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Perioperative myocardial infarction in coronary artery disease
patients and 'at-risk' for coronary artery disease patients
undergoing non-cardiac surgery

M. K. VARMA, G. D. PURl, P. CHARI, J. S. VERMA, K. K. KOHLI

ABSTRACT
Background. Perioperative myocardial infarction (paMI)

carries a high mortality and occurs more commonly in patients
with a history of coronary artery disease (CAD). However,
there are also other patients undergoing surgery who are 'at
risk' for CAD but who do not have a history of infarction or
angina. We compared the incidence of paMI in these two
groups.

Methods. In a prospective study of 69 men and 39 women
over 30 years of age undergoing non-cardiac surgery under
general or regional anaesthesia, 56 had definite CAD and 52
were 'at-risk' for CAD. All these patients were followed up with
serial postoperative electrocardiography and CK-MB isoen-
zyme analysis for the diagnosis of paM!.

Results. The paMI rate was 32% in definite CAD patients
and 15% in patients 'at-risk' for CAD. Mortality in patients with
paMI was 17% in those with CAD and 13% in those 'at-risk' for
CAD. Perioperative myocardial infarction was maximal in the
first 24 hours following surgery (77%). All the paMls were
painless. Anaesthesia techniques-whether regional or gen-
eral=did not influence the incidence of paMI (Chi-square,
p>0.05). The type of drugs used in the treatment of CAD such
as beta-blockers, calcium channel blockers and antiplatelet
agents did not cause any difference in the incidence of paMI
(Chi-square,p>0.05). Patients who had either an intraoperative
hypertensive episode, tachycardia, arrhythmias or ST-seg-
ment changes had a higher incidence of paMI (Chi-square,
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p<0.05). The incidence of paMI was not lower in patients
undergoing transurethral resection of the prostate compared
to patients undergoing other types of non-cardiac surgery (Chi-
square, p>0.05).

Conclusion. paMI occurs in one-third of patients with a
history of CAD and one-sixth of those 'at-risk'. It carries a
mortality of 17% and 13% respectively. Decisions to operate
on such patients should be taken with caution.
Natl Med J India 1996;9:214-17

INTRODUCTION

Patients with a history of CAD are at increased risk for perioperati ve
myocardial infarction (POMI) while undergoing non-cardiac
surgery. The incidence of POMI for the general surgical popula-
tion is 0.1 %_0.7%,1.2 whereas, in patients who have a history of
prior MI, the risk of developing reinfarction is 5%_6%.3-5 The
mortality rate from POMI exceeds 50% 6 and is substantially
greater than the 10%-20% mortality rate observed with MI in a
non-surgical setting.' Previous studies have relied on subjective
symptoms or investigations as clinically indicated to diagnose
POM!. On this basis, reinfarction was found to be maximal on the
third postoperati ve day. 3.5.8.9However, POMI may be asymptomatic
(50%-60%) and detected only by changes on serial electrocardio-
graphy (ECG) and/or CK-MB levels.!'' A large number of patients
with hypertension and other risk factors for CAD have to undergo
anaesthesia and surgery without any definitive history of MI or
angina. These patients may also have underlying CAD which may.
be exacerbated during the perioperative period due to haemo-
dynamic changes and a hypercoagulable state." We performed a
prospective study to determine the incidence ofPOMI in patients
with CAD comparing them with patients 'at-risk' for CAD using
serial CK-MB levels and ECG as the diagnostic markers.

METHODS

We studied 108 patients with either definite evidence of CAD or
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'at-risk' for CAD scheduled for non-cardiac surgery. Criteria for
entry into the study included the presence of one ofthe following:
(i) definite CAD as indicated by a previous history of MI, typical
angina or ECG changes suggestive of previous MI without a
documented history of MI, or (ii) 'at-risk' for CAD suggested by
the presence of at least two of the following risk factors (in addi-
tion to hypertension or diabetes mellitus): age >65 years, current
smoking, hypercholesterolaemia (>250 mg/dl) and male sex.

We defined previous MI as either a positive history or ECG
evidence of MI. Typical angina was defined as a history of chest
pain with at least three of the following four characteristics-
substernal location, precipitation by exercise or stress, duration
less than 15 minutes and resolution after rest or nitroglycerine
treatment. Patients with respiratory, renal and liver failure, neuro-
muscular disorders, history suggestive of raised intracranial pres-
sure and cerebrovascular disease were excluded.

A preoperative 12-lead ECG was recorded for every patient.
Their cardiovascular status was evaluated in detail by a cardiolo-
gist. Current medication was continued till the morning of sur-
gery. Blood pressure was measured intraoperatively by an auto-
mated non-invasive blood pressure cuff with a Horizon 2000
monitor (Mannen Inc., USA) using the oscillometric technique.
Intraoperatively, ECG leads II and Vs were monitored continu-
ously. Ischaemic episodes were defined as ST-segment depres-
sion orelevation (~1 mm) for more than three beats. Hypotension
and hypertension were defined as decrease or increase by 30% of
basal systolic BP or an absolute fall or rise to a value of 90 torr and
200 torr respectively in two consecutive readings taken 5 minutes
apart. Tachycardia and bradycardia were defined as heart rates of
>100 and <50 per minute respectively.

The type of anaesthesia given to each patient was decided by
the attending anaesthesiologist depending upon the patient's
condition and preference, and surgical requirements. A 12-lead
ECG was obtained in the immediate postoperative period and
every 12 hours thereafter for the first three postoperative days.
Later, it was repeated every 24 hours till postoperative day 7 or
until the patient was discharged, whichever was earlier. Serial
blood samples for CK-MB were drawn in the immediate post-
operative period and on day 1 and 2 following surgery. In
addition, blood samples for CK-MB assay were taken whenever
there was clinical or electrocardiographic suspicion of ischaemia
or infarction even after 48 hours.

A diagnosis of definite POMI required the following: an
elevation of serum CK-MB (>50 lUlL), with either the develop-
ment of new Q waves or persistent ST-T changes. A diagnosis of
probable MI was made if CK-MB was high in the absence of
obvious and persistent ECG changes. The diagnosis ofPOMI was
confirmed independently by a cardiologist not directly involved
in patient management. Other postoperative events were defined
as unstable angina, congestive cardiac failure (CCF), arrhythmia
or myocardial ischaemia. Patient death was categorized as cardiac
or non-cardiac. Cardiac death was diagnosed if the patient died
from dysrrhythrnias or congestive cardiac failure caused prima-
rily by the cardiac condition. Unstable angina was defined as

~evere, non-surgical, precordial chest pain lasting >30 minutes,
not responding to nitroglycerine, and associated with transient
changes in the ST-segmentorT-wave without the development of
a Q wave or diagnostic enzyme abnormalities. A diagnosis of
CCF required the following: (i) symptoms or signs of pulmonary
congestion (shortness of breath and rales); (ii) signs of right or left
ventricular failure (cardiomegaly, presence of S3'jugular venous
distension and peripheral oedema); (iii) abnormal results on chest
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radiography (vascular redistribution, interstitial oedema, and
alveolar oedema), or deterioration of earlier signs. If transient
ECG changes occurred in the absence of a raised CK-MB, these
were labelled myocardial ischaemia.

The Chi-square test was used to compare the incidence of
POMI in definite CAD patients with that in the 'at-risk' group as
well as to analyse the relationship of POMI with the type of
anaesthesia, duration of surgery, intraoperative haemodynamic
events and preoperative patient variables.

This study was approved by the Hospital Ethics Committee
and informed consent was obtained from all the patients.

RESULTS
The demographic and clinical characteristics of the patients and
their relationship with POMI are shown in Tables I and II. There
was no significant difference in age, weight, duration and type of
anaesthesia between CAD and 'at-risk' for CAD patients.
Intraoperative variables and their relation to POMI are shown in
Table ITI.

Perioperative MI was diagnosed in 18 out of 56 CAD patients
(32%), of which 14 had definite and 4 had probable MI. Eight out
of52 patients (15%) 'at-risk' for CAD developed MI, out of which
5 had definite and 3 had probable MI. The difference between the
two groups was significant (p<0.05). In the CAD group, 41

TABLEI. Demographic and clinical characteristics

Characteristic CAD patients 'at-risk' patients

Age (%) 67 (S.72) 69.6 (4.7)
Sex

Male 39 30
Female 17 22

Duration of anaesthesia
< I00 minutes 21 30
>100 minutes 35 22

Type of anaesthesia
General 36 30
Regional 17 21
General and regional 3 I

No significant difference between the two groups (unpaired t-test and Chi-square
test)

TABLEII. Preoperative patient characteristics and their relation
with perioperative myocardial infarction

Characteristic Incidence of perioperative myocardial infarction

CAD patients 'at-risk' patients
(n=56) (n=52)

Age> 70 years 611S (33.3) 3/16 (lS.S)
Sex (male) 17/39 (43.5)· 3/30 {I 0)
Diabetes mellitus 5/17 (29.4) S/50 {I 6)
Hypertension 15/47 (31.9) S/52 (l5.4)
Uncontrolled hypertension 215 (40) 3111 (27.2)
Definite history of MI S/26 (30.7)
Only ECG evidence of MI S/15 (53.3)
MI-surgery interval <6 months 1/2 (50)
MI-surgery interval >6 months 7124 (29.6)
Angina 2115 (l3.3)
Beta-blockers 12137 (32.4) 2127 (7.4)
Complete heart block 5117 (29.4) 4121 (19)
Antiplatelets 6/27 (22.2) 1/4 (25)

• p<O.OS; Chi-square Figures in parentheses are percentages
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TABLEIII. Intraoperative variables and their relation with
perioperative myocardial infarction

Rate of peri operative myocardial infarction

CAD patients 'at-risk' for CAD Combined

Total 18/56 (32.1) 8/52 (15.4) 26/108 (24.1)
General anaesthesia 11/36 (30.5) 5/30 (16.6) 16/66 (24.2)
Regional anaesthesia 6/17 (35.2) 3/21 (14.2) 9/38 (23.6)
Emergency operation 3/8 (37.5) 012 3110 (30)
Intraoperative

Hypotension 7/16 (43.7) 017 7123 (30.4)
Hypertension 4/5 (80)· 1/4 (25) 5/9 (56)·
Tachycardia 3/3 (100)· 3/3 (100)
Bradycardia 1/3 (33.3) 1/3 (33.3)
Arrhythmia 417 (57.1)· 417 (57)·
ST - T changes 417 (57.1)· 417 (57)·

Duration of anaesthesia
> I00 minutes 12133 (36.3) 4/22 ( 18.2) 16/55 (29.1)

TURP surgery 5/9 (55.5) 1/12 (8.33) 6121 (28.5)

• p<O.05; Chi-square TURP transuretheral resection of the prostate
Figures in parentheses are percentages

patients had preoperati ve MI, out of whom 26 (63%) had a deli nite
history ofMI and IS (37%) had only ECG evidence ofMI (,silent
MI'). The rate of POMI in these two subgroups was not signifi-
cantly different (p>O.OS).The perioperative myocardial rcinfarc-
tion rate was higher (SO%) in patients who had an Ml-to-surgcry
interval less than 6 months compared to patients who had an MI-
to-surgery interval of greater than 6 months (29.6%), but the
difference was not statistically significant (p>O.OS). In patients
with definite CAD, there was no difference in the POMI rate
between patients who had a history of angina compared to patients
with no history of angina (p>O.OS).

In definite CAD patients the rate of paM I was higher (p<O.OS)
in males (43.S%) compared with females (S.8%). In patients 'at-
risk' for CAD there was no statistically significant difference in
the POMI rate between the sexes (p>O.OS). Age more than 70
years did predict POMI in the definite CAD group (p<O.OS),
whereas there was no difference in the paM I rate in the 'at-risk'
for CAD patients (p>O.OS).There was no difference in the rate of
POMI between patients who were preoperatively hypertensive
compared to normotensive patients (p>O.OS)in the definite CAD
group. Preoperative antianginal or antihypertensive therapy did
not discriminate POMI patients in the CAD as well as in the 'at-
risk' group (p>O.OS).We found no difference in POMI rates in
patients who were given regional anaesthesia (23.6%) compared
to those given general anaesthesia (24.2%; p>O.OS).

There was also no difference in the incidence of intraoperati ve
hypotension between patients who were given general anaesthesia
(23%) compared to those given regional anaesthesia (24%; p>O.OS),
or in the incidence of paM I between patients who had intraopera-
tive hypotensive episodes or bradycardia compared to patients
who did not have any such event (p>O.OS).The paM I rate was
higher in patients who had had hypertensive episodes, tachycardia,
arrhythmia or ST-T segment changes intraoperatively (p<O.OS).
Of the S6 definite CAD patients, 6 had postoperative myocardial
ischaemia, against none of the 'at-risk' patients.

There was no difference in the incidence of POMI between
patients who underwent transurethral resection of the prostate
(29%; 6121)and other types of surgery (23%, 20/87, p>O.OS).The
duration of anaesthesia and urgency of surgery did not influence
the POMI rate (p>O.OS).None of the 26 patients who had POMI
in the present study complained of chest pain.
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Out of the 26 patients who had POMI, Sdied. Four deaths were
from cardiac causes and one was due to septicaemia. In the
definite CAD group, 3 out of 18 POMI patients died from cardiac
causes (mortality 17%). In the 'at-risk' group only lout of 8
POMI patients died a cardiac death (13%). POMI was maximum
in the first 24 hours after the start of anaesthesia (77%). All
patients except one suffered POMI within the first three post-
operative days.

DISCUSSION
The risk of myocardial infarction is increased in patients with
CAD or 'at-risk' for CAD. Tarhan et al. 3 reported a 6.6% inci-
dence of POMI in patients with CAD compared to a 0.13%
incidence of paM I in the general population. Topkins and Artusio'
also reported a IO-fold higher incidence of paM I in patients with
a previous history ofMI. Charlson et al. II in a study of hypertensive
and/or diabetic patients reported a 3.8% incidence of POMI.
There are still no reports from India regarding patients who are 'at-
risk' for CAD and their incidence of POMI. In our study, the
incidence of POMI in the 'at-risk' for CAD patients was IS%
compared to a 32% incidence of POMI in patients having defini-
tive evidence of CAD (p<O.OS).

Prys-Roberts? reported that patients with untreated hyperten-
sion had greater perioperative haemodynamic alterations, which
correlated with a higher POMI rate. On the other hand. there was
no significant correlation between chronic hypertension and
POMI in the reports by Rao et al. 13 and Goldman et al. Y We too
could not demonstrate any difference in the POMI rate between
hypertensive and normotensive patients in both definite CAD and
'at-risk' for CAD patients. Usually hypertension is well con-
trolled before surgery and this may be the reason for our findings.

The Framingham study" showed that death due to cardiovas-
cular disease was two to three times higher in diabetics compared
to non-diabetics. However, other studiesv":" in surgical popula-
tions have differed and we too did not find any difference in the
incidence of POMI between diabetics and non-diabetics (Table
II). This may be because all our non-diabetics had either CAD or
other risk factors for CAD.

Other reports'< have shown that the overall risk fordeveloping
POMI in CAD patients is about S%-6%. In our study the inci-
dence of paM I was 24% (261108). This may have been related
to its design-the patients were followed up prospectively using
ECG and CK-MB to diagnose POMI, which meant it was possible
to identify symptomless myocardial infarction. (The previous
studies relied on patient symptoms or an arbitrary choice of time
to perform ECG and assay CK-MB to initiate further tests to rule
out POMI.) If we exclude probable MI patients, then the incidence
of paM I is 2S% in CAD and 9.6% in 'at-risk' for CAD patients.
Seegobin et al. 10 also found a higher incidence (66%) of paM I.
The absence of typical symptoms of chest pain or breathlessness
in all POMI patients conform to the earlier studies.5.15,17-20

The mortality of POMI observed in this study was markedly
lower than those reported in some retrospective studies (70%V In
a prospective series such as the present one, identification and
early treatment of clinically painless infarction may partly explain
this difference, since there is a slightly lower mortality rate in
these patients. 16 In addition some of them who had increased CK-
MB levels in the absence ofECG changes were also considered to
have MI. This may not only overestimate the rate of POMI, but
also give a lower mortality rate as these patients have less
myocardial damage without permanent ECG changes.

We found a POMI rate of S3% in patients with preoperative
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silent MI compared to 31% in patients with a documented history
of MI. Seegobin et al. 10and Knorring" also found a higher inci-
dence of POMI in similar patients. Thus it is evident that even
patients with an abnormal preoperative ECG are at a higher risk
compared to patients with a documented history of previous MI.

Shah et al." found chronic stable angina to be a significant
predictor of POMI. However, most studies, including those with
more thorough multifactorial analysis, did not find this to be an
independent risk factor." We also did not find any differene
between patients who had preoperative angina compared with
patients who did not, but had other evidence of CAD.

The age and sex of patients have been found to be important in
most reports3.9.13.1~.16.19but we found that in CAD patients age> 70
years and male sex did increase the incidence ofPOMI (p<0.05).

Most studies have shown that the more recent the MI, greater
is the risk of POMI. 3.~.9.13.16The risk of POMI has been reported to
be as high as 27%-37% when surgery is performed within the first
3 months of MI and to be 11%-16% when the interval is 4-6
months compared with an approximate 5% incidence of POMI
when the operation is delayed for more than 6 months after MI.
Similar reinfarction rates have been reported" in a group of
patients who had an MI within 3 months (4%) priorto non-cardiac
surgery and more than 6 months (6%) prior to undergoing surgery.
In our study, though the reinfarction rate was higher (50%) in
patients who were operated within 6 months of MI the number of
patients in this subgroup was too small for statistical analysis.

It is well established that the preoperative optimization of the
cardiovascular status of CAD patients by treatment with calcium
channel blockers, beta-blockers and antiplatelet drugs reduces
the incidence of POMI.24.~ Our patients were taking different
drugs, but this did not seem to affect the results.

Like most earlier studies the choice of the anaesthetic tech-
nique (regional v. general) did not influence the POMI rate.1.3.~.9.26
Goldman et al.27found the risk of intraoperative hypotension to be
as great with spinal or epidural anaesthesia as with general
anaesthesia and we too had the same experience.

We did not record haemodynamic changes on permanent strip-
chart recording as it is difficult to comment on detailed haemo-
dynamic changes and their relationship with POMI. However, we
did find that intraoperati ve hypertension, tachycardia, arrhythmias,
ST-Tsegmentchanges carried a worse prognosis than hypotension
and bradycardia (Table III). Thus, rather than the type of anaes-
thesia, the strict maintenance of haemodynamic stability is impor-
tant. As oscilloscope ECG monitoring is not a specific method for
diagnosing myocardial ischaemia, the low incidence in our study
is probably an underestimate and complicates the relation of
intraoperative ischaemia with postoperative myocardial infarction.

A number of studies28.29have reported that patients, even those
with pre-existing heart disease, undergoing transurethral resec-
tion of the prostrate have a lower incidence of cardiovascular
complications; but we found that such patients were not at a lower
risk for POMI (28.5%) compared to patients undergoing other
types of non-cardiac surgery.

Most of the POMI in the present study occurred within 24
hours after the start of anaesthesia; a finding reported in earlier
studies.P!' It may be due to the hypercoagulable state and
hypoxaemia in the postoperative patient.

Thus, patients 'at-risk' for CAD have a 15% risk of developing
POMI, which is lower than the 32% incidence in patients with
CAD. Patients without a history of MI but having ECG evidence
of MI are at no less risk of POMI compared to those with a
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definitive history of preoperative MI. The type of anaesthesia
does not seem to have any effect on perioperative MI. Most of the
perioperative MI occurred within 24 hours of surgery. Intra-
operative tachycardia and hypertension increase the chance of
perioperative infarction.
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