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Implications of Myocardial Infarction on 
Management and Outcome in Cardiogenic 
Shock
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BACKGROUND: The randomized DOREMI (Dobutamine Compared to Milrinone) clinical trial evaluated the efficacy and safety of 
milrinone and dobutamine in patients with cardiogenic shock. Whether the results remain consistent when stratified by acute 
myocardial infarction remains unknown. In this substudy, we sought to evaluate differences in clinical management and out-
comes of acute myocardial infarction complicated by cardiogenic shock (AMICS) versus non-AMICS.

METHODS AND RESULTS: Patients in cardiogenic shock (n=192) were randomized 1:1 to dobutamine or milrinone. The primary 
composite end point in this subgroup analysis was all-cause in-hospital mortality, cardiac arrest, non-fatal myocardial infarc-
tion, cerebrovascular accident, the need for mechanical circulatory support, or initiation of renal replacement therapy (RRT) 
at 30-days. Outcomes were evaluated in patients with (n=65) and without (n=127) AMICS. The primary composite end point 
was significantly higher in AMICS versus non-AMICS (hazard ratio [HR], 2.21; 95% CI, 1.47–3.30; P=0.0001). The primary end 
point was driven by increased rates of all-cause mortality, mechanical circulatory support, and RRT. No differences in other 
secondary outcomes including cardiac arrest or cerebrovascular accident were observed. AMICS remained associated with 
the primary composite outcome, 30-day mortality, and RRT after adjustment for age, sex, procedural contrast use, multives-
sel disease, and inotrope type.

CONCLUSIONS: AMI was associated with increased rates of adverse clinical outcomes in cardiogenic shock along with in-
creased rates of mortality and initiation of mechanical circulatory support and RRT. Contrast administration during revascu-
larization likely contributes to increased rates of RRT. Heterogeneity of outcomes in AMICS versus non-AMICS highlights the 
need to study interventions in specific subgroups of cardiogenic shock.

REGISTRATION: URL: https://www.clini​caltr​ials.gov; Unique identifier: NCT03207165.
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Cardiogenic shock (CS) is defined by an inade-
quate cardiac output state resulting in end-organ 
hypoperfusion.1 Acute myocardial infarction com-

plicated by cardiogenic shock (AMICS) accounts for 
the majority of cardiogenic shock presentations.2,3 

Early revascularization has been shown to improve 
mortality in CS and remains a cornerstone of man-
agement.4,5 More recently, revascularization of culprit-
only disease has become the standard in improving 
short-term outcomes in this cohort.6,7 In contrast, CS 
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may also present as a manifestation of chronic cardiac 
dysfunction and may have a different pathophysiology, 
response to therapy and prognosis.2

Management of CS in the cardiac intensive care unit 
involves hemodynamic stabilization by vasopressors 
and inotropes.2 Four major randomized trials including 
the Should We Emergently Revascularize Occluded 
Coronaries for Cardiogenic Shock (SHOCK),4,5 Culprit 
Lesion Only PCI versus Multivessel PCI in Cardiogenic 
Shock (CULPRIT-SHOCK),7 Tilarginine Acetate Injection 
in a Randomized International Study in Unstable MI 
Patients With Cardiogenic Shock (IABP-SHOCK II),8 
and Intraaortic Balloon Pump in Cardiogenic Shock 
II9 have previously evaluated the effect of revascular-
ization and supportive therapies exclusively in AMICS. 
Although revascularization options have been well-
studied in AMICS, the ubiquitous use of inotropes and 
vasopressors remains poorly studied.10,11 Furthermore, 

comparative differences to non-AMI etiologies of CS 
have not been evaluated. In CAPITAL-DOREMI, pa-
tients with CS were randomized in a 1:1 ratio to receive 
either dobutamine or milrinone.12

Given the lack of robust comparative outcome data 
in AMICS and non-AMI etiologies of CS, we sought to 
evaluate differences between these subgroups of the 
DOREMI randomized trial.

METHODS
Ethics approval was received from the Ottawa Health 
Science Network Research Ethics Board and con-
ducted according to the Helsinki Declaration. Written 
informed consent was obtained from all eligible partici-
pants or their substitute decision maker. The trial was 
registered in Clini​calTr​ials.gov (NCT03207165). All the 
data used for this analysis will be made available in the 
original CAPITAL-DOREMI trial.12

Study Design and Oversight
The DOREMI (Dobutamine Compared to Milrinone) trial 
was a randomized, double-blind clinical trial of dobu-
tamine versus milrinone in CS. All eligible patients with 
CS requiring admission to the regional cardiac intensive 
care unit were randomly assigned (1:1) to dobutamine 
or milrinone as inotrope therapy.12 Inclusion criteria in-
cludes patients aged ≥18 years who met the Society for 
Cardiovascular Angiography and Interventions definitions 
of cardiogenic shock stages B through E13 and had met 
an indication for inotrope use: (1) clinical diagnosis of car-
diogenic shock and systolic blood pressure <90 mm Hg 
with signs of end-organ dysfunction, (2) clinical evidence 
of systemic and/or pulmonary congestion despite use 
of vasodilators and/or diuretics, (3) acute coronary syn-
drome complicated by cardiogenic shock with hemody-
namic reduction in cardiac index (<1.8 L/min per m2 and 
left ventricular end-diastolic pressure >18 mm Hg), (4) a 
clinically determined need to augment cardiac output in 
addition to ongoing vasopressor therapy, or (5) a treat-
ing team’s clinical assessment that inotropic therapy is 
required for developing cardiogenic shock without cur-
rent evidence of hypoperfusion. For the exclusion crite-
ria, patients were excluded if they had presented with 
out-of-hospital cardiac arrest, were pregnant, initiated an 
inotrope before randomization, treating physician’s ge-
stalt that the patient was not eligible for the study, patient 
participating in another interventional trial, or if the patient 
or substitute decision maker was unable to provide writ-
ten informed consent for the trial participation.12

End Points
Patients with both AMI and non-AMI etiologies of 
CS were recruited in the DOREMI trial. Patients were 
categorized as AMICS with a confirmed diagnosis of 

CLINICAL PERSPECTIVE

What Is New?
•	 In patients with cardiogenic shock treated with 

dobutamine or milrinone, those presenting with 
acute myocardial infarction had increased 30-
day all-cause mortality and need for mechanical 
circulatory support.

•	 Patients with acute myocardial infarction com-
plicated by cardiogenic shock had an increased 
need for initiation of renal replacement therapy.

•	 Despite concerns about the effect of dobu-
tamine on heart rate and myocardial oxygen 
consumption, no differences in clinical out-
comes were observed between inotropes.

What Are the Clinical Implications?
•	 There is heterogeneity with respect to the etiol-

ogy of cardiogenic shock, and patients present-
ing because of acute myocardial infarction are 
at increased risk of adverse outcomes.

•	 With increased incident renal replacement 
therapy in patients with cardiogenic shock pre-
senting with myocardial infarction, renal protec-
tive strategies such as contrast administration 
minimization may be important considerations 
when managing these patients.

Nonstandard Abbreviations and Acronyms

AMICS	 acute myocardial infarction complicated 
by cardiogenic shock

CS	 cardiogenic shock
RRT	 renal replacement therapy
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ST-segment‒elevation myocardial infarction (STEMI) 
or non‒ST-segment‒elevation myocardial infarction 
(NSTEMI) by the Third Universal Definition of Myocardial 
Infarction.14 Non-infarct related etiologies of CS in-
cluded decompensated chronic heart failure, valvular 
heart disease, myocarditis, or low cardiac output state.

The primary end point for this subgroup analysis 
was the composite of in-hospital all-cause mortality, 
resuscitated cardiac arrest, need for cardiac transplant 
or mechanical circulatory support, non-fatal myocardial 
infarction, transient ischemic attack or stroke, or the ini-
tiation of renal replacement therapy (RRT) stratified by 
AMI and non-AMI etiologies of CS censored at 30-days. 
Secondary end points include components of the pri-
mary end point along with median number of days in 
the cardiac intensive care unit, days of hospital length-
of-stay, total time on inotropes, and number of patients 
requiring non-invasive or invasive mechanical ventilation 
following randomization. Furthermore, pre-specified 
subgroup analyses to explore changes in hemody-
namic and biochemical parameters such as heart rate, 
mean arterial pressure, hourly urine output, vasoactive-
inotropic score,15 serum creatinine, sodium, potassium, 
troponin, and creatine kinase levels were performed.

Statistical Analysis
The subgroup analysis according to AMICS was 
conducted as a post-hoc analysis. All analyses 
were performed according to the intention-to-treat 
principle which included all patients according to 
the group to which they were randomized. Data 
were summarized as descriptive statistics and pre-
sented as proportions (n, %) or mean±SD or median 
(quartiles, Q1 and Q3). Differences in continuous 
variables were compared using the Student t-test 
or Mann-Whitney U test and differences in categori-
cal variables were compared by Chi-Square Test or 
Fisher Exact Test, as appropriate. Event rates were 
based on Kaplan‒Meier estimates in the time-to-
first-event analysis and compared by log-rank tests 
and hazard ratios were calculated by Cox propor-
tional hazards model and presented as hazard ra-
tios (HR) and 95% CI and adjusted for age, sex, 
volume of contrast used, multivessel disease, and 
inotrope type. For variables measured more than 
once throughout the study, a repeated measure 
mixed model for continuous variables was used 
to test the statistical significance of the associa-
tion between AMI and non-AMI etiologies of CS 
and outcome. A post-hoc restricted cubic spline 
analysis (4  knots) was performed stratifying con-
trast volume to examine the association between 
acute kidney injury or renal replacement therapy 
with contrast volume. All analyses were performed 
using SAS v9.4 (SAS Institute, Cary, NC, USA) and 

all figures were generated using GraphPad Prism v8 
(GraphPad Software, La Jolla, CA, USA).

Availability of Data and Materials
The data sets used and/or analyzed during the current 
study are available from the corresponding author on 
reasonable request.

RESULTS
Baseline and Procedural Characteristics
From September 1, 2017 to May 17, 2020, a total of 
319 patients were screened for eligibility in this study. 
Overall, 192 patients enrolled in the trial and were ran-
domized in a 1:1 fashion to dobutamine or milrinone. In 
the milrinone group, 31 (32.3%) patients presented with 
AMICS and 65 (67.7%) presented with non-AMICS. In 
the dobutamine group, 34 (35.4%) patients presented 
with AMICS and 62 (64.6%) presented with non-
AMICS (Figure 1). Amongst the 65 patients presenting 
with AMICS, 47 (72.3%) patients presented with STEMI 
and 18 (27.7%) presented with NSTEMI.
Baseline characteristics were similar between AMI and 
non-AMI etiologies of CS (Table 1). Mean age of pa-
tients was 72.1±11.5 years versus 69.6±13.2 years and 
21 (32.3%) and 49 (38.6%) were women for AMICS and 
non-AMICS, respectively. Patients were evenly distrib-
uted in Society for Cardiovascular Angiography and 
Interventions definition of CS and inotrope randomiza-
tion. Presence of comorbidities including hypertension, 
diabetes, dyslipidemia, active smoker, prior coronary 
artery bypass grafting, myocardial infarction, percuta-
neous coronary intervention and prior stroke or tran-
sient ischemic attack remained similar in both groups. 
AMICS and non-AMICS have differences in medica-
tions received 24 hours before randomization including 
aspirin, P2Y12 inhibitor, warfarin, beta-blocker, diuretic 
use, and amiodarone administration.

Patients presenting with AMICS were more likely to 
have multivessel coronary disease (60.0% versus 8.9%; 
P<0.0001), have contrast exposure (100.0% versus 
38.5%; P<0.0001), undergo revascularization (92.3% 
versus 9.6%; P<0.0001), and longer time to revascular-
ization (10.1 [5.7–21.4] hours versus 4.0 [2.0–7.2] hours; 
P=0.02; Table  2). Among non-AMICS, patients who 
underwent coronary angiography were more likely to 
have received invasive ventilation (29.0% versus 7.3%; 
P=0.004; Table S1). We saw no difference in baseline 
chronic kidney disease (23.1% versus 27.6%; P=0.50) 
in AMICS versus non-AMI etiologies of CS.

Clinical Outcomes
As demonstrated in Table 3 and Figure 2, AMICS was 
associated with increased incidence of the unadjusted 
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primary composite end point at 30-days (HR, 2.21; 
95% CI, 1.47–3.30; P=0.0001; Figure  2A). However, 
no differences in 30-day cardiac arrest (HR, 1.68; 95% 
CI, 0.63–4.51; P=0.30; Figure 2B) nor cerebrovascu-
lar accident (HR, 4.63; 95% CI, 0.42–51.15; P=0.17; 
Figure  2C) was observed between the 2 groups. 
AMICS was associated with increased rate of 30-
day mortality (HR, 1.62; 95% CI, 1.01–2.59; P=0.04; 
Figure 2D), mechanical circulatory support (HR, 2.67; 
95% CI, 1.21–5.88; P=0.01; Figure 2E) and RRT (HR, 
3.14; 95% CI, 1.60–6.14; P=0.001; Figure  2F). The 
primary composite end point, 30-day mortality, and 
initiation of RRT remained associated with AMICS 
after adjustment of age, sex, contrast use, multivessel 
disease, and inotrope type (Table 3). When stratified 
by inotrope type in AMICS, no differences in primary 
composite end point were observed with dobutamine 
and milrinone (Figure S1).

Furthermore, no differences in the median number 
of days in the cardiac intensive care unit (7.0 [6.0–9.0] 
days versus 7.0 [4.0–8.0] days; P=0.09) or total time 
on inotropes (77.0 [32.0–168.0] hours versus 63.0 
[28.0–168.0] hours; P=0.80) was observed between 
AMICS and non-AMI etiologies of CS, respectively 
(Table 2). Median hospital length-of-stay was shorter 
(11.0 [4.0–21.0] days versus 17.0 [9.0–30.0] days; 
P=0.01). Elevated level of troponin and creatine kinase 
was observed in AMICS whereas no differences were 
seen between AMICS and non-AMI etiologies of CS in 

hemodynamic parameters including heart rate, mean 
arterial pressure, vasoactive-inotrope score, or lactate 
levels (Figure 3A through 3F).

Renal End Points
When stratified by AMICS versus non-AMI etiolo-
gies of CS, renal function was impaired with a signifi-
cant decrease in mean urine output levels in AMICS 
(P=0.0003; Figure 4A) with no significant changes to 
serum creatinine or potassium levels (Figure  4B and 
4C). Procedural contrast volume was higher in AMICS 
compared with non-AMI etiologies of CS (213.0 
[147.0–279.0] mL versus 0.0 [0.0–65.0] mL; P<0.0001; 
Figure  4D). A restricted cubic spline analysis reveals 
a non-linear relationship between contrast volume 
used and acute kidney injury (Figure  S2). Moreover, 
the restricted cubic spline analysis shows a non-linear 
relationship between contrast volume and renal re-
placement therapy with an increased risk of renal re-
placement therapy with contrast volumes ≥225  mL 
(odds ratio, 1.36; 95% CI, 1.04–1.83; Figure S3).

DISCUSSION
We sought to evaluate differences in outcomes be-
tween AMICS and non-AMICS in a highly defined pop-
ulation. In this analysis, we identified 2 major findings. 
First, compared with patients with non-AMI, individuals 

Figure 1.  Study flow diagram.
Flow diagram of patient enrollment, showing ineligible patients at screening, randomization 1:1 to inotrope 
type, and divided by acute myocardial infarction status. AMICS indicates acute myocardial infarction 
complicated by cardiogenic shock; and CICU, critical intensive care unit.
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Table 1.  Baseline Characteristics

Non-AMI etiology of   
cardiogenic shock (n=127)

AMI complicated by   
cardiogenic shock (n=65)

Age, y, mean±SD 69.6±13.2 72.1±11.5

Women, n (%) 49 (38.6) 21 (32.3)

Body mass index, median (IQR) 26.3 (23.3–31.5) 26.1 (22.9–30.7)

Inotrope, n (%)

Milrinone 65 (51.2) 31 (47.7)

Median dose (IQR) 0.13 (0.00–0.13) 0.00 (0.00–0.13)

Dobutamine 62 (48.8) 34 (52.3)

Median dose (IQR) 0.00 (0.00–2.50) 2.50 (0.00–2.50)

Race, n (%)

White 112 (88.2) 53 (81.5)

Other races 15 (11.8) 12 (18.5)

Left ventricular function, n. (%)

Left ventricular ejection fraction, median (IQR)—% 25.0 (18.0–36.0) 27.0 (20.0–45.0)

Etiology of ventricular dysfunction

Ischemic 64 (50.8) 64 (98.5)

Non-ischemic 62 (49.2) 1 (1.5)

Comorbidities, n (%)

Previous myocardial infarction 45 (35.4) 23 (35.4)

Previous percutaneous coronary intervention 30 (23.6) 19 (29.2)

Previous coronary artery bypass grafting 27 (21.3) 12 (18.5)

Previous stroke/transient ischemic attack 18 (14.2) 10 (15.4)

Atrial fibrillation 82 (64.6) 13 (20.0)

Chronic kidney disease 35 (27.6) 15 (23.1)

Chronic liver disease 10 (7.9) 3 (4.6)

Chronic obstructive pulmonary disease 15 (11.8) 10 (15.4)

Hypertension 84 (66.1) 42 (64.6)

Diabetes 59 (46.5) 23 (35.9)

Dyslipidemia 65 (51.2) 37 (36.9)

Active smoker 19 (15.0) 9 (13.9)

Medications received in 24 h before randomization, n (%)

Aspirin 65 (51.2) 62 (95.4)

P2Y12 inhibitor 37 (27.4) 62 (95.4)

Warfarin 19 (15.0) 2 (3.1)

Direct oral anticoagulant 34 (25.2) 7 (10.8)

Statin 78 (61.4) 48 (73.9)

Beta-blocker 71 (55.9) 22 (33.9)

Angiotensin-converting enzyme inhibitor, angiotensin-II receptor 
blocker, or angiotensin receptor neprolysin inhibitor

62 (45.9) 23 (35.4)

Mineralocorticoid receptor antagonist 25 (19.7) 4 (6.2)

Nitrates/hydralazine 19 (14.1) 7 (10.8)

Diuretic 110 (86.6) 41 (63.1)

Digoxin 12 (9.5) 2 (3.1)

Amiodarone 55 (40.7) 12 (18.5)

Society for cardiovascular angiography and interventions cardiogenic shock class, n (%)

Class B 7 (5.5) 4 (6.2)

Class C 106 (83.5) 49 (75.4)

Class D 11 (8.7) 11 (16.9)

 (Continued)
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presenting with AMI are at higher risk for adverse 
events. This was largely driven by increased rate of 30-
day all-cause mortality, need for mechanical circulatory 

support, and initiation of RRT. Second, urine output 
was significantly reduced, and contrast administration 
was higher in patients with AMI likely contributing to 

Non-AMI etiology of   
cardiogenic shock (n=127)

AMI complicated by   
cardiogenic shock (n=65)

Class E 3 (2.4) 1 (1.5)

Vasopressor, n (%) 51 (40.2) 38 (58.5)

Norepinephrine 51 (40.2) 38 (58.5)

Phenylephrine 0 (0.0) 1 (1.5)

Vasopressin 5 (3.9) 5 (7.7)

Epinephrine 3 (2.4) 2 (3.1)

Dopamine 1 (0.8) 3 (4.6)

Hemodynamic parameters, median (IQR)

Heart rate 94 (75–108) 88 (72–99)

Systolic blood pressure 108 (93–119) 108 (98–118)

Diastolic blood pressure 62 (50–72) 59 (54–70)

Mean arterial pressure 76 (68–84) 75 (67–84)

Intra-aortic balloon pump, n (%) 2 (1.6) 8 (12.3)

Ventilation, n (%)

Non-invasive 13 (10.2) 4 (6.2)

Invasive 16 (12.6) 24 (36.9)

AMI indicates acute myocardial infarction; and IQR, interquartile range.

Table 1.  Continued

Table 2.  Biochemical and Procedural Characteristics

Non-AMI etiology of cardiogenic 
shock (n=127)

AMI complicated by cardiogenic 
shock (n=65) P value

Baseline eGFR—mL/min per 1.73 m2, median 
(IQR)

63.5 (43.0–94.5) 63.0 (36.0–89.0) 0.46

Baseline chronic kidney disease, n (%) (n=172) 35 (27.6) 15 (23.1) 0.50

Catheterization procedural characteristics (n=52) (n=65)

Multivessel disease (≥1) 12 (8.9) 39 (60.0) <0.0001

Contrast volume (mL), median (IQR) 0.0 (0.0–65.0) 213.0 (147.0–279.0) <0.0001

Contrast used, n (%) 52 (38.5) 65 (100.0) <0.0001

Coronary intervention, n (%) 13 (9.6) 60 (92.3) <0.0001

GP IIb/IIIa use, n (%) 0 (0.0) 1 (1.7) 0.46

Median time to revascularization—h, median 
(IQR)

4.0 (2.0–7.2) 10.1 (5.7–21.4) 0.02

Laboratory values at initiation of inotropes

Hemoglobin, median (IQR), g/L 118.0 (100.0–135.0) 116.0 (100.0–134.0) 0.90

Platelet, median (IQR), g/L 212.5 (170.0–282.0) 271.0 (226.0–315.0) 0.0002

Lactate, median (IQR), mmol/L 3.0 (2.1–4.5) 2.8 (1.7–4.3) 0.43

Serum creatinine, median (IQR), µmol/L 152.5 (122.0–226.0) 143.0 (112.0–201.0) 0.14

Blood urea nitrogen, median (IQR), mmol/L 15.9 (10.4–24.0) 12.0 (9.1–16.7) 0.006

Serum sodium, median (IQR), mmol/L 135.0 (132.0–138.0) 137.0 (133.0–139.0) 0.06

Serum potassium, median (IQR), mmol/L 4.5 (4.0–4.9) 4.2 (3.8–4.7) 0.04

Serum bicarbonate, median (IQR), mmol/L 22.0 (19.0–26.0) 20.0 (17.0–23.0) 0.02

Blood pH, median (IQR) 7.37 (7.30–7.43) 7.36 (7.27–7.42) 0.36

Serum troponin, median (IQR) 125.5 (43.5–728.0) 29 540.0 (5578.0–40 000.0) <0.0001

Comparisons were conducted by chi-squares test or Mann-Whitney U test. AMI indicates acute myocardial infarction; eGFR, estimated glomerular filtration 
rate; and IQR, interquartile range.
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increased need for RRT. Importantly, there were no 
differences in hemodynamic status between AMICS 
versus non-AMICS and contrast use may have con-
tributed to differences observed in renal outcomes. 
Finally, despite concerns about dobutamine increasing 
heart rate and myocardial oxygen consumption, no dif-
ferences in clinical outcomes were observed between 
dobutamine and milrinone. Taken together, these find-
ings suggest important differences in care pathways 
and outcomes exist between these subgroups of pa-
tients with CS.

In this substudy of the randomized DOREMI trial, 
we evaluated clinical outcomes stratified by AMICS. 
Previous trials such as the SHOCK trial have demon-
strated the benefit of coronary revascularization in 
AMICS.4,5 Furthermore, CULPRIT-SHOCK suggested 

the superiority of culprit-only revascularization com-
pared with multivessel disease revascularization at the 
time of presentation on early outcomes including renal 
dysfunction.6,7 Given their focus on revascularization, 
these trials were necessarily focused on patients with 
AMICS and comparative data to non-AMICS remain 
limited. Moreover, our results are consistent with a 
registry study showing a similar rate of in-hospital 
mortality in AMICS and non-AMICS.3 Despite con-
temporary supportive treatment with coronary revas-
cularization improving in-hospital mortality rates,3 our 
findings demonstrate high rates of primary composite 
event in AMICS, highlighting an opportunity to im-
prove outcomes in this patient population.

The use of dobutamine in AMICS raised concerns 
because of its effect on heart rate and myocardial 

Table 3.  Primary and Secondary Outcomes

Non-AMI 
etiology of 
cardiogenic 
shock (n=127)

AMI complicated 
by cardiogenic 
shock (n=65)

Unadjusted 
hazard ratio 
(95% CI) P value

Adjusted hazard ratio 
(95% CI)* P value

Primary outcome, n (%) 54 (42.5) 43 (66.2) 2.21 (1.47–3.30) 0.0001 2.62 (1.38–4.95) 0.003

Secondary outcomes, n (%)

All-cause mortality 42 (33.1) 30 (46.2) 1.62 (1.01–2.59) 0.04 3.11 (1.43–6.76) 0.004

Resuscitated cardiac 
arrest

9 (7.1) 7 (10.8) 1.68 (0.63–4.51) 0.30 2.25 (0.45–11.24) 0.32

Need for mechanical 
circulatory support or 
cardiac transplant

12 (9.5) 13 (20.0) 2.67 (1.21–5.88) 0.01 1.93 (0.51–7.29) 0.33

Intra-aortic balloon 
pump

6 (4.7) 12 (18.5) … … … …

Impella 3 (2.4) 1 (1.5) … … … …

Extracorporeal 
membrane 
oxygenation

1 (0.8) 0 (0.0) … … … …

Left ventricular assist 
device

2 (1.6) 0 (0.0) … … … …

Non-fatal myocardial 
infarction

1 (0.8) 0 (0.0) … … … …

Transient ischemic attack 
or stroke

1 (0.8) 2 (3.1) 4.63 (0.42–51.15) 0.21 … …

Initiation of renal 
replacement therapy

15 (11.8) 20 (30.8) 3.14 (1.60–6.14) 0.001 4.68 (1.69–12.96) 0.003

Median number of days 
of cardiac intensive care 
unit length of stay

7.0 (4.0–8.0) 7.0 (6.0–9.0) … 0.09 … …

Median hospital length of 
stay (d)

17.0 (9.0–30.0) 11.0 (4.0–21.0) … 0.007 … …

Median total time on 
inotropes (h)

63.0 (28.0–168.0) 77.0 (32.0–168.0) … 0.80 … …

No. of patients requiring 
non-invasive or invasive 
mechanical ventilation 
after randomization only

9 (7.1) 4 (6.2) 0.95 (0.65–1.39) 0.81 … …

Primary composite outcome: composite of all-cause in-hospital mortality, resuscitated cardiac arrest, non-fatal myocardial infarction, transient ischemic 
attack, or stroke, need for mechanical circulatory support or cardiac transplant, or initiation of renal replacement therapy. Values are reported as n (%) or median 
(interquartile range). All analyses performed using the intention-to-treat principle. P<0.05 is considered statistically significant.

*Adjusted for age, sex, contrast use, multivessel disease, and inotrope type.



J Am Heart Assoc. 2021;10:e021570. DOI: 10.1161/JAHA.121.021570� 8

Jung et al� AMI Management and Outcomes in Cardiogenic Shock

Figure 2.  Kaplan‒Meier estimates in patients with acute myocardial infarction complicated by cardiogenic shock (AMICS) 
vs non-AMICS by primary and secondary end points.
A, AMICS was associated with increased rates of primary composite end point (hazard ratio [HR], 2.21; 95% CI, 1.47–3.30; P=0.0001). 
B, No differences in rates of cardiac arrest was observed with AMICS vs non-AMICS (HR, 1.68; 95% CI, 0.63–4.51; P=0.30). C, 
No differences in rates of CVA was observed with AMICS vs non-AMICS (HR, 4.63; 95% CI, 0.42–51.15; P=0.21). D, AMICS was 
associated with increased rates of 30-day all-cause mortality (HR, 1.62; 95% CI, 1.01–2.59; P=0.04). E, AMICS was associated with 
increased rates of need for mechanical circulatory support or cardiac transplant (HR, 2.67; 95% CI, 1.21–5.88; P=0.01). F, AMICS 
was associated with increased initiation of renal replacement therapy (HR, 3.14; 95% CI, 1.60–6.14; P=0.001). Comparisons were 
made by log-rank test and hazard ratios were evaluated using the Cox proportional hazards model. P<0.05 is considered statistically 
significant. AMICS indicates acute myocardial infarction complicated by cardiogenic shock; CVA, cerebrovascular accident; and 
MCS, mechanical circulatory support.
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Figure 3.  Changes in key hemodynamic and biochemical parameters from baseline to 120 hours.
A, Troponin T (ng/mL; P<0.0001). B, Creatine kinase (IU/L; P<0.0001). C, Heart rate (beats per minute [bpm]; P=0.66). D, Mean arterial 
pressure (mm Hg; P=0.29). E, Vasoactive-inotropic score (P=0.04). F, Lactate (mmol/L; P=0.30). A repeated measure mixed model 
was utilized to evaluate differences in the continuous variables between the 2 groups. All panels reveal mean±95% CIs with blue 
representing non acute myocardial infarction complicated by cardiogenic shock and red representing acute myocardial infarction 
complicated by cardiogenic shock. AMICS indicates acute myocardial infarction complicated by cardiogenic shock
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oxygen consumption. Dobutamine is a synthetic cat-
echolamine with beta-1 and beta-2 receptor agonist 
activity, whereas milrinone is a phosphodiesterase-3 
inhibitor which affects cardiac inotropy, lusitropy, and 
peripheral vasodilation. Indeed, the effect of different 
inotropes on mortality in AMICS remains poorly stud-
ied with no definitive evidence to date.16 A substudy 
of the CardShock trial demonstrated similar outcomes 
in a combination treatment of norepinephrine with 
dobutamine or levosimendan.17 Furthermore, although 
levosimendan compared with dobutamine was associ-
ated with short-term mortality benefits, it conferred no 
long-term mortality benefits in long-term follow-up.16 
Our findings complement previous findings in that 

no differences in the primary composite end point 
between dobutamine and milrinone in AMICS was 
observed.

We also observed an increased need for RRT at 
30  days in patients with AMICS. No differences in 
baseline characteristics which may predispose the 
patient to RRT such as baseline renal function, base-
line Society for Cardiovascular Angiography and 
Interventions class, or chronic kidney disease were 
observed. Furthermore, both groups had a high rate 
of acute kidney injury with patients with AMICS more 
likely to require RRT. In our cohort, patients with AMICS 
received greater contrast volume during angiogra-
phy. Iodinated contrast are hypothesized to be toxic 

Figure 4.  Renal outcomes.
A, Changes in urine output (mL/h) from baseline to 120 hours (P=0.0003). B, Changes in creatinine (µmol/L) from baseline to 120 hours 
(P=0.39). C, Changes in serum potassium levels (mmol/L) from baseline to 120 hours (P=0.23). D, Contrast volume was elevated in 
acute myocardial infarction complicated by cardiogenic shock (213.0 [147.0–279.0] mL vs 0.0 [0.0–65.0] mL; P<0.0001). A repeated 
measure mixed model was used to evaluate differences in the continuous variables between the 2 groups. All panels reveal mean±95% 
CIs with blue representing nonacute myocardial infarction complicated by cardiogenic shock and red representing patients with acute 
myocardial infarction complicated by cardiogenic shock. AMICS indicates acute myocardial infarction complicated by cardiogenic 
shock. **** represents P<0.0001.
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to tubular epithelial cells and impede renal blood flow 
through a combination of arteriolar vasoconstriction 
and increase in blood osmolality and viscosity—both of 
which may potentially contribute to contrast-associated 
acute kidney injury.18,19 Furthermore, transition to RRT 
may be partially explained by patients presenting with 
ST-segment elevation myocardial infarction who are at 
high-risk of contrast-associated acute kidney injury.20 
Other factors which impact progression to RRT may 
include athero-embolic complications.21 Strategies to 
restrict contrast use during catheterization and revas-
cularization is paramount to attenuate progression to 
RRT.

Study Limitations
Certainly, our study is not without limitations. First, it was 
limited to in-hospital outcomes as per the design of the 
clinical trial. Thus, we are not able to comment on long-
term outcomes between the 2 groups and differences 
may exist. Second, the findings of increased renal 
injury and RRT in patients with AMI may be unavoid-
able owing to the need to revascularize patients with 
an ischemic trigger. However, both CULPRIT-SHOCK6,7 
and recent observational findings support minimizing 
revascularization and contrast exposure at the time of 
presentation.22 Our data echo these studies highlight-
ing worse renal outcomes compared with those without 
an ischemic trigger. Third, majority of participants in the 
DOREMI trial presented with Society for Cardiovascular 
Angiography and Interventions cardiogenic shock stage 
C. Fourth, we did not account for the competing risk 
of death with respect to length of stay between the 2 
groups in the cohort. Fifth, the evaluation of secondary 
outcomes such as transient ischemic attack or stroke 
were limited by small sample size. Finally, only patients 
with STEMI presenting with AMI underwent a revascu-
larization procedure immediately—a pattern of practice 
within the randomization center. More aggressive revas-
cularization of patients with NSTEMI may have further 
magnified differences between the groups—particularly 
as it pertains to renal outcomes.

CONCLUSIONS
AMICS is associated with increased rates of adverse 
clinical outcomes compared with non-AMICS. In particu-
lar, all-cause mortality, RRT, and escalation to mechani-
cal circulatory support were more common in patients 
with AMICS. Moreover, renal protective strategies such 
as reducing contrast use and limiting revascularization to 
culprit-only lesions maybe beneficial in this cohort.
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Table S1. Baseline characteristics in non-AMICS patients. 
Coronary angiogram 

No (n=96) Yes (n=31) P-value
Age, years, mean + SD 69.9 + 13.7 68.7 + 11.6 0.46 
Females – no. (%) 38 (39.6) 11 (35.5) 0.68 
Body mass index, median (IQR) 26.3 (23.7-32.0) 25.3 (22.1-30.1) 0.41 
Inotrope – no. (%) 0.72 

Milrinone 50 (52.1) 15 (48.4) 
Dobutamine 46 (47.9) 16 (51.6) 

Ethnicity – no. (%) 0.52 
     Caucasian 86 (89.6) 26 (83.9) 
     Non-Caucasian  10 (10.4) 5 (16.1) 
Left ventricular function – no. (%) 
    Left ventricular ejection fraction, median 
(IQR) - % 25.0 (17.5-39.0) 22.0 (18.0-32.0) 0.40 
    Etiology of ventricular dysfunction 0.75 
        Ischemic 48 (50.0) 16 (53.3) 
        Non-ischemic 48 (50.0) 14 (46.7) 
Co-morbidities – no. (%) 

Previous myocardial infarction 37 (38.5) 8 (25.8) 0.20 
Previous percutaneous coronary intervention 23 (24.0) 7 (22.6) 0.88 
Previous coronary artery bypass grafting 23 (24.0) 4 (12.9) 0.19 
Previous stroke/transient ischemic attack 16 (16.7) 2 (6.5) 0.24 
Atrial fibrillation 63 (65.6) 19 (61.3) 0.66 
Chronic kidney disease 30 (31.3) 5 (16.1) 0.10 
Chronic liver disease 6 (6.3) 4 (12.9) 0.26 
Chronic obstructive pulmonary disease 11 (11.5) 4 (12.9) 0.76 
Hypertension 63 (65.6) 21 (67.7) 0.83 
Diabetes 45 (46.9) 14 (45.2) 0.87 
Dyslipidemia 51 (53.1) 14 (45.2) 0.44 
Active smoker 13 (13.5) 6 (19.4) 0.40 

Medications received in 24 hours prior to 
randomization – no. (%) 

Aspirin 45 (46.9) 20 (64.5) 0.09 
P2Y12 inhibitor 24 (25.0) 13 (41.9) 0.07 
Warfarin 17 (17.7) 2 (6.5) 0.16 
Direct oral anticoagulant 26 (27.1) 8 (25.8) 0.89 
Statin 62 (64.6) 16 (51.6) 0.20 
Beta-blocker 54 (56.3) 17 (54.8) 0.89 
Angiotensin converting enzyme inhibitor, 

angiotensin-II receptor blocker, or angiotensin 
receptor neprolysin inhibitor 48 (50.0) 14 (45.2) 0.64 

Mineralocorticoid receptor antagonist 21 (21.9) 4 (12.9) 0.27 



Nitrates/hydralazine 16 (16.7) 3 (9.7) 0.56 
Diuretic  84 (87.5) 26 (83.9) 0.56 
Digoxin 8 (8.3) 4 (12.9) 0.49 
Amiodarone 41 (42.7) 14 (45.2) 0.81 

Society for Cardiovascular Angiography and 
Interventions cardiogenic shock class – no. 
(%) 0.16 
    Class B 4 (4.2) 3 (9.7) 
    Class C 83 (86.5) 23 (74.2) 
    Class D 8 (8.3) 3 (9.7) 
    Class E 1 (1.0) 2 (6.5) 
Vasopressor - no. (%)  35 (36.8) 16 (51.6) 0.15 
Intra-aortic balloon pump - no. (%) 1 (1.0) 1 (3.2) 0.43 
Ventilation - no. (%) 0.004 

Non-invasive 9 (9.4) 4 (12.9) 
Invasive 7 (7.3) 9 (29.0) 



Figure S1. Kaplan-Meier estimate in acute myocardial infarction complicated by cardiogenic 
shock (AMICS) stratified by dobutamine and milrinone use. When stratified by inotrope type 
in AMICS, no differences in the primary composite endpoint was observed (HR 1.35; 95% CI, 
0.73-2.47; p=0.34). Kaplan-Meier curves were generated and compared by log-rank test and 
hazard ratios were evaluated using the Cox proportional hazards model. P<0.05 is considered 
statistically significant. 
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Figure S2. Restricted cubic spline analysis of contrast volume use (mL) and acute kidney injury. 
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Figure S3. Restricted cubic spline analysis of contrast volume use (mL) and need for 
renal replacement therapy. 
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