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Abstract
Type 2N von Willebrand disease (VWD) is characterized by impaired factor VIII (FVIII) binding to von Willebrand factor 
(VWF). Type 2N VWD patients generally exhibit mild bleeding tendency, but some exhibit a more severe hemorrhagic pat-
tern. An assay for assessing hemostatic potential and predict clinical severity could significantly improve clinical manage-
ment in these patients. We examined the relationship between bleeding score (BS) and the potential for thrombus formation 
in whole blood from type 2N VWD patients with various BS using rotational thromboelastometry (ROTEM) and microchip 
flow-chamber system (T-TAS®). Collagen-coated PL-chips, or thromboplastin- and collagen-coated AR-chips, were utilized 
in the T-TAS to assess platelet thrombus formation at high shear flow, or fibrin-rich platelet thrombus formation at low shear 
flow, respectively. Neither ROTEM nor the T-TAS using PL-chips reflected the BS. The AR-chip parameters in the T-TAS, 
however, were highly sensitive to different BS levels among these patients, despite similar FVIII/VWF-related measure-
ments including FVIII/VWF binding. Additionally, the results with AR-chip assay were restored to normal after infusions 
of FVIII/VWF concentrates in the most severe patients. The data indicate that T-TAS using AR-chips may be a useful assay 
for predicting clinical severity and assessing therapeutic efficiency in type 2N VWD patients.
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Introduction

von Willebrand disease (VWD) is a common inherited 
mucocutaneous bleeding disorder resulting from defec-
tive or deficient von Willebrand factor (VWF). The diag-
nosis of VWD is commonly characterized by conventional 
laboratory analyses of VWF antigen (VWF:Ag), VWF 

ristocetin cofactor activity (VWF:RCo) and factor VIII 
activity (FVIII:C). On this basis, VWD is categorized into 
three disease types; partial (type 1) and virtually complete 
(type 3) quantitative deficiency of VWF, and qualitative 
VWF defects (type 2) [1]. Type 2 VWD is subdivided into 
4 variants (2A, 2B, 2M and 2N) with defined functional 
abnormalities of VWF. Type 2N VWD is characterized by 
reduced plasma levels of FVIII and a defect in the FVIII and 
VWF interaction, resulting in a clinical phenotype resem-
bling mild or moderate hemophilia A [2]. Patients with type 
2N VWD usually present a mild bleeding phenotype [3], 
although investigators in the Netherlands (the WIN study 
group) [4] demonstrated that the median bleeding score (BS) 
in patients with this type was 10, and that some patients in 
this category exhibited more severe clinical symptoms. In 
addition, the standardized BS assessment using the question-
naire is utilized for evaluating the clinical severity of VWD, 
but this index does not always correlate with VWF:Ag and/
or VWF:RCo levels [5, 6]. The evidence suggests, therefore, 
that current laboratory assays do not adequately reflect the 
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clinical severity in type 2N VWD patients, and that a method 
to assess hemostatic potential and predict clinical severity 
could benefit clinical management in these patients.

In this context, the blood flow-based systems have been 
previously devised to assess comprehensive hemostasis 
especially related to VWF and platelet function under the 
shear stress [7, 8].An automated microchip flow-chamber 
system (T-TAS®, Fujimori Kogyo, Tokyo, Japan), has been 
recently developed as an easy-to-use system for visualiz-
ing platelet thrombus formation (PTF) on surfaces coated 
with collagen (PL-chips) under the high shear or fibrin-rich 
PTF on surfaces coated with collagen and tissue factor (AR-
chips) under the low shear. This technique could provide 
novel, useful information for assessing the diagnosis and 
treatment of VWD [9–11]. Our earlier studies indicated 
that the analysis using both assays of coated chips might 
be useful for classifying clinical phenotypes and monitor-
ing the therapeutic effects of desmopressin and FVIII/VWF 
complex concentrates in VWD [9]. In particular, Nogami 
et al. [10] demonstrated that the PL-chip assay could effec-
tively assess the clinical severity in type 1 VWD patients. 
In addition, Ågren et al. reported that the T-TAS could pro-
vide valuable data for evaluating the therapeutic effects of 
FVIII/VWF concentrates in type 3 VWD patients [11]. How-
ever, the usefulness of T-TAS in patients with type 2 VWD, 
caused by dysfunctional VWF on the FVIII binding, remains 
to be investigated.

The present study was designed, therefore, to investigate 
whether the T-TAS could define the clinical severity, and 
monitor the therapeutic effects of FVIII/VWF complex con-
centrates in patients with type 2N VWD. The relationship 
between the BS and T-TAS parameters was examined and 
compared with results from rotational thromboelastometry 
(ROTEM) using whole blood in these individuals.

Materials and methods

Blood samples

The study was approved by the Medical Research Ethics 
Committee of Nara Medical University. Blood samples were 
obtained after informed consent according to the ethical 
guidelines of the university. Blood samples were taken from 
20 healthy volunteers (controls) and 5 patients, previously 
diagnosed definitely as type 2N VWD in the participated 
hospitals. Whole blood samples were collected into plastic 
tubes containing 3.2% sodium citrate at a ratio of 9:1 (Fuso 
Pharmaceutical Industries, Osaka, Japan) or into tubes con-
taining hirudin (final concentration; f.c. 25 μg mL−1, Roche 
Diagnostics, Rotkreuz, Switzerland). There were no study 
subjects that had taken any medication that may have influ-
enced platelet or coagulation function in 2 weeks prior to 

blood sampling. Platelet poor plasma was separated by cen-
trifugation of the citrated whole blood for 10 min at 2000×g. 
All plasma samples were stored at − 80 °C and thawed at 
37 °C immediately prior to subsequent processing of the 
assays.

Diagnosis of type 2N VWD

The diagnosis for type 2N VWD was based on the standard-
ized criteria using conventional functional assays such as 
FVIII activity (FVIII:C), VWF:RCo, VWF:Ag and FVIII/
VWF-binding assay (VWF:FVIIIB) [12].

Bleeding score (BS) assessment

The clinical severity of hemorrhagic symptoms in type 2N 
VWD patients was assessed using the questionnaire from 
Molecular and Clinical Markers for the Diagnosis and Man-
agement of Type 1 VWD study (MCMDM-1) [6].

VWD‑related laboratory assays

We performed an in-house enzyme-linked immunosorb-
ent assay (ELISA) with polyclonal rabbit anti-human VWF 
and horseradish peroxidase-conjugated anti-VWF antibod-
ies (Dako, Glostrup, Denmark) to measure VWF:Ag lev-
els, as previously described [13]. We further determined 
the VWF:RCo and FVIII:C levels by utilizing the stand-
ard glass-plate method with formalin-fixed platelets and 
by a one-stage clotting assay, respectively, as previously 
described [14, 15].

VWF:FVIIIB was assessed by an ELISA-based binding 
assay [12]. In brief, anti-VWF monoclonal antibody (NMC-
VWF/4 [16]) was immobilized onto microtiter wells over-
night at 4 °C. The wells were washed with veronal buffer, 
followed by blocking with veronal buffer containing 3% 
bovine serum albumin for 2 h at 37 °C. After washing the 
wells, 100 μl of serial dilutions of plasma samples were 
added and incubated overnight at 4 °C. After removal of 
endogenous FVIII using 0.4 M  CaCl2, 100 μl of recombinant 
FVIII (Advate®; Shire) was added and incubated for 1 h at 
37 °C. The wells were washed and bound FVIII was quan-
tified by measuring FVIII:C with the chromogenic assay 
(COATEST®SP FVIII, Instrumentation Laboratory, Bed-
ford, MA, USA). After measuring, the wells were washed, 
and immobilized VWF was measured by an ELISA using 
an anti-human peroxidase-conjugated VWF polyclonal anti-
body (Haematologic Technologies Inc., Essex Junction, VT, 
USA). In each experiment, the least square regression line 
for plasma sample was calculated. The slope of the obtained 
regression lines reflected the binding capacity of VWF to 
FVIII.
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Gene analyses

Genomic DNA was extracted and isolated from leuko-
cytes in the citrated whole blood samples obtained from 
the patients using QIAGEN QIAquick PCR Purification 
Kit (Qiagen, Venlo, Netherland) [17]. The coding region of 
VWF gene (VWF) was amplified by the polymerase chain 
reaction (PCR) with the specific primer sets [18, 19]. The 
PCR products were applied in a capillary sequencer 3500 
genetic analyzer (Applied Biosystems, Foster, CA, USA). 
The sequence was determined and compared with the con-
sensus VWF sequences obtained from the VWF variant data-
base (https ://vwf.group .shef.ac.uk). The VWF mutations 
were explored in the hot spots including exons 4, 9, 17–21 
and 24–27 of VWF and analyzed by the commercial data 
collection software in the present study.

T‑TAS analysis

The T-TAS assay (Fujimori Kogyo) was performed with 
minor modifications, based on the protocol recommended 
[9, 20]. Two modes of microchip, collagen-coated (PL-chip) 
and collagen/thromboplastin-coated (AR-chip) were used for 
the respective analysis of PTF (platelet thrombus formation) 
and fibrin-rich PTF. Whole blood samples were pushed into 
the capillary path of the microchip with an injection pump. 
The formation of thrombus within the capillaries resulted 
in occlusion and was analyzed by monitoring flow-pressure 
changes. This system also provided video microscope of 
individual samples for further evaluation of the process of 
thrombus formation.

Collagen-coated (PL-chip) Hirudin-anticoagulated whole 
blood (350 μL) was loaded into the collagen-coated capillary 
under a constant flow rate of 12 μL  min−1, corresponding to 
a shear rate of 1000 s−1. To analyze the PTF, the time taken 
to reach the increase in flow pressure to 10 kPa  (T10) from 
baseline because of the partial occlusion of the capillaries, 
and AUC 10 (area under curve for 10 min) were analyzed.

Collagen/thromboplastin-coated (AR-chip) Citrated 
whole blood (416 μL) was preincubated with corn trypsin 
inhibitor (14 μL; f.c. 30 μg mL−1) for 10 min at 37 °C, and 
mixed with 0.2 M  CaCl2 (30 μL). The re-calcified blood 
sample was perfused through the collagen/thromboplastin-
coated capillary under a constant flow rate of 8 μL  min−1, 
corresponding to a shear rate of 240 s−1. The parameters  T10 
and AUC 30 (AUC for 30 min) were analyzed to assess fibrin-
rich thrombus formation inside the AR-chip.

Rotational thromboelastometry (ROTEM)

ROTEM was performed using a Whole Blood Hemosta-
sis Analyzer® (Pentapharm, Munich, Germany). Citrated 
whole blood samples were incubated for 30 min at room 

temperature. Immediately before initiation of the measure-
ment,  CaCl2 (20 μL, f.c. 12.5 mM) was added to the blood 
samples (280 μL). We evaluated clot formation utilizing four 
parameters: the clotting time (CT; the period until reaching a 
2-mm amplitude) and clot formation time (CFT; the period 
until reaching a 20-mm amplitude). The α-angle and maxi-
mum clot firmness (MCF) were defined as the angle between 
the baseline and a tangent to the clotting curve through the 
2 mm time point and as the maximum amplitude observed, 
respectively.

Data analysis

Data analysis was performed using Microsoft Excel soft-
ware. T-TAS and ROTEM parameters that differed from the 
mean by ± 2 standard deviations were defined as abnormal.

Patients’ profiles

Table 1 summarizes the VWF-related laboratory findings 
and VWF gene mutations from the 5 patients with type 2N 
VWD (3 males and 2 females). The BS of these patients 
varied from 0 to 27. All patients had a FVIII:C/VWF:Ag 
ratio of < 0.2 and a severely decreased VWF:FVIIIB 
(<10%). Patients 2, 3 and 4 were identified as having the 
heterozygous p.R816W mutation (patient 2 and 3 were sib-
lings). Patient 1 had a compound heterozygous p.T791M 
mutation in combination with a p.R365X mutation previ-
ously reported in type 3 VWD [21]. Patient 1 was identified 
as case 4 in our previous study [9]. Informed consent for 
genetic analyses for the patient 5 was not available.

Results

Relationship of ROTEM parameters with BS in type 
2N VWD

We initially analyzed whole blood samples from all patients 
with type 2N VWD by ROTEM, and examined the relation-
ship between the patients’ BS and ROTEM parameters. In 
this study, we used NATEM mode, because this mode could 
evaluate under the neutral trigger condition on initiation of 
coagulation [22]. Figure 1 shows representative thromboe-
lastograms for each case, together with parameter data. 
The mean CT, CT + CFT, α-angle and MCF obtained in 20 
normal controls were 938 ± 128 s, 1273 ± 217 s, 41.1 ± 7.0° 
and 43.1 ± 4.6 mm, respectively. ROTEM analysis demon-
strated that all patients had significantly prolonged CT and 
CT + CFT (>2SD). The CT and CT + CFT in patient 3 were 
the most prolonged even though his BS was 0. In contrast, 
patient 1 had the highest BS 27, but the CT and CT + CFT 
were only mildly prolonged. In addition, α-angle and MCF 

https://vwf.group.shef.ac.uk
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Table 1  Characteristic profiles of type 2N VWD patients

ND not done, VWF:FVIIIB FVIII/VWF-binding activity

Case 1 Case 2 Case 3 Case 4 Case 5 Reference range

Sex F F M M M
Age (years old) 56 25 15 56 58
Hemoglobin (g/dL) 8.7 13.3 14.2 16.2 14.3 11.6–14.8
WBC (×103/μL) 4.8 6.0 4.1 7.9 8.6 3.3–8.6
Platelet (×103/μL) 219 273 249 207 333 158–348
PT-INR 1.06 1.00 1.04 0.88 0.97 0.9–1.1
APTT (sec) 50.1 55 59 50.2 52.9 22–32
Fibrinogen (mg/dL) 284 261 234 296 473 200–400
VWF:Ag (IU/dL) 45 79 52 35 59 50–155
VWF:RCo (IU/dL) 32 79 53 32 46 60–170
FVIII:C (IU/dL) 5.0 8.0 4.0 5.3 4.0 60–150
VWF:FVIIIB
(% of control)

 < 5  < 5  < 5 6.8  < 5 70–110

Bleeding  score# 27 2 0 5 7
VWF mutation p.T791M/p.

R365X
p.R816W hetero p.R816W hetero p.R816W hetero ND

Fig. 1  ROTEM thromboelastograms in whole blood samples from 
type 2N VWD patients—CaCl2 was added to each citrated whole 
blood sample from 5 patients with type 2N VWD for the ROTEM 
assay as described in Methods. ROTEM parameters (CT, CT + CFT, 

α-angle and MCF) are shown below each figure. CT, CT + CFT, 
α-angle and MCF obtained from normal controls (n = 20) were 
938 ± 128  s, 1273 ± 217  s, 41.1 ± 7.0° and 43.1 ± 4.6  mm, respec-
tively. ROTEM rotational thromboelastometry
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in patients 2 and 3 were significantly lower (<−2SD), how-
ever, those in patients 1, 4 and 5 appeared to be close to 
normal range. These findings indicated that the ROTEM 
assays did not reflect the clinical severity in these type 2N 
VWD patients.

Correlation of T‑TAS parameters with BS in type 2N 
VWD

We next investigated the relationship between BS and T-TAS 
parameters using collagen-coated PL-chips and collagen/
thromboplastin-coated AR-chips.

PL-chip assay at high shear Representative pressure 
curves, images of PTF on the capillary surface and the  T10 
and AUC 10 parameters are shown in Fig. 2a–c, respectively. 
In patient 1 (BS 27), the pressure curve in the PL assay 
was markedly depressed compared to control (Fig. 2a), and 
consequently the  T10 was prolonged and AUC 10 was mark-
edly decreased relative to control  (T10; 4.1 ± 1.3 min, AUC 10; 

265 ± 94 in 20 healthy controls) (Fig. 2c). Moreover, video 
microscopy confirmed only slight adhesion of platelets to 
the capillary surface at 4 min, and no subsequent growth of 
platelet aggregates, compared to the extensive PTF within a 
few minutes in normal whole blood (Fig. 2b). In contrast, in 
all other patients with various BS, the pressure curves and 
growth patterns of PTF were similar to normal control, and 
the  T10 and AUC 10 parameters in these 4 individuals were 
within the normal range.

AR-chip assay at low shear Representative pressure 
curves, images of fibrin-rich PTF on the capillary sur-
face and AR-chip parameters  (T10 and AUC 30) are shown 
in Fig. 3a–c, respectively. In patient 1, the video images 
showed no fibrin-rich PTF at 12 min (Fig. 3b), correspond-
ing with a markedly delayed pressure curve (Fig. 3a). As 
with the PL assay in this patient, therefore, the  T10 and AUC 
30 were severely abnormal. The  T10 and AUC 30 values in 
patients 4 (BS 5) and 5 (BS 7) were modestly abnormal, 
whilst these measurements in patients 2 (BS 2) and 3 (BS 

Fig. 2  T-TAS using the PL-chip in whole blood samples from type 
2N VWD patients—a flow-pressure waveforms observed in whole 
blood from type 2N VWD patients and normal control individuals 
using the PL-chips in T-TAS. b The video-recorded images of PTF 
in whole blood from type 2N VWD patients at 4 min in the PL-chip 
are shown. c Whole blood samples from type 2N VWD patients were 

analyzed by the T-TAS at the shear rates of 1000 s−1 on the PL-chips. 
The  T10 values in PL are shown as white bars, and area under the 
curve (AUC 10) in PL are shown as closed circles. Normal ranges are 
shown as the mean ± SD from 20 healthy controls  (T10; 4.1 ± 1.3 min, 
AUC 10; 265 ± 94)
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0) were within the normal range  (T10; 12.1 ± 2.1 min, AUC 
30; 1221 ± 194 in healthy controls) (Fig. 3c). In addition, the 
video images obtained in patients 1, 4 and 5 demonstrated 
a clear lack of fibrin-rich PTF at 12 min (Fig. 3b). A BS > 3 
has been defined as representing an abnormal bleeding ten-
dency [4, 23], and our findings indicated that both  T10 and 
AUC 30 correlated with the BS. The results suggested, there-
fore, that the AR-chip assay could be utilized to identify an 
abnormal bleeding tendency in the type 2N VWD patients.

In vivo effect of FVIII/VWF concentrates 
on thrombus formation

As described above, patient 1 had the highest BS and the 
most defective laboratory findings among our patients. 
She was treated successfully with the infusions of FVIII/
VWF concentrates (30 IU/kg; calculated by FVIII:C) for 
severe gastrointestinal bleeding, and the effects of treatment 
were investigated using T-TAS. Figure 4 shows the pre- and 

post-infusion changes in the pressure curve (Fig. 4a), the  T10 
and AUC 30 parameters (Fig. 4b) and the images of fibrin-
rich PTF on the capillary surface (Fig. 4c). The results con-
firmed an improvement to normal in all of these analyses, 
and demonstrated that the T-TAS technique with the AR-
chip could provide useful data for the assessment of therapy 
in type 2N VWD.

Discussion

The present study was designed to investigate laboratory 
assays to identify the clinical severity and measure the 
effects of therapy in patients with type 2N VWD. Viscoe-
lastic hemostatic assays including ROTEM have been devel-
oped in recent years to provide rapid diagnostic information 
and guide appropriate therapeutic decisions in individual 
patients with a range of underlying coagulopathies. We have 
previously shown that comprehensive coagulation assays of 

Fig. 3  T-TAS using the AR-chip in whole blood samples from 
type 2N patients—a flow-pressure waveforms observed in whole 
blood from type 2N VWD patients and normal control using AR-
chips in T-TAS. b The video-recorded images of fibrin-rich PTF in 
whole blood from type 2N VWD patients at 12 min in the AR-chip 
are shown. Pt Patient. c Whole blood samples from type 2N VWD 

patients were analyzed by T-TAS at the shear rates of 240 s−1 on the 
AR-chips. The  T10 values in AR are shown as white bars, and area 
under the curve (AUC 30) in AR are shown as closed circles. Normal 
ranges are shown as the mean ± SD from 20 healthy controls  (T10; 
12.1 ± 2.1 min, AUC 30; 1221 ± 194)
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this type may be useful for systematic monitoring of hemo-
static management in hemophilia A patients with inhibition 
[22].

We have also demonstrated, however, that ROTEM analy-
sis failed to discriminate between healthy subjects and vari-
ous VWD patients [9], and our current investigations con-
firmed that ROTEM parameters did not reflect BS in type 2N 
VWD, but instead showed a differential diagnosis of mild 
hemophilia. Ågren et al. [11] also reported that the ROTEM 
parameters were within the normal range in type 3 VWD and 
were not affected by hemostatic therapy. It appeared evident, 
therefore, that ROTEM analysis did not reflect the clinical 
severity of VWD patients, and our present data confirmed 
that there was no correlation between ROTEM calculations 
and BS in type 2N VWD. In particular, it was interesting that 
the more pronounced defects were observed in patients 2 
and 3 relative to patient 1 who featured a homozygous FVIII 
carrier defect and reduced VWF levels. This reason remains 
unclear. The shear stress forces induced in whole blood in 
ROTEM correspond to ~ 50 s−1, and the principles of the 
technique appear to be focused on mechanisms of secondary 
hemostasis rather than on the primary hemostatic function. 
The relatively weak hemodynamic environment might not 
be sufficient enough to distinguish hemostatic potential in 
type 2N VWD patients with different BS.

Moreover, analysis of thrombus formation using T-TAS 
showed that collagen-coated PL-chips could not reliably 
identify an abnormal bleeding tendency in type 2N VWD. 
Significantly depressed thrombus formation was evident 

in patient 1 with this assay, but the results with the other 
patients were within the normal range. In general, the PL-
chip is utilized to quantify platelet function [20], and patient 
1 carried the p.R365X mutation previously reported in type 
3 VWD primarily exhibiting primary hemostatic dysfunc-
tion. Ågren et al. also demonstrated that the AUC 10 with 
the PL-chip was severely depressed in type 3 VWD even 
after treatment [11], and it seemed likely, therefore, that the 
PL-chip identified a similar abnormality in our patient 1. In 
addition, the PL-chip assay has been shown to be useful for 
type 1 VWD [10].

In contrast, our results using the collagen/thromboplas-
tin-coated AR-chip successfully reflected clinical severity, 
and confirmed the therapeutic effects of infused FVIII/
VWF concentrates. These findings were keeping in with 
previous studies demonstrating that the AR-chip assay 
mirrored the effectiveness of treatment in various types 
of VWD [9, 11]. Fressinaud et al. [24] have demonstrated 
that thrombus formation at both low shear rates (100 and 
650 s−1) was significantly decreased in severe hemophilia 
A patients, whereas no significant differences between 
severe hemophilia A patients and normal control were 
observed at high shear (2600 s−1). Ogawa et al. [25] also 
reported that blood samples from FVIII-deficient mice 
showed normal thrombus growth in AR-chip under the 
shear rate of 1100 s−1 but exhibited significant decreased 
thrombus volume and height in the AR-chip at shear rate 
of 110 s−1. Therefore, the AR-chip assay at low shear rate 
could reflect overall hemostatic functions mediated by 

Fig. 4  In vivo effect of infusion 
of FVIII/VWF concentrates 
on T-TAS in type 2N VWD 
patient—a flow-pressure wave-
forms observed in whole blood 
samples before and after infu-
sion of FVIII/VWF concentrates 
in patient 1 using the AR-chip 
in T-TAS. (a) Pre-infusion and 
(b) post-infusion. b Whole 
blood samples from patient 
1 were analyzed by T-TAS at 
shear rates of 240 s−1 on the 
AR-chips. The  T10 values in AR 
are shown as the white bars, and 
area under the curve (AUC 30) in 
AR is shown as closed circles. 
Normal ranges are shown as 
the mean ± SD from 20 healthy 
controls (see the Fig. 3). c The 
video-recorded images of fibrin-
rich PTF in whole blood from 
patient 1 at 12 min. (a) Normal; 
(b) pre-infusion; (c) post-infu-
sion of FVIII/VWF concentrates
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FVIII and VWF. The principal defect in type 2N VWD 
centers on the loss of VWF-binding potential to FVIII 
[26]. It seemed likely, therefore, that the flow-mediated 
VWF/FVIII function is important in the hemostasis of type 
2N VWD and that AR-chip recognized the VWF/FVIII-
binding defect, whilst the PL-chip did not. The photo 
images of AR-chip from whole blood samples in type 2N 
patients exhibited abnormal thrombus formation that had 
characteristics of a narrow and winding path of blood flow 
in the center of the capillary. The photo images of the 
post-infusion sample in type 2N patient similarly displayed 
the impaired thrombus patterns, despite improvements in 
AR-chip parameters. These results were consistent with 
our previous data [9], indicating that type 2N VWF pro-
teins may still exist inside blood vessels and compete with 
normal VWF (FVIII/VWF concentrates).

Three VWF point mutations, p.E787K, p.T791M 
and p.R816W are known to be associated with the most 
severe clinical symptoms in type 2N VWD [27], and the 
p.R365X mutation has been identified as responsible for 
type 3 VWD [21]. Genetic analyses in the present study 
demonstrated that patient 1 had a compound heterozygous 
mutation (p.T791M/p.R365X) and patients 2–4 had hete-
rozygous p.R816W. Van Meegeren et al. [23] reported that 
the median BS and VWF-related laboratory findings in 
genetically confirmed type 2N VWD patients were higher 
and lower those that in carriers, respectively. In our data, 
however, no significant difference was observed in labora-
tory results between type 2N VWD patient and heterozy-
gous type 2N patients. Since we did not explore the whole 
VWF gene, patients 2–4 cannot be completely precluded to 
carry other VWF mutations. Thus, it may be that the dis-
crepancy of laboratory results in patients 2–4 was due to 
other hemostatic defects in them. Nevertheless, the results 
indicated that genotyping provided a useful guide to clini-
cal severity in type 2N VWD, and were consistent with the 
likelihood that the double genetic mutation in our patient 
1 contributed to severe clinical symptoms.

Our current investigation was limited by the small num-
ber of patients available. The variability in T-TAS results 
as well as in BS may influence the results obtained in such 
a small number of patients. However, the findings further 
suggested that assessment of PTF, especially utilizing the 
collagen/thromboplastin-coated AR-chip in the commer-
cially available automated microchip flow-chamber sys-
tem, could provide a rapid means to predict the bleeding 
tendency and determine the hemostatic effects of therapy 
in type 2N VWD. A larger cohort study appears to be war-
ranted to confirm the possibilities for improved laboratory 
analyses in these patients.
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