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Abstract
Introduction: von Willebrand Disease (VWD) is the most common inherited bleeding disorder, exhibiting diverse
clinical manifestations depending on subtype and severity. This study aimed to assess the distribution of VWD sub-
types, evaluate the correlation between Bleeding Assessment Tool (BAT) scores and clinical symptoms, and examine
treatment outcomes and quality-of-life (QoL) improvements at a Hemophilia Treatment Center (HTC).
Methods: We conducted a prospective observational study of 147 VWD patients. Data were collected using the
World Bleeding Disorders Registry (WBDR) on demographics, subtype classification, BAT scores, bleeding symptoms,
and clinical outcomes. Annual bleeding rate (ABR) was calculated to quantify bleeding frequency. Treatment response
and QoL changes were evaluated after twelve months. Statistical analysis included ANOVA and Kruskal–Wallis tests to
assess differences in bleeding severity and disease burden.
Results: Among 147 VWD patients (mean age 14.5± 10.9 years), type 3 was the most common (80.9%), followed by
type 2 (12.2%) and type 1 (6.8%). Gum bleeding (80.7%) was the leading symptom, followed by heavy menstrual bleed-
ing (63%) and hemarthrosis (35%). BAT scores (>12) occurred in 93.3% of type 3 and 16.7% of type 2 patients, with
type 3 showing the highest ABR (>30/year in 91.6%). Joint scores were significantly higher in type 3 versus type 1 (p=
.002) and type 2 (p= .004), and mean hemoglobin was lowest in type 3 (6.2 g/dL, p= .001). Treatment varied on the
types. After management, ABR decreased across all subtypes; in type 3, >30 bleeds/year reduced from 91.6% to 57.1%,
with improved joint scores, hemoglobin levels, and psychological well-being.
Conclusion: Type 3 von Willebrand disease is associated with the highest clinical burden, characterized by frequent
and severe bleeding requiring intensive management. In this cohort, individualized treatment was associated with re-
duced bleeding frequency, improved hemoglobin levels, and better patient-reported quality of life. These findings
underscore the importance of comprehensive care approaches, including attention to psychological well-being, particu-
larly in patients with severe disease.
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Introduction
von Willebrand Disease (VWD) is the most common in-
herited bleeding disorder, affecting up to 1% of the general
population. It results from quantitative or qualitative de-
fects in von Willebrand factor (VWF), a multimeric
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glycoprotein essential for platelet adhesion and stabiliza-
tion of coagulation factor VIII. Clinical manifestations
range from mild mucocutaneous bleeding to severe hemor-
rhagic events, depending on the subtype and severity of
the deficiency.1

VWD is classified into three primary types. Type 1, the
most common form, involves a partial quantitative defi-
ciency of VWF and accounts for 70%–80% of symptom-
atic cases, a subset of these patients exhibit increased
VWF clearance (type 1C), which may require distinct clin-
ical consideration. Type 2 is characterized by qualitative
defects and includes subtypes 2A, 2B, 2 M, and 2N.
Type 3 VWD, the rarest and most severe form, is inherited
in an autosomal recessive pattern and typically presents in
infancy with spontaneous mucocutaneous and joint
bleeding.2 In regions with high rates of consanguineous
marriages—such as Pakistan, where approximately 60%
of marriages are consanguineous—the prevalence of re-
cessive disorders like type 3 VWD is notably higher.3

Diagnosis of VWD requires both clinical evaluation
and specialized laboratory testing, including measure-
ment of VWF antigen (VWF: Ag), ristocetin cofactor ac-
tivity (VWF: RCo), and factor VIII (FVIII) activity
levels.4 The International Society on Thrombosis and
Haemostasis (ISTH) Bleeding Assessment Tool (BAT)
is a validated instrument that quantifies bleeding severity
and supports diagnosis and monitoring.5 Higher BAT
scores correlate with increased bleeding frequency and
severity.

Management strategies are tailored according to dis-
ease type and severity. Desmopressin (DDAVP) effect-
ively increases VWF and FVIII levels in most patients
with type 1 VWD, whereas responses in type 2 are vari-
able. In type 3 disease, where DDAVP is ineffective,
plasma-derived VWF concentrates remain the mainstay
of treatment in many low- and middle-income countries
owing to the limited availability and high cost of recom-
binant products, which are largely confined to high-
income settings. Consequently, plasma-derived concen-
trates continue to be the most accessible and commonly
used therapy in developing countries.4,5 Despite therapy,
breakthrough bleeding is still common in severe cases.
VWD can substantially impair quality of life (QoL), par-
ticularly in moderate to severe forms. Studies demon-
strate a strong association between higher bleeding
scores and reduced QoL, especially in physical and gen-
eral health domains,6 underscoring the need for holistic,
patient-centered care.

In many low-resource settings, data on VWD preva-
lence, subtype distribution, and treatment outcomes re-
main scarce, limiting the development of locally relevant
clinical guidelines. This study aims to address this gap
by evaluating the frequency and distribution of VWD sub-
types, correlating BAT scores with bleeding severity, char-
acterizing bleeding symptoms, and assessing treatment

outcomes, including changes in annual bleeding rates
(ABR) and QoL, at a hemophilia treatment center (HTC)
in Karachi, Pakistan. The findings aim to inform indivi-
dualized and context-appropriate management strategies
for VWD in resource-limited settings.

Patients & Methods
This prospective observational study was conducted at the
HTC in Karachi, Pakistan, between July 2023 to February
2025. Ethical approval was obtained from the HTC Ethics
Committee, and all procedures conformed to the
Declaration of Helsinki. A total of 147 patients with a con-
firmed diagnosis of VWD were enrolled and the data was
entered in World Bleeding Disorder Registry (WBDR).
Individuals with other inherited bleeding disorders were
excluded.

Diagnosis was established through comprehensive
clinical evaluation and confirmatory laboratory investi-
gations, including prothrombin time (PT), activated par-
tial thromboplastin time (APTT), complete blood count
(CBC), VWF: Ag, VWF: RCo, and FVIII activity as-
says. Blood groups were also recorded. VWF multimer
analysis and genetic testing were not performed because
these investigations are not routinely available in
Pakistan. Consequently, subtype classification was
based primarily on phenotypic and functional assays,
consistent with commonly adopted approaches in
resource-limited settings. All analyses were performed
at the CAP- and JCI-accredited Clinical Laboratories
of Aga Khan University Hospital, Karachi, using fully
automated hemostasis analyzers Sysmex CS-2500i and
standardized commercial reagent kits, in accordance
with manufacturer protocols and the laboratory’s quality
assurance framework. Specimens were collected in
sodium-citrate tubes, processed to obtain platelet-poor
plasma by centrifugation, and analyzed promptly follow-
ing internationally accepted guidelines to ensure accur-
acy and reproducibility. VWF: Ag was measured using
an immunoturbidimetric assay, while VWF activity
was assessed by the VWF: RCo assay and factor VIII ac-
tivity was determined by a clotting-based assay on the
same analyzer. Patients were classified as having type
3, type 1, or type 2 von Willebrand disease, or low
VWF, according to the following criteria: VWF: Ag
<5% for type 3, VWF: Ag 6%–30% for type 1, a
VWF: RCo/VWF:Ag ratio <0.6 for type 2, and VWF:
Ag 30%–50% for low VWF.

To standardize bleeding assessment, ISTH-BAT was
administered at baseline. BAT scores were documented
by the duty physician or attending pharmacist to ensure
consistency and reproducibility. Demographic and clin-
ical data—including age, sex, marital status, family his-
tory, and detailed bleeding history was documented
using the standardized BAT, (eg, bruising,
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epistaxis, gum bleeding, heavy menstrual bleeding,
hemarthrosis, gastrointestinal bleeding)—were collected
to capture the disease burden comprehensively. Patients
were classified into VWD subtypes (type 1, 2, or 3) ac-
cording to World Federation of Hemophilia guideline to
enable meaningful clinical and laboratory comparisons.

Annual Bleeding Rate was calculated for each patient
to quantify bleeding frequency over a 12-month
observation period following treatment initiation, and if
follow-up was shorter than one year, the number
of events was annualized to a 365-day equivalent.
Treatment regimens included tranexamic acid, desmo-
pressin, hormonal therapy with oral contraceptive pills,
iron supplements and factor replacement therapy (cryo-
precipitate or VWF/FVIII concentrates). Patients were
followed for twelve months post-treatment initiation.
Outcomes assessed included changes in ABR and quality
of life, the latter was evaluated using the EQ-5D-5L ques-
tionnaire, encompassing physical, psychological, and so-
cial domains.

Statistical analyses included Analysis of Variance
ANOVA for normally distributed variables and the
Kruskal–Wallis test for non-parametric data. Key compar-
isons were made across VWD subtypes to assess differ-
ences in BAT scores, laboratory parameters, ABR, and
QoL outcomes.

Results
A total of 147 patients with confirmed VWDwere enrolled
in the study, with a median age of 14.5± 10.9 years. VWD
types (1, 2, 3) distribution demonstrated a pronounced pre-
dominance of type 3 VWD, accounting for 80.9% of cases,
followed by type 2 (12.2%) and type 1 (6.8%).

Bleeding manifestations varied in both frequency and
severity among patients. Gum bleeding was the most com-
mon symptom, reported in 80.7% of cases, followed by
heavy menstrual bleeding in females (63%), hemarthrosis
(35%), hematomas (30%), bleeding following tooth ex-
traction (29%), bruising (27.2%), and epistaxis (17.8%)
(Figure 1). Figure 1 illustrates the baseline bleeding profile
of patients with von Willebrand disease, reflecting disease
severity prior to any therapeutic intervention.

The BAT scores showed clear differences between
VWD types. BAT scores stratified patients into mild
(<7; 12.9%), moderate (8-11; 7.5%), and severe (>12;
79.6%) categories. Most type 3 patients (93.3%, n= 111)
had BAT scores higher than 12 and only a few type 2 pa-
tients (16.7%, n= 3) had such a high score. A similar trend
was seen in bleeding episode frequency — more than 30
bleeding episodes in a year were reported in type 3 patients
(n= 109) 91.6% and (n= 4) 22.2% in type 2 patients,
see Table 1 for all the demographic details of our study
patients.

Joint health evaluation showed statistically significant
differences in joint scores between subtypes (ANOVA,
F= 2.283, p= .003), with type 3 patients exhibiting
markedly higher scores compared to type 1 and type
2. Type-wise comparison revealed that type 3 versus
type 1 state the observation (F= 2.102, p= .002), and
type 3 versus type 2 showed (F= 2.041, p= .004), indicat-
ing greater musculoskeletal involvement in type 3 due to
recurrent hemarthrosis. The relatively low F-values reflect
that while differences are significant, intra-group variabil-
ity remains considerable. However, comparisons between
type 1 and type 2 patients using the Kruskal–Wallis test re-
vealed no significant differences in quality of life (p=
.527), joint scores (p= .100), Hemophilia Joint Health

Figure 1. Baseline bleeding profile of von Willebrand Disease patients. *Circumcision calculated in male patients only. * Heavy
menstrual bleeding scored in adult female.
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Score (HJHS) (p= .126) and Functional Independence
Score in Hemophilia (FISH) (p= .795).

Laboratory assessment further distinguished type 3 von
Willebrand disease, with significantly lower mean hemo-
globin levels (Hb: 6.2 g/dL; p= .001) compared with other
subtypes, consistent with a higher bleeding burden and
chronic blood loss. In contrast, platelet counts were com-
parable across all groups, reflecting the preserved platelet
numbers typical of VWD pathophysiology.

Following intervention, improvements were observed
across several clinical and patient-reported outcomes.
Overall quality of life improved in 110 patients.
Limitations in daily functioning decreased from 118 pa-
tients at baseline to 59 post-treatments. Psychological
well-being also improved, with reported stress and anxiety
cases declining from 100 to 30 patients. School and work
attendance showed improvement, with 59 of the 90 pa-
tients reporting poor baseline attendance demonstrating
better participation after treatment.

Among patients with type 3 VWD, 12 of 119 experi-
enced a notable improvement in quality of life following
targeted management at the Hemophilia Treatment
Center. Table 2 provides a comparative summary of pre-
and post-treatment clinical and psychosocial outcomes
for the overall cohort (n= 147), with particular emphasis
on changes in BAT scores following intervention.

All 147 patients received management tailored to sub-
type and bleeding severity, including hormonal therapy,
tranexamic acid, desmopressin, cryoprecipitate, and factor
replacement therapy. Among type 1 patients (n= 10), all
were managed effectively with episodic treatment — pri-
marily tranexamic acid, oral contraceptivepills and support-
ive measures — and none required factor replacement or
CP. In type 2 patients (n= 18), most were treated with tran-
examic acid, hormonal therapy, and supportive care; factor
replacement was required in 4 patients (22.2%) for moder-
ate to severe bleeds, and CP was used in 3 patients

(16.7%) during procedures or acute bleeds. In contrast,
type 3 patients (n= 119) represented the most
treatment-intensive group. Factor replacement was admi-
nistered to 112 patients (94.1%), often in higher doses and
repeated infusions, particularly for joint bleeds (n= 42)
and severe mucosal bleeding such as epistaxis, gum bleed-
ing (n= 96).CPwasused in87patients (73.1%) eitherwhen
factor concentrates were unavailable or as part of acute
bleed management.

Following targeted management, patients across all
subtypes demonstrated a reduction in ABR. Among type
3 patients (n= 119) ABR decreased from a median of
>30 episodes/year in 109 patients (91.6%) at baseline to
<10 episodes /year in 68 patients (57.1%) after treatment,
although recurrent bleeds persisted in some patients with
high-severity disease. Improved bleed control translated
into fewer joint bleeds and stabilization of joint scores,
particularly in type 3 patients with prior hemarthrosis.
The markedly lower hemoglobin levels in type 3 patients
(mean 6.2 g/dL, p= .001) leading to iron deficiency an-
emia in these patients were treated with IV iron sucrose
and folic supplements, see Table 2.

Discussion
This study aimed to evaluate the clinical spectrum, subtype
distribution, bleeding severity, and treatment outcomes in
patients diagnosed with VWD in a real-world clinical set-
ting in Pakistan. Our cohort demonstrated a striking pre-
dominance of type 3 VWD (80.9%), contrasting with
global epidemiological patterns where type 1 VWD is
most common, accounting for up to 70%–80% of cases,
while type 3 typically represents less than 5%.7,8 This dis-
crepancy is consistent with our last study on VWD1 and
data from other South Asian and Middle Eastern countries,
where high consanguinity rates contribute to autosomal re-
cessive transmission and higher frequencies of type 3

Table 1. Demographic and Clinical Characteristics of Patients with von Willebrand Disease (n= 147).

Variable Category / Statistic Value

Age Mean ± SD 14.51± 10.91 years
Gender Male 57.4% (n= 84)

Female 42.6% (n= 63)
Marital Status Unmarried 84.2% (n= 124)

Married 15.8%(n= 23)
VWD Type Type 1 6.8% (n= 10)

Type 2 12.2% (n= 18)
Type 3 80.9% (n= 119)

Most Common Bleeding Symptoms Gum Bleeding 80.7% (n= 119)
Heavy menstrual bleeding (Females) 63% (n= 93)
Joint Bleeding 35% (n= 51)
Bruising 27.2% (n= 40)
Epistaxis 17.8% (n= 26)
Postpartum Hemorrhage 8% (n= 12)
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VWD.9,10 For example, a study from India reported type 3
prevalence at 67% among clinically significant VWD pa-
tients,11 while data from Iran and Saudi Arabia also high-
light type 3 as the dominant subtype in tertiary care
populations.12,13 Our findings therefore reinforce the gen-
etic and epidemiological distinctions between LMICs and
Western population, where milder type 1 disease predomi-
nates due to better recognition and screening.

The mean age of 14.5 years in our study aligns with the
early-onset diagnosis reported in other LMIC-based stud-
ies,8,12 reflecting both the younger demographic profile
of these populations and the early presentation of severe
type 3 disease. The observed male predominance is note-
worthy but likely reflects referral bias, as VWD affects
both sexes equally. However, women with heavy men-
strual bleeding may remain underdiagnosed due to socio-
cultural barriers in seeking care for gynecological
symptoms.14

Bleeding patterns in our cohort were predominantly
characterized by gum bleeding, heavy menstrual bleeding,
and hemarthrosis, findings that are consistent with previ-
ous reports from South Asian populations.11,15 In contrast,
Western cohorts more commonly report epistaxis and easy
bruising as dominant manifestations, particularly in pa-
tients with type 1 von Willebrand disease.16 The high
prevalence of heavy menstrual bleeding among females
in our study highlights the substantial impact of VWD
on gynecologic and reproductive health, contributing to
iron deficiency anemia, school absenteeism, and reduced
quality of life.17 Although relatively uncommon, severe
complications such as intracranial hemorrhage underscore
the significant morbidity and potential mortality associated

with untreated type 3 VWD, in line with observations from
Iran and India.12,15

The BAT demonstrated utility in stratifying bleeding
severity, with 93.3% of patients with type 3 VWD scoring
>12, compared with 16.7% of those with type 2 disease.
This pattern is consistent with international studies that
have validated the BAT as a tool for assessing bleeding
burden and guiding clinical decision-making.18,19 The
high baseline bleeding frequency observed in our cohort—
exceeding 30 bleeding episodes per year in more than 90%
of patients with type 3 VWD—highlights the substantial dis-
ease burden in this group. While formal prophylaxis strat-
egies were not uniformly applied in our setting, these
findings align with reports from European and North
American cohorts and underscore the need for further evalu-
ation of optimal management approaches for severe VWD in
resource-limited settings.20,21

Joint health evaluation revealed significantly higher
joint scores in type 3 patients, reflecting recurrent hemar-
throses and musculoskeletal morbidity. These findings
mirror studies from India and Iran, where delayed access
to factor concentrates leads to higher rates of hemarthropa-
thy in severe VWD.11,12 In contrast, studies from Europe
and North America report fewer joint bleeds in VWD pa-
tients, largely due to earlier diagnosis and availability of
prophylactic factor replacement therapy.21

Laboratory findings showed markedly lower hemoglo-
bin in type 3 patients (mean 6.2 g/dL), consistent with
chronic blood loss and iron deficiency anemia, a pattern
also documented in LMIC cohorts.9,15 Platelet counts re-
mained normal across subtypes, in line with the patho-
physiology of VWD.22

Table 2. Pre- and Post-Treatment Clinical and Psychosocial Outcomes in VWD Patients (n= 147).

Variable Pre-Treatment (Mean ± SD Or % Patients)
Post-Treatment
(Mean ± SD Or % Patients) p-Value

Annualized Bleeding Rate (ABR) 28.6± 6.3 episodes/year
(median >30; 91.6% of type 3 > 30/year)

9.8± 4.2 episodes/year
(57.1% of type 3 < 10/year)

<.001

Age (Years) 14.5± 10.9 (n= 147) 15.5± 11.9 (n= 147) -
BAT score <.001
Mild (<7) 19 (12.9%) 48 (∼32.7%)
Moderate (8-11) 11 (7.5%) 34 (∼23.1%)
Severe (>12) 117 (79.6%) 65 (∼44.2%)
Joint bleeds / year 6.8± 3.1 2.9± 1.8 .003*
Joint score (overall) 8.1± 2.4 6.2± 1.9 .002
Hemoglobin (g/dL) 6.2± 1.1 9.4± 1.3 .001
HJHS 10.4± 3.7 7.6± 3.2 .005
FISH 25.1± 3.9 27.4± 3.3 .041
Psychological status (anxiety score**) 8.7± 2.6 5.2± 1.8 <.001
Quality of Life (EQ-5D)
Overall improvement in quality of life 147 (baseline) 110
Fewer limitations in daily functioning 118 (had functional limitations) 59
Improved psychological well-being 100 (with anxiety/stress) 30
Improved school/work attendance 90 (had poor attendance) 59
Significant QoL improvement in Type 3 119 (total Type 3 patients) 12
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Treatment outcomes in our study underscore the value of
comprehensive, multidisciplinary care delivered through
Hemophilia Treatment Centers (HTCs). In patients with
type 1 and most type 2 VWD, bleeding episodes were gen-
erally managed with antifibrinolytic agents, hormonal ther-
apy, and supportive measures, whereas patients with type 3
disease required more intensive interventions, including
factor replacement and cryoprecipitate.

Although international guidelines advocate prophy-
lactic regimens to reduce long-term morbidity in severe
VWD, the implementation of such strategies in low-
resource settings remains challenging because of limited
factor availability and cost constraints. Consequently,
treatment approaches in our setting differ from those in
high-income countries, where the use of cryoprecipitate
is discouraged due to infection risks and recombinant
VWF concentrates are preferred.23,24

Within these constraints, management in our cohort was
associated with reductions in annual bleeding rates and im-
provements in hemoglobin levels, as well as better patient-
reported outcomes, including quality of life, functional cap-
acity, and school or work attendance. These observations are
in line with international registry data suggesting that struc-
tured, HTC-based care is associated with improved clinical
and psychosocial outcomes in patients with VWD25,26

In conclusion, this study supports the utility of BAT
scores as a marker of bleeding severity in patients with
von Willebrand disease and highlights the substantial clin-
ical and psychosocial burden associated with severe disease.
Our findings emphasize the importance of a multidisciplin-
ary care model that integrates medical management with
functional and psychological support, particularly within
Hemophilia Treatment Centers. While formal prophylactic
strategies were not uniformly applied in our setting, the ob-
served disease burden in severe VWD underscores the need
for further evaluation of optimal management approaches.
Future studies with longitudinal follow-up are warranted
to assess the impact of prophylaxis and comprehensive
care on joint health, hemoglobin stability, and psychosocial
outcomes, as well as to examine the feasibility and cost-
effectiveness of such approaches in resource-limited
settings.

Limitations
The study is limited by its single-center design, lack of
multimer analysis and genetic testing to accurately diag-
nose types and sub types of VWD and short follow-up,
which may restrict generalizability and long-term outcome
assessment.

Future Directions
Long-term follow-up studies are needed to evaluate treat-
ment outcomes, quality of life, and complications such as

joint damage. Genetic analysis should be explored to es-
tablish genotype–phenotype correlations and support per-
sonalized management. Particular emphasis is required on
the role of prophylaxis in type 3 VWD patients, given their
high bleeding burden and risk of musculoskeletal damage,
while simultaneously addressing the challenges of cost and
limited factor availability in low-resource settings. Efforts
are also required to assess the cost-effectiveness and acces-
sibility of therapies, and awareness and training programs
for healthcare providers and families can help reduce diag-
nostic delays and improve timely interventions.

ORCID iDs
Munira Borhany https://orcid.org/0000-0001-7867-1275
Heeba Qureshi https://orcid.org/0009-0005-7508-4645

Ethical Approval
This study was approved by the ethics committee of the HWSK/
16-263/ 01-2022 in accordance with the declaration of Helsinki.
Confidentiality of participants and privacy was maintained dur-
ing the data collection process.

Consent
Written informed consent was obtained from the participants of
the study for their anonymized information to be published.

Authors Contributions
MB conceived the idea of this study and wrote the manuscript.
MU did data collection and physiotherapy assessment. HQ did
data analysis and helped with writing along with NK. RA helped
in overall execution of this study and counseling along with MB
& NK All authors have read and approved the manuscript.

Funding
The authors disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
The author(s) disclosed receipt of the research grant from the
WFH (World Federation of Hemophilia).

Declaration of Conflicting Interests
The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Data Availability
The Dataset used and/or analyzed during the current study is
available from the corresponding author on reasonable request.

References
1. BorhanyM, Shamsi T, Naz A, et al. Clinical features and types

of von Willebrand disease in Karachi. Clin Appl Thromb
Hemost. 2011;17(6):E102-5. doi:10.1177/1076029610387125

2. Abd BA, Al-Salihi NJ. vonWillebrand disease: The diagno-
sis and management of this bleeding disorder. Med J

6 Clinical and Applied Thrombosis/Hemostasis

https://orcid.org/0000-0001-7867-1275
https://orcid.org/0000-0001-7867-1275
https://orcid.org/0009-0005-7508-4645
https://doi.org/10.1177/1076029610387125


Babylon. 2020;17(2):122-125. doi:10.4103/MJBL.MJBL_
18_20

3. Pang J, Zelken J, Dorafshar AH, Strouse JJ, Redett III R.
Congenital platelet disorder and type I von Willebrand dis-
ease presenting as prolonged bleeding after cleft lip and pal-
ate repair. Cleft Palate Craniofac J. 2014;51(6):740-742.
doi:10.1597/13-186

4. Laffan MA, Lester W, O’Donnell JS, et al. The diagnosis
and management of von Willebrand disease: A United
Kingdom Haemophilia Centre Doctors Organization guide-
line approved by the British Committee for Standards in
Haematology. Br J Haematol. 2014;167(4):453-465. doi:
10.1111/bjh.13064

5. Federici AB, Bucciarelli P, Castaman G, et al. The bleeding
score predicts clinical outcomes and replacement therapy in
adults with von Willebrand disease. Blood J Am Soc
Hematol. 2014;123(26):4037-4044.

6. de Wee EM, Mauser-Bunschoten EP, Van Der Bom JG,
et al. Health-related quality of life among adult patients
with moderate and severe von Willebrand disease. J
Thromb Haemost JTH. 2010;8(7):1492-1499. https://doi.
org/10.1111/j.1538-7836.2010.03864.x

7. Ozawa K, Muller MA, Varlamov O, et al. Proteolysis of von
Willebrand factor influences inflammatory endothelial acti-
vation and vascular compliance in atherosclerosis. Basic
Transl Sci. 2020;5(10):1017-1028. doi:10.1016/j.jacbts.
2020.08.009

8. Abou-Ismail MY, Rodgers GM, Bray PF, Lim MY.
Acquired von Willebrand syndrome in monoclonal gammo-
pathy–A scoping review on hemostatic management. Res
Pract Thromb Haemost. 2021;5(2):356-365. doi:10.1002/
rth2.12481

9. Rodríguez MR, Quismondo NC, Torres DZ, Alos DG,
Ayala R, Martinez-Lopez J. Increased von Willebrand fac-
tor antigen and low ADAMTS13 activity are related to
poor prognosis in COVID-19 patients. Int J Lab Hematol.
2021;43(4):O152. doi:10.1111/ijlh.13476

10. Abdi A, Eckhardt CL, van Velzen AS, et al.
Treatment-related risk factors for inhibitor development in
non-severe hemophilia A after 50 cumulative exposure
days: A case-control study. J Thromb Haemost. 2021;
19(9):2171-2181. doi:10.1111/jth.15419

11. Candeloro M, Di Nisio M, Potere N, et al. Frailty phenotype
as a predictor of bleeding and mortality in ambulatory pa-
tients receiving direct oral anticoagulants. J Am Geriatr
Soc. 2022;70(12):3503-3512. doi:10.1111/jgs.18001

12. Soucie JM, Miller CH, Dupervil B, Le B, Buckner TW.
Occurrence rates of haemophilia among males in the
United States based on surveillance conducted in

specialized haemophilia treatment centres. Haemophilia.
2020;26(3):487-493. doi:10.1111/hae.13998

13. CasiniA,Gebhart J.How to investigatemild tomoderatebleed-
ingdisorders andbleedingdisorder of unknowncause. Int JLab
Hematol. 2024;46(S1):27-33. doi:10.1111/ijlh.14266

14. Gualtierotti R, Solimeno LP, Peyvandi F. Hemophilic ar-
thropathy: Current knowledge and future perspectives.
J Thromb Haemostasis. 2021;19(9):2112-2121. doi:10.
1111/jth.15444

15. Centers for Disease Control and Prevention. Data and
Statistics on von Willebrand Disease. https://www.cdc.
gov/von-willebrand/data/index.htmlCDC.

16. NHLBI, NIH. The Diagnosis, Evaluation and Management
of von Willebrand Disease: Full Report. https://www.nhlbi.
nih.gov/health-topics/diagnosis-evaluation-and-management-
of-von-willebrand-disease/von-willebrand-disease-full-
reportNHLBI, NIH.

17. StatPearls. Von Willebrand Disease. https://www.ncbi.nlm.
nih.gov/books/NBK459222/NCBI.

18. ISTH-SSC Bleeding Assessment Tool. https://bleedingscore.
certe.nl/Bleeding Score.

19. PubMed. Correlation of bleeding score with frequency and
severity of bleeding symptoms in FXIII deficiency assessing
by the ISTH Bleeding Assessment Tool. https://pubmed.
ncbi.nlm.nih.gov/31303509/PubMed.

20. European Haemophilia Consortium. Von Willebrand Disease.
https://www.ehc.eu/bleeding-disorder/von-willebrand-disease/
European Haemophilia Consortium (EHC).

21. PubMed. Health-related quality of life among adult patients
with moderate and severe von Willebrand disease. https://
pubmed.ncbi.nlm.nih.gov/20345712/PubMed.

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

23. Seidizadeh O, Peyvandi F, Mannucci PM. Von Willebrand
disease type 2N: An update. J Thromb Haemost. 2021 Apr
1;19(4):909-916. doi:10.1111/jth.15247

24. Baronciani L, Peyvandi F. How we make an accurate diag-
nosis of von Willebrand disease. Thromb Res. 2020;196:
579-589. doi:10.1016/j.thromres.2019.07.010

25. Valentino LA, Baker JR, Butler R, et al. Integrated
hemophilia patient care via a national network of care
centers in the United States: A model for rare coagula-
tion disorders. J Blood Med. 2021:897-911. doi:10.
2147/JBM.S325031

26. Morotti A, Dowlatshahi D, Boulouis G, et al. Predicting in-
tracerebral hemorrhage expansion with noncontrast com-
puted tomography: The BAT score. Stroke. 2018;49(5):
1163-1169. doi:10.1161/STROKEAHA.117.020138

Borhany et al 7

https://doi.org/10.4103/MJBL.MJBL_18_20
https://doi.org/10.4103/MJBL.MJBL_18_20
https://doi.org/10.1597/13-186
https://doi.org/10.1597/13-186
https://doi.org/10.1111/bjh.13064
https://doi.org/https://doi.org/10.1111/j.1538-7836.2010.03864.x
https://doi.org/https://doi.org/10.1111/j.1538-7836.2010.03864.x
https://doi.org/https://doi.org/10.1111/j.1538-7836.2010.03864.x
https://doi.org/https://doi.org/10.1111/j.1538-7836.2010.03864.x
https://doi.org/10.1016/j.jacbts.2020.08.009
https://doi.org/10.1016/j.jacbts.2020.08.009
https://doi.org/10.1002/rth2.12481
https://doi.org/10.1002/rth2.12481
https://doi.org/10.1111/ijlh.13476
https://doi.org/10.1111/jth.15419
https://doi.org/10.1111/jgs.18001
https://doi.org/10.1111/hae.13998
https://doi.org/10.1111/ijlh.14266
https://doi.org/10.1111/jth.15444
https://doi.org/10.1111/jth.15444
https://www.cdc.gov/von-willebrand/data/index.htmlCDC
https://www.cdc.gov/von-willebrand/data/index.htmlCDC
https://www.cdc.gov/von-willebrand/data/index.htmlCDC
https://www.nhlbi.nih.gov/health-topics/diagnosis-evaluation-and-management-of-von-willebrand-disease/von-willebrand-disease-full-reportNHLBI
https://www.nhlbi.nih.gov/health-topics/diagnosis-evaluation-and-management-of-von-willebrand-disease/von-willebrand-disease-full-reportNHLBI
https://www.nhlbi.nih.gov/health-topics/diagnosis-evaluation-and-management-of-von-willebrand-disease/von-willebrand-disease-full-reportNHLBI
https://www.nhlbi.nih.gov/health-topics/diagnosis-evaluation-and-management-of-von-willebrand-disease/von-willebrand-disease-full-reportNHLBI
https://www.nhlbi.nih.gov/health-topics/diagnosis-evaluation-and-management-of-von-willebrand-disease/von-willebrand-disease-full-reportNHLBI
https://www.ncbi.nlm.nih.gov/books/NBK459222/NCBI
https://www.ncbi.nlm.nih.gov/books/NBK459222/NCBI
https://www.ncbi.nlm.nih.gov/books/NBK459222/NCBI
https://bleedingscore.certe.nl/Bleeding
https://bleedingscore.certe.nl/Bleeding
https://bleedingscore.certe.nl/Bleeding
https://pubmed.ncbi.nlm.nih.gov/31303509/PubMed
https://pubmed.ncbi.nlm.nih.gov/31303509/PubMed
https://pubmed.ncbi.nlm.nih.gov/31303509/PubMed
https://www.ehc.eu/bleeding-disorder/von-willebrand-disease/European
https://www.ehc.eu/bleeding-disorder/von-willebrand-disease/European
https://www.ehc.eu/bleeding-disorder/von-willebrand-disease/European
https://pubmed.ncbi.nlm.nih.gov/20345712/PubMed
https://pubmed.ncbi.nlm.nih.gov/20345712/PubMed
https://pubmed.ncbi.nlm.nih.gov/20345712/PubMed
https://doi.org/10.1038/s41572-024-00536-8
https://doi.org/10.1038/s41572-024-00536-8
https://doi.org/10.1038/s41572-024-00536-8
https://doi.org/10.1038/s41572-024-00536-8
https://doi.org/10.1111/jth.15247
https://doi.org/10.1016/j.thromres.2019.07.010
https://doi.org/10.2147/JBM.S325031
https://doi.org/10.2147/JBM.S325031
https://doi.org/10.1161/STROKEAHA.117.020138

	 Introduction
	 Patients  Methods
	 Results
	 Discussion
	 Limitations
	 Future Directions
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


