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BACKGROUND
Cardiogenic shock is associated with substantial morbidity and mortality. Although 
inotropic support is a mainstay of medical therapy for cardiogenic shock, little 
evidence exists to guide the selection of inotropic agents in clinical practice.

METHODS
We randomly assigned patients with cardiogenic shock to receive milrinone or 
dobutamine in a double-blind fashion. The primary outcome was a composite of 
in-hospital death from any cause, resuscitated cardiac arrest, receipt of a cardiac 
transplant or mechanical circulatory support, nonfatal myocardial infarction, tran-
sient ischemic attack or stroke diagnosed by a neurologist, or initiation of renal 
replacement therapy. Secondary outcomes included the individual components of 
the primary composite outcome.

RESULTS
A total of 192 participants (96 in each group) were enrolled. The treatment groups 
did not differ significantly with respect to the primary outcome; a primary out-
come event occurred in 47 participants (49%) in the milrinone group and in 52 
participants (54%) in the dobutamine group (relative risk, 0.90; 95% confidence 
interval [CI], 0.69 to 1.19; P = 0.47). There were also no significant differences 
between the groups with respect to secondary outcomes, including in-hospital 
death (37% and 43% of the participants, respectively; relative risk, 0.85; 95% CI, 
0.60 to 1.21), resuscitated cardiac arrest (7% and 9%; hazard ratio, 0.78; 95% CI, 
0.29 to 2.07), receipt of mechanical circulatory support (12% and 15%; hazard 
ratio, 0.78; 95% CI, 0.36 to 1.71), or initiation of renal replacement therapy (22% 
and 17%; hazard ratio, 1.39; 95% CI, 0.73 to 2.67).

CONCLUSIONS
In patients with cardiogenic shock, no significant difference between milrinone 
and dobutamine was found with respect to the primary composite outcome or 
important secondary outcomes. (Funded by the Innovation Fund of the Alternative 
Funding Plan for the Academic Health Sciences Centres of Ontario; ClinicalTrials 
.gov number, NCT03207165.)
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Cardiogenic shock is defined as a 
state of low cardiac output resulting in 
clinical and biochemical manifestations of 

end-organ hypoperfusion.1,2 Although emergency 
revascularization has been shown to reduce the 
risk of death in patients with myocardial infarc-
tion complicated by cardiogenic shock,3 there is 
a paucity of data pertaining to other therapies 
for cardiogenic shock management. Treatment 
efforts have focused on improving hemody-
namic measures with the use of vasopressor, 
inotrope, and device-based therapies, with sup-
porting evidence derived predominantly from 
observational studies.4

Although mechanical circulatory support for 
cardiogenic shock has garnered considerable at-
tention,5-8 vasopressors and inotropes remain the 
cornerstone of therapy for most patients with 
this condition.9,10 Norepinephrine has emerged 
as a preferred vasopressor over epinephrine11,12 
and dopamine13; however, comparative data on 
other commonly used and widely available ino-
tropes, such as milrinone and dobutamine, re-
main scarce.14 Milrinone is a phosphodiesterase 
3 inhibitor that increases cardiac inotropy, lusit
ropy, and peripheral vasodilatation. In contrast, 
dobutamine is a synthetic catecholamine that 
acts as a β1- and β2-receptor agonist and im-
proves blood pressure by increasing cardiac out-
put. Both agents are sometimes classified as “ino-
dilators” (inotropes that are also vasodilators).

Preference is often given to using milrinone 
in patients with severe pulmonary hypertension 
because of a purported mechanism of reducing 
pulmonary-artery pressures and improving right 
ventricular function.15,16 Concerns regarding the 
effects of dobutamine on heart rate and myocar-
dial oxygen consumption have tempered its use 
in patients who are at risk for tachyarrhythmias 
or myocardial ischemia. However, in the absence 
of robust comparative data,14 the use of each 
agent is largely based on clinician preference 
and theoretical benefits related to their mecha-
nisms of action. We therefore sought to compare 
the efficacy and safety of milrinone and dobuta-
mine in patients with cardiogenic shock in a 
pragmatic randomized clinical trial.

Me thods

Trial Oversight

We conducted the Dobutamine Compared with 
Milrinone (DOREMI) trial, a randomized, double-

blind clinical trial of milrinone as compared 
with dobutamine in patients with cardiogenic 
shock. The protocol is available with the full text 
of this article at NEJM.org. Ethics approval was 
obtained from the Ottawa Health Science Net-
work Research Ethics Board, and the trial was 
conducted in accordance with the principles of 
the Declaration of Helsinki. An independent data 
and safety monitoring board regularly moni-
tored enrollment and safety data. The authors 
vouch for the completeness and accuracy of the 
data and for the fidelity of the trial to the proto-
col and statistical analysis plan (available with 
the protocol).

Patient Population

Patients were recruited from a single quaternary 
care cardiac institute between September 1, 2017, 
and May 17, 2020. Eligible patients were 18 years 
of age or older, were admitted to the cardiac 
intensive care unit (ICU), and had cardiogenic 
shock meeting the Society for Cardiovascular 
Angiography and Interventions (SCAI) definition 
of cardiogenic shock stage B, C, D, or E.17 Writ-
ten informed consent was obtained from each 
participant or their substitute decision maker. A 
complete list of inclusion and exclusion criteria, 
the SCAI classification of cardiogenic shock, 
and details regarding informed consent are pro-
vided in the Supplementary Appendix, available 
at NEJM.org.

Trial Procedures

Randomization was performed with the use of 
a computer-generated random sequence and was 
stratified according to affected ventricle (left 
ventricle or both ventricles vs. right ventricle). 
Participants were assigned in a 1:1 ratio to re-
ceive either milrinone or dobutamine. Assign-
ments were given in sealed envelopes, which were 
opened by the registered nurse who was respon-
sible for preparing the inotrope infusion. Medi-
cation bags and intravenous pump screens were 
concealed. The treating physicians, participants, 
local investigators, and all research personnel 
were unaware of the treatment assignments.

After randomization, participants began to 
receive either milrinone or dobutamine at a dose 
determined with a standardized dosing scale 
that ranged from stage 1 to stage 5, which cor-
responded to 2.5, 5.0, 7.5, 10.0, and greater than 
10.0 μg per kilogram of body weight per minute 
for dobutamine and 0.125, 0.250, 0.375, 0.500, 
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and greater than 0.500 μg per kilogram per 
minute for milrinone. Adjustment of the doses 
according to stage was performed in a blinded 
fashion by the treating team on the basis of 
clinical judgment. Pulmonary-artery catheters 
were not used routinely but were permitted at 
the discretion of the treating physicians. If at 
any time the randomly assigned therapy was 
considered to be unsafe to continue, the treating 
physician could be made aware of the treatment 
assignment, reveal the assignment to the partici-
pant, and treat the participant with an open-label 
inotrope.

Trial Outcomes

All outcomes were limited to the index hospital-
ization and were adjudicated by members of an 
outcome adjudication committee who were un-
aware of the treatment assignments. The primary 
outcome was the composite of in-hospital death 
from any cause, resuscitated cardiac arrest, re-
ceipt of a cardiac transplant or mechanical cir-
culatory support, nonfatal myocardial infarction, 
transient ischemic attack or stroke diagnosed by 
a neurologist, or initiation of renal replacement 
therapy. A length of stay in the cardiac ICU of 
7 days or longer was initially included in the 
primary composite outcome at the start of the 
trial; however, it was removed by the trial steer-
ing committee in October 2018, given the high 
incidence of prolonged ICU stays and a reevalu-
ation of its clinical significance relative to the 
other variables in the composite outcome. 
Length of stay in the cardiac ICU was therefore 
converted to a secondary outcome. A complete 
list of the efficacy and safety outcomes and 
definitions is provided in Table S1 in the Supple-
mentary Appendix.

Statistical Analysis

On the basis of a previous meta-analysis, the 
pooled incidence of the composite primary out-
come was estimated to be 55% in the dobuta-
mine group.14 We hypothesized that the percent-
age of participants with a primary outcome event 
would be 20 percentage points lower in the 
milrinone group than in the dobutamine group. 
This hypothesis was based on the reported re-
duced incidences of death and arrhythmia with 
milrinone in observational studies involving pa-
tients with acute decompensated heart failure.14 
We calculated that a total of 192 patients would 

be needed for the trial to have 80% power to 
detect this difference with the use of a two-sided 
alpha level of 0.05.

Complete details regarding the statistical analy-
sis are provided in the Supplementary Appendix. 
In brief, data were analyzed according to the 
intention-to-treat principle. The statistical analy-
sis plan was reviewed by the trial investigators 
and finalized before unblinding. An unadjusted 
chi-square analysis was conducted to compare 
the treatment groups with respect to the primary 
composite outcome, and corresponding relative 
risks and 95% confidence intervals were calcu-
lated. Proportional hazards analysis with log-
rank testing was also performed for the primary 
composite outcome and all the individual com-
ponents of the outcome, with the use of the 
Fine–Gray method to account for the competing 
risk of death for the components of the primary 
outcome, where applicable. For variables mea-
sured more than once throughout the trial, a 
mixed model for repeated measures (for contin-
uous variables) or a cumulative logistic-regression 
model (for ordinal variables) was used to test the 
significance of the association between inotrope 
and outcome.

We used unadjusted chi-square testing to con-
duct an a priori sensitivity analysis that included 
the primary composite outcome plus a length of 
stay in the cardiac ICU of 7 days or longer (i.e., 
the original primary outcome). A post hoc sen-
sitivity analysis of the primary outcome was 
performed with adjustment for baseline invasive 
mechanical ventilation, previous myocardial in-
farction, previous percutaneous coronary inter-
vention, and vasopressor use before randomiza-
tion, since these baseline characteristics were 
potentially clinically important and unbalanced 
between the groups. We assessed the consis-
tency of the treatment effect in prespecified sub-
groups based on age, sex, affected ventricle, 
cause of ventricular dysfunction, severity of left 
ventricular dysfunction, severity of baseline re-
nal dysfunction, and concomitant vasopressor use 
at the time of randomization (see the Supple-
mentary Appendix).

All reported P values are two-sided, and a 
P value of less than 0.05 was considered to indi-
cate statistical significance. Analyses were per-
formed with the use of SAS software, version 9.4 
(SAS Institute). The widths of the confidence 
intervals have not been adjusted for multiple 
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comparisons, and therefore the intervals should 
not be used to infer definitive treatment effects 
for secondary outcomes.

R esult s

Trial Population

A total of 319 patients were screened for eligibil-
ity, 192 of whom were enrolled (96 in each treat-
ment group) (Fig. S1 in the Supplementary Ap-
pendix). Reasons for exclusion included transfer 
to the ICU after milrinone or dobutamine had 
already been initiated (47 patients), a decision by 
the treating physician that the patient was not 
eligible for the trial (40), an inability to obtain 
consent (23), presentation with an out-of-hospi-
tal cardiac arrest (13), and enrollment in another 
interventional trial (4).

Baseline characteristics were similar in the 
milrinone group and the dobutamine group 
(Tables 1 and S2). The mean (±SD) age of pa-
tients was 68.9±13.8 years in the milrinone group 
and 72.0±11.3 years in the dobutamine group; 
38% and 35% of the participants, respectively, 
were women, and 69% and 65%, respectively, had 
ischemic cardiomyopathy. The presence of coex-
isting conditions, including hypertension, diabe-
tes mellitus, and atrial fibrillation, was similar 
in the two groups. Medical therapy in the 24 
hours before randomization was also similar, 
including the use of beta-blockers in 51% of the 
participants in the milrinone group and 46% of 
those in the dobutamine group. At randomiza-
tion, 10 participants had an intraaortic balloon 
pump in place and 23 had a pulmonary-artery 
catheter. The median serum lactate level was 
elevated to 2.9 mmol per liter (interquartile 
range, 2.1 to 4.5) (26.1 mg per deciliter [inter-
quartile range, 18.9 to 40.5]) in the milrinone 
group and to 2.9 mmol per liter (interquartile 
range, 1.7 to 4.2) (26.1 mg per deciliter [inter-
quartile range, 15.3 to 37.8]) in the dobutamine 
group. The mean time from admission to the 
ICU to randomization was 23.4±92.6 hours in 
the milrinone group and 17.9±50.6 hours in the 
dobutamine group.

Primary Outcome

A primary outcome event occurred in 47 partici-
pants (49%) in the milrinone group and in 52 
participants (54%) in the dobutamine group 
(relative risk, 0.90; 95% confidence interval [CI], 

0.69 to 1.19; P = 0.47) (Table 2). There was no 
evidence of heterogeneity of the treatment effect 
across the prespecified subgroups, including 
those defined according to sex, age, affected 
ventricle, cause or severity of left ventricular 
dysfunction, severity of baseline renal dysfunc-
tion, or concomitant use of vasopressors at time 
of inotrope initiation (Fig.  1). A time-to-event 
analysis also did not show a significant differ-
ence between the milrinone group and the dobu-
tamine group with respect to the primary com-
posite outcome (hazard ratio, 0.91; 95% CI, 0.61 
to 1.34) (Fig.  2A). There were no significant 
differences between the groups in the sensitivity 
analysis that included all components of the 
primary composite outcome plus a length of stay 
in the cardiac ICU of 7 days or longer (relative 
risk, 0.86; 95% CI, 0.72 to 1.04) or in the addi-
tional sensitivity analysis with adjustment for 
unbalanced baseline characteristics (relative risk, 
1.00; 95% CI, 0.78 to 1.28).

Secondary Outcomes

The individual components of the primary out-
come are summarized in Table  2. In-hospital 
death from any cause occurred in 35 partici-
pants (37%) in the milrinone group and in 41 
participants (43%) in the dobutamine group 
(relative risk, 0.85; 95% CI, 0.60 to 1.21). Causes 
of death are shown in Table S3. Time-to-event 
analyses likewise did not show any significant 
differences between the two groups in individu-
al components of the primary outcome, includ-
ing in-hospital death (Fig.  2B). There were no 
significant differences between the groups with 
respect to the occurrence of resuscitated cardiac 
arrest (in 7% of the participants in the milrinone 
group and 9% of those in the dobutamine group; 
hazard ratio, 0.78; 95% CI, 0.29 to 2.07) (Fig. 
S2A), receipt of mechanical circulatory support 
(in 12% and 15%, respectively; hazard ratio, 
0.78; 95% CI, 0.36 to 1.71), occurrence of tran-
sient ischemic attack or stroke diagnosed by a 
neurologist (in 1% and 2%, respectively; hazard 
ratio, 0.50; 95% CI, 0.05 to 5.50), or the initia-
tion of renal replacement therapy (in 22% and 
17%, respectively; hazard ratio, 1.39; 95% CI, 
0.73 to 2.67) (Fig. S2B). No participant under-
went cardiac transplantation, and only one non-
fatal myocardial infarction occurred (in the 
milrinone group). Given the infrequent use of 
pulmonary-artery catheters, we did not perform 
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analyses of changes in cardiac index, pulmonary 
capillary wedge pressure, or systemic vascular 
resistance.

Additional secondary outcomes are shown in 
Table  2. There were no significant differences 
between the groups with respect to the total 

duration of inotropic treatment, total hospital 
length of stay, or ICU length of stay. The number 
of participants with an ICU stay of 7 days or 
longer was also similar in the two groups. There 
were no significant differences in the number of 
participants who received noninvasive or inva-

Table 1. Baseline Characteristics of the Participants.*

Characteristic
Milrinone 
(N = 96)

Dobutamine 
(N = 96)

Age — yr 68.9±13.8 72.0±11.3

Female sex — no. (%) 36 (38) 34 (35)

Median body-mass index (IQR)† 26.4 (23.7–31.0) 26.0 (22.5–30.5)

Race — no. (%)‡

White 86 (90) 79 (82)

Non-White 10 (10) 17 (18)

Left ventricular function

Median left ventricular ejection fraction (IQR) — % 25 (20–40) 25 (20–40)

Cause of ventricular dysfunction — no. (%)

Ischemic 66 (69) 62 (65)

Nonischemic 30 (31) 33 (34)

Coexisting conditions — no. (%)

Previous myocardial infarction 39 (41) 29 (30)

Previous percutaneous coronary intervention 30 (31) 19 (20)

Previous coronary-artery bypass grafting 20 (21) 19 (20)

Previous stroke or transient ischemic attack 13 (14) 15 (16)

Atrial fibrillation 49 (51) 46 (48)

Chronic kidney disease§ 38 (40) 40 (42)

Chronic liver disease 6 (6) 7 (7)

Chronic obstructive pulmonary disease 11 (11) 14 (15)

SCAI cardiogenic shock class — no. (%)¶

A 0 0

B 6 (6) 5 (5)

C 77 (80) 78 (81)

D 10 (10) 12 (12)

E 3 (3) 1 (1)

Time from admission to the cardiac ICU to randomization — hr 23.4±92.6 17.9±50.6

*	�Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. ICU denotes intensive care 
unit, and IQR interquartile range.

†	�Body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	�Race was reported by the participants.
§	� Chronic kidney disease was defined as an estimated glomerular filtration of less than 60 ml per minute per 1.73 m2 of 

body-surface area, in accordance with the Chronic Kidney Disease Epidemiology Collaboration creatinine equation.
¶	�Society for Cardiovascular Angiography and Interventions (SCAI) class A indicates a risk of the development of cardio-

genic shock in the absence of signs or symptoms; class B, compensated shock with relative hypotension; class C, hypo-
perfusion that requires an initial set of interventions to restore perfusion; class D, deteriorating shock after interven-
tions have failed to stabilize the patient’s condition; and class E, cardiovascular collapse with ongoing cardiopulmonary 
resuscitation.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV OF PENN LIBRARY on August 4, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



n engl j med 385;6  nejm.org  August 5, 2021 521

Treatment of Cardiogenic Shock

sive mechanical ventilation after inotrope initia-
tion, in the total duration of ventilation, or in 
the number of participants with arrhythmia 
leading to intervention by a medical team. The 
incidence of acute kidney injury was similarly 
high in both groups.

Overall, no significant differences were found 
in heart rate, mean arterial pressure, vasoactive–
inotropic score, serum lactate level, serum creati-
nine level, or hourly urine output between the 
treatment groups (Figs. 3 and S3 and Table S4). 
There was no treatment effect with respect to 

inotrope dose stage (Fig. S4). Finally, there were 
no significant differences with respect to sec-
ondary safety outcomes, including atrial or ven-
tricular arrhythmias, sustained hypotension, or 
an increase in dose or the addition of new vaso-
pressor therapy (Table S5).

Discussion

We sought to compare the efficacy and safety of 
milrinone and dobutamine in patients with car-
diogenic shock. In contrast to our hypothesis, 

Table 2. Primary and Secondary Outcomes.*

Outcome
Milrinone 
(N = 96)

Dobutamine 
(N = 96)

Relative Risk or 
Hazard Ratio 
 (95% CI)† P Value‡

Primary outcome: composite of in-hospital death from any cause, 
resuscitated cardiac arrest, receipt of cardiac transplant or 
mechanical circulatory support, nonfatal myocardial infarction, 
transient ischemic attack or stroke diagnosed by a neurologist, 
or initiation of renal replacement therapy — no. (%)

47 (49) 52 (54) 0.90 (0.69–1.19) 0.47

Secondary outcomes

In-hospital death from any cause — no. (%) 35 (37) 41 (43) 0.85 (0.60–1.21)

Resuscitated cardiac arrest — no. (%) 7 (7) 9 (9) 0.78 (0.29–2.07)§

Receipt of cardiac transplant or mechanical circulatory support  
— no. (%)

11 (12) 14 (15) 0.78 (0.36–1.71)§

Nonfatal myocardial infarction — no. (%) 1 (1) 0 —

Transient ischemic attack or stroke — no. (%) 1 (1) 2 (2) 0.50 (0.05–5.50)§

Initiation of renal replacement therapy — no. (%)¶ 21 (22) 16 (17) 1.39 (0.73–2.67)§

Median cardiac ICU length of stay (IQR) — days‖ 4.5 (2.0–7.0) 5.5 (3.0–10.0) —

Cardiac ICU length of stay ≥7 days — no. (%)‖ 31 (32) 42 (44) 0.74 (0.51–1.07)

Median hospital length of stay (IQR) — days‖ 16 (6–28) 15 (6–27) —

Median total time receiving inotropes (IQR) — hr‖ 36 (18–79) 39 (19–64) —

Receipt of noninvasive or invasive mechanical ventilation after 
randomization — no. (%)

6 (6) 7 (7) 0.86 (0.30–2.46)

Median total time receiving noninvasive or invasive mechanical 
ventilation (IQR) — hr‖

48 (6–120) 48 (12–120) —

Acute kidney injury — no. (%)¶ 86 (92) 85 (90) 1.02 (0.94–1.12)

Normalization of lactate level — no. (%)** 33 (46) 36 (56) 0.80 (0.56–1.15)

Arrhythmia leading to medical team intervention — no. (%)‡ 48 (50) 44 (46) 1.19 (0.85–1.57)

*	� All analyses were performed in accordance with the intention-to-treat principle.
†	� Relative risk is shown unless otherwise indicated. The widths of the confidence intervals have not been adjusted for multiple comparisons, 

and therefore the intervals should not be used to infer definitive treatment effects for secondary outcomes.
‡	� The P value for the primary outcome was from an unadjusted chi-square analysis.
§	� The point estimate represents a hazard ratio, since analyses taking into consideration the competing risk of death using Fine–Gray model 

were performed.
¶	� Patients with a history of renal replacement therapy before randomization were excluded from the analysis.
‖	� Time was measured from the time of randomization.
**	� Patients with a normal lactate level at the time of randomization were excluded from the analysis, and the analysis was limited to 120 

hours from randomization.
††	� Medical team intervention was defined as electrical or chemical cardioversion or any intravenous administration of antiarrhythmic medication.
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we did not find a significant advantage of milri-
none over dobutamine with respect to the com-
posite primary outcome or secondary outcomes. 
Moreover, we did not identify any significant 
between-group differences in safety outcomes or 
in surrogate markers of resuscitation, including 
heart rate, blood pressure, and serum lactate 
level. The incidence of adverse clinical outcomes, 
including in-hospital death, was high in both 
groups.

Data to guide inotrope selection in patients 
with cardiogenic shock are limited. The Sepsis 
Occurrence in Acutely Ill Patients II (SOAP II) 
trial evaluated dopamine as compared with nor-
epinephrine in the treatment of patients with 
shock, including a subgroup of 280 patients with 
cardiogenic shock, and showed no significant 
difference in mortality between the treatment 

strategies.13 Previous comparisons of milrinone 
and dobutamine include a single randomized 
trial involving 36 hospitalized patients awaiting 
cardiac transplantation19 that was not limited to 
patients with cardiogenic shock, as well as two 
observational studies that showed no difference 
in in-hospital mortality.20,21 Thus, although ino-
tropes form a foundation of therapy in patients 
with cardiogenic shock, our trial addresses an 
important knowledge gap in the management of 
this condition.

Several studies have suggested that the risk of 
death is increased with the use of inotropes in 
patients with chronic heart failure22,23; however, 
this association has not been established in pa-
tients with cardiogenic shock. In a propensity-
based analysis involving patients with cardio-
genic shock, higher 30-day mortality was found 

Figure 1. Subgroup Analyses of the Primary Composite Outcome.

Shown are relative risks of the primary composite outcome (in-hospital death from any cause, resuscitated cardiac arrest, receipt of a 
cardiac transplant or mechanical circulatory support, nonfatal myocardial infarction, transient ischemic attack or stroke diagnosed by a 
neurologist, or initiation of renal replacement therapy) with 95% confidence intervals from unadjusted chi-square analyses for prespeci-
fied subgroups. An ejection fraction of 35% was used as the cutoff value for the definition of subgroups based on the severity of left 
ventricular dysfunction, and an estimated glomerular filtration rate of 30 ml per minute per 1.73 m2 of body-surface area was used as 
the cutoff value for the definition of subgroups based on the severity of baseline renal dysfunction. The widths of the confidence inter-
vals have not been adjusted for multiple comparisons, and therefore the intervals should not be used to infer definitive treatment effects 
for secondary outcomes.
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in association with the use of a vasopressor alone 
(epinephrine, norepinephrine, or dopamine) than 
with the use of a vasopressor plus an inodilator 
(dobutamine, levosimendan, or a phosphodiester-
ase 3 inhibitor).24 Excessive vasoconstriction, 
which would increase left ventricular afterload, 
could in theory be offset with vasodilation by 
the inodilator. Randomized comparisons between 
an inotrope and placebo in patients with cardio-
genic shock may not be feasible to perform. 
However, ongoing studies of temporary forms of 
mechanical circulatory support may offer oppor-
tunities to evaluate the need for inotrope therapy 
in the context of device-based support.

Our trial was intended to be pragmatic and 
was designed to include a broad range of pa-
tients in the phases of shock that are typically 
treated with inotropes. We set inclusion criteria 
that were based predominantly on clinical assess-
ment in order to maximize external generaliz-
ability. In contrast, the definitions of cardio-
genic shock used in previous trials have largely 
been based on hemodynamic measures, despite 
the current guidelines advising selective use of a 
pulmonary-artery catheter2 and clinical practice 
reflecting bedside diagnosis. In our trial, rela-
tively few patients underwent hemodynamic as-
sessment with the use of a pulmonary-artery 
catheter at baseline. Nonetheless, 40% of the 
patients died while they were hospitalized — a 
percentage similar to those seen in previous 
studies in which hemodynamic criteria were 
used for entry.3 To reflect the shift to an empha-
sis on diagnosing cardiogenic shock clinically 
and to standardize comparisons between trials, 
the SCAI has recently released a classification 
system for cardiogenic shock.17 According to this 
classification system, most patients in our trial 
were in class C or D (“classic” or “deteriorating” 
cardiogenic shock). Future studies focusing on 
earlier intervention (i.e., with patients in class B 
or “beginning” cardiogenic shock) may identify 
therapies capable of altering the natural history 
of cardiogenic shock — a goal that may be dif-
ficult to achieve after hypoperfusion and end-
organ dysfunction occurs.

Our trial has important limitations. First, only 
in-hospital outcomes were evaluated. Although 
this ensured complete data for analysis, it is pos-
sible that differences in outcomes exist beyond 
the index hospitalization, as was seen in the 
SHOCK (Should We Emergently Revascularize 

Occluded Coronaries for Cardiogenic Shock) 
trial.3 Second, dose adjustments were based on 
individual physician assessment rather than 
guided by a standardized protocol based on bio-
chemical or hemodynamic measures. Although 
this approach reflects clinical practice, it allowed 
for potential differences in dose adjustments 
and resuscitation to arise between the treatment 
groups. In addition, recruitment for this trial 
was from a single center, which may limit its 
external generalizability. Finally, our power cal-

Figure 2. Time-to-Event Analysis of the Primary Composite Outcome  
and Death.

The primary composite outcome was in-hospital death from any cause, re-
suscitated cardiac arrest, receipt of a cardiac transplant or mechanical circu-
latory support, nonfatal myocardial infarction, transient ischemic attack or 
stroke diagnosed by a neurologist, or initiation of renal replacement therapy.
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culation was based on the expectation of a large 
treatment effect. As a consequence, the trial was 
underpowered to detect smaller effects, as re-
f lected in the wide confidence interval for the 
primary outcome, which is compatible with a 
31% lower risk or a 19% higher risk with mil-
rinone than with dobutamine. The trial accord-
ingly had even less power for the comparisons of 
the components of the primary outcome.

In this randomized clinical trial of milrinone 

as compared with dobutamine in patients with 
cardiogenic shock, we did not find a significant 
advantage of milrinone over dobutamine with 
respect to the primary composite outcome or 
important secondary outcomes.

Supported by the Innovation Fund of the Alternative Funding 
Plan for the Academic Health Sciences Centres of Ontario.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.

Figure 3. Key Clinical, Biochemical, and Hemodynamic Measures.

A mixed model for repeated measures was used to evaluate differences in continuous variables between the groups. The mean at each 
interval for the milrinone group and the dobutamine group is shown; I bars indicate 95% confidence intervals. Panel A shows the vaso-
active–inotropic score18 (which reflects the total amount of combined pharmacologic cardiovascular support provided by vasopressor 
and inotropic agents, as described in the Supplementary Appendix; higher scores indicate larger amounts of support), Panel B the hourly 
urine output, Panel C the serum creatinine level, and Panel D the serum lactate level. To convert the values for creatinine to milligrams 
per deciliter, divide by 88.4. To convert the values for lactate to milligrams per deciliter, divide by 0.1110.
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