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SYSTEMATIC REVIEW

Efficacy of Milrinone and Dobutamine in 
Cardiogenic Shock: An Updated Systematic 
Review and Meta-Analysis
OBJECTIVES: Inotropic support is commonly used in patients with cardiogenic 
shock (CS). High-quality data guiding the use of dobutamine or milrinone among 
this patient population is limited. We compared the efficacy and safety of these 
two inotropes among patients with low cardiac output states (LCOS) or CS.

DATA SOURCES: MEDLINE, Embase, and Cochrane Central Register of 
Controlled Trials were searched up to February 1, 2023, using key terms and 
index headings related to LCOS or CS and inotropes.

DATA EXTRACTION: Two independent reviewers included studies that com-
pared dobutamine to milrinone on all-cause in-hospital mortality, length of ICU 
stay, length of hospital stay, and significant arrhythmias in hospitalized patients.

DATA SYNTHESIS: A total of eleven studies with 21,084 patients were in-
cluded in the meta-analysis. Only two randomized controlled trials were identified. 
The primary outcome, all-cause mortality, favored milrinone in observational stud-
ies only (odds ratio [OR] 1.19 (95% CI, 1.02–1.39; p = 0.02). In-hospital length 
of stay (LOS) was reduced with dobutamine in observational studies only (mean 
difference –1.85 d; 95% CI –3.62 to –0.09; p = 0.04). There was no difference 
in the prevalence of significant arrhythmias or in ICU LOS.

CONCLUSIONS: Only limited data exists supporting the use of one inotropic 
agent over another exists. Dobutamine may be associated with a shorter hospital 
LOS; however, there is also a potential for increased all-cause mortality. Larger 
randomized studies sufficiently powered to detect a difference in these outcomes 
are required to confirm these findings.

KEY WORDS: cardiogenic shock; dobutamine; milrinone

Cardiogenic shock (CS) is a state of low cardiac output resulting in clin-
ical, biochemical, and hemodynamic manifestations of end-organ hypo-
perfusion (1, 2). It may develop as a consequence of acute myocardial 

infarction, severe valvular heart disease, myocarditis, Takotsubo’s cardiomy-
opathy, decompensated pre-existing cardiomyopathies, uncontrolled tachyar-
rhythmias, pulmonary embolism, among others (3, 4). Despite advancements 
in therapeutic options for CS, short-term outcomes have remained largely 
unchanged for several decades, with mortality up to 40–50% (5, 6). Although 
there have been considerable advances in available mechanical circulatory sup-
port, studies to date have failed to show a meaningful improvement in clinical 
outcomes, with emergency revascularization as the only therapy shown to re-
duce the risk of death among patients with myocardial infarction complicated 
by CS (7–10). The use of vasopressor and inotropic support in patients with CS 
remains the mainstay of treatment, with several governing bodies supporting 
inotrope use in the management of both acute heart failure with reduced car-
diac output and ST-elevation myocardial infarction complicated by CS (11–13). 
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Dobutamine and milrinone are both approved ino-
tropic agents in North America for use in CS.

The recently published Milrinone as Compared with 
Dobutamine in the Treatment of Cardiogenic Shock 
(DOREMI) trial compared dobutamine to milrinone in 
the management of patients with CS, and no difference 
in clinical outcomes was observed (14). Before the publi-
cation of this trial, observational data was primarily used 
to guide decision-making on the choice of inotrope in 
CS. We previously reported a comparison of all available 
data comparing the efficacy and safety of dobutamine to 
milrinone among hospitalized patients (15). In this sys-
tematic review and meta-analysis, we sought to update 
this comparison with the inclusion of the DOREMI trial.

METHODS

Systematic Review

We report this review according to the reporting struc-
ture suggested by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guidelines for 
randomized controlled trials (RCTs) and the Meta-
analysis of Observational Studies in Epidemiology 
guidelines for observational studies (Supplemental 
Fig. 2, http://links.lww.com/CCX/B237) (16). The re-
view protocol used for our initial systematic review 
and meta-analysis was used for this update (15).

We sought to assess studies of hospitalized patients 
with CS who were treated with inotropic therapy, with 
the aim of comparing dobutamine to milrinone. The 

primary outcome of interest was all-cause in-hospital 
mortality. Secondary efficacy outcomes included all-
cause mortality at 1 year, length of stay (LOS) in the 
ICU, and LOS in hospital. Secondary safety endpoints 
included atrial and ventricular arrhythmias associ-
ated with symptoms and/or requiring anti-arrhythmic 
therapy.

Search Strategy, Study Selection, and Data 
Collection

The systematic review search consisted of three 
updates of a previously reported review (15). The 
updates were conducted on July 6, 2020, November 
19, 2021, and February 1, 2023. Searches were con-
ducted in MEDLINE, the Cochrane Central Register 
of Controlled Trials, and Embase via Ovid (see 
Supplemental Tables for full details, http://links.
lww.com/CCX/B237). The results were exported to 
Covidence (Melbourne, Australia) and duplicates were 
eliminated using the platform’s duplicate identification 
feature (Fig. 1).

We included all RCTs, prospective cohort studies, 
or case-control studies that evaluated dobutamine or 
milrinone in the management of patients with CS and 
included one of the following endpoints: in-hospital 
mortality, long-term mortality (within 1-year follow-
ing hospital discharge), in-hospital LOS, ICU LOS, or 
arrhythmic events. We excluded abstracts, case series, 
case reports, narrative reviews, studies suspected of 
reporting outcomes of the same patients, and studies 
evaluating patients with acute decompensated heart 
failure not meeting the Society of Cardiovascular 
Angiography and Interventions definitions of CS. 
When we encountered multiple studies evaluating the 
same population, only the most recent or the source 
with the largest sample size was selected for inclusion.

Abstracts were screened for inclusion by two inves-
tigators. Conflicts were resolved through consensus 
or adjudicated by a third independent investigator 
when consensus was not reached. We collected study 
data including inotrope administration strategy 
(route of administration, dosing, duration), indica-
tion for inotrope use, in-hospital mortality, in-hos-
pital LOS, ICU LOS, symptomatic arrhythmias, and 
discharge from the hospital. Baseline characteristics 
of patients were also collected when reported. Where 
no baseline characteristics were available authors 

 
KEY POINTS

Question: Is there a difference in efficacy or 
safety between dobutamine and milrinone among 
patients with cardiogenic shock (CS)?

Findings: In this systematic review and meta-
analysis of all available literature no clear significant 
difference between dobutamine and milrinone. A 
signal exists for increased mortality with dobuta-
mine among patients with CS.

Meaning: Limited differences exist between 
dobutamine and milrinone in the treatment of CS. 
The link between Dobutamine and worsened mor-
tality warrants further investigation.
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were contacted to obtain primary data. Study char-
acteristics, specifically year, author, single or multi-
center study, study design, and number of patients 
were also included.

Risk of Bias

We evaluated the risk of bias using the Newcastle-
Ottawa Scale for observational studies and the 
Cochrane risk-of-bias tool for randomized trials 
(17, 18). Quality of included studies was evaluated 
using the Grading of Recommendations Assessment, 
Development, and Evaluation guidelines (19, 20).

Statistical Analysis

The results of the included studies are summarized 
individually and evaluated collectively. Continuous 

variables were represented as mean and sd or median 
and interquartile range, as appropriate. Categorical 
variables were represented as proportions (%). 
Random-effects meta-analysis was performed for effi-
cacy and statistical heterogeneity was evaluated using 
the I2 statistic. Odds ratios (ORs) with 95% CI and 
mean differences were calculated for efficacy meas-
ures. p value of less than 0.05 was considered statis-
tically significant. All analyses were performed using 
RevMan, v5.3 (Cochrane Collaboration, Copenhagen, 
Denmark) software.

RESULTS

Study Selection and Characteristics

The published literature regarding the relative safety 
and efficacy of milrinone versus dobutamine for CS 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of literature search.
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has been previously published assessing all studies 
from inception to December 14, 2016 (15). A total 
of 4,406 articles were identified through our search 
strategy and screened for inclusion (3,027 articles 
before December 14, 2016, and 1,379 articles after 
December 14, 2016). Sixty-four full-text articles were 
reviewed for eligibility, where 53 studies were excluded 
because they included the wrong population, assessed 
the wrong outcomes, were the wrong studies, had the 
wrong comparator, were duplicated, were abstracts, or 
were of non-English articles.

A total of 11 studies involving 21,084 patients were 
included in the final analysis. 9 of the included studies 
were cohort studies with only two RCTs. The majority 
of studies included were of very low or low quality, pre-
dominantly due to the observational nature of the data.

All-Cause In-Hospital Mortality

A total of 10 studies reporting in-hospital mortality in 
CS treated with dobutamine or milrinone were included 
in the primary analysis, two RCTs, and eight observa-
tional studies (14, 21–29). A total of 4,984 were treated 
with milrinone, and 15,587 patients were treated with 

dobutamine. The pooled OR for in-hospital mortality 
among RCTs was not different between the two drugs 
(OR 1.24; 95% CI, 0.70–2.19; Fig. 2). The pooled OR in 
observational studies for in-hospital all-cause mortality 
favored milrinone with an OR of 1.19 (95% CI, 1.02–
1.39; p = 0.02; Fig. 3). There was little heterogeneity with 
I2 values of 26% (p = 0.22) and 0% (p = 0.46).

A funnel plot for in-hospital mortality was produced 
(Supplemental Fig. 1, http://links.lww.com/CCX/B237). 
Although only a small number of studies are included in 
the analysis, visual interpretation does not demonstrate 
asymmetry suggestive of significant publication bias.

ICU and In-hospital Length of Stay

Five observational studies and one RCT reported ICU 
LOS (14, 21, 23, 24, 26, 28). There was no difference 
in length of ICU stay with milrinone, compared with 
dobutamine in either observational data (mean differ-
ence –0.71 d; 95% CI, –1.72 to 0.30 d; p = 0.17; Fig. 4) 
or randomized data (mean difference 1.00 d; 95% CI, 
–0.28 to 2.28 d; Fig. 5). There was considerable heter-
ogeneity with an I2 value of 82% (p = 0.0002) among 
observational studies.

Figure 3. Forest plot of in-hospital mortality with dobutamine vs milrinone inotrope therapy (randomized studies). M-H = Mantel-Haenzel 
Analysis.

Figure 2. Forest plot of in-hospital mortality with dobutamine vs milrinone inotrope therapy (observational studies). M-H = Mantel-
Haenzel Analysis.

http://links.lww.com/CCX/B237
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Length of hospital stay was reported in eight ob-
servational studies and two RCTs (14, 21–26, 30, 31). 
Length of hospital stay was longer among patients 
treated with dobutamine, when compared with milri-
none in observational studies (mean difference –1.85 
d; 95% CI –3.62 to –0.09; p = 0.04). There was no dif-
ference in hospital LOS among RCTs (mean difference 
–0.69 d; 95% CI, –5.15 to 3.78). There was consider-
able heterogeneity with an I2 value of 80% (p = 0.0006) 
(Supplemental Figs. 3 and 4, http://links.lww.com/
CCX/B237).

Incidence of Clinically Significant Arrhythmias

We identified a total of two observational studies and 
one RCT that reported the incidence of arrhythmias 
(14, 22, 26, 29). There was no difference in arrhythmic 
episodes between those treated with dobutamine and 
those treated with milrinone in either observational 
studies (OR 2.22; 95% CI, 0.99–4.98; p = 0.05) or RCT 
data (OR 1.11; 95% CI, 0.66–1.87). There was moderate 
heterogeneity among observational studies with an I2 
value of 56% (p = 0.13), and no heterogeneity among 
RCT data I2 value of 0% (p = 0.59) (Supplemental Figs. 
5 and 6, http://links.lww.com/CCX/B237).

DISCUSSION

In this systematic review and meta-analysis, we 
compared the use of dobutamine and milrinone in 

hospitalized patients with CS. Our review confirms 
that the majority of the available data are of poor 
methodological quality and mostly retrospective in 
nature, with only two RCTs performed on the data. 
Although no difference in all-cause mortality is seen 
in randomized data between milrinone and dobuta-
mine, there is a trend toward improved survival with 
milrinone which is supported by improved mortality 
in observational data. No difference in ICU LOS or 
clinically significant arrhythmias was noted between 
the two agents. Based on the available data, no strong 
recommendations can be made with regard to the 
preferential use of one inotrope over another in the 
management of hospitalized patients, but these find-
ings may suggest larger studies looking at mortality 
alone might be warranted.

In observational data, a reduction in all-cause in-
hospital mortality was associated with milrinone. 
Furthermore, of these observational studies—three 
of the 11 included studies are of low or very low 
methodologic quality. Although it maybe tempting 
to infer benefit, the lack of robust data makes draw-
ing firm conclusions difficult. Indeed, our analysis 
of only RCTs did not support this—however, a 20% 
relative reduction is noted and the wide CIs do not 
rule out a clinically meaningful difference (14, 22). 
Importantly, in the largest included randomized con-
trol trial, the DOREMI study—there were no differ-
ences in Vasoactive-Inotropic Score (32), response to 
beta-blocker (33), rapidity of lactate clearance (34), in 

Figure 5. Forest plot of ICU length of stay (randomized studies) with dobutamine vs milrinone inotrope therapy.

Figure 4. Forest plot of ICU length of stay (observational studies) with dobutamine vs milrinone inotrope therapy.
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patients with and without AMI (35), or sex differences 
(36)—all suggesting no important differences in re-
sponse to therapy or in surrogate markers. A subgroup 
of the DOREMI study comparing RV to LV failure as 
the cause of CS is submitted for publication. Given the 
current evidence although there maybe differences in 
patients in whom milrinone is selected there remains 
no definitive evidence one agent is superior to the 
other.

Although no difference in ICU LOS was noted be-
tween the two agents, a small difference in in-hospital 
LOS was found in observational studies. This may be 
reflective of the patient population chosen for each 
inotrope among the observational studies included. 
Milrinone has been used more extensively as a long-
term therapy in patients with end-stage heart failure 
and as a result, is more likely to be used in patients 
requiring longer hospital admissions for comprehen-
sive heart failure work-up (37). Furthermore, despite 
milrinone being a more expensive drug than dobuta-
mine it remains more likely to be used among patients 
who are candidates for advanced support including 
heart transplantation (22). The possibility remains that 
dobutamine results in early mortality among patients 
leading to shorter hospital admissions, or conversely 
results in more rapid recovery; however, these findings 
need to be validated in larger prospective trials.

Finally, with regard to safety outcomes, there was 
no difference in clinically significant arrhythmia. 
Arrhythmias are common among patients with CS 
with up to 45% of patients experiencing atrial arrhyth-
mias and up to 15% experiencing ventricular arrhyth-
mias (14). Although dobutamine has been postulated 
to be more arrhythmogenic due to its mechanism of 
action on beta-1 and beta-2 receptors—no difference 
is detected in this study. Furthermore, in the two ran-
domized studies which examined this question, there 
was no difference between the two agents (14, 22). 
Thus, although it is tempting to infer a better risk pro-
file with milrinone based on mechanism of action the 
data does not support this tenet.

Our analysis includes both randomized and ob-
servational data owing predominantly to the lack 
of rigorous studies examining dobutamine and mil-
rinone in the treatment of CS. The trend toward 
improved mortality with milrinone seen in RCT 
data is further supported by the same trend seen 
in all available studies examining the topic. This 

consistent trend across observational and random-
ized data warrants further investigation with an ade-
quately powered study to explore a mortality benefit 
with milrinone over dobutamine among patients 
with CS.

Although inotropes remain an important part of our 
armamentarium, previous descriptions support the 
lack of significant differences between the two agents 
in patients with CS. A comparison of these agents in 
36 patients awaiting cardiac transplantation showed 
no difference in in-hospital mortality, along with sim-
ilar rates of symptomatic sustained or nonsustained 
arrhythmias (22). Two further observational stud-
ies also showed no difference in in-hospital mortality 
(26, 29). Furthermore, a comparative study of chronic 
dobutamine or milrinone infusions in patients with 
heart failure showed no difference in all-cause mor-
tality (38). Dobutamine and milrinone are two of the 
most commonly used inotropic agents in CS with the 
most robust data. Limited evidence for the use of alter-
nate agents, including dopamine, norepinephrine, and 
levosimendan exists (39, 40). How these agents fit in 
the clinician’s armamentarium for the treatment of CS 
remains undetermined and requires dedicated studies. 
Inotropic therapy in patients with CS remains a con-
tentious topic. Most available studies are observational 
with only two randomized trials comparing dobuta-
mine and milrinone. This systematic review and meta-
analysis support the hypothesis that there is minimal 
difference between dobutamine and milrinone among 
patients with CS. These results further beg the question 
of whether inotropic therapy portends benefit over sys-
tematic cardiac critical care in the absence of inotropy 
to patients in CS. Inotropic therapy versus placebo 
therapy has never been addressed by an RCT, through 
the CAPITAL DOREMI 2 trial (NCT05267886) which 
aims to assess this question and is currently enrolling 
patients.

Limitations

Our study has several limitations. First, most ran-
domized data comes from a single RCT (14) with the 
remainder from observational data, as such inherent 
biases exist in all observational studies confounding 
the results found and obfuscating our ability to make 
firm recommendations on inotrope choice. Second, 
the lack of long-term outcomes in the included 
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studies precludes the ability to make any conclu-
sions on long-term outcomes. Furthermore, sig-
nificant heterogeneity among the included patients 
exists with some studies including only postcardiac 
surgery patients, and those awaiting transplant, with 
other studies including all-comers with CS regard-
less of etiology. The use of inotropes as a bridge 
on and off of mechanical circulatory support fur-
ther confounds the results. Although this reflects 
“real-life” practice, the generalizability of this anal-
ysis is relatively limited. Further dedicated studies 
among specific phenotypes and etiologies of CS are 
required to aid in the choice of inotropic agents in 
specific populations.

CONCLUSIONS

Based on the current data available, there is a consistent 
trend toward a reduction in in-hospital mortality with 
milrinone use in CS when compared with dobutamine. 
Data from large randomized clinical trials are needed 
to confirm or refute this observation.
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