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ABSTRACT

Recessive type 3 von Willebrand disease (vWD) is a severe hemophilia-like
bleeding disorder caused by homozygosity or double heterozygosity for two nonsense
mutations (null alleles) and characterized by a strongly prolonged bleeding time (BT),
absence of ristocetin-induced platelet aggregation (RIPA), absence of von Willebrand
factor (vWF) protein, and prolonged activated partial thromboplastin time (APTT) due to
factor VIII (FVIII:C) deficiency. Recessive severe type 1 vWD is caused by homozygosity
or double heterozygosity for a missense mutation and differs from type 3 vWD by the
detectable presence vWF:antigen (Ag) and FVIII:C levels between 0.09 and 0.40 U/mL.
Carriers of one null allele or missense mutations are usually asymptomatic at vVWF levels of
50% of normal. Mild recessive type 1 vVWD may be due to a missense mutations, or one
missense mutation plus blood group O. The so-called dominant type 1 vWD secretion
defect and type 1 Vicenza are caused by a heterozygous missense mutation in the vWF gene
that produces a mutant vVWF protein having a dominant effect on the normal vWF protein
produced by the normal vWF allele with regard to the defective processing, storage
secretion, and/or proteolysis of vVWF in endothelial cells and clearing from plasma
consistent with a type 2 phenotype of vWD. Typical type 2 vWD patients, except 2N,
show a defective vWF protein, decreased ratios for vWF:ristocetin cofactor [yWEF:RCo]/
vWEF:Ag and vWE:collagen binding factor [vVWF:CB]/vWF:Ag and prolonged BT. The
BT is normal and FVIII:C levels clearly are lower than vWF:Ag in type 2N vWD.
Multimeric analysis of vWF in plasma demonstrates that proteolysis of VWEF is increased in
type 2A and 2B vWD, with increased triplet structure of each band (not present in types
2M and 2U). Proteolysis of vWF is minimal in type 2C, 2D, and 2E variants that show
aberrant multimeric structure of individual oligomers. vWD 2B differs from 2A by normal
vWEF in platelets, and increased RIPA. RIPA is normal in mild, decreased in moderate, and
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absent in severe type 2A vWD. RIPA is decreased or absent in 2M, 2U, 2C, and 2D;
variable in 2E; and normal in 2N and dominant type 1. vWD 2M is usually mild and
features decreased vVWIEF:RCo and RIPA, and a normal or near-normal vWF multimeric
pattern in a low-resolution agarose gel. VWD 2A-like or unclassifiable (2U) is distinct from
2A and 2B and typically features low vWEF:RCo and RIPA with the relative lack of large
vWF multimers. vWD type 2C is recessive; the dominant type 2D is rare. The response to
desmopressin acetate (DDAVP) of vWF parameters is normal in pseudo-vWD and mild
type 1. The responses to DDAVP of FVIII:C and vWF parameters in vWD 2M,
Vincenza, 2E, and mild 2A, 2U, and 2N are transiently good for a variable number of
hours to arrest mucocutaneous bleeding episodes or to prevent bleeding during minor
surgery or trauma. However, the responses are not good enough to treat major bleedings or
to prevent bleeding during major surgery or trauma. The response to DDAVP of vWF
parameters is poor in recessive type 3, 1 and 2C, and dominant 2A, 2B, and 2U. Proper
recommendations of FVIII/VWEF concentrates using FVIII:C and vWEF:RCo unit dosing
for the prophylaxis and treatment of bleeding episodes in type 2 disease that is non-
responsive to DDAVP and in type 3 vWD are proposed.

KEYWORDS: von Willebrand factor, von Willebrand disease, ristocetin cofactor
activity, von Willebrand collagen binding activity, factor VIII:C, bleeding time,

desmopressin acetate

The von Willebrand factor (vVWF) is a multi-
meric plasma glycoprotein that plays a central role in
hemostasis. VWF acts both as carrier for coagulation
factor VIII (FVIII) in the plasma and as a mediator of
platelet adhesion to subendothelium after vascular in-
jury. Several distinct functional domains have been
identified within the vWF, including regions involved
in binding to factor VIII, to platelet receptor GPIb, to
platelet GPIIb-IIIa, to components of extracellular ma-
trix such as collagen and heparin, regions involved in
multimerization and dimerization of vVWF, and the Al
and A2 domains involved in the majority of type 2 von
vWF defects (Fig. 1)." The classification of congenital
von Willebrand disease (VWD) as recommended by
the von Willebrand Factor Scientific Standardisation
Committee (VWF-SSC) of the International Society
on Thrombosis and Haemostasis (ISTH) is based on
laboratory phenotyping using the combination of
FVIII:C and vWF:antigen (Ag) levels, ristocetin-
induced platelet aggregation (RIPA), and rather insen-
sitive tests for vWT:ristocetin cofactor (RCo) and vWF
multimeric pattern in a low-resolution agarose gel.z’3
Accumulating data on the structure and function rela-
tionship between phenotype and genotype of vVWD and
the use of more specific and sensitive diagnostic tools
including vWF:collagen binding factor (CB) assay,
FVIII binding to vWF, and improved multimeric anal-
ysis will have a major impact on a correct diagnosis and
proper classification of the vVWDs. The contribution of a
DDAVP challenge test has become available for clini-
cians to better distinguish the various type 1 and type 2
vWDs. In this study, we evaluated the clinical features,

laboratory phenotypes, and genotypes of severe autoso-
mal recessive type 3 and type 1 vWD, asymptomatic
carriers of a nonsense or missense mutation in the vVWF
gene, blood group O-related vVWE deficiency and mild
or moderate dominant type 1 vWD, and all variants
of type 2A, 2B, 2C, 2D, 2E, 2M, 2N, and 2 unclassifi-
able (U).

RECESSIVE TYPE 3 vWD AND

BLOOD GROUP O

Obligate heterozygous parents of type 3 vWF patients in
fact can be regarded as true type 1 quantitative vVWF
deficiency heterozygous for the vWF null allele. The
inheritance of vVWD type 3 is autosomal recessive. "
Type 3 vWD patients typically have strongly prolonged
bleeding times (BT) and activated partial thromboplas-
tin times; FVIIIL:C levels between 1 and 9%; undetect-
able vVWF:Ag, vWEF:RCo, and vWF:CB levels; and
absence of RIPA.*® In 31 cases with type 3 vWD (age
2 to 80 years; median, 15 years) described by Schnep-
penheim et al® bleeding manifestations were recorded as
easy bruising and prolonged epistaxis in 31 (100%),
spontaneous joint bleedings in 23 (76%), muscle bleed-
ings in seven (22%), and gastrointestinal bleedings in
three (10%) patients. Type 3 vWDs are homozygous or
compound heterozygous for two null alleles (gene dele-
tions, stop codons, frameshift mutations, splice site
mutations, and absence of MRNA) in the vast majority
of reported cases.*® Compound heterozygosity for a null
allele and a missense mutation or homogygosity for a
missense mutation is rare in type 3 vWD.

Downloaded by: Universitatsbibliothek. Copyrighted material.



OVERVIEW OF von WILLEBRAND DISEASES/MICHIELS ET AL

579

100 120 140 160 180 kb
l 1 I l 1 I

El 20 40 60 80
L

Exon No. 1-3 4.5 6 7-10

11-1516 17-18

19-22 23-27 28 29-34 35-38 39-42 43-45 46-47 48-52

[

A m
0
1
I

1 2 3 4 5 6 7 8 9 kb
L L i L i L L 1 [}
L T () T T ] | ] ¥
ExonNo. 1234 56 78910-1314 15 16-18 19-21 22-24 25-27 28 29-3132-35 36 37 38-41  42-45 46-49 50-52
: I
Signal 22 aa Propeptide 741aa Mature VWF monomer 2050aa
-+ Ll >
Types Type
Type 2N 2B&2M 2A
ExonNo. 12 3-10 1117 18-20 20-28 28 28 28-32 33-34  35-39 4042 4344 4548 49-52
c [ I
Domain 5'UT S D1 D2 D’ D3 Al A2 A3 D4 B1-B3C1 C2
FVill Gp1b Collagen Gplib/ilia
Heparin Collagen
Heparin s
Multimerization Dimerization

Figure 1 Structure and function relationship of the von Willebrand factor (vWF) gene and protein. For explanation, see text.

ASYMPTOMATIC HETEROZYGOUS

TYPE 1 vWD CARRIERS AND

BLOOD GROUP O

In the study of 27 patients with congenital type 3 vVWF
deficiency associated with one null allele analyzed by
Schneppenheim et al,® 22 were asymptomatic and only
seven presented very mild bleeding (mainly bruising and
epistaxis). All, except one, had normal BT. The mean
values for FVIII:C, vWE:Ag, and vWEF:RCo were 0.76,
0.39, and 0.39 U/mL, respectively, with an increased
FVIII:C/vWF:Ag ratio of 1.9 and a normal vWE:RCo/
vWEF:Ag ratio of 1, consistent with true type 1 vWF
deficiency (Table 1). In the study of Zhang et al?
including 25 patients heterozygous for the vWEF null
allele and blood group non-O, 12 had no bleeding
history and 13 presented with very mild bleedings (one
or two bleeding symptoms, mainly epistaxis, bruises,
and/or prolonged menstruations with no abnormal
bleeding after tooth extraction). The mean values for
FVIII:C and vWEF:Ag were 0.81 and 0.45, respectively,
with an increased ratio for FVIII.C/YWF:Ag of 1.8
(Table 1). In the same study of Zhang et al* including
17 patients heterozygous for the vWF null allele and
blood group A, eight had no bleeding history and 11
presented with minor bleedings. The mean values for
FVIII:C and vWEF:Ag were 0.74 and 0.32, respectively,
with an increased ratio for FVIIL:C/vWEF:Ag of 2.3
(Table 1). In each of these two studies,*® there is a
wide range of values from 0.11 to 1.28 U/mL for

FVIIL:C and from 12 to 0.94 for vWEF:Ag, with ratios
of FVIIL:C/YWEF:Ag ranging from normal to increased
above 2, indicating the difficulty in distinguishing true
congenital type 1 vWF deficiency from vWF deficiency
related to blood group O. In the study of Schneppen-
heim,’ the YWF parameters in the seven mildly sympto-
matic cases heterozygous for the vVWE null allele ranged
from 0.22 to 0.45 U/mL for vWEF:Ag and from 0.24 to
0.48 for vWEF:RCo. In the study of Zhang,4 24 individ-
uals heterozygous for the vVWF null allele (true type 1
vWF deficiency) had vWEF:Ag levels above 0.50 U/mL
in six and ranged from 0.13 to 0.45 U/mL in 18 patients.
From these data it can be concluded that one fourth of
the individuals with true vWF deficiency type 1 hetero-
zygous for the vVWEF null allele are at risk for very mild
bleedings at vYWF values between 0.20 to 0.50 U/mL, do
have normal BT, and are predicted to have a completely
normal response of FVIII:C and vWF parameters from
below 0.50 to above 1.00 U/mL before and after
DDAVP.

RECESSIVE TYPE 1 VWD

Compound heterozygosity for a null allele and a mis-
sense mutation or homozygosity for a missense mutation
is rare in type 3 vWD,"® but is common and traced
frequently in patients with severe autosomal recessive
type 1 vWD.? Severe autosomal recessive type 1 vWD

patients who are compound heterozygous for a null allele
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Table 1 Laboratory Phenotype and Clinical Symptoms in 69 Patients with True vWF
Deficiency Type 1 Heterozygous for the vWF Null Allele (parents of type 3 vWD)

Author Schneppenheim® Zhang* Eikenboom?®
Number of patients 27 25 17 14 6
Blood group Not specified A O A (0]
FVIIEC (%) 76 81 74 93 81
Range 35-118 37-121 11-128 69-138 58-93
VWF:Ag 39 45 32 61 52
Range 27-68 13-94 12-70 37-98 40-66
vWF:RCo 39 — — 56 53
Range 16-57 — — 30-92 39-68
Ratio FVIII.CAWF:Ag 1.9 1.8 2.3 1.52 1.56
Ratio vVWF:RCo/Ag 1 — — 1.66 1.52
Range 0.55-1.92
Mild bleedings* 7 13 11 1 1
% 26% 52% 65% 7% 17%

*One or two bleeding symptoms mainly epistaxis, bruises and/or prolonged menstruation. No abnormal
bleeding after tooth extraction or surgery, and no hemarthroses or muscle bleeding.
VvFW, von Willebrand factor; VWD, von Willebrand disease; FVIII, factor VIII; Ag, antigen; RCo, ristocetin

cofactor; C, coagulant.

and a missense mutation, or homozygous or double
heterozygous for a missense mutation have detectable
but very low vWEF levels (Table 2).

Homozygotes for the missense mutations
W377C (Schneppenheim et al®) and for R273W (Allen
et al®) in the propeptide D1 domain have been described
to be associated with severe autosomal recessive type 1

or type 3 vWD phenotype. Reported cases of severe

recessive type 1 vWD are in fact severe autosomal
recessive type 2 vWD as demonstrated by vWF multimer
analysis.gf13 The multimeric pattern of homozygous
R273W clearly showed the absence of high molecular
weight multimers and a pronounced monomeric band
consistent with type 2A or 2E vWD.? Homozygosity for
the missense mutation C2364F in a family and double
heterozygosity for C2364F/null in three families has

Table 2 Reports of Autosomal Recessive Severe Type 1 vWD Caused by Homozygous Missense Mutations or
Compound Missense/Null Mutations with a Type 2 vWD on Multimeric Analysis of VWF Protein

Author/Mutation F/M, Age BT FVIII:C VvWF:Ag vWF:RCo vWF:CB RIPA vWF:MM

Schneppenheim et al, 1994°

W377C/W377C 2yr >20 0.02 0.03 0.03 — — nt

Eikenboom et al, 1998,% Castaman et al, 2000""

C2362F/C2362F F >30 0.19/0.44 0.02 <0.03 — — 2A

C2362F/splice site M >30 0.01/0.28 0.01 <0.03 — — 2A

C2362F/R2535*nul F >30 0.11/0.30 0.01 <0.03 — — 2A

C2362F/737insC F >30 0.08/0.21 0.02 >0.03 — — 2A

C2671Y/del nul F >30 0.10/0.19 0.03 <0.03 — — 2A

4699/? M 15 >20 0.25/0.37 0.11 <0.03 — —

C2671Y/W2193R M >30 0.18/0.33 0.6 <0.03 — —

(Gene conversion)

Castaman et al, 20022

C2362F/splice sit M 3 yr >15 0.18 0.05 <0.03 — — N low
0.21 0.07 0.07 resolution

Schneppenheim et al, 2001"®

C2754W/C2754W >20 0.12 <0.05 <0.05 — — 2D

Allen et al, 2000°

R273W/R273W Boy 15 0.20 0.06 0.06 — — 2A or 2E

R273W/R273W Boy 15 0.33 0.09 0.04 — — 2A or 2E

R273W/R273W Boy >20 0.09 <0.01 <0.01 — — —

vWD, von Willebrand disease; VWF, von Willebrand factor; FVIII, factor VIII; C, coagulant; Ag, antigen; RCo, ristocetin cofactor; CB, collagen-
binding factor; RIPA, ristocetin-induced platelet aggregation; MM, missense mutation; nt, not tested.
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been reported to be associated with severe type 1 vWD
indicated by FVIII:C levels of 12 to 32 U/L, very low
but detectable YWEF:Ag, and undetectable vWEF:RCo
(Table 2).% In some of these severe type 1 vWD patients,
FVIII:C, vWF:Ag, and vWEF:RCo reached values
of >0.50, 0.11, and 0.09 U/L, respectively, after
DDAVP.X C2364F heterozygous carriers were asymp-
tomatic, had normal or slightly prolonged BT, subnor-
mal values for yWE:Ag and vWEF:RCo with a normal
vWEF:RCo/Ag ratio, and a normal vWF multimeric
pattern in a low 0.8 or 0.9% agarose resolution gel.'’
However, analysis of vWEF in plasma from cases with
severe autosomal recessive VWD homozygous for a
missense mutation C2362F or compound C2362F/null
(exon 42 of the B1 to B3 domain) as well as heterozygous
carrier of C2364F all showed a heightened proteolytic
pattern with marked increase of 176- and 140-kd deg-
radation products consistent with type 2A vWD
(Table 2).1' Castaman et al*? described another case
of severe autosomal recessive type 1 vWD double het-
erozygous for two missense mutations C2364/splice site
(Table 2).

Homozygosity for a dimerization defect in the
C-terminal domain of the vVWF gene C2754W caused
type 3 vWD with undetectable vVWF:Ag, vWEF:RCo,
and vWE:CB (Schneppenheim et al).B3 Repeated vWF
multimeric analysis of the patient’s platelets could only
detect low molecular weight multimers and further
analysis revealed intervening bands between individual
bands consistent with type 2D vWD. Eikenboom et al®
described a case of autosomal recessive type 1 vWD due
to double heterozygosity for the mutation C2671Y in
exon 49 of the dimerization region of the vVWF gene for
which analysis of the vWF multimeric pattern was not
performed. Finally, clinicians have to be aware that type
2N vWD may present with normal BT and equally
decreased vWEF:Ag and vWE:RCo simulating recessive
type 1 vWD, but FVIIIL:C is much lower compared with
vWEF:Ag due to a FVIII binding defect in the D’ domain
of the vVWF protein.14

BLOOD GROUP O AND TYPE 1 VWD

ABO blood group is a well-known significant determi-
nant of plasma vWF concentration.> %7 Coughlan
et al'® evaluated the presence of vVWF null alleles in a
cohort of 36 unrelated type 1 vWD patients (according
to SSC recommendations of the ISTH) and in a group
of 82 control persons. vVWEF null alleles were not found in
their type 1 vWD and also not in the control population.
The frequency of blood group O in their type 1 patients
was 72%, which is higher than the 43% in their control
population. Of 62 parents of type 3 patients with a
documented null allele, 23 (37%) had blood group O
(Table 1). These observations reflect the complexity
underlying the expression of a laboratory phenotype

type 1 vWD, and suggest the involvement of asympto-
matic heterozygous missense mutations in the vVWEF gene
and genetically determined factors such as blood group
O. It is unknown whether additional congenital or
acquired factors also exist. This view is supported by
the observation that the missense mutation (polymor-
phism) Y1584C in exon 26 of the vWEF gene is increased
in symptomatic vVWD type 1 (14%) and the majority of
these Y1584C heterozygotes (approximately 90%) were
of blood group O."?° Bleeding manifestation in prop-
ositi in nine type 1 families with the Y1584 mutation and
blood group O were mild in two families and mild to
moderate in seven families.'” The laboratory phenotype
of probands with the combination of Y1584C and blood
group O was typically type 1 vWD, with mean values of
FVIIL:C 0.54 (0.11 to 1.01), vWF:Ag 0.40 (0.24 to
0.50), and vYWF:RCo 0.36 (0.29 to 0.46)." Hetero-
zygosity for the missense mutation Y1584C was found in
two of 200 random controls by Bowen et al,? and in
one asymptomatic case (vVWEF:Ag 0.50 U/mL) among
100 healthy controls by O'Brien.’” In a subsequent
study Bowen et al*!' studied 30 type 1 vWD families
and found that heterozygosity for Y1584C was present
in eight of 30 (27%) families and 19 of 76 (25%)
individuals with mild type 1 vWD. Eighteen (95%) of
these heterozygous (C1584) individuals had blood group
O. These data confirmed previous observations that
C1584 associated with blood group O is prevalent
among mild type 1 vWD, but not necessarily causative
of disease in all cases. C1584 does not by itself cause type
1 vWD. Increased vWF-cleaving metalloprotease
ADAMTS 13-induced proteolysis of vWF was associ-
ated with C1584 and cosegregated with C1584 in
affected and nonaffected individuals.?! Therefore,
C1584 should not be used in isolation to diagnose
mild type 1 vWD.

PSEUDO-vWD

We prospectively studied the probands of 24 unrelated
families diagnosed with so-called mild vWD type 1.2
Bleeding manifestations were mild and the BT usually
normal on repeated occasions. The levels for vVWE:Ag,
vWE:RCo, and vWF:CB were between 0.20 to 0.60 U/
mL, with normal ratios for VWF:RCo/vVVF:Ag.22
FVIIL:C levels were somewhat higher compared with
vWEF:Ag, with a FVIII:C/yWF:Ag ratio of 1.48
(range, 0.8 to 2.2). vVWE:Ag levels of 0.20 and 0.60
before DDAVP reached high peak values of above
1.0 U/mL in all with a mean of 2.16 U/mL (range
1.15 to 3.18 U/mL) after DDAVP.?* After DDAVP
the ratios of VWEF:RCo/vWEF:Ag remained normal
(0.97, range 0.65-1.34), but the ratio of vWEF:CB/
vWF:Ag increased significantly to 1.60 (range 1.03-
2.28) indicating the release of unusual high vWF

multimers  immediately after desmopressin acetate
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Figure 2 Normal responses to desmopressin acetate (DDVAP) of factor VIII coagulant activity (FVIlic) and von Willebrand factor (VWF)
parameters in three patients with mild VWF deficiency consistent with pseudo-von Willebrand disease (VD).

(DDAVP; Fig. 2).%2 Interestingly, the ratio FVIIL:C/
vWEF:Ag remained normal or corrected to normal after
DDAVP in nearly all probands (Fig. 2), which is
suggestive of a pseudo-vWF deficiency rather than a

genetically determined true type 1 vWF deﬁciency.22
The values for FVIII:C and vWF parameters remained
in the low normal range for 24 hours after DDAVP
infusion (Fig. 2).
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Figure 3 Normal response of factor VIl coagulant activity (FVIlic) and decreased response of von Willebrand factor (vWWF) parameters
to desmopressin acetate (DDAVP) in three cases of dominant type 1 von Willebrand disease (VWWD; one woman, left, and one brother
and sister, middle and right, respectively) showing an increased ratio of FVIII:C/V\WF:antigen (Ag) and a normal vWF:ristocetin cofactor
(RCo)/Ag ratio before and after DDAVP consistent with a secretion defect.
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Table 3 Laboratory Data in Six Families with Autosomal Dominant Type 1 vWD

Ratio
FVII.C vWF:Ag vWF:RCo vWF.CB Ratio FVIII:C/ Response to
Author BT (U/dL) (U/dL) (U/dL) (U/dL) vWF:.CB/Ag vWF:Ag RIPA DDAVP vWF:MM
Michiels et al, 2002%2
Family 1 Normal 19 9 <10 12 1.3 2.1 N Decreased type 1 N
Family 2 1 56 17 16 13 0.8 3.3 N Decreased type 1 N
Family 3
Mother 7 67 19 14 21 1.1 35 N Decreased type 1 N
Daughter 1 65 19 23 16 0.9 3.4 N Decreased type 1 N
Brother ) 82 21 17 27 1.3 39 N Decreased type 1 N
Eikenboom et al, 19962 RCo/Ag
Family 4
Father 1 21 10 <20 — — 2.1 S — N
Son T 22 11 <20 —_ — 2.0 — — N
Daughter 7 35 15 <20 — — 2.3 — — N
Federici et al, 1993%°
Grandfather 1 35 10 7 — 0.7 3.5 — — N
Mother il 28 8 6 — 0.75 3.5 — Decreased N
Daughter 7 24 10 6 — 0.60 2.4 — — N

VWD, von Willebrand disease; BT, bleeding time; VWF, von Willebrand factor; FVIII, factor VIII; C, coagulant; Ag, antigen; RCo, ristocetin
cofactor; CB, collagen-binding factor; RIPA, ristocetin-induced platelet aggregation; DDAVP, desmopressin acetate; MM, missense mutation; 1,
prolonged; —, not tested; N, normal VWF multimers in low-resolution agarose gel.

DOMINANT TYPE 1 viWD SECRETION
DEFECT
In our cohort of VWD patients,22 we found three
families with severe type I vWD (vWF parameters
< 0.20 U/mL), who had (1) a mild to moderate bleeding
history since childhood, (2) a normal RIPA, (3) a normal
or slightly prolonged Ivy BT, and (4) a normal vWF
multimeric pattern but a decreased response of vVWF
parameters to DDAVP, suggesting a secretion defect of
vWF from endothelial cells (Fig. 3). In these three
probands, the ratio of FVIII:C/vWEF:Ag was > 3 before
and after DDAVP (Table 3), which is suggestive of a
decreased synthesis or secretion defect due to an un-
defined vWF missense mutation. We propose to label
this category as autosomal dominant moderate vWD
type 1 due to a secretion defect (Table 3).%3
Eikenboom et al** demonstrated that the classical
autosomal dominant type 1 vWD with high penetration
of moderate bleeding symptoms is caused by a hetero-
zygous missense mutation Cys367—>Phe (C1130F) in
one and Cys386—>Arg (C1149R) in another family.
These two missense mutations are located in the D3’
domain and interfere with the normal vWF subunits
coded by the normal vWF allele, causing a defective
intracellular multimerization and degradation of vWF,
leading to a secretion defect of the vVWEF by endothelial
cells.?*?° The autosomal dominant severe type 1 vWD
(C1130F) is characterized by low vWF levels of
<0.20 U/mL and the presence of all sizes of vYWF
multimers, and an increased FVIIL:C/vWEF:Ag ratio of

2.0 to 2.3 consistent with a synthesis — secretion defect

of VWF deficiency type 1 (Table 3).*> A similar domi-
nant-negative mechanism of intracellular retention and
degradation of vWEF caused by heterodimerization of
mutant and normal vWF subunits in the endoplasmic
reticulum followed by proteosomal degradation in the
cytoplasm has been described for the C1149R mutation.
The laboratory features of this autosomal dominant type
1 mutant are not mported.25 Castaman et al?® screened
24 unrelated Italian patients with autosomal dominant
type 1 vWD for the C1149R and C1130F mutations.
None of the patients had the C1149R mutation and
three apparently unrelated patients showed the presence
of the C1130F mutation (formerly reported as C367F)
and typical features of severe dominant type 1 vWD,
with vVWF values <15 U/dL and increased FVIII:C/
vWEF:Ag ratios.?® The C1130F and C1149R mutations
indeed showed impaired multimerization by the absence
of high molecular weight multimers; they also showed
a pronounced secretion defect caused by intracellular
retention and degradation of mutant vWF, consistent
with a quantitative yWD phenotype.24_27 Such cases of
autosomal dominant type 1 vWD with type 2-like vWF
multimeric pattern due to cysteine mutations in the D3
domain (C1130F and C1149R) are very likely to be
reclassified as type 2E vWD (see 2E vWD section).
Casana et al?® reported the association of domi-
nant mild type 1 vWD with increased FVIII:C/vYWF:Ag
ratios in seven members of one family with heterozygos-
ity of T1156M in the D3 domain of the vWF
gene. Federici et al?’ described a family (grandfather,
mother, and newborn daughter) with severe type 1
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vWD, subtype plasma low-platelet low that could be
explained by decreased synthesis of vYWEF in cultured
endothelial cells isolated from the umbilical vein of the
newborn daughter. This family can readily be reclassified
as autosomal dominant severe type 1 vWD (Table 3).

vWD TYPE 1 vWD VICENZA DIFFERS

FROM TYPE 2M

In our cohort of VWD patients, we found two pro-
bands with severe type 1 vVWD and decreased RIPA, that
could be classified as vWD type 2M because of a very
characteristic response to DDAVP (Fig. 4). The typical
laboratory features in our vWD type 2 M patients are
(1) severe type 1, (2) decreased RIPA in the presence of
a normal or near-normal vVWF multimeric pattern in
a low-resolution agarose gel, (3) a poor response of
vWEF:RCo to DDAVP, and (4) a good response of
both vVWF:CB and vWF:Ag to DDAVP. This good
response of VWEF:CB to DDAVP in 2M vWD is
consistent with the presence of all vVWF multimers and
can explain the slightly prolonged and normal Ivy BT's
before and after DDAVP (Fig. 4).22 In a recent study of
317 patients previously registered as type 1 vWD, 30
patients from 17 unrelated families with discrepant
vWEF:RCo/vWEF:Ag ratios in plasma, normal vWE mul-
timers could be reclassified as type 2M.*° RIPA assay
was previously performed in 26 of 30 2M patients and an
absent or decreased responsiveness to ristocetin with
minor aggregation at 1.5 mg/mlL was found in all
cases.’® This simply may mean that all cases of severe
type 1 vWD with a normal or near-normal vWF multi-
meric pattern and a decreased or absent RIPA, and a
decreased vVWF:RCo/vWEF:Ag ratio, can currently be
reclassified as 2M vWD.

Congenital YWD Vicenza clearly differs from 2M
and 2U. vWD Vicenza is characterized by equally low
levels of FVIIL:C, vWF:Ag, and vWEF:RCo; usually
normal RIPA; a normal or slightly prolonged BT; and
the presence of unusually large vWF multimers in
plasma.17’31’32 The response to DDAVP in several cases
of YWD Vicenza***? was good for FVIIL:C, vWF:Ag,
and vWE:RCo, which was followed by unexplained very
short half-life times of less than a few hours for FVIII:C
and all vVWF parameters, consistent with a laboratory
type 1 phenotype. The ratios for FVIII.C/vWEF:Ag,
vWEF:RCo/vWEF:Ag, and vWEF:CB/vWF:Ag remained
normal before and after DDAVP.*"™* A single muta-
tion R1205H in the D3 (multimerization) domain was
found as the probable cause of YWD type Vicenza.>*

On the basis of this update and detailed analysis
of the literature in a previous study,35 we propose a novel
classification and characterization of type 1 and type 3
vWD patients (Table 4). Carriers of recessive type 1 and
type 3 vWD are in fact true type 1 vWD at the genetic

level, but are usually asymptomatic or have mild bleed-

ing, particularly when associated with blood group O.
Carriers of a missense mutation in the vVWF gene may
be asymptomatic (polymorphism), for example C1584,
and may be mildly symptomatic in particular when
associated with blood group O. Variants of dominant
type 1 vWD result from a missense mutation in the vVWF
gene with dominant negative effect of the mutated vWF
protein on the normal vWF protein causing a defective
intracellular processing and secretion of vWE by endo-
thelial cells and defective clearing of the secreted vVWF
from plasma consistent with a type 2E or type Vicenza

vWD.

TYPE 2 vWD

In the plasma, vVWE appears as a series of large and
intermediate multimers of regularly decreasing molec-
ular mass, from several thousand to 500 kd.>*3” The size
of circulating vVWF multimers is controlled by proteolytic
cleavage performed by a specific protease, ADAMTS 13,
at cleavage site 1506 in the A2 domain. The 140-kd
fragment corresponds to residues 763 to 1605aa, and
the 176-kd fragment to residue 1605 to 2813aa. The
vWF is an adhesive protein that mediates the initiation
of platelet adhesion and aggregation through vWF
subendothelial and vWEF—platelet interactions to control
primary hemostasis (BT) at sites of vascular trauma or
injury. vVWEF binds coagulant FVIII (FVIII:C), contri-
buting to its stability and, indirectly, to its function in
the generation of fibrin.%”

Using high-resolution sodium dodecyl sulfate—
agarose multimeric analysis of vVWF in plasma in combi-
nation with immunoblots of vVWE proteolytic degrada-
tion products, Zimmerman et al’® nicely demonstrated
that proteolysis of vVWF is a normal event in normal
individuals, and is increased in types IIA (2A) and IIB
(2B) vWD with increased triplet structure of each band
as the result of proteolysis, and that proteolysis of vVWF
is minimal in types IIC (2C), IID (2D), and IIE (2E)
variants with aberrant multimeric structure of individual
oligomers.38 In types IIA (2A) and IIB (2B), the
proportion of 176- and 140-kd fragments was increased
related to the intact 225-kd subunit, and these degraded
vWEF fragment were not detected or were present in only
trace amount in types IIC (2C), IID (2D), and IIE (2E)
vyWD.3%¥ Zimmerman et al*® therefore postulated
additional mechanisms to explain the aberrant structure
of individual oligomers in types IIC, IID, and ITE vWD
patients. All types IIA, B, C, D, and E>335 are reclassi-
fied by Schneppenheim, Budde, and Ruggeri as 2A, 2B,
2C, 2D, and 2E (Fig. 5; Table 5)**%

DOMINANT TYPE 2A vWD
The pertinent findings in patients with type 2A vWD
include prolonged BT; consistently low vWE:RCo/
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Figure 4 Poor response of von Willebrand factor (vWF):ristocetin cofactor (RCo) and good responses of factor VIII coagulant activity
(FVIlIc), vWF:antigen (Ag), and VWF:collagen-binding factor (CB) to intravenous desmopressin acetate (DDAVP) in two cases with type
2M von Willebrand disease (VWD).

Table 4 The Antwerp Classification and Characterization of Quantitative Type 1 and Type 3 vWD

Category vVWD BT FVIII:C (%) vWF:Ag (%) RCo RIPA Bleeding Type VWF Gene Mutation
Severe type 3, recessive | ] 7 1-9 Zero Zero Zero Severe hemophilia Double nonsense

Severe type 1, recessive | | 7 9-40 1-10 0-6 Zero Moderate severe Double missense
Bloodgroup 0'5'6"7 N 35-150 35-150 35-150 N Asymptomatic very mild Normal VWF gene
(pseudo-vWD)

Carrier type 3 N/ 1 30-140 15-90 15-90 N Asymptomatic very mild Single nonsense (null allele)
Minor influence (— 10%) of blood group O

Carrier type 1 N N N N N Asymptomatic Single missense
(polymorphism)

Mild type 1 N/1 12-70 14-70  12-80 N Mild Y1584C"?"blood group O
Variable penetrance (multigenetic)

Dominant type 1 N/ 1T 20-80 10-40 0-30 N Mild or Single missense

Secretion defect VAR 5-20 5-20 5-20 Moderate D3 domain type 2E
Dominant type 1

Vicenza N/T <15 <15 <15 Moderate Singlef1205H

missense (variant 2M)

VWD, von Willebrand disease; BT, bleeding time; FVIII, factor VIII; C, coagulant; Ag, antigen; RCo, ristocetin cofactor; RIPA, ristocetin-induced
platelet aggregation; vVWF, von Willebrand factor.
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Figure 5 Clustering of von Willebrand factor (vWWF) mutations for each of the variants of type 2 von Willebrand disease (VWD) to
specific domains of the VWF gene and protein and the typical multimeric pattern characteristic for each variant of type 2 vWD according

to Budde and Schneppenheim.*®

vWEF:Ag and vWF:CB/vyWEF:Ag ratios; absence of high,
and depending on severity, absence of intermediate vVWF
multimers; pronounced triplet structure of individual
bands; and increased vWEF degradation products
(Fig. 5; Table 5).38-40 Type 2A vWD results from
genetic abnormalities in the A2 domain of the vWF
gene, and the absence of high vWF multimers and in-
creased triplet structure is the consequence of increased
in vivo proteolysis of large vWF multimers.*~** Lyons
et al*® demonstrated that structural changes within the
A2 domain can produce two different characteristic
phenotypes of type 2A vWD. In COS cells, three single
missense mutations Val844Asp (V1607D), Ser743Leu
(S1506L), and Gly742Arg (G1505R) resulted in no
secretion of high molecular weight multimers due to
impaired transport of vWF multimers between the
endoplasmic reticulum and the Golgi complex (so-called
group 1 defect) with very likely intracellular proteolysis
of large vWF multimers.* The two missense mutations
Arg834Trp (R1597Q) and Gly742Glu (G1505E) re-
sulted in secretion of high molecular weight multimers
similar to wild-type multimers, indicating that extrac-
ellular loss of high molecular weight multimers due to

increased proteolysis in plasma is responsible for type
IIA (2A) vWD (so-called group 2 defect). Interestingly,
platelet lysates demonstrated a decrease of large vVWF
multimers for G1505L and S1506L mutants (group 1
defect) but a normal pattern for the G1505E and
R1597W mutants (group 2 defect).

Battle et al*®*’ and Michiels et al** observed
heterogeneity of mild, moderate, and severe type 2A
vWD with regard to bleeding symptoms, laboratory
phenotypes, and response to DDAVP (Table 6). Mild
type 2A vWD is characterized by normal or subnormal
values for FVIIL:C and vWF:Ag; low vWF:RCo values
> 0.20; normal RIPA; a good but transient correction of
BT, FVIIL:C, and vWF parameters; and large multimers
for a few hours after DDAVP (Fig. 6). Pronounced type
2A vWD patients have low values for YWE:Ag, very low
or undetectable levels for YWEF:RCo and vWEF:CB, and
no RIPA at a high concentration of ristocetin (1.75 or
2.0 mg/mL). The response of BT and the functional
vWF parameters to DDAVP in mild and pronounced
type 2 vWD patients (Table 6) is variable, ranging from
transient for less than 3 hours, to minor or very poor

(Fig. 6).
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Table 5 Classification and Characterization of Type 2 vWD According to Zimmerman and Den

et al,*® and Budde and Schneppenheim*®

t,%8 Schneppenheim

vWF Multimeric Pattern

Molecular Defect

Type Ratio vWF:RCo/Ag (see figure 5) Domain/Mechanism RIPA Heredity

2A Decreased Absence of high VWF MM, A2 domain/increased N |/] ] orA AD
pronounced triplet structure proteolysis of VWF

2B Decreased Absence of high VWF MM, A1 domain/increased B AD
pronounced triplet structure proteolysis of VWF

2C Decreased Absence of high VWF MM, D1 D2 domain/ L L/A AR
absence of triplet structure multimerization defect

2D Decreased Absence of high VWF MM, CK end of VWF gene/ l AD
absence of triplet structure dimerization defect
and odd number of monomers

2E Decreased Relative lack of high MM, D3/multimerization defect N/ | AD
triplet structure: absence of
outer band and inner band
closer to central band

2N Normal Normal, FVIII:C/VWF:Ag ratio decreased D’ FVIII binding domain N AR

Present and Previous Study According to Michiels et al®®

Vicenza Normal Presence of unusually high A1 domain N AD
VWF MM mimicking type 1

2M Decreased The presence of high VWF MM A1 domain RIPA defect L L/A AD
mimicking type 1 but with a
decrease or absence of subbands

2U Decreased Relative decrease of high A1 domain RIPA defect L L/A AD
VWF MM (1B variant 2A)

2E like  Decreased Relative lack of high MM; triplet D3 domain, no data? N/L/L ] AD or
structure: absence of outer AR

band and inner band closer
to central band

VWD, von Willebrand disease; VWF, von Willebrand factor; RIPA, ristocetin-induced platelet aggregation; MM, missense mutation; AD,

autosomal dominant; AR, autosomal recessive.

DOMINANT TYPE 2B vIWD

The laboratory phenotype of type 2B is indistinguishable
from type 2A. Types 2A and 2B are characterized by
prolonged BT, consistently low vWE:RCo/vyWF:Ag and
vWEF:CB/vyWEF:Ag ratios, absence of high and some of
the intermediate vVWF multimers with pronounced trip-
let structure of individual bands, and increased vWF
degradation products (Fig. 5; Table 5),3* but 2B
differs from 2A by a normal vVWF multimeric pattern
in platelets, and increased RIPA. For type 2B vWD,
the response to DDAVP is good for FVIIL:C and
vWEF:Ag, but despite the fact that vWEF:RCo increases
to >1.0 U/mL, the vWF:CB does not increase to
normal levels, and there is no correction of BT and large
vWF multimers after DDAVP.?? Patients with type 2B
vWD may respond to an infusion with DDAVP with
thrombocytopenia due to the appearance of higher vVWF
multimers, causing reversible platelet aggregation
in vivo.

DOMINANT vWD TYPE 2M

AND TYPE2 U

The determination and characterization of type 2M
vWD in the literature is problematic. The very first
case labeled as vWD 2M (previously labeled as type 1B
vyWD**9) showed the mutation Gly561Ser (G13245),
a slight qualitative defect in multimer distribution,
a completely normal vWF multimer distribution, normal
values of FVIII:C and vWEF:Ag, but absence of
vWEF:RCo and RIPA, a profound decrease of vWF
binding to platelets in the presence of ristocetin but a
normal binding of vWF to platelets in the presence of
botrocetin.**° There was no genetic evidence for either
a dominant or recessive inheritance because family
members of the affected patient were not available, but
circumstantial evidence was produced that Gly561Ser
(G1324S) may be a recessive mutation and that the other
allele may not be expressed (null allele).*®™2 This single
observation is at the origin of the definition of type 2M
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Table 6 Heterogeneity of Patients with Dominant Type 2A vWD

BT After MM After FVIII:C vWF:Ag
Case Sex BT Minutes DDAVP DDAVP (U/mL) (U/mL) RCo CB RIPA 1.2/2.0
Battle et al 1986, 1994647
Mild type 2A vWD
1 F >20 4.5 — 0.35 0.46 0.22 — ++
2 M >20 7 — 0.30 0.50 0.22 — +/+
3 F 15 8 TCC 0.96 1.52 0.7 — —/+
Pronounced type 2A VWD
4 F >30 9.5 TPC 1.00 0.50 <0.01 — —/+
5 F >30 16 NC 0.50 0.40 <0.01 — —/—
6 M >30 21 — 0.39 0.26 0.05 — —/-
Normal <85 >0.50 >0.45 >0.45 +/+
Michiels et al, 20022 RIPA
Mild type 2A vWD
1 F 4-10 <4 TCC 0.62 0.98 0.30 0.23 Normal
2 M 6-10 <4 TCC 0.92 0.56 0.28 0.23 Normal
3 F 3-6 <4 TCC 0.37 0.42 0.21 0.18 Normal
Pronounced type 2A VWD
4 F >15 3-9 — 0.93 0.45 0.13 0.05 Decreased
5 F >15 4-8 NC 0.38 0.15 <0.10 <0.05 Absent
6 F >15 >15 NC 0.66 0.41 0.15 0.05 Absent
Normal <4 >0.60 >0.60 >0.60 >0.60 Normal

vWD, von Willebrand disease; BT, bleeding time; DDAVP, desmopressin acetate; MM, missense mutation; FVIII, factor VIII; C, coagulant; Ag,
antigen; RCo, ristocetin cofactor; CB, collagen-binding factor; RIPA, ristocetin-induced platelet aggregation; TCC, transient complete correction
of VWF multimers; TPC, transient partial correction of VWF multimers; NC, no correction of vVWF multimers.

vWD.*? Those patients with a decreased ristocetin-
induced platelet-dependent function (vVWEF:RCo) in
the presence of large vVWF multimers are subsequently
classified as 2M variants.? Severe type 1 “platelet dis-
crepant” described by Mannucci et al (1985)°! has been
reclassified as vWD 2M by Federici et al,>? and as type
2A by Sadler.”

Since 1996, 22 patients from eight unrelated
families with a typical 2M phenotype of vWD have
been described in the literature’>™> and reviewed in
great detail.>® Genotypes underlying the 2M vWD
phenotype included the following defects in the Al
domain: G1324S, Q1191dell1l, F13691, I11425F,
K1408delK, Y1321D, R1394I, and one defect in the
A2 domain I1526T. The 2M vWDs are characterized by
near-normal values for FVIII:C (mean 53 U/dL), sub-
normal levels for vWF:Ag (mean 39 U/dL), and con-
sistently very low levels for vVWF:RCo between <5 to
30 U/mL, with decreased vWF:RCo/vWEF:Ag ratios
between 0.40 and 0.12. RIPA was measured in 13 of
the 22 type 2M patients and proved to be decreased
uniformly. There is no consensus about the definition
of normal high molecular weight multimers. Three of
the 2M vWD patients showed a near normal but
quantitative loss of the highest YWF multimers in two
studies,”*>° whereas a normal vVWF multimeric pattern

has been noted in the other 19 2M patients.5 356 RIPA
was not measured in 14, but uniformly decreased or
absence in 8, which constitutes a very characteristic
feature of YWD 2M.>3¢

Since 1995, 106 patients from 12 unrelated fam-
ilies with the genetic defect R1374H (Arg611His) or
R1374C (Arg611Cys) have been published®>””? and
reviewed in great detail.*® Lethagen et al*’ found the
R1374C mutation in 72 patients from four families,
which were diagnosed as severe type 1 vVWD (mean value
for vWE:Ag, 0.21; mean value for vVWF:RCo,13; ratio,
0.62). The values for vWF:Ag in 63 affected families
ranged from 0.12 to 0.72, and the values for YWE:RCo
in 33 affected family members ranged from 0.01 to 0.88.
In this family, the vWF:RCo was often lower than the
vWF:Ag, also indicating a qualitative defect of the vWF
protein.”” The high molecular weight vWF multimers
were often more reduced than the low molecular weight
multimers, and such cases have been classified as type 1B
by Hoyer et al,>® and as the 1B variant of 2A by
Schneppenheim et al®’ (Fig. 5; Table 5). In the study
of Castaman et al,”’ the R1374H mutation in two
families was classified as type 1 platelet discordant, a
subtype characterized by disproportional low vWF:RCo
in plasma and platelets as compared with the vWF:Ag

levels.
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Figure 6 Responses to desmopressin acetate (DDAVP) in a case with mild (left) and two cases with pronounced (middle and right)
type 2A von Willebrand disease (VWD) showing normal responses for factor VIII coagulant activity (FVIlic) and vWF:antigen (Ag) in all,
but the responses of VWF:ristocetin cofactor (RCo) and VWF: collagen-binding factor (CB) are transient in mild 2A vWD (left) and minor

(middle) or poor (right) in pronounced 2A vVWD.

In the studies of Hilbert et al®® and Nishikubo
et al,®! the R1374H and R1374C genotype was classified
as variant type 2 vVWD featured by low vWEF:RCo levels,
a discrepant vVWF:RCo/vWEF:Ag ratio, decreased or
absent RIPA, and a moderate decrease of high molecular
weight vWEF multimers together with a significant
increase of the lower vVWF multimers due to increased
proteolysis of the vVWEF. The laboratory phenotypes of
R1374H and R1374C do not belong to type 2A vyWD
because their plasma vWF displayed intermediate multi-
mers and satellite bands with normal intensity. The
pattern of proteolytic fragments of plasma vWE ob-
tained in reduced gels was normal in patients with the
R1374H or R1374C mutation, whereas proteolytic frag-
ments are markedly increased in type 2A vWD.%’ The
two mutations R1374H and R1374C qualitatively mod-
ify the proteolysis of vWEF. In addition to the physio-
logical fragmentation of the subunit, the mutated vWF
shows the presence of an additional 209-kd species not
observed in normal types 1, 2A, 2B, and 2N vWE.% The

relative loss of large multimers with a normal banding

pattern of each multimer clearly differentiates the vVWD
patients with the R1374H or R1374C mutation from
vWD subtypes 2A and 2B with absence of large vWF
multimers and pronounced triplet structure of bands,
from vWD subtypes 2C, 2E, and 2D where satellite
bands are absent or reduced in intensity, and from
subtype 2D where satellite bands migrate in an abnormal
position.’” Consequently, patients with the R1374H
and R1374C mutations are difficult to classify as either
type 2M or any other type 2, and therefore are best
categorized as type 2U vWD.%° The laboratory pheno-
type of YWD 2U is characterized by decreased values for
FVIII:C (mean 32 U/dL), low levels for YWEF:Ag (mean
21 U/dL), very low or undetectable levels for vYWEF:RCo,
and the RIPA was uniformly decreased or absent in all
cases. 378702 The response to DDAVP for the patients
with mutations R1374H or R1374C has been analyzed
occasionally and appeared to be poor for YWE:RCo and
somewhat better for YWF:Ag and FVIII:C.%

Since 1998, 23 patients from eight unrelated
families with the genetic defect R1315C have been
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Table 7 Laboratory Phenotypes and Genetic Defects in the D2 Domain in Six Cases with Autosomal Recessive Type

2C vWD
vWF:CB MM

Author Age (yr) Gender BT (min) FVII:C (%) vWF:Ag VvWF.RCo (%) RIPA  Pattern
Ruggeri et al®® 39 M >30 0.67 0.50 0.10 nt 11 2C
Mutation Ins405AsnPro (F405insNP)( Holmberg et al®®)
Mazurier et al®® 19 F >20 0.24 0.16 <0.03 nt Zero 2C
Mutation 625insGly/26pdelCT-stop (A625InsG/null) (Gaucher®?)
Battle et al®’ — M >20 0.09 0.13 <0.01 nt Zero  2C

— F >20 0.20 0.15 <0.01 nt Zero  2C
Schneppenheim et al®®  Child F 10 >1.00 1.59 0.25 0.29 nt 2C
Mutation homozygous G550R
Gaucher et al®® 64 F >30 0.20 0.10 <0.10 nt nt 2C
Mutation homozygous Cys623TRP (C623W)
Mannucci et al”® 10 F >30 0.85 1.25 0.14 nt Zero  2C?
Mutation Unknown

vWD, von Willebrand disease; BT, bleeding time; FVIII, factor VIII; C, coagulant; VWF, von Willebrand factor; Ag, antigen; RCo, ristocetin
cofactor; CB, collagen-binding factor; RIPA, ristocetin-induced platelet aggregation; MM, missense mutation; N, normal; nt, not tested; |,

decreased.
described in the literature®**#? and reviewed in great
detail.®® The laboratory phenotype of the R1315C
mutation is characterized by subnormal values for
FVIII:C (mean 41 U/dL), low levels for vWF:Ag
(mean 20 U/dL), very low or undetectable levels for
vWEF:RCo of less than 0.10, a decreased vVWEF:RCo/
vWF:Ag ratio between and the RIPA was uniformly
decreased or absent in all cases. The R1315C mutation
has been labeled as type 2M in two cases by Nitu-
Whalley et al.3° The R1315C mutation in 11 affected
members of one family has been described by Lethagen
et al’” as severe type 1 vWD with a poor response to
DDAVP and as type 2 variant or 2U by Ribba et al.®?
During the 51st Annual Meeting of the ISTH
(Sydney, Australia, August 2005), Budde and Schnep-
penheim40 presented a state-of-the-art poster (P2057)
entitled “Multimeric pattern in patients diagnosed with
type 1 von Willebrand disease in the European study,
Molecular and Clinical Markers for the Diagnosis and
Management of Type 1 vWD (MCMDM-1vWD).”
About half of the patients diagnosed as type 1 have
type 2 vVWD. So-called type 1 vWD patients are never
re-diagnosed as type 2A, 2B, 2C, or 2D, but as type 2E,
2M, or 2A-like vWD. None of the heterozygous muta-
tions of the D1, D2, and D’ domains show an abnormal
vWF multimeric pattern. The multimerization defects
caused by mutations in the D1 or D2 domain are
inherited recessively and correlate with a particular
phenotype, namely, 2C (see Table 5; Fig. 5). Mutations
in the D3 domain (C1130R, C1130G, W1144G,
Y1146C) show a type 2E pattern with relative loss of
large vYWF multimers and reduced triplet structure and
proteolysis (Table 5; Fig. 5). Mutations in the Al to A3
domain (R1315C, R1374C, G1415D) show a relative
loss of large vWEF multimers, no increase of triplet
structure, and a defect of the ristocetin cofactor activity

and RIPA, suggesting a type 2A-like or 2U vWD
(Table 5; Fig. 5). Mutations in the D4-CK domain
(G2441C, R2464C, R2464X, C2469P) show a type 2M
multimeric pattern with the presence of high vWF
multimers, no triplet structure, and a smeary pattern.
These new observations indicate that the reported cases
of type 2M with a mutation in the A1-A3 domain are
uniformly associated with reduced vWF:RCo and de-
creased or absent RIPA, and therefore are to be relabeled
as type 2A-like or 2U, and that type 2M is now much
better defined as a distinct laboratory phenotype of vVWD
(Table 5; Fig. 5). The results of the MCMDM-1vWD
studies surely will show the manifold phenotypic ex-
pressions of types 1 and 2 vWDs, which have important
implications with regard to classification and responses
of DDAVP with subsequent consequences for the pre-
vention and treatment of bleeding complications.

RECESSIVE TYPE 2C vWD

vWD type 2C shows a characteristic multimeric pattern
with a lack of high molecular weight multimers, the
presence of one single-banded multimer instead of
triplets, and there is a pronounced first band that
probably includes a dimer and a tetramer (Fig. 5;
Table 5).37* Autosomal recessive vWD type 2C is
caused by homozygosity for a missense mutation (or
double heterozygosity of a null allele and missense
mutation) in the D1 and D2 domains of the vWF
propeptide that catalyzes the multimerization in the
D3 domain at the N terminus of mature vVWF.*¢ The
laboratory phenotypes and the genetic defect of six cases
of autosomal recessive VWD type 2C are shown in
Table 7.547%° Autosomal recessive type 2C vWD, which
affects both males and females, is characterized by very

low levels of FVIII:C and vWEF:Ag, unmeasurable
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vWEF:RCo, absent RIPA, and strongly prolonged BT in
3 kindreds and with prolonged BT, normal values for
FVIII:C and vWF:Ag, and low levels for vWF:RCo and
vWE:CB in two kindreds (Table 7). The response to
DDAVP in these two cases of autosomal recessive type
2C vyWD was very poor, with no increase of vWF
parameters and no correction of the BT.67:68

Mannucdi et al’® described a variant of autosomal
recessive type 2 vVWD characterized by the lack of large
multimers and missing triplet structure in high-resolu-
tion agarose (2.5%) gels distinct from types 2C and 2D
(Table 7).

DOMINANT TYPE 2D vWD

Autosomal dominant type 2D is rare and only two cases
have been reported so far. Typical features of type 2D
vWD are the lack of high molecular weight multimers
and the presence of a characteristic intervening subband
between individual oligomers (Fig. 5; Table 3).3%%0 The
first kindred, a 23-year-old woman and her daughter,
have a history of easy bruising, epistaxis, prolonged
bleeding from minor injuries, menorrhagia, and post-
partum hemorrhage since early childhood.”* The labo-
ratory phenotype of this kindred was characterized by
normal values for FVIII:C and vWF:Ag, moderately
decreased vVWE:RCo, decreased RIPA, and prolonged
BT. The second case of type 2D vWD is a 13-year-old
girl with epistaxis since early childhood and heavy
menorrhagia since menarche.”” The laboratory pheno-
type was characterized by normal levels for FVIII:C,
vWE:Ag, vWE:RCo, low vWEF:CB, and prolonged BT.
The patient was heterozygous for Cys2010Arg, whereas
her mother, father, and sister were asymptomatic and
displayed the wild-type sequence of the vVWE gene,
indicating a de novo mutation and excluding autosomal
recessive inheritance.”” No additional deviant sequences
were detected in the remaining 51 exons of the vWF
gene, thereby excluding double heterozygosity. The
same Cys2019Arg was found in a Swedish family with
type 2D vWD.”® The inheritance of the dimerization
defect at the C-terminal end of the vWF gene (type 2D)
is dominant and homozygous mutations may manifest as

vWD type 3.73

DOMINANT TYPE 2E vWD

Zimmerman et al*® first described the only kindred with
autosomal dominant mild or asymptomatic type IIE
vWD, which is characterized by prolonged BT, normal
FVIII:C, and moderately decreased vWF parameters
with a normal vWEF:RCo/vWF:Ag ratio. The large
vWF multimers are missing and the pattern of the
individual multimers shows only one clearly identifiable
band; there is no intervening band, and a marked
increase in the smallest oligomer, a hallmark of type

2C, is not present (Fig. 5; Table 5).384% This phenotypic
multimeric structure of type 2E vWD is caused by
reduced proteolytic cleavage.

Schneppenheim et al,®” and Budde and Schnep-
penheim40 have produced preliminary unpublished data
that type 2E vWD is associated with a cluster of
mutations in the vVWF D3 domain that affect mainly
cysteine residues that potentially are participating in
intermolecular disulfide binding at the N-terminus of
the mature vWF subunits as the essential domain of
vWF multimerization (Y1146C, C1153Y). The type 2E
phenotype is rather common and one third of patients
with type 2 vWD have this characteristic.3”*° Tjernberg
et al*’ investigated the effect of C1130F and C1149R
mutations in the multimerization area (D3 domain,
Fig. 5) in transfection studies of human recombinant
vWE. The C1130F and C1149R mutations indeed
showed impaired multimerization by the lack of high
molecular weight multimers, but also a pronounced
secretion defect caused by intracellular retention and
degradation of mutant vWF consistent with a quantita-
tive VWD phenotype.24_27 The multimeric pattern in a
1:1 ratio cotransfection (mimicking heterozygosity)
showed the absence of the highest molecular weight
vWF multimers,>” which, according to Eikenboom
et al**2° (who used low-resolution agarose gel), corre-
sponds to heterozygous type 1 vWD, and according to
Budde et al®**® (who used his sensitive method of
multimeric analysis), very likely will represent type 2E
vWD. Balloid et al”* and Gaucher et al”® identified the
Y1107C mutation in the D3 domain in the described
type 2-Bern, which showed a multimeric pattern con-
sistent with autosomal dominant type 2E vWD. The
variant described by Castaman et al’® as autosomal
dominant type 1 showed a typical type 2 multimeric
pattern with the absence of large multimers and an
aberrant triplet structure consistent with type 2E. The
subtype IIC Miami can best be regarded as a variant type
2E, differing from type 2E vWD by the elevated
vWEF:Ag level.”” The laboratory phenotype of vWD
Miami features prolonged BT, high values for FVIII:C
and vWEF:Ag, subnormal values for yWEF:RCo, and a
normal RIPA. The penetrance of bleeding manifesta-
tions in the VWD Miami family was variable.

RECESSIVE TYPE 2E-LIKE vIWD

In the 1980s, three rare case reports of autosomal
recessive types IIG, IIH, and IIF were published,
which show a type 2E-like laboratory phenotype.78_80
In addition to a decrease or the absence of high molec-
ular weight multimers, the multimeric patterns of
subtypes IIE, IIG, IIF, and IIH show an aberrant
triplet structure with a lack of outer bands but with
pronounced inner banding in high-resolution gels.

According to Schneppenheim et al** and Budde and
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Table 8 FVIII:C and vWF Levels Contained in Cryoprecipitates and FVIII/vVWF Concentrates; In Vitro Study 1994

FVIII:.C vVWF:Ag/ vWF:RCo/ vWF:CB/ Ratio vWF: Ratio

FVIll-vWF Concentrate (U/mL) FVIII:.C (U) FVIII:C (U) FVIII:C (U) RCo/Ag vWF:CB/Ag
Wet cryoprecipitate

Blood bank 1 9.70+1.72 4.58+1.17 3.87+0.56 3.99+0.47 0.84 0.87

Blood bank 2 2.34+0.15 2.76+0.21 2.69+0.41 2.61+0.34 0.97 0.94

Blood bank 3 8.62+0.55 5.00+0.97 4.19+0.54 4.28+0.50 0.84 0.85

Lyophilyzed cryoprecipitate 3.65+0.21 4.22+0.74 2.07+0.36 2.40+0.57 0.49 0.58
FVIII/VWF concentrates

Biotransfusion 23.15+1.59 3.82+0.44 4.30+0.30 3.81+1.13 1.13 0.99

Nordic 47.91+2.75 7.47+1.97 3.59+0.33 4.76 +0.96 0.48 0.63

Alpha VIII 250 55.44 +4.53 7.11+1.13 3.79+0.20 3.51+0.43 0.53 0.49

Hemate-P 27.33+4.08 2.74+0.14 2.31+0.37 2.66+0.22 0.84 0.97

Monoclate 94.63+3.08 0.40+0.02 <0.05 <0.10

FVIII, factor VIII; vWF, von Willebrand factor; C, Coagulant; Ag, antigen; RCo, ristocetin cofactor; CB, collagen-binding factor.

Schneppenheim,40 the phenotype IIG/IIF/IIH may
readily be taken together as autosomal recessive 2E
different from type 2A (Fig. 5, Table 5). vWD type
2E appears to be less well defined, is usually autosomal
dominant, may be recessive, and accounts for about one
third of patients with 2A in a large cohort of vVWD
patients diagnosed in the coagulation laboratory in
Hamburg, Germany.”’40

RECESSIVE TYPE 2N vIWD

Type 2N vWD encompasses all patients with FVIIL:C
deficiency caused by a markedly decreased affinity of
vWF for FVIIL:C.*"® The laboratory phenotype of
classical type 2N vWD is characterized typically by
reduced FVIII:C levels despite normal or near-normal
vWEF:Ag, vWF:RCo, and vWF:CB levels; a normal
vWEF multimeric pattern; and normal vWF-dependent
platelet functions including RIPA and bleeding time.
The FVIII:C levels range from 1 to 40 U/dL and depend
on the severity of the FVIII.ZWFCB defect. Although
some cases of have severe FVIII:C deficiency of 1 to 2 U/
dL, the majority of 2N vWD patients have FVIII:C
levels above 5 U/dL. Consequently, type 2N vWD may
be misclassified as mild hemophilia. Such patients gen-
erally are considered as sporadic cases of hemophilia A or
hemophilia A carriers, and the only definitive way to
distinguish between mild hemophilia and 2N is to
measure FVIIIvVWFCB.81"%* The bleeding manifesta-
tions of type 2N vWD primarily depend on the degree of
decreased FVIII:C levels, and therefore mimick those of
patients with mild hemophilia A. The most frequent
bleeding manifestations of type 2N vWD patients in-
clude recurrent epistaxis; bruising, hematomas after
trauma; excessive bleeding after minor injuries; bleeding
after tonsillectomy and tooth extraction; occasionally
hemarthrosis and muscle bleedings; and for affected
women, menorrhagia, menorrhagia after the first men-
struation, and bleeding after delivery.80

The FVIII binding site has been located on the
terminal part of the mature vWF subunit and corre-
sponds to the D’ domain and to the N-terminal part of
the D3 domain of the pre-pro vWEF molecule synthe-
sized by the vVWF gene (Fig. 1).*”7 The vWF gene
defects in type 2N vWD are missense mutations located
in exons 18 to 27. Most of the type 2N missense
mutations are located in exons 18 to 20 of the FVIII
binding domain N-terminal region of the mature
vWEF, which include R782W, G785E, E787K,
C788R, C788Y, T791M, Y795C, MS800V, R816W,
R816Q, HS817Q, R854Q, RS854W, C858F, and
D879N.8182 A few missense mutations of type 2N
vWD (1053, 1061, and 1225) are located outside the
FVIII binding domain, suggesting that such mutations
affect the FVIII binding site, probably by changing its
conformation.®?

The inheritance of vWD type 2N is autosomal
recessive. Type 2N vWD patients are homozygous or
double homozygous for the 2N missense mutation or
double heterozygous for one 2N and one null vVWF
allele.**® In type 2N vWD, the FVIII:vWF binding

is either nil or dramatically reduced. 81784

DDAVP IN TYPE 2 vWD

The responses to DDAVP of FVIII:C and vWF param-
eters in patients with pseudo-vWD (Fig. 2), type 1 vWD
(Fig. 3), and type 2M vWD (Fig. 4) have been described
in previous sections of this article. Mild type 2A vWD
has a transiently complete response to DDAVP that may
be good enough for the treatment and prophylaxis of
minor bleedings (Table 6; Fig. 6).224047 Most patients
with type 2A vWD show only a transient minor or a
poor response to DDAVP, with no correction of the BT
despite some increase of VWF:RCo (Fig. 6), and there-
fore are candidates for FVIII/VWEF concentrate substi-
tution for the treatment and prophylaxis of bleeding
symptoms.22’46’47 Federici et al®® demonstrated that in
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Figure 7 von Willebrand factor (vVWF) multimeric patterns of factor VIII (FVII)/NWEF concentrates show the presence of high VWF
multimers in cryoprecipitate, Haemate-P, Biotransfusion, and normal plasma, the absence of high vVWF multimers in Alpha 250, the
absence of VWF in Monoclate, and the presence of VWF degradation products in Alpha and Nordic.

type 2A vWD patients with the mutations S1506L and
V1665E causing group 1 defects, the response to
DDAVP is poor, with no reappearance of the large
multimers and with persistence of a strongly prolonged
BT and little increase of vVWEF:RCo. In contrast, in type
2A vWD patients with the mutations R1597W and
G1629R causing group 2 defects, DDAVP induced a
transient increase of large multimers associated with a
transient (1 or 2 hours) correction of BT and transient
correction of VWEF:RCo to low normal.

The response to DDAVP in type 2B is normal for
FVIII:C and vWF:Ag, transiently good and reaching
normal values for vWEF:RCo, and subnormal for
vWEF:CB without correction of BT and no reappearance
of large VWF multimers. Therefore type 2B patients
are candidates for FVIII/VWF concentrate substitu-
tion for the prophylaxis and treatment of bleeding
episodes.22

Recessive type 1 and recessive type 2C vWD are
characterized by variable FVIIL:C levels, very low
vWEF:RCo, decreased or absent RIPA, and a very poor
response to DDAVP, %768 3nd therefore are candidates
for FVIII/vWF concentrates.

Federici et al®® evaluated the biological responses
in 20 patients with type 2M vWD. Gene mutations were

not known in six and known in 14 of 20 patients:
R1315C in three, R1374C in nine, and R1384H in
two patients. These three mutations are reported in the
literature to be linked with type 2M or 2U yWD. 4858
The response to DDAVP was fairly good for FVIII:C,
not evaluated for vWF:Ag and vWE:CB, and poor for
vWEF:RCo in 18 of the 20 so-called type 2M/U vWD
patients. The cohort of 20 patients with type 2M vWD
had borderline to slightly prolonged BT in seven, pro-
longed BT in 10, and strongly prolonged (> 30 minutes)
in three patients. The prolonged BTs were normal at
2 hours after DDAVP in 13 of 20 patients with type 2M
vWD.%

The response to DDAVP in recessive type 2N
vWD of the vWEF:Ag, vWF:RCo, and vWEF:CB are
normal,® but the response of FVII:C to DDAVP
depends on the severity of the FVII:vWF binding
defect. The response to DDAVP of FVIII:C is fairly
good in type 2N patients homozygous for the R816W
mutation,”®* but the response to DDAVP is poor in
type 2N homozygous for the R854Q_mutation, and
therefore are candidates for FVIII/vWF concentrates.

In conclusion, the responses to DDAVP of
FVIII:C and vWF parameters in types 2M, Vincenza,
2E, and mild 2A, 2U, and 2N vWD are transient and
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Figure 8 von Willebrand factor (VWVF) multimeric patterns of currently available factor VIII (FVII)ANWF concentrates show how the
presence of high VWF multimers in Haemate-P and normal plasma, the absence of high VWF multimers in Koate, Factor 8Y, Alphanate
and type 2A VWD, and the absence of high and some of the intermediate VWF multimers in Immunate.

good for a few or some more hours to arrest mucocuta-
neous bleeding episodes or to prevent bleeding during
minor surgery or trauma, but not good enough to treat
major bleedings or to prevent bleeding during major
surgery or trauma. The responses to DDAVP of
FVIII:C and/or vWF parameters in types 2B, 2C, and
pronounced cases of 2A and 2U vWD are rather poor to
poor, indicating the need to use FVIII/vWF concentrate
to treat significant mucocutaneous bleeding episodes or
to prevent bleeding during minor and major surgery or

trauma. No data on type 2D vWD are available.

FVIIl/ vWF CONCENTRATES IN VWD

TYPES 1, 2, AND 3 WITH A POOR
RESPONSE TO DDAVP

vWD patients with recessive type 3, type 1, type 2C, and
severe type 2N, and dominant type 2A, 2B, and 2U that
respond poorly or not at all to DDAVP are candidates
for FVIII/VWF concentrate for the treatment of bleed-
ing episodes and prophylaxis of bleeding during surgery
or after minor or major trauma. Cryoprecipitate was the
keystone for the treatment of vVWD patients from the
1960s until the late 1980s, when the virus-inactivated
FVIII/vWEF concentrates appeared on the market.5¢%7

Table 8 shows the content of FVIIL:C, vWEF:Ag,
vWEF:RCo, and vYWEF:CB (values of three separate as-
says) in cryoprecipitates and FVIII/vWF concentrates
after reconstitution in the amount of fluid recommended
by the manufacturer. For wet cryoprecipitates produced
in the 1980s and early 1990s by local blood banks in The
Netherlands, the concentrations of FVIII:C were lower
than those of vWEF:Ag (Table 8). The values for
vWF:Ag, vWEF:RCo, and vWEF:CB were similar, with
ratios of VWF:RCo/vWF:Ag and vWF:CB/vWF:Ag
ranging from 0.84 to 0.97 for the three wet cryopreci-
pitates and 0.49 and 0.58 for the lyophilized cryopreci-
pitate (Table 8). The multimeric patterns of vYWEF in
the cryoprecipitates compared with a normal plasma
run showed a near-normal vWF multimeric pattern,
with the presence of high vWF multimers and the
absence of vYWEF degradation products (Fig. 7A). The
multimeric patterns of Haemate-P (ZLB-Behring,
Marburg, Germany) and normal plasma are quite sim-
ilar, with the presence of the high-vWF multimers
(Fig. 7B).

In 1994, we evaluated four FVIII/vVWF concen-
trates (Biotransfusion, Nordic, Alpha VIII 250 and
Hemate-P; Table 8; Fig. 7B). In Biotransfusion and

Hemate-P, the multimeric pattern shows equal densities
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Table 9 Comparative Analysis of the Calculated In Vivo Recoveries of FVIII:C and vWF:RCo and Their Biological
Half-Life Times after a Loading Dose of FVIII/vVWF Concentrate for Bleeding Prophylaxis in vWD Patients

Authors

Van Elst et al®?

Michiels et al®® Mannucci et al®*

Parameter Auerswald et al*3
FVIII/VWF concentrate Immunate Immunate
Number of patients 5 7
vWD type Type 2A/B 2A/B
Loading dose given in units b4 40
FVIl/kg body weight
50-86 46-63
Ratio vVWF:RCo to FVIII:C nt 0.5
Ratio FVIII:C to VWF:RCo nt 2
Recovery per unit FVIII:C Th 0.5h
Time after infusion
FVII.C 2.2% 2.1%
1.6-2.9 1.6-3.8
vWF:RCo 1.3% nt
0.6-2.3
VWF:CB (type 1 collagen) nt 0.65%
0.4-1.0
Recovery per unit VWF:RCo
FVII.C 4.4% 4.2%
vWF:RCo nt nt
vWF:CB nt 0.35
Biological half-life times Normal 14 h

T1/2 VWF:RCo

Hemate-P Alphanate SD
versus SDHT
5 13
2A/B Type 3
60
25-50
2.2 0.625 0.625
0.45 1.6 1.6
1h 15 min*
3.2% 2.1% 2.9%
1.8-4.4 — —
3.9% 1.3% 1.8%
3.1-4.6 — —
2.8% nt nt
2.4-3.0
1.3% 3.4% 4.6%
1.7% 2.5%* 2.9%*
1.25% nt nt
>12h 6.5 7.1h

FVIII, factor VIII; C, coagulant; VWF, von Willebrand factor; RCo, ristocetin cofactor; CB, collagen-binding factor SD, solvent detergent; SDHT,

solvent detergent, heat treated.

of the low-, intermediate-, and high-vWF multimers,
and absence of vVWF degradation products (Fig. 7B),
which is consistent with normal ratios of vVWF:RCo/
vWEF:Ag and vWEF:CB/vyWF:Ag ranging from 0.84 to
1.13 (Table 8). In Nordic and Alpha VIII 250, there was
a relative excess of vWE:Ag over vWF:RCo and
vWEF:CB, but decreased ratios of vWEF:RCo/vWEF:Ag
and vWEF:CB/YWF:Ag were observed, ranging from
0.48 to 0.63 (Table 8). The multimeric pattern of the
vWF in the concentrates Nordic and Alpha VIII 250
(Fig. 7B) showed a relative decrease of the high-vWF
multimers together with an abnormal pattern with much
more pronounced densities of the low vVWEF multimers
and the presence of vVWF degradation band, which is
consistent with the lower vWEF:RCo/vWEF:Ag and
vWEF:CB/vWF:Ag ratios (Table 8).

The multimeric structure of YWEF of the currently
available FVIII/VWTF concentrates Immunate (Baxter-
Immuno, Vienna, Austria), Koate and Factor 8Y (Bio
Products Laboratory, Elstree, United Kingdom), and
Alphanate (Alpha Therapeutic Corporation, Los
Angelos, CA) is abnormal with the exception of
Haemate-P are shown in Fig. 8. The multimeric pattern

of VWF in the FVIII/VWF concentrate Haemate-P

compared with a normal plasma run shows a near-
normal vWF multimeric pattern with equal densities
of the low-, intermediate-, and high-vWF multimers
(Fig. 8). The multimeric structure of vWF of Immunate
shows the absence of the high- and some of the inter-
mediate-vWF multimers, whereas the other currently
available FVIII/VWEF concentrates Koate, Factor 8Y,
and Alphanate show the absence of the high-vWF
multimers (Fig. 8).

Prospective comparative pharmacokinetic studies
of replacement therapy with various FVIII/VWEFE con-
centrates have been conducted for type 3 vWD but not
for type 2 vWD patients. FVIII/VWEF replacement
therapy has been largely empirical, and not tailored
to different types of vWD patients, and is not
based on FVIIL:C for dosing recommendations.®®!
The recommendations to treat vVWD type 2 patients
with FVIII/VWEF concentrates are derived from phar-
macokinetic studies in type 3 vVWD patients. As shown
in Table 9, we compared the pharmacokinetic and
hemostatic effect of 2 FVIII/von Willebrand factor
concentrates (Haemate-P and Immunate) for the treat-
ment of patients with type 2 vWD in four recent studies
(Table 9).°%° The calculated in vivo recoveries of
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Table 10 Recommendations for the Treatment of Bleeding Episodes and Prophylaxis of Bleeding During Surgery or
Trauma in Patients with Recessive Type 3 and 1, and Type 2, Who Respond Poorly to DDAVP: FVIII:C Dosing Versus

vWF:RCo Dosing

Italian Recommendations Using FVIII:C Dosing®¢%8

Type 3 VWD

Type 2 vWD Not Initial Dose

Responsive to DDAVP FVIII:C (U/kg) Subsequent Infusion Objective

Major surgery or trauma 50 Once a day or every other day Adjust to maintain
FVII:C > 0.50 U/mL until
wound healing is reached
for at least 7-10 d

Minor surgery or trauma 40 Once a day or every other day Maintain FVIII:C >0.30 U/mL
for at least 5-7 d

Delivery and puerperium 40 Once a day Maintain FVIII:C >50 U/mL
for 3-4 d

Dental extraction 30 Single dose Maintain FVIII:C > 0.30 U/mL
for >12h

Spontaneous or 30 Single or daily Depending on severity

posttraumatic bleeding

Proposed Recommendations Using VWF:RCo Dosing®®

FVIII:C >50 U/mL for 1-3 d

Type 2A, 2B, 2C, 2U

Recessive Type 1 Initial Dose Subsequent Infusions

Severe 2N vWD vWF:RCo vWF:RCo Dosing Objective

Major surgery or trauma 60-80 40 U/kg every 12 h for a few Adjust to maintain VWF:
severe bleeding days and 30 U/kg for another RCo >0.60 U/mL until

2-4 d no tranexaminic acid wound healing is normal
for 4-7 d
Minor surgery or trauma 40-60 40 U/kg once on day 1, Normal vVWF:RCo >0.50
add tranexaminic acid for 12 h and adequate
vWEF:RCo for 2 d

Dental extraction 40-60 Single dose, tranexaminic acid Adequate VWF:RCo >12 h

Mucocutaneous bleeding 40-60 Single dose, tranexaminic acid Adequate VWF:RCo >12 h

Delivery, puerperium 60 30-40 U/kg daily for 3-4 d Adequate VWF:RCo

>0.50 U/mL for4d
Initial Dose Subsequent Infusion
Type 3 VWD vWF:RCo vWF:RCo Dosing Objective
Major surgery or trauma 80-100 40-60 U/kg every 12 h for 1-2 d and Adjust to maintain FVIII:C
30-40 U/kg/d for another 3-6 d and vVWF:RCo > 0.60 U/mL
until wound healing is
reached (7-10 d)

Minor surgery or trauma 60 40-60 U/kg once a day for a few days Maintain FVIII:C and
musculoskeleton bleeding delivery, VWF:RCo > 0.50 U/mL
puerperium fora3-4d

Dental extraction 60 40 U/kg once on day 1 for 2 d Maintain FVIII:C and

vWF:RCo >0.30

Prophylaxis joint bleeds 60 2 or 3 times a week Maintain FVIII:C > 0.02%

DDAVP, desmopressin acetate; FVIII, factor VIII; vVWF, von Willebrand factor; C, coagulant; RCo, ristocetin cofactor; VWD, von Willebrand

disease.

Immunate per transfused unit of FVIII:C were 2.2%
for FVIIL:C and 1.3% vWEF:RCo in five type 2 vWD
patients in the study of Auerswald et al,”® and 2.1%
for FVIII:C and 0.65% for vWEF:CB in seven type 2
vWD patients in the study of Ver Elst.”? Mean in vivo

recoveries for Haemate-P per transfused unit of
FVIII:C/kg body weight were 3.2% for FVIIL:C,
3.9% for vWF:RCo, and 2.8% for vWF:CB, indicating
a clear superiority of Haemate-P over Immunate.”
Dosing of Immunate and Haemate-P with units of

Downloaded by: Universitatsbibliothek. Copyrighted material.



OVERVIEW OF von WILLEBRAND DISEASES/MICHIELS ET AL

597

vWE:RCo/kg to reach an equal 1.7% in vivo
increase of VWF:RCo will induce an increase in FVIII:C
of more than 4.2% for Immunate and only 1.3%
for Haemate-P (Table 9). These in vivo data are
directly related to their in vitro characteristics of the
absence of high- and intermediate-vWF multimers
in Immunate and the presence of the large-vWF
multimers in Haemate-P, and with the ratio of
vWF:RCo to FVIIL:C of 0.5 in Immunate’>”® and 2.2
in Hemate-P.”®

The comparative analysis of data in Table 9
demonstrate that treatment of vWD patients with
Alphzmate94 or Immunate’>”* using FVIII:C dosing
will lead to undertreatment with regard to vWF:RCo,
and that treatment with Alphanate or Immunate using
vWEF:RCo dosing in units per kilogram will result in
overtreatment with regard to FVIII:C. When comparing
the shortened half-life times for vVWEF:RCo of 6.5 to
7.1 hours after transfusion of Alphanate94 versus ap-
proximately 12 hours for Haemate-P,”° it becomes
clear to clinicians that sufficient hemostatic levels of
vWEF:RCo persist with Haemate-P for a much longer
time. For repeated doses (e.g., major surgery in vWD),
clearance becomes even more important, leading to
a significantly lower amount of overall Haemate-P
required when compared with Alphanate.

The Italian recommendations in Table 10°°® for
the treatment of severe types 1, 2, and 3 vWD that are
not responsive to DDAVP using FVIII:C dosing is
problematic and has different implications for the vari-
ous FVIII/VWF concentrates; reaching the recom-
mended adequate FVIII:C levels, with regard to
vWEF:RCo levels, will result in either overtreatment
when using Haemate-P (with a vWEF:RCo/FVIIIL:C
ratio of 2.1 to 2.5) or to undertreatment when using
Alphanate or Immunate (with a vWE:RCo/FVIII:C
ratio of 0.625 and 0.5, respectively). Conversely, given
that the average FVIII:C/VWEF:RCo ratio is 1.6 for
Alphanate% and 2 for Immunate,”*”® treatment of
vWD patients with the recommended dose of 60 U
of YWEF:RCo/kg to reach normal values for vWF:RCo of
approximately 1.0 to 1.2 U/mL, will result in much
higher and very high levels of FVIII:C above 2.0 U/mL
up to 3.0 to 4.0 U/mL for both Alphanate94 and
Immunate.”®?>% Such high FVIII:C levels for more
than 1 week after treatment with FVIII/VWF concen-
trate for major surgery in vWD patients is a plausible
explanation for the increased risk of postoperative ve-
nous thrombosis. Because the average FVIII:C/
vWF:RCo ratio is 0.40 to 0.45 for Hemate-P,” treat-
ment of vVWD patients with the recommended dose of
60 U of vWE:RCo/kg to reach normal values for
vWEF:RCo of approximately 1.0 to 1.2 U/mL will result
in much lower recoveries of FVIII:C during prolonged
prophylaxis after major surgery or trauma in type 2 and

type 3 vWD patients.gg_w1

Given that the functional vWEF parameters
vWEF:RCo and vWEF:CB are very low, and the levels of
vWEF:Ag and FVIII:C are just below or in the normal
range in type 2 vWD (Figs. 3, 4, and 6), the Italian
recommendation using FVIII:C dosing cannot be ap-
plied for these type 2 vWD patients. vWE:RCo dosing
should be used in type 2 vWD for proper monitoring of
the effect of the various FVIII/VWTE concentrates for the
treatment of bleeding episodes and bleeding prophylaxis
during and after surgery or trauma. Therefore, we
propose adjusted recommendations to dose FVIII/
vWF concentrates in units of vVWE:RCo/kg body weight
for the treatment and prophylaxis of bleeding in type 2
vWD with a poor response to DDAVP, and extended it
to recessive type 1 and type 3 vWD (Table 10).” The
adjusted recommendations are tailored for the severity
of bleeding complications, for the type of surgery (minor
or major), and for type 2 and type 3 vWD patients
(Table 10).” Evaluation of these recommendations in
prospective management studies together with labeling
of the hemostatic potency of FVIII/VWEF concentrates
by the content of FVIIL:C, vWF:Ag, vWEF:RCo,
vWEF:CB, and vWF multimeric patterns are warranted
and are of enormous importance.

Finally, Goudemand et al'%? evaluated the phar-
macokinetic response of one loading dose of high-purity
vWF concentrate (63 U/kg vWEF:RCo and 4 U/kg
FVIIL:C) in one patient with type 3 vWD. Maximum
levels of YWE:RCo and vWF:Ag were observed 1 hour
after infusion, whereas maximum levels of FVIII:C were
attained from 6 to 12 hours after the first infusion. The
biological half-life times (77,,) of FVIIL:C, vWF:Ag,
and vWF:RCo were 74, 21, and 18 hours, respectively.
In subsequent pharmacokinetic studies in type 3 vWD
patients infused with purified YWF product (LFB; Lille,
France), 10 infusion studies at doses of 50 or 100 U of
vWEF:RCo/kg body weight revealed that FVIII:C syn-
thesized (was bound to the infused vWF) at 0.6 U/dL/h
and decayed with a half-life of 16 hours, that the infused
vWEF:Ag and vWF:RCo decayed with a half-life of
12 hours.'%*1%* Wilfactin (LFB, Lille, France), a very
high purity (VHP) vWF concentrate, has been demon-
strated to be effective in type 2 and type 3 vWD patients.
Aloading dose of 50 to 60 U of YWE:RCo/kg resulted in
vWE:RCo levels of > 1.00 U/mL followed by correction
of FVIII:C to > 0.50 after 12 hours. Surgery was covered
with an infusion, 1 hour preoperatively (mean initial
dose 51 to 55 U of vWF:RCo/kg), in type 2 vWD (with
FVIIIL:C >0.20 to > 0.30 U/mL) for surgery. The mean
postinfusion levels were 1.00 U/mL for vWEF:RCo and
> 0.50 U/mL for FVIII:C. Patients with FVIII:C below
0.20 to 0.30 U/mL received either one infusion of VHP
vWEF concentrate given 12 to 24 hours preoperatively,
or one infusion of FVIII 1 hour preoperatively. The
vWF:RCo was increased to > 1.00 U/mL and FVIII:C
was > 0.60 in all patients. By maintaining vWF:RCo at
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approximately 1.00 U/mL for 1 to 16 days, depending on
the procedure, no additional FVIII was required and all

patients had adequate hemostasis.
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