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ABSTRACT
Background The leading cause of death in patients hospitalized for acute myocardial infarction is
cardiogenic shock. We conducted a randomized trial
to evaluate early revascularization in patients with
cardiogenic shock.
Methods Patients with shock due to left ventricular
failure complicating myocardial infarction were randomly assigned to emergency revascularization (152
patients) or initial medical stabilization (150 patients).
Revascularization was accomplished by either coronary-artery bypass grafting or angioplasty. Intraaortic balloon counterpulsation was performed in 86
percent of the patients in both groups. The primary
end point was mortality from all causes at 30 days.
Six-month survival was a secondary end point.
Results The mean (±SD) age of the patients was
66±10 years, 32 percent were women, and 55 percent had been transferred from other hospitals. The
median time to the onset of shock was 5.6 hours after
infarction, and most infarcts were anterior in location. Ninety-seven percent of the patients assigned to
revascularization underwent early coronary angiography, and 87 percent underwent revascularization;
only 2.7 percent of the patients assigned to medical
therapy crossed over to early revascularization without
clinical indication. Overall mortality at 30 days did not
differ significantly between the revascularization and
medical-therapy groups (46.7 percent and 56.0 percent, respectively; difference, ¡9.3 percent; 95 percent confidence interval for the difference, ¡20.5 to
1.9 percent; P=0.11). Six-month mortality was lower in
the revascularization group than in the medical-therapy group (50.3 percent vs. 63.1 percent, P=0.027).
Conclusions In patients with cardiogenic shock,
emergency revascularization did not significantly reduce overall mortality at 30 days. However, after six
months there was a significant survival benefit. Early
revascularization should be strongly considered for
patients with acute myocardial infarction complicated
by cardiogenic shock. (N Engl J Med 1999;341:625-34.)
©1999, Massachusetts Medical Society.

C

ARDIOGENIC shock complicates 7 to 10
percent of cases of acute myocardial infarction and is associated with a 70 to 80 percent mortality rate.1,2 Cardiogenic shock
remains the leading cause of death in patients hospitalized with myocardial infarction in the reperfusion
era.3,4 Nonrandomized studies report markedly lower mortality rates among patients who have undergone revascularization for shock.5-16 However, selection bias is evident.17,18 In small series of patients
undergoing early primary angioplasty for cardiogenic shock, in-hospital mortality rates ranged from 26
percent to 72 percent.16,17 A prematurely terminated
randomized trial comparing angioplasty with conventional therapy for shock in 55 patients reported
no difference in mortality.19
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Most patients with cardiogenic shock do not undergo emergency revascularization, either because of
the lack of facilities at the hospitals where they present or because of doubt as to its efficacy.18,20-22 If
early revascularization reduces mortality, angioplasty
or coronary-artery bypass graft surgery should be
performed on an urgent basis, even if this requires
transfer to a hospital with the necessary facilities and
expertise.
We report the primary results of a randomized
trial evaluating emergency revascularization therapy
for myocardial infarction complicated by cardiogenic shock.
METHODS
Study Design
The study was a randomized trial comparing two treatment
strategies: emergency revascularization (referred to as revascularization) and initial medical stabilization (referred to as medical
therapy). From April 1993 to November 1998, patients from 30
sites were enrolled by means of computerized telephone randomization, with randomization at each site performed according to
a permuted-block design. A registry of patients with suspected
cardiogenic shock as a complication of myocardial infarction was
compiled concurrently through August 1997. 23 For patients assigned to revascularization, angioplasty or bypass surgery had to
be performed as soon as possible and within six hours of randomization; intraaortic balloon counterpulsation was recommended.
For patients assigned to medical stabilization, intensive medical
therapy was required. Intraaortic balloon counterpulsation and
thrombolytic therapy were recommended. Delayed revascularization at a minimum of 54 hours after randomization was recommended if clinically appropriate. Coronary angiograms were reviewed at the core laboratory by two independent readers, with
discrepancies resolved by a third reader. All readers were blinded
to enrolling site and treatment group.
The primary end point of the study was overall mortality 30
days after randomization. Secondary end points consisted of overall mortality 6 and 12 months after infarction. Details of the trial
design have been previously published.24 The protocol was reviewed and approved by the institutional review board or ethics
committee at each site. Written informed consent was obtained
from either the patient or a surrogate. Two of the study centers
received approval to follow the procedure specified by the National Institutes of Health and the Food and Drug Administration for exemption from informed consent.24
Eligibility Criteria
Eligible patients had ST-segment elevation, a Q-wave infarction, a new left bundle-branch block, or a posterior infarction
with anterior ST-segment depression, complicated by shock due
predominantly to left ventricular dysfunction. Cardiogenic shock
was confirmed by both clinical and hemodynamic criteria. The
clinical criteria were hypotension (a systolic blood pressure of
<90 mm Hg for at least 30 minutes or the need for supportive
measures to maintain a systolic blood pressure of »90 mm Hg)
and end-organ hypoperfusion (cool extremities or a urine output
of <30 ml per hour, and a heart rate of »60 beats per minute).
The hemodynamic criteria were a cardiac index of no more than
2.2 liters per minute per square meter of body-surface area and
a pulmonary-capillary wedge pressure of at least 15 mm Hg.
Pulmonary-artery catheterization was not required before randomization for patients with anterior infarction and evidence of
pulmonary congestion on radiography. The onset of shock had
to be within 36 hours of infarction, and randomization had to
occur as soon as possible and no more than 12 hours after the
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diagnosis of shock. The clinical exclusion criteria 24 were severe
systemic illness, mechanical or other cause of shock, severe valvular disease, dilated cardiomyopathy, the inability of care givers
to gain access for catheterization, and unsuitability for revascularization.
Statistical Analysis
Thirty-day mortality was monitored by the trial statistician using a continuous sequential design 25 and was reviewed monthly
by the chair of the data and safety monitoring board. It was calculated that a sample of 328 patients would give the study 90 percent power with an overall type I error rate of 0.05 to detect a
20 percent absolute difference between groups based on two sets
of hypothesized mortality rates: 30 percent versus 50 percent (requiring 328 patients), and 55 percent versus 75 percent (requiring 312 patients). The final trial enrolled 302 patients, which
resulted in a power of 88 to 89 percent to detect an absolute difference of 20 percent between the groups as described above,
with the use of continuous sequential monitoring.
Thirty-day mortality as well as other categorical characteristics
of the patients in the two groups were compared by Fisher’s exact
test. Group differences in continuous factors were compared by
Student’s t-test and the Wilcoxon rank-sum test. A test of interaction (the Breslow–Day test of homogeneity of odds ratios) was
used to identify factors that were associated with a differential
treatment effect within a subgroup.26 Ten prespecified subgroups
with fixed characteristics determined before randomization were
examined. The subgroups were based on sex, age (<75 vs. »75
years), type of admission (direct vs. transfer), time of shock (early
vs. late, according to three definitions), eligibility or ineligibility
for thrombolytic therapy, location of the site (U.S. vs. non-U.S.),
anterior infarction (presence vs. absence), prior infarction (presence vs. absence), hypertension (presence vs. absence), and diabetes mellitus (presence vs. absence). Descriptive statistics are presented as means ±SD or as percentages.
Kaplan–Meier curves were generated for the analysis of time to
death, and logistic regression was used for the adjustment of 30day mortality for covariates. The vital status of four heart-transplant recipients was analyzed without regard to the date of transplantation. All P values are two-sided and are unadjusted for
interim examinations of the data. Analyses were based on all randomized patients according to the intention-to-treat principle
unless otherwise noted. Analyses were conducted with Statistical
Analysis System 27 and S-Plus 28 software.

RESULTS
Patients
Comparability of Study and Registry Cohorts

A total of 1492 patients with suspected shock
were screened, and more than 75 percent of the eligible patients underwent randomization. Of the
1190 nonrandomized (registry) patients, 1107 were
ineligible. Of the ineligible patients, 52 percent did
not meet all the inclusion criteria; these patients had
a 56 percent in-hospital mortality rate. The remaining 48 percent met one or more exclusion criteria;
these patients had a 66 percent in-hospital mortality
rate. Seventy-four percent of the nonrandomized
patients (884 patients) were classified as having predominant left ventricular failure. The 302 randomized patients were similar to those 884 patients except as noted in Table 1. Eighty-three patients were
medically eligible for the trial but were not randomized. They were older than the randomized patients
(P=0.02) and had higher mortality (P=0.003). Many
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TABLE 1. CHARACTERISTICS

OF

RANDOMIZED

CHARACTERISTIC

AND

RANDOMIZED
PATIENTS
(N=302)

NONRANDOMIZED PATIENTS.

NONRANDOMIZED
(REGISTRY) PATIENTS

P
VALUE†

PATIENTS
WITH LEFT

Mean (±SD) age — yr
Male sex — %
White race, non-Hispanic — %
Transfer admission — %
Prior myocardial infarction — %
Hypertension — %
Diabetes mellitus — %
Congestive heart failure — %
Prior coronary-artery bypass grafting — %
Prior angioplasty — %
Anterior index myocardial infarction — %
Death — %‡
Death after angioplasty — % (no.)§
Death after coronary-artery bypass graft
— % (no.)§

65.8±10.4
67.9
75.5
55.3
32.5
46.3
31.1
6.1
6.0
7.1
59.8
51.3
40.0 (105)
40.5 (74)

VENTRICULAR

ELIGIBLE

FAILURE

PATIENTS*

(N=884)

(N=83)

68.5±12.1
63.6
83.7
43.2
40.1
51.7
32.8
19.8
10.1
6.7
58.8
60.8
46.2 (290)
27.9 (136)

69.0±12.2 <0.001
63.9
0.19
81.9
0.002
45.8
<0.001
44.2
0.02
59.2
0.12
38.0
0.62
19.2
<0.001
7.5
0.04
7.5
0.89
67.1
0.78
69.9
0.005
61.8 (34)
0.30
38.5 (13)
0.07

*Eligible nonrandomized patients were a subgroup of the nonrandomized patients with left ventricular failure.
†P values are for the comparison between randomized patients and all registry patients with left
ventricular failure.
‡Thirty-day mortality is shown for randomized patients, and in-hospital mortality for nonrandomized patients.
§The numbers in parentheses are the numbers of patients who underwent angioplasty or coronaryartery bypass grafting. The randomized group includes patients assigned to emergency revascularization and patients assigned to initial medical stabilization. Angioplasty and surgery performed at any
time during the hospitalization are included for the randomized and nonrandomized cohorts. The
mortality rates for all nonrandomized patients with left ventricular failure who underwent angioplasty, or surgery, or both within 24 hours after the diagnosis of shock (timing that is similar to that for
the patients assigned to emergency revascularization, whose outcomes are presented in the Results
section) were 47 percent (216 patients) and 38 percent (52 patients), respectively.

of these patients were not randomized because they
died soon after hospital admission.
Comparability of Treatment Groups

The study cohort consisted of 152 patients assigned to revascularization and 150 assigned to medical treatment. One hundred seventy-five patients (58
percent) were treated in the United States, 66 (22 percent) in Canada, and 61 (20 percent) in other countries. The two treatment groups were well balanced
(Table 2). The mean (±SD) age was 66±10 years, 32
percent were women, and 55 percent had been transferred from another hospital. The median time from
the onset of infarction to shock was 5.6 hours. The
patients in the two groups had similar medical histories, except that more patients assigned to medical
therapy had previously undergone bypass surgery
(10 percent vs. 2 percent, P=0.003). Hemodynamic

measurements were most often obtained while the
patients were receiving support and demonstrated
profound abnormalities confirming cardiogenic shock.
Compliance with the Protocol

Overall compliance with the protocol was excellent:
97 percent of the patients assigned to revascularization
underwent early coronary angiography, and 87 percent underwent revascularization. Of the 20 patients
assigned to revascularization who did not undergo a
revascularization attempt (13.2 percent), 5 died before coronary angiography could be performed. An
additional 10 patients (6.6 percent) underwent revascularization more than 6 hours after randomization
(5 patients at 6 to 8 hours and 5 at 23 hours or more
after randomization). In the group assigned to medical therapy, the rate of crossovers that were in violation of the study protocol was only 2.7 percent (four
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TABLE 2. CHARACTERISTICS OF THE STUDY PATIENTS ACCORDING TO TREATMENT GROUP.*

CHARACTERISTIC

Age (yr)
Female sex (%)
White race, non-Hispanic (%)
Prior MI (%)
Hypertension (%)
Diabetes mellitus (%)
Congestive heart failure (%)
Renal insufficiency (%)
Prior coronary-artery bypass grafting (%)
Prior angioplasty (%)
Cigarette smoking (%)
Eligible for thrombolytic therapy (%)†
Transfer admission (%)
Anterior index MI (%)
Highest total creatine kinase (IU/liter)
Median time from MI to shock (hr)
Median time from MI to randomization (hr)
<6 hr from MI to randomization (%)
Lowest systolic blood pressure (mm Hg)‡
Systolic blood pressure (mm Hg)§
Diastolic blood pressure (mm Hg)§
Heart rate (beats/min)§
Pulmonary-capillary wedge pressure (mm Hg)§¶
Cardiac index (liters/min/m2)§¿
Left ventricular ejection fraction (%)**
Number of diseased vessels (%)††
«1
2
3
Left main coronary artery disease (%)‡‡

REVASCULARIZATION
(N=152)

MEDICAL THERAPY
(N=150)

65.5±10.0
36.8
72.4
29.6
49.0
34.2
4.0
4.6
2.0
6.7
52.6
94.1
55.3
63.6
3068 (1322–6350)
5.0 (2.2–12.0)
11.0 (5.9–19.4)
25.0
66.4±14.3
89.0±22.8
53.9±16.8
103.3±22.0
24.2±7.1
1.8±0.7
29.1±10.6

66.2±10.9
27.3
78.7
35.3
43.5
27.9
8.2
6.9
10.0
7.4
56.8
94.6
55.3
57.4
3464 (1543–5411)
6.2 (2.4–15.5)
12.0 (6.3–21.8)
23.7
69.8±11.3
86.5±17.4
55.1±13.6
100.1±22.7
24.3±7.7
1.7±0.5
32.5±13.9

14.0
21.7
64.3
23.4

11.5
24.0
64.6
17.5

*Plus–minus values are means ±SD. Values in parentheses denote the interquartile range. MI denotes myocardial infarction.
†These patients had no absolute contraindications to thrombolytic therapy.
‡Values are based on 109 patients in the revascularization group and 106 in the medical-therapy
group.
§Values were most often recorded while the patient was receiving support.
¶Values are based on 138 patients in the revascularization group and 144 in the medical-therapy
group.
¿Values are based on 131 patients in the revascularization group and 140 in the medical-therapy
group. Values are given in liters per minute per square meter of body-surface area.
**Measurements were obtained from the left ventriculogram. Values are based on 46 patients in
the revascularization group and 49 in the medical-therapy group.
††Values are based on 143 patients in the revascularization group and 96 in the medical-therapy
group. Two patients in the revascularization group and three patients in the medical-therapy group
had no stenosis of 50 percent or greater.
‡‡Values are based on 141 patients in the revascularization group and 97 in the medical-therapy
group.

patients), representing revascularization attempts
less than 54 hours after randomization. In addition,
there were two protocol-allowed revascularization
attempts (1.3 percent), one for refractory postinfarction angina and one for left ventricular rupture. Delayed revascularization was attempted in 32 patients
assigned to medical treatment (21.3 percent).
628 ·

After randomization, eight patients (five assigned
to revascularization and three assigned to medical
therapy) were determined to have shock due to a
process other than primary left ventricular dysfunction. Four of these had acute severe mitral regurgitation, and four had aortic dissection, tamponade,
or both. Ten randomized patients were found to be
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ineligible, but for minor reasons: three of them had
nonqualifying myocardial infarctions, hemodynamic
confirmation of shock was not obtained in five, and
three were assigned to treatment more than 12 hours
after shock (one of these patients also had a nonqualifying myocardial infarction).
Treatment

Except for treatment recommended or required
according to the protocol for the two study groups
(i.e., administration of thrombolytic therapy and revascularization), treatment was similar in the two
groups (Table 3).24 Among the patients assigned to
revascularization, angioplasty accounted for 64 percent of the first revascularization attempts and surgery for 36 percent. Patients undergoing surgery were
more likely than patients undergoing angioplasty to
have left main coronary artery disease (40 percent
vs. 14 percent, P<0.001) and three-vessel coronary
artery disease (79 percent vs. 60 percent, P=0.008).
These two groups of patients were similar in other
characteristics. In the revascularization group, the
median time from randomization to the first revascularization attempt was 0.9 hour for patients undergoing angioplasty and 2.7 hours for patients
undergoing surgery. Nine patients assigned to revascularization underwent surgery after an attempted
angioplasty. Mechanical ventilation was used more
often in patients assigned to revascularization than
in those assigned to medical therapy (88 percent vs.
78 percent, P=0.03), probably in relation to concomitant surgery.

TABLE 3. TREATMENT

OF THE

TREATMENT

CPR, VT, or VF before randomization
(%)*
Thrombolytic therapy (%)
Inotropes or vasopressors (%)
Intraaortic balloon counterpulsation (%)
Pulmonary-artery catheterization (%)
Left ventricular assist device (%)†
Heart transplantation (%)
Coronary angiography (%)
Angioplasty (%)
Stent placed‡
Platelet glycoprotein IIb/IIIa
receptor antagonist§
Coronary-artery bypass grafting (%)
Angioplasty or coronary-artery bypass
grafting (%)
Median time from randomization to
revascularization (hr)¶

STUDY PATIENTS.

REVASCULARIZATION
(N=152)

MEDICAL
THERAPY
(N=150)

32.7

23.9

49.3
99.3
86.2
93.4
3.6
2.0
96.7
54.6
35.7
41.7

63.3
98.6
86.0
96.0
0.9
0.7
66.7
14.0
52.3
25.0

37.5
86.8

11.3
25.3

1.4
(0.6–2.8)

102.8
(79.0–162.0)

*CPR denotes cardiopulmonary resuscitation, VT sustained ventricular
tachycardia, and VF sustained ventricular fibrillation. Patients could have
had more than one of these factors. Values are based on 113 patients in the
revascularization group and 113 in the medical-therapy group.
†Values are based on 111 patients in the revascularization group and 110
in the medical-therapy group.
‡The rate of stent use (for any lesion) was 0 percent in 1993–1994, 19
percent in 1995–1996, and 74 percent in 1997–1998.
§The rate of use of a platelet glycoprotein IIb/IIIa receptor antagonist
was 0 percent in 1993–1994, 27 percent in 1995–1996 (estimated), and
59 percent in 1997–1998. Values are based on 60 patients in the revascularization group and 20 in the medical-therapy group.
¶Values in parentheses indicate the interquartile range.

30-Day Overall Mortality

Seventy-one patients assigned to revascularization
and 84 assigned to medical therapy died within 30
days after randomization (Table 4). The 30-day mortality rates for the revascularization and medicaltherapy groups were 46.7 percent and 56.0 percent,
respectively (difference between the groups, ¡9.3 percent; 95 percent confidence interval for the difference, ¡20.5 to 1.9 percent; P=0.11). The relative difference was 17 percent (relative risk, 0.83; 95 percent
confidence interval, 0.67 to 1.04). Covariate adjustment for minor group imbalances did not alter the
main study finding (P=0.16). Figure 1 shows estimated 30-day survival. Patients assigned to revascularization had a high risk of death on days 1 and 2,
whereas those assigned to medical therapy had a relatively constant risk of death over the first week. In the
group assigned to revascularization, the 30-day mortality was 45.3 percent among the 75 patients who
underwent angioplasty alone and 42.1 percent among
those who underwent surgery (57 patients, including
9 who underwent angioplasty before surgery).
Two alternative prespecified analyses of 30-day
mortality were conducted. According to the first
analysis, which excluded the 18 ineligible patients, the

30-day mortality rate was 54.9 percent for the 142
patients assigned to revascularization and 45.1 percent
for the 142 patients assigned to medical therapy, for
an absolute difference of 9.8 percent. The second
analysis (not performed according to the intentionto-treat principle) was based on 122 patients assigned to revascularization who underwent revascularization within six hours after randomization and
144 patients assigned to medical therapy who had
late or no revascularization. This analysis found 30day mortality rates of 45.9 percent and 56.9 percent,
respectively, for an absolute difference of 11.0 percent.
Six-Month Overall Mortality

Overall mortality six months after infarction (Table 4) was lower in the group assigned to revascularization than in the group assigned to medical therapy
(50.3 percent vs. 63.1 percent; 95 percent confidence interval for the difference, ¡23.2 to ¡0.9 percent; P=0.027). Five patients assigned to revascularization and 10 assigned to medical therapy died
Vol ume 341
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TABLE 4. MORTALITY
OUTCOME AND
SUBGROUP

REVASCULARIZATION

MEDICAL
THERAPY

percent (number in subgroup)

30-day mortality
Total
Age <75 yr
Age »75 yr
6-mo mortality‡
Total
Age <75 yr
Age »75 yr

AMONG

STUDY PATIENTS.*

DIFFERENCE BETWEEN
GROUPS (95% CI)

RELATIVE RISK
(95% CI)

P
VALUE

percent

46.7 (152)
41.4 (128)
75.0 (24)

56.0 (150)
56.8 (118)
53.1 (32)

¡9.3 (¡20.5 to 1.9)
¡15.4 (¡27.8 to ¡3.0)
+21.9 (¡2.6 to 46.4)

0.83 (0.67 to 1.04)
0.73 (0.56 to 0.95)
1.41 (0.95 to 2.11)

50.3 (151)
44.9 (127)
79.2 (24)

63.1 (149)
65.0 (117)
56.3 (32)

¡12.8 (¡23.2 to ¡0.9)
¡20.1 (¡31.6 to ¡7.1)
+22.9 (0.7 to 46.6)

0.80 (0.65 to 0.98)
0.70 (0.56 to 0.89)
1.41 (0.97 to 2.03)

0.11
0.01†
0.027
0.003†

*CI denotes confidence interval.
†Appropriate subgroup-analysis P values (for the interaction between treatment and the subgroup variable) are shown.
Univariate P values for the comparison between treatments within subgroups were as follows: for 30-day mortality,
P=0.02 for patients <75 years of age and P=0.16 for those »75 years of age; and for 6-month mortality, P=0.002 for
patients <75 years of age and P=0.09 for those »75 years of age.
‡The data are based on 300 patients; 2 patients (0.7 percent) were lost to follow-up.

between 30 days and 6 months after randomization.
Preliminary 12-month data indicate persistently lower
mortality in the group assigned to revascularization.

treatment group and history of myocardial infarction, which was significant at 30 days (P=0.02), was
not significant at 6 months (P=0.15).

Subgroup Analyses

Success of Angioplasty

In the 10 prespecified subgroup analyses of 30day mortality, 2 variables had a significant interaction with treatment: age and history of myocardial
infarction (Table 4). The only subgroup variable that
interacted significantly with treatment both at 30 days
and at 6 months was age (P=0.01 and P=0.003, respectively). Figure 2 shows the relative-risk estimates
and 95 percent confidence intervals from the 10 prespecified subgroup analyses. The interaction between

A successful angioplasty met three criteria: no
more than 50 percent post-intervention stenosis, improvement of at least 20 percent in the degree of stenosis, and a flow of Thrombolysis in Myocardial Infarction (TIMI) grade II or III.29 The rates of success
of culprit-vessel angioplasty were 77 percent for the
group assigned to revascularization (81 patients) and
80 percent for the group assigned to medical therapy (20 patients). Among patients assigned to revascularization, successful angioplasty was associated
with lower 30-day mortality (38 percent for patients
with successful angioplasty vs. 79 percent for those
with unsuccessful angioplasty, P=0.003). The use
of stents and platelet glycoprotein IIb/IIIa receptor
antagonists increased over time (Table 3). Among
the 45 patients assigned to revascularization who underwent angioplasty in 1997 or 1998, 19 received
both a stent and a platelet glycoprotein IIb/IIIa receptor antagonist, 15 received a stent only, 7 received
a platelet glycoprotein IIb/IIIa receptor antagonist
only, and 4 received neither. The respective mortality rates were 37, 33, 71, and 0 percent. These outcomes are similar to the 39 percent mortality rate
among the 23 patients undergoing angioplasty who
did not receive stents or platelet glycoprotein IIb/IIIa
receptor antagonists in 1993 and 1994.

Proportion Alive

1.0
0.8
Revascularization (n=152)

0.6
0.4

Medical therapy (n=150)

0.2
0.0
0

5

10

15

20

25

30

Days after Randomization
Figure 1. Overall 30-Day Survival in the Study.
The 30-day survival rate was 53.3 percent for patients assigned
to revascularization and 44.0 percent for those assigned to
medical therapy.
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Adverse Events

The rates of adverse events were similar for the patients assigned to revascularization and those assigned
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Eligible for thrombolytic
therapy
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No hypertension
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Figure 2. Relative Risks and 95 Percent Confidence Intervals for 30-Day Mortality in the Groups Assigned to Revascularization and Medical Therapy, According to Patient Subgroup.
Significant interaction between treatment and subgroup variables was found only for age (<75 vs. »75
years) (P=0.01) and prior myocardial infarction (MI) as compared with no prior infarction (P=0.02). For
the 74 women under 75 years of age, the relative risk of death at 30 days for patients assigned to revascularization as compared with those assigned to medical therapy was 0.86 (95 percent confidence
interval, 0.53 to 1.38), which was similar to the relative risk for the 172 men under 75 years of age (relative risk, 0.68; 95 percent confidence interval, 0.50 to 0.94). Total numbers of patients vary among the
subgroups because of missing data.
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to medical therapy, with the exception of acute renal
failure, defined by a serum creatinine level above 3.0
mg per deciliter (265 µmol per liter), which occurred
in 13 percent of the patients assigned to revascularization and 24 percent of those assigned to medical
therapy (P=0.03). The overall rate of severe hemorrhage was 28 percent, and intracranial hemorrhage
occurred in 0.7 percent (two patients assigned to
medical therapy). Five patients assigned to revascularization and one assigned to medical therapy had
nonhemorrhagic cerebrovascular accidents. Sepsis was
suspected in 19 percent, and peripheral vascular occlusion occurred in 11 percent.
DISCUSSION

This study was a randomized trial evaluating early
revascularization therapy to reduce the high mortality rate associated with cardiogenic shock complicating acute myocardial infarction. The primary end
point, overall mortality at 30 days, was not significantly reduced by early revascularization. However, a benefit in terms of mortality was apparent six months after infarction.
We studied patients who had cardiogenic shock
due to left ventricular dysfunction after acute infarction associated with ST-segment elevation or new
left bundle-branch block. A strategy of emergency
revascularization — involving early coronary angiography, followed by coronary angioplasty, coronaryartery bypass graft surgery, or both — was compared
with a strategy of initial stabilization with intensive
medical therapy, followed by delayed revascularization if it was clinically indicated. The trial was designed in the early 1990s in the context of a high
mortality rate among patients with cardiogenic shock,
as well as reported reductions in mortality of 30 percent or more among patients undergoing angioplasty or coronary-artery surgery in nonrandomized series.5-15 These large reductions clearly reflected bias
related to selection for treatment.
The 9 percent absolute difference in 30-day mortality between the two groups was less than the prespecified 20 percent difference. However, we observed a larger difference between the groups in
mortality beyond 30 days. The secondary end point,
six-month mortality, was 13 percentage points lower for the group assigned to emergency revascularization. This apparently increasing benefit over time
is in distinct contrast to the converging survival
curves for patients with infarction and no shock
who are treated with primary angioplasty and those
who are treated with thrombolytic therapy.30,31 It is
similar to the divergence in the two-year survival
curves for patients with normal coronary flow and
those with abnormal flow in the Global Utilization
of Streptokinase and t-PA for Occluded Coronary
Arteries trial.32
Analysis of interactions between treatment effect
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and prespecified variables suggested that the greatest
benefit may have been in the subgroup of patients less
than 75 years of age who underwent early revascularization (81 percent of study patients were younger
than 75 years of age). However, the subgroup analyses
should be interpreted cautiously, given the multiple
testing and the null results for the primary end point.
The 30-day mortality rate of 56 percent in the
group assigned to medical therapy is relatively low for
patients of their age and hemodynamic profile. This
may be due to the selection of healthier patients who
survived long enough to be assigned to treatment,
the aggressive therapy they received, or both. Intraaortic balloon counterpulsation and thrombolysis were
frequently used, and 25 percent of the patients assigned to medical therapy underwent revascularization during hospitalization for shock. Thrombus dissolution was facilitated by balloon counterpulsation in
a dog model of hypotension.33 Nonrandomized studies report 33 to 45 percent mortality among patients
selected for balloon counterpulsation and thrombolysis, often followed by late revascularization.34,35
Success of Revascularization

The reported success rates of angioplasty in patients with acute myocardial infarction are lower for
patients with shock than for those without shock.30,36
Studies of pooled data on 730 patients found a 78
percent success rate, a result similar to ours.37 Success
was less stringently defined in our study, however, and
previous series did not use core-laboratory readings.
Although patients in the last two years of the study
who received stents, platelet glycoprotein IIb/IIIa
receptor antagonists, or both had the same outcome
as patients in earlier years who did not receive these
interventions, it is possible that higher rates of use
would result in better outcomes. Despite the fact that
the patients in our study who underwent early coronary-artery bypass grafting had more severe coronary disease than the patients who underwent early
angioplasty, their mortality rates were similar.
Comparison with Prior Studies

The Swiss Multicenter Angioplasty for Shock trial
compared angioplasty with conventional therapy and
was terminated because of inadequate enrollment of
patients.19 The higher mortality rates in that trial (69
percent among patients assigned to emergency revascularization and 78 percent among patients assigned
to medical therapy) than in our trial were consistent
with the requirement that patients have no response
to initial supportive measures. The 9 percent absolute difference between the groups in 30-day mortality was the same as that in our study.
The mortality rate among patients assigned to revascularization who underwent angioplasty in our
study is similar to the 44 percent rate among 1167
patients in 24 other studies. The mortality rate is re-
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lated to the success of restoring flow in the infarcted
vessels.37 The mortality rate was 36 percent among
830 patients in 26 studies who underwent bypass surgery at any time during hospitalization for shock, often late after infarction, when shock had resolved.37
This rate is similar to the mortality rate among our
patients assigned to revascularization who underwent
early surgery.
Generalizability of the Results

Data from our concomitant 1190-patient registry
demonstrate that our randomized cohort was representative of patients with shock caused by predominant left ventricular failure. There were small differences in base-line characteristics, which were probably
related to the association of these variables with exclusion criteria, such as cardiomyopathy. The outcome of angioplasty and surgery was similar in registry and study patients, suggesting that the healthiest
patients were not selectively included in or excluded
from the trial. The high rate of randomization of
medically eligible patients suggests that the results
can be extrapolated to patients with this condition
who are treated in centers that have experience with
revascularization procedures.
Limitations

Our trial was designed to detect a 20 percent absolute difference in mortality at 30 days and had inadequate power to detect a smaller difference. More
than 1000 patients would have been required to test,
with 90 percent power, the hypothesis that early revascularization reduces 30-day mortality by 9 percentage
points. The small number of patients who underwent randomization within hours after infarction precludes conclusions regarding a potentially greater benefit of very early revascularization. Similarly, the small
number of elderly patients studied precludes conclusions about the most effective treatment in this
age group.
Conclusions

At 30 days there was no significant overall benefit
of early revascularization for patients with myocardial infarction associated with ST-segment elevation
or new left bundle-branch block who had cardiogenic shock due to left ventricular dysfunction.
However, early revascularization resulted in lower
mortality from all causes at six months. Hence, we
recommend that early revascularization be strongly
considered for patients with acute myocardial infarction complicated by cardiogenic shock.
Preliminary data were presented at the American College of Cardiology
meeting, New Orleans, March 7–10, 1999.
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