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OBJECTIVES Our objective was to define the outcomes of patients with cardiogenic shock (CS) due to
severe mitral regurgitation (MR) complicating acute myocardial infarction (AMI).

BACKGROUND Methods for early identification and optimal treatment of such patients have not been
defined.

METHODS The SHOCK Trial Registry enrolled 1,190 patients with CS complicating AMI. We
compared 1) the cohort with severe mitral regurgitation (MR, n ! 98) to the cohort with
predominant left ventricular failure (LVF, n ! 879), and 2) the MR patients who underwent
valve surgery (n ! 43) to those who did not (n ! 51).

RESULTS Shock developed early after MI in both the MR (median 12.8 h) and LVF (median 6.2 h)
cohorts. The MR patients were more often female (52% vs. 37%, p ! 0.004) and less likely
to have ST elevation at shock diagnosis (41% vs. 63%, p " 0.001). The MR index MI was
more frequently inferior (55% vs. 44%, p ! 0.039) or posterior (32% vs. 17%, p ! 0.002) than
that of LVF and much less frequently anterior (34% vs. 59%, p " 0.001). Despite having
higher mean LVEF (0.37 vs. 0.30, p ! 0.001) the MR cohort had similar in-hospital
mortality (55% vs. 61%, p ! 0.277). The majority of MR patients did not undergo mitral
valve surgery. Those undergoing surgery exhibited higher mean LVEF than those not
undergoing surgery; nevertheless, 39% died in hospital.

CONCLUSIONS The data highlight opportunities for early identification and intervention to potentially
decrease the devastating mortality and morbidity of severe post-myocardial infarction MR.
(J Am Coll Cardiol 2000;36:1104–9) © 2000 by the American College of Cardiology

Severe mitral regurgitation (MR) complicating acute myo-
cardial infarction (AMI) is an important cause of hemody-
namic instability and cardiogenic shock (CS). Nonrandom-
ized series that have reported favorable outcomes after early
mitral valve surgery have led to recommendations that early
surgery is appropriate in such patients (1–10). However,
these series are subject to powerful selection and publication
biases. In the absence of randomized trials, reports charac-
terizing large unselected cohorts of hemodynamically unsta-
ble patients with severe MR complicating AMI are needed
to provide broader context, assist clinical decision making,
and highlight areas for prospective investigation.

A pre-trial SHould we use emergently revascularize
Occluded Coronaries in cardiogenic shocK? (SHOCK)
Trial Registry prospectively collected data on 251 patients
with CS at 19 centers between January 1992 and April 1993
(11). In that preliminary registry 19 (7.6%) patients with CS

had acute severe MR or rupture of the ventricular septum,
accounting for shock. It is interesting that only 8 of 19
patients had cardiac catheterization and only 4 of 19 had
cardiac surgery. Mortality was 100% in the surgical group
and 80% in those who did not undergo surgery. Thus,
despite the previous favorable reports promoting surgical
treatment of mechanical CS, the SHOCK Trial Registry
indicated that a significant proportion of patients with
mechanical causes of CS did not undergo surgery and that
surgical mortality was high. The SHOCK Trial Registry
provides an opportunity to re-examine these findings in a
much larger unselected population. There were two aims of
the SHOCK Trial Registry analysis: 1) to describe the
cohort in the Registry with acute severe MR and to compare
it with the cohort with predominant left ventricular (LV)
failure not accompanied by severe MR or other mechanical
complications; and 2) to compare the characteristics and
outcome of surgically and nonsurgically-treated severe MR
patients.

METHODS

Study design. Patients with suspected CS complicating
AMI, whether meeting strict trial criteria for CS or not,
were prospectively registered. Thirty-six enrolling centers
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were initiated in a staggered fashion, and the first patient
was enrolled in April 1993. A local discharge diagnosis of
AMI and CS (DRG’s 410 and 785.51) constituted criteria
for being registered. Acute severe MR, ventricular septal
rupture, isolated right ventricular failure, cardiac tamponade
or rupture, prior severe valvular heart disease and iatrogenic
shock constituted etiologies of shock other than predomi-
nant LV failure and were SHOCK Trial clinical exclusion
criteria. Importantly, patients with acute severe MR without

CS were not consistently registered, because a diagnosis of
suspected CS was required.
Patients. The SHOCK Trial Registry consisted of 1,190
patients. In order to compare well-categorized, distinct
groups, five patients with shock due to predominant LV
failure with moderate MR and 208 patients who had shock
that was not caused by either MR or predominant LV
failure, were excluded. The data set for this article therefore
consists of 977 patients—98 patients who had CS with
acute severe MR and a comparison group of 879 patients
with predominant LV failure. The diagnosis of acute severe
MR was made at the local SHOCK enrolling center.
Data collection. Data were abstracted from the medical
record by local SHOCK study coordinators who were
centrally trained to complete standardized study report
forms. Patient characteristics, MI characteristics, hemody-
namics, utilization of medications and procedures, and vital
status at hospital discharge were recorded. Cardiac cathe-
terization and angiography reports were sent to the Clinical

Coordinating Center for abstraction of information and
completion of a standardized form. The following variables
were recorded only on revised data collection forms and are
therefore available from only two-thirds of the patient
sample: LV ejection fraction, inotrope usage, the presence
of ST segment elevation at shock, pulmonary edema, and
the presence of rales.
Definitions. Electrocardiogram (ECG) locations were de-
fined according to the Global Utilization of Streptokinase
and tPA for Occluded Coronary Arteries (GUSTO) 1
classification scheme; (i.e., V1 # V4 Anterior; II, III, AVF
Inferior; V5 # V6 Apical; I, AVL Lateral; and V1 # V2
Posterior)(12).
Statistical methods. Groups were compared using the
Fisher exact test for categorical variables, the Wilcoxon
rank-sum test for ordinal and non-normally distributed
continuous variables and the Student t-test for normally
distributed continuous variables. Covariate-adjusted in-
hospital mortality by group was analyzed using logistic
regression. In order to determine if group status was an
independent predictor of mortality, a multivariate model
was constructed by including all baseline patient character-
istic variables with a univariate p value for group comparison
of !0.20. All variables with a final p value of !0.05 were
retained in the model. All analyses were conducted using the
Statistical Analysis System (SAS, v. 6.12, SAS Institute,
Inc., Cary, North Carolina).

RESULTS

Baseline characteristics. The MR (n ! 98) and LV failure
(n ! 879) groups had similar pre-existing cardiovascular
conditions and major co-morbidities; however, a larger
proportion of MR patients were female (52% vs. 37%, p !
0.004) and were admitted to the tertiary SHOCK Trial
center via transfer (65% vs. 42%, p " 0.001) (Table 1). The
ECG characteristics are described in Table 2. Both the
presence of ST elevation at the time of shock diagnosis and
the presence of ST elevation in at least two leads were less
frequent in the MR cohort (41% vs. 63%, p " 0.001; 47%
vs. 73%, p " 0.001). Among those with an identifiable

Abbreviations and Acronyms

AMI ! acute myocardial infarction
CS ! cardiogenic shock
CABG ! coronary artery bypass graft surgery
ECG ! electrocardiogram, electrocardiographic
IABP ! intra-aortic balloon pump
LVF ! left ventricular failure
MR ! severe mitral regurgitation
PTCA ! percutaneous transluminal coronary

angioplasty
SHOCK ! SHould we emergently revascularize

Occluded Coronaries in cardiogenic shocK?

Table 1. Baseline Characteristics of Patients with CS Due to Severe MR Versus LV Failure

Severe MR Group

(n ! 98)

LVF Group

(n ! 879) p Value

Age (yrs) 70.6 (64.4, 77.0) 70.1 (61.0, 77.1) 0.384
Female gender 52% 37% 0.004
White, non-Hispanic 79% 84% 0.255
History of hypertension 58% 52% 0.236
Diabetes 33% 33% 0.909
History of renal insufficiency 11% 11% 0.859
Congestive heart failure 24% 20% 0.414
History of infarction 34% 40% 0.225
History of bypass surgery 10% 10% 1.00
History of angioplasty 5% 7% 0.826
Admit by transfer 65% 42% "0.001

Data presented are median (25th, 75th percentiles) or percentages.
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index MI location by ECG, MR patients had a greater
prevalence of inferior MI (55% vs. 44%, p ! 0.039) and
posterior MI (32% vs. 17%, p ! 0.002) and a correspond-
ingly lower prevalence of anterior MI (34% vs. 59%, p "
0.001). In those undergoing coronary angiography, the
identity of the infarct artery was consistent with these
observations.
Clinical and hemodynamic variables. Patients with MR
had later shock (median 12.8 vs. 6.2 h post-MI, p " 0.001)
(Table 2). Consistent with the known pathophysiology of
severe MR, the MR cohort had higher median LV ejection
fraction (0.37 [0.25, 0.48] n ! 58 vs. 0.30 [0.20, 0.40] n !
335, p ! 0.001) yet more often had clinical and radio-
graphic evidence of pulmonary edema.
Interventions. Patients with MR were significantly more
likely to undergo all interventions except percutaneous
transluminal coronary angioplasty (PTCA) (Tables 3 and
4). Median time intervals from the onset of shock to right
heart catheterization (3.7 h vs. 2.1 h, p ! 0.030), left heart
catheterization (5.8 h vs. 2.6 h, p ! 0.009), and intra-aortic
balloon pump (IABP) (5.0 h vs. 3.1 h, p ! 0.036), while
relatively short in both groups, were longer in the MR
group. The median times from shock to bypass surgery were
similar in the MR (16.6 h [5.1, 55.3], n ! 36 and the LV
failure groups (29.2 h [3.9, 115.0], n ! 128), p ! 0.397.
Outcomes. Crude (unadjusted) in-hospital mortality was
similar for the two groups (MR vs. LV failure odds ratio
[OR] 0.79; 55% for MR and 61% for LV failure, p ! 0.277)
and did not differ significantly after adjustment for patient
outcome-related differences between the two groups—
namely, transfer status, prior MI, and posterior MI (MR vs.
LV failure OR 0.97, 95% confidence interval [CI] 0.60 to
1.56, p ! 0.900). Pulmonary edema was not included as an

adjustment factor, because it was considered to be a conse-
quence of MR. Patients with MR had a longer median
length of stay (10.7 [2.6, 20.6] days vs. 6.1 [1, 15.1] days
following shock, p ! 0.002). Among the survivors, 44
patients with MR were discharged after a median of 20.8
[12.3, 37.8] days, compared with 15.4 [10.1, 24.9] days for
343 LV failure patients p ! 0.005.
Surgical results. Among the 98 patients with MR, data
indicating whether or not valve surgery was performed were
available for 94. Almost half (46%) underwent valve replace-
ment (n ! 37) or valve repair (n ! 6). Six patients had
mitral valve surgery without coronary artery bypass graft
surgery (CABG), and 37 with CABG.

The characteristics of the patients with MR who under-
went mitral valve surgery and those without mitral valve

Table 2. Electrocardiographic, Clinical, Infarct, and Hemodynamic Characteristics of Patients
With CS Due to Severe MR Versus LV Failure. Hemodynamics Reported Are Those Closest to
Shock, Which Were Often Recorded While the Patient Was on Support

Severe MR Group

(n ! 98)

LV Failure Group

(n ! 879) p Value

Location of index infarction*
Anterior 34% 59% "0.001
Inferior 55% 44% 0.039
Posterior 32% 17% 0.002
Lateral 32% 32% 1.000
Apical 11% 10% 0.704
Multiple infarct locations 52% 48% 0.570

ST-segment elevation at shock 41% 63% "0.001
New left bundle branch block 19% 7% 0.378
Time from MI onset to shock (h) 12.8 (2.4, 36.3) 6.2 (1.7, 20.1) "0.001
Highest creatine kinase (U/L) 1291 (603, 3,235) 1931 (630, 4,060) 0.075
Highest creatine kinase/ULN 7.8 (3.4, 14.4) 8.9 (2.9, 19.4) 0.241
Heart rate (beats/min) 98 (82, 110) 95.0 (79, 114) 0.454
Pulmonary edema on X-ray 81% 58% "0.001
PCWP (mm Hg)† 21.5 (17, 28) 23.0 (18, 29) 0.259
Cardiac index (L/min/m2)† 1.9 (1.6, 2.4) 1.9 (1.5, 2.4) 0.727
Left ventricular ejection fraction (%)‡ 36.5 (25, 48) 30.0 (20, 40) "0.001

Data presented are median (25th, 75th percentiles) or percentages. beats/min ! beats per minute; MI ! myocardial infarction;
PCWP ! pulmonary capillary wedge pressure; ULN ! upper limit of normal.

*MI location by ECG unknown in 13 MR and 92 LV failure patients. †RHC data available for 85% of MR and 64% of LV
failure patients. ‡LV ejection fraction was available in 58 MR and 335 LV failure patients.

Table 3. Treatment and Outcomes of Patients With CS Due to
Severe MR Versus LV Failure

Severe MR

Group

(n ! 98)

LV Failure

Group

(n ! 879) p Value

Thrombolytics administered 26% 34% 0.090
Mechanical ventilation 93% 75% "0.001
Inotropic agents 88% 71% 0.002
Right heart catheterization 85% 64% "0.001
Intra-aortic balloon pump 68% 52% 0.003
Coronary angiography 76% 61% 0.006
Angioplasty attempted 16% 33% 0.001
Angioplasty of IRA attempted 7% 20% 0.014
Repeat angioplasty attempted 1% 4% 0.009
Bypass surgery 43% 15% "0.001
Angioplasty or bypass surgery 53% 46% 0.166
Transfusion 64% 39% "0.001
In-hospital mortality 55% 61% 0.277

IRA ! infarct-related artery.
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surgery were similar. Patients selected for surgery had lower
median highest creatine kinase (932 [516, 1,875] vs. 1,659
[738, 3319], p ! 0.030), and much higher in-hospital LV
ejection fraction (40% [35, 52], n ! 30 vs. 29% [24, 39],
n ! 28, p ! 0.004) than those selected for nonsurgical care
(Table 5). Intra-aortic balloon pump support was used in
almost all the surgical patients but in less than half of the
nonsurgical patients (Table 5). As expected, coincident
revascularization with CABG was much more common in
the surgical group; 4 of the 51 patients not undergoing valve
surgery underwent CABG. Unadjusted mortality in those
who underwent valve surgery was lower than in those who
did not (40% vs. 71%; OR ! 0.27, 95% CI ! 0.12 to 0.64,
p ! 0.003). Of the few patient factors distinguishing the
surgical and nonsurgical groups, only gender was even
marginally related to mortality (better survival for men), and

the adjusted odds ratio for death for surgical versus nonsur-
gical MR patients remained significant (OR 0.30, 95% CI
0.13 to 0.73, p ! 0.008).

The primary reasons for not undertaking mitral valve
surgery were 1) that the patient could not be stabilized or
died awaiting surgery (half of patients) and 2) the presence
of co-morbidities related to current illness or secondary to
shock (one-third of patients).

DISCUSSION

The development of severe MR complicating AMI and
leading to CS is widely recognized to be a medical catas-
trophe portending very poor prognosis. These data from the
SHOCK Trial Registry will do little to alter that opinion.
However, this observational study of a large and minimally

Table 4. Timing of Events in Patients With Severe MR Versus LV Failure. All Times Are in
Hours Unless Otherwise Noted

Timing

Severe MR Group

(n ! 98)

LV Failure Group

(n ! 879) p Value

Infarct to right-heart catheterization
(n ! 63, 599)

20.3 (7.0, 46.8) 12.6 (4.9, 30.9) 0.060

Shock to right-heart catheterization
(n ! 76, 250)

3.7 (0.7, 8.2) 2.1 (0.0, 5.8) 0.030

Shock to left-heart catheterization
(n ! 64, 499)

5.8 (2.1, 17.1) 2.6 (0.5, 9.5) 0.009

Shock to IABP (n ! 58, 434) 5.0 (2.1, 9.8) 3.1 (1.2, 8.0) 0.036
Shock to bypass surgery (n ! 36, 128) 16.6 (5.1, 55.3) 29.2 (3.9, 115.0) 0.397
Bypass surgery "24 h after angioplasty

(n ! 16, 291)*
31% 4% 0.001

Shock to discharge (days) 10.7 (2.6, 20.6) 6.1 (1.0, 15.1) 0.002

Data presented are median (25th, 75th percentiles) or percentages. IABP ! intra-aortic balloon pump.
*Denominator is all angioplasty patients.

Table 5. Infarct Size, Hemodynamics, Treatment and In-hospital Mortality by Valve-surgery
Status of Patients With Severe Complicating Acute MI. Hemodynamics Reported Are Those
Closest to Shock, Which Were Often Recorded While the Patient Was on Support

Valve Surgery

(n ! 43)

No Valve Surgery

(n ! 51) p Value

Highest creatinine kinase (U/L) 932 (516, 1875) 1659 (738, 3319) 0.030
Highest creatinine kinase/ULN 4.9 (3.1, 9.5) 11.1 (3.9, 16.6) 0.022
Heart rate (beats/min) 96 (82, 106) 98 (81, 113) 0.714
Pulmonary edema on X-ray 81% 81% 1.000
PCWP (mm Hg) 21 (17, 27) 23 (18, 28) 0.463
Cardiac index (L/min/m2) 1.9 (1.5, 2.4) 1.9 (1.6, 2.4) 0.994
Left ventricular ejection fraction (%) 40 (35, 52) 29 (24, 39) 0.004
Thrombolytics administered 26% 26% 1.000
Mechanical ventilation 98% 88% 0.120
Inotropic agents 97% 79% 0.029
Right heart catheterization 93% 77% 0.049
Left-heart catheterization 93% 61% " 0.001
Intra-aortic balloon pump 98% 43% " 0.001
Angioplasty attempted 16% 18% 1.000
Bypass surgery 86% 8% "0.001
Angioplasty or bypass surgery 88% 26% " 0.001
Transfusion 93% 40% " 0.001
In-hospital mortality 40% 71% 0.003
Shock onset to discharge (d) 16.0 (6.0, 34.1) 6.7 (1.1, 13.4) " 0.001

Data presented are median (25th, 75th percentiles) or percentages. beats/min ! beats per minute; PCWP ! pulmonary capillary
wedge pressure; ULN ! upper limit of normal.
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selected cohort of patients with CS accompanied by acute
severe MR provides insights not available in smaller or more
selected series. The contemporaneous cohort of patients
with predominant LV failure provides unique opportunities
for comparison. Many baseline characteristics of the MR
and LV failure groups were similar, reflecting a common
risk profile for their underlying coronary artery disease and
acute coronary syndrome. However, several potentially im-
portant differences emerged.

First, the distribution of electrocardiographic and angio-
graphic infarct zones supports previous clinical and patho-
logical work indicating that severe MR most often reflects
necrosis of the posteromedial papillary muscle (13–15).
Conversely however, anterior infarction was present in
one-third of our population. Clearly, the presence of ante-
rior infarction should not dissuade clinicians from consid-
ering acute MR when other clinical signs and symptoms
suggest it. Furthermore, less than half the MR cohort
displayed clinically recognized ST-segment elevation or new
Q waves. It is a sobering observation that half or more of the
instances of acute severe MR and shock develop in the
absence of these markers of extensive necrosis. Nevertheless,
despite the absence of ST elevation, complete vessel occlu-
sion was likely present in many patients, posterior chest
leads were not commonly used at the time of the SHOCK
Trial Registry, and there were a substantial number of
circumflex infarcts. Along with findings regarding the lim-
ited enzymatic elevations that characterized our MR cohort
(median CPK elevation " 5 fold upper limit normal), these
observations indicate that acute severe MR with shock is
often a consequence of infarction or dysfunction of limited
but exquisitely important myocardium.

The interesting observation of a higher prevalence of
women with acute severe MR in our cohort, compared with
patients having predominant LV failure, appears to confirm
a similar observation by Tcheng et al. (5). There are further
corresponding observations of an increased prevalence of
women with acute severe MR causing shock, compared with
other causes of shock, in the pre-SHOCK Trial Registry by
Hochman et al. (11) and the main SHOCK Trial Registry
(16). The Tcheng report predominantly included patients
without shock. The effect, if true, therefore appears distinct
from hemodynamic issues and implies gender-related fac-
tors specific to the mitral mechanism itself. Differences in
patterns of vascular supply, collateralization, connective
tissue, or in the clinical presentation and detection of MR
are all possible explanations and warrant further study. The
higher proportion of MR patients admitted via transfer
likely reflects a belief among referring physicians that
emergency surgery for acute severe MR is life-saving and
indicated. Shock apparently due to a reversible mechanical
cardiac defect such as acute MR seems intrinsically suited to
emergent surgery. Until recently, it has been a less-than-
intuitive concept that shock from LV failure, even when
myocardial necrosis is well established, would benefit from
emergency revascularization. This clinical predisposition to

obtain emergency surgery for acute severe MR has been
given additional credence from recommendations arising
from nonrandomized case series.

Although the LV ejection fraction was higher in the MR
group than in the LV failure group, it is important to
recognize that the median LV ejection fraction of 37%
represents marked impairment of LV systolic performance
in the presence of MR. The higher ejection fraction reflects
both a smaller infarct size and the reduced impedance to LV
ejection contributed by ejection into the left atrium. The
higher prevalence of pulmonary edema in the MR patients
might be expected, considering the sudden regurgitant
volume into the left atrium and pulmonary veins seen with
acute severe MR.
Comparison of surgical versus nonsurgical treatment of

severe MR. Because reports of nonrandomized studies
suggest that surgery is desirable when shock results from
mechanical disruption of the mitral apparatus (1–5), valve
surgery is the treatment of choice in many centers. Our data,
however, reveal the degree to which selection bias may have
influenced the outcomes in such series, including our own.
In this multicenter database involving numerous cardiolo-
gists and cardiovascular surgeons, we observed systematic
surgical selection of patients with better LV function and
smaller index infarctions. The effects of such selection on
outcome was no doubt amplified 1) by the deferment or
death of patients considered for surgery who were deemed
too ill to operate on immediately and 2) by the exclusion of
a cohort of gravely ill MR patients who may have died
during or prior to transport, and were therefore never
registered. Finally, the relative contribution of revascular-
ization versus repair of the mitral valve is unclear.

Even among registered patients, fewer than half under-
went surgery. A potential criticism of the low surgical
treatment rate is that clinicians caring for these patients
were unduly conservative when selecting patients for mitral
valve surgery. This criticism should be tempered by the 40%
hospital mortality rate of those who received mitral valve
surgery (a mortality rate comparable to that reported in
other series), as well as by the multicenter nature of the
Registry. Perhaps, however, surgery should have been per-
formed more promptly in the patients who were considered
too ill or who died while waiting for surgery, who comprised
over one-third of the MR cohort. In conjunction with
approximately 10% of MR patients in the SHOCK Trial
Registry who were treated medically because of co-
morbidity arising secondary to CS, these observations high-
light the need for very early recognition, support and
decision making in any future prospective evaluation of
emergency surgery for this condition. Some patients in the
registry received PTCA rather than mitral valve surgery
with CABG. Although a favorable response of acute severe
MR to percutaneous transluminal coronary angioplasty
(PTCA) has previously been reported (17–20), Tcheng
observed that acute reperfusion with thrombolysis or angio-
plasty did not usually reverse MR in a group of 50 patients
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with moderately severe or severe MR receiving treatment
for AMI (5). In that series, the early and late mortality was
higher in the PTCA group than in those treated medically
or with surgery. Nine patients with severe MR in the
present registry were treated with PTCA alone, six of whom
subsequently died. An additional five patients underwent
CABG within 24 h of PTCA, and three of these patients
died.

Physicians should consider clinically undetected MR in
CS—particularly in women and those with non-ST eleva-
tion MI, inferoposterior MI and pulmonary edema. Despite
the selection of less than half of severe MR patients for
surgery, in-hospital surgical mortality was extremely high at
40%. Clearly, efforts are needed to enhance earlier recogni-
tion of severe MR complicating AMI, because earlier
surgery (before shock develops) may lead to improved
prognosis.

Reprint requests and correspondence: Dr. C.R. Thompson,
Director, Cardiology Clinical Research, St. Paul’s Hospital, Room
5134-1081 Burrard Street, Vancouver, B.C., Canada V6Z 1Y6.
E-mail: cthompson@Providencehealth.bc.ca.
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Cardiogenic Shock Complicating Acute Myocardial
Infarction—Etiologies, Management and
Outcome: A Report from the SHOCK Trial Registry
Judith S. Hochman, MD, FACC,* Christopher E. Buller, MD, FACC,† Lynn A. Sleeper, SCD,‡
Jean Boland, MD,§ Vladimir Dzavik, MD,! Timothy A. Sanborn, MD, FACC,¶
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OBJECTIVES This SHOCK Study report seeks to provide an overview of patients with cardiogenic shock
(CS) complicating acute myocardial infarction (MI) and the outcome with various treat-
ments. The outcome of patients undergoing revascularization in the SHOCK Trial Registry
and SHOCK Trial are compared.

BACKGROUND Cardiogenic shock is the leading cause of death in patients hospitalized for acute MI. The
randomized SHOCK Trial reported improved six-month survival with early revasculariza-
tion.

METHODS Patients with CS complicating acute MI who were not enrolled in the concurrent randomized
trial were registered. Patient characteristics were recorded as were procedures and vital status
at hospital discharge.

RESULTS Between April 1993 and August 1997, 1,190 patients with CS were registered and 232 were
randomized in the SHOCK Trial. Predominant left ventricular failure (78.5%) was most
common, with isolated right ventricular shock in 2.8%, severe mitral regurgitation in 6.9%,
ventricular septal rupture in 3.9% and tamponade in 1.4%. In-hospital Registry mortality was
60%, with ventricular septal rupture associated with a significantly higher mortality (87.3%)
than all other categories (p ! 0.01). The risk profile and mortality were lower for Registry
patients who were managed with thrombolytic therapy and/or intra-aortic balloon counter-
pulsation, coronary angiography, angioplasty and/or coronary artery bypass surgery. After
adjusting for these differences, the extent to which survival was improved with early
revascularization was similar to that observed in the randomized SHOCK Trial.

CONCLUSIONS In this prospective Registry the etiology of CS was a mechanical complication in 12%. The
similarity of the beneficial treatment effect in patients undergoing early revascularization in
the SHOCK Trial Registry and SHOCK Trial provides strong support for the generaliz-
ability of the SHOCK Trial results. (J Am Coll Cardiol 2000;36:1063–70) © 2000 by the
American College of Cardiology

Over the past 15 years, 30-day mortality and overall
complications of acute myocardial infarction (MI) have
been substantially reduced by the use of reperfusion therapy
(1–3). However, cardiogenic shock (CS) remains the lead-
ing cause of death in patients hospitalized with acute MI
(4). Thrombolytic therapy alone has had a limited effect on
the outcome of patients presenting with pump failure (1,3).
Further insights into the mechanisms of shock and the
outcomes of various treatment modalities currently in use
are needed to substantially alter the high mortality rate of
CS.

Nonrandomized studies have reported a reduced mortal-
ity rate for patients with CS undergoing revascularization
(5–10). A recently reported international randomized trial,
SHould we emergently revascularize Occluded Coronaries
for cardiogenic shocK? (the SHOCK Trial), was supported
by the National Heart, Lung, and Blood Institute. The
SHOCK Trial assessed the effects on 30-day mortality of a
direct invasive strategy (emergency early coronary angiog-
raphy and revascularization), compared with a strategy of
initial medical stabilization (including thrombolysis and
intra-aortic balloon counterpulsion [IABP]) followed by
delayed mechanical revascularization as clinically deter-
mined (11). Concurrent with this randomized trial, data
have also been collected on patients with suspected CS
complicating acute MI who were not randomized at the 36
participating institutions. This Registry of the SHOCK
Trial offers a unique opportunity to: 1) further define the
mechanisms responsible for CS in patients with acute MI,
2) review the utilization rates of therapeutic modalities and
their impact on mortality, and 3) compare the effect of early
revascularization on mortality in both the Registry and Trial
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cohorts. This report provides an overview of the entire
SHOCK study. In-depth analyses of the major etiologies of
shock, and the various treatment modalities, are presented
in other reports in this supplementary issue of the Journal.
Enrollment in the SHOCK Trial Registry and SHOCK
Trial started in April 1993 and was completed for the
Registry on August 31, 1997, and for the Trial on Novem-
ber 30, 1998. Eleven hundred and ninety patients were
enrolled in the SHOCK Trial Registry, and 232 patients
were enrolled in the SHOCK Trial as of August 31, 1997.
This is the largest body of experience prospectively collected
to date relating to unselected patients with CS complicating
acute MI.

METHODS

Patient sample. One thousand one hundred ninety pa-
tients with suspected CS complicating acute MI were
prospectively registered. A local discharge diagnosis of acute
MI and CS (DRG’s 410 and 785.51) or a suspected
diagnosis of CS complicating acute MI, regardless of the
final discharge diagnosis, constituted the criteria for registry
enrollment.

Thirty-six centers were initiated in a staggered fashion,
with the first patient enrolled in April 1993. Seven hundred
and thirty patients (61%) were registered in 24 U.S. centers,
256 (22%) in five Canadian centers, 76 (6%) in four Belgian
centers and 128 (11%) in Australia, New Zealand and
Brazil. All centers obtained Institutional Review Board or
Ethics Committee approval for the abstraction of medical
records.

Enrollment in the SHOCK Trial Registry rather than the
randomized SHOCK Trial occurred if a patient with
suspected CS failed to meet all trial inclusion criteria or
specified time windows, met a trial exclusion criterion, or
was unable or refused to give consent. As previously
reported (12), the criteria for CS for the randomized
SHOCK Trial consisted of: 1) hypotension (systolic blood
pressure !90 mm Hg for at least 30 min, need for
vasopressors, or IABP support); 2) clinical evidence of end
organ hypoperfusion; and 3) confirmatory hemodynamic or
radiographic features: pulmonary capillary wedge pressure
(PCWP) !15 mm Hg and cardiac index "2.2 l/min/m2

(for non-anterior MI) or pulmonary congestion on a chest
X-ray, with subsequent hemodynamic confirmation (for
anterior MI). Moreover, only patients with CS due to
predominant LV failure with ECG evidence of recent total
coronary occlusion, e.g., ST elevation, Q waves, new left
bundle branch block (LBBB) or posterior MI with anterior
ST depression, were eligible for the trial.

Enrollment in the SHOCK Trial Registry, however,
which forms the basis for the current report, required only
that CS be suspected on clinical grounds. Etiologies of CS
other than predominant LV failure (e.g., acute severe mitral
regurgitation [MR], ventricular septal rupture [VSR], iso-
lated right ventricular [RV] failure, cardiac tamponade or
rupture, prior severe valvular heart disease, excess beta or
calcium channel blockade, dilated cardiomyopathy, and CS
associated with recent hemorrhage or cardiac catheteriza-
tion laboratory complication) constituted clinical exclusion
criteria in the SHOCK Trial, and patients with such
etiologies were entered into the SHOCK Trial Registry.
Patients with VSR or acute severe MR without CS were not
registered, because the diagnosis of suspected CS was
required. Patients with any etiology of CS whose course was
outside the time windows of CS "36 h after MI and
randomization "12 h after shock diagnosis were also
included in the SHOCK Trial Registry.

Data from the 302 patients enrolled in the randomized
SHOCK Trial between April 1993 and November 1998
(11) are presented: 1) to assess the effect of revascularization
on mortality in the SHOCK Trial Registry, compared to
the SHOCK Trial, and 2) to assess the incidence of major
etiologies of shock for all screened (Registry and Trial)
patients. For the latter analysis, we included only the 232
predominant LV failure patients enrolled in the Trial as of
August 31, 1997, the time period concurrent with Registry
enrollment. Mortality rates for the major shock etiologies
are presented for: 1) all Registry patients, 2) the predomi-
nant LV failure cohort within the Registry and 3) the
Registry and concurrent Trial patients combined.
Data collection. Data were abstracted from the medical
record by the SHOCK study coordinators, who were
centrally trained to complete standardized study report
forms. Patient characteristics, MI characteristics, hemody-
namics, medication and procedure utilization, and vital
status at hospital discharge were recorded.
Definitions. Predominant LV failure was designated as the
etiology of CS when none of the other following major
shock categories was indicated as present: isolated RV
shock, mechanical cause (acute severe MR, VSR, or tam-
ponade/LV rupture), prior severe valvular heart disease,
excess beta or calcium channel blockade, or shock resulting
from a cardiac catheterization laboratory complication.
ECG locations were defined as follows (GUSTO I) (13):

V1 # V4 Anterior; II, III, AVF Inferior;

V5 # V6 Apical; I, AVL Lateral; V1 # V2 Posterior.

Abbreviations and Acronyms
CK " creatine kinase
CS " cardiogenic shock
LBBB " left bundle branch block
LV " left ventricular, left ventricle
MI " myocardial infarction
MR " mitral regurgitation
PCWP " pulmonary capillary wedge pressure
RV " right ventricular, right ventricle
SHOCK " SHould we emergently revascularize

Occluded Coronaries for cardiogenic shocK?
VSR " ventricular septal rupture
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Reinfarction was defined as follows: 1) recurrent chest pain
or ischemic symptoms !30 min and recurrent ST-segment
elevation, new Q waves, or new LBBB; 2) total creatine
kinase (CK) at least twice the upper limit of normal and
!25% or 200 U/mL over the previous value, with an
elevated CK-MB level; or 3) a rise in CK-MB above the
upper limit of normal after it had reverted to the normal
range.
Hemodynamic data. Right heart catheterization was per-
formed in 790 Registry patients, with PCWP recorded in
739 patients and cardiac index in 562 patients. Left ven-
tricular (LV) ejection fraction was measured at any time
during the hospitalization in 468 patients, by LV angiog-
raphy (37%), gated blood pool scan (4%) or echocardiogra-
phy (59%). Hemodynamic measurements included those
recorded while the patient was receiving supportive therapy.
Statistical methods. The characteristics of patients with
predominant LV failure versus other causes of shock were
compared using the Fisher exact test for categorical vari-
ables, the Wilcoxon rank-sum test for ordinal and non-
normally distributed continuous variables, and Student
t-test for normally distributed continuous variables. Median
values are presented with 25th and 75th percentiles, and
means with standard deviation. In six patients there were
multiple causes of shock, and for the purposes of compari-
son of mortality rates these patients were categorized as
having one cause based on the following hierarchical rank-
ing: 1) predominant LV failure, 2) VSR, 3) severe MR, 4)
isolated RV failure, 5) cardiac tamponade and 6) other cause
of shock. The p values reported for the comparisons of these
groups are unadjusted for multiple comparisons. Four pa-
tients are included in the overall mortality analysis; but the
etiology of shock was unknown, and these patients are not
included in any shock subgroup. Logistic regression was
used to model mortality (dead vs. alive) of patients with
predominant LV failure by revascularization status, with
adjustment for factors associated with selection for revascu-
larization. Forty-one patients were excluded from modeling,
because the revascularization attempt occurred before shock
onset. Models, including cardiac index as a covariate, were
restricted (by definition) to patients undergoing right heart
catheterization, approximately half of all predominant LV
failure patients. All analyses were conducted using the
Statistical Analysis System (SAS Institute; Cary, North
Carolina).
Results. Eleven hundred and ninety patients were regis-
tered as of August 31, 1997, the closing date of the
SHOCK Trial Registry database. The SHOCK Trial ran-
domized 232 patients with predominant LV failure during
the concurrent period of April 1993 through August 1997
and an additional 70 patients as of the completion of Trial
enrollment on November 30, 1998. Characteristics of the
patients in the Registry are shown in Table 1. The mean age
was 68.7 " 11.8 years, and 40.3% were women. There were
high rates of history of MI, hypertension, diabetes and
smoking.

Major shock categories. The incidences of the major
categories of shock were assessed. Predominant LV failure
caused CS in 78.5% of all (Registry and Trial, n # 1,422)
cases. Acute severe MR was diagnosed in 98 (6.9%), VSR in
55 (3.9%), isolated RV shock in 40 (2.8%), tamponade/
rupture in 20 (1.4%) and other causes (as defined in the
Methods section) in 95 (6.7%) (Fig. 1). Six patients fell into
more than one category (see the Methods section), and four
patients could not be categorized.
MI characteristics of Registry patients. Multiple-site in-
farct locations were often noted on ECG (50%). Anterior
MI was diagnosed in 55%, inferior in 46%, posterior in 19%,
lateral in 32%, apical in 11% and unknown in 10%.
Electrocardiographic evidence of ST elevation and/or Q
waves or new LBBB MI was present in 79.1%. Median time
from MI to shock was 7.0 h (25th to 75th percentile, 1.8 to
22.0). The highest creatine phosphokinase was elevated a
median of 8.4 times (25th to 75th percentile, 2.9 to 18.6)
above the upper limit of normal. Recurrent MI and recur-
rent ischemia occurred between the initial MI associated
with hospital admission and shock in 9.3% and 19.7% of
patients, respectively, and were associated with hypotension
in 86.1% and 69.5%, respectively.
Hemodynamics and pharmacologic support. The hemo-
dynamic values for all Registry patients, including those
with predominant LV failure causing CS (Table 2), were
most often recorded after support measures (IABP and/or
vasopressors) were instituted. For the 790 who underwent
right heart catheterization, the range of cardiac index and
PCWP was broad. Pharmacologic support included vaso-
pressors in 95.1% (dopamine 89.3%, norepinephrine 31.6%,
epinephrine 41.9%) and/or dobutamine in 70.1%.
Predominant LV failure. In the Registry group with
predominant LV failure (n # 884), patients were more
likely to have had prior MI (40.1% vs. 29.5%, p # 0.001)

Table 1. Registry Patient Characteristics

All
Patients

Predominant
LV Failure

Other
Categories

n 1,190 884 306
Age (yrs) 68.7 " 11.8 68.5 " 12.1 69.5 " 11.1
Male (%) 59.7 63.6 48.3*
White, non-

Hispanic (%)
82.0 83.6 77.4**

History of MI (%) 37.4 40.1 29.5***
History of hypertension (%) 53.1 51.7 57.2
Diabetes (%) 32.6 32.8 32.0
Smoker (%) 50.1 51.5 45.9
History of elevated lipids

(%)
41.8 40.2 46.4

History of renal
insufficiency (%)

10.9 10.7 11.6

History of PTCA (%) 6.2 6.7 4.8
History of CABG (%) 9.6 10.1 8.1
Other severe illness (%) 18.1 17.7 19.4
History of peripheral

vascular disease (%)
17.9 18.8 15.4

*p $ 0.0001 vs. LV failure; **p # 0.019 vs. LV failure; ***p # 0.001 vs. LV failure.
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and to be white (83.6% vs. 77.4%, p ! 0.019), compared
with patients in the other shock categories (Table 1).
Women represented a smaller proportion of the Registry
patients with predominant LV failure, compared with the
other shock categories (36.4% vs. 51.7%, p " 0.0001).
Otherwise, there were no significant differences in the
patient characteristics of those with predominant LV failure
compared to those in the other shock categories. Among
LV failure patients, anterior MI location on ECG was most
common (58.8%), although 34.4% had inferior MI without
anterior involvement. Of the latter, 100 (38.3%) had a prior
MI. Therefore, 21.2% of those with predominant LV failure
had a first inferior MI with no anterior involvement. Over
half of this subgroup (53.4%) had lateral, posterior and/or
apical involvement on ECG.
Mortality. In-hospital mortality for the major shock cate-
gories is shown in Figure 1, with an overall (Registry and

concurrent Trial combined) rate of 60.1%. The rates were
significantly different among the six etiologies. Ventricular
septal rupture patients had higher mortality (87.3%) than
those with predominant LV failure (p ! 0.0002), RV shock
(p ! 0.002), MR (p ! 0.0001), as well as every other
category (p " 0.01). The mean in-hospital LV ejection
fraction of 257 Registry survivors was significantly higher
than that of 211 nonsurvivors (34.3 # 13.7% vs. 30.4 #
13.7%, p " 0.002). Within the predominant LV failure
subgroup, the mean LV ejection fraction for 196 survivors
was higher than that of 143 nonsurvivors (32.9 # 12.8 % vs.
27.4 # 11.7%, p " 0.0001). Registry patients who were
transferred (44%) to the SHOCK Trial tertiary care center
had a markedly lower mortality than direct admissions
(56%) to those centers (54% vs. 67%, p ! 0.001).
Procedure utilization and outcome for Registry patients
with predominant LV failure. Registry patients were clin-
ically selected (not randomized) to undergo different treat-
ments, which were not mutually exclusive. Thrombolytic
therapy was administered in 36%, while IABP was placed in
53%. Thrombolytic therapy alone (15%), IABP use alone
(33%), and thrombolytic therapy with IABP use (20%) were
each associated with lower mortality than no IABP or no
thrombolytic therapy use (32%) (62.9%, 52.6%, 46.5% vs.
76.5% in-hospital mortality, respectively, p " 0.005).

Left heart cardiac catheterization with coronary angiog-
raphy and revascularization performed at any time during
the hospitalization are shown in Figure 2. Also shown are
in-hospital mortality rates for patients undergoing early
percutaneous transluminal coronary angioplasty (PTCA) or
coronary artery bypass graft surgery (CABG) within 18 h of
shock diagnosis. This timing of revascularization corre-

Figure 1. The complete population of all shock patients screened, including 1,190 Registered patients and 232 Trial patients randomized concurrent with
the Registry from 4/93 – 8/97, is represented in the figure. Of the 1,116 patients with LVF, 844 were Registry and 232 were Trial. The mortality rates
for the 1,190 Registry patients and 884 LVF Registry patients are 61.4% and 60.8%, respectively. The incidence (%, below each bar) and mortality for the
major shock categories is shown. LVF ! predominant LV failure (see Methods section), RVF ! isolated RV shock, MR ! acute severe mitral
regurgitation, VSR ! ventricular septal rupture, Tamp ! cardiac tamponade/rupture. Other causes are described in the methods section. The categorization
of cardiogenic shock was unknown in four patients who had a 75% mortality rate. Between group comparisons are based on hierarchical groups in order
from left to right. Six patients fell into more than one category (see text).

Table 2. Hemodynamic Profile of Registry Patients*

All Registry
Patients

(n ! 1,190)

Predominant
LV Failure
(n ! 884)

n Mean # SD N Mean # SD
Systolic BP (mm Hg) 1,124 87.7 # 22.3 833 88.4 # 23.0
Diastolic BP (mm Hg) 976 52.3 # 17.0 729 52.7 # 17.2
Heart rate (mm Hg) 1,121 95.7 # 26.2 832 95.2 # 25.8
PCWP (mm Hg) 739 23.4 # 8.4 534 23.7 # 8.6
Cardiac index (1/min/m2) 562 2.08 # 0.77 408 2.06 # 0.78
PA systolic (mm Hg) 482 41.2 # 12.8 341 41.1 # 12.8
PA diastolic (mm Hg) 484 23.6 # 7.8 343 23.8 # 8.0
LV ejection fraction (%) 468 32.6 # 13.8 339 30.6 # 12.6

*Measurements were most often obtained on support measures; sympathomimetic
amines and/or intra-aortic balloon counterpulsation

BP ! Blood pressure; LV ! Left ventricular; PA ! Pulmonary artery; PCWP !
Pulmonary capillary wedge pressure.
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sponds to the upper time limit for early revascularization
after shock in the SHOCK Trial. Left ventricular assist
devices were used in 0.8% (based on 856 with available
data). Performance of coronary angiography, PTCA, and
CABG were each associated with lower in-hospital mortal-
ity rates than in patients managed without these treatments
(Fig. 2). Reports on IABP and thrombolysis (14), and
angiographic findings (15), appear in this supplementary
issue of the Journal.

Registry patients undergoing PTCA and CABG at any
time during the shock hospitalization were younger (64.2 !
11.6 vs. 72.0 ! 11.3 years, p " 0.0001), had a lower
incidence of prior MI (35.3% vs. 44.2%, p # 0.009),
diabetes (28.2% vs. 36.7%, p # 0.009), and prior CHF
(12.8% vs. 25.7%, p " 0.0001), and a higher cardiac index
(2.2 ! 0.8 vs. 1.9 ! 0.7 l/min/m2, p # 0.001) and LV
ejection fraction (32.1 ! 12.4 % vs. 28.5 ! 12.7 %, p #

0.005), and more often had CS diagnosis within 6 h of MI
(48.2% vs. 39.6%, p # 0.02). The odds ratio (OR) for death,
after adjusting for selection factors, for patients undergoing
PTCA or CABG, compared with those without revascu-
larization, is shown in Table 3. The effect of revasculariza-
tion observed in the SHOCK Trial was obtained by
comparing all trial patients undergoing a revascularization
attempt at any time during hospitalization with those who
did not (without regard to group assignment). The OR for
death with revascularization in the SHOCK Trial was 0.35,
similar to the adjusted OR of 0.30 observed in the SHOCK
Trial Registry cohort. Table 4 summarizes the impact of
revascularization within 18 h of CS, compared with no or
late revascularization. In this analysis Trial patients were
grouped according to their assigned treatment strategy
because the upper time limit for early revascularization was
18 h (12). The adjusted OR for death with early revascu-

Figure 2. Patients with predominant LV failure clinically selected to undergo left heart catheterization and coronary angiography (LH cath) had a lower
mortality than those with no LH cath. Patients with no revascularization attempt had higher mortality, with the lowest mortality observed in patients
selected to undergo CABG. The CABG group includes 18 patients who underwent CABG post-PTCA; these patients are not included in the PTCA
group. The mortality rates for those undergoing early revascularization (within 18 h of shock diagnosis), at a time comparable to the randomized SHOCK
Trial, are shown. The median times to PTCA and CABG are 2.8 and 3.9 h, respectively, for those revascularized "18 h post-shock.

*Patients with PTCA or CABG prior to shock are excluded.

Table 3. Effect of Revascularization on Mortality
Odds Ratio for Death Revascularization vs. No Revascularization

n

Odds

Ratio 95% CI Comments

Trial 302 0.35 0.22, 0.55 170 underwent a
(30-Day mortality)* revascularization attempt

vs. 132 who did not
undergo revascularization†

Registry 800 0.18 0.13, 0.25 Unadjusted
(In-hospital mortality) 800 0.22 0.16, 0.30 Adjusted for age, diabetes,

MI to CS "6 h
389 0.30 0.19, 0.47 Adjusted for cardiac index,

age, diabetes, prior MI

*Trial in-hospital and 30-day mortality were similar. †Revascularization was performed at any time during the hospitalization
and includes all revascularized patients without regard to trial group assignment (11).

CI # Confidence interval.
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larization in the Registry was 0.46, again roughly similar to
the Trial OR of 0.69.

DISCUSSION

Major causes of CS. The relative incidence of the various
causes of CS has not been previously reported in a well-
defined large prospective study. The most frequent cause of
CS is predominant LV failure, most often with ECG
findings consistent with recent total coronary occlusion MI
with anterior location. Although inferior MI occurred often,
it was associated with prior MI in more than one-third of
the patients, or was associated with a mechanical cause of
shock. This supports the view that inferior MI alone
infrequently causes shock due to extensive LV dysfunction.

Mechanical causes of CS, including VSR, acute severe
MR, and tamponade—all requiring early recognition and
repair—accounted for 12% of cases. The mortality rate
when VSR was the cause of shock was significantly higher
than that associated with other categories, emphasizing the
need for rapid septal repair before CS develops (16,17). It is
worth noting that the mortality rate associated with cardiac
tamponade, which is often due to sub-acute cardiac rupture,
was relatively low (18,19). This emphasizes the potential for
improving survival with early detection.
Patient profile. The characteristics of patients who de-
velop CS in the SHOCK Trial Registry are remarkably
similar to those in many other reports of CS (5,13,20 –
22). Patients with CS are often elderly and female and
have high rates of prior MI, hypertension and diabetes.
The timing of shock after MI onset, however, appears to
be markedly shorter than previously reported (5,13,20).
Whether this discrepancy results from the prospective
nature of a registry dedicated exclusively to CS or from a
change in the pathogenesis and/or the timing of CS is
unknown.
Mortality. The overall mortality for patients with CS in
this SHOCK Trial Registry is 60%, which is lower than the
80% to 90% rate in previous reports (21,22). This may be
explained partly by the fact that 44% of the patients in the
SHOCK Trial Registry were transferred from community
hospitals. Not surprisingly, patients transferred to SHOCK

Trial tertiary care centers had significantly lower mortality
than direct admissions to the SHOCK Trial centers. This is
attributed to the survival bias associated with transfer.
Nevertheless, the mortality (67%) in the cohort with direct
admission remains lower than previous reports, perhaps
because of the increased utilization of IABP and revascu-
larization. Although the mean LV ejection fraction was
significantly lower for nonsurvivors, the 4% to 6% point
difference carries no clear clinical import with respect to
patient stratification or pathophysiologic understanding.
Outcome with thrombolysis and IABP. Patients selected
to receive thrombolysis or IABP had lower mortality rates
than those not receiving those therapies, and the combina-
tion appeared to be additive (14). Experimental evidence
suggests that the depressed rates of thrombus dissolution are
restored when IABP is used with thrombolysis in a hypo-
tensive model (23,24). Similarly, nonrandomized clinical
studies have reported lower mortality for these combined
therapies (25,26). Whether this combination is superior to
thrombolysis alone for pump failure complicating acute MI
is being tested in the randomized Thrombolysis and Coun-
terpulsation to Improve Cardiogenic Shock Survival Trial
(TACTICS) and How Effective are Revascularization Op-
tions in Cardiogenic Shock Trial (HEROICS).
PTCA and CABG. Previous studies, largely retrospective,
have demonstrated an association between the use of PTCA
or CABG and lower mortality (6–10,27–34). The outcome
of revascularization performed at the SHOCK centers very
closely replicates the pooled rates from these studies. The
mortality of LV failure patients undergoing PTCA at any
time during the hospitalization for CS complicating acute
MI is 45% for 646 patients in 22 studies (6–10,27),
compared with 46% mortality for the 290 patients in the
SHOCK Trial Registry. The 28% mortality rate for LV
failure patients undergoing CABG in our Registry is re-
markably similar to the pooled 35% mortality for 391
patients in 25 studies undergoing CABG at any time during
the hospitalization for CS (27–33). Furthermore, the out-
come with PTCA and CABG in the randomized SHOCK
Trial was similar to these outcomes in the Registry (11).
Our observation that the mortality rate associated with

Table 4. Effect of Early Revascularization on Mortality
Odds Ratio for Death Revascularization Within 18 h of Shock vs. No/Late Revascularization

n

Odds

Ratio 95% CI Comments

Trial 302 0.69 0.44, 1.08 152 randomly assigned to early
(30-Day mortality)* revascularization and 150 to

no early revascularization

Registry 753 0.37 0.27, 0.51 Unadjusted
(In-hospital mortality) 753 0.46 0.33, 0.66 Adjusted for age, diabetes,

MI to CS !6 h
353 0.58 0.35, 0.98 Adjusted for cardiac index and

age, diabetes, prior MI

*Trial in-hospital and 30-day mortality were similar.
CI " Confidence interval.
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revascularization is significantly lower than that associated
with no revascularization is consistent with previous reports.
The patient characteristics of those clinically selected to
undergo revascularization are significantly different from
those not selected and explain a large part of the mortality
difference. In fact, the randomized SHOCK Trial demon-
strated only 9% absolute and 17% relative mortality reduc-
tion at 30 days (similar to the outcome at hospital discharge)
for early revascularization, compared with initial medical
stabilization. The latter group often underwent IABP sup-
port and thrombolysis, and delayed revascularization was
performed in 25% (11). The effect of early revascularization
in the large Registry is somewhat greater than in the Trial
after adjustment for differences in all characteristics except
for hemodynamics, which were available only in a subset.
After adjustment for the better hemodynamic profile of
those selected for revascularization, the effect of early
revascularization was similar in both the Trial and Registry.
It is possible that the small difference between ORs in favor
of a greater benefit of early revascularization in the Registry,
compared with the Trial, is attributable to the more fre-
quent use of IABP and thrombolysis in the initial medical
stabilization arm of the Trial than in the Registry. Overall,
the similarity of treatment effect in patients undergoing
revascularization in the Registry and Trial provides strong
support for the generalizability of the SHOCK Trial results
to patients with CS complicating acute MI. Of note, the
Trial reported increasing benefits of early revascularization
over time, with a large and significant mortality reduction at
six months consistent with 13 lives saved per 100 patients
treated (11).

In summary, the overall mortality for CS complicating
acute MI in this international registry is lower than previ-
ously reported, although CS due to VSR remains associated
with very high mortality. This lower-than-expected mortal-
ity rate is likely due to higher revascularization rates in this
Registry, consistent with similar findings in a recent popu-
lation study and randomized trial (11,35).

APPENDIX

The following are committee members, principal investiga-
tors and study coordinators in the SHOCK Study. Execu-
tive Committee: J. Hochman, Study Chair; T. LeJemtel,
Co-chair; P. Aylward, J. Boland, J. Col, O. Wayne Isom, S.
McKinlay, M. Picard, T. Sanborn, L. Sleeper, H. White
and P. Desvigne-Nickens (ex officio); Publications Com-
mittee: H. White, Chair; J. Abel, J. Hochman, T. LeJemtel,
L. Sleeper and J. Webb; Clinical Centers: J. Webb, C.
Thompson, J. Abel and E. Buller, St. Paul’s Hospital
(Vancouver, BC, Canada); J. David Talley, J. Harrell, M.
Dearen, M. Rawert and R. Pacheco, University of Arkansas
for Medical Sciences (Little Rock, AR); J. Slater, A.
Palazzo, R. Leber, C. Connery, and D. Tormey, St.
Luke’s–Roosevelt Hospital Center (New York, NY); A.
Jacobs, R. Shemin and M. Mazur, Boston University

Medical Center (Boston, MA); C. Buller, K. Gin, E.
Jamieson and R. Fox, Vancouver General Hospital (Van-
couver, BC, Canada); D. H. Miller, T. Sanborn, R. Cam-
pagna, O.Wayne Isom and S. Hosat, New York Hospital/
Cornell Medical Center (New York, NY); H. White, J.
French, K. Graham and B. Williams, Green Lane Hospital
(Auckland, New Zealand); M. Menegus, M. Greenberg, R.
Brodman and B. Levine, Montefiore/Albert Einstein Col-
lege of Medicine (Bronx, NY); J. Boland, R. Limet, S.
Pourbaix, P. Baumans and M. Massoz, C.H.R. Citadelle
(Liege, Belgium); J. Col, R. Dion and R. Lauwers, Clin-
iques Universitaires St. Luc (Brussels, Belgium); R. For-
man, E. Scott Monrad, D. Sisto, M. Galvao and M. Jones,
J.D. Weiler Hospital of the Albert Einstein College of
Medicine (Bronx, NY); J. Ambrose, S. Sharma, T. Cocke,
J. Galla, D. Ratner and E. Brown, Mount Sinai Medical
Center (New York, NY); R. Steingart and S. Parker,
Winthrop University Hospital (Mineola, NY); S. C. Wong,
G. M. Gustafson, S. Papadakos, S. Lang, M. Brown and
M. Claude Boileau, New York Hospital Medical Center of
Queens (Flushing, NY); V. Dzavik, W. Tymchak, A.
Koshal, C. Kee and L. Harris, University of Alberta
Hospital (Edmonton, Alberta, Canada); M. Porway, J.
Flack and B. Burkott, Baystate Medical Center (Springfield,
MA); A. Moreyra, S. Palmeri, A. Spotnitz and M. Hosler,
University of Medicine and Dentistry of New Jersey—
Robert Wood Johnson Medical School (New Brunswick,
NJ); P. Aylward, J. Knight and C. Thomas, Flinders
Medical Centre (Adelaide, SA, Australia); J. Dens, F. Van
de Werf, P. Sergeants and C. Luys, Gasthuisberg University
Hospital (Leuven, Belgium); K. Baran, P. Koller, P. Filkins
and C. Iacarella, St. Paul Heart Clinic (St. Paul, MN); L.
David Hillis, J. Cigarroa and J. Kissee, University of Texas
SW Medical Center (Dallas, TX); S. Graham, S. Raza and
J. Celano, Buffalo General Hospital (Buffalo, NY); J.
Brinker and V. Coombs, Johns Hopkins Hospital (Balti-
more, MD); E. Ribeiro, A. Carlos Carvalho, C. Rodrigues
Alves and A. Petrizzo, Paulista School of Medicine (Sao
Paulo, Brazil); J. Dervan, W. Lawson and P.Montes, State
University of New York at Stony Brook (Stony Brook, NY);
D. Faxon and R. Singh, University of Southern California
Medical Center (Los Angeles, CA); P. R. Paulsen and E.
Miller, Hennepin County Medical Center (Minneapolis,
MN); B. Weiner and M. Borbone, University of Massa-
chusetts (Worcester, MA); E. Bates, University of Michi-
gan Medical Center (Ann Arbor, myocardial Infarction);
Clinical Coordinating Center: J. S. Hochman, T. H.
LeJemtel and E. Godfrey, St. Luke’s/Roosevelt Hospital
Center (New York, NY); Data Coordinating Center: S. M.
McKinlay, L. A. Sleeper, J. Lim and J. Nisbet-Brown, New
England Research Institutes (Watertown, MA); Program
Administration: P. Desvigne-Nickens, National Heart,
Lung, and Blood Institute, National Institutes of Health
(Bethesda, MD).
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