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Coronary artery disease is the leading cause of death in the 

United States and other industrialized nations. Patients with cor-
onary artery disease are at high risk for myocardial infarction 
following noncardiac surgery. The authors identify 28 such pa-
tients with a 43% mortality rate. Ninety-three percent of infarc-
tions occurred within the first two postoperative days. Chest pain 
was the presenting symptom in only 39% of these patients. Other 
presenting signs and symptoms included hypotension, heart fail-
ure, alteration of mental status, various atrial and ventricular 
arrhythmias, and cardiac tamponade from ventricular rupture. 
Advanced age and identified coronary atherosclerosis seemed to 
be dominant risk factors. 
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Despite the decrease in overall cardiovascular mortality,1 

myocardial infarction remains the leading cause of death 
in industrialized nations; more than 500,000 deaths occur 
annually in the United States alone.2 

The risk of sustaining a myocardial infarction following 
a major surgical procedure is small,3 except in patients with 
coronary artery disease.3"6 Thus, the physician's ability to 
identify patients at increased risk is a vital component of 
the preoperative medical evaluation. Many studies have 
identified preoperative factors which predict postoperative 
or perioperative cardiac complications in general surgical 
populations.7'8 This review presents our experience with 
patients sustaining myocardial infarction following noncar-
diac surgery. 
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Table 1. Timing of myocardial infarction following 
surgery 

Number of patients 
Postoperative day (percent) 

0 11 (39%) 
1 6 ( 2 1 % ) 
2 9 (32%) 
3 0 
4 1 (4%) 
5 0 
6 0 
7 1 (4%) 

Materials and methods 
Discharge information for all patients 

undergoing major elective or emergent noncar-
diac surgery between November 1, 1980, and 
September 1, 1984, was reviewed to determine 
if a coded in-hospital myocardial infarction had 
occurred. These records were evaluated to en-
sure that adequate evidence of myocardial infarc-
tion existed. Myocardial infarction was defined 
as a new transmural infarct based on evolution 
of pathologic Q waves on the electrocardiogram 
and persistent ST and T wave changes associated 
with characteristic serum enzyme changes or an 
appropriate clinical picture of pain, congestive 
heart failure, or arrhythmia. Twenty-eight pa-
tients met the criteria. 

Following the confirmation of perioperative 
myocardial infarction, the following information 
was obtained: age, sex, type and duration of 
surgery, type of anesthesia, presence of intra-
operative hypotension, evidence of coronary ar-
tery disease (previous myocardial infarction, past 
coronary artery bypass graft surgery, abnormal 
coronary arteriography, or angina pectoris), and 
traditional cardiac risk factors (heavy cigarette 
use, diabetes mellitus, hypertension, and hyper-
cholesterolemia). The patient's preoperative 
electrocardiogram was reviewed for evidence of 
past myocardial infarction, abnormal ST and T 
wave appearance, and ventricular ectopy. The 
preoperative chest radiograph was evaluated for 
the presence of aortic calcification. 

The postoperative course was reviewed for 
timing of myocardial infarction, clinical presen-
tation, complications after the myocardial infarc-
tion, and the ultimate clinical outcome. Conges-
tive heart failure was considered to have oc-
curred if the patient was found to have pulmo-
nary rales, a third heart sound, and a chest radi-
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ograph supporting such findings. Determination 
of arrhythmias required a diagnostic electrocar-
diogram with rhythm strip. A cardiac death was 
defined as death from an arrhythmia or refrac-
tory low-output cardiac state. A noncardiac death 
was defined as death from any other cause re-
gardless of the presence of cardiac complications. 

Results 
There were 30,000 potential subjects undergo-

ing major noncardiac surgical procedures over 
the period of study. Records of 28 individuals 
(71% male) who sustained an identified periop-
erative myocardial infarction were found. The 
ages ranged from 48 to 93 years (average, 71 
years). Twenty-five (89%) had an abnormal elec-
trocardiogram—14 (50%) with findings compat-
ible with a previous myocardial infarction. By 
history, 18 (64%) had stable angina pectoris, 17 
(61%) had hypertension, 14 (50%) used tobacco 
on a daily basis (>1 pack/day for at least five 
years), and 8 (29%) had insulin-treated diabetes 
mellitus. Cholesterol levels ranged from 126 
mg% to 310 mg% (average value, 186 mg%). 
Fifteen (54%) had aortic calcification as shown 
on the admitting chest radiograph. Two patients 
had undergone coronary artery bypass grafting 
before the present surgery (five and eight years, 
previously). Seven (25%) had undergone a pre-
vious cardiac catheterization; 6 within three 
months of the index surgery. Surgical procedures 
included carotid endarterectomy (5), abdominal 
aortic aneurysm repair (5) (emergent vascular 
surgery [2]), femoral embolectomy (1), other ma-
jo r abdominal surgery (7), orthopedic surgery 
(5), ophthalmologic surgery (2), craniotomy (1), 
mandibulectomy (1), and transurethral resection 
of the prostate (1). The duration of surgery 
ranged from one to 13 hours (average, four 
hours). Eighty-nine percent had been given gen-
eral anesthesia. An intraoperative hypotensive 
episode (defined as a transient reduction of 50% 
or a 30% reduction for >10 minutes) was docu-
mented in 5. 

The timing and presentation of myocardial 
infarction are summarized (Tables 1 and 2). Over-
all, 26 (93%) had myocardial infarction within 
the first two postoperative days. The presenta-
tion varied and included hypotension, chest pain, 
heart failure, arrhythmia, altered mental status, 
cardiopulmonary arrest, and nausea with hyper-
tension. 

Cardiac complications following myocardial in-
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farction occurred in 17 (61%). These included 
cardiogenic shock in 7 (25%), arrhythmias (atrial 
fibrillation, premature ventricular beats, ventric-
ular tachycardia, ventricular fibrillation, and 
complete heart block) in 6 (21%), heart failure in 
3 (11%), and rupture of the myocardium in 1 
(4%). 

Forty-three percent of the patients died; car-
diac causes were directly responsible in 10 (83%) 
(cardiogenic shock in 7, malignant ventricular 
arrhythmias in 2, and ventricular myocardial rup-
ture in 1). Sixteen of 28 patients (57%) with an 
intraoperative or postoperative myocardial in-
farction survived and were eventually discharged 
from the hospital. 

Discussion 
There are numerous physiological and bio-

chemical changes which occur during the opera-
tive and postoperative period. Many of these 
changes, including the induction of anesthesia, 
fluctuation of intravascular volume, anxiety, 
pain, and at times, fever with or without infec-
tion, increase the overall metabolic requirement 
and ultimately increase myocardial oxygen de-
mand. Patients with underlying coronary artery 
disease may be unable to meet these demands, 
resulting in ischemia and myocardial infarction.9 

Improved techniques have substantially re-
duced the general risk accompanying surgical 
procedures. As a result, perioperative complica-
tions now usually involve the cardiovascular sys-
tem. The risk of myocardial infarction and/or 
cardiac death associated with surgery has 
been estimated to be approximately 0.2%.10 

However, the risk of cardiac complications is 
increased in patients with coronary artery dis-
ease, particularly those that have had a myocar-
dial infarction within six months of surgery.3-6 

Identification of high-risk patients and careful 
perioperative hemodynamic monitoring may as-
sist in reducing morbidity and mortality,1112 and 
coronary artery bypass grafting has been shown 
to improve noncardiac surgical outcome in pa-
tients with severe coronary artery disease.13-16 

The classic presentation of myocardial infarc-
tion with radiating substernal chest pain may be 
masked by incisional distress, sedation, analgesia, 
and noncardiac postoperative complications. 
Non-anginal modes of presentation included 
heart failure and various atrial and ventricular 
arrhythmias. Driscoll et al17 studied 500 patients 
in the postoperative period and were able to 

Table 2. Clinical presentation of postoperative 
myocardial infarction 

Clinical signs/symptoms 
Number of patients 

(percent) 

H y p o t e n s i o n 11 (39%) 
Ches t pain 11 (39%) 
C o n g e s t i v e heart fai lure 7 (25%) 
C a r d i o p u l m o n a r y arrest 1 (4%) 
A l t e r e d menta l status 2 (7%) 
A r r h y t h m i a (new onset ) 5 (18%) 
N a u s e a , hyper tens ion 1 (4%) 

document 12 myocardial infarctions—2 present-
ing with chest pain, 4 with intraoperative hypo-
tension, 3 with postoperative hypotension, and 1 
with acute pulmonary edema. More recent stud-
ies conducted by Goldman et al7'8 involving 1,001 
patients undergoing a major noncardiac surgical 
procedure identified 18 patients with periopera-
tive myocardial infarction. Nine patients (50%) 
experienced chest pain while the remaining pa-
tients experienced new or worsening heart fail-
ure, hypotension, and supraventricular arrhyth-
mias. The 50% incidence of painless myocardial 
infarction contrasts with the 10%-20% rate ob-
served in the general population.18'19 While myo-
cardial infarction may occur at any time in the 
postoperative period, studies suggest that >90% 
occur within the first six days, with a peak inci-
dence at day three.3'7'8 A 50% mortality rate has 
been observed.9 

The electrocardiogram remains a sensitive in-
dicator of myocardial ischemia and injury; how-
ever, nonspecific ST and T wave changes follow-
ing major intrathoracic and intraabdominal pro-
cedures necessitate the use of more specific tests. 
Serum enzyme evaluations are too nonspecific to 
be useful. The MB fraction of creatine kinase 
(CK-MB) provides the most rapid, sensitive, spe-
cific, and cost-effective means of detecting myo-
cardial injury.20 Radionuclide scanning has been 
useful for identifying true transmural myocardial 
infarction, but its sensitivity in nontransmural 
infarction is less and therefore cannot be rou-
tinely used for diagnosis.21 

This type of retrospective analysis is subject to 
the well-recognized errors of omission and inclu-
sion which can affect coded medical records. At 
our institution, aggressive awareness of coronary 
disease may have altered the population exposed 
to surgical risk, but with this in mind, our analysis 
suggests that the incidence of myocardial infarc-
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tion in the postoperative period is low (0.09%). 
As with other series, we noted myocardial infarc-
tion following a broad range of surgical proce-
dures. Major abdominal, thoracic, and vascular 
surgical procedures predominated. Emergent 
vascular surgery, particularly symptomatic ab-
dominal aortic aneurysm resection, was often 
complicated by myocardial infarction. The aver-
age age of our study population was 71 years, 
which is in itself a risk for cardiac complica-
tions.7'8 22 Furthermore, 64% of patients gave a 
history of angina pectoris and 50% of these had 
electrocardiographic evidence of previous myo-
cardial infarction; these percentages were the 
result primarily of the tertiary nature of our 
institution. No patient was identified who was 
thought to have experienced a myocardial infarc-
tion within six months of the time of surgery, but 
one quarter of the patients experiencing a post-
operative myocardial infarction had undergone 
coronary arteriography within three months of 
operation and were cleared for surgery "at in-
creased risk." 

Analysis of the timing of myocardial infarction 
yielded findings at variance with other studies. 
Thirty-nine percent had myocardial infarction 
identified either during surgery or within the 
first 12 postoperative hours. Ninety-three per-
cent had myocardial infarction within two days 
of surgery. 

The 43% mortality rate following myocardial 
infarction is consistent with other studies5,6-9 and 
emphasizes the serious nature of this entity. 

Conclusion 
Patients with coronary artery disease are at risk 

for perioperative myocardial infarction with sig-
nificant morbidity and mortality. The clinical 
presentation is frequently atypical, with hypoten-
sion, altered mental status, heart failure, and 
various arrhythmias being the important signs 
which a clinician must recognize. The identifica-
tion of a high-risk patient may warrant further 
preoperative evaluation with provocative coro-
nary testing or formal coronary arteriography. 
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