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Desmopressin Reduces Transfusion Needs after Surgery
A Meta-analysis of Randomized Clinical Trials
Giuseppe Crescenzi, M.D.,* Giovanni Landoni, M.D.,* Giuseppe Biondi-Zoccai, M.D.,† Federico Pappalardo, M.D.,‡
Massimiliano Nuzzi, M.D.,‡ Elena Bignami, M.D.,‡ Oliviero Fochi, M.D.,§ Giulia Maj, M.D.,§ Maria Grazia Calabrò, M.D.,‡
Marco Ranucci, M.D.,㛳 Alberto Zangrillo, M.D.#

Background: Perioperative pathologic microvascular bleeding is associated with increased morbidity and mortality and
could be reduced by hemostatic drugs. At the same time, safety
concerns regarding existing hemostatic agents include excess
mortality. Numerous trials investigating desmopressin have
lacked power to detect a beneficial effect on transfusion of
blood products. The authors performed a meta-analysis of 38
randomized, placebo-controlled trials (2,488 patients) investigating desmopressin in surgery and indicating at least perioperative blood loss or transfusion of blood products.
Methods: Pertinent studies were searched in BioMed Central,
CENTRAL, and PubMed (updated May 1, 2008). Further hand or
computerized searches involved recent (2003–2008) conference
proceedings.
Results: In most of the included studies, 0.3 g/kg desmopressin was used prophylactically over a 15- to 30-min period. In comparison with placebo, desmopressin was associated with reduced requirements of blood product transfusion
(standardized mean difference ⴝ ⴚ0.29 [ⴚ0.52 to ⴚ0.06] units
per patient; P ⴝ 0.01), which were more pronounced in the
subgroup of noncardiac surgery and were without a statistically significant increase in thromboembolic adverse events
(57/1,002 ⴝ 5.7% in the desmopressin group vs. 45/979 ⴝ
4.6% in the placebo group; P ⴝ 0.3).
Conclusions: Desmopressin slightly reduced blood loss
(almost 80 ml per patient) and transfusion requirements
(almost 0.3 units per patient) in surgical patients, without
reduction in the proportion of patients who received transfusions. This meta-analysis suggests the importance of further
large, randomized controlled studies using desmopressin in
patients with or at risk of perioperative pathologic microvascular bleeding.

MAJOR bleeding and need for transfusions are common
complications of surgical procedures and have been associated with poor postoperative and long-term outcomes.1,2
Efforts to minimize the use of limited resources such as
blood products are essential, and the most obvious and
* Assistant Professor, ‡ Staff Anesthesiologist, § Resident in Anesthesiology,
# Full Professor, Department of Cardiothoracic Anesthesia and Intensive Care,
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probably the most effective strategy is to improve surgical
techniques and hemostatic management.
The most extensively studied hemostatic agents include recombinant activated factor VII, aprotinin, desmopressin (DDAVP), and the antifibrinolytic lysine analogs aminocaproic acid and tranexamic acid. The safety
of aprotinin has recently been questioned,3 and the
safety of recombinant activated factor VII in major surgery is still under investigation.
DDAVP, originally developed and licensed for the
treatment of inherited defects of hemostasis, given by
slow intravenous infusion at a dose of 0.3 g/kg, acts by
releasing ultralarge von Willebrand factor multimers
from endothelial cells, leading to an enhancement of
primary hemostasis.4,5 In 1986, Salzman et al.6 suggested
that DDAVP reduces blood loss and transfusion requirements by approximately 30%, as compared with placebo, during complex cardiac surgery. Subsequent attempts to reproduce these findings encountered variable
results: Many published trials were not adequately powered to assess clinically relevant outcomes, and several
reviews concluded that although DDAVP helps to reduce perioperative blood loss, its effect is too small to
influence other more clinically relevant outcomes, such
as the need for blood products.7–10 A recent review
states that there is little evidence that DDAVP is efficacious in conditions other than mild hemophilia A and
von Willebrand disease,1 and the most recent meta-analysis10 concluded that, because there is no clear beneficial effect of using DDAVP to reduce blood loss or
minimize transfusion with allogenic blood, further placebo-controlled trials of DDAVP as an adjunct to surgery
in patients who do not have bleeding disorders seem to
be unwarranted. Moreover, safety issues have been repeatedly raised: The main concern is that the use of a
procoagulant drug may induce thromboembolic complications, especially in patients at high risk.
To address these issues, we conducted a systematic
review and meta-analysis of data pooled from existing
trials with the purpose of determining the impact of
DDAVP on transfusion needs and to evaluate the risk of
adverse events, namely thromboembolic complications.

Materials and Methods
Search Strategy
Pertinent studies were independently searched in
BioMed Central, CENTRAL, and PubMed (updated May 1,
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2008) by four trained investigators (G.L., E.B., F.P., O.F.).
The full PubMed search strategy, including as key words
desmopressin, DDAVP, 1-desamino-8-D-arginine vasopressin, surgery, intervention, and operation, was developed according to Biondi-Zoccai et al.11 and is available in the appendix. Further hand or computerized
searches involved the recent (2003–2008) conference proceedings from the European Society of Anesthesia, International Anesthesia Research Society, American Society of
Anesthesiologists, European Society of Intensive Care Med-

icine, Society of Cardiovascular Anesthesiologists, European Association of Cardiothoracic Anesthesiologists,
International Society of Thrombosis and Hemostasis,
and American College of Chest Physicians congresses.
In addition, we used backward snowballing (i.e., scanning of reference of retrieved articles and pertinent
reviews) and contacted international experts for further studies. No language restriction was enforced,
and non–English-language articles were translated before further analysis.

Table 1. Description of Studies Included in the Systematic Review with Number of Patients and Interventions

Study

Journal

Year

Surgery

Andersson39
Ansell40
Brown41
Casas36
Clagett42
De Prost43
Despotis44
Dilthey45
Ellis38
Flordal46
(Flordal25)
(Flordal24)
Frankville47
Gratz48
Guay49
Guyuron50
Hackmann51
Haith52
Hedderich53
Horrow 154
Horrow 254
Jouken*
Karnezis 155
Karnezis 255
Kuitunen56
Lazarchick57

Circulation
J Thorac Cardiovasc Surg
J Cardiothorac Vasc Anesth
J Thorac Cardiovasc Surg
J Vasc Surg
Thromb Haemost
Lancet
J Cardiothorac Vasc Anesth
J Clin Anesth
Acta Orthop Scand
(Thromb Haemost)
(Thromb Res)
Anesthesiology
J Thorac Cardiovasc Surg
Anesth Analg
Ann Plast Surg
N Engl J Med
Surg Gynecol Obstet
Can J Surg
Circulation
Circulation
EACTA Congress
J Bone Joint Surg
J Bone Joint Surg
Ann Chir Gynaecol
Ann Clin Lab Sci

1990
1992
1989
1995
1995
1992
1999
1993
2001
1992

Cardiac
Cardiac
Cardiac
Cardiac
Vascular
Cardiac
Cardiac
Cardiac
Orthopedic
Orthopedic

1991
1992
1992
1996
1989
1993
1990
1991
1991
1988
1994
1994
1992
1995

Cardiac
Cardiac
Orthopedic
Orthognathic
Cardiac
Plastic
Cardiac
Cardiac
Cardiac
Cardiac
Orthopedic
Orthopedic
Cardiac
Any elective
surgery

(Conroy22)
Lethagen58
Marquez59
Mongan 160
Mongan 260
Ozkisacik61
Pleym62
Reich63
Rocha37
Rocha64
Salmenpera65
Salzman6
(Weinstein23)
Schott66
Sheridan67
Spyt68
Temeck69
Wingate 170
Wingate 270
Wong71
Total

(Anesth Analg)
Eur J Vasc Surg
1991 Vascular
J Cardiothorac Vasc Anesth 1992 Cardiac
Anesthesiology
1992 Cardiac
Anesthesiology
1992 Cardiac
J Cardiovasc Surg
2001 Cardiac
Anesth Analg
2004 Cardiac
J Cardiothorac Vasc Anesth 1991 Cardiac
Circulation
1994 Cardiac
Circulation
1988 Cardiac
J Cardiothorac Vasc Anesth 1991 Cardiac
N Engl J Med
1986 Cardiac
(Blood)
Acta Orthop Scand
1995 Orthopedic
Can J Surg
1994 Cardiac
Perfusion
1990 Cardiac
South Med J
1994 Cardiac
Plast Reconstr Surg
1992 Plastic
Plast Reconstr Surg
1992 Plastic
Can J Anaesth
2003 Abdominal

Desmopressin
Dose

Duration of
No. of Patients No. of Patients
Administration,
Receiving
Receiving
min
Desmopressin
Placebo

0.3 g/kg
0.3 g/kg
0.3 g/kg
0.3–0.4 g/kg
20 g
0.3 g/kg
0.4 g/kg
0.3 g/kg
0.3 g/kg
0.3 g/kg ⫻ 2

15
15
10
20–30
15
30
30
15
30
20–30

10
41
10
50
43
47
50
20
10
25

9
42
9
51
48
45
51
20
10
25

0.3 g/kg
0.3 g/kg
10 g/m2 (max 20 g)
20 g
0.3 g/kg (max 20 g)
0.3 g/kg
0.3 g/kg
0.3 g/kg
0.3 g/kg

15
30
20
30
15
15–30
15
30
30

0.3 g/kg
0.3 g/kg
0.3 g/kg
0.3 g/kg

20
20
15
30

20
29
15
10
74
11
31
39
41
35
17
26
17
12

20
30
15
10
76
11
31
45
38
35
19
30
16
11

0.3 g/kg
0.3 g/kg and 0.3 g/kg ⫻ 2
0.3 g/kg
0.3 g/kg
0.3 g/kg
0.3 g/kg
0.3 g/kg
0.3 g/kg and 0.3 g/kg ⫻ 2
0.3 (max 20 g)
0.3 g/kg
0.3 g/kg

10
15
15
20
10
10
20
15
15
15

25
43
44
13
33
47
14
53
50
15
35

25
22
42
16
33
49
13
28
50
15
35

0.3 g/kg
10 g/m2
0.3 g/kg
0.3 g/kg
0.3 g/kg
0.3 g/kg
0.3 g/kg

15
20
30
15
20
20
20

39
20
49
40
14
8
30
1,255

40
24
49
43
9
13
30
1,233
2,488

In parentheses citation represents double publication of the same patients’ cohort.
* Jouken K, Collard E, Mayne A, Simon M, Randour PH: Is the bleeding post coronary artery bypass grafting reduced after prophylactic administration of
desmopressin? (abstract). European Association of Cardiothoracic Anesthesiologists (EACTA); June 8–10, 1988; Lyon-Villeurbanne, France.
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DESMOPRESSIN IN SURGERY

Study Selection
References obtained from database and literature
searches were first independently examined at the title/
abstract level by four investigators (G.L., E.B., F.P., O.F.),
with divergences resolved by consensus, and then, if
potentially pertinent, retrieved as complete articles. The
following inclusion criteria were used for potentially
relevant studies: (1) random allocation to treatment, (2)
comparison of DDAVP versus placebo, and (3) performed in adult surgical patients. The exclusion criteria
were (1) case-matched studies, (2) duplicate publications (in this case, only the article reporting the longest
follow-up was abstracted), (3) nonhuman experimental
studies, and (4) no outcome data. Four investigators
(G.L., E.B., F.P., O.F.) selected studies for the final analysis by independently assessing compliance to selection
criteria. Divergences from the selection criteria were
resolved by consensus (table 1).

Data Abstraction and Study Characteristics
Baseline, procedural, and outcome data were independently abstracted by five investigators (G.L., E.B.,
F.P., O.F., C.M.), with divergences resolved by consensus (table 1). Specifically, we extracted study design, population, clinical setting, DDAVP dosage, and
treatment duration. At least two separate attempts at
contacting original authors were made in case of missing data.
The primary endpoint of our analysis was to determine
the effect of DDAVP on the overall transfusion of blood
products (packed erythrocytes, fresh frozen plasma,
platelets). Secondary endpoints included death, reoperation for bleeding, the number of patients receiving transfusion of blood products, and the effect of DDAVP on
postoperative bleeding (defined as the maximum bleeding after DDAVP administration as described by authors).
The possible side effects of DDAVP, such as hypotension during administration, myocardial infarction, and
other thromboembolic complications, were collected
as well.
Data Analysis and Synthesis
Binary outcomes from individual studies were analyzed
according to the Mantel–Haenszel model to compute
individual odds ratios (ORs) with pertinent 95% confidence intervals (CIs), and a pooled summary effect estimate was calculated by means of fixed effect or random
effect methods, when appropriate (i.e., fixed effect if I2
was ⬍ 50% and random effect if I2 was ⬎ 50%).11
Weighted mean differences and standardized mean dif** Zuazu-Jausoro I, Oliver A, Casas L, Caralps JM, Aris A, Sanz M, Fontcuberta
J: Aprotinin or desmopressin, which is the best one to control bleeding associated to cardiopulmonary bypass (CPB): A prospective randomized double blind
trial (abstract). Thromb Hemost 1993; 69:1289.
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Fig. 1. Flow diagram of the systematic review process.

ferences with 95% CIs were computed for continuous
variables.12 Statistical heterogeneity and inconsistency
was measured using, respectively, Cochran Q tests and I2
values.13 According to Higgins et al.,14 I2 values around
25, 50, and 75% were considered representing respectively low, moderate, and severe statistical inconsistency. Unadjusted P values are reported throughout. The
risk of small study bias (including publication bias) was
assessed by visual inspection of funnel plots and computing the Egger test.15 In addition, subanalyses according to type of surgery (cardiac vs. noncardiac) were
performed as sensitivity analyses for all major endpoints. Statistical significance was set at the two-tailed
0.05 level for hypothesis testing and at 0.10 for heterogeneity testing. Computations were performed
with SPSS 11.0 (SPSS, Chicago, IL) and RevMan 4.2 (a
freeware available from The Cochrane Collaboration,
Oxford, United Kingdom).12
This study was performed in compliance with The
Cochrane Collaboration and the Quality of Reporting of
Meta-Analyses (QUOROM) guidelines.

Results
Database searches, snowballing, and contacts with experts yielded a total of 348 citations (fig. 1). Excluding
290 nonpertinent titles or abstracts, we retrieved in
complete form and assessed according to the selection
criteria 58 studies. A total of 20 studies were further
excluded because of their nonexperimental design, including the use of historic controls or studies with
matched controls,16 –21 double publication,22–25** studying a pediatric population,26 –33 not using placebo as
control,34 or because there were no outcome data and
further details could not be obtained by the authors.35
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Fig. 2. Individual and pooled estimates for units of transfused blood products (packed erythrocytes, fresh frozen plasma, platelets).
CI ⴝ confidence interval; DDAVP ⴝ desmopressin; SMD ⴝ standardized mean difference.

Three studies including comparison with other hemostatic drugs (tranexamic acid, aprotinin) were split,36 –38
and only the comparison between DDAVP and placebo
was considered. We finally identified 38 eligible randomized clinical trials (published in the period 1986 –2004),
which were included in the final analysis.6,36 –71††; Four
of these 38 trials, reporting data on different patients’
populations, were split to correctly report the data and
were considered as two distinct studies, 54,55,60,70
achieving a final number of 42 studies (table 1).

Study Characteristics
The 42 included randomized controlled studies (RCTs)
comprised 2,488 patients (1,255 randomized to DDAVP
and 1,233 to placebo) (table 1). Twenty-eight trials were
†† Jouken K, Collard E, Mayne A, Simon M, Randour PH: Is the bleeding post
coronary artery bypass grafting reduced after prophylactic administration of
desmopressin? (abstract). European Association of Cardiothoracic Anesthesiologists; June 8 –10, 1988; Lyon-Villeurbanne, France.

Anesthesiology, V 109, No 6, Dec 2008

performed in cardiac surgery, 6 in orthopedic surgery,38,46,49,55,66 3 in plastic surgery,52,70 2 in vascular
surgery,42,58 1 in abdominal surgery,71 1 in orthognathic
surgery,50 and 1 in nonspecified elective surgery.57
DDAVP dosage varied slightly across studies (table 1),
being mostly a single 0.3-g/kg dose (only 6 authors repeated it) administered in 15–30 min during surgical hemostasis (only 8 studies administered immediately before
surgery). All studies but one43 evaluated the prophylactic
use of DDAVP. Three studies randomized patients according to their coagulative status as documented by thromboelastography,60 hemoSTATUS,44 and bleeding time.43
Twelve studies reported positive results (with 1 study
interrupted after an interim analysis because of excessive
positive results), and 26 reported no results (with 1 study
interrupted ad interim because of the risk of increased
myocardial infarction in the DDAVP group).
Most studies seemed to be of excellent quality (all of
them were RCTs), as testified by the double-blind design
specified by 33 of 38 trials. Only 1 RCT used a multi-
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Fig. 3. Individual and pooled estimates for bleeding volume (in milliliters). CI ⴝ confidence interval; DDAVP ⴝ desmopressin; SMD ⴝ
standardized mean difference. Jouken K, Collard E, Mayne A, Simon M, Randour PH: Is the bleeding post coronary artery bypass grafting
reduced after prophylactic administration of desmopressin? (abstract). European Association of Cardiothoracic Anesthesiologists; June
8 –10, 1988; Lyon-Villeurbanne, France.

center design,40 a feature that does not strictly impact on
internal validity, but usually increases external validity of
a trial. All trials but 1 were published as full articles. All
investigators compared DDAVP versus placebo. Only
one author published more than 1 article as first
author.37,64
Quantitative Data Synthesis
Overall analysis showed that, in comparison with placebo, DDAVP was associated with reduced requirements
of blood product transfusion (standardized mean difference ⫽ ⫺0.29 [⫺0.52 to ⫺0.06] units per patient; P ⫽
0.01; fig. 2) in the overall analysis and in the noncardiac
surgery patients. Furthermore, DDAVP treatment lead to
significant reductions in the overall analysis in the total
bleeding volume (weighted mean differences ⫽ ⫺79
Anesthesiology, V 109, No 6, Dec 2008

[⫺134 to ⫺24] ml per patient; P ⫽ 0.005; fig. 3), which
were confirmed in subanalyses focusing on cardiac
and noncardiac procedures. Despite these promising
results, other clinical endpoints were not statistically
different between DDAVP and control, suggesting that
the overall patient population was still not large
enough to achieve an adequate statistical power. Specifically, we found similar rates of patients undergoing
reoperation for bleeding (fig. 4) or receiving transfusion blood products (fig. 5) in both cardiac and
noncardiac groups, with trends toward a reduced
transfusion of platelets in patients undergoing cardiac
surgery (fig. 6).
The adverse event most frequently associated with
DDAVP treatment was postadministration hypotension
(OR ⫽ 4.84 [2.31–10.13]; P ⬍ 0.001; fig. 7), although
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Fig. 4. Individual and pooled estimates for surgical revision for bleeding. CI ⴝ confidence interval; DDAVP ⴝ desmopressin; OR ⴝ
odds ratio.

this side effect was transient and not related to any serious
adverse effect, as stated by the authors. The significant
improvement in the rates of all major endpoints was obtained without a significant increase in thromboembolic adverse events: death, myocardial infarction, and
any other thrombosis (all P ⬎ 0.05 at overall analyses
as well as selecting only cardiac or noncardiac patient;
figs. 8–10). In particular, we recorded 31 of 816 (3.8%) myocardial infarctions in the DDAVP group versus 23 of 793
(2.9%) in the placebo group (OR ⫽ 1.27 [0.73–2.20]; P ⫽ 0.4)
and 26 of 899 (3.2%) other thromboses in the DDAVP group
versus 22 of 877 (2.5%) in the placebo group (P ⫽
0.5). Overall, the thromboembolic complications
were 57 of 1,002 in the DDAVP versus 45 of 979 in the
placebo group (P ⫽ 0.3). Mortality was 9 of 771 (1.2%)
in the DDAVP group versus 7 of 768 (0.9%) in the
placebo group (P ⫽ 0.6).
The significant reduction in transfusion of blood products was confirmed in the overall population and in
Anesthesiology, V 109, No 6, Dec 2008

noncardiac surgery patients when only double-blind
RCTs were analyzed (P ⬍ 0.05 for both analyses).

Discussion
This meta-analysis pooled data from 38 small, underpowered trials and demonstrated that DDAVP is associated with a slight but significant reduction in transfusion
of blood products in the overall studied population as
well as in the subgroup of patients who underwent
noncardiac surgery. Twelve trials included in this
analysis, although underpowered, demonstrated positive
trends, which is consistent with the overall results of our
meta-analysis.
Despite improvements in surgical skills and strategies,
bleeding remains a problem in surgery. Surgical blood
loss and associated transfusions of allogenic blood products may be reduced by pharmacologic manipulation of
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Fig. 5. Individual and pooled estimates for proportion of patients with blood product transfusion (packed erythrocytes, fresh frozen
plasma, platelets). CI ⴝ confidence interval; DDAVP ⴝ desmopressin; OR ⴝ odds ratio.

hemostasis. The choice among hemostatic agents is ultimately based on the clinician’s sense of the expected
therapeutic efficacy, the safety profile, and the costs—a
balance that may vary depending on the characteristics
of individual patients and specific clinical settings.1 The
data available so far indicate that aprotinin, lysine analogs, and recombinant factor VIIa are potent hemostatic
agents, whereas DDAVP had no documented efficacy.1
This meta-analysis showed that DDAVP has a small effect
in reducing the volume of transfused blood products but
no effect on the proportion of individuals who receive
transfusions. The clinical impact of such a finding is questionable but should be considered in the context of the low
cost of DDAVP: At a single-dose regimen of 0.3 g/kg, the
cost of a treatment may be considered in the range of
$5–10 US. Nonetheless, because there is still uncertainty of
harm from death and myocardial infarction, probably the
use of DDAVP should be limited to patients with refractory
microvascular bleeding after surgery.
No meta-analysis of controlled clinical trials involving
the prophylactic or therapeutic use of DDAVP supported
Anesthesiology, V 109, No 6, Dec 2008

the clinically significant effect of DDAVP in reducing
transfusion needs after surgery. Hence, we conducted a
meta-analysis of 38 studies comparing DDAVP with placebo, evidencing, for the first time, a statistically significant reduction in requirements of blood products (standardized mean difference ⫽ ⫺0.29 [⫺0.52 to ⫺0.06]
units per patient; P ⫽ 0.01) in patients undergoing
surgery. Our results are in contrast with the recent
meta-analysis of Carless et al.,10 the only one to include
patients undergoing noncardiac surgery: The authors
concluded that there seemed to be no clear beneficial
effect of using DDAVP to reduce blood loss or minimize
transfusion with allogenic blood and that further placebocontrolled trials of DDAVP as an adjunct to surgery in
patients who do not have bleeding disorders seemed to
be unwarranted. The most important difference with
this previous work is in the number of identified trials:
38 in our meta-analysis versus 25 in Carless’ one. This
discrepancy should be attributed to the inclusion of 1
recently published article,63 of 2 studies that reported
data on bleeding but not on blood transfusion,39,65 and
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Fig. 6. Individual and pooled estimates for proportion of patients with platelet transfusion. CI ⴝ confidence interval; DDAVP ⴝ
desmopressin; OR ⴝ odds ratio.

to a better research strategy that permitted identification
of 10 additional studies.43,46,49,52,55–58,70†† In addition,
we imputed effect estimates and the corresponding SEs
from included studies by means of an unbiased approach
recently reported and validated.72‡‡ Furthermore, we evaluated the use of numerous blood products (packed erythrocytes, fresh frozen plasma, and platelets),
whereas Carless et al. only considered blood transfusions.
Because DDAVP improves platelet adhesion and because
all blood products have risks and side effects when transfused, we are convinced that our approach is rational.
Similar considerations apply to previous systematic
reviews such as Levi et al.,7 Laupacis et al.,73 Cattaneo et
al.,9 and Fremes et al. 8: The failure of previous RCTs and
meta-analyses to demonstrate the effects of DDAVP on
blood products should be attributed to lack of power. In
fact, these authors did not include very recent reports,
such as those published after 199838,44,61,62,71; they did
not include patients undergoing noncardiac surgery;
and, with the exception of Cattaneo et al.,9 they did not
focus on DDAVP but also reviewed other pharmacologic
strategies to decrease excessive blood loss. None of
these authors found a reduction in transfusion of blood
products in patients receiving DDAVP: Levi et al.,7
Laupacis et al.,73 and Cattaneo et al. 9 identified a de‡‡ http://www.metcardio.org/macros/imput-mean-sd.xls. Accessed October
13, 2008.
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crease in perioperative blood loss either in the general
population7 or only in patients receiving aspirin,73 with
excessive bleeding9 defined as a mean blood loss in
placebo-treated patients within the upper fourth of the
blood loss distribution (ⱖ 1,180 ml/24 h).
DDAVP is a synthetic analog of the neurohypophyseal
nonapeptide arginine vasopressin. It is known that this
hormone causes the appearance of larger von Willebrand factor multimers in addition to increased concentrations of von Willebrand factor multimers and factor
VIII; a role for DDAVP has thus been indicated in patients with mild hemophilia or von Willebrand disease.
DDAVP has also been shown to shorten bleeding time in
other conditions, including uremia, chronic liver disease, and aspirin ingestion.
The use of any drug that potentiates hemostasis inevitably carries a risk of thrombosis, particularly in patients
with atherosclerosis or other risk factors for thrombosis.
Early case reports suggested a potential relation between
DDAVP and thromboembolic complications, and 2 previous meta-analyses on pharmacologic strategies to decrease excessive blood loss in cardiac surgery confirmed
that perioperative myocardial infarction was more common in DDAVP-treated patients when compared with a
placebo-treated group: Laupacis et al.73 suggested a
trend toward an increased incidence of myocardial infarction (4.4% vs. 1.6%) in the DDAVP group studying 12
trials and 793 patients (OR, 1.85; 95% CI, 0.74 – 4.62),
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Fig. 7. Individual and pooled estimates for risk of hypotension. CI ⴝ confidence interval; DDAVP ⴝ desmopressin; OR ⴝ odds ratio.

whereas Levi et al.7 found that DDAVP was associated
with a 2.4-fold increase in the risk of perioperative myocardial infarction in 7 trials (OR, 2.39; 95% CI, 1.02–
5.60). A larger and more updated analysis of 1,833
patients, however, showed no increased risk of thromboembolic complications. Mannucci et al.74 stated that
in 31 reports on the use of DDAVP in surgery published
up to 1993, 57 thromboembolic events were reported
(33/956 ⫽ 3.4% in DDAVP-treated patients vs. 24/877 ⫽
2.7% in placebo-treated patients; P ⫽ 0.38), with 19
myocardial infarctions versus 13 in the placebo group, 8
and 2 cases of ischemic stroke, 1 and 2 cases of arterial
thromboembolism, and 5 and 7 cases of venous thromboembolism. Our results are consistent with these findings and confirm a similar incidence of thromboembolic
events: 57/1,002 ⫽ 5.4% versus 45/979 ⫽ 4.6% in the
DDAVP and placebo groups, respectively. Nonetheless,
it should be acknowledged that RCTs are not necessarily
the best study design to assess the harm of an intervention. The sample size is usually too small even with the
combining of studies to adequately address harm. Cohort
studies, registry studies, use of administrative data, or
some active surveillance techniques are often better.
Also, thromboembolic events are not easy to detect, and
some of the studies included in this meta-analysis may
Anesthesiology, V 109, No 6, Dec 2008

not have had a systematic approach for detecting them.
The recent lessons that have been learned from aprotinin3 should make the medical community very cautious
about making pronouncements on safety. Concerns
about safety remain unanswered, even if this meta-analysis itself does not raise a major concern in this regard.
The only statistically significant difference in side effects between the two groups was the mild, transient
arterial hypotension observed by seven authors (37/442 ⫽
8.4% vs. 9/419 ⫽ 2.1%; P ⬍ 0.001) that is consistent with
the reported increase in cardiac output and decrease in
systemic vascular resistance observed in patients receiving DDAVP.63 This effect is related to a mild vasodilating
effect of DDAVP and is not associated with changes in
filling pressure, heart rate, or right ventricular function.
The etiology of this vasodilation is uncertain but is related to the rate of administration. Histamine release
does not seem to be the mechanism of the response,
even with rapid administration of the drug. A more likely
possibility is that DDAVP interacts with a subgroup of
vasopressin receptors that cause peripheral vasodilatation.63 Whether DDAVP acts as a vasodilator in the coronary vasculature is unknown.
As suggested by recent guidelines75 and a RCT,44 it
would be wise to administer DDAVP using point-of-care
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Fig. 8. Individual and pooled estimates for risk of death. CI ⴝ confidence interval; DDAVP ⴝ desmopressin; OR ⴝ odds ratio.

tests for platelet function in patients with excessive
postoperative bleeding. Most probably, there are groups
of patients who may benefit more from DDAVP due to
dysfunctional platelets. Overall perioperative platelet
dysfunction from congenital (mild von Willebrand disease), pharmacologic (local anesthetics, nonsteroidal antiinflammatory drugs, heparins, ephedrine, and others),
or physical (hypothermia, turbulent blood flow, artificial
surfaces, and blood loss) causes may be around 3–5% of
operated patients, making platelet dysfunction the most
common hemostatic defect.76 Patients who may benefit
from DDAVP include those who undergo prolonged
operations with cardiopulmonary bypass,6 those with
excessive postoperative bleeding (e.g., ⬎ 1,180 ml/24 h),9
those taking platelet-inhibiting drugs,73 those at high risk
of excessive bleeding as identified by tests of hemostatic
function,17,60 or those with chronic renal failure or liver
dysfunction.
Limitations
The limitations of systematic reviews and meta-analyses are well known77 and include the level of uniformity
Anesthesiology, V 109, No 6, Dec 2008

among study populations as well as the primary endpoints in each of the studies, which on the other hand
were often of high internal validity. A particular limitation of our analysis is the lack of uniform reporting of
bleeding, which may have indeed decreased the overall
statistical power of the meta-analysis. Nonetheless, we strived
to comply with the most stringent guidelines of The Cochrane
Collaboration and of the QUOROM statement.
Only an individual patient-data meta-analysis or a large
and adequately powered RCT could provide a sounder
and more rigorous appraisal of the clinical role of
DDAVP in this clinical setting.
A heterogeneity factor in our study is the presence of
different surgical procedures, which can raise the problem of pooling the data together. Nonetheless, most of
these studies focused on patients undergoing cardiovascular procedures, liver surgery, and major orthopedic
procedures that are associated with severe bleeding.1
Probably the most important limitation of this metaanalysis (and of all the RCTs conducted in this setting) is
the absence of midterm follow-up: Patients receive prothrombotic drugs to reduce transfusion rate and limit
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Fig. 9. Individual and pooled estimates for risk of myocardial infarction. CI ⴝ confidence interval; DDAVP ⴝ desmopressin; OR ⴝ
odds ratio.

midterm complications (lung dysfunction and increased
rate of perioperative infections), but no study had a
follow-up longer than 30 days, and most studies limited
their observation to the perioperative period.
The fact that so many patients were required (roughly
2,500 in this meta-analysis) to demonstrate a beneficial
effect of DDAVP suggests that the benefit is quite small or
quite variable or that only a small subset of patients benefit.
A large multicenter RCT with a 1-yr follow up is currently recruiting patients with excessive microvascular
bleeding after cardiac surgery (NCT00337766).
DDAVP slightly reduced blood loss (almost 80 ml per
patient) and transfusion requirements (almost 0.3 units
per patient) in surgical patients, without reduction in
proportion of patients who received transfusions. This
meta-analysis suggests the importance of further large
§§ Developed According to Biondi-Zoccai et al.11
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randomized controlled studies in patients with or at risk
of perioperative pathologic microvascular bleeding.

Appendix: PubMed Search Strategy§§
(randomized controlled trial[pt] OR controlled clinical trial[pt] OR
randomized controlled trials[mh] OR random allocation[mh] OR double-blind method[mh] OR single-blind method[mh] OR clinical trial[pt]
OR clinical trials[mh] OR (clinical trial[tw] OR ((singl*[tw] OR
doubl*[tw] OR trebl*[tw] OR tripl*[tw]) AND (mask*[tw] OR
blind[tw])) OR (latin square[tw]) OR placebos[mh] OR placebo*[tw]
OR random*[tw] OR research design[mh:noexp] OR comparative
study[mh] OR evaluation studies[mh] OR follow-up studies[mh] OR
prospective studies[mh] OR cross-over studies[mh] OR control*[tw]
OR prospectiv*[tw] OR volunteer*[tw]) NOT (animal[mh] NOT human[mh]) NOT (comment[pt] OR editorial[pt] OR meta-analysis[pt]
OR practice-guideline[pt] OR review[pt])) AND ((desmopressin OR
davp OR “1-desamino-8-D-arginine vasopressin”) AND (surgery OR
intervention* OR operation*)).
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Fig. 10. Individual and pooled estimates for risk of nonmyocardial thrombosis. CI ⴝ confidence interval; DDAVP ⴝ desmopressin;
OR ⴝ odds ratio.
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9. Cattaneo M, Harris AS, Strömberg U, Mannucci PM: The effect of desmopressin on reducing blood loss in cardiac surgery: A meta-analysis of doubleblind, placebo-controlled trials. Thromb Haemost 1995; 74:1064–70
10. Carless PA, Henry DA, Moxey AJ, O’Connel D, McClelland B, Henderson
KM, Sly K, Laupacis A, Fergusson D: Desmopressin for minimizing perioperative
allogenic blood transfusion. Cochrane Database Syst Rev 2004; 1:CD001884
11. Biondi-Zoccai GGL, Agostoni P, Abbate A, Testa L, Burzotta F: A simple
hint to improve Robinson and Dickersin’s highly sensitive PubMed search strategy for controlled clinical trials. Int J Epidemiol 2005; 34:224–5
12. Fleiss JL: The statistical basis of meta-analysis. Stat Methods Med Res 1993;
2:121–45
13. Higgins JPT, Green S: The Cochrane Handbook for Systematic Reviews of
Interventions 4.2.5. Available at http://www.cochrane.org. Accessed October
13, 2008
14. Higgins JP, Thompson SG, Deeks JJ, Altman DG: Measuring inconsistency
in meta-analyses. BMJ 2003; 327:557–60
15. Egger M, Davey Smith G, Schneider M, Minder C: Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997; 315:629–34
16. Cicero JL, Massad M, Matano J: Effect of desmopressin acetate on hemorrhage
without identifiable cause in coronary bypass patients. Am Surg 1991; 57:165–8
17. Czer LS, Bateman TM, Gray RJ, Raymond M, Stewart ME, Lee S, Goldfinger
D, Chaux A, Matloff JM: Treatment of severe platelet dysfunction and hemorrhage after cardiopulmonary bypass: Reduction in blood product usage with
desmopressin. J Am Coll Cardiol 1987; 9:1139–47
18. Melissari E, Scully MF, Paes T, Ellis V, Kakkar VV: The influence of DDAVP

DESMOPRESSIN IN SURGERY

infusion on the coagulation and fibrinolytic response to surgery. Thromb Haemost 1986; 55:54–7
19. Lazenby WD, Russo I, Zadeh BJ, Zelano JA, Ko W, Lynch CC, Isom OW,
Krieger KH: Treatment with desmopressin acetate in routine coronary artery
bypass surgery to improve postoperative hemostasis. Circulation 1990; 82:413–9
20. Jahr JS, Marquez J, Cottington E, Cook DR: Hemodynamic performance
and histamine levels after desmopressin acetate administration following cardiopulmonary bypass in adult patients. J Cardiothorac Vasc Anesth 1991; 5:139–41
21. Flordal PA, Sahlin S: Use of desmopressin to prevent bleeding complications in patients treated with aspirin. Br J Surg 1993; 80:723–4
22. Conroy JM, Fishman RL, Reeves ST, Pinosky ML, Lazarchick J: The effects of
desmopressin and 6% hydroxyethyl starch on factor VIII:C. Anesth Analg 1996; 83:804–7
23. Weinstein M, Ware JA, Troll J, Salzman E: Changes in von Willebrand factor
during cardiac surgery: Effect of desmopressin acetate. Blood 1988; 71:1648–55
24. Flordal PA, Ljungstrom KG, Fehrm A: Desmopressin and postoperative
thromboembolism. Thromb Res 1992; 68:429–33
25. Flordal PA, Ljungstrom KG, Svensson J, Ekman B, Neander G: Effects on
coagulation and fibrinolysis of desmopressin in patients undergoing total hip
replacement. Thromb Haemost 1991; 66:652–6
26. Guay J, Reinberg C, Rivard GE, Poitras B, Mathews S, David M: DDAVP
does not reduce bleeding during spinal fusion for idiopathic scoliosis. Can J
Anaesth 1990; 37:S14
27. Kobrinsky NL, Letts RM, Patel LR, Israels ED, Monson RC, Schwetz N,
Cheang MS: 1-Desamino-8-D-arginine vasopressin (desmopressin) decreases operative blood loss in patients having Harrington rod spinal fusion surgery: A
randomized, double-blinded, controlled trial. Ann Intern Med 1987; 107:446–50
28. Seear MD, Wadsworth LD, Rogers PC, Sheps S, Ashmore PG: The effect of
desmopressin acetate (DDAVP) on postoperative blood loss after cardiac operations in children. J Thorac Cardiovasc Surg 1989; 98:217–9
29. Letts M, Pang E, D’Astous J, Jarvis J, Lawton L, Luke B, Rhine E, Menard E:
The influence of desmopressin on blood loss during spinal fusion surgery in
neuromuscular patients. Spine 1998; 23:475–8
30. Oliver WC Jr, Santrach PJ, Danielson GK, Nuttall GA, Schroeder DR, Ereth
MH: Desmopressin does not reduce bleeding and transfusion requirements in
congenital heart operations. Ann Thorac Surg 2000; 70:1923–30
31. Theroux MC, Corddry DH, Tietz AE, Miller F, Peoples JD, Kettrick RG: A study of
desmopressin and blood loss during spinal fusion for neuromuscular scoliosis: A randomized, controlled, double-blinded study. ANESTHESIOLOGY 1997; 87:260–7
32. Alanay A, Acaroglu E, Ozdemir O, Ercelen O, Bulutcu E, Surat A: Effects of
deamino-8-D-arginin vasopressin on blood loss and coagulation factors in scoliosis surgery: A double-blind randomized clinical trial. Spine 1999; 24:877–82
33. Reynolds LM, Nicolson SC, Jobes DR, Steven JM, Norwood WI, McGonigle
ME, Manno CS: Desmopressin does not decrease bleeding after cardiac operation
in young children. J Thorac Cardiovasc Surg 1993; 106:954–8
34. Zohar E, Fredman B, Ellis MH, Ifrach N, Stern A, Jedeikin R: A comparative
study of the postoperative allogeneic blood-sparing effects of tranexamic acid
and of desmopressin after total knee replacement. Transfusion 2001; 41:1285–9
35. Chuang HI, Horng YJ, Li Y, Chern FC, Shieh DY, Chiou IS, Ju SS: Clinical
assessment of desmopressin to reduce blood loss in patients after cardiopulmonary bypass. Ma Zui Xue Za Zhi 1993; 31:35–42
36. Casas JI, Zuazu-Jausoro I, Mateo J, Oliver A, Litvan H, Muniz-Diaz E, Aris A,
Caralps JM, Fontcuberta J: Aprotinin versus desmopressin for patients undergoing operations with cardiopulmonary bypass: A double-blind placebo-controlled
study. J Thorac Cardiovasc Surg 1995; 110:1107–17
37. Rocha E, Hidalgo F, Llorens R, Melero JM, Arroyo JL, Paramo JA: Randomized study of aprotinin and DDAVP to reduce postoperative bleeding after
cardiopulmonary bypass surgery. Circulation 1994; 90:921–7
38. Ellis MH, Fredman B, Zohar E, Ifrach N, Jedeikin R: The effect of tourniquet
application, tranexamic acid, and desmopressin on the procoagulant and fibrinolytic systems during total knee replacement. J Clin Anesth 2001; 13:509–13
39. Andersson TL, Solem JO, Tengborn L, Vinge E: Effects of desmopressin
acetate on platelet aggregation, von Willebrand factor, and blood loss after
cardiac surgery with extracorporeal circulation. Circulation 1990; 81:872–8
40. Ansell J, Klassen V, Lew R, Ball S, Weinstein M, VanderSalm T, Okike N,
Gratz I, Leslie J, Roberts A, Fleming L, Salzman P: Does desmopressin acetate
prophylaxis reduce blood loss after valvular heart operations? A randomized,
double-blind study. J Thorac Cardiovasc Surg 1992; 104:117–23
41. Brown MR, Swygert TH, Whitten CW, Hebeler R: Desmopressin acetate
following cardiopulmonary bypass: Evaluation of coagulation parameters. J Cardiothorac Anesth 1989; 3:726–9
42. Clagett GP, Valentine RJ, Myers SI, Chervu A, Heller J: Does desmopressin
improve hemostasis and reduce blood loss from aortic surgery? A randomized,
double-blind study. J Vasc Surg 1995; 22:223–9
43. de Prost D, Barbier-Boehm G, Hazebroucq J, Ibrahim H, Bielsky MC, Hvass
U, Lacombe C, Francais JL, Desmonts JM: Desmopressin has no beneficial effect
on excessive postoperative bleeding or blood product requirements associated
with cardiopulmonary bypass. Thromb Haemost 1992; 68:106–10
44. Despotis GJ, Levine V, Saleem R, Spitznagel E, Joist JH: Use of point-of-care
test in identification of patients who can benefit from desmopressin during
cardiac surgery: A randomised controlled trial. Lancet 1999; 354:106–10
45. Dilthey G, Dietrich W, Spannagl M, Richter JA: Influence of desmopressin
acetate on homologous blood requirements in cardiac surgical patients pretreated with aspirin. J Cardiothorac Vasc Anesth 1993; 7:425–30

Anesthesiology, V 109, No 6, Dec 2008

1075

46. Flordal PA, Ljungstrom KG, Ekman B, Neander G: Effects of desmopressin
on blood loss in hip arthroplasty: Controlled study in 50 patients. Acta Orthop
Scand 1992; 63:381–5
47. Frankville DD, Harper GB, Lake CL, Johns RA: Hemodynamic consequences of desmopressin administration after cardiopulmonary bypass. ANESTHESIOLOGY 1991; 74:988–96
48. Gratz I, Koehler J, Olsen D, Afshar M, DeCastro N, Spagna PM, Ablaza SG,
Larijani GE: The effect of desmopressin acetate on postoperative hemorrhage in
patients receiving aspirin therapy before coronary artery bypass operations.
J Thorac Cardiovasc Surg 1992; 104:1417–22
49. Guay J, Reinberg C, Poitras B, David M, Mathews S, Lortie L, Rivard GE: A
trial of desmopressin to reduce blood loss in patients undergoing spinal fusion for
idiopathic scoliosis. Anesth Analg 1992; 75:405–10
50. Guyuron B, Vaughan C, Schlecter B: The role of DDAVP (desmopressin) in
orthognathic surgery. Ann Plast Surg 1996; 37:516–9
51. Hackmann T, Gascoyne RD, Naiman SC, Growe GH, Burchill LD, Jamieson
WR, Sheps SB, Schechter MT, Townsend GE: A trial of desmopressin (1-desamino8-D-arginine vasopressin) to reduce blood loss in uncomplicated cardiac surgery.
N Engl J Med 1989; 321:1437–43
52. Haith LR Jr, Patton ML, Goldman WT, McCutchan KM: Diminishing blood
loss during operation for burns. Surg Gynecol Obstet 1993; 176:119–23
53. Hedderich GS, Petsikas DJ, Cooper BA, Leznoff M, Guerraty AJ, Poirier NL,
Symes JF, Morin JE: Desmopressin acetate in uncomplicated coronary artery
bypass surgery: A prospective randomized clinical trial. Can J Surg 1990; 33:33–6
54. Horrow JC, Van Riper DF, Strong MD, Brodsky I, Parmet JL: Hemostatic
effects of tranexamic acid and desmopressin during cardiac surgery. Circulation
1991; 84:2063–70
55. Karnezis TA, Stulberg SD, Wixson RL, Reilly P: The hemostatic effects of
desmopressin on patients who had total joint arthroplasty: A double-blind randomized trial. J Bone Joint Surg Am 1994; 76:1545–50
56. Kuitunen AH: Haemostatic responses to desmopressin acetate after primary coronary artery bypass surgery. Ann Chir Gynaecol 1992; 81:11–8
57. Lazarchick J, Conroy JM: The effect of 6% hydroxyethyl starch and desmopressin infusion on von Willebrand factor: ristocetin cofactor activity. Ann
Clin Lab Sci 1995; 25:306–9
58. Lethagen S, Rugarn P, Bergqvist D: Blood loss and safety with desmopressin or placebo during aorto-iliac graft surgery. Eur J Vasc Surg 1991; 5:173–8
59. Marquez J, Koehler S, Strelec SR, Benckart DH, Spero JA, Cottington EM,
Torpey DJ Jr: Repeated dose administration of desmopressin acetate in uncomplicated cardiac surgery: A prospective, blinded, randomized study. J Cardiothorac Vasc Anesth 1992; 6:674–6
60. Mongan PD, Hosking MP: The role of desmopressin acetate in patients
undergoing coronary artery bypass surgery: A controlled clinical trial with thromboelastographic risk stratification. ANESTHESIOLOGY 1992; 77:38–46
61. Ozkisacik E, Islamoglu F, Posacioglu H, Yagdi T, Basarir S, Omay SB,
Ozbaran M, Buket S: Desmopressin usage in elective cardiac surgery. J Cardiovasc
Surg 2001; 42:741–7
62. Pleym H, Stenseth R, Wahba A, Bjella L, Tromsdal A, Karevold A, Dale O:
Prophylactic treatment with desmopressin does not reduce postoperative bleeding after coronary surgery in patients treated with aspirin before surgery. Anesth
Analg 2004; 98:578–84
63. Reich DL, Hammerschlag BC, Rand JH, Weiss-Bloom L, Perucho H, Galla J,
Thys DM: Desmopressin acetate is a mild vasodilator that does not reduce blood
loss in uncomplicated cardiac surgical procedures. J Cardiothorac Vasc Anesth
1991; 5:142–5
64. Rocha E, Llorens R, Paramo JA, Arcas R, Cuesta B, Trenor AM: Does
desmopressin acetate reduce blood loss after surgery in patients on cardiopulmonary bypass? Circulation 1988; 77:1319–23
65. Salmenpera M, Kuitunen A, Hynynen M, Heinonen J: Hemodynamic responses to desmopressin acetate after CABG: A double-blind trial. J Cardiothorac
Vasc Anesth 1991; 5:146–9
66. Schott U, Sollen C, Axelsson K, Rugam P, Allyin I: Desmopressin acetate
does not reduce blood loss during total hip replacement in patients receiving
dextran. Acta Anaesthesiol Scand 1995; 39:592–8
67. Sheridan DP, Card RT, Pinilla JC, Harding SM, Thomson DJ, Gauthier L,
Drotar D: Use of desmopressin acetate to reduce blood transfusion requirements
during cardiac surgery in patients with acetylsalicylic-acid-induced platelet dysfunction. Can J Surg 1994; 37:33–6
68. Spyt TJ, Weerasena NA, Bain WH, Lowe GDO, Rumley A: The effects of desmopressin acetate (DDAVP) on haemostasis and blood loss in routine coronary artery bypass
surgery: A randomized double-blind trial. Perfusion 1990; 5:57–61
69. Temeck BK, Bachenheimer LC, Katz NM, Coughlin SS, Wallace RB: Desmopressin acetate in cardiac surgery: A double- blind, randomized study. South
Med J 1994; 87:611–5
70. Wingate GF, Lewis VL Jr, Green D, Wiedrich TA, Koenig WJ: Desmopressin decreases operative blood loss in spinal cord injury patients having flap
reconstruction of pelvic pressure sores. Plast Reconstr Surg 1992; 89:279–82
71. Wong AY, Irwin MG, Hui TW, Fung SK, Fan ST, Ma ES: Desmopressin does
not decrease blood loss and transfusion requirements in patients undergoing
hepatectomy. Can J Anaesth 2003; 50:14–20
72. Thiessen Philbrook H, Barrowman N, Garg AX: Imputing variance estimates do not alter the conclusions of a meta-analysis with continuous outcomes:

1076

A case study of changes in renal function after living kidney donation. J Clin
Epidemiol 2007; 60:228–40
73. Laupacis A, Fergusson D: Drugs to minimize perioperative blood loss in
cardiac surgery: Meta-analyses using perioperative blood transfusion as the outcome. The International Study of Peri-operative Transfusion (ISPOT) Investigators. Anesth Analg 1997; 85:1258–67
74. Mannucci PM, Carlsson S, Harris AS: Desmopressin, surgery and thrombosis. Thromb Haemost 1994; 71:154–5
75. Society of Thoracic Surgeons Blood Conservation Guideline Task Force,
Ferraris VA, Ferraris SP, Saha SP, Hessel EA II, Haan CK, Royston BD, Bridges CR,

Anesthesiology, V 109, No 6, Dec 2008

CRESCENZI ET AL.

Higgins RS, Despotis G, Brown JR, Society of Cardiovascular Anesthesiologists
Special Task Force on Blood Transfusion, Spiess BD, Shore-Lesserson L, StaffordSmith M, Mazer CD, Bennett-Guerrero E, Hill SE, Body S: Perioperative blood
transfusion and blood conservation in cardiac surgery: The Society of Thoracic
Surgeons and the Society of Cardiovascular Anesthesiologists clinical practice
guideline. Ann Thorac Surg 2007; 83:27–86
76. Flordal PA: Use of desmopressin to prevent bleeding in surgery. Eur J Surg
1998; 164:5–11
77. Biondi-Zoccai GG, Agostoni P, Abbate A: Parallel hierarchy of scientific
studies in cardiovascular medicine. Ital Heart J 2003; 4:819–20

