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Thrombocytopenia after desmopressin (DDAVP) infusion is usually observed in patients 
with type 118 von Willebrand disease (vWD). No other subtypes of vWD with thrombocy- 
topenia after DDAVP have been reported so far. We describe here the occurrence of 
thrombocytopenia after DDAVP in a 39 year old male and his son with phenotypic charac- 
teristics of type I vWD, “platelet discordant subtype.” After DDAVP, the abnormal ristoce- 
tin cofactor/von Willebrand factor antigen ratio in plasma was not corrected and the 
bleeding time remained markedly prolonged. Platelet count dropped 30 min after DDAVP 
(from 279 to 96 x 103/p.L in the propositus and from 298 to 116 x 103/pL in his affected 
son) and returned to normal at 60 min. Platelet clumping was evident on peripheral blood 
smears obtained after infusion. These cases indicate that after DDAVP thrombocytopenia 
can occur in vWD other than type IlB. 
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INTRODUCTION 

The vasopressin analogue desmopressin (DDAVP), 
which induces a substantial increase of factor VIII/von 
Willebrand factor and normalizes the prolonged bleeding 
time (BT), is the treatment of choice in the majority of 
patients with von Willebrand disease (vWD) [ 11. 
DDAVP avoids the use of blood derivatives, with the 
inherent risk of transmission of blood-borne viruses [2]. 
However, DDAVP is generally contraindicated in pa- 
tients with type IIB vWD, since it induces transiently a 
moderate to severe thrombocytopenia due to the release 
from stores of an abnormal von Willebrand factor (vWF) 
with high affinity for platelet membrane receptors [ 3 ] .  No 
other subtypes of vWD with post-DDAVP thrombocy- 
topenia have been reported so far. Type I vWD subtype 
“platelet discordant” is characterized by the dispropor- 
tionate reduction of ristocetin cofactor activity (RiCof) in 
comparison to the level of vWF antigen, both in platelets 
and in plasma 141. This subtype is due to the presence of 
an abnormal vWF characterized by a relative reduction of 
the proportion of high molecular weight multimers both 
in plasma and in platelets, with an apparently normal 
inner structure of plasma or platelet smaller multimers 
[4]. After DDAVP infusion, RiCof in plasma remains 
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lower than vWF antigen and the BT remains prolonged 
[4]. In this paper we report the occurrence of thrombocy- 
topenia after DDAVP infusion in a family with type I 
vWD platelet discordant. 

MATERIALS AND METHODS 
Case Report 

The propositus was 39 years old when he was first 
referred to the Hemophilia and Thrombosis Center of 
Vicenza for evaluation of a moderate lifelong bleeding 
history. Since his childhood, he had suffered from pro- 
fuse epistaxis and easy bruising. Tooth extraction was 
followed by prolonged bleeding. Two of his children 
(11.1 and 11.3) suffered from epistaxis and easy bruising. 
His wife and a third child (11.2) were asymptomatic. 
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TABLE 1. Laboratory Data for the Propositus and H i s  Family Members* 

Family Bleeding tinic VII1:C vWF:Ag KiCof RlPA 
member Bleeding history (rnin) (IUldL) (1U/ dL) (IUldL) (mglmL) 

Propositus Epistaxis, easy bruising, 14 to >20 43-56 2s-36 <3-10 1 .&I .35 
bleeding after 
tooth extraction 

I I  I Epistaxis, easy bruising 18 to >20 38-60 1940 13-18 I. 1-1.30 
11.2 None 6.5 12s 14.5 I s3 0.9 

I .  1-1.35 11.3 Epistaxis. easy bruising ND '2244 11-34 13-15 

Normal < n  52-167 49-169 S&157 0.78-1.15 

"Data represent the range of 5 separate determinations for propositus and family. 

Methods 
Blood was collected into 3.8% sodium citrate and cen- 

trifuged at 2,500g for 15 min for plasma analysis. In 
experiments carried out to assess in  vivo proteolysis of 
vWF, a mixture of 5 mM EDTA, 6 mM N-ethylmaleim- 
ide, and 1 mM leupeptin (Sigma, St. Louis, Missouri) 
was added to citrate to avoid proteolytic degradation of 
vWF in vitro. 

The BT was measured with the Simplate I1 device 
(General Diagnostics, Morris Plains, New Jersey), mak- 
ing two vertical incisions on the volar surface of the 
forearm. Factor VIII coagulant activity (F VII1:C) was 
assayed by a one-stage method and von Willebrand factor 
antigen (vWF:Ag) by ELISA, using a polyclonal antise- 
rum (Stago, Paris) 151. Ristocetin cofactor activity of 
vWF was measured using formalin-fixed platelets. as 
previously described [6]. All VIII/vWF measurements 
were expressed as international units (IU) after calibra- 
tion of a normal pool against the 2nd International Refer- 
ence Preparation for factor VIII/von Willebrand factor- 
related activities (provided by Institute for Biological 
Standards, UK). Ristocetin (RIPA) and botrocetin-in- 
duced platelet aggregation were evaluated by adding in- 
creasing amounts of ristocetin or purified botrocetin 
(kindly provided by Dr. Z. Ruggeri, La Jolla, California) 
to platelet-rich plasma and measuring the extent of aggre- 
gation 3 min later. 

The multimeric composition of vWF was analysed by 
sodium dodecyl sulphate (SDS)-agarose gel electro- 
phoresis in low (0.8% or 0.9% low-gelling temperature 
agarose) and high-resolution (2% low-gelling tempera- 
ture agarose) gel systems, as previously described [7]. In 
normal plasma, low-resolution systems resolve each 
smaller multimer as a single band whereas high-resolu- 
tion systems resolve each multimer into five bands. two 
migrating above and two below a most intense central 
band. 

The subunit composition of plasma vWF was analysed 
(following immunoaffinity purification, reduction, and 
SDS-polyacrylamide gel electrophoresis) by immuno- 
blotting with a panel of anti-human vWF monoclonal 
antibodies and '251-rabbit anti-mouse antibodies. Rela- 

tive concentrations of vWF fragments were compared 
with the intact subunit by quantitating the radioactivity of 
the bands excised from the nitrocellulose blot in a gamma 
scintillation counter. 

Platelet vWF was determined after platelet isolation on 
Ficoll-Hypaque gradients. Lysis was obtained by the ad- 
dition of 1/40 volume of 20% Triton X-100 [8]. The 
supernatant was snap-frozen at - 80°C. vWF measure- 
ments and multimeric analysis were performed within 2 
weeks [9]. 

Spontaneous platelet aggregation of propositus plate- 
let-rich plasma (PRP) was assessed by stirring PRP in an 
aggregometer and recording the aggregation curve for 15 
min. Binding of plasma vWF to washed platelets was 
measured in the presence of various amounts of ristocetin 
or botrocetin. Platelets were washed according to the 
albumin density-gradient method, as previously de- 
scribed [ 101. Residual concentration of vWF:Ag in super- 
natants was expressed as percentage of a control mixture 
with ristocetin or botrocetin replaced by buffer. 

DDAVP Infusion 
DDAVP was first administered as a test infusion in the 

propositus to assess its usefulness to cover a dental ex- 
traction. After we found thrombocytopenia, the proposi- 
tus was explained the investigational purpose of the repe- 
tition of DDAVP administration and he gave informed 
consent for himself and his 14 year old child (11. I ) .  

DDAVP (Minirin, Valeas, Milan) was infused intrave- 
nously over 30 min at a dose of 0.3 kg/kg b.w. . BT; 
VII1:C and vWF were measured before and at various 
times after infusion. Platelet counts were performed in 
EDTA- and heparin-anticoagulated samples. Peripheral 
blood smears were also obtained. 

RESULTS 

The clinical and laboratory data for the propositus and 
his relatives, consistent with a diagnosis of type I vWD, 
are summarized in Table I Ristocetin-induced platelet 
aggregation was slightly reduced in the propositus and his 
children. Botrocetin-induced platelet aggregation was 



Post-DDAVP Thrombocytopenia in Type I vWD 7 

Fig. 1. SDS gel electrophoresis in a low-resolution gel (0.9% low-gelling temperature 
agarose). Propositus plasma (0) shows the reduction of largest vWF multimers, present in 
normal plasma (NP). After DDAVP, larger forms appeared in plasma, but less than in 
normal plasma after DDAVP (NP POST-DDAVP), and at 60 min they were already dimin- 
ished. The arrow at the top indicates the interface between stacking and running gel. 

low in the propositus, with 30% of aggregation occurring 
at 1.3 pg/mL of botrocetin (normal range 0.8-1 pgimL). 

Platelet vWF:Ag content of the propositus and his son 
11.1 was normal (0.26 and 0.3 1 IU/lOy platelets; normal 
range 0.2 1-0.59) whereas RiCof was markedly reduced 
(0.04 and 0.06 IU/lOy platelets; normal range 0.27- 
0.8 1). 

Multimeric analysis on low-resolution gel of plasma 
vWF of the propositus and his affected children (not 
shown) revealed the presence of all multimers, but there 
was a relative reduction of the proportion of larger multi- 
mers (Fig. 1). This pattern was also present in platelet 
lysates (not shown). A normal pattern of plasma and 
platelet vWF was observed in the propositus wife and his 
son 11.2 (data not shown). High-resolution gel electro- 
phoresis revealed the presence of all five bands of each 
smaller multimer as in normal plasma, with no abnormal- 
ity of subbands (not shown). 

Plasma vWF subunit analysis did not reveal increased 
or reduced proteolysis or additional fragments. The intact 
225 kd subunit was 80% and 80.5% of total vWF in the 
propositus and his son 11. I (7446% in 25 normal indi- 
viduals). The 189 kd fragment was 3.7% and 2.2% (nor- 

and 13.4% (normal range 5.5-12.6%) and the 140 kd 
4.5% and 3.8% (normal range 6 8 % ) .  

After DDAVP infusion, larger multimers were re- 
leased into circulation, restoring a pattern similar to that 
seen in normal basal plasma, but the largest multimers, 
usually elicited by DDAVP in normal individuals. were 
not completely evident postinfusion (Fig. I ) .  All VIIIi 
vWF measurements increased markedly over their basal 
values, but the RiCofivWF:Ag ratio remained low and 
the BT prolonged (Table 11). The platelet count showed a 
reduction at the end of infusion, in samples collected both 
in heparin and in EDTA (Table 11), with a subsequent 
rapid normalization. Peripheral blood smears showed the 
presence of platelet clumping at 30 and 60 min after 
starting DDAVP and separate platelets at the end of the 
test. This pattern occurred on the occasion of two differ- 
ent DDAVP infusions. Also his son 11.1 showed a similar 
pattern of changes of multimeric pattern (data not shown) 
and of vWF measurements after DDAVP (Table 11). 

To exclude a variant type IIB vWD, the ristocetin- 
induced binding of propositus plasma vWF to normal 
platelets was compared with that from a patient with 
classical type IIB vWD. Whereas the type IIB vWF gave 

ma1 range 1.9-5.8%). The 176 kd fragment was 11.6% clearly increased platelet binding. the-propositus GWF 
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TABLE II. Laboratory Findings Before and After DDAVP Infusion 

Time 
(rnin) 

Bleeding time 
(min) 

Propos i t u s 
0 

30 
60 

I20 
240 

Son I I .  1 
0 

30 
60 

I20 

VI1I:C 
(IUldL) 

~~ 

42 
I07 
I49 
121 
I07 

58 
I34 
171 
93 

vWF:Ag 
(IUldL) 

29 
86 

146 
12s 
I03 

38 
I l l  
I47 
131 

RiCof 
(IUldL) 

<6 
20 
38 
33 
29 

I ?  
34 
41 
39 

RiCof/Ag 
ratio _____ 

0.21 
0.23 
0.26 
0.26 
0.28 

0.31 
0.3 I 
0.28 
0.30 

Platelets 
( X  103iFL) 

279 
96 

162 
I84 
209 

298 
I16 
I50 
I97 

1 A NORMAL PLASMA 
PROPOSITUS PLASMA 

rn IIBPLASMA 
PROPOSITUS PLASMA 

rn IIBPLASMA 

0 0.5 0.8 1 .o 1.2 1.6 

RlSTOCETlN CONCENTRATION (mg/rnl) 

Fig. 2. Ristocetin-induced binding to normal washed plate- 
lets of plasma vWF:Ag from propositus, normal control, and 
a patient with type llB vWD. 

had a normal pattern (Fig. 2). Propositus and normal 
washed platelets incubated with normal vWF at various 
ristocetin concentrations showed comparable binding af- 
finity. Spontaneous platelet aggregation was absent and 
the basal and post-DDAVP propositus plasma did not 
elicit platelet aggregation of normal or propositus plate- 
lets (data not shown). 

DISCUSSION 

On the basis of vWF platelet content, type I vWD can 
be further classified into platelet normal, platelet low, 
and platelet discordant [4]. Platelet discordant appears to 
be a rare subtype, transmitted in an autosomal dominant 
fashion, characterized by the presence of an abnormal 
vWF molecule expressed phenotypically by a normal 
platelet content of vWF:Ag and a marked reduction of 
RiCof. The plasma and platelet multimeric pattern show 
a relative reduction of the proportion of the largest multi- 
mers [4]. All these features were present in our family. 
Also the biological response to DDAVP was similar to 
that reported by Mannucci et al. [4], with no correction of 

the RiCof/vWF:Ag discrepancy and little or no BT short- 
ening in the propositus and his son 11. I (Table 11). Platelet 
counts were not obtained after DDAVP in the cases de- 
scribed by Mannucci et al. [4]. In our propositus and his 
son, thrombocytopenia occurred immediately after the 
end of infusion (Table 11). Peripheral blood smears ob- 
tained at the end of infusion showed the presence of 
platelet clumps. This finding is usually observed in type 
IIB vWD [ 3 ]  in which abnormal vWF is released into the 
circulation by DDAVP and, due to its enhanced affinity 
for glycoprotein Ib on platelet membrane, causes platelet 
clumping [3]. However, type IIB vWD can be easily 
ruled out in our family. RIPA occurs at low ristocetin 
concentrations in type IIB [3,10] whereas it occurred at 
normal or slightly increased concentrations in our pa- 
tients. All multimers were detectable in the plasma of this 
patient, contrasting with the absence of larger multimers 
in type IIB patients [lo]. Platelet vWF multimers are 
usually normal in type I1 B [ 1 I ] ,  whereas in our case 
larger multimers were reduced as in plasma. Proteolysis 
of plasma vWF, increased in type IIB [ 121, was normal in 
our case. The binding of plasma vWF to normal platelets 
occurred at normal ristocetin concentrations, whereas it 
occurs at lower concentrations in type IIB [lo]. The bind- 
ing of plasma vWF to normal platelets in the presence of 
botrocetin paralleled that observed with ristocetin (not 
shown). 

The reasons for thrombocytopenia in our cases are not 
clear. Since the in vitro binding of vWF to glycoprotein 
Ib promoted by ristocetin or botrocetin is not increased, a 
heightened affinity of an abnormal vWF for a different 
platelet receptor might be postulated. Further studies are 
needed to elucidate the molecular mechanisms responsi- 
ble for the post-DDAVP thrombocytopenia in type I 
vWD, subtype platelet discordant. 

REFERENCES 

1 Rodeghiero F, Castaman G.  Mannucci PM: Clinical indications for 
desrnopressin in congential and acquired von Willebrand disease. 
Blood Rev S:ISS, 1991. 



2. Rodeghiero F, Castaman G,  Meyer D, Mannucci PM: Replacement 
therapy with virus-inactivated plasma concentrates in von Willebrand 
disease. Vox Sang, 62:193, 1992. 

3 .  Holmberg L, Nilsson IM, Borge L, Gunnarson M. Sjorin E: Platelet 
aggregation induced by I-desamino-8-D-arginine vasopressin 
(DDAVP) in type IIB von Willebrand’s disease. N Engl J Med 
309:816. 1983. 

4. Mannucci PM, Lonibardi R, Bader R,  Federici AB.  Solinas S ,  Maz- 
zucconi MG. Mariani G: Heterogeneity of type 1 \on Willebrand’s 
disease: Evidence for a subgroup with an abnormal von Willebrand 
factor. Blood 66:796, 1985. 

5 .  Rodeghiero F. Castaman G ,  Tosetto A: von Willebrand factor antigen 
is less sensitive than ristocetin cofactor for the diagnosis of type I von 
Willebrand disease-Results based on an epidemiological investiga- 

6. Rodeghiero F, Castaman G,  Dini E: Epidemiological investigation of 
the prevalence of von Willebrand’s disease. Blood 69:454, 1987. 

7. Mannucci PM. Lombardi R. Castaman G ,  Dent JA, Lattuada A. 
Rodeghiero F, Ziminernian TS: von Willebrand’s disease “Vicenza” 
with larger-than-normal (supranormal) von Willebrand factor multim- 
ers. Blood 71:65. I Y 8 X .  

Post-DDAVP Thrombocytopenia in Type I vWD 9 

8. Rodeghiero F, Castaman G ,  Di Bona E. Ruggeri M. Lonibardi R,  
Mannucci PM: Hyper-responsiveness to DDAVP for patients with 
type I von Willebrand’s disease and normal intra-platelet von Wille- 
brand factor. Eur J Hematol 40: 163, 1988. 

Y .  Rodeghiero F, Castaman G, Tosetto A. Lattuada A, Mannucci PM: 
Platelet von Willebrand factor assay-Results using two methods for 
platelet lysis. Thromb Res 59:259, 1990. 

10. Ruggeri ZM. Pareti FI, Mannucci PM, Ciavarella N ,  Ziminerman TS: 
Heightened interaction between platelets and Factor Vlllivon Wille- 
brand Factor in a new subtype of von Willebrand’s disease. N Engl J 
Med 302:1047, 1980. 

1 I .  Ruggeri ZM, Zimmerman TS: Variant von Willebrand disease. Char- 
acterization of two subtypes by analysis of multiineric composition of 
factor Vlllivon Willebrand factor in plasma and platelets. J Clin Invest 
65:318, 1980. 

12. Zimmerrnan TS. Dent JA. Ruggeri ZM, Nannini LH: Subunit compo- 
sition of plasma von Willebrand factor. Cleavage is present in  normal 
individuals, increased in I1 A and 11 B von Willebrand disease, but 
minimal in variants with aberrant structure of individual multiniers 
(type I1 C. I1 D. 11 E). J Clin Invest 77947. 1986. 




