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Abstract

Most, but not all patients with type 2B von Willebrand disease (VWD)—which features gain-

of-function mutations in the A1 domain of von Willebrand factor (VWF)—have no circulating

large VWF multimers. Similarities and differences were analysed in 33 type 2B patients, 12

with a normal and 21 with an abnormal multimer pattern, to see whether they should be con-

sidered separately. The minimum aggregating dose of ristocetin was similarly reduced in

both patient groups, and modulated by their underlying VWF mutations. Platelet VWF con-

tent was normal in all patients lacking in large multimers, but sometimes reduced in those

with a normal multimer pattern. All the former patients and none of the latter had persistent

or transient thrombocytopenia. A short VWF half-life (affecting plasma VWF levels) was

seen in both groups, but more pronounced in patients without large multimers. Bleeding

scores were also high in all patients, but more so in those without large multimers, appar-

ently regardless of their platelet count. The marked phenotypic heterogeneity of type 2B

VWD concerns not only patients’ VWF multimer pattern, but also their bleeding risk, and

consequently their appropriate treatment too. Hence the need to clearly distinguish between

type 2B VWD with normal or abnormal VWF multimers.

Introduction

Type 2B von Willebrand disease (VWD) is characterised by a greater affinity of von Willeb-

rand factor (VWF) for platelet glycoprotein Ib (GPIb) [1, 2]. In vivo, the defect induces the

spontaneous binding of type 2B VWF to platelets without any contribution of endothelial cell

injury or high shear stress, and with a consequent loss of large VWF multimers [3]. In vitro,

the defect is revealed by an enhanced ristocetin-induced platelet aggregation (RIPA) [4,5],

expressed as the capacity of a patient’s platelet-rich plasma (PRP) to aggregate at lower than

normal ristocetin concentrations [1, 4–6]. Gain-of-function mutations in exon 28 of the VWF
gene, encoding for the A1 domain of VWF, are responsible for type 2B VWD [7, 8].

VWF has a polymeric structure consisting of oligomers of the same subunit that range in

size from 400,000 to more than 10 million Daltons [9,10]. The largest VWF multimers have

the greatest haemostatic capacity, i.e. they are better able to bind subendothelial matrix or
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platelets [11]. In the classic form of type 2B VWD, mutated VWF is synthesised and assembled

normally (so it occurs normally in platelets and endothelial cells), but—after its release–the

large multimers are removed due to their spontaneous binding to platelets. ADAMTS13 con-

tributes to this process because the type 2B VWF bound to platelets becomes sensitive to prote-

olysis by ADAMTS13 [12]. The resulting loss of large VWF multimers in patients with type 2B

VWD is associated with moderate or severe, persistent or transient thrombocytopenia, some-

times associated with the presence of giant platelets and circulating platelet aggregates [13,14].

Thrombocytopenia may become apparent, or be exacerbated, as a result of pregnancy [15,16],

surgery [17], or DDAVP (1-desamino-8-D-arginine vasopressin) administration [18,19].

Thrombocytopenia is believed to contribute to the onset of the severe bleeding tendency of

patients with type 2B VWD [13].

VWF may have a greater affinity for platelets even in the presence of a normal multimer

pattern in 2B VWD, however, as seen in variants such as type New York [20], type Malmo,

and others [21]. These conditions differ from classic type 2B VWD not only in the associated

VWF multimer pattern, but also in that patients never suffer from thrombocytopenia. The aim

of the present study was to compare the main features of type 2B patients with and without

large VWF multimers to establish whether they should be considered separately.

Materials and methods

Patients and healthy controls (matched for age and sex) were studied in accordance with the

Helsinki Declaration, after obtaining their written informed consent (from the parents or the

guardians for the minor subjects). The study was approved by our institutional review board

(Ethics Committee of University of Padua and Padua Hospital; approval number 730Pt).

Type 2B VWD patients were enrolled for the present study when they attended their annual

check-up at our Haemostatic Center.

Haemostatic tests

Blood samples were drawn from the antecubital vein and anticoagulated using 3.8% sodium

citrate (1/10 vol/vol), which was supplemented with 60 mM N-ethylmaleimide (NEM), 50 mM

EDTA, and with 200 kallikrein inhibitory units (KIU)/mL of aprotinin when blood samples

were collected to assess platelet VWF content. Basic haemostatic analyses, i.e. plasma VWF

antigen (VWF:Ag), VWF collagen binding (VWF:CB), VWF ristocetin cofactor (VWF:RCo),

ristocetin-induced platelet aggregation (RIPA), VWF multimers and FVIII, were conducted as

described elsewhere [22]. Platelet VWF content was measured by washing PRP with the addi-

tion of 3% EDTA in PBS buffer three times, as described previously [23]. DDAVP (Emosint,

Sclavo, Italy) was administered subcutaneously at a dose of 0.3 μg/kg, and blood samples were

collected before and then 15, 30, 60, 120, 180, 240, 360 and 480 min, and 24 hours afterwards.

The time courses of the VWF:Ag, VWF:CB and FVIII plasma concentrations after DDAVP

were analysed using a one-compartment model with first-order input and output kinetics, as

previously reported [24].

VWF propeptide (VWFpp) was analysed with a home-made ELISA method that uses

CLB-Pro 35 as the first antibody and CLB-Pro 14.3 HPR-conjugated as the second (Sanquin,

Amsterdam, Netherlands).

Genetic analysis

Genomic DNA was extracted from peripheral blood leucocytes using the QIAamp DNA blood

Mini Kit (QIAGEN, Hilden, Germany). Exon 28 of VWF gene was amplified and sequenced

using primers chosen according to the VWF sequence identified by Mancuso et al [25].
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Statistical analysis

Laboratory data were expressed as mean ± standard error of the mean (SEM). The unpaired t-

test was used to compare all the results and Pearson’s correlation analysis was conducted to

assess the association between the parameters. Welch’s correction was used when variances

were not equal. P values below 0.05 were considered statistically significant.

Results

Patients

Thirty-three patients with type 2B VWD from 14 unrelated families were studied: 21 patients

(from 8 families; 13 males and 8 females; ranging between 1 and 81 years of age) had an abnor-

mal VWF multimer pattern (lacking in large multimers); and 12 patients (from 6 families; 5

males and 7 females; ranging between 11 and 76 years of age) had a normal VWF multimer

pattern.

Haemostatic pattern

Tables 1 and 2 show the patients’ main haemostatic parameters. The patients lacking in large

VWF multimers were found to carry the mutations p.R1308C (the most common in our

cohort), p.R1306W and p.V1316M. These patients were characterised by a significantly

reduced VWF:RCo/VWF:Ag ratio (VWF:RCo ratio) (mean 0.50+/-0.13 vs normal� 0.75),

and VWF:CB/VWF:Ag ratio (VWF:CB ratio) (0.28+/-0.16 vs normal�0.75), consistent with

their lack of large VWF multimers (Fig 1). Their minimum aggregating dose of ristocetin

(MADR) ranged from 0.15 to 0.75 mg/mL (normal� 1.0 mg/mL), the lowest MADR being

found in patients carrying the p.V1316M mutation (0.15 mg/mL), and the highest in patients

carrying the p.R1308C mutation. Some of the patients lacking in large VWF multimers (9

cases) also showed spontaneous platelet aggregation (SPA), with values ranging between 7%

and 22.5%, whereas no SPA was ever seen in healthy controls (Table 1). Platelet VWF antigen

was always normal in the type 2B VWD patients who were lacking in large VWF multimers

(mean 125.9 +/-32.1 U/dL vs normal range 70–140 U/dL), while these patients had signifi-

cantly lower levels of the intermediate multimers, an accumulation of small multimers, and a

stronger representation of the satellite bands of each oligomer (Fig 1). No differences in large

VWF multimer representation came to light in relation to the three mutations identified in the

patients considered (Fig 1). On the other hand, the severity of their shortage of large multimers

seemed to be influenced by patients’ VWF:Ag levels: those with the highest VWF levels under

basal conditions (patients 9 and 18, Fig 1) had the least pronounced reduction in large multi-

mers. Patients’ bleeding tendency was assessed with the Bleeding Assessment Tool (BAT), and

found significantly higher than normal. Their bleeding scores (BS) averaged 11.3+/-5.4 and

were higher in females (12.3+/-4.1) than in males (10.7+/-6.2); the BS in our healthy controls

were in the range of 0–5 in females, and 0–3 in males.

Patients with type 2B VWD who had a normal VWF multimer pattern were found to carry

the following mutations: p.I1372S, p.P1266L, p.P1266Q, p.R1379C and p.R1341W. Those car-

rying the first three of these mutations (p.I1372S, the p.P1266L and p.P1266Q) had normal

plasma and platelet VWF levels (Table 2), while those carrying the p.R1379C and p.R1341W

mutations had lower plasma and platelet VWF levels, always with normal VWF:RCo and

VWF:CB ratios (Table 2, Fig 2). These latter patients had a significantly lower MADR, ranging

from 0.3 to 0.75 mg/mL, the most severe reduction being identified in the patient carrying the

p.R1341W mutation. Some of the type 2B VWD patients with a normal VWF multimer pat-

tern (9 cases) also showed SPA, with values ranging between 6% and 12% (Table 2). Their BS
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was higher than normal (8.9+/-6.8) and slightly higher in females (9.2+/-5.5) than in males

(8.3+/-10.4). The BS of these patients with a normal VWF multimer pattern varied consider-

ably, however: some had a normal BS, while others (those carrying the p.P1266L mutation,

alone or in combination with the p.C2362F mutation) had significantly higher scores

(Table 2). Among the type 2B VWD patients lacking in large VWF multimers, on the other

hand, all but one had a similarly increased BS (Table 1).

Platelet count under baseline conditions and after stress

Eight of the 21 type 2B patients lacking in large VWF multimers had low platelet counts under

basal conditions, the lowest (51.0+/-20.1 x 103/μL) being identified in the three patients carry-

ing the p.V1316M mutation, who also had giant platelets and persistent thrombocytopenia.

No statistical correlation emerged between patients’ BS and their platelet counts (p = 0.7), sug-

gesting that their tendency to bleed was not influenced by the number of their platelets. Three

patients experienced a significant drop in their platelet count during pregnancy, which fell by

about 60% immediately before delivery, whatever its initial level (mean 187+/-55.7 x 103/μL at

Table 1. Main haemostatic findings of the type 2B VWD patients studied showing abnormal VWF multimer pattern.

Patients Family Sex/

Age

Blood

Group

Platelet

count

x103/μl

PFA

100

sec

*SPA

%

§MADR

mg/mL

VWF:

Ag

U/dL

VWF:

CB

U/dL

VWF:

CB

ratio

VWF:

RCo

U/dL

VWF:

RCo

ratio

Platelet

VWF

U/dL

FVIII

U/dL

BAT

F/M VWF

mutations

1 A F/3 B 290 >264 NA NA 41.0 4.4 0.11 13.2 0.33 76.4 36.1 NA p.R1308C

2 A M/78 O 119 >300 7 0.75 44.7 11.8 0.27 28.4 0.63 115 48.2 1 p.R1308C

3 A F/38 A 207 >300 0 0.45 67.9 3.6 0.06 33.1 0.48 128 54.5 10 p.R1308C

4 A M/43 A 163 >300 0 0.6 42.8 10.6 0.25 25.2 0.58 132.7 47.1 10 p.R1308C

5 B M/26 O 176 >300 8 0.6 17.6 9.2 0.52 10.4 0.59 76.6 38.8 8 p.R1308C

6 B M/15 A 180 >300 0 0.6 30.9 12.5 0.41 11.4 0.37 79.1 49.3 4 p.R1308C

7 B M/81 A 165 >300 NA 0.6 166.4 30.0 0.18 112.0 0.67 NA 136.0 NA p.R1308C

8 B F/49 A 178 >300 9.5 0.75 23.0 4.2 0.19 13.8 0.63 74.0 50.0 12 p.R1308C

9 B M/71 O 56 >300 22 0.3 81.2 25.9 0.32 33.75 0.41 146.2 52 NA p.R1308C

10 C F/70 O 168 >300 15 0.75 44.6 10.3 0.23 21.4 0.47 202.0 53.2 15 p.R1308C

11 C M/80 O 182 >300 0 0.45 39.5 9.3 0.24 23.3 0.59 113.90 52.1 14 p.R1308C

12 C F/60 O 154 >300 NA 0.75 44.6 8.1 0.18 23.0 0.51 127 68.0 18 p.R1308C

13 C M/37 O 132 >300 0 0.6 51.9 10.6 0.20 25.2 0.48 133.4 34.5 17 p.R1308C

14 C M/39 O 210 >300 0 0.6 61.3 10.4 0.17 18.5 0.3 119 40.0 6 p.R1308C

15 C F/14 O 126 >300 0 0.45 35.0 4.0 0.11 12.7 0.38 141 46.0 6 p.R1308C

16 D M/67 O 60 >300 20 0.15 34.3 10.5 0.31 14.0 0.41 142.50 43.5 20 p.V1316M

17 E F/24 O 65 >300 22.5 0.15 35.9 15.6 0.44 14.4 0.40 140.3 35.9 13 p.V1316M

18 E F/1 O 28 >300 NA NA 142.9 97.0 0.68 102.7 0.72 135 98.1 NA p.V1316M

19 F M/44 O 116 >300 15.7 0.3 44.7 11.8 0.48 11.4 0.71 130 27.7 10 p.R1306W

20 G M/58 B 213 >300 12.6 0.3 48.4 4.6 0.10 13.5 0.28 175 56.4 17 p.R1308C

21 H M/40 A 158 >300 NA 0.45 32.5 14.7 0.45 18.7 0.59 130 39.0 NA p.R1306W

Normal

range

150–350 94–

193

0 �1.0 60–

160

65–

150

�0.75 60–

130

�0.75 70–140 60–

160

0-5/

0-3

*Spontaneous platelet aggregation

§Minimal aggregating dose ristocetin

VWF:CB/VWF:Ag ratio

VWF:RCo/VWF:Ag ratio

NA: not assessed

https://doi.org/10.1371/journal.pone.0179566.t001
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the baseline, and 77.8+/-45.7 x 103/μL at delivery). Another patient, who developed heart fail-

ure, hypertension and Alzheimer’s disease in old age, showed a significant and persistent drop

in platelet count (40 x 103/μL as opposed to 119 x 103/μL twenty years earlier) associated with

an increase in VWF:Ag from 43 U/dL 81.2 U/dL. This inverse relationship between platelet

counts and VWF levels was particularly evident in patients administered DDAVP because of

the short time it took for the increase in VWF to develop. These patients experienced a mean

drop in their platelet count from 160.8+/-50.8 x 103μL before to 21.6+/-10.3 x 103μL thirty

minutes after DDAVP was administered subcutaneously. Within 360 minutes, their platelet

count recovered to near its pre-DDAVP value, however (120+/-51.8 x 103μL), while their

VWF:Ag levels rose from 38.4+/-13.6 U/dL at the baseline to 99.2+/-25.7 U/dL thirty minutes

after DDAVP, and then fell back to 75.5+/-35.5 U/dL at 360 minutes.

All the patients with type 2B VWD and a normal VWF multimer pattern had normal plate-

let counts, ranging from 193 x 103μL to 322 x 103/μL under basal conditions (Table 2), and

they developed no thrombocytopenia at any time after DDAVP was administered [26].

Type 2B VWF survival

The results of DDAVP tests and VWFpp measurements were analysed to see how different

multimer patterns and associated mutations influenced VWF survival in our type 2B VWD

patients. After DDAVP had been administered, the mean VWF:Ag T1/2elimination (T1/2el)

was 4.47h+/-1.16h in patients lacking in large multimers, and 7.34h+/-3.61h in those with a

normal multimer pattern, i.e. it was shorter than normal (14.00h+/-6.91h) in both groups of

patients. Large VWF multimer survival, explored with the VWF:CB assay, was 3.65h+/-2.11h

Table 2. Main haemostatic pattern of the type 2B VWD patients studied characterized by normal VWF multimer pattern.

Patients Family Sex/

Age

Blood

Group

Platelet

count

x103/μl

PFA100

sec

*SPA

%

§MADR

mg/mL

VWF:

Ag

U/dL

VWF:

CB

U/dL

VWF:

CB

ratio

VWF:

RCo

U/dL

VWF:

RCo

ratio

Platelet

VWF

U/dL

FVIII

U/dL

BAT

(F/M)

VWF

mutations

1 A F/48 A 232 NA 12 0.45 160.6 135.6 0.84 132.8 0.83 92.0 78.0 6 p.I1372S

2 A F/75 A 322 NA 10 0.6 133 144.2 1.1 106 0.79 129.5 126 3 p.I1372S

3 B M/45 O 204 >300 0 0.45 23.4 21.1 0.9 17.2 0.74 42.6 60.5 20 p.P1266L/

p.C2362F

4 C F/76 O 236 >300 8.4 0.75 35.4 37.3 1.05 25.4 0.72 66.8 32.0 16 p.R1379C

5 C F/50 O 211 210 10 0.6 40.6 42.8 1.1 NA NA 41.2 62.8 8 p.R1379C

6 C M/53 O 193 199 5.2 0.75 47.1 44.6 0.94 38.0 0.80 47.4 43.8 0 p.R1379C

7 C F/21 O 293 >300 6 0.6 26.7 27.2 1.01 24.8 0.92 59.1 40.9 6 p.R1379C

8 D M/49 A 252 175 0 0.6 54.3 55.1 1.01 51.6 0.94 60.3 62.2 NA p.P1266Q/

p.R1379C

9 D M/18 A 231 95 0 0.75 151.1 175.5 1.16 153.5 0.87 95.2 148.2 NA p.P1266Q

10 D F/24 AB 231 223 6 0.75 46.0 49.1 1.07 40.5 0.83 55.6 64.8 NA p.R1379C

11 E M/11 O 220 >300 11.3 0.3 28.8 28.4 0.98 23.0 0.80 54.1 51.5 5 p.R1341W

12 F F/50 A 204 91 10 0.45 108 101.9 0.94 97.7 0.91 136.4 107.5 16 p.P1266L

Normal

range

150–350 94–193 0 �1.0 60–

160

65–

150

�0.75 60–

130

�0.75 70–140 60–

160

0-5/

0-3

*Spontaneous platelet aggregation

§Minimal aggregating dose ristocetin

VWF:CB/VWF:Ag ratio

VWF:RCo/VWF:Ag ratio

NA: not assessed.

https://doi.org/10.1371/journal.pone.0179566.t002
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for patients lacking in large multimers, and 5.934h+/-2.01h for those with a normal VWF mul-

timer pattern (as opposed to 10.6h+/-3.9h in healthy controls).

The mean VWFpp ratio was significantly higher in type 2B VWD patients with abnormal

(p<0.0001) or normal (p<0.01) VWF multimer patterns (2.43+/-0.47 and 1.53+/-0.45, respec-

tively) than in healthy controls (1.01+/-0.24). The type 2B patients with normal VWF multi-

mers differed, however, depending on their plasma and platelet VWF levels: those with normal

plasma and platelet VWF levels had a mean VWFpp ratio of 0.976+/-0.21, while those with

low plasma and platelet VWF levels had a VWFpp ratio of 1.81+/-0.17. Here again, there was

evidence of some heterogeneity among the type 2B patients with a normal VWF multimer pat-

tern, though they generally had a less pronounced increase in their VWFpp ratio, consistent

with a less marked reduction in their VWF half-life.

Discussion

Patients whose VWF has a greater affinity for platelet GPIb are identified as cases of type 2B

VWD. Although type 2B is characterised in its classic form by the absence of large VWF multi-

mers [1], some type 2B patients have a normal VWF multimer pattern. The first such case was

reported by Weiss et al [20] in 1986 and labelled as type New York VWD. Since then, there

have been numerous other reports of patients with such a VWD pattern associated with vari-

ous VWF gene mutations. In the present study, we compare these two phenotypes of type 2B

VWD (with and without circulating large VWF multimers) to see whether they should be

Fig 1. Plasma VWF multimer pattern obtained in 1.8% agarose gel using 125I-labelled anti-VWF antibody in type 2B VWD patients lacking in large

VWF multimers. Patients are identified by the numbers entered in Table 1.

https://doi.org/10.1371/journal.pone.0179566.g001
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considered together, or clearly distinguished as variants of the same defect. We also discuss the

clinical implications of the differences between the two phenotypes.

All the patients with type 2B VWD in our sample, with and without large VWF multimers,

revealed a stronger platelet response to VWF in the presence of ristocetin, and much the same

minimum ristocetin concentration was capable of inducing platelet aggregation. Some differ-

ences emerged in relation to the mutation they were carrying, the lowest MADR values being

seen in patients with the p.V1316M mutation (among those lacking in large multimers), and

with the p.R1341W mutation (among those with a normal VWF multimer pattern). Both

groups of patients included some cases of SPA (not seen in normal subjects), and this phenom-

enon was also related to the underlying VWF mutation, being most pronounced in association

with the p.V1316M and p.R1341W mutations. That all type 2B VWD patients share a VWF

with a greater affinity for platelet GPIb is supported by the recent observation that all muta-

tions associated with type 2B VWD are characterised by a higher than normal state of VWF

activation (when the VWF A1 domain is in its platelet-binding conformation), as explored

with the aid of the AU/VWFa-11 nanobody [27, 28]. Here again, the underlying mutation

modulates this phenomenon, since the p.V1316M and p.R1341W mutations were associated

with the highest VWF activation state [27]. It seems that type 2B VWD patients with a normal

or abnormal VWF multimer pattern are indistinguishable in terms of the affinity of their

Fig 2. Plasma VWF multimer pattern obtained in 1.8% agarose gel using 125I-labelled anti-VWF antibody in type 2B VWD patients with a normal

VWF multimer pattern. Patients are identified by the numbers entered in Table 2.

https://doi.org/10.1371/journal.pone.0179566.g002

Two sides to type 2B VWD

PLOS ONE | https://doi.org/10.1371/journal.pone.0179566 June 22, 2017 7 / 12

https://doi.org/10.1371/journal.pone.0179566.g002
https://doi.org/10.1371/journal.pone.0179566


VWF for platelets, given that the parameters considered here to explore this affinity indirectly

(SPA, MADR and VWF activation state) were much the same in the two groups of patients. In

some type 2B VWD patients, VWF binding to platelet GPIb may give the factor a steric confor-

mation that makes it susceptible to the action of ADAMTS13, with a consequent proteolytic

consumption of large VWF multimers.

Unlike another report in the literature [13], we found no differences in the extent of large

VWF multimer loss in relation to a given underlying mutation: the lack of large VWF multi-

mers and the reduction in intermediate oligomers was similar in all the patients with type 2B

lacking large multimers, whatever their VWF mutations. There were some differences as con-

cerns patients’ VWF levels, since a less pronounced shortage of large VWF multimers was seen

in patients with higher VWF levels under basal conditions. Again in contrast with previous

publication [13], all of our patients lacking in large VWF multimers had a lower than normal

VWF:RCo ratio, and an even more markedly reduced VWF:CB ratio, whereas our type 2B

patients with a normal multimer pattern all had VWF:RCo and VWF:CB ratios similar to

those of healthy controls.

What happens after type 2B VWF has interacted with platelets seems to depend on their

platelet count because the disappearance of large VWF multimers is associated with transient

or persistent thrombocytopenia [29]. Although the underlying mechanisms have yet to be fully

elucidated, we can definitely conclude that there can be no consumption of large VWF multi-

mers without thrombocytopenia, neither under basal conditions or after stress, nor during

pregnancy, or after DDAVP infusion [30]. Under basal conditions, the type of VWF mutation

influences a patient’s thrombocytopenia, since individuals carrying the p.V1316M mutation

had the most pronounced and persistent drop in their platelet count, and they also had giant

platelets. Patients carrying this particular mutation were first identified as having type Mon-

treal thrombocytopenia, and it became clear only more recently that they have type 2B VWD

with a pronounced thrombocytopenia [31].

After DDAVP administration, our type 2B VWD patients lacking in large multimers (but

not those with a normal multimer pattern) developed a significant transient thrombocytope-

nia, which regressed within a few hours [14,19]. This finding clearly rules out the possibility of

a true platelet consumption taking place because it would take considerably longer for the pre-

infusion platelet count to be restored. This assumption is supported by the lack of any increase

in circulating glycocalicin levels in such patients after DDAVP [32]. A similar picture was seen

in pregnancy, a condition always associated with a progressive thrombocytopenia in females

with type 2B VWD whose multimer pattern is abnormal [13, 16].

Other differences between our type 2B patients with normal or abnormal multimer patterns

concern their platelet VWF content, which was always normal in cases lacking in large VWF mul-

timers—a finding suggestive of a normal VWF synthesis. The picture was more heterogeneous in

the patients with a normal multimer pattern, only some of whom had lower than normal levels of

plasma and platelet VWF (in association with the p.R1379C and p.R1341W mutations).

The half-life of type 2B VWD patients’ VWF (measured after administering DDAVP)

appeared to be reduced [30] and modulated by patients’ underlying mutations and multimer

pattern, the shortest VWF half-life being seen in patients lacking in large VWF multimers.

Consistently with a shorter VWF half-life, the VWFpp ratio also increased, particularly in

patients lacking in large multimers.

The differences between our type 2B VWD patients with and without large VWF multimers

also concerned their bleeding tendency, which was slightly more pronounced in the latter.

Patients with a normal VWF multimer pattern had a more heterogeneous phenotype, however

(some had a normal BS, while others had very high scores), whereas all but one of the patients

lacking in large multimers had a similarly high BS. The tendency to bleed of our patients with
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an abnormal multimer pattern did not seem to be influenced by their platelet count, which

revealed no statistical correlation with their BS. This finding is inconsistent with a previous

report [13] that identified a reduced platelet count as a risk factor for bleeding in type 2B

patients lacking in large VWF multimers.

Lastly, but no less importantly, a different approach is needed to the treatment of type 2B

patients with and without large VWF multimers. DDAVP is appropriate, given its marked hae-

mostatic efficacy, for type 2B VWD associated with a normal multimer pattern, and especially in

patients with a normal platelet VWF content. Its use in patients with an abnormal multimer pat-

tern seems to be controversial (mainly because they experience no post-DDAVP large multimer

recovery), though it may be useful in the event of minor surgery, as in dental procedures [33].

Platelets are contraindicated for such patients because they could induce a further consumption

of their residual large VWF multimers. Bearing these considerations in mind, failing to clearly

distinguish between the two phenotypes of type 2B VWD may lead to the inappropriate treat-

ment of these patients, especially at non-specialised centres or by non-expert physicians.

To conclude, type 2B VWD patients with normal and abnormal multimer patterns are simi-

lar in terms of their lower MADR, presence of SPA, increased VWF activation state, and

shorter VWF half-life (all features associated with gain-of-function mutations in the A1

domain). They may differ, however, as regards the onset of thrombocytopenia, VWF synthesis,

and bleeding tendency, so a different approach to their treatment is warranted. Table 3 shows

the similarities and differences between type 2B with and without large VWF multimers.

In the light of all the above-discussed issues, we would recommend grouping type 2B

patients according to their VWF multimer pattern. As in type 2A VWD (in which patients are

identified as type 2A-I when the defect is associated with a defective VWF synthesis and multi-

merisation, or as type 2A-II when their VWF defect is associated with an increased proteolysis

of a normally-synthesised VWF), we suggest distinguishing between patients with type 2B-I,

who are lacking in large multimers and type 2B-II, who have a normal VWF multimer pattern,

with or without a normal VWF synthesis. This should enable a more precise classification of

type 2B VWD patients, and ensure that they receive the most appropriate treatment.
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Table 3. Synoptic representation of the differences and similarities between type 2B VWD patients with or without large VWF multimers.
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Ag
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^VWF:

CB
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Platelet

VWF:Ag

Large

multimers

VWF

activation

state

VWF

mutation

in A1

domain

Bleeding

tendency

Therapy

Pre Post

DDAVP DDAVP Platelet VWF/FVIII

concentrates

Without

multimers

#/N ## Present # # ### ### N Absent " Present "" No/Yes No Yes

With

multimers

N N Present # N/# N N N/# Present " Present " Yes Yes Yes

*Spontaneous platelet aggregation

˚Minimal aggregating dose of ristocetin

§VWF:RCo/VWF:Ag

^VWF:CB/VWF:Ag.

N = normal; # = reduced; " = increased.
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