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Abstract

Myocardial infarction (MI) often develops when thrombosis occurs at lesions which have not
previously been flow-limiting. However, the development of cardiogenic shock complicating
acute myocardial infarction in such circumstances has received little attention. We studied the
characteristics of 15 patients with cardiogenic shock who had no flow-limiting angiographic
stenosis compared to 767 patients with at least one stenosis, who were enrolled in the SHOCK
Trial and Registry. Compared to patients with at least one flow-limiting stenosis, patients with no
flow-limiting stenosis were less likely to have pulmonary edema on chest x-ray (29% v 62%,
P=0.008), and to have white ethnicity (53% v 82%, P = 0.011), and had lower median highest
creatine kinase levels (702 v 2731 u/l; P = 0.018). For SHOCK Trial patients 1-year survival was
49% for patients with at least one flow-limiting stenosis and 71% for those with no flow-limiting
stenosis (P=0.268).
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Introduction

Of patients surviving acute myocardial infarction (MI) up to 15% have angiographically
normal or near normal coronary arteries. In patients who have undergone prior angiography,
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in the majority there was no flow-limiting stenosis at the site of the culprit plaque thrombus
causing the index M1.1-4 Patients without flow-limiting stenosis following MI, are usually
younger and more likely to be current smokers, but less likely to be diabetic. Also, such
patients may be more likely to have certain inherited thrombophilias than the general
population of patients hospitalized for acute MI. 3

The increasing use of invasive treatments including revascularization procedures and intra-
aortic balloon counter-pulsation (IABP) has been associated reduced mortality after
cardiogenic shock complicating MI1.57 The SHould We Emergently Revascularize
Occluded Coronaries for Cardiogenic ShocK (SHOCK) Trial reported 30-day and 12-month
mortality rates of 47% and 57% respectively in patients randomized to emergency
revascularization (ERV), which was better than initial medical stabilization (IMS).8-10
However, the subgroup of patients without angiographic flow-limiting stenosis after the
development of cardiogenic shock complicating acute M, has not been previously reported.

The SHOCK trial was a multicentre clinical trial that randomized patients with cardiogenic
shock complicating acute M1 to one of two strategies ERV and IMS; inclusion and exclusion
criteria have been described previously.19 Fibrinolytic therapy was recommended for all
patients randomized to IMS, unless there were absolute contraindications, and for patients
randomized to ERV for whom immediate angiography was not possible, and IABP was
recommended for all patients. Patients were initially evaluated at both tertiary care and
community hospitals. The SHOCK Trial was approved by local ethical review boards.

Coronary and left ventricular cineangiograms from the SHOCK trial were reviewed at the
core laboratory using the Thrombolysis In Myocardial Infarction (TIMI) criteria, the
Rentrop coronary collateral circulation classification,!1 and an estimate of the amount of
myocardium at risk based on the coronary artery jeopardy score,12 as previously
described.13-14 Each SHOCK trial angiogram was read by two independent readers using
standardised data forms with discrepancies resolved by a third reader, and all readers were
blinded to treatment group and enrolling centre. For SHOCK Registry patients, cardiac
catheterization reports from all investigation sites were sent to the clinical coordinating
centre for abstraction and central completion of a standardised report form that included the
extent of coronary artery obstructions, degree of lesion severity, culprit lesion location,
Thrombolysis In Myocardial Infarction (TIMI) flow characteristics and ejection fraction.
Details of the angiographic analyses from the SHOCK registry have previously been
reported. 14 Non-significant coronary artery disease, herewith called non-flow-limiting, was
defined as <50% diameter stenosis.

Survival data was collected for 782 patients in hospital and at 30-days in the SHOCK Trial
and Registry, though where data was only available for a smaller number of patients,
numbers are shown in brackets. Vital status was obtained at one year for Trial patients only.
Associations between patient characteristics, therapy, and outcome variables were assessed
by Fisher’s exact test for categorical variables, the Wilcoxon rank sum test for ordinal and
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non-normally distributed continuous variables, and the Student’s t-test for normally
distributed variables.

Of 782 patients with cardiogenic shock due to predominant left ventricular (LV) failure,
who underwent angiography in the SHOCK Trial and Registry, 15 (2%) had no flow-
limiting stenosis (study group), and 767 (98%) patients had at least one artery with at least
>50% stenosis (figure). By design, these patient groups were different with respect to
angiographic coronary disease severity (Table 1). There were differences in race, with a
lower proportion of patients without flow-limiting stenosis being white and non-hispanic.

The laboratory, hemodynamic, angiographic and Ml characteristics of patients according to
the presence or absence of flow-limiting stenosis are shown in Tables 2 - 4. Pulmonary
edema on the chest x-ray occurred less frequently in patients without compared to with,
flow-limiting stenosis. TIMI-3 flow was more frequently present in patients who had no
flow-limiting stenosis compared to patients with at least 1 flow-limiting stenosis.
Administration rates of thrombolytic therapy were similar in patients with, and without,
flow-limiting stenosis (43% vs 33% respectively, P=0.601). Patients without flow-limiting
stenosis were less likely to have an index inferior MI (7% vs. 35%, P=0.025). There were
trends for these patients to have a higher rate of anterior index Ml (86% vs 59%, P=0.053),
to develop shock more quickly after an M1 (median time from M1 to shock 1.7 vs 6.1 hours,
P=0.087), and to have higher left ventricular ejection fractions (40% vs 30%, P=0.074).

We undertook further 3-way comparative analyses (Ov 1v 2 or 3 vessel disease) evaluating
the frequencies of various patient characteristics and outcomes in tables 1-5. In general,
characteristics and outcomes of patients with one vessel disease tended to track with those
multi-vessel disease rather than those with no-flow limiting stenosis, though there was a
lower frequency of anterior MI with increasing numbers of diseased vessels (86% v 67% v
57%; P=0.005).

In-hospital, 30-day and 1-year survival were similar for patients with and without flow-
limiting stenosis (table 5). None of the 15 patients in the no flowlimiting group were
revascularized. For Trial and Registry patients, in-hospital survival was 60% for no flow-
limiting stenosis patients and 55% for flow-limiting stenosis patients (P=0.797). For those
not undergoing revascularization, 60% of no flow-limiting stenosis patients and 44% of
flow-limiting stenosis patients (P=0.286) survived. For Trial patients, 1-year survival was
71% for no flow-limiting stenosis patients and 48% for flow-limiting stenosis patients
(P=0.268). For Trial patients not undergoing revascularization, 71% of no flow-limiting
stenosis patients and 39% of flow-limiting stenosis patients (P=0.124) were alive at 1 year.

Discussion

Cardiogenic Shock is the major cause of mortality following hospitalization for acute Ml in
the reperfusion era. Patients in the SHOCK Trial and Registry surviving MI who develop
cardiogenic shock and who have no flow-limiting stenosis have differences in characteristics
such as less pulmonary edema. As these patients had less pulmonary edema and a tendency
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to better left ventricular function (p = 0.074), this implies shock may have been due to a
lesser area of “myocardium risk” from the index MI.

The development of shock in patients without significant flow-limiting coronary stenosis
suggests there may be a subgroup of cardiogenic shock patients with different risk factor
characteristics. A minority of patients surviving an ST elevation MI, have angiographically
normal arteries or have no flow-limiting stenosis in their coronary arteries. 13 As acute Ml
does not invariably develop after the formation of thrombi on atherosclerotic plaques, pro-
coagulant or thrombophilic factors which may lead to complete occlusion, may have
contributed to the development of acute Ml causing cardiogenic shock. Also prolonged
coronary spasm increasing shear stress on platelets leading to thrombus formation may have
been a mechanism.

Associations between the development of MI and angiographically normal or ‘near normal’
coronary arteries, and increased frequencies of inherited thrombophilic factors, including
Factor V Leiden compared with other patients after MI or to age-matched controls has been
reported. 1516 The rate of inherited thrombophilias risk in patients in this cohort is
unknown.

A longer time between MI and angiography in some patients without flow limiting stenosis
may have allowed time for autolysis of thrombus to have occurred, as only 30% received
fibrinolysis. Other factors or drugs may have been prothrombotic, including oral
contraceptive agents which may have been influenced pathogenesis in premenopausal
women, a group who commonly have normal arteries angiographically. 1718 It is a
limitation that we did not record the use of hormone therapies.

An intriguing potential mechanism that may explain cardiogenic shock complicating
myocardial infarction, but without significant angiographic coronary stenosis is emotional
stress, 19 leading to excess levels of catecholamines. It is possible that a similar mechanism
and potentially indistinguishable mode of presentation when acute myocardial stunning due
to sudden emotional stress.20 This latter finding has been reported predominantly in women
generally without significant coronary stenosis. While our patients with shock and (near)
normal coronary angiography were ~ 50% female, and most had anterior Ml, the median
highest creatine kinase levels of our cohort were 702 U/L, which are higher than the 133
U/L level previously reported. Also, slightly elevated troponin levels 20 may have been due
to heart failure rather than myocardial infarction.?1-22 We did not collect systematic data to
assess the role of emotional stress in the development of cardiogenic shock post-infarction in
our cohort.
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Figure 1.

Patients with and without flow-limiting stenosis in the SHOCK trial and registry.
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Baseline Characteristics of Patients with Predominant Left Ventricular Failure Shock

Table 1

Flow Limiting Stenosis

Variable No Yes p-valuel
(N =15) (N=767)

Median Age years (IQR) 61.1(58.5,72.3) 67.1(57.5,74.0) 470
Randomized to ERV (N=241) 27% 60% 127
Men 53% 65% 418
White Race, Non-Hispanic 53% 82% .011
Transfer Admission 53% 55% 1.000
Cardiac Pulmonary Resuscitation Pre- 17% 20% 1.000
Randomization (N=185)

Previous Myocardial Infarction 27% 34% 784
Hypertension 67% 49% .199
Diabetes Mellitus 40% 30% 404
Smoker 55% 53% 1.000
Severe Elevated Lipids (N=414) 33% 41% 744
Prior Heart Failure 21% 12% 231
Renal Impairment 0 7% .615
Prior Peripheral Vascular Diseases (N=541) 17% 16% 1.000
Prior Primary Coronary Intervention 7% 8% 1.000
Prior Coronary Artery Bypass Grafting 0 8% .621

Page 8

p-values were obtained using Fisher’s Exact Test for categorical variables, Wilcoxon Rank Sum Test for non-normal variables, and Student’s t-
test for normal variables.

*

Data is expressed as percentages except for age which is expressed as meant + SD
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Laboratory and Hemodynamic Characteristics of Patients with predominant left ventricular failure shock

Table 2

Flow Limiting Stenosis

Variable No Yes p-valuel
(N=15)  (N=767)
Median Initial Creatinine (mg/dL) (Q1, Q3) (N=818) 1(1,2) 1(1,2) .557
Initial Hemotocrit (N=577) 37+9 39+8 403
Pulmonary Edema on X-Ray (N=639) 29 65 .008
Heart Rate at Time of Shock (bpm)2 100+23  98+24 770
Diastolic Blood Pressure at Time of Shock (mm Hg)? 51+23 55+16 617
Systolic Blood Pressure at Time of Shock (mm Hg)2 90 +22 90 +22 987
66+ 14 68 + 15 524

Lowest Recorded Systolic Pressure (mm Hg)2 (N=561)

Page 9

p-values were obtained using Fisher’s Exact Test for categorical variables, Wilcoxon Rank Sum Test for non-normal variables, and Student’s t-

test for normal variables

2. .
Obtained while on support measures
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Table 3

Angiographic Characteristics of Patients with predominant left ventricular failure shock

Flow Limiting Stenosis

Variables No Yes p-valuel
(N=15) (N=767)

Angiographic LVEF % (N=92) 40+13 30+12 .074
Jeopardy Score (N=233) 0£0 8+3 <.001
Culprit Coronary Artery (N=625) .075

Left Main 33% 6%

Left Anterior Descending 67% 48%

Right Coronary Artery 0% 29%

Left Circumflex 0% 15%

Saphenous Venous Graft 0% 1%
Culprit Vessel TIMI Flow 3 (N=2, 583) 100% 18% .036
Culprit Vessel TIMI flow (N=2, 583) .011

TIMI 0-1 0% 61%

TIMI 2 0% 20%

TIMI 3 100% 19%

Diameter Stenosis
50-90% (Flow-limiting Stenosis) 15%
>90% (Flow-limiting Stenosis) 85%

p-values were obtained using Fisher’s Exact Test for categorical variables, Wilcoxon Rank Sum Test for non-normal variables, and Student’s t-
test for normal variables.
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Myocardial Infarction Characteristics of Patients with and without Flow-limiting Stenosis

Table 4

Flow Limiting Stenosis

Variable No Yes p-value
(N=15) (N =767)

New Q waves in 2 Leads 21% 39% 27
New LBBB 21% 8%

Anterior Ml 86% 59% .053
Inferior Index MI (Non-anterior) (%) 7% 36% .025
Median Highest CPK (Q1, Q3) 702 (230, 4360) 2731 (1098, 5223) 018
Median Ml onset to TT (hrs) (Q1, Q3) 2(1,3) 3(1,5) .32
Median M1 to Shock (Q;, Q3) 2(L,5) 6 (2, 19) 087
TT administered 33% 43% .601
Revascularization During Hospital Stay 0 73% <.001

Page 11

TT = thrombolytic therapy; CABG = coronary artery bypass surgery; MI = myocardial infarction; LBBB = left bundle branch block; CK = creatine

kinase
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Outcomes in patients with predominant left ventricular failure shock, with and without flow-limiting stenosis

Flow Limiting Stenosis

Variable No Yes p-valuel
(N =15) (N =767)

Revascularization During Hospital Stay 0 73% <.001
In-hospital Survival 60% 55% 797
Revascularization Patients (N=560) 0 59%
Non-revascularization Patients (N=222) 60% 44% .286
30-Day Survival (Trial Patients Only) (N=241) 71% 57% 702
Revascularization Patients (N=165) 0 60%
Non-revascularization Patients (N=76) 71% 51% 435
1-Year Survival (Trial Patients Only) (N=240) 71% 48% .268
Revascularization Patients (N=164) 0 51%
Non-revascularization Patients (N=76) 71% 39% 124

p-values were obtained using Fisher’s Exact Test for categorical variables, Wilcoxon Rank Sum Test for non-normal variables, and Student’s t-

test for normal variable
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