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1. INTRODUCTION  

In 1924, Eric Adolf von Willebrand described von 
Willebrand disease (vWD) as a bleeding disorder with signs 
and symptoms like hemophilia A [1]. Nowadays, it is known 
to be the most common inherited bleeding disorder, which 
is caused by either qualitative or quantitative deficiencies of 
the von Willebrand Factor (vWF) [2, 3]. Studies estimate the 

prevalence of severe or symptomatic forms of vWD to be 
1:10000, although reports indicate higher rates in more 
restricted population-based studies [4, 5]. Based on the type 
of abnormality, the International Society of Thrombosis and 
Hemostasis (ISTH), along with the American Society of 
Hematology (ASH) and the World Federation of 
Hemophilia (WFH), classify vWD into three types. In this  
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Abstract 
Von Willebrand Factor (vWF) defects can cause von Willebrand Disease (vWD), which 
is known to be the most prevalent inherited bleeding disorder worldwide. According to 
the latest classifications, vWD is categorized into three main types. Types 1 and 3 are 
quantitative defects, while type 2 vWD is caused by qualitative abnormalities in vWF. 
Furthermore, ISTH classifies type 2 vWD is into four subtypes known as 2A, 2B, 2N, 
and 2M. Type 2N vWD is an uncommon type of vWD that is inherited in an autosomal 
recessive pattern. In this type, the binding capacity of vWF to Factor VIII (FVIII) is 
reduced, resulting in FVIII's shortened half-life in the patient's plasma. Due to the 
pathophysiology of Type 2N vWD, affected individuals exhibit signs and symptoms 
similar to those with mild to moderate hemophilia A. These symptoms include 
mucocutaneous bleeding or bleeding following trauma or surgery. Furthermore, the 
primary laboratory findings of affected individuals are comparable to those of 
hemophilia A patients, with Factor VIII levels ranging from 1 to 40 U/dL. It is crucial 
to differentiate these disorders for optimal treatment and accurate genetic counseling. 
Physicians may use a combination of clinical assessment, family history, bleeding scores, 
and laboratory tests to differentiate between the two disorders. Further genetic testing 
may be necessary to confirm the diagnosis and assess the risk of inheritance. This review 
outlines methods for diagnosing type 2N vWD and distinguishing it from hemophilia 
A, based on published papers and current guidelines. 
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Figure 1. A brief timeline of key events in type 2N vWD. 

 
classification, types 1 and 3 are categorized as quantitative 
defects, while type 2 is caused by a mutation in 
the VWF gene leading to a qualitative abnormality [2, 6]. 
Furthermore, type 2 vWD is divided into four subtypes 
known as 2A, 2B, 2N, and 2M [7]. Among these variants, 
type 2N vWD is an autosomal recessive disorder that 
impairs the binding capacity of vWF to FVIII. This results 
in low levels of FVIII in plasma that resembles mild to 
moderate hemophilia A [8]. Due to this resemblance, it is 
likely for type 2N vWD patients to be misdiagnosed with 
hemophilia A [9, 10]. Therefore, it is critical to accurately 
differentiate between these two disorders to provide 
appropriate genetic counseling and treatment. [2, 9, 10]. 
This abnormality was first reported 30 years ago in a patient 
with normal bleeding time (BT) but low levels of FVIII from 
Normandy, France; thus, it was named type 2N (Normandy) 
vWD [11, 12]. This review article discusses the challenges of 
diagnosing type 2N vWD accurately based on published 
articles and the most recent guidelines. 
 
2. METHODS 

To ensure proper diagnosis of type 2N vWD, accurate 
diagnostic methods must be used to distinguish it from 
hemophilia A. This review has referred to over 70 articles 
from PubMed, Medline, Scopus, and Google Scholar 
databases to investigate the latest diagnostic techniques. The 
investigation was performed using the following keywords: 
von Willebrand Factor, VWF gene, von Willebrand Disease, 
type 2N von Willebrand disease, laboratory findings, and 
vWF:FVIII binding assay. The search was limited to English 
articles and English-translated papers until 2023. A 
standardized data extraction form was used to extract the  

study design, patient characteristics, signs and symptoms of 
type 2N vWD, diagnosis criteria, and methods used to 
diagnose type 2N vWD and prevalence of causative type 2N 
vWD mutations. Through a narrative structure, the 
extracted data were synthesized to highlight the diagnostic 
challenges in type 2N vWD and provide ways to overcome 
them. The data were organized according to the diagnostic 
methods used to diagnose affected patients with type 2N 
vWD to show each method’s strengths and limitations.  
 

3. PATHOPHYSIOLOGY OF TYPE 2N VWD 

Von Willebrand factor is a large multidomain glycoprotein 
encoded by the VWF gene on the short arm of chromosome 
12 containing 52 exons [13-15]. With multiple domains 
represented as D1-D2-D’-D3-A1-A2-A3-D4-B-C1-C2-Ck, 
vWF has an essential role in primary and secondary 
hemostasis [14-16]. During the events of primary 
hemostasis, vWF tethers platelets to damaged 
subendothelial cells and accelerates platelet plug formation 
[17]. In its latter role, vWF interacts with FVIII in a way that 
prolongs FVIII’s half-life in plasma [14, 18]. By binding to 
FVIII, this large molecule is vital in protecting FVIII against 
activated protein C and activation by factor IX [19, 20]. 
Moreover, vWF-bound FVIII regulates the immune 
recognition of this critical coagulation factor; therefore,  it 
is crucial in protecting the exogenous FVIII from inhibitory 
antibodies that may develop in hemophilia A patients [21, 
22]. Furthermore, vWF reduces the binding capacity of 
FVIII to receptors related to lipoproteins, which in turn 
increases the half-life of FVIII. [23]. This binding site ranges 
from D’ to D3 domains of vWF, which is  divided into the 
TIL’-E’-VWD3-C8_3-TIL3-E3 subdomains [24-26]. In a 
recent study, Shiltagh et al. suggested that FVIII binds to 
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 vWF mainly through the TIL’-E’ (i.e. D’) structure [27]. Any 
point mutations in exons 17 through 27 of the VWF gene, 
which encode these domains, can potentially compromise 
the bond between vWF and FVIII, leading to reduced levels 
of FVIII in plasma [8, 28]. Inheritance of two alleles with 
these mutations can lead to homozygous or compound 
heterozygous forms of type 2N vWD that can be presented 
with different clinical manifestations [29].  
 

4. VWD TYPE 2N DIAGNOSIS AND ITS 
CHALLENGES 

There is a high likelihood of misdiagnosis between type 2N 
vWD and mild to moderate hemophilia A in males and 
hemophilia A carriers in females due to their similar clinical 
manifestations and laboratory findings [10]. Signs and 
symptoms of type 2N vWD include mucocutaneous 
bleeding or bleeding following trauma or surgery. This 
bleeding can be seen in the gastrointestinal tract in more 
severe cases. Moreover, reports confirm postpartum 
hemorrhages in female patients following labor [30, 31]. 
Hemarthroses and muscle hematomas can be observed in 
affected patients like to those in mild to moderate 
hemophilia A [31, 32]. 
Diagnosis of type 2N vWD usually begins with laboratory 
screening tests for blood coagulation. Affected patients 
show normal PT with prolonged aPTT, followed by low 
levels of FVIII ranging from 1 to 40 U/dL. Moreover, 
primary laboratory findings indicate normal or subnormal 
rates for both vWF:Ag and vWF:RCo assays [33]. Due to 
these results, type 2N vWD patients have FVIII:C/vWF:Ag 
ratio values below 0.6 to 0.7 [9, 34-37]. These primary 
findings are almost identical to those found in hemophilia 
A patients; thus, there is a high potential for misdiagnosis of 
type 2N vWD based on primary laboratory findings [9, 10]. 
As a result of these similarities, ISTH suggests a diagnostic 
panel to differentiate vWD type 2N from hemophilia A. 
This panel comprises targeted genetic testing and a specific 
assay called vWF:FVIIIB, which gauges the binding capacity 
of vWD to FVIII. Furthermore, ISTH states that there is 
insufficient evidence to use genetic studies or vWF: FVIIIB 
assay for suspected patients. Therefore, the recommended 
approach is to use both tests during the diagnostic workup 
[2]. In addition, several studies indicated that both 
vWF:FVIIIB assay and genetic testing have an acceptable 
sensitivity [9, 36, 38-46]. 
 

3.1. Primary laboratory findings 

Due to the heterogeneity of vWD, initial laboratory 
evaluation for this disease demands a battery of screening 

tests along with assays to assess the presence of fully 
functional vWF protein [29, 47, 48]. Therefore, the process 
of making an accurate diagnosis is time-consuming and 
requires patience from both individuals affected and their 
clinicians. [47, 48]. Coagulation screening tests are 
inexpensive assays that detect congenital or acquired 
alterations in primary and secondary hemostasis [49]. 
Bleeding time (BT), platelet count, prothrombin time (PT), 
and activated partial thromboplastin time (aPTT) are 
standard screening assays ordered by physicians [50]. BT and 
platelet count indicate qualitative and quantitative defects 
of platelets, respectively [51, 52]. Therefore, type 2N vWD 
patients exhibit normal values for both assays [5]. PT and 
PTT are simple tests for assessment of the coagulation 
pathway [14]. Both assays can assess the common 
coagulation pathway, which involves factors V, X, 
prothrombin, and fibrinogen. However, PT primarily 
evaluates the extrinsic pathway with factor VII as its key 
enzyme, while PTT is used to evaluate the intrinsic pathway, 
which includes factors XI, IX, and VIII [14, 47]. Due to the 
reduced levels of FVIII in type 2N vWD, affected 
individuals usually have normal PT with isolated prolonged 
PTT values [47]. Despite having accepted sensitivity, these 
tests show low specificity and reproducibility. Therefore, 
more specific assays were developed to diagnose and 
confirm bleeding disorders more efficiently [53].  

The confirmatory assays are developed to increase the 
chance of accurate diagnosis [47]. These assays have higher 
sensitivity and specificity compared to coagulation screening 
tests and include vWF antigen (vWF:Ag), vWF:Ristocetin 
Co-factor (vWF:RCo), vWF:Glycoprotein-IbR 
(vWF:GPIbR), vWF:Glycoprotein-IbM (vWF:GPIbM), and 
factor FVIII coagulation (FVIII:C) assays [29, 47, 48]. 

The vWF:Ag test is a type of immune-based assay that is used 
to measure the levels of vWF antigen present in a patient's 
plasma. This test is performed using either an enzyme-linked 
immunosorbent assay (ELISA) method or an automated 
latex immunoassay. The ELISA method involves the use of 
antibodies that are specifically designed to bind to vWF 
antigens, which are then detected using an enzyme-linked 
secondary antibody. On the other hand, the automated 
latex immunoassay uses latex particles that have been coated 
with vWF antibodies, which will bind to vWF antigens 
present in the plasma sample. The amount of bound 
antibodies is then measured and used to determine the 
concentration of vWF antigen in the sample. [54]. vWF:Ag 
has acceptable reliability and reproducibility but does not 
assess vWF’s function in patients. Thus, it requires 
additional assays to evaluate the functionality of vWF [29]. 
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Figure 2. ISTH's suggested algorithm for the diagnosis of type 2N vWD. 
 

vWF:RCo is a highly specific assay that measures the 
binding capacity of GPIbα; therefore, it can reflect the 
functional status of vWF. Despite its specificity, high 
coefficient of variation limits the usage of vWF:RCo [50, 
55]. Moreover, reports indicate variations in the A1 domain 
of vWF can result in reduced levels of vWF:RCo without 
altering the vWF function [56]. Nowadays, vWF:GPIbR and 
vWF:GPIbM assays are used as alternatives to the vWF:RCo 
for measuring activity levels of vWF [57]. vWF:GPIbR assay 
uses ristocetin to measure the binding capacity of vWF to 
plasma-derived or recombinant GPIb . At the same time, 
vWF:GPIbM is a ristocetin-independent assay that utilizes a 
modified version of a GPIb to evaluate vWF’s activity [57, 
58]. Compared to vWF:RCo, both assays have higher 
precision and sensitivity with reduced intra- and inter-
laboratory variability [57-60]. In contrast to other types of 
von Willebrand disease that show decreased antigen and 
activity levels of vWF, patients with type 2N vWD usually 
have normal values for both assays [5]. Moreover, in type 2N 

vWD, vWF:RCo/vWF:Ag ratio values are above 0.6, which 
can differentiate it from other type 2 vWD subtypes [61]. 

Due to the critical role of vWF as a plasma carrier for FVIII, 
activity levels of this coagulation factor are usually 
proportional to antigen levels of vWF [29, 48]. Thus, it is 
recommended to include the measurement of FVIII:C in 
the workup of vWD. [47]. As the clearance rate of FVIII 
increases in type 2N vWD, affected patients exhibit 
decreased FVIII:C levels. Several studies report that the 
FVIII activity levels can vary from 1 to 40 U/dL in type 2N 
vWD, which can be a typical laboratory finding I mild to 
moderate hemophilia A cases [9, 36]. Moreover, 
FVIII:C/vWF:Ag ratio values below 0.6 may indicate type 
2N vWD [62].  

In 2018, Casonato et al. conducted a cohort study to 
evaluate the prevalence of type 2N vWD in Northeast Italy. 
In this study, primary laboratory findings of homozygous or 
compound heterozygous type 2N vWD patients indicated 
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Table 1. Main hemostatic findings of type 2N vWD patients among multiple studies.

 

 

 

 

 

 

 

 

a mean of 39.4±3.5 seconds for aPTT, which is prolonged 
compared to the normal range (24.4-36.5s). Moreover, 
vWF:Ag and vWF:RCo values revealed a mean of 
69.4±39.7 U/dL and 69.6±36.8 U/dL, respectively. Based 
on the average values for these assays, both values were 
slightly above the lower cut-off limit (60 U/dL). In 
addition, FVIII:C levels showed a mean of 32.2±14.7 
U/dL [63]. According to the results obtained, primary 
laboratory data is not a reliable diagnostic tool for type 2N 
vWD, as it cannot distinguish between individuals affected 
by the disease and those with mild or moderate 
Hemophilia A. Hence, vWF:FVIIIB assay or molecular 
genetic studies must be ordered in addition to primary 
laboratory test [10]. 

 

3.2. vWF:FVIII Binding Assay 

vWF:FVIII binding assay was first introduced by Nishino et 
al. in 1989 [12]. It is an ELISA-based method that measures 
the binding capacity of a patient’s vWF to exogenous 
recombinant FVIII [45, 46]. It is a crucial and discriminant 
assay to identify and differentiate type 2N vWD from mild 
to moderate hemophilia A because type 2N vWD patients 
show markedly reduced values due to their compromised 
binding capacity, while the latter group has normal results 
[6, 8].  
Currently, there are two standard methods to perform 
vWF:FVIIIB assay [12, 40]. The first method involves 
quantifying both bound FVIII and immobilized vWF using 
a single well, which requires special sample preparation or 
complex standardization. However, with thorough 
standardization, the measurement of immobilized vWF 
can also serve as an indicator of the vWF:Ag level [46].  
The second method utilizes parallel experiments to 
determine two analytes and reports the ratio of bound 
recombinant FVIII to immobilized vWF [64]. Compared 

to the simultaneous measurement of bound FVIII and 
vWF, it is a more convenient method that can be easily 
automated and used in the clinical laboratory [43]. 
In 2015, Boylan et al. evaluated the vWD phenotypes and 
genotypes in affected individuals with and without 
presence of an identified mutation in F8 gene. In this 
study, the binding capacity of vWF was measured using a 
commercially available ELISA with recombinant FVIII. 
Results of this study showed that out of 37 participants 
with no mutations in their F8 gene, four cases had below 
80% vWF:FVIIIB rates. After conducting additional 
evaluations, it was discovered that two of the cases under 
investigation were found to have a heterozygous p.R854Q 
mutation, which is known to be a causative mutation for 
type 2N vWD [65]. 
In a more recent study, Seidizadeh et al. conducted a 10-
month screening program that included 71 mild to 
moderate factor VIII deficient cases with their FVIII:C 
rates ranging from 1% to 40%. In this study, the evaluation 
of the FVIII:C/vWF:Ag ratio indicated a ratio of 0.6 or 
lower in 26 cases. Additionally, the vWF:FVIIIB assay was 
performed, and five index patients with no shared family 
relations were found to have abnormal results when using 
80% as the cutoff value for healthy subjects. Among these 
five cases, none were under clinical requests to investigate 
the possibility of type 2N vWD [10]. 
  Studies indicate that some patients with homozygous or 
compound heterozygous mutations of type 2N vWD may 
exhibit normal vWF:FVIIIB results [31, 36]. Moreover, the 
complex setup of this crucial assay has led to limited use in 
a small percentage of specialized laboratories. Thus, Type 
2N vWD may be underdiagnosed or misdiagnosed as mild 
to moderate hemophilia A [10, 66]. 
 
 
 

Authors Year Country 
Number of 

Patients 

 

vWF:Ag vWF:RCo FVIII:C 

Lapic et al. 2022 Croatia 1  53.6 57.9 66.0 

Seidizadeh et al. 2020 Iran 5  62.2 62.4 22.0 

Casonato et al. 2017 Italy 9  69.5 69.6 32.2 

Liang et al. 2017 China 5  48.8 49.9 6.5 

Yadegari et al. 2012 Germany 4  70.5 71.75 20.5 

Casonato et al. 2007 Italy 4  57.3 - 28.5 
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Figure 3. Scheme of vWF:FVIIIB assay. 

 
3.3. Molecular Genetic Study 

While considered a valuable diagnostic tool for vWD, 
vWF:FVIIIB assay has limited availability. As a result, 
targeted molecular analysis has emerged as an alternative 
means of diagnosing type 2N vWD patients [3]. This 
approach involves identifying and analyzing specific 
genetic mutations associated with vWD type 2N, which 
can provide valuable data to discriminate type 2N vWD 
from hemophilia A [67]. In contrast with other types of 
vWD, type 2N is an autosomal recessive disease; thus, 
affected patients can exhibit a single homozygous 2N 
mutation or compound heterozygous mutations. 
Additionally, co-inheritance of a null VWF mutation with 
a heterozygous 2N mutation can result in symptomatic type 
2N vWD patients [6, 68-72]. In a single heterozygous state, 
patients are considered carriers [67]. Due to their normal 

or subnormal primary laboratory findings, type 2N vWD 
carriers are often asymptomatic and identified by chance 
during studies on families with a history of vWD [36].  In 
2018, Casonato et al. designed a study that divided 
heterozygous individuals into two groups: asymptomatic 
carriers and patients with bleeding symptoms suffering 
from epistaxis, hematomas, or surgery-related bleeding. In 
this study, symptomatic carriers showed higher bleeding 
assessment tool (BAT) scores with significantly lower 
vWF:Ag levels; however, both groups had similar 
vWF:FVIIIB/vWF:Ag ratios. According to the study 
results, type 2N vWD carriers tend to experience symptoms 
when their vWF antigen levels drop below the cut-off limit. 
This suggests a correlation between vWF:Ag levels and the 
manifestation of symptoms in type 2N vWD carriers. 
Individuals with this condition need to monitor their 
vWF:Ag levels regularly, as this can help them identify and 
manage symptoms more effectively [63]. 

The D’D3 domain of vWF, encoded by exons 18 through 
28 of the VWF gene, is responsible for binding with FVIII. 
As a result, mutations in these regions can impair the 
interaction between FVIII and VWF, which can lead to 
type 2N vWD [27]. Studies indicate that the majority of 
these missense mutations are found in the D’ domain, 
which extends from exon 18 to exon 20; therefore, it is a 
recommended approach to analyze these exons as primary 
targets, but when no abnormalities are found, exons 17 
and 21-28 must be checked for any other causative 
mutations [72-75].  

At the time of writing this article, more than 50 mutations 
have been reported in the European Association for 
Hemophilia and Allied Disorders (EAHAD) vWF variant 
database. Based on this database, more than 90 percent of 
these mutations are missense; however, some studies 
reported non-sense mutations in rare cases [76, 77]. 
Among these mutations, p.Arg854Gln, p.Arg816Trp, and 
p.Thr791Met account for the most reported cases. 
Moreover, studies indicate that affected patients with 
p.Glu787Lys, p.Thr791Met, and p.Arg816Trp mutations 
can exhibit the most severe forms of type 2N vWD [28]. 
While numerous pathogenic variants of VWF have been 
identified, there is a possibility of discovering new 
mutations that have not been reported. In these cases, 
phenotypic evidence, such as decreased binding of FVIII to 
vWF, which can be measured by vWF:FVIIIB assay, is  

phenotypic evidence, such as decreased binding of FVIII to 
vWF, which can be measured by vWF:FVIIIB assay, is 
required to determine the pathogenic state of that novel 
variant [2]. 
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Figure 4. Overview of type 2N vWD. A) Most common clinical manifestations of type 2N vWD include mucocutaneous bleeding or 
bleeding following trauma or surgery. B) Type 2N vWD is inherited in an autosomal recessive manner, which differs from hemophilia A as 
it is an X-linked disease. C) Tools for diagnosing type 2N vWD include primary laboratory findings, vWF:FVIIIB assay, and molecular 
genetic studies that can provide helpful data in distinguishing this disease from mild to moderate hemophilia A. 

Nowadays, the emergence of new advanced and state-of-
the-art sequencing techniques such as next-generation 
sequencing (NGS), alongside other methods like Sanger’s 
sequencing, made molecular studies simpler with shorter 
turn-around times and more reliable results [3]. 

In 2021, a research study was conducted in Spain by Perez-
Rodriguez et al., which aimed to investigate the prevalence 
of type 2N vWD in the local population. The study 
included 63 participants who were either previously 
diagnosed with type 2N vWD or showed FVIII:C/vWF:Ag 
ratios below 1. Using NGS, the results of this study 
revealed that 28 individuals had type 2N vWD or carried a 
heterozygous type 2N mutation. Based on their findings, 
only three different causative mutations were detected. 
These mutations were p.Arg854Gln, p.Arg816Trp, and 
p.Arg763Ser. Among these mutations, the most frequently 
occurring one was p.Arg854Gln [67]. 

In a study of 200 Chinese individuals from 90 families with 
vWD, Liang et al. aimed to correlate genotype and 
phenotype using the same diagnostic approach. Results of 

this study indicated that only five patients were type 2N 
vWD cases based on their genetic findings. Among them, 
one patient was homozygous for p.Arg816Trp, while others 
were found to be heterozygous for p.Cys799Tyr, 
p.Cys858Trp, p.Thr791Met, and p.Arg816Trp mutations 
[78].  

Overall, studies demonstrate the value of molecular studies 
as an accurate differential diagnostic method with a high 
detection rate for type 2N vWD mutations, which is 
essential for appropriate treatment strategies and genetic 
counseling. However, genetic testing is only available at 
some laboratories and specialized centers. Furthermore, 
molecular studies are more expensive than the 
vWF:FVIIIB assay with variable insurance coverages. 
Surveys indicate that some patients are concerned about 
genetic studies, but most are willing to undergo either test 
[2]. 
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4. CONCLUSION 

According to published articles, Type 2N vWD is a 
relatively rare autosomal recessive disease characterized by 
a qualitative defect in von Willebrand factor, impairing its 
binding capacity to factor VIII. The disease resembles mild 
to moderate hemophilia A. Type 2N vWD is usually 
associated with low levels of factor VIII coagulant activity 
but normal levels of von Willebrand factor antigen.  

Accurate diagnosis of type 2N vWD requires laboratory 
testing to distinguish it from hemophilia A. The 
vWF:FVIIIB assay is a definitive method of diagnosis, as it 
measures the binding of factor VIII to von Willebrand 
factor. Genetic testing is also necessary to confirm the 
diagnosis, as it can identify the specific genetic mutations 
responsible for the disease. 

Unfortunately, not all laboratories have access to these 
diagnostic methods. As a result, misdiagnosis of type 2N 
vWD can occur. To prevent this, it is essential to establish 
reference coagulation centers with the expertise and 
resources to diagnose type 2N vWD accurately. These 
centers can provide guidance and support to other 
laboratories to ensure that patients receive an accurate 
diagnosis and appropriate treatment. 

 

Acknowledgment 

The authors would like to express their gratitude to Iranian 
Blood Transfusion Organization (IBTO). 
 
Conflict of interest 

The authors declare no conflicts of interest. 
 

References  

1. VON WILLEBRAND, F., Hereditar pseudo-hemophili. 

Finska Lakaresallskapets Handlinger, 1926. 68: p. 87-112. 

2. James, P.D., et al., ASH ISTH NHF WFH 2021 guidelines on 

the diagnosis of von Willebrand disease. Blood advances, 2021. 

5(1): p. 280-300. 

3. Seidizadeh, O., F. Peyvandi, and P.M. Mannucci, Von 

Willebrand disease type 2N: an update. Journal of Thrombosis 

and Haemostasis, 2021. 19(4): p. 909-916. 

4. Federici, A.B., Clinical and laboratory diagnosis of VWD. 

Hematology 2014, the American Society of Hematology 

Education Program Book, 2014. 2014(1): p. 524-530. 

5. Ng, C., D.G. Motto, and J. Di Paola, Diagnostic approach to 

von Willebrand disease. Blood, The Journal of the American 

Society of Hematology, 2015. 125(13): p. 2029-2037. 

6. SADLER, J.E., et al., Update on the pathophysiology and 

classification of von Willebrand disease: a report of the 

Subcommittee on von Willebrand Factor. Journal of Thrombosis 

and Haemostasis, 2006. 4(10): p. 2103-2114. 

7. Lillicrap, D., Translational medicine advances in von 

Willebrand disease. Journal of Thrombosis and Haemostasis, 

2013. 11: p. 75-83. 

8. Mazurier, C., et al., Type 2N von Willebrand disease: clinical 

manifestations, pathophysiology, laboratory diagnosis and 

molecular biology. Best Practice & Research Clinical 

Haematology, 2001. 14(2): p. 337-347. 

9. Mazurier, C., et al., Evidence for a von Willebrand factor 

defect in factor VIII binding in three members of a family 

previously misdiagnosed mild haemophilia A and haemophilia 

A carriers: consequences for therapy and genetic counselling. 

British journal of haematology, 1990. 76(3): p. 372-379. 

10. Zadeh, O.S., et al., Are Iranian patients with von Willebrand 

disease type 2N properly differentiated from hemophilia A and 

do they receive appropriate treatment? Blood Coagulation & 

Fibrinolysis, 2020. 31(6): p. 382-386. 

11. Mazurier, C., et al., A new von Willebrand factor (vWF) defect 

in a patient with factor VIII (FVIII) deficiency but with normal 

levels and multimeric patterns of both plasma and platelet vWF. 

Characterization of abnormal vWF/FVIII interaction. 1990. 

12. Nishino, M., et al., New variant of von Willebrand disease 

with defective binding to factor VIII. 1989. 

13. Lenting, P.J., O.D. Christophe, and C.V. Denis, von 

Willebrand factor biosynthesis, secretion, and clearance: 

connecting the far ends. Blood, The Journal of the American 

Society of Hematology, 2015. 125(13): p. 2019-2028. 

14. McPherson, R.A. and M.R. Pincus, Henry's clinical diagnosis 

and management by laboratory methods E-book. 2021: Elsevier 

Health Sciences. 

15. Springer, T.A., von Willebrand factor, Jedi knight of the 

bloodstream. Blood, The Journal of the American Society of 

Hematology, 2014. 124(9): p. 1412-1425. 

16. Sadler, J., von Willebrand factor assembly and secretion. 

Journal of Thrombosis and Haemostasis, 2009. 7: p. 24-27. 

17. Drakeford, C., et al., von Willebrand factor links primary 

hemostasis to innate immunity. Nature Communications, 2022. 

13(1): p. 6320. 

18. Terraube, V., J. O’donnell, and P. Jenkins, Factor VIII and von 

Willebrand factor interaction: biological, clinical and therapeutic 

importance. Haemophilia, 2010. 16(1): p. 3-13. 

19. Mazurier, C., et al., Biological effect of desmopressin in eight 

patients with type 2N (‘Normandy’) von Willebrand disease. 

British journal of haematology, 1994. 88(4): p. 849-854. 

20. Tuddenham, E., et al., Response to infusions of 

polyelectrolyte fractionated human factor VIII concentrate in 

human haemophilia A and von Willebrand's disease. British 

journal of haematology, 1982. 52(2): p. 259-267. 

21. Gensana, M., et al., Influence of von Willebrand factor on the 

reactivity of human factor VIII inhibitors with factor VIII. 

Haemophilia, 2001. 7(4): p. 369-374. 

22. Gringeri, A., et al., Immune tolerance induction with a high 

purity von Willebrand factor/VIII complex concentrate in 

haemophilia A patients with inhibitors at high risk of a poor 

response. Haemophilia, 2007. 13(4): p. 373-379. 

 [
 D

O
I:

 1
0.

61
18

6/
ijb

c.
16

.2
.6

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
26

-0
2-

22
 ]

 

                             8 / 10

http://dx.doi.org/10.61186/ijbc.16.2.60
http://ijbc.ir/article-1-1486-en.html


 

Iran J Blood Cancer, 2024, Volume 16, Issue 2| Page 9 of 10 
 

 

Iran J Blood Cancer 

 23. Peyvandi, F., I. Garagiola, and L. Baronciani, Role of von 

Willebrand factor in the haemostasis. Blood Transfusion, 2011. 

9(Suppl 2): p. s3. 

24. Chiu, P.-L., et al., Mapping the interaction between factor VIII 

and von Willebrand factor by electron microscopy and mass 

spectrometry. Blood, The Journal of the American Society of 

Hematology, 2015. 126(8): p. 935-938. 

25. Wise, R.J., et al., The role of von Willebrand factor multimers 

and propeptide cleavage in binding and stabilization of factor 

VIII. Journal of Biological Chemistry, 1991. 266(32): p. 21948-

21955. 

26. Zhou, Y.-F., et al., Sequence and structure relationships 

within von Willebrand factor. Blood, The Journal of the American 

Society of Hematology, 2012. 120(2): p. 449-458. 

27. Shiltagh, N., et al., Solution structure of the major factor VIII 

binding region on von Willebrand factor. Blood, The Journal of 

the American Society of Hematology, 2014. 123(26): p. 4143-4151. 

28. Hampshire, D.J. and A.C. Goodeve. The international society 

on thrombosis and haematosis von Willebrand disease database: 

an update. in Seminars in thrombosis and hemostasis. 2011. © 

Thieme Medical Publishers. 

29. Roberts, J.C. and V.H. Flood, Laboratory diagnosis of von 

Willebrand disease. Int J Lab Hematol, 2015. 37 Suppl 1(Suppl 1): 

p. 11-7. 

30. Agne, J., et al., VWD type 2N (Normandy) in two sisters. 

Haemophilia, 2015. 21(3): p. e223-e225. 

31. van Meegeren, M., et al., Clinical phenotype in genetically 

confirmed von Willebrand disease type 2N patients reflects a 

haemophilia A phenotype. Haemophilia, 2015. 21(5): p. e375-

e383. 

32. Tagliaferri, A., et al., The natural history of mild haemophilia: 

a 30‐year single centre experience. Haemophilia, 2012. 18(2): p. 

166-174. 

33. Monpoux, F., et al., [Type 2N von Willebrand disease 

(Normandy)]. Arch Pediatr, 2011. 18(1): p. 45-8. 

34. Baronciani, L. and F. Peyvandi, How we make an accurate 

diagnosis of von Willebrand disease. Thrombosis Research, 2020. 

196: p. 579-589. 

35. Budde, U., Diagnosis of von Willebrand disease subtypes: 

implications for treatment. Haemophilia, 2008. 14: p. 27-38. 

36. Casonato, A., et al., Identifying carriers of type 2N von 

Willebrand disease: procedures and significance. Clinical and 

Applied Thrombosis/Hemostasis, 2007. 13(2): p. 194-200. 

37. Leebeek, F.W. and J.C. Eikenboom, Von Willebrand’s disease. 

New England Journal of Medicine, 2016. 375(21): p. 2067-2080. 

38. Batlle, J., et al., Molecular and clinical profile of von 

Willebrand disease in Spain (PCM–EVW–ES): Proposal for a new 

diagnostic paradigm. Thrombosis and haemostasis, 2016. 115(01): 

p. 40-50. 

39. Borràs, N., 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, 2017. 102(12): p. 2005. 

40. Caron, C., C. Mazurier, and J. Goudemand, Large experience 

with a factor VIII binding assay of plasma von Willebrand factor 

using commercial reagents. British journal of haematology, 2002. 

117(3): p. 716-718. 

41. Costa‐Pinto, J., et al., Diagnosis of inherited von Willebrand 

disease: comparison of two methodologies and analysis of the 

discrepancies. Haemophilia, 2014. 20(4): p. 559-567. 

42. Hampshire, D.J., et al., Identification and characterisation of 

mutations associated with von Willebrand disease in a Turkish 

patient cohort. Thrombosis and haemostasis, 2013. 110(08): p. 264-

274. 

43. Taylor, S., et al., Evaluation of an automated screening assay 

for von Willebrand disease type 2N. Clinical & Laboratory 

Haematology, 2002. 24(6): p. 369-375. 

44. Veyradier, A., et al., A laboratory phenotype/genotype 

correlation of 1167 French patients from 670 families with von 

Willebrand disease: a new epidemiologic picture. Medicine, 2016. 

95(11). 

45. Veyradier, A., et al., Validation of the first commercial ELISA 

for type 2N von Willebrand’s disease diagnosis. Haemophilia, 

2011. 17(6): p. 944-951. 

46. Zhukov, O., et al., Measurement of von Willebrand factor‐

FVIII binding activity in patients with suspected von Willebrand 

disease type 2N: application of an ELISA‐based assay in a 

reference laboratory. Haemophilia, 2009. 15(3): p. 788-796. 

47. de Faria, F.C., et al., Von Willebrand Disease Lab Diagnosis. 

Indian J Hematol Blood Transfus, 2016. 32(2): p. 135-40. 

48. Smith, L.J., Laboratory Diagnosis of von Willebrand Disease. 

American Society for Clinical Laboratory Science, 2017. 30(2): p. 

65-74. 

49. Rizzatti, E.G. and R.F. Franco, Investigação diagnóstica dos 

distúrbios hemorrágicos. Medicina (Ribeirão Preto), 2001. 34(3/4): 

p. 237-247. 

50. Barbosa, F.T., R.M.d. Cunha, and L.T. Barbosa, Doença de von 

Willebrand e Anestesia. Revista Brasileira de Anestesiologia, 

2007. 57: p. 315-323. 

51. Comar, S.R., H.S. Danchura, and P.H. Silva, Platelet count: 

evaluation of manual methodologies and application in the 

laboratory routine. Revista Brasileira de Hematologia e 

Hemoterapia, 2009. 31: p. 431-436. 

52. Maleki, A., et al., Determination of normal range of bleeding 

time in rural and urban residents of Borujerd, Iran: A pilot study. 

ARYA atherosclerosis, 2012. 8(3): p. 136. 

53. Lombana, M.A., G. Ramos-Ramos, and A.M. Torres, Utilidad 

del PFA-100 en una población colombiana como método de 

tamizaje en enfermedad de von Willebrand y trastornos de la 

función plaquetaria. Revista de Hematología, 2013. 14(2): p. 71-

77. 

54. Castaman, G., et al., Validation of a rapid test (VWF-LIA) for 

the quantitative determination of von Willebrand factor antigen 

in type 1 von Willebrand disease diagnosis within the European 

multicenter study MCMDM-1VWD. Thrombosis research, 2010. 

126(3): p. 227-231. 

55. Kitchen, S., et al. Laboratory tests for measurement of von 

Willebrand factor show poor agreement among different centers: 

results from the United Kingdom National External Quality 

Assessment Scheme for Blood Coagulation. in Seminars in 

 [
 D

O
I:

 1
0.

61
18

6/
ijb

c.
16

.2
.6

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
26

-0
2-

22
 ]

 

                             9 / 10

http://dx.doi.org/10.61186/ijbc.16.2.60
http://ijbc.ir/article-1-1486-en.html


 

Page 10 of 10 | Iran J Blood Cancer, 2024, Volume 16, Issue 2 
 

 
Behnam Azari et al. 

thrombosis and hemostasis. 2006. Copyright© 2006 by Thieme 

Medical Publishers, Inc., 333 Seventh Avenue, New …. 

56. Flood, V.H., et al., Common VWF exon 28 polymorphisms in 

African Americans affecting the VWF activity assay by ristocetin 

cofactor. Blood, The Journal of the American Society of 

Hematology, 2010. 116(2): p. 280-286. 

57. Bodó, I., et al., Platelet‐dependent von Willebrand factor 

activity. Nomenclature and methodology: communication from 

the SSC of the ISTH. Journal of Thrombosis and Haemostasis, 

2015. 13(7): p. 1345-1350. 

58. James, A., J. Eikenboom, and A. Federici, State of the art: von 

Willebrand disease. Haemophilia, 2016. 22: p. 54-59. 

59. Keesler, D.A. and V.H. Flood, Current issues in diagnosis and 

treatment of von Willebrand disease. Research and Practice in 

Thrombosis and Haemostasis, 2018. 2(1): p. e12064. 

60. Sharma, R. and V.H. Flood, Advances in the diagnosis and 

treatment of Von Willebrand disease. Hematology 2014, the 

American Society of Hematology Education Program Book, 2017. 

2017(1): p. 379-384. 

61. Nichols, W., et al., von Willebrand disease (VWD): evidence‐

based diagnosis and management guidelines, the National Heart, 

Lung, and Blood Institute (NHLBI) Expert Panel report (USA) 1. 

Haemophilia, 2008. 14(2): p. 171-232. 

62. Federici, A.B. and M.T. Canciani, Clinical and laboratory 

versus molecular markers for a correct classification of von 

Willebrand disease. Haematologica, 2009. 94(5): p. 610. 

63. Casonato, A., et al., Type 2N von Willebrand disease: 

Characterization and diagnostic difficulties. Haemophilia, 2018. 

24(1): p. 134-140. 

64. Casonato, A., et al., The evaluation of factor VIII binding 

activity of von Willebrand factor by means of an ELISA method: 

significance and practical implications. American journal of 

clinical pathology, 1998. 109(3): p. 347-352. 

65. Boylan, B., et al., Evaluation of von Willebrand factor 

phenotypes and genotypes in Hemophilia A patients with and 

without identified F8 mutations. Journal of Thrombosis and 

Haemostasis, 2015. 13(6): p. 1036-1042. 

66. Mazurier, C., Something new about type Normandy von 

Willebrand disease (type 2N VWD)? Thrombosis and 

haemostasis, 2004. 92(07): p. 1-2. 

67. Pérez‐Rodríguez, A., et al., Type 2N VWD: Conclusions from 

the Spanish PCM‐EVW‐ES project. Haemophilia, 2021. 27(6): p. 

1007-1021. 

68. Baronciani, L., A. Goodeve, and F. Peyvandi, Molecular 

diagnosis of von Willebrand disease. Haemophilia, 2017. 23(2): p. 

188-197. 

69. Casonato, et al., Type 2N von Willebrand disease due to 

Arg91Gln substitution and a cytosine deletion in exon 18 of the 

von Willebrand factor gene. British journal of haematology, 1998. 

103(1): p. 39-41. 

70. Daidone, V., 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, 

2011. 96(6): p. 881. 

71. Goodeve, A., Diagnosing von Willebrand disease: genetic 

analysis. Hematology 2014, the American Society of Hematology 

Education Program Book, 2016. 2016(1): p. 678-682. 

72. James, P. and D. Lillicrap, The molecular characterization of 

von W illebrand disease: good in parts. British journal of 

haematology, 2013. 161(2): p. 166-176. 

73. Allen, S., et al., Two novel type 2N von Willebrand disease–

causing mutations that result in defective factor VIII binding, 

multimerization, and secretion of von Willebrand factor. Blood, 

The Journal of the American Society of Hematology, 2000. 95(6): 

p. 2000-2007. 

74. Goodeve, A.C., The genetic basis of von Willebrand disease. 

Blood reviews, 2010. 24(3): p. 123-134. 

75. Jorieux, S., et al., A novel mutation in the D3 domain of von 

Willebrand factor markedly decreases its ability to bind factor 

VIII and affects its multimerization. Blood, The Journal of the 

American Society of Hematology, 1998. 92(12): p. 4663-4670. 

76. Goodeve, A. and P. James, von Willebrand Disease. 2017: 

University of Washington, Seattle, Seattle (WA). 

77. Zolkova, J., et al. Genetic background of von Willebrand 

disease: history, current state, and future perspectives. in 

Seminars in thrombosis and hemostasis. 2020. Thieme Medical 

Publishers. 

78. Liang, Q., et al., Molecular and clinical profile of VWD in a 

large cohort of Chinese population: application of next generation 

sequencing and CNVplex® technique. Thrombosis and 

haemostasis, 2017. 117(08): p. 1534-1548. 

 

 [
 D

O
I:

 1
0.

61
18

6/
ijb

c.
16

.2
.6

0 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

bc
.ir

 o
n 

20
26

-0
2-

22
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://dx.doi.org/10.61186/ijbc.16.2.60
http://ijbc.ir/article-1-1486-en.html
http://www.tcpdf.org

