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Abstract

Background: There is debate as to the vasopressor agent of choice in patients with septic shock. According to current guidelines
either dopamine or norepinephrine may be considered as the first-line agent for the management of refractory hypotension of
septic shock. Objective: The aim of this systematic review was to evaluate randomized clinical trials which compared norepinephr-
ine versus dopamine in critically ill patients with septic shock or in a population of critically ill patients with shock predominantly
secondary to sepsis. Data Sources: MEDLINE, Embase, Scopus, Cochrane Register of Controlled Trials and citation review of
relevant primary and review articles. Study Selection: Randomized clinical trials that compared norepinephrine with dopamine
in critically ill adults with sepsis and reported the 28-day or in-hospital mortality. Data Extraction: We abstracted data on study
design, study setting, patient population, 28-day mortality or in-hospital mortality, rate of arrhythmias, hospital length of stay, and
ICU length of stay. Data Synthesis: Six studies met our inclusion criteria. These studies included a total of 2043 participants, with
995 in the norepinephrine and 1048 in the dopamine groups. There were 479 (48%) deaths in the norepinephrine group and 555
(53%) deaths in the dopamine group. There was statistically significant superiority of norepinephrine over dopamine for the out-
come of in-hospital or 28-day mortality: pooled RR: 0.91 (95% CI 0.83 to 0.99; P = .028). We also found a statistically significant
decrease in the rate of cardiac arrhythmias in the norepinephine group as compared to the dopamine group: pooled RR: 0.43 (95%
Cl10.26 t0 0.69; P < .001). A subgroup analysis that pooled studies in which all the randomized patients had septic shock demon-
strated that norepinephrine improved in-hospital or 28-day mortality; however, the results were no longer statistically significant.
Conclusions: The analysis of the pooled studies that included a critically ill population with shock predominantly secondary to
sepsis showed superiority of norepinephrine over dopamine for in-hospital or 28-day mortality.
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(MAP) by primarily increasing the cardiac index and to a lesser
extent systemic vascular resistance (SVR). Norepinehrine is a
potent a-adrenergic agent with some activity on B;-adrenergic
receptor. It increases MAP by primarily increasing the SVR.

A number of observational studies suggested that the use of
dopamine in septic shock may be associated with an increased
mortality.** However, a recent observational study in patients
with community-acquired sepsis reported worse outcome in
patients who received norepinephrine.” Therefore, there is a
debate as to which vasopressor is associated with improved
outcomes in patients’ with septic shock.

The aim of this systematic review was to evaluate those
randomized clinical trials that compared norepinephrine and
dopamine in critically ill patients with septic shock or in a
population of critically ill patients with shock predominantly
secondary to sepsis.

Methods
Study Selection

We included all randomized controlled trials (RCTs) that
compared norepinephrine with dopamine in critically ill adults
with shock predominantly secondary to sepsis and reported the
28-day or in-hospital mortality. We did not restrict study selec-
tion based on the language of publication. However, we only
included studies that enrolled adult patients. The assessment
of study eligibility was performed independently in an
unblinded manner by 3 reviewers. Disagreement between
reviewers was resolved by consensus.

Search Strategy

We searched the PubMed, Embase, Cochrane Central Register
of Controlled Trials, and Scopus databases. Three authors inde-
pendently searched for relevant studies in any language from
1966 to May 2010. The search strategy was created with the
assistance of a librarian using a combination of terms including
vasopressor, norepinephrine or dopamine, and septic shock and
randomized controlled trials. Bibliographies of all selected
articles and review articles were also reviewed to identify other
relevant articles. We performed this systematic review accord-
ing to the guidelines proposed by the PRISMA group.®

Outcome Measures

Primary outcome. The primary outcome was 28-day
mortality. In the absence of 28-day mortality data, we
abstracted in-hospital mortality.

Secondary outcome. Secondary outcomes included the inci-
dence of arrhythmia, hospital length of stay, and ICU length
of stay.

Data Collection

Three authors independently collected data from all studies on
a standardized form. Any disagreement among authors was

resolved by consensus. We abstracted data on study design,
study setting, patient population, 28-day mortality (or in-
hospital mortality), rate of arrhythmias, hospital length of stay,
and ICU length of stay. We attempted to contact the authors of
the primary studies to obtain missing information.

Risk of Bias Assessment

We used the Cochrane risk of bias tool to assess the risk of
bias.” Three authors independently collected information from
all studies to assess the risk of bias. We obtained information
on sequence generation, allocation concealment, blinding,
incomplete outcome data, selective outcome reporting, and
other sources of bias. Authors assigned “yes” or “no” to each
item of Cochrane risk of bias tool. We assigned “unclear” to
an item for which there was insufficient information in the
study.

Data Analysis

We performed the meta-analysis using a fixed-effect model if
no significant heterogeneity was present. To assess heterogene-
ity between studies, we performed a chi-square test and esti-
mated the I? statistic. We considered heterogeneity to be
present if the chi-square test P value was less than .10. Alterna-
tively, I? values between 25% and 50% suggested moderate
heterogeneity while a value more than 75% was indicative of
severe heterogeneity. If heterogeneity were to be present, we
planned a priori to explore the sources of heterogeneity and
present the pooled data using a random-effects model.

Categorical data was presented as the relative risk with the
95% confidence interval. We considered a P value less than .05
to be statistically significant. We tested the interrater agree-
ment of the Cochrane risk of bias tool using kappa statistics.
We planned a priori to perform a sensitivity analyses by
(1) performing the meta-analysis using the random-effects
method and (2) excluding studies in which the entire study
population did not have sepsis as the cause of shock. We
explored the presence of a small-study effect by performing a
linear regression of the standardized effect estimates against
their precision. There is evidence of small-study effects if the
intercept deviates significantly from zero.

Results

A search of the PubMed, Embase, Cochrane Central Register of
Controlled Trials, and Scopus databases retrieved 861 articles
(Figure 1). We excluded 409 duplicate articles. We reviewed
the abstracts and titles of the remaining 450 articles. Ten arti-
cles were selected for detail review. Four papers were subse-
quently excluded as the study used an experimental drug
(nitric oxide synthase inhibitor),® was an abstract of a study that
was later published,” and included a crossover design.'®!'!
Finally, 6 studies met the inclusion criteria for our systematic
review.'?!7 These studies included a total population of
2043 participants with 995 in the norepinephrine and 1048 in
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Figure |. Flowchart of study selection for the systematic review.

the dopamine groups. Table 1 displays the characteristics of the
studies. Table 2 displays the Cochrane risk of bias tool for all
the studies. The interrater agreement for reporting the
Cochrane risk of bias tool was 83.3% (kappa: 0.67).

Primary Outcome

There were 479 (48%) deaths in the norepinephrine group and
555 (53%) deaths in the dopamine group. Meta-analysis using a
fixed-effect model of the included studies showed significant
superiority of norepinephrine over dopamine for the outcome
of in-hospital or 28-day mortality: pooled RR: 0.91 (95%
CI10.83 to 0.99; P = .028). There was no evidence of statistical
heterogeneity (chi-square P = .75; I> = 0.0%; Figure 2).

Sensitivity Analysis

Meta-analysis for the outcome of in-hospital or 28-day mortal-
ity showed that the superiority of norepinephrine over dopa-
mine remained statistically significant using random-effect
model: pooled RR: 0.91 (95% CI 0.83 to 0.99; P = .026).

We also present sensitivity analysis by performing a meta-
analysis using a fixed-effect model in which we removed the
study with a mixed population of shock patients. The latter
study is the dominant study with the largest number of patients
and a weight of 81.4%. This meta-analysis showed again super-
iority of norepinepinephrine over dopamine; however, the
results were no longer statistically significant: pooled RR:
0.84 (95% CI 0.68 to 1.02; P = .083).

Secondary Outcomes

Meta-analysis of 2 studies using a random-effect model
showed a statistically significant decrease in arrhythmias in the
norepinephine group as compared to the dopamine group:

pooled RR: 0.43 (95% CI 0.26 to 0.69; P = <.001). However,
there was evidence of statistical heterogeneity (chi-square P =
.09; I* = 65.4%). We did not perform meta-analysis of hospital
and ICU length of stay because of lack of data (Figure 3).

Test for Small-Study Effects

Linear regression of the standard normal deviation against pre-
cision showed that the intercepts did not significantly deviate
from zero (P = .40). There was no evidence of small-study
effects, but the small number of studies limits this test.

Discussion

This systematic review suggests that norepinephrine is superior
to dopamine in patients with shock predominantly due to sep-
sis. The use of norepinephrine was associated with a 9%
decrease in the in-hospital or 28-day mortality risk when com-
pared with dopamine. The Cochrane Systematic Review did not
show a mortality benefit with norepinephrine as compared to
dopamine.'® However, this review included only 3 small
randomized clinical trials. Our review included 3 additional
randomized clinical trials that were published after 2004.

Why might norepinephrine be a better vasopressor than
dopamine in patients with septic shock? There are a number
of potential explanations. Firstly, norepinephrine is a more
potent vasopressor than dopamine, with norepinephrine being
more effective in reversing the hypotension of septic shock.'*
In patients with sepsis, norepinephrine increases blood pres-
sure, as well as cardiac output, renal, splanchnic, cerebral blood
flow, and microvascular blood flow while minimally increas-
ing heart rate.'*'%>* By achieving these hemodynamic goals,
norepinephrine may be better than dopamine in maintaining
organ perfusion. Secondly, there is a concern that dopamine
may increase the risk of secondary infections. Dopamine inhi-
bits anterior pituitary function causing a decrease in the secre-
tion of prolactin, growth hormone, and thyroid-stimulating
hormone.*'"** Prolactin and growth hormone have immune-
stimulatory properties.>* Dopamine has also been reported to
inhibit lymphocyte proliferation, immunoglobulin synthesis,
cytokine production, and promote lymphocyte apoptosis.?>®
In a murine septic shock model, dopamine was shown to
decrease splenocyte proliferation and IL-2 release and was
associated with an increased mortality when compared to pla-
cebo.?’ Dopamine may therefore increase the risk of infections
in critically ill.>°

The B-adrenergic properties of dopamine predominate in
patients with sepsis.'*'**! The positive chronotropic and ino-
tropic effects of dopamine will elevate myocardial oxygen
requirements, which may not be adequately met by increased
coronary flow.'® Tachycardia and tachy-arrhythmias may
therefore become the rate-limiting factor with the use of dopa-
mine. Indeed, our review showed that septic patients treated
with dopamine had a higher incidence of arrhythmias than
those treated with norepinephrine. Arrhythmias have potential
to impair cardiac function, leading to poor outcome.
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Figure 2. Comparison of mortality between norepinephrine and dopamine in patients with septic shock.
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Figure 3. Rate of cardiac arrhythmia (comparison between norepinephrine and dopamine).
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Our review has several strengths; we used an exhaustive
search strategy and included only relevant randomized clinical
trials. Furthermore, we followed the guidelines recently pro-
posed by PRISMA and used Cochrane’s risk of bias tool to
assess the quality of studies.” The main limitation of our
meta-analysis is that it is dominated by the study of De Backer
and colleagues.'” This study included patients’ with cardio-
genic, septic, and hypovolemic shock; however, the majority
of the patients had sepsis as the etiology of shock. We were
unable to obtain subgroup data from the authors.

In conclusion, our meta-analysis demonstrated the
superiority of norepinephrine over dopamine in a critically ill
population of patients with shock in which sepsis was the pre-
dominant etiology. Additionally, dopamine was associated
with an increased risk of arrhythmias.
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