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Perioperative myocardial damage and the incidence of type 2 
myocardial infarction in patients with intermediate and high 

cardiovascular risk

Introduction

Myocardial injury after non-cardiac surgery (MINS) is myo-
cardial cell damage occurring during the first 30 days follow-
ing non-cardiac surgery as a result of an ischemic insult. This 
means there is no evidence of a non-ischemic etiology, includ-
ing sepsis, pulmonary embolism, rapid atrial fibrillation, chronic 
high troponin values, cardioversion, etc. It is independently as-
sociated with mortality. MINS is defined as MI occurring mostly 
in asymptomatic patients with elevated postoperative troponin 
levels, electrocardiographic abnormalities, or other criteria in-

cluded in the universal definition of MI, with no evidence of a 
non-ischemic etiology of the elevated troponin levels (1).

The incidence of MINS was reported as 8%–19%. MI ac-
counts for approximately 40% of MINS when non-high-sensitiv-
ity cTn is evaluated, and about 20%–30% of MINS when high-
sensitivity cTn (hs-cTn) is used (1, 2).

Myocardial necrosis occurs due to the imbalance between 
myocardial oxygen supply and/or demand in the absence of an 
acute atherothrombotic plaque disruption (3). Type 2 MI is one of 
the most common complications of non-cardiac surgeries, with 
a relatively poor prognosis (4). Therefore, in high-risk patients, 

Objective: Perioperative myocardial infarction is a major cause of morbidity and mortality in patients undergoing surgical operations. We aimed 
to determine the incidence of perioperative myocardial infarction in patients with intermediate- or high-risk Framingham scores.
Methods: One hundred and one patients (62 males, 39 females) over 40 years of age (mean age 72±11 years) median 73 (65-81), min- max (46-
96), with Framingham risk scores of 10% or higher, and scheduled for surgical interventions in the orthopedics and urology departments of our 
hospital were included in the study. Patient demographics, comorbidities, blood pressures, and biochemical data were recorded. Troponin values 
and electrocardiographic findings were obtained during the immediate preoperative period and on postoperative day 2 and then compared. 
Perioperative myocardial injury and infarction were diagnosed using the third universal definition of myocardial infarction.
Results: In 44 (43%) patients, postoperative troponin values were compared with the preoperative values. In 26 (25%) patients, the changes were 
consistent with myocardial ischemia or damage. Alterations in troponin values with significant electrocardiogram (ECG) changes were found in 
6 patients (6%).
Conclusion: The risk of postoperative myocardial damage was high in our patients with intermediate or high-risk Framingham scores. This im-
plies that close follow-up of these patients with abnormal ECG and troponin values during the pre- and postoperative period is required.
Keywords: Perioperative myocardial infarction, type 2 myocardial infarction, cardiovascular risk

ABSTRACT

Cite this article as: Keskinler MV, Köstek O, Erok B, Telci Ö, Danacıoğlu O, Oğuz A. Perioperative myocardial damage and the incidence of type 2 myocardial 
infarction in patients with intermediate and high cardiovascular risk. Anatol J Cardiol 2021; 25: 89-95

Original Investigation 89

https://orcid.org/0000-0003-4863-9666
https://orcid.org/0000-0002-1901-5603
https://orcid.org/0000-0001-8036-547X
https://orcid.org/0000-0001-7566-5427
https://orcid.org/0000-0002-3170-062X
https://orcid.org/0000-0002-2595-5167


Keskinler et al.
Perioperative myocardial damage and type 2 myocardial infarction 

Anatol J Cardiol 2021; 25: 00-00
DOI:10.14744/AnatolJCardiol.2020.45752 SN

routine cardiac monitoring is recommended before and 48–72 
hours after the operation (5). In this study, we aimed to assess 
the risk of perioperative myocardial infarction among patients 
with moderate- or high-risk Framingham scores.

Methods

Patients
Patients who were admitted to orthopedics and urology de-

partments of our hospital for elective surgeries were screened. 
Patients who were older than 40 years and whose Framingham 
scores were >10% were included in the study. Framingham 
scores of the patients (based on age, sex, blood pressure, LDL 
cholesterol, HDL cholesterol, history of smoking, and diabetic 
status) were calculated (6). The systolic and diastolic blood 
pressures of all patients were measured after at least 10 minutes 
of rest, using a suitable mercury blood sphygmomanometer from 
both arms based on Korotkoff phase I and phase V sounds. Local 
Ethics Committee approval was obtained from our hospital’s Eth-
ics Board (Date: 27.11.2012, Decision: 28/B) and written informed 
consent was obtained from each patient.

Blood analysis and electrocardiogram
Patients’ fasting alanine transferase, aspartate transferase, 

LDL-C, HDL-C, sodium, potassium, urea, creatinine, preoperative 
hemogram, and troponin values were recorded. Since patients 
were usually discharged on postoperative day 3, troponin values 
were obtained during the preoperative period, and 48 hours after 
the operation. High-sensitivity (hs) cardiac troponin was used 
in the evaluation of the patients. The cut-off value for the test 
used in our laboratory was 0.034 ng/ml. Second-day postopera-
tive troponin values and electrocardiogram (ECG) findings of the 
patients were also recorded. Preoperative and postoperative 
second-day ECG were taken. All the ECGs were assessed by an 
experienced cardiologist (S.B.).

Diagnosis of MI
The diagnosis of myocardial infarction was made by studying 

fluctuations in the troponin level and ECG changes according to 
the third universal definition of myocardial infarction (7).

Statistical analysis
Statistical analysis was done with SPSS for Windows V.21.0 

program. The normality of the distribution of variables was tested 

using the Kolmogorov Smirnov test. Normally-distributed con-
tinuous variables were expressed as mean±standard deviation 
(SD), and those with non-normal distribution were expressed as 
median (interquartile range). Categorical data were analyzed us-
ing the Chi-square test, while quantitative data were analyzed 
by using Student’s t-test and the Mann-Whitney U test. For the 
evaluation of preoperative and postoperative troponin changes, 
the Wilcoxon signed-rank test was used. Independent factors 
predicting postoperative troponin and ECG changes were deter-
mined through logistic regression analyses. P values <0.05 were 
considered significant.

Results

There were 62 male (61%) and 39 female (39%) patients. The 
demographic characteristics of the patients are shown in Table 
1. In our study, the mean Framingham score of the patients was
17%. Postoperative ECG changes were seen in 45 (46%) patients
(Table 2). While the most frequent ECG change was ST depres-
sion, T wave inversion, atrial and ventricular extrasystole, sinus
tachycardia, newly-developed atrial fibrillation (AF), supraven-
tricular tachycardia, and left and right bundle branch block were
also observed (Table 3). Among these, ST depression, T wave in-
version, LBBB, and newly-formed AF were considered as major
ECG changes. In 26 patients, major ECG changes were observed.

In univariate analyses, female gender (OR=2.6, 95% Cl, 1.1–
5.9; p=0.022), presence of diabetes mellitus (OR=2.6, 95% Cl, 1.2–
6.1; p=0.024), and plasma glucose level (OR=1.0, 95% Cl, 1.0–1.1; 
p=0.031) were significantly associated with postoperative ECG 
changes.

According to multiple regression analyses, female sex 
(OR=2.50, 95% CI, 1.04–6.01; p=0.041) and the presence of diabe-
tes mellitus (OR=2.55, 95% CI; 1.06–4.11; p=0.030) were indepen-
dent predictors of postoperative ECG changes (Table 4).

There was no difference in preoperative troponin values be-
tween the groups with and without postoperative ECG changes 
[0.1 (0.1–0.1) vs. 0.1 (0.1–0.2), p=0.651, respectively]. Similarly, 
there was no difference in the postoperative troponin values 
between the groups [0.2 (0.1–0.3) vs. 0.2 (0.1–0.3), p=0.861, re-
spectively]. However, postoperative troponin values increased 
significantly in both groups (Table 5).

It was seen that the groups having moderate and high 
Framingham risk scores were similar in terms of ECG changes 
(p>0.05).

Postoperative troponin changes
Postoperative troponin changes were seen in 44 (43.5%) pa-

tients. In 19 patients, the troponin level was > 0.04. Patients with 
changes in the troponin level were significantly older (76±10 vs. 
69±11, p=0.004) (Table 6). The risk of troponin change was 1.06 
times higher in advanced-age patients than in younger patients 
(OR=1.06, 95% CI, 1.01–1.10, p=0.004). Age was the only factor 
predicting troponin change (p=0.01) (Table 7).

HIGHLIGHTS

• Type 2 myocardial infarction due to perioperative myocar-
dial damage is a common condition.

• This situation should be taken into consideration while
making preoperative evaluation.
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In 6% (6/101) of the patients, ischemic ECG changes (1 LBBB, 
2 ST depression, and 3 T wave inversion) were accompanied by 
significant changes in troponin values. No death occurred in this 
subgroup.

Discussion

In this study, among patients with moderate or high car-
diovascular risk who underwent moderate-risk surgical opera-
tions, approximately one third had postoperative ECG findings 
associated with myocardial ischemia or damage, and approxi-
mately half of the patients had troponin level change. Carol et 
al. reported in their study, which included 187 patients who were 
aged ≥60 and underwent emergency orthopedic operations, 
postoperative ECG changes were observed in approximately 

18.4% of the patients. Also, 40% of the ECG changes were ac-
companied by troponin change. On the other hand, in 13% of the 
patients with postoperative ECG changes, troponin values were 
normal (8). In our study, the estimated risk of postoperative ECG 
change was 43.5%. Among these changes, the most common 
one was ST depression (31%), seen in 14 patients. In 6 of the 24 
patients whose ECGs showed ischemic changes, simultaneous 
troponin changes were also noticed. On average, in one out of 
every 16 patients, postoperative myocardial infarction was ob-
served. These findings showed that troponin level changes af-
ter orthopedic and urologic operations were common, although 
ECG changes accompanied only half of these cases. In patients 
with preoperative ECG abnormalities, postoperative troponin 
follow-up is instrumental for the evaluation of postoperative 
ECG changes. In previous studies, postoperative ischemic ECG 
changes were reported in only half of the patients with postop-

Table 1. Demographic characteristics of the patients

Parameters Total (n=101) Male (n=62) Female (n=39) P-value

Age (years)
 Mean±SD 72±11 70±11 75±11 0.022
Framingham score
 Median (IQR) 17 (12-24) 18 (14-27) 15 (11-19) 0.024
Smoking, n (%) 21 (20.8) 17 (27.4) 4 (10.3) 0.046
Systolic blood pressure (mm/Hg)
 Median (IQR) 140 (130-140) 140 (130-140) 140 (133-140) 0.251
LDL cholesterol (mg/dL)
 Median±SD 112±32 113±29 111±37 0.783
HDL cholesterol (mg/dL)
 Median±SD 43±14 43±16 43±12 0.979
Diabetes mellitus n (%) 35 (34.7) 20 (32.3) 15 (38.5) 0.529
Comorbidities, n (%)

Ischemic heart disease 18 (17.8) 12 (19.4) 6 (15.4) 0.611
Atrial fibrillation 6 (5.9) 4 (6.5) 2 (5.1) 0.782
Hypothyroidism 3 (3.0) 1 (1.6) 2 (5.1) 0.554
Malignancy 1 (1.0) 1 (1.6) - -
Hypertension 93 (92.1) 55 (88.7) 38 (97.4) 0.142

Operation Type, n (%)
Orthopedic surgery

Femur fracture 56 (55.4) 28 (45.2) 28 (71.8)
Gonarthrosis, osteoarthritis 5 (5.0) - 5 (12.8)
Coxarthrosis 3 (3.0) 1 (1.6) 1 (2.6)
Foot amputation 1 (1.0) 1 (1.6) -

Urological surgery
Prostatectomy 19 (18.8) 19 (30.6) -
Cystectomy 9 (8.9) 7 (11.3) 2 (5.1)
Nephrectomy 4 (4.0) 3 (4.8) 1 (2.6)
Nephrolithotomy 2 (2.0) 1 (1.6) 1 (2.6)
Adrenalectomy 1 (1.0) 1 (1.6) -

*SD stands for standard deviation and IQR stands for interquartile range
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erative MI. For this reason, it is thought that in order to assess 
MI, the evaluation of ECG without troponin values is not suffi-
ciently sensitive. The findings of perioperative MI established in 
the previous studies were: non-ST elevated MI, non-Q MI, mild 
ECG changes, and ST depression. In our study, like in other stud-
ies, ST elevation was not frequent. As stated in the Fourth Uni-
versal Definition of Myocardial Infarction, these findings could 
be interpreted as the imbalance between oxygen supply and/or 
demand, seen in situations like perioperative hypotension. The 

prevalence and incidence of coronary heart disease increases 
exponentially with age (9, 10). Although perioperative myocardial 
infarction can occur due to various reasons in younger patients, 
perioperative cardiac mortality and morbidity is a more common 
problem in advanced-age patients experiencing non-cardiac 
operations (11). In a study by Naughton and Feneck (12), surgi-
cal procedures were performed on elderly patients four times 
more than the rest of the population. Although we do not have 
the exact number of patients who underwent surgical operations 
in Europe, it is thought that this number would increase by 25%, 
with a 50% increase in the elderly population as of 2020 (13). In 
our study, the mean age of the patients was 72±11 years, and a 
majority of patients were of advanced age.

The Framingham Heart Study was the pioneer project to as-
sess the risk of coronary artery disease. The study predicts the 
ten-year risk of coronary heart disease as follows: <10% was 
low risk, 10%–20% was moderate risk, and >20% was high risk 
(14). While most of the patients (70%) who were included in the 
study belonged to the moderate-risk group, the proportion of 
high-risk patients was 30%. However, no significant difference 
was found between postoperative ECG and troponin changes in 
the moderate- and high-risk patients included in the study. In 
the last 30 years, various risk indices showing the relationship 
between clinical features and perioperative cardiac mortality 

Table 2. The factors predicting postoperative ECG changes, univariable analysis

ECG changes (+) ECG changes (-) OR (95% CI) P-value
(n=45) (n=56)

Age (years)
 Mean±SD 73±12 72±11 1.0 (0.9-1.0) 0.551
Female, n (%) 23 (51.1) 16 (28.5) 2.6 (1.1-5.9) 0.022
Framingham score
 Median (IQR) 17 (12-24) 17.5 (11.5-23) 0.9 (0.9-1.0) 0.742
Comorbidities, n (%)

Ischemic heart disease 5 (11.1) 13 (23.2) 0.4 (0.1-1.2) 0.121
Atrial fibrillation 2 (4.4) 4 (7.1) 0.6 (0.1-3.4) 0.569
Diabetes mellitus 21 (46.7) 14 (25.0) 2.6 (1.2-6.1) 0.024
Hypertension 42 (93.3) 51 (91.1) 1.3 (0.3-6.0) 0.675

Femur fracture, n (%) 25 (55.6) 31 (55.4) 1.0 (0.4-2.2) 0.981
Prostatectomy, n (%) 8 (17.8) 11 (19.6) 0.8 (0.3-2.4) 0.812
Glucose mg/dL
 Median (IQR) 123 (104-163) 114 (100-136) 1.0 (1.0-1.1) 0.031
Preoperative troponin
 Median (IQR) 0.1 (0.1-0.1) 0.1 (0.1-0.2) 0.04 (0-58) 0.390
Postoperative troponin
 Median (IQR) 0.2 (0.1-0.3) 0.2 (0.1-0.3) 3.1 (0.1-72) 0.471
Hemoglobin, g/dL
 Mean±SD 11.5±1.9 11.8±1.9 0.9 (0.7-1.1) 0.381
Creatinine, mg/dL 0.98 (0.84-1.17) 1.03 (0.81-1.38) 0.6 (0.2-1.4) 0.282

*SD stands for standard deviation and IQR stands for interquartile range, ECG - electrocardiogram

Table 3. Type of postoperative ECG changes (n=45)

n (%)

ST depression 14 31.1
T wave inversion 8 17.8
Atrial extrasystole 7 15.6
Ventricular extrasystole 4 8.9
Sinus tachycardia 6 13.3
Newly-formed atrial fibrillation 2 4.4
Supraventricular tachycardia 1 2.2
Left bundle branch block 2 4.4
Right bundle branch block 1 2.2
Total 45 100
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and morbidity were developed, based on multivariate analyses 
of observational data. In the Lee index (1999), five independent 
clinical determinants of major perioperative cardiac events 

were stated. These were: history of ischemic heart disease, his-
tory of cerebrovascular disease, history of heart failure, pres-
ence of diabetes, and impaired renal function (15). It was report-

Table 4. The factors predicting postoperative ECG changes, multiple logistic regression analysis

OR 95% CI P-value

Lower limit Upper limit

Age 1.01 0.96 1.04 0.841
Sex, female 2.50 1.04 6.01 0.041
The presence of diabetes mellitus 2.55 1.06 6.11 0.030
The presence of CAD 0.43 0.13 1.41 0.161

CAD - coronary artery disease

Table 5. Postoperative ECG and troponin changes

All patients ECG changes (+) ECG changes (-) P-value
(n=101) (n=45) (n=56)

Preoperative troponin
 Median (IQR) 0.1 (0.1-0.2) 0.1 (0.1-0.1) 0.1 (0.1-0.2) 0.651
Postoperative troponin

Median (IQR) 0.2 (0.1-0.3) 0.2 (0.1-0.3) 0.2 (0.1-0.3) 0.861
P-value* <0.001 0.005 0.005

*IQR stands for interquartile range, ECG - electrocardiogram

Table 6. Postoperative troponin changes

Parameters Troponin change (+) Troponin change (-) OR (95% CI) P-value
(n=44) (n=57)

Age (years)
 Mean±SD 76±10 69±11 1.06 (1.01-1.10) 0.004
Female, n (%) 19 (43.2) 20 (35.1) 1.4 (0.6-3.1) 0.411
Framingham score
 Median (IQR) 18 (11-26) 17 (12-22) 1.0 (0.9-1.1) 0.791
Comorbidities, n (%)

Ischemic heart disease 7 (15.9) 11 (19.3) 08 (0.3-2.2) 0.660
Atrial fibrillation 2 (4.5) 4 (7.0) 0.6 (0.1-3.6) 0.611
Diabetes mellitus 18 (40.9) 17 (29.8) 1.6 (0.7-3.7) 0.240
Hypertension 42 (95.5) 51 (89.5) 2.4 (0.4-12.8) 0.284

Femur fracture, n (%) 28 (63.6) 28 (49.1) 1.8 (0.8-4.0) 0.145
Prostatectomy, n (%) 8 (18.2) 11 (19.3) 0.9 (0.3-2.5) 0.882
Glucose mg/dL
 Median (IQR) 122 (106-139) 117 (100-153) 0.9 (0.9-1.0) 0.821
Postoperative ECG changes, n (%) 19 (43.2) 26 (45.6) 0.9 (0.4-2.0) 0.812
Hemoglobin, g/dL
 Mean±SD 11.8±1.4 11.5±2.1 1.0 (0.8-1.3) 0.483
Creatinine, mg/dL
Median (IQR) 0.93 (0.79-1.19) 1.07 (0.85-1.30) 0.8 (0.4-1.6) 0.541

*SD stands for standard deviation and IQR stands for interquartile range
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ed that hospitalization time and the use of healthcare resources 
were more frequent, and the perioperative mortality was higher 
in patients with diabetes mellitus. Recently, attention has been 
focused on newly-developed hyperglycemia in diabetic pa-
tients. In patients with known diabetes, newly-developed hyper-
glycemia was related to a higher risk for adverse results when 
compared with present hyperglycemia (16). In our study, the 
proportion of diabetes was high in patients showing postopera-
tive ECG changes in accordance with the literature. However, 
as for postoperative troponin changes, there was no significant 
difference between diabetics and non-diabetics. On the other 
hand, plasma glucose levels were higher in patients with post-
operative ECG changes than in those without such ECG changes. 
In the perioperative period, the prognosis of patients with stable 
coronary artery disease having high functional capacity is good 
(17). Preoperative ECGs provide important prognostic data, and 
are predictors of perioperative ischemia in patients with isch-
emic heart disease (18).

Study limitations
There were several limitations in this study. The number of 

events was not enough to establish underlying risk factors for six 
patients whose ECG changes were accompanied by significant 
changes in troponin values. Postoperative ECG and troponin val-
ues were evaluated only on the second postoperative day. Serial 
monitoring and longer follow-up were not done. Another limita-
tion was that information about the functional capacity of the 
subjects and the presence of heart failure and/or renal failure 
were not present in the data.

Conclusion

In conclusion, the occurrence of postoperative myocardial 
infarction in 1 out of every 16 patients who with high- or moder-
ate-risk scores is significant. The evaluation of preoperative car-
diovascular disease risk profiles and close follow-up, especially 
of high- and moderate-risk patients through ECG and troponin 
values is important.
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