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Introduction

In 1977 desmopressin (1-deamino-8-D-arginine 
vasopressin, abbreviated DDAVP), a synthetic deriv-
ative of the antidiuretic hormone, was used for the 
first time to treat patients with hemophilia A and 
von Willebrand disease (VWD), the most frequent 
congenital bleeding disorders [1]. After the original 
clinical study performed in Italy, desmopressin was 
used in many other countries and the World Health 
Organization included it in the list of essential drugs. 
A drug that could raise plasma levels of factor VIII 
and von Willebrand factor (VWF ) without the need 
of blood products was especially attractive in the late 
1970s and early 1980s, a time when the human immu-
nodeficiency virus (HIV) began to be transmitted by 
infected coagulation factor concentrates to patients 
with congenital coagulation disorders. 

The potential clinical indications for desmopressin 
quickly expanded beyond hemophilia and VWD. The 
compound was claimed to be efficacious in bleeding 
disorders not involving a deficiency or dysfunction of 
factor VIII or VWF, including congenital and acquired 
defects of platelet function and such frequent abnor-
malities of hemostasis as those associated with chronic 
kidney and liver disease. Desmopressin has also been 
used prophylactically in patients undergoing surgical 
procedures characterized by significant blood loss 
and transfusion requirements, especially cardiac and 
orthopedic surgery. 

Thirty-five years of clinical experience have now 
established more firmly the clinical indications of desmo-
pressin. Some of these indications have been strengthened 
by the experience accumulated, while others have not been 
supported by rigorous clinical trials or have been over-
come by the advent of more efficacious treatments. This 
report reviews the spectrum of indications in bleeding 

disorders, in an attempt to establish which indications 
remain valid and which do not. The pharmacokinetics, 
pharmacodynamics, and side effects of desmopressin have 
been dealt with in previous reviews [2-4]. 

Historical background

In 1772, William Hewson noticed that blood collected 
under conditions of stress clotted rapidly [5]. Hewson’s 
observations, described in detail in An Inquiry into the 
Properties of the Blood, triggered a series of animal exper-
iments performed by the physiologist Cannon and his 
associates at the beginning of the 20th century. They 
showed that the enhancement of blood clotting associ-
ated with stress was caused by the liberation of adrenaline 
in plasma [6,7]. In 1957, a mechanism for faster clotting 
after adrenaline was provided by Marciniak [8], who 
found a transient increase in coagulation factor VIII after 
injection in rabbits. Reports of raised factor VIII after 
adrenaline infusion in humans soon followed: the average 
increase was to about twice the starting level, with no 
measurable change in other coagulation factors [9]. In 
patients with mild hemophilia, the magnitude of factor 
VIII increase induced by adrenaline was similar to that 
elicited in healthy individuals [9,10]. These findings stimu-
lated further research, with the goal of identifying a factor 
VIII-increasing agent free of the side effects of adrenaline 
that could be administered to people with hemophilia as 
autologous replacement therapy. 

Vasopressin and insulin were shown to induce an increase 
of factor VIII [11], but their side effects were not milder 
than those of adrenaline, making clinical use unrealistic. 
An important step forward was made with the observation 
that desmopressin, a synthetic analogue of vasopressin, 
increased factor VIII and VWF in healthy individuals 
[12,13]. Unlike the natural antidiuretic hormone, desmo-
pressin produces little or no vasoconstriction, no increase 

DESMOPRESSIN (DDAVP) IN THE TREATMENT OF 
BLEEDING DISORDERS
Revised edition

http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-1#ref-1
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-2#ref-2
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-5#ref-5
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-6#ref-6
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-7#ref-7
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-8#ref-8
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-9#ref-9
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-9#ref-9
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-10#ref-10
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-11#ref-11
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-12#ref-12
http://bloodjournal.hematologylibrary.org/content/90/7/2515.full.html#ref-13#ref-13


Treatment of Hemophilia No. 112

in blood pressure, and no contraction of the uterus or 
gastrointestinal tract, so that it is well tolerated when 
administered to humans [12,13].

A big step forward was made when desmopressin was 
used for the prevention and treatment of bleeding, 
first during dental extractions and then during major 
surgical procedures in patients with mild hemophilia 
A or VWD [1]. Surgery was performed without blood 
products, demonstrating that autologous factor VIII and 
VWF increased in patient plasma and that desmopressin 
could effectively replace homologous factors contained 
in blood products [1]. These clinical results were soon 
confirmed [14-16]. 

Mechanism of action

The increase in plasma levels of factor VIII and VWF 
occur not only in deficient patients, but also in healthy 
individuals and in patients who already have high levels 
of these factors. Desmopressin shortens the prolonged 
activated partial thromboplastin time and the bleeding 
time [17]. These effects probably result from the rise in 
factor VIII and VWF, which plays a rate-accelerating role 
in these global tests of intrinsic coagulation and primary 
hemostasis. Desmopressin has no dramatic effect on 
platelet count or aggregation, but enhances platelet adhe-
sion to the vessel wall [18,19]. Release into plasma of large 
amounts of tissue plasminogen activator is another short-
lived effect of desmopressin [12,13]. Plasminogen activator 
generates plasmin in vivo, but most of the plasmin is 
quickly complexed to α2 –antiplasmin, so that it does 
not produce fibrin(ogen)olysis in circulating blood [20]. 
Accordingly, it is usually unnecessary to inhibit fibrino-
lysis when desmopressin is used for clinical purposes. 

How do factor VIII and VWF increase in plasma? Because 
the increase is rapid and transient, it is most likely that 
desmopressin causes these factors to be released from 
storage sites. The vascular endothelium is presumably 
the main source of VWF. This view is supported by the 
observation that, in rats, injections of desmopressin elicit 
biological responses that are clearly related to the acti-
vation of endothelial cells, such as surface expression of 
P-selectin and subsequent margination of leukocytes [21]. 
In normal individuals, desmopressin infusion produces 
important changes in the content and localization of VWF 

in vascular endothelial cells [22]. There is a reduction in 
the amount of the protein and a change in its localization, 
which causes a tendency for the protein to move ablumi-
nally toward the cellular basement membrane [22]. 

Notwithstanding these data focusing on the endothelial 
cell as the most likely source of VWF, addition of desmo-
pressin to cultured endothelial cells in vitro does not 
release VWF [23]. This apparent paradox was solved by 
the demonstration that the lack of direct effect of desmo-
pressin on human vascular endothelial cells (HUVEC) 
is attributable to the fact that these cells do not express 
the V2 receptor (V2R) [24]. When desmopressin was 
added to cultured HUVEC transfected to express V2R 
or to lung microvascular endothelial cells (which natu-
rally express V2R), the compound did elicit a release of 
VWF, which was mediated by an increase in intracel-
lular cAMP [24]. 

The interactions between released factor VIII and concom-
itantly released VWF and tPA are not well established. The 
observation that patients with VWD type 3 treated with 
desmopressin not only fail to release VWF (which is not 
synthesized in these patients), but also factor VIII and tPA 
(which are normally synthesized), supports the hypoth-
esis that these effects are regulated by a single mechanism 
defective in type 3 VWD [25].

The site of cellular storage and release of factor VIII is less 
well established than that of VWF [26]. Desmopressin did 
elicit the expected VWF rise but no factor VIII rise in dogs 
with hemophilia A after hepatocyte-driven neonatal gene 
therapy [27]. This observation suggests that the increase 
of factor VIII induced by desmopressin in normal dogs 
and perhaps in humans is due to its release from cells 
other than the hepatocyte, perhaps endothelial cells where 
factor VIII is co-localized and complexed with VWF [27]. 

That the cellular co-localization of factor VIII and VWF 
is required for the plasma rise in factor VIII after desmo-
pressin is also demonstrated by the observation that, 
following liver transplantation, patients with hemophilia 
A infused with desmopressin showed the expected VWF 
rise but no change in plasma factor VIII [28]. Because 
factor VIII is synthesized only in the transplanted liver, 
this observation supports the views that co-localization 
of factor VIII and VWF in extrahepatic cells is necessary 
for in vivo release of factor VIII after desmopressin [28].
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Desmopressin in the management of 
congenital bleeding disorders

In hemophilia and VWD, desmopressin is efficacious 
because it provides a form of autologous replacement 
therapy. Table 1 summarizes the routes of administra-
tion, the recommended dosages, and the pharmacokinetic 
properties of desmopressin-induced factor VIII and VWF. 

The patients who respond to desmopressin and avoid 
the use of coagulation factor concentrates are those with 
measurable levels of factor VIII and VWF, i.e. patients 
with mild hemophilia A and type 1 VWD, [14-16], 
whereas patients with unmeasurable levels do not respond 
at all [17]. In mild hemophilia A, the efficacy of desmo-
pressin usually correlates with the post-infusion plasma 
levels of factor VIII [14-16]. Accordingly, therapeutic indi-
cations are defined by the nature of the bleeding episode, 
the baseline factor VIII levels, and the levels that must be 
attained and maintained for hemostasis. 

Clinical failures of desmopressin can usually be explained 
by the attainment of factor VIII levels in plasma that are 
insufficient to control bleeding. For instance, a major 
surgical procedure in a patient with factor VIII levels of 
10 U/dL may not be successfully managed with desmo-
pressin, because the expected post-treatment levels of 30 
to 50 U/dL are not high enough to secure hemostasis. On 
the other hand, these levels should be sufficient for the 
patient to have a minor procedure, such as circumcision 
or dental extraction. 

Most patients with type 1 VWD, who have a functionally 
normal VWF but reduced plasma levels, respond to desmo-
pressin with plasma increases in factor VIII and VWF that 
are usually larger than those seen in people with hemophilia 
[29,30]. Hence, desmopressin should be the first choice 
for treatment of these patients. There is, however, some 
variability in response to desmopressin between patients 
with type 1 VWD [31-33]. The reasons for these different 
behaviours are not clear and a test dose is the only way to 
distinguish good responders from poor or non-responders. 
The defects of patients with type 3 VWD and of those with 
dysfunctional molecules (type 2 VWD) are usually not 
corrected by desmopressin, with some exceptions [34,35]. 

General guidelines for the use of desmopressin or plasma 
product in the different subtypes of VWD are given in Table 
2, which shows the schedule of desmopressin administration 
and blood sampling recommended to evaluate the degree of 
laboratory response to a test dose. On the basis of the results 
obtained, one can predict whether the attained factor levels 
and the duration of their persistence in plasma are sufficient 
to successfully manage a given clinical situation.

Patients treated repeatedly with desmopressin may become 
less responsive, perhaps because stores are exhausted [29]. 
Some experimental data support this hypothesis, because 
repeated infusions of desmopressin lower the amount of 
VWF contained in vascular endothelial cells [22]. The 
average factor VIII responses obtained if desmopressin is 
repeated at 24-hour intervals are approximately 30% less 
than those obtained after the first dose [29]. The clinical 
implications are that the efficacy of desmopressin may be 
limited when factor VIII levels must be maintained above 
the baseline levels for a prolonged period of time. In these 
situations, which occur relatively seldom in the clinical 
management of mild hemophilia and type 1 VWD, it may 
become necessary to use plasma-derived or recombinant 
factors, or to supplement desmopressin with them. 

TABLE 1. Recommended dosages of desmopressin 
and factor VIII/VWF responses in patients with 
hemophilia and VWD

Single dose

Intravenous and subcutaneous: 
0.3 μg/kg

Intranasal: 300 μg/kg

Mean factor increase 
over baseline

2-4 times

(range: 1.5-20 times)

Time to peak levels

30-60 min after intravenous injection

90-120 min after subcutaneous 
injection and intranasal application

Plasma half-life
5-8 hours for factor VIII

8-10 hours for VWF

TABLE 2. Indication for desmopressin in different 
types of VWD

Established
Type 1, “platelet normal”
Type 2N

Possible Type 1, “platelet low” and types 2A and 2B

Doubtful Type 3 (severe)
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Subcutaneous and intranasal desmopressin are at least 
as efficacious as intravenous desmopressin and can be 
self-administered. Although intravenous desmopressin 
is recommended before surgery or for treating severe 
hemorrhages, because very consistent responses are 
required in these situations, subcutaneous desmopressin 
can be used at home to prevent or treat minor bleeding 
episodes and in women with VWD who have exces-
sive bleeding at menstruation [36]. Others prefer to 
use intranasal desmopressin in these situations, even 
to handle major bleeding episodes and surgical oper-
ations [37]. 

Despite the fact that neither in vitro nor in vivo studies 
have clearly proved a direct stimulatory effect of desmo-
pressin on platelets (reviewed by Wun et al) [38], the 
drug shortens or normalizes the bleeding time of some 
patients with congenital defects of platelet function 
[39,40]. Defects associated with normal dense granule 
stores benefit more from the compound [40]. Accordingly, 
there is usually a good response in patients with defects 
of the release reaction, with cyclooxygenase deficiency, 
and in those with isolated and unexplained prolongations 
of the bleeding time. 

Most patients with storage pool deficiency respond to 
desmopressin but a few do not [40], so a test dose is 
recommended to select responders. Whether the effect 
on a laboratory test such as the bleeding time corre-
sponds to a hemostatic effect is not well-established. 
On the other hand, the data obtained from a few well-
conducted but non-randomized studies would indicate 
that desmopressin can be a useful alternative to blood 
products during or after surgery or delivery, assuring 
satisfactory hemostasis [39,40]. 

To sum up, desmopressin is efficacious in mild hemo-
philia and type 1 VWD and usually permits the avoidance 
of concentrates, with significant reductions in costs. In 
the United States, for instance, an average dose of factor 
VIII concentrate (2,000 IU) costs between US$1,000 and 
$2,000. An average dose of desmopressin (21 μg) is much 
cheaper (US$100) and is even less expensive in Europe 
(the equivalent of US$20-$40). 

The benefits of desmopressin are not limited to cost 
savings. The compound may be needed to meet reli-
gious requests, such as the avoidance of blood products 

in Jehovah’s witnesses. More importantly, it is likely to 
have spared many patients from infection of the type 1 
human immunodeficiency virus (HIV). In Italy, where 
desmopressin was used earlier and more extensively than 
in other countries, the prevalence of HIV infection in 
patients with mild hemophilia (2.1%) was much lower 
than in patients with mild hemophilia B (13.5%) [41]. 
The latter is a suitable comparison group, because these 
patients need treatment as frequently as hemophilia A 
patients, but are unresponsive to desmopressin. Hence, 
they could only be treated with plasma concentrates 
during the critical years between 1977 (when desmo-
pressin was first used clinically and the HIV outbreak 
started) and 1985-1987 (when the outbreak was halted by 
the development of virus-inactivation methods and their 
application to plasma concentrates). Additional evidence 
of the HIV-sparing effect of desmopressin stems from the 
comparison of the prevalence of HIV infection in Italian 
patients with mild hemophilia A to the corresponding 
patients from other countries where the compound was 
used later. In the United States, for instance, where in 
the period 1977-1985 people with mild hemophilia were 
mainly treated with plasma concentrates because desmo-
pressin was not yet licensed, anti-HIV prevalence is 18.4%, 
nine times higher than in Italy [41]. 

Desmopressin in acquired and 
drug-induced bleeding disorders

The hemostatic defect in uremia is characterized by a 
prolonged bleeding time, a laboratory abnormality that 
correlates with the hemorrhagic symptoms of these 
patients, mainly epistaxis and bleeding from the gastro-
intestinal tract. Dialysis may improve the bleeding time 
and the bleeding tendency, but this is not always the 
case. In the search for pharmacological agents that could 
improve hemostasis in uremia, desmopressin was consid-
ered, despite the fact that factor VIII and VWF are normal 
or even high in uremic patients [42]. The post-infusion 
bleeding time became normal in about 75%, and returned 
to baseline values after approximately 8 hours [42]. 

Well-conducted but non-controlled clinical studies have 
shown that desmopressin can be used successfully to 
prevent bleeding before invasive procedures (biopsies 
and major surgery) and to stop spontaneous bleeding 
[42]. Conjugated estrogens are a long-acting alternative 
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to desmopressin, because they shorten the bleeding time 
with a more sustained effect lasting for 10 to 15 days [43]. 
The two products can be given together, exploiting the 
different timings of their maximal effects. Currently, most 
patients with chronic renal insufficiency are regularly 
treated with erythropoietin. This practice has led to the 
sustained improvement not only of anemia but also of the 
hemostatic defect [44], so that short-acting compounds 
such as desmopressin and conjugated estrogens are unusu-
ally needed. 

The bleeding time is prolonged in some patients with liver 
cirrhosis. There is usually mild or moderate thrombocy-
topenia, but platelet counts do not correlate negatively 
with the bleeding time. Factor VIII and VWF are in 
the high-normal range, or even higher, yet intravenous 
desmopressin shortens the bleeding time of cirrhotic 
patients [45,46]. However, a controlled clinical trial has 
shown that desmopressin is not useful in the manage-
ment of acute variceal bleeding in cirrhotic patients [47]. 
Because this is the most frequent and serious hemorrhagic 
problem, the overall clinical impact of desmopressin in 
liver cirrhosis is relatively small. 

Desmopressin counteracts the effects of some antithrom-
botic drugs on hemostasis measurements. It shortens the 
prolonged bleeding time of individuals taking antiplatelet 
agents, the prolonged bleeding time and activated partial 
thromboplastin time of patients receiving heparin [48], 
and the bleeding time of rabbits treated with streptokinase 
[49] or hirudin [50] (without corresponding human data). 
It also counteracts the antihemostatic effects of dextran, 
with no apparent impairment of the antithrombotic prop-
erties [51].

In summary, in chronic renal disease desmopressin 
remains indicated only for those patients with renal 
failure not treated or unresponsive to erythropoietin. 
Desmopressin is a possible treatment for patients with 
liver cirrhosis and prolonged bleeding time who need 
invasive diagnostic procedures such as liver biopsies. 
Notwithstanding the fact that there is only preliminary 
evidence that desmopressin prevents or stops bleeding 
complications that develop in association with the use of 
antithrombotic agents, the compound may provide an 
opportunity to control drug-induced bleeding without 
stopping treatment and perhaps avoiding recurrence or 
progression of thrombosis. 

Desmopressin as a blood-saving agent

The broadening indications of desmopressin led several 
investigators to evaluate whether or not the compound 
was beneficial during surgical operations in which blood 
loss is great and for which multiple blood transfusions 
are needed. 

Open-heart surgery with extracorporeal circulation is 
the epitome of operations that warrant the adoption of 
blood-saving measures. In addition to techniques such 
as pre-surgical removal of autologous blood for post-
surgical retransfusion, returning all oxygenator and tubing 
contents to the patient, and autotransfusion of the medias-
tinal shed blood, prophylaxis with pharmacological agents 
might help reduce blood transfusion further. 

Since 1986 desmopressin has been evaluated for this 
purpose. In the first controlled randomized study carried 
out in patients undergoing complex cardiac operations 
associated with large blood losses, results were impres-
sive [52]. On the other hand, in subsequent large studies 
of patients undergoing less complex operations with lesser 
blood loss, there were no significant differences between 
desmopressin- and placebo-treated patients in either total 
blood loss or transfusion requirements [53,54]. Other 
studies, mainly in patients undergoing coronary artery 
bypass grafting and uncomplicated valve replacement, 
failed to find any benefit of desmopressin [55,56].

The conflicting results of desmopressin in open-heart 
surgery might be due to the fact that most studies were 
of small size and had insufficient statistical power to 
detect true differences in blood loss. A meta-analysis of 17 
randomized, double-blind, placebo-controlled trials, which 
included 1,171 patients undergoing open-heart surgery, 
has attempted to overcome this pitfall [57]. Overall, 
desmopressin reduced post-operative blood loss by 9%, 
a value that is statistically significant but of little clinical 
impact. Although desmopressin had no blood-saving 
effect when the total blood loss in placebo-treated patients 
decreased in the lower- and middle-thirds of distribution 
(687 to 1,108 ml), the compound reduced blood losses by 
34% when blood loss was larger [57]. The modest results 
obtained with desmopressin were substantially confirmed 
in a more recent meta-analysis of 38 randomized, placebo-
controlled trials on 2,488 undergoing various surgical 
procedures (mainly cardiac surgery) [58]. 
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Therefore, desmopressin seems beneficial only in oper-
ations associated with large blood loss (>1 l). It is not 
easy to predict which patient will bleed more, but situa-
tions such as re-operation, pre-surgical use of antiplatelet 
agents, pre-existing coagulation defects, and sepsis might 
help to identify the cases suitable for prophylaxis. Lower 
pre-operative plasma levels of factor VIII and VWF may 
also help to identify patients most at risk of bleeding 
[52,53]. However, the overlap of values is so large that it 
is not possible to use these measurements to select patients 
with the most to gain from the use of desmopressin. 

Desmopressin is not the only blood-saving agent that 
can be used in cardiac surgery. The synthetic antifibri-
nolytic amino acids aminocaproic acid (EACA) and 
tranexamic acid, and the broad-spectrum protease 
inhibitor aprotinin have also been used, particularly 
after the recognition that acquired immunodeficiency 
syndrome (AIDS) could result from blood transfusions 
contaminated with HIV. A few direct comparison studies 
[59,60] and a meta-analysis [61] have shown that the 
order of efficacy of these hemostatic agents (greatest to 
least) is aprotinin, tranexamic acid, EACA, and desmo-
pressin [61]. The order of drug cost is also the same. 
However, aprotinin has been withdrawn from use in 
cardiac surgery because it was shown to be associated 
with an increased death rate associated with cardiovas-
cular complications [62].

The efficacy of desmopressin has also been evaluated in 
noncardiac surgical operations characterized by large 

blood loss. When administered to hemostatically normal 
children before spinal fusion for idiopathic scoliosis, 
desmopressin reduced their average operative blood loss 
by about one third [63], but these favorable results were 
not confirmed in a subsequent study [64]. Desmopressin 
did not reduce blood loss or transfusion requirement after 
total hip or knee arthroplasty [65].

In summary, the efficacy of desmopressin as a blood-
saving agent in cardiac and noncardiac surgical operations 
appears doubtful at the moment. 

Therapeutic guidelines

The main therapeutic guidelines for desmopressin are 
summarized in Table 3. It is the treatment of choice for 
patients with mild hemophilia A and type 1 VWD (grade 
B recommendation). The evidence of its efficacy as autol-
ogous replacement of the deficient factors is so clear that 
no randomized controlled clinical trial was ever neces-
sary (level III evidence). 

In patients with congenital defects of platelet function, 
with the hemostatic abnormalities associated with chronic 
liver disease, and with those induced by the therapeutic 
use of antiplatelet and anticoagulant agents, desmopressin 
has been used successfully to prevent or stop bleeding. 
However, there is still no well-designed clinical trial that 
truly shows efficacy of the compound in these conditions 
(grade C recommendation based on level IV evidence). 

TABLE 3. Indications for desmopressin in the treatment of bleeding disorders

Grading of 
recommendation

Level of  
evidence

Established
Mild hemophilia A B III

VWD (see Table 2) B III

Possible

Congenital defects of platelet function C IV

Uremia C IV

Liver cirrhosis C IV

Drug-induced bleeding (heparin, hirudin, 
antiplatelet agents, dextran, streptokinase)

C IV

Doubtful
Cardiac surgery A I

Orthopedic surgery A I
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Currently, the widespread use of erythropoietin and the 
resulting sustained correction of the hemostatic defect 
make the use of desmopressin unnecessary in the majority 
of patients with chronic renal insufficiency. Antifibrinolytic 
amino acids should be preferred to desmopressin in 
reducing blood loss and transfusion requirements during 
cardiac surgery with extracorporeal circulation (grade A 
recommendation based on level I evidence). 

The use of desmopressin in surgical operations other than 
cardiac surgery is not warranted at the moment. On the 
whole, more than 200 years of research have provided 
an agent that makes the blood clot faster, and William 
Hewson, who so ingeniously inquired into the properties 
of blood in the 18th century, perhaps would be content 
with the outcome of his pioneer studies. 
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