1589, 2015. DOI:10.1111/jth.12995

135. Holm E, Abshire TC, Bowen J et al.: Changes in bleeding patterns in von Willebrand dis-
ease after institution of long-term replacement therapy: results from the von Willebrand 
Disease Prophylaxis Network. Blood Coagul Fibrinolysis 26(4):383-388, 2015. 
DOI:10.1097/mbc.0000000000000257

136. Jörg Lindemann, Formstörungen der inneren und / oder äußeren Nase (mit funktioneller 
und/oder relevanter ästhetischer Beeinträchtigung). AWMF S2k Leitlinie 2022. https://
register.awmf.org/de/leitlinien/detail/017-070

137. Ocran E, Chornenki NLJ, Bowman M et al.: Gastrointestinal bleeding in von Willebrand 
patients: special diagnostic and management considerations. Expert Rev Hematol 
16(8):575-584, 2023. DOI:10.1080/17474086.2023.2221846

138. Schmiedl J, Castaman G: Awareness of von Willebrand disease among gynecologists: 
Investigating the referral of women with heavy menstrual bleeding to hematologists. Int J 
Gynaecol Obstet 167(1):453-455, 2024. DOI:10.1002/ijgo.15546

46

http://dx.doi.org/10.1111/jth.14652
http://dx.doi.org/10.1007/s12272-020-01245-y
http://dx.doi.org/10.1177/10760296241306755
http://dx.doi.org/10.1016/j.thromres.2022.09.028
http://dx.doi.org/10.2450/2022.0329-21
http://dx.doi.org/10.1182/blood.2021014810
http://dx.doi.org/10.1080/17474086.2023.2184339
http://dx.doi.org/10.1111/jth.14313
http://dx.doi.org/10.1016/j.thromres.2006.01.016
http://dx.doi.org/10.1111/j.1365-2516.2008.01851.x
http://dx.doi.org/10.1111/jth.12995
http://dx.doi.org/10.1097/mbc.0000000000000257
https://register.awmf.org/de/leitlinien/detail/017-070
http://dx.doi.org/10.1080/17474086.2023.2221846
http://dx.doi.org/10.1002/ijgo.15546


139. Perez Botero J: von Willebrand disease and heavy menstrual bleeding: when and how to 
test. Hematology Am Soc Hematol Educ Program 2024(1):376-381, 2024. DOI:10.1182/
hematology.2024000563

140. Atiq F, Saes JL, Punt MC et al.: Major differences in clinical presentation, diagnosis and 
management of men and women with autosomal inherited bleeding disorders. EClini-
calMedicine 32:100726, 2021. DOI:10.1016/j.eclinm.2021.100726

141. Gisy J: Drospirenon-Pille: Thromboserisiko und Blutungsmuster unter der Lupe. Gynäkolo-
gie und Geburtshilfe 3, 2022. DOI:10.1007/s15013-022-4395-z

142. Kouides PA, Byams VR, Philipp CS et al.: Multisite management study of menorrhagia with 
abnormal laboratory haemostasis: a prospective crossover study of intranasal desmo-
pressin and oral tranexamic acid. Br J Haematol 145(2):212-220, 2009. DOI:10.1111/
j.1365-2141.2009.07610.x

143. Amesse LS, Pfaff-Amesse T, Leonardi R et al.: Oral contraceptives and DDAVP nasal spray: 
patterns of use in managing vWD-associated menorrhagia: a single-institution study. J 
Pediatr Hematol Oncol 27(7):357-363, 2005. DOI:10.1097/01.mph.0000173175.95152.95

144. Rimmer E, Jamieson MA, James P: Malposition and expulsion of the levonorgestrel 
intrauterine system among women with inherited bleeding disorders. Haemophilia 
19(6):933-938, 2013. DOI:10.1111/hae.12184

145. Adeyemi-Fowode OA, Santos XM, Dietrich JE et al.: Levonorgestrel-Releasing Intrauterine 
Device Use in Female Adolescents with Heavy Menstrual Bleeding and Bleeding Disor-
ders: Single Institution Review. J Pediatr Adolesc Gynecol 30(4):479-483, 2017. 
DOI:10.1016/j.jpag.2016.04.001

146. Chi C, Huq FY, Kadir RA: Levonorgestrel-releasing intrauterine system for the manage-
ment of heavy menstrual bleeding in women with inherited bleeding disorders: long-term 
follow-up. Contraception 83(3):242-247, 2011. DOI:10.1016/j.contraception.2010.07.010

147. Kingman CEC, Kadir RA, Lee CA et al.: The use of levonorgestrel-releasing intrauterine 
system for treatment of menorrhagia in women with inherited bleeding disorders. BJOG 
111(12):1425-1428, 2004. DOI:10.1111/j.1471-0528.2004.00305.x

148. Lukes AS, Reardon B, Arepally G: Use of the levonorgestrel-releasing intrauterine system 
in women with hemostatic disorders. Fertil Steril 90(3):673-677, 2008. DOI:10.1016/
j.fertnstert.2007.07.1315

149. Bofill Rodriguez M, Lethaby A,Jordan V: Progestogen-releasing intrauterine systems for 
heavy menstrual bleeding. Cochrane Database Syst Rev 6(6):CD002126, 2020. 
DOI:10.1002/14651858.CD002126.pub4

150. James AH, Jamison MG: Bleeding events and other complications during pregnancy and 
childbirth in women with von Willebrand disease. J Thromb Haemost 5(6):1165-1169, 
2007. DOI:10.1111/j.1538-7836.2007.02563.x

151. James AH, Konkle BA, Kouides P et al.: Postpartum von Willebrand factor levels in women 
with and without von Willebrand disease and implications for prophylaxis. Haemophilia 
21(1):81-87, 2015. DOI:10.1111/hae.12568

152. Perry CL, Christopherson PA, Agostini TA et al.: Prevalence and characterization of anti-
VWF antibodies in a population of patients with type 3 VWD. Blood Adv 8(19):5051-5061, 
2024. DOI:10.1182/bloodadvances.2024013095

153. Pagliari MT, Budde U, Baronciani L et al.: von Willebrand factor neutralizing and non-neu-
tralizing alloantibodies in 213 subjects with type 3 von Willebrand disease enrolled in 
3WINTERS-IPS. J Thromb Haemost 21(4):787-799, 2023. DOI:10.1016/j.jtha.2023.01.001

47

http://dx.doi.org/10.1182/hematology.2024000563
http://dx.doi.org/10.1016/j.eclinm.2021.100726
http://dx.doi.org/10.1007/s15013-022-4395-z
http://dx.doi.org/10.1111/j.1365-2141.2009.07610.x
http://dx.doi.org/10.1097/01.mph.0000173175.95152.95
http://dx.doi.org/10.1111/hae.12184
http://dx.doi.org/10.1016/j.jpag.2016.04.001
http://dx.doi.org/10.1016/j.contraception.2010.07.010
http://dx.doi.org/10.1111/j.1471-0528.2004.00305.x
http://dx.doi.org/10.1016/j.fertnstert.2007.07.1315
http://dx.doi.org/10.1002/14651858.CD002126.pub4
http://dx.doi.org/10.1111/j.1538-7836.2007.02563.x
http://dx.doi.org/10.1111/hae.12568
http://dx.doi.org/10.1182/bloodadvances.2024013095
http://dx.doi.org/10.1016/j.jtha.2023.01.001


154. Bergamaschini L, Mannucci PM, Federici AB et al.: Posttransfusion anaphylactic reactions 
in a patient with severe von Willebrand disease: role of complement and alloantibodies to 
von Willebrand factor. J Lab Clin Med 125(3):348-355, 1995. PMID:7897302

155. Solimeno LP, Escobar MA, Krassova S et al.: Major and Minor Classifications for Surgery in 
People With Hemophilia: A Literature Review. Clin Appl Thromb Hemost 24(4):549-559, 
2018. DOI:10.1177/1076029617715117

156. Brignardello-Petersen R, El Alayli A, Husainat N et al.: Surgical management of patients 
with von Willebrand disease: summary of 2 systematic reviews of the literature. Blood 
Adv 6(1):121-128, 2022. DOI:10.1182/bloodadvances.2021005666

157. Khair K, Batty P, Riat R et al.: Wilate use in 47 children with von Willebrand disease: the 
North London paediatric haemophilia network experience. Haemophilia 21(1):e44-e50, 
2015. DOI:10.1111/hae.12497

158. Dunkley S, Baker RI, Pidcock M et al.: Clinical efficacy and safety of the factor VIII/von 
Willebrand factor concentrate BIOSTATE in patients with von Willebrand's disease: a 
prospective multi-centre study. Haemophilia 16(4):615-624, 2010. DOI:10.1111/
j.1365-2516.2010.02206.x

159. Andersson NG, Brange H, Astermark J et al.: Low bleeding rates after intramuscular 
Covid-19 vaccination in patients with haemophilia and von Willebrand disease: Outcome 
data from the Swedish haemophilia registry. Haemophilia 30(5):1217-1220, 2024. 
DOI:10.1111/hae.15063

160. Tiede A, Leise H, Horneff S et al.: Safety of intramuscular COVID-19 vaccination in 
patients with haemophilia. Haemophilia 28(5):687-693, 2022. DOI:10.1111/hae.14586

161. Miljic P, Noureldin A, Lavin M et al.: Challenges in the management of women with type 
2B von Willebrand disease during pregnancy and the postpartum period: evidence from 
literature and data from an international registry and physicians' survey-communication 
from the Scientific and Standardization Committees of the International Society on 
Thrombosis and Haemostasis. J Thromb Haemost 21(1):154-163, 2023. DOI:10.1016/
j.jtha.2022.10.019

162. Bláha J,Bartošová T: Epidemiology and definition of PPH worldwide. Best Pract Res Clin 
Anaesthesiol 36(3-4):325-339, 2022. DOI:10.1016/j.bpa.2022.11.001

163. James AH: More than menorrhagia: a review of the obstetric and gynaecological manifes-
tations of von Willebrand disease. Thromb Res 120(Suppl 1):S17-S20, 2007. DOI:10.1016/
j.thromres.2007.03.012

164. Majluf-Cruz K, Anguiano-Robledo L, Calzada-Mendoza CC et al.: von Willebrand Disease 
and other hereditary haemostatic factor deficiencies in women with a history of postpar-
tum haemorrhage. Haemophilia 26(1):97-105, 2020. DOI:10.1111/hae.13900

165. Lim MY, Rodgers GM, Branch DW, et al.: Targeting a higher plasma VWF level at time of 
delivery in pregnant individuals with von Willebrand disease: Outcomes at a single-insti-
tution cohort study. Haemophilia 30(2):470-477, 2024. DOI:10.1111/hae.14953

166. Govorov I, Löfgren S, Chaireti R et al.: Correction: Postpartum Hemorrhage in Women with 
Von Willebrand Disease - A Retrospective Observational Study. PLoS One 12(2):e0172185, 
2017. DOI:10.1371/journal.pone.0172185

167. Kadir RA, Economides DL, Braithwaite J et al.: The obstetric experience of carriers of 
haemophilia. Br J Obstet Gynaecol 104(7):803-810, 1997. DOI:10.1111/
j.1471-0528.1997.tb12024.x

168. Kadir RA, Lee CA, Sabin CA et al.: Pregnancy in women with von Willebrand's disease or 
factor XI deficiency. Br J Obstet Gynaecol 105(3):314-321, 1998. DOI:10.1111/
j.1471-0528.1998.tb10093.x

48

http://www.ncbi.nlm.nih.gov/pubmed?term=7897302
http://dx.doi.org/10.1177/1076029617715117
http://dx.doi.org/10.1182/bloodadvances.2021005666
http://dx.doi.org/10.1111/hae.12497
http://dx.doi.org/10.1111/j.1365-2516.2010.02206.x
http://dx.doi.org/10.1111/hae.15063
http://dx.doi.org/10.1111/hae.14586
http://dx.doi.org/10.1016/j.jtha.2022.10.019
http://dx.doi.org/10.1016/j.bpa.2022.11.001
http://dx.doi.org/10.1016/j.thromres.2007.03.012
http://dx.doi.org/10.1111/hae.13900
http://dx.doi.org/10.1111/hae.14953
http://dx.doi.org/10.1371/journal.pone.0172185
http://dx.doi.org/10.1111/j.1471-0528.1997.tb12024.x
http://dx.doi.org/10.1111/j.1471-0528.1998.tb10093.x


169. Chi C, Lee CA, England A et al.: Obstetric analgesia and anaesthesia in women with inher-
ited bleeding disorders. Thromb Haemost 101(6):1104-1111, 2009. PMID:19492155

170. Chi C, Lee CA, Shiltagh N et al.: Pregnancy in carriers of haemophilia. Haemophilia 
14(1):56-64, 2008. DOI:10.1111/j.1365-2516.2007.01561.x

171. Hawke L, Grabell J, Sim W et al.: Obstetric bleeding among women with inherited bleed-
ing disorders: a retrospective study. Haemophilia 22(6):906-911, 2016. DOI:10.1111/
hae.13067

172. Al Naimi A, Ma H, Pearl A et al.: Prophylactic tranexamic acid for reducing blood loss in 
pregnant females undergoing cesarean section: A systematic review and meta-analysis. J 
Obstet Gynaecol Res 50(9):1439-1458, 2024. DOI:10.1111/jog.16036

173. Brenner A, Shakur-Still H, Chaudhri R et al.: Tranexamic acid by the intramuscular or intra-
venous route for the prevention of postpartum haemorrhage in women at increased risk: 
a randomised placebo-controlled trial (I'M WOMAN). Trials 24(1):782, 2023. DOI:10.1186/
s13063-023-07687-1

174. Losorelli SD, Scheffler P, Qian ZJ et al.: Post-Tonsillectomy Ibuprofen: Is There a Dose-
Dependent Bleeding Risk? Laryngoscope 132(7):1473-1481, 2022. DOI:10.1002/
lary.29876

175. Stokes W, Swanson RT, Schubart J et al.: Postoperative Bleeding Associated with Ibupro-
fen Use after Tonsillectomy: A Meta-analysis. Otolaryngol Head Neck Surg 
161(5):734-741, 2019. DOI:10.1177/0194599819852328

176. Santoro C, Rago A, Biondo F et al.: Prevalence of allo-immunization anti-HLA and anti-
integrin alphaIIbbeta3 in Glanzmann Thromboasthenia patients. Haemophilia 
16(5):805-812, 2010. DOI:10.1111/j.1365-2516.2010.02230.x

177. Castaman G, Goodeve A, Eikenboom J: Principles of care for the diagnosis and treatment 
of von Willebrand disease. Haematologica 98(5):667-674, 2013. DOI:10.3324/haema-
tol.2012.077263

178. Seaman CD:, Von Willebrand Disease in Older Patients: A Retrospective Electronic Health 
Record Review. Clin Appl Thromb Hemost 28:10760296221146740, 2022. 
DOI:10.1177/10760296221146740

179. Noone S, Schubert R, Fichtlscherer S et al.: Endothelial Function in Patients With Von 
Willebrand Disease. Clin Appl Thromb Hemost 27:1076029620984546, 2021. 
DOI:10.1177/1076029620984546

180. Berntorp E, Abshire T: The von Willebrand disease prophylaxis network: exploring a treat-
ment concept. J Thromb Haemost 4(11):2511-2512, 2006. DOI:10.1111/
j.1538-7836.2006.02179.x

181. Jansen NWD, Roosendaal P, Lafeber FPJG: Understanding haemophilic arthropathy: an 
exploration of current open issues. Br J Haematol 143(5):632-640, 2008. DOI:10.1111/
j.1365-2141.2008.07386.x

182. van Galen KPM, Mauser-Bunschoten WP, Leebeek FWG: Hemophilic arthropathy in 
patients with von Willebrand disease. Blood Rev 26(6):261-266, 2012. DOI:10.1016/
j.blre.2012.09.002

183. van Galen KPM, Sanders YV, Vojinovic U et al.: Joint bleeds in von Willebrand disease 
patients have significant impact on quality of life and joint integrity: a cross-sectional 
study. Haemophilia 21(3):e185-e192, 2015. DOI:10.1111/hae.12670

184. St-Louis J, Abad A, Funk S et al.: The Hemophilia Joint Health Score version 2.1 Validation 
in Adult Patients Study: A multicenter international study. Res Pract Thromb Haemost 
6(2):e12690, 2022. DOI:10.1002/rth2.12690

49

http://www.ncbi.nlm.nih.gov/pubmed?term=19492155
http://dx.doi.org/10.1111/j.1365-2516.2007.01561.x
http://dx.doi.org/10.1111/hae.13067
http://dx.doi.org/10.1111/jog.16036
http://dx.doi.org/10.1186/s13063-023-07687-1
http://dx.doi.org/10.1002/lary.29876
http://dx.doi.org/10.1177/0194599819852328
http://dx.doi.org/10.1111/j.1365-2516.2010.02230.x
http://dx.doi.org/10.3324/haematol.2012.077263
http://dx.doi.org/10.1177/10760296221146740
http://dx.doi.org/10.1177/1076029620984546
http://dx.doi.org/10.1111/j.1538-7836.2006.02179.x
http://dx.doi.org/10.1111/j.1365-2141.2008.07386.x
http://dx.doi.org/10.1016/j.blre.2012.09.002
http://dx.doi.org/10.1111/hae.12670
http://dx.doi.org/10.1002/rth2.12690


185. van Galen KPM, de Kleijn P, Foppen W et al.: Long-term impact of joint bleeds in von 
Willebrand disease: a nested case-control study. Haematologica 102(9):1486-1493, 2017. 
DOI:10.3324/haematol.2017.168617

186. van Galen KPM, Timmer MA, de Kleijn P et al.: Joint assessment in von Willebrand disease. 
Validation of the Haemophilia Joint Health score and Haemophilia Activities List. Thromb 
Haemost 117(8):1465-1470, 2017. DOI:10.1160/th16-12-0967

187. van Leeuwen FHP, Foppen W, de Jong PA et al.: Ultrasound in addition to clinical assess-
ment of acute musculoskeletal complaints in bleeding disorders: impact on patient man-
agement. Res Pract Thromb Haemost 8(2):102372, 2024. DOI:10.1016/
j.rpth.2024.102372

188. Alesci RS, Krekeler S, Seifried E et al.: Do patients with haemophilia and von Willebrand 
disease with arterial hypertension have bleeding complications: a German single centre 
cohort. Blood Coagul Fibrinolysis 23(4):320-323, 2012. DOI:10.1097/
MBC.0b013e328352cafc

189. Alesci RS, Krekeler S, Seifried E et al.: Platelet inhibition and bleeding complications in 
patients with haemophilia/von Willebrand's disease and coronary artery disease. 
Haemophilia 18(5):e364-e365, 2012. DOI:10.1111/j.1365-2516.2012.02898.x

190. Piel-Julian ML, Thiercelin-Legrand MF, Moulis G et al.: Antithrombotic therapy manage-
ment in patients with inherited bleeding disorders and coronary artery disease: A single-
centre experience. Haemophilia 26(2):e34-e37, 2020. DOI:10.1111/hae.13904

191. Shapiro S, Benson G, Evans G et al.: Cardiovascular disease in hereditary haemophilia: 
The challenges of longevity. Br J Haematol 197(4):397-406, 2022. DOI:10.1111/bjh.18085

192. Atar D, Vandenbriele C, Agewall S et al.: Management of patients with congenital bleed-
ing disorders and cardiac indications for antithrombotic therapy. Eur Heart J Cardiovasc 
Pharmacother 11(3):275-289, 2025. DOI:10.1093/ehjcvp/pvaf006

193. Feher M, Saguner AM, Kirstein B et al.: Safety and Feasibility of Catheter Ablation Proce-
dures in Patients with Bleeding Disorders. J Clin Med 11(23):6956, 2022. DOI:10.3390/
jcm11236956

194. Schutgens REG, Jimenez-Yuste V, Escobar M et al.: Antithrombotic Treatment in Patients 
With Hemophilia: an EHA-ISTH-EAHAD-ESO Clinical Practice Guidance. Hemasphere 
7(6):e900, 2023. DOI:10.1097/hs9.0000000000000900

195. Roberts JC, Kulkarni R, Kouides PA et al.: Depression and anxiety in persons with Von 
Willebrand disease. Haemophilia 29(2):545-554, 2023. DOI:10.1111/hae.14725

196. Tran AD, Waller E, Mack JM et al.: Mental health in persons with von Willebrand disease in 
the United States - a large national database study. J Thromb Haemost 22(6):1583-1590, 
2024. DOI:10.1016/j.jtha.2024.02.015

197. Castaman G, Katsarou O, Jansen N et al.: Clinical, economic, and health-related quality of 
life burden associated with von Willebrand disease in adults and children: Systematic and 
targeted literature reviews. Haemophilia 29(2):411-422, 2023. DOI:10.1111/hae.14655

198. van Hoorn ES, Willems SPE, Al Arashi W et al.: Psychometrics of patient-reported out-
comes measurement information system in von Willebrand disease, inherited platelet 
function disorders, and rare bleeding disorders. Res Pract Thromb Haemost 8(4):102474, 
2024. DOI:10.1016/j.rpth.2024.102474

199. Atiq F, Mauser-Bunschoten EP, Eikenboom J et al.: Sports participation and physical activ-
ity in patients with von Willebrand disease. Haemophilia 25(1):101-108, 2019. 
DOI:10.1111/hae.13629

50

http://dx.doi.org/10.3324/haematol.2017.168617
http://dx.doi.org/10.1160/th16-12-0967
http://dx.doi.org/10.1016/j.rpth.2024.102372
http://dx.doi.org/10.1097/MBC.0b013e328352cafc
http://dx.doi.org/10.1111/j.1365-2516.2012.02898.x
http://dx.doi.org/10.1111/hae.13904
http://dx.doi.org/10.1111/bjh.18085
http://dx.doi.org/10.1093/ehjcvp/pvaf006
http://dx.doi.org/10.3390/jcm11236956
http://dx.doi.org/10.1097/hs9.0000000000000900
http://dx.doi.org/10.1111/hae.14725
http://dx.doi.org/10.1016/j.jtha.2024.02.015
http://dx.doi.org/10.1111/hae.14655
http://dx.doi.org/10.1016/j.rpth.2024.102474
http://dx.doi.org/10.1111/hae.13629


200. Herrera A, Al Adib M, Rodríguez AB et al.: Effects of the PREMEN-CALM® in the Manage-
ment of the Premenstrual Syndrome: A Randomized, Double-Blind, Placebo-Controlled 
Pilot Study. J Diet Suppl 21(4):495-511, 2024. DOI:10.1080/19390211.2023.2301398

201. Höller M, Steindl H, Abramov-Sommariva D et al.: Use of Vitex agnus-castus in patients 
with menstrual cycle disorders: a single-center retrospective longitudinal cohort study. 
Arch Gynecol Obstet 309(5):2089-2098, 2024. DOI:10.1007/s00404-023-07363-4

202. Toma CC, Marrelli M, Puticiu M et al.: Effects of Arnica Phytotherapeutic and Homeopathic 
Formulations on Traumatic Injuries and Inflammatory Conditions: A Systematic Review. 
Plants (Basel) 13(21), 2024. DOI:10.3390/plants13213112

203. Liang Z, Ding Z, Wang D et al.: Cryotherapy for Rehabilitation After Total Knee Arthro-
plasty: A Comprehensive Systematic Review and Meta-Analysis. Orthop Surg 
16(12):2897-2915, 2024. DOI:10.1111/os.14266

204. Weyand AC, Flood VH, Shavit JA et al.: Efficacy of emicizumab in a pediatric patient with 
type 3 von Willebrand disease and alloantibodies. Blood Adv 3(18):2748-2750, 2019. 
DOI:10.1182/bloodadvances.2019000656

205. Pergantou H, Xafaki P, Adamtziki E et al.: The challenging management of a child with 
type 3 von Willebrand disease and antibodies to von Willebrand factor. Haemophilia 
18(3):e66-e67, 2012. DOI:10.1111/j.1365-2516.2012.02799.x

206. Cefalo MG, Ronco F, Di Felice G et al.: Effectiveness of emicizumab in preventing life-
threatening bleeding complications in type 3 von Willebrand disease with inhibitors: A 
paediatric report. Haemophilia 27(4):e495-e497, 2021. DOI:10.1111/hae.14209

207. Barg AA, Avishai E, Budnik I et al.: The potential role of emicizumab prophylaxis in severe 
von Willebrand disease. Blood Cells Mol Dis 87:102530, 2021. DOI:10.1016/
j.bcmd.2020.102530

208. Shanmukhaiah C, Jijina F, Kannan S et al.: Efficacy of emicizumab in von Willebrand dis-
ease (VWD) patients with and without alloantibodies to von Willebrand factor (VWF): 
Report of two cases and review of literature. Haemophilia 28(2):286-291, 2022. 
DOI:10.1111/hae.14491

209. Yaoi H, Shida Y, Ogiwara K et al.: Emicizumab enhances thrombus formation in vitro under 
high shear flow conditions in whole blood from patients with type 1 and type 3 von Wille-
brand disease. Haemophilia 28(5):694-701, 2022. DOI:10.1111/hae.14581

210. Samelson-Jones BJ, Arruda VR: Protein-Engineered Coagulation Factors for Hemophilia 
Gene Therapy. Mol Ther Methods Clin Dev 12:184-201, 2019. DOI:10.1016/
j.omtm.2018.12.007

211. De Meyer SF, Vandeputte N, Pareyn I et al.: Restoration of plasma von Willebrand factor 
deficiency is sufficient to correct thrombus formation after gene therapy for severe von 
Willebrand disease. Arterioscler Thromb Vasc Biol 28(9):1621-1626, 2008. DOI:10.1161/
atvbaha.108.168369

212. Portier I, Vanhoorelbeke K, Verhenne S et al.: High and long-term von Willebrand factor 
expression after Sleeping Beauty transposon-mediated gene therapy in a mouse model of 
severe von Willebrand disease. J Thromb Haemost 16(3):592-604, 2018. DOI:10.1111/
jth.13938

213. Marx I, Lenting PJ, Adler T et al.: Correction of bleeding symptoms in von Willebrand fac-
tor-deficient mice by liver-expressed von Willebrand factor mutants. Arterioscler Thromb 
Vasc Biol 28(3):419-424, 2008. DOI:10.1161/atvbaha.107.159442

214. De Meyer SF, Vanhoorelbeke K, Chuah MK et al.: Phenotypic correction of von Willebrand 
disease type 3 blood-derived endothelial cells with lentiviral vectors expressing von Wille-
brand factor. Blood 107(12):4728-4736, 2006. DOI:10.1182/blood-2005-09-3605

51

http://dx.doi.org/10.1080/19390211.2023.2301398
http://dx.doi.org/10.1007/s00404-023-07363-4
http://dx.doi.org/10.3390/plants13213112
http://dx.doi.org/10.1111/os.14266
http://dx.doi.org/10.1182/bloodadvances.2019000656
http://dx.doi.org/10.1111/j.1365-2516.2012.02799.x
http://dx.doi.org/10.1111/hae.14209
http://dx.doi.org/10.1016/j.bcmd.2020.102530
http://dx.doi.org/10.1111/hae.14491
http://dx.doi.org/10.1111/hae.14581
http://dx.doi.org/10.1016/j.omtm.2018.12.007
http://dx.doi.org/10.1161/atvbaha.108.168369
http://dx.doi.org/10.1111/jth.13938
http://dx.doi.org/10.1161/atvbaha.107.159442
http://dx.doi.org/10.1182/blood-2005-09-3605


215. Arruda VR, Weber J, Samelson-Jones: Gene Therapy for Inherited Bleeding Disorders. 
Semin Thromb Hemost 47(2):161-173, 2021. DOI:10.1055/s-0041-1722862

216. Leong L, Byun T, Kim B et al.: Pre-Clinical Characterization of VGA039, an Anti-Protein S 
Monoclonal Antibody Being Developed As a Universal Hemostatic Agent for Various 
Bleeding Disorders. Blood 140(Suppl 1):1666-1667, 2022. DOI:10.1182/
blood-2022-170245

217. Chion A, Aguila S, Fazavana J et al.: OC 08.4 Aptamer BT200 Prolongs VWF Half-Life by 
Blocking Interaction with Macrophage Scavenger Receptor LRP1. Research and Practice in 
Thrombosis and Haemostasis, 2023. DOI:10.1016/j.rpth.2023.100541

218. Chion A, Byrne C, Atiq F et al.: The aptamer BT200 blocks interaction of K1405-K1408 in 
the VWF-A1 domain with macrophage LRP1. Blood 144(13):1445-1456, 2024. 
DOI:10.1182/blood.2024024055

219. Kovacevic KD, Grafeneder J, Schörgenhofer C et al.: The von Willebrand factor A-1 domain 
binding aptamer BT200 elevates plasma levels of von Willebrand factor and factor VIII: a 
first-in-human trial. Haematologica 107(9):2121-2132, 2022. DOI:10.3324/haema-
tol.2021.279948

220. Schutgens PEG: Aptamers Targeting Von Willebrand Factor: What and Why? Hemasphere, 
7(2):e830, 2023. DOI:10.1097/hs9.0000000000000830

10 Active clinical trials

 Efficacy, PK, Immunogenicity and Safety of Wilate in Severe Von Willebrand Disease 
(VWE) Patients <6 Years of Age ClinicalTrials.gov ID NCT04953884, EudraCT Number: 
2020-004344-28

 A Study of Recombinant Von Willebrand Factor (rVWF) With or Without ADVATE in Children 
With Severe Von Willebrand Disease (VWE), NCT02932618, EudraCT Number: 
2016-001477-33

 A Phase 2a Multiple Dose “Basket Design” Study Of The Safety, Tolerability, And Pharma-
cologic Activity Of BT200 In Patients With Hereditary Bleeding Disorders, EudraCT Num-
ber: 2020-003807-32

 Efficacy and Safety of BT200 (rondoraptivon pegol) in Patients with Type 2B von Wille-
brand disease, EudraCT Number: 2023-000044-34

 An Open-label, Multi-center Post-marketing Study to Assess the Efficacy and Safety of 
Voncento® in Subjects with Von Willebrand Disease, EudraCT Number: 2013-003305-25

 VIP Study (Phase 4, wilate®, national USA, NCT04146376)
Title: Von Willebrand Factor in Pregnancy (VIP) Study

14 Links

 Professional Association of German Hemostasiologists
https://bddh.org/
Contact info@bddh.org

 The von Willebrand Network
https://www.netzwerk-von-willebrand.de

 German Blood Aid
https://deutschebluthilfe.com/
Contact: mail@deutschebluthilfe.com

52

http://dx.doi.org/10.1055/s-0041-1722862
http://dx.doi.org/10.1182/blood-2022-170245
http://dx.doi.org/10.1016/j.rpth.2023.100541
http://dx.doi.org/10.1182/blood.2024024055
http://dx.doi.org/10.3324/haematol.2021.279948
http://dx.doi.org/10.1097/hs9.0000000000000830
https://bddh.org/
mailto:info@bddh.org
https://www.netzwerk-von-willebrand.de/
https://deutschebluthilfe.com/
mailto:mail@deutschebluthilfe.com


 German Hemophilia Society DHG
www.dhg.de
Contact: dhg@dhg.de, +49 40 / 672 29 70

 Interest Group for Hemophiliacs IGH
www.igh.de
Contact:mail@igh.info , +49 747222648

 Austrian Hemophilia Society
https://bluter.at
Contact: +43 664 18 69 804, office@bluter.at

 Paul Ehrlich Institute/German Hemophilia Registry
www.pai.de
Contact: +49 6103 77 0, pei@pei.de

 Swiss Hemophilia Society
https://shg.ch
Contact: +41 (0)79 789 38 38, administration@shg.ch

 World Federation of Hemophilia
https://wfh.org
Contact: +1 514-875-7944, wfh@wfh.org
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