Intensive Care Med (2012) 38:9-19
DOI 10.1007/s00134-011-2407-x

Angelo Polito

Emilio Parisini
Zaccaria Ricci
Sergio Picardo
Djillali Annane

Received: 14 April 2011

Accepted: 29 September 2011

Published online: 30 November 2011

© Copyright jointly held by Springer and
ESICM 2011

On behalf of the ESICM Systematic Review
Group (http://www.esicm.org/Data/
ModuleGestionDeContenu/PagesGenerees/
05-research/OD-trialsgroup/168.asp).

Electronic supplementary material

The online version of this article
(doi:10.1007/s00134-011-2407-x) contains
supplementary material, which is available
to authorized users.

A. Polito (i) - Z. Ricci - S. Picardo
Department of Cardiology, Bambino Gesu
Children’s Hospital, Piazza S.Onofrio 4,
00165 Rome, Italy

e-mail: angpolito@hotmail.com

Tel.: +39-06-68592258

Fax: +39-06-68592670

E. Parisini

Center for Nano Science and
Technology @POLIMI, Istituto Italiano di
Tecnologia, Via G. Pascoli 70/3,

20133 Milan, Italy

REVIEW

Vasopressin for treatment of vasodilatory
shock: an ESICM systematic review

and meta-analysis

D. Annane

Critical Care Department, Hopital Raymond
Poincaré (Assistance Publique-Hopitaux de
Paris), University of Versailles, Garches,
France

Abstract Objective: To examine
the benefits and risks of vasopressin
or its analog terlipressin for patients
with vasodilatory shock. Data
source: We searched the CEN-
TRAL, MEDLINE, EMBASE, and
LILACS databases (up to March
2011) as well as reference lists of
articles and proceedings of major
meetings; we also contacted trial
authors. We considered randomized
and quasirandomized trials of vaso-
pressin or terlipressin versus placebo
or supportive treatment in adult and
pediatric patients with vasodilatory
shock. The primary outcome for this
review was short-term all-cause
mortality. Study selection: We
identified 10 randomized trials (1,134
patients). Six studies were considered
for the main analysis on mortality in
adults. Data extraction and synthe-
sis:  The crude short-term mortality

Introduction

Vasodilatory shock is a life-threatening condition with
short-term mortality ranging from 40% to 60% [1, 2].
Early mortality is usually associated with refractory
hypotension. Hemodynamic management of patients with
septic shock consists of fluid administration and use of

was 206 of 512 (40.2%) in vaso-
pressin/terlipressin-treated patients
and 198 of 461 (42.9%) in controls
[six trials, risk ratio (RR) = 0.91;
95% confidence interval (CI)
0.79-1.05; P = 0.21; I* = 0%].
There were 49 of 463 (10.6%)
patients with serious adverse events
in the vasopressin/terlipressin arm
and 51 of 431 (11.8%) in the control
arm (four trials, RR = 0.90; 95% CI
0.49-1.67; P = 0.75; I = 26%).
Metaregression analysis showed neg-
ative correlation between vasopressin
dose and norepinephrine dose

(P = 0.03). Conclusions: Overall,
use of vasopressin or terlipressin did
not produce any survival benefit in
the short term in patients with
vasodilatory shock. Physicians may
value the sparing effects of vaso-
pressin/terlipressin on norepinephrine
requirement given its apparent safe
profile.

Keywords Vasopressin -
Terlipressin - Vasodilatory shock

vasopressors with dopamine or norepinephrine as first-
line agents [3, 4]. However, a substantial number of

patients remain refractory to this strategy, with worsening
of organ dysfunction to death. Vasopressin, an endoge-
nous stress hormone, has been proposed in management
of such patients [5, 6]. Indeed, patients with vasodilatory
shock may have circulating vasopressin concentrations
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inappropriately low in comparison with their level of
systolic blood pressure, particularly in the late phase of
shock [5, 7]. In addition, although vasopressin infusion
has little if any effect on blood pressure in normal sub-
jects, low-dose infusion of vasopressin can restore
vascular tone in patients with vasodilatory shock [5, 8—
11]. On the other hand, vasopressin may have important
side-effects including arrhythmias [10] and myocardial,
skin, and gut ischemia [12-14]. While findings from
randomized controlled trials consistently show that
vasopressin infusion improves hemodynamic status in
patients with vasodilatory shock [13], its effect on mor-
tality remains controversial [15].

We performed a systematic review of the effects of
vasopressin or its analog terlipressin on mortality and
morbidity in patients with vasodilatory shock.

Methods

This meta-analysis was performed in accordance with
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) recommendations [16].

Search strategy

We attempted to identify all relevant studies regardless of
language or publication status (published, unpublished, in
press, or in progress).

Electronic searches

We searched the Cochrane Central Register of Controlled
Trials (CENTRAL) published in the Cochrane Library (issue
1, 2011) using the search term “vasopressin” or “terlipres-
sin” and “shock”. We also searched the following elec-
tronic databases: (1) MEDLINE (1966 to March 2011) using
the search term “vasopressin” or “terlipressin” and
“shock”, (2) EMBASE (1974 to March 2011) using
“vasopressin, terlipressin, shock”, and (3) LILACS (http://
www.bireme.br; accessed March 2011) using “vasopressin,
terlipressin, shock”.

Other sources

We checked the reference lists of all trials identified by the
above methods, and contacted authors to find additional
unpublished data. We also searched the proceedings of the
annual meeting of major critical care medicine symposia,
i.e., Society of Critical Care Medicine, American Thoracic
Society, the International Symposium on Intensive Care and

Emergency Medicine, the American College of Chest
Physicians, and the European Society of Intensive Care
Medicine, for the years 1998-2010 (inclusive).

Finally we searched for ongoing randomized con-
trolled trials, the metaregister of controlled trials, using
the search terms “vasopressin”, “terlipressin”, “septic
shock™; “sepsis” (http://www.controlled-trials.com/mrct/
active, accessed March 2011).

Study selection

Two reviewers (A.P. and E.P.) checked the titles and
abstracts identified by the search strategy and examined
in full any trial that potentially met the inclusion crite-
ria. Any disagreement between the two authors was
settled by discussion with a third author (D.A.) until
consensus was reached. Agreement between the two
reviewers on study inclusion was excellent (k = 1). The
study’s primary author was contacted for clarification
whenever needed.

We included randomized or quasirandomized (i.e.,
using systematic methods, such as alternation, assignment
based on date of birth, case record number, or date of
presentation) controlled trials with or without blinding,
with a primary focus on patients with vasodilatory shock.
We considered studies on intravenous treatment with any
type of vasopressin formulation (vasopressin, terlipres-
sin). We considered that vasopressin was given as
replacement therapy when it was infused at fixed dose of
0.04 UI per hour and as vasopressor therapy when it was
titrated according to any hemodynamic goal (e.g., mean
arterial pressure). The control group could include stan-
dard therapy (fluid replacement and/or vasopressor
therapy, antibiotics, mechanical ventilation, or renal
replacement therapy) or placebo.

Data collection and analysis

Data extraction

One author (A.P.) designed a data extraction form that
was validated by the other authors before data abstraction.
Two authors (A.P. and E.P.) independently extracted the
data. Primary authors of trials were contacted to provide
missing data, whenever needed. One author (A.P.) entered
the data onto the computer following standard double
entry procedure.

Assessment of methodological quality
Two authors (A.P. and E.P.) independently evaluated

the methodological quality of studies. We documented
the method of generation of allocation sequence and
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allocation concealment and we described, whenever
possible, whom among patients, caregivers, data collec-
tors, outcome assessors, and data analysts remained
blinded [17]. We also documented whether or not the
analysis respected the intention-to-treat principle and
considered loss to follow-up as adequate (>90% of ran-
domized patients included in the analysis), unclear (not
reported), or inadequate (<90% of randomized patients
included in the analysis). The methodological quality of
trials was also evaluated by means of the Jadad score [18].
Any disagreement between authors was settled by dis-
cussion with one author (D.A.) until consensus was
reached. We contacted the primary study author for
clarification whenever needed.

Data analysis

The primary outcome measure for this meta-analysis
was short-term all-cause mortality (at any time from
randomization to hospital discharge). Secondary out-
comes included norepinephrine dosage within the first
12-24 h of randomization, urine output, and the num-
ber of patients with serious adverse events (i.e., acute
coronary syndrome, skin and gut ischemia, arrhyth-
mias) within 28 days from randomization or up to
hospital discharge depending on the follow-up design
of each study. A 2 x 2 table with the number of
patients who experienced the event and the total num-
ber of patients for each comparison group was derived
from each study. The results were expressed as risk
ratios (RRs) with 95% confidence intervals (CI). All
statistical calculations were performed using Review
Manager version 5 [19], except metaregression analy-
ses, which were computed using the Comprehensive
Meta-Analysis software package [20]. Heterogeneity
between studies was assessed with Xz and I° statistics.
Pooled risk estimates were calculated using a random-
effect model by the method of DerSimonian and Laird
with inverse-variance weighting [21]. All reported
P values are two-sided. Values of P < 0.05 were con-
sidered statistically significant. To further explore the
potential association between vasopressin dose (i.e.,
given as replacement therapy or vasopressor therapy),
age, and the magnitude of the effect, we performed two
metaregressions using vasopressin infusion rate (stan-
dardized using U/min infusion rate) and median age of
the patient population as predictors. To look at a pos-
sible norepinephrine sparing effect of vasopressin, we
also performed a third metaregression analysis evalu-
ating the potential association between vasopressin
dose and standard difference in norepinephrine infusion
rate between treated and control patients. Potential
publication bias was assessed graphically by funnel
plot as well as by Begg and Mazumdar’s rank corre-
lation [22] and Egger’s regression [23].

Results

Description of studies

Our search results are detailed in Fig. 1. The search
strategy produced 10 trials reported as full papers, six
randomized controlled trials investigating vasopressin
treatment in patients with vasodilatory shock [9, 15, 24—
27], and four trials investigating terlipressin [28-31] for a
total number of 1,134 participants (Table 1). No studies
were reported in abstract form. We have no information
about ongoing trials.

Trial centers

Two studies were multicenter (i.e., >2 centers) [15, 24].
One study was conducted at two different sites [25]. The
remaining trials were single-center studies.

Description of participants

Eight trials included patients with septic shock [15, 25—
31]; two trials included patients with septic shock and
nonseptic vasodilatory shock [9, 24]. Eight trials included
adults [9, 15, 25-30]; two trials included children [24,
31]. As adults and children differ in physiology, predis-
posing diseases, and shock management [32], for each
outcome we followed the guideline that analysis trials in
adults and children be pooled separately, as suggested in
the Cochrane Handbook for Systematic Reviews of
Intervention [33]. Nonetheless, a forest plot of pediatric
and adults study combined together is presented as elec-
tronic supplementary material (ESM Fig. S1).

Control

Two trials compared vasopressin versus placebo [24,26] and
four trials vasopressin versus norepinephrine [9, 15, 25, 27].
One trial compared terlipressin versus vasopressin and nor-
epinephrine [30]. Two trials compared terlipressin versus
norepinephrine [28, 29]. One trial compared terlipressin
versus dopamine, dobutamine, and epinephrine [31].

Vasopressin/terlipressin dose and duration

In three trials, vasopressin was infused for more than 24 h
[9, 25, 26]. In two trials, vasopressin was stopped
according to patient hemodynamic status, or occurrence
of serious adverse event [15, 24]. In one trial, vasopressin
was infused for 4 h [27]. Terlipressin was infused for less
than 12 h in two trials [28, 29], and for more than 24 h in
two other trials [30, 31].
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Fig. 1 Literature search and
study selection. * For the
analysis of mortality with
vasopressin/terlipressin use in
adults, vasopressin and
terlipressin arms from the
TERLIVAP study [30] were
pooled together and compared
with controls; the vasopressin
and terlipressin arms of the
same study contributed
separately to the vasopressin
and terlipressin mortality
analyses in adults, respectively.
Data from Malay et al. [26]
were not used for main analyses
but were only considered for
sensitivity analysis (see text).
Data from Patel et al. [27] were
only used for analysis of the
association between vasopressin
dose and norepinephrine dose.
For studies included in
metaregression analyses, see
Table 1

Titles or abstracts selected for review

n=976

L'

Studies selected for full review

n=682

Papers not reporting research data
(reviews, editorials, letters, practice guidelines)

=294

A 4

Studies included in meta analysis*

n=10
mortality of vasopressin/terlipressin use in
adults (9)(15){25)(28)(29)(30)

mortality of vasopressin use in adults (9)
(15)(25)(30)

mortality of terlipressin use in adults (28)
(29)(30)

mortality of vasopressin/terlipressin use in
children (24)(31)

adverse events rate of vasopressin/
terlipressin use in adults (9){15)(25)(30)

analysis of adverse events rate of
vasopressin/terlipressin use in children (24)

Studies excluded on full review

Animal studies: n=506

In vitro studies: n=19

Case reports: n=87
Unrelated or non-RCT: n=60

(31)

Outcomes

Mortality was reported at 24 h in one trial [26], and at
28 days [15] or at 30 days [24] in two other trials. Five
trials reported ICU mortality [9, 25, 29-31], and one trial
reported hospital mortality [28]. Assuming that 24-h
mortality is a very different outcome from mortality
assessed at longer time points such as 28 or 30 days, or at
ICU or hospital discharge, data from the trial by Malay
et al. [22] were only incorporated in sensitivity analysis.
Then, for the primary outcome, analysis data from six
adult trials (n = 973) and two children trials (n = 127)
were pooled in two separate analyses. Data from Patel et al.
[27] were only used for analysis of secondary outcomes
(association between vasopressin dose and norepinephrine
dose).

Risk of bias in included studies

An assessment of the methodological quality of individual
trials is presented in Table 2.

Randomization

All trials used adequate computerized method of gener-
ation of allocation sequence.

Blinding

In six studies blinding was uncertain (unblinded/unable to
ascertain) [9, 25, 28-31]. In the remaining trials, patients,
physicians, nurses, investigators, pharmacists, statisti-
cians, and sponsors remained blinded to treatment
allocation.

Withdrawal

Five trials provided the number and reasons for loss to
follow-up [15, 24-26, 29]. For the remaining trials, no
such information could be either found in the pub-
lished papers or obtained upon contacting the study
authors.
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Table 2 Risk of bias in studies

Source Sequence generation Allocation concealment  Blinding Incomplete ITT analyses Jadad
outcome data score
addressed

Albanese Computer-generated Unclear (not stated) No Loss to follow-up:  Unclear (not stated) 2

et al. [28] randomization list not stated
Choong et al. Computer-generated Randomization was Yes Lost to follow-up: 5 Yes 5
[24] randomization list centralized patients

Dunser et al. Random number-generating Unclear (not stated) No Loss to follow-up:  Unclear (not stated) 2
[9] scheme not stated

Lauzier et al. Computer-generated Numbered, opaque sealed No Loss to follow-up: 1 Yes 3
[25] randomization list envelopes patient

Malay et al.  Computer-generated Unclear (not stated) Yes No loss to follow-up Yes 3
[26] randomization list

Morelli et al. Computer-generated Unclear (not stated) No Loss to follow-up:  Unclear (not stated) 3
[29] randomization list not stated

Morelli et al. Computer-generated Unclear (not stated) No No loss to follow-up Unclear (not stated) 2
[30] randomization list

Patel et al. Computer-based procedure Unclear (not stated) Yes Loss to follow-up:  Unclear (not stated) 3
[27] not stated

Russell et al.  Computer-generated Randomization was Yes Lost to follow-up: 1 Yes 5
[15] randomization list centralized patient

Yildizdas Computer-generated Unclear (not stated) No Loss to follow-up:  Unclear (not stated) 2

et al. [31] randomization list not stated

ITT intention to treat

Intention-to-treat analysis

Four trials provided information about use of intention-to-
treat analysis [15, 24-26].

Effect of interventions

Primary outcome: all-cause short-term mortality

For the main analysis, we computed data from six ran-
domized trials exploring use of vasopressin/terlipressin in
adults (973 patients) [9, 15, 25, 28-30]. There were 206 of
512 (40.2%) deaths in the short term in the experimental
arm and 198 of 461 (42.9%) in the control arm
(RR = 0.91; 95% CI 0.79-1.05; P = 0.21; 5* = 1.36,
df = 5, I’ = 0%) (Fig. 2). Removing the only study that
used hospital mortality as primary outcome [28] did not

result in a significant change in risk of death (RR = 0.90;
95% CI 0.78-1.05; P =0.23; x> =0.89, df=4,
I? = 0%). Adding the only study that used 24-h mortality
as primary outcome [26] to the main analysis did not
significantly alter risk of death (RR = 0.91; 95% CI
0.79-1.06; P = 0.23; y* =2.07, df =6, I = 0%). In
subgroup analysis of five trials (n = 925) investigating
use of vasopressin/terlipressin in adult patients with septic
shock [15, 25, 28-30], mortality was 189 of 488 (38.7%)
in treated versus 181 of 437 (41.4%) in control patients
(RR = 0.90; 95% CI 0.77-1.04; P = 0.17, 5* = 1.07,
df = 4, F = 0%). In subgroup analysis of four trials of
vasopressin for vasodilatory shock [9, 15, 25, 30]
(n = 879), there were 168 of 448 (37.5%) deaths in the
short term in the experimental arm and 180 of 431
(41.8%) deaths in the control arm (RR = 0.91; 95% CI
0.78-1.06; P =0.23; %> =052, df=3, I>=0%)
(Fig. 3). In subgroup analysis of three trials of terlipressin

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Albanese 2005 5 10 4 10 2.1% 1.25 [0.47, 3.33] [
Dunser 2003 17 24 17 24 15.0% 1.00 [0.70, 1.44] I
Lauzier 2006 3 13 3 10 1.0% 0.77 [0.20, 3.03]
Morelli 2008 26 39 14 20  15.0% 0.95 [0.66, 1.37] . TR
Morelli 2009 15 30 10 15 7.7% 0.75 [0.45, 1.24] —_
Russell 2008 140 396 150 382 59.2% 0.90 [0.75, 1.08] j
Total (95% CI) 512 461 100.0% 0.91 [0.79, 1.05]
Total events 206 198

o 2 : -2 R b 4 4 4 4 1
Heterogeneity: Tau® = 0.00; Chi® = 1.36, df = 5 (P = 0.93); I = 0% 0102 05 3 10

Test for overall effect: Z = 1.25 (P = 0.21)

Fig. 2 Mortality in adults (CI, confidence interval)

Favours experimental Favours control
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for vasodilatory shock [28-30] (n = 109), there were 38
of 64 (59.4%) deaths in the experimental arm and 28 of 45
(62.2%) deaths in the control arm (RR = 0.91; 95% CI
0.68-124; P =0.56; 5> =109, df=2, I*=0%)
(Fig. 4). Removing from the terlipressin analysis the only
study using hospital mortality as primary outcome [28]
did not result in a significant change in risk of death (data
not shown). In subgroup analysis of two trials in children
[24, 31] (n = 127), there were 30/65 (46.1%) deaths in
the vasopressin/terlipressin arm and 25/62 (40.3%) deaths
in the control arm (RR = 1.20; 95% CI 0.56-2.54;
P =0064; y» =241, df =1, > = 58%) (Fig. 5). Met-
aregression analysis did not show any association
between vasopressin dose (P = 0.65) or age (P = 0.93)
and short-term mortality (ESM Figs. S2, S3). Funnel plot
graphical analysis, Begg and Mazumdar’s rank correla-
tion, and Egger’s regression did not suggest significant
publication bias (Kendall’s tau = 0.13, P = 0.7; Egger’s
regression intercept = 0.14, P = 0.7) (ESM Fig. S4)

Secondary outcomes

Norepinephrine dose

Metaregression analysis showed a significant association
between vasopressin dose and norepinephrine dose
(P = 0.03) (ESM Fig. S5).

Serious adverse events

Four trials reported data for this outcome in adults
(n = 894) [9, 15, 25, 30]. There were 49 of 463 (10.6%)
patients with at least one serious adverse event in the
experimental arm and 51 of 431 (11.8%) patients in the
control arm (RR = 0.90; 95% CI 0.49-1.67;, P = 0.75;
=407, df =3, P =26%) (Fig.6). In subgroup
analysis of two trials in children [24, 31] (n = 127), there
were 10 of 65 (15.4%) patients with at least one serious

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dunser 2003 17 24 17 24 18.5% 1.00 [0.70, 1.44] .
Lauzier 2006 3 13 3 10 1.3% 0.77 [0.20, 3.03)
Morelli 2009 8 15 10 15 6.9% 0.80 [0.44, 1.45] —
Russell 2008 140 396 150 382 73.3% 0.90 [0.75, 1.08]
Total (95% CI) 448 431 100.0% 0.91 [0.78, 1.06]
Total events 168 180

Heterogeneity: Tau® = 0.00; Chi® = 0.52, df = 3 (P = 0.91); I’ = 0%
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L
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Test for overall effect: Z = 1.20 (P = 0.23) ; 10
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Fig. 3 Vasopressin mortality in adults (CI, confidence interval)
Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Albanese 2005 5 10 4 10 9.4% 1.25[0.47, 3.33]

Morelli 2008 26 39 14 20  69.0% 0.95 [0.66, 1.37]

Morelli 2009 7 15 10 15 21.6% 0.70[0.37, 1.34]

Total (95% CI) 64 45 100.0% 0.91 [0.68, 1.24]

Total events 38 28

Heterogeneity: Tau? = 0.00; Chi® = 1.09, df = 2 (P = 0.58); I’ = 0% ; + + + 4 + {
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Test for overall effect: Z = 0.58 (P = 0.56)

Fig. 4 Terlipressin mortality in adults (CI, confidence interval)
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Choong 2009 10 35 5 34  34.0% 1.94 [0.74, 5.10]
Yildizdas 2008 20 30 20 28  66.0% 0.93 [0.66, 1.32]
Total (95% CI) 65 62 100.0% 1.20 [0.56, 2.54]
Total events 30 25
OIS 1 2 5 10.

Heterogeneity: Tau? = 0.19; Chi® = 2.41, df = 1 (P = 0.12); I = 58%
Test for overall effect: Z = 0.47 (P = 0.64)

Fig. 5 Mortality in children (CI, confidence interval)

0.1 0.2

Favours experimental Favours control



17

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI

Dunser 2003 7 24 6 24 28.9% 1.17 [0.46, 2.96] -

Lauzier 2006 1 13 1 10 5.1% 0.77 [0.05, 10.85] ¢ *

Morelli 2009 0 30 4 15 4.4% 0.06 [0.00, 1.00]

Russell 2008 41 396 40 382 61.5% 0.99 [0.65, 1.49]

Total (95% CI) 463 431 100.0% 0.90 [0.49, 1.67]

Total events 49 51

Heterogeneity: Tau® = 0.12; Chi® = 4.07, df = 3 (P = 0.25); I = 26% k + t T + t d
0.1 0.2 0.5 1 2 5 10

Test for overall effect: Z=0.32 (P = 0.75)
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Fig. 6 Serious adverse events rate and vasopressin/terlipressin infusion in adults (CI, confidence interval)

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Choong 2009 5 35 1 34 28.9% 4.86 [0.60, 39.45] = *
Yildizdas 2008 5 30 3 28 71.1% 1.56 [0.41, 5.91] o
Total (95% CI) 65 62 100.0% 2.16 [0.70, 6.67] e
Total events 10 4
Heterogeneity: Tau? = 0.00; Chi® = 0.83,df = 1 (P = 0.36); I = 0% ! t f t t i
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Test for overall effect: Z = 1.34 (P = 0.18)
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Fig. 7 Serious adverse events rate and vasopressin/terlipressin infusion in children (CI, confidence interval)

adverse event in the experimental arm and 4 of 62
(6.4%) patients in the control arm (RR = 2.16; 95% CI
0.70-6.67; P=0.18; 5> =083, df=1, I*=0%)
(Fig. 7).

Discussion

For this meta-analysis, we performed a comprehensive
search of the literature with no restriction on language,
age, or publication status. We included only randomized
clinical trials comparing vasopressin or its analog terli-
pressin with either norepinephrine or placebo in patients
with vasodilatory shock. Low-dose vasopressin may help
to restore blood pressure in patients with hypotension
refractory to catecholamines, and may favor pulmonary
vasodilation and increase glomerular filtration rate and
plasma cortisol levels [10, 34]. The current Surviving
Sepsis campaign guidelines recommend that vasopressin
should not be administered as the initial vasopressor in
septic shock (grade 2C), and that vasopressin at constant
dosage of 0.03 units/min may be added to norepinephrine
with anticipation of an effect equivalent to that of nor-
epinephrine alone [3].

Overall this systematic review and meta-analysis did
not show any evidence for survival benefit from vaso-
pressin/terlipressin therapy. Although there was no
statistically significant heterogeneity across the studies,
there were important differences between the trials. First,
the trials evaluated vasopressin or its analog terlipressin,
which differ markedly in terms of their pharmacokinetic
properties. Furthermore, the treatment doses varied

between trials, with some studies evaluating continuous
infusion of a fixed replacement dose [8, 9, 15, 26] and
others titrating vasopressin as vasopressor therapy [24,
25, 30]. The study populations also differed between
studies in terms of age or cause of shock, with some trials
including only septic shock [15, 25, 27-31] while others
included a mixed population [9, 24]. Finally, there was
marked difference between trials in the choice of the time
point for mortality assessment. We attempted to explore
the influence of some of these differences on mortality by
conducting metaregressions and subgroup analyses. No
evidence of any influence of age, type of molecule
(vasopressin or terlipressin), or dose was found. Sensi-
tivity analysis conducted excluding the VASST trial [15]
yielded very similar findings, suggesting that this large
trial did not influence the direction of the point estimate
(data not shown). As the numbers of patients treated with
low-dose steroids and/or activated C protein were evenly
distributed in the majority of trials in both treated and
control groups, or not stated at all, sensitivity analyses
based on these two variables were not performed.

Treatment with vasopressin significantly reduced
norepinephrine requirement. Finally, this systematic
review and meta-analysis did not suggest any increase in
the risk of serious adverse events with vasopressin or
terlipressin.

Implications for research

Future randomized clinical trials need to be adequately
powered to explore (1) vasopressin effects on 28-day



18

mortality in adults according to the severity of shock
given the results from VASST [15], the largest trial in this
meta-analysis, (2) improvement in organ dysfunction in
children, as actual mortality from shock in this group of
patients is commonly low, (3) vasopressin benefit-to-risk
ratio in nonseptic vasodilatory shock, (4) potential syn-
ergistic effects between vasopressin and corticosteroids,
and (5) vasopressin effects on renal function using
appropriate outcome measure such as the RIFLE criteria.

Implications for practice

Overall, use of vasopressin or terlipressin did not produce
any survival benefit in the short term in patients with
vasodilatory shock. Physicians may value the sparing
effect of vasopressin/terlipressin on norepinephrine
requirement given its apparent safe profile.

Conflict of interest None.

Appendix

The ESICM Systematic Review Group was established
in 2010 to provide an international collaboration focused
on critical care systematic reviews. Its primary goals are
to highlight the role of systematic reviews (SR) and
meta-analyses (MA) in clinical research and to facilitate
access to high-quality SRs and MAs for practicing cli-
nicians, thereby promoting use of evidence-based
medicine. It is the first intensive or critical care medi-
cine society to provide its members, patients, public
health authorities, and the general public with an orga-
nized database of systematic reviews and diagnostic
interventions pertaining to intensive care. The Unit
Board is composed by Djillali Annane (Chair) and Mark
Hamilton (Deputy).

References

1. Landry DW, Oliver JA (2001) The 5.
pathogenesis of vasodilatory shock.
N Engl J Med 345:588-595

2. Annane D, Aegerter P, Jars-Guincestre
MC, Guidet B (2003) Current
epidemiology of septic shock: the CUB-
Rea network. Am J Respir Crit Care 6.
Med 168:165-172

3. Dellinger RP, Levy MM, Carlet JM,
Bion J, Parker MM, Jaeschke R,
Reinhart K, Angus DC, Brun-Buisson 7.
C, Beale R, Calandra T, Dhainaut JF,
Gerlach H, Harvey M, Marini JJ,
Marshall J, Ranieri M, Ramsay G,
Sevransky J, Thompson BT, Townsend
S, Vender JS, Zimmerman JL, Vincent 8.
JL (2008) Surviving sepsis campaign:
international guidelines for
management of severe sepsis and septic
shock: 2008. Crit Care Med 36:296-327

4. Antonelli M, Azoulay E, Bonten M,
Chastre J, Citerio G, Conti G, De 9.
Backer D, Lemaire F, Gerlach H,
Hedenstierna G, Joannidis M, Macrae
D, Mancebo J, Maggiore SM, Mebazaa
A, Preiser JC, Pugin J, Wernerman J,
Zhang H (2010) Year in review in
intensive care medicine 2009:11.
Neurology, cardiovascular, 10.
experimental, pharmacology and
sedation, communication and teaching.
Intensive Care Med 36:412-427

30:1276-1291

31:1752-1758

Landry DW, Levin HR, Gallant EM, 11.
Ashton RC Jr, Seo S, D’Alessandro D,

Oz MC, Oliver JA (1997) Vasopressin
deficiency contributes to the

vasodilation of septic shock.

Circulation 95:1122-1125 12.
Mutlu GM, Factor P (2004) Role of
vasopressin in the management of

septic shock. Intensive Care Med

Sharshar T, Blanchard A, Paillard M,
Raphael JC, Gajdos P, Annane D 13.
(2003) Circulating vasopressin levels in
septic shock. Crit Care Med

Dunser MW, Hasibeder WR, Wenzel V,
Schwarz S, Ulmer H, Knotzer H, Pajk  14.
W, Friesenecker BE, Mayr AJ (2004)
Endocrinologic response to vasopressin
infusion in advanced vasodilatory

shock. Crit Care Med 32:1266-1271

Dunser MW, Mayr AJ, Ulmer H,

Knotzer H, Sumann G, Pajk W, 15.
Friesenecker B, Hasibeder WR (2003)
Arginine vasopressin in advanced
vasodilatory shock: a prospective,
randomized, controlled study.

Circulation 107:2313-2319

Holmes CL, Walley KR, Chittock DR,
Lehman T, Russell JA (2001) The

effects of vasopressin on 16.
hemodynamics and renal function in

severe septic shock: a case series.

Intensive Care Med 27:1416-1421

Landry DW, Levin HR, Gallant EM,
Seo S, D’Alessandro D, Oz MC, Oliver
JA (1997) Vasopressin pressor
hypersensitivity in vasodilatory septic
shock. Crit Care Med 25:1279-1282
Asfar P, De Backer D, Meier-Hellmann
A, Radermacher P, Sakka SG (2004)
Clinical review: influence of vasoactive
and other therapies on intestinal and
hepatic circulations in patients with
septic shock. Crit Care 8:170-179
Klinzing S, Simon M, Reinhart K,
Bredle DL, Meier-Hellmann A (2003)
High-dose vasopressin is not superior to
norepinephrine in septic shock. Crit
Care Med 31:2646-2650

Martikainen TJ, Tenhunen JJ, Uusaro
A, Ruokonen E (2003) The effects of
vasopressin on systemic and splanchnic
hemodynamics and metabolism in
endotoxin shock. Anesth Analg
97:1756-1763

Russell JA, Walley KR, Singer J,
Gordon AC, Hebert PC, Cooper DJ,
Holmes CL, Mehta S, Granton JT,
Storms MM, Cook DJ, Presneill JJ,
Ayers D (2008) Vasopressin versus
norepinephrine infusion in patients with
septic shock. N Engl J Med
358:877-887

Moher D, Liberati A, Tetzlaff J, Altman
DG (2009) Preferred reporting items for
systematic reviews and meta-analyses:
the PRISMA statement. PLoS Med
6:¢1000097



19

17.

18.

19.

20.

21.

22.

23.

Devereaux PJ, Manns BJ, Ghali WA,
Quan H, Lacchetti C, Montori VM,
Bhandari M, Guyatt GH (2001)
Physician interpretations and textbook
definitions of blinding terminology in
randomized controlled trials. JAMA
285:2000-2003

Jadad AR, Moore RA, Carroll D,
Jenkinson C, Reynolds DJ, Gavaghan
DJ, McQuay HJ (1996) Assessing the
quality of reports of randomized clinical
trials: is blinding necessary? Control
Clin Trials 17:1-12

RM (RevMan) (2008) Version 5.0
Nordic Cochrane center. Cochrane
collaboration, Copenhagen, Denmark
Borenstein MHL, Higgins J, Rothstein
H (2005) Comprehensive meta-analysis
version 2. Biostat, Englewood
DerSimonian R, Laird N (1986) Meta-
analysis in clinical trials. Control Clin
Trials 7:177-188

Begg CB, Mazumdar M (1994)
Operating characteristics of a rank
correlation test for publication bias.
Biometrics 50:1088-1101

Egger M, Davey Smith G, Schneider M,
Minder C (1997) Bias in meta-analysis
detected by a simple, graphical test.
BMJ 315:629-634

24.

25.

26.

27.

28.

Choong K, Bohn D, Fraser DD,
Gaboury I, Hutchison JS, Joffe AR,
Litalien C, Menon K, McNamara P,
Ward RE (2009) Vasopressin in
pediatric vasodilatory shock: a
multicenter randomized controlled trial.
Am J Respir Crit Care Med
180:632-639

Lauzier F, Levy B, Lamarre P, Lesur O
(2006) Vasopressin or norepinephrine
in early hyperdynamic septic shock: a
randomized clinical trial. Intensive Care
Med 32:1782-1789

Malay MB, Ashton RC, Jr., Landry
DW, Townsend RN (1999) Low-dose
vasopressin in the treatment of
vasodilatory septic shock. J Trauma
47:699-703; discussion 703-695

Patel BM, Chittock DR, Russell JA,
Walley KR (2002) Beneficial effects of
short-term vasopressin infusion during
severe septic shock. Anesthesiology
96:576-582

Albanese J, Leone M, Delmas A,
Martin C (2005) Terlipressin or
norepinephrine in hyperdynamic septic
shock: a prospective, randomized study.
Crit Care Med 33:1897-1902

. Morelli A, Ertmer C, Lange M, Dunser

M, Rehberg S, Van Aken H, Pietropaoli
P, Westphal M (2008) Effects of short-
term simultaneous infusion of
dobutamine and terlipressin in patients
with septic shock: the DOBUPRESS
study. Br J Anaesth 100:494-503

30.

32.

33.

34.

Morelli A, Ertmer C, Rehberg S, Lange
M, Orecchioni A, Cecchini V,
Bachetoni A, D’Alessandro M, Van
Aken H, Pietropaoli P, Westphal M
(2009) Continuous terlipressin versus
vasopressin infusion in septic shock
(TERLIVAP): a randomized, controlled
pilot study. Crit Care 13:R130

. Yildizdas D, Yapicioglu H, Celik U,

Sertdemir Y, Alhan E (2008)
Terlipressin as a rescue therapy for
catecholamine-resistant septic shock in
children. Intensive Care Med
34:511-517

Ceneviva G, Paschall JA, Maffei F,
Carcillo JA (1998) Hemodynamic
support in fluid-refractory pediatric
septic shock. Pediatrics 102:e19
Higgins JPT GS (2011) Cochrane
handbook for systematic reviews of
interventions version 5.1.0. (updated
March 2011). The Cochrane
collaboration, 2011. Available from
http:\\www.cochrane-handbook.org. In:
Editor (eds.) Book Cochrane handbook
for systematic reviews of interventions
version 5.1.0. (updated March 2011).
The Cochrane collaboration, 2011.
Available from
http:\\www.cochrane-handbook.org
Holmes CL, Patel BM, Russell JA,
Walley KR (2001) Physiology of
vasopressin relevant to management of
septic shock. Chest 120:989-1002


http://http:\\www.cochrane-handbook.org
http://http:\\www.cochrane-handbook.org

	Vasopressin for treatment of vasodilatory shock: an ESICM systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Search strategy
	Electronic searches
	Other sources

	Study selection
	Data collection and analysis
	Data extraction
	Assessment of methodological quality
	Data analysis


	Results
	Description of studies
	Trial centers
	Description of participants
	Control
	Vasopressin/terlipressin dose and duration
	Outcomes
	Risk of bias in included studies
	Randomization
	Blinding
	Withdrawal
	Intention-to-treat analysis

	Effect of interventions
	Primary outcome: all-cause short-term mortality

	Secondary outcomes
	Norepinephrine dose
	Serious adverse events


	Discussion
	Implications for research
	Implications for practice
	Conflict of interest
	Appendix
	References


