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Background: Cardiac troponin T (cTnT) is currently one of the important indicators for 
clinical diagnosis of myocardial injury, which is inevitable in cardiac surgery, especially 
coronary artery bypass grafting (CABG). Describing the release profile of cTnT and finding 
out the risk factors of postoperative myocardial injury (PMI) are of great significance. The 
purposes of this study are to explore the release profile of cTnT in patients undergoing 
CABG and to search for independent risk factors of PMI.
Methods: In this retrospective study, clinical data of CABG patients were collected. The 
cTnT was measured at 24 hours before and 6, 12, 24, 48, 72, 96 and 120 hours after operation 
separately. The release profiles and peak time of cTnT in total cohort and sub-cohorts were 
observed. Independent risk factors of PMI were explored via univariate and multivariate 
logistic regression analyses.
Results: In total, 2084 patients were enrolled, including 998 patients in a cTnT group and 
1086 patients in a high-sensitive cTnT (hs-cTnT) group. PMI was recognized in 797 patients. 
In both groups, cTnT showed a trend of rising first and then falling within 120 hours after 
operation. The peak cTnT appeared within 12–24 hours after operation, while the peak hs- 
cTnT occurred mostly within 24–48 hours after operation. Univariate logistic analysis 
showed that body mass index (BMI), New York Heart Association (NYHA) classification, 
coronary artery disease (CAD) classification, cerebrovascular disease, left ventricular ejec-
tion fraction, number of diseased vessels, valvular disease, intra-aortic balloon pump (IABP) 
implantation, chronic obstructive pulmonary disease, pulmonary hypertension, previous 
percutaneous coronary intervention (PCI), BMI, bypass graft number, cardiopulmonary 
bypass, and preoperative cTnT were related risk factors. Multivariate logistic regression 
analysis showed that NYHA classification, CAD classification, valvular disease, IABP 
implantation, pulmonary hypertension, previous PCI, bypass graft number, cardiopulmonary 
bypass, and preoperative cTnT were independent risk factors of PMI.
Conclusion: NYHA classification, CAD classification, valvular disease, IABP implantation, 
pulmonary hypertension, previous PCI, bypass graft number, cardiopulmonary bypass, and 
preoperative cTnT are independent risk factors of PMI in patients undergoing CABG.
Keywords: cardiac troponin T, coronary artery bypass grafting, myocardial injury

Background
In recent years, the incidence of cardiovascular diseases has increased year-to-year 
with the social development.1 Coronary artery bypass grafting (CABG) is one of 
the main treatments for serious coronary artery diseases (CADs), and the number of 
operations is increasing.2,3 Postoperative myocardial injury (PMI) is inevitable,4,5 
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which can be identified and diagnosed by myocardial 
injury markers, such as cardiac troponin T (cTnT).6–8 

Early recognition of PMI is conducive to early interven-
tion, reducing complications and improving prognosis. 
However, few studies have focused on the release profile 
of cTnT and the risk factors of PMI. This study is aimed to 
explore the release profile of cTnT after CABG and to find 
out independent risk factors of PMI.

Methods
Patients
This two-center retrospective study enrolled 2244 conse-
cutive patients undergoing CABG (including on-pump 
CABG and off-pump CABG) in the First Affiliated 
Hospital of Nanjing Medical University and the East 
Hospital Affiliated to Tongji University between 
January 2005 and October 2020. Exclusion criteria were 
preoperative hemodialysis (35 cases), age < 18 years (13 
cases), redo CABG (19 cases), death during operation or 
within 48 hours after operation (11 cases), lack of pre-
operative cTnT (41 cases), and lack of medical record (41 
cases) (Figure 1). Finally, 2084 patients formed the 
research database. All included patients or their legal 
representatives signed written informed consent in the 
study and all surgical procedures. Blood for measurement 
of cTnT was sampled at 24 hours before and 6, 12, 24, 48, 
72, 96, and 120 hours after operation separately. The 
detection limit of cTnT is 0.1–2 ng/mL and the normal 

range is 0–0.1 ng/mL.9 The new-generation high- 
sensitivity cTnT (hs-cTnT) has been adopted in clinical 
practice since 2012. The detection limit of hs-cTnT is 0– 
10,000 ng/l and normal range is 0–14 ng/l.10–12 According 
to the cTnT measurement method, the patients were 
divided into two sub-cohorts: a cTnT group and an hs- 
cTnT group. This study was approved by the Ethics 
Committee of Shanghai East Hospital and registered with 
the number of ChiCTR2100044847 (http://www.chictr.org. 
cn/). This study was conducted in accordance with the 
Declaration of Helsinki.

Study Endpoints
Endpoints of this study were the incident and risk factors 
of PMI. According to the fourth universal definition of 
myocardial infarction, PMI was defined as elevation of 
cTnT/hs-cTnT > 10 times of the 99th percentile upper 
reference limit in patients with normal baseline values. 
Patients with elevated pre-procedural cTnT/hs-cTnT must 
meet the criteria for a > 10-fold increase and manifest a > 
20% change from the baseline value.13 In addition to the 
criteria for PMI, the definition of postoperative myocardial 
infarction also meets at least one of the standards: (1) 
generation of new pathological Q waves; (2) imaging 
evidence of myocardial necrosis; (3) results of angiogra-
phy consistent with the complications of surgical proce-
dures (for example, coronary artery dissection, occlusion 
of major epicardial arteries or grafts, collateral artery 

Figure 1 Flow chart of inclusion and exclusion. 
Abbreviations: HNMU, the First Affiliated Hospital of Nanjing Medical University; EHTU, the East Hospital Affiliated to Tongji University.
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occlusion thrombus, blood flow interruption or distal 
embolism).13

Statistical Analysis
The measured data in normal distribution were expressed 
as mean ± standard, and compared between groups by an 
independent two-sample Student’s t-test. The measured 
data in non-normal distribution were expressed as med-
ian and interquartile ranges, and compared between 
groups using the non-parameter Mann Whitney U-test. 
Simple frequency and percentages were used in the 
descriptive analysis. The Chi-square test and Fisher 
exact test were used to compare proportions. All ana-
lyses were two-sided, with P< 0.05 considered to be 
significant. Univariate and multivariate logistic regres-
sion analyses were used for correlation analysis to deter-
mine the effects of the independent variables with 
dependent variable using odds ratio (OR) and 95% con-
fidence intervals (CIs). Factors with P < 0.1 in univariate 
analysis and clinically recognized risk factors were 
included in multivariate analysis. SPSS23.0 was used to 
analyze the data.

Results
Baseline Clinical Characteristics
In the total cohort, the median age was 66 years old, and 
there were 1587 (76.15%) male, 1419 (68.09%) patients 
with hypertension, 679 (32.58%) patients with diabetes, 54 
(2.59%) patients receiving emergency operation, 255 
(12.24%) patients with valvular disease (ischemic mitral 
regurgitation without surgical intervention), 1666 
(79.94%) patients underwent off-pump coronary artery 
bypass grafting (OPCABG), and 187 (8.97%) patients 
with a history of percutaneous coronary intervention 
(PCI). Forty-three (2.06%) deaths happened within 30 
days after the operation.

In the hs-cTnT group, the median age was 65 years old, 
and there were 829 (76.34%) males, 689 (63.44%) patients 
with hypertension, 351 (32.32%) patients with diabetes, 45 
(4.14%) patients receiving emergency operation, 185 
(17.03%) patients with valvular disease, 888 (81.77%) 
patients underwent OPCABG, and 157 (14.46%) patients 
with history of PCI. Twenty-three (2.12%) deaths occurred 
within 30 days after operation. Baseline clinical character-
istics of patients are shown in Table 1.

Compared with the cTnT group, the hs-cTnT group 
had higher proportions of cerebrovascular diseases, 

peripheral vascular diseases, emergency operation, valvu-
lar diseases, chronic obstructive pulmonary disease 
(COPD), pulmonary hypertension, and previous PCI 
(P<0.05).

Trend of Median Value
In either the cTnT group or the hs-cTnT group, the median 
value of cTnT changed greatly, showing a trend of increas-
ing first and then decreasing. The change trend of the hs- 
cTnT group was more significant. The peak cTnT appeared 
at 12 hours after operation in most patients of the cTnT 
group (0.14 ng/mL), but at 24 hours after operation in the 
hs-cTnT group (168.7 ng/l) (Figure 2).

According to the definitions of PMI and cTnT types, the 
whole cohort was divided into four subgroups: non-PMI- 
cTnT, PMI-cTnT, non-PMI-hs-cTnT and PMI-hs-cTnT. The 
changes of cTnT/hs-cTnT in the four subgroups basically 
remained the same trend. However, in the PMI-cTnT sub-
group, the median values of cTnT after operation were lower 
than those before operation (Table 2 and Figure 3).

Peak Value Distribution
The peak cTnT after CABG was defined as the postopera-
tive cTnT/hs-cTnT greater, for at least once, than the upper 
limit of normal value. The cTnT group involved 700 (700/ 
998, 70.14%) patients with postoperative peaks, which 
mostly occurred in 6–24 hours (525/700, 75.00%) after 
operation. The hs-cTnT group involved 1082 (1082/1086, 
99.63%) patients with postoperative peaks, which mostly 
happened 12–48 hours (859/1082, 79.4%) after operation 
(Figure 4). The hs-cTnT group had a higher proportion of 
patients with postoperative peak than the cTnT group 
(99.63% vs 70.14%). The peak distributions of the two 
groups were roughly the same, but the occurring time of 
most postoperative peak in the hs-cTnT group was later 
than that in the cTnT group.

Logistic Regression Analysis
Univariate logistic analysis showed that body weight, 
New York Heart Association (NYHA) classification, 
CAD classification, cerebrovascular diseases, left ventri-
cular ejection fraction (LVEF), number of diseased ves-
sels, valvular disease, intra-aortic balloon pump (IABP) 
implantation, COPD, pulmonary hypertension, previous 
PCI, bypass graft number, cardiopulmonary bypass, and 
preoperative cTnT were risk factors of PMI (Table 3).

Multivariate logistic regression analysis showed that 
NYHA classification, CAD classification, valvular disease, 
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Table 1 Baseline Clinical Characteristics of Total Cohort and Subsets

Variables cTnT Group (n=998) hs-cTnT Group (n=1086) Total(n=2084)

Age(y) 66(60;71) 65(60;71) 66(60;71)

Male (n, %) 758(75.95) 829(76.34) 1587(76.15)

Weight (kg) 69(61;76) 68.9(61;75) 69(61;75)

Height (cm) 168(160;172) 168(160;172) 168(160;172)

NYHA classification (n, %)

I 74(7.41) 186(17.13) 260(12.48)

II 703(70.44) 631(58.1) 1334(64.01)

III 203(20.34) 242(22.28) 445(21.35)

IV 18(1.8) 27(2.49) 45(2.16)

CAD classification (n, %)

Stable angina 249(24.95) 400(36.83) 649(31.14)

Unstable angina 579(58.02) 536(49.36) 1115(53.5)

AMI 170(17.03) 150(13.81) 320(15.36)

Hypertension (n, %) 730(73.15) 689(63.44) 1419(68.09)

Diabetes (n, %) 328(32.87) 351(32.32) 679(32.58)

Cerebrovascular disease(n,%)

Lacunar infarction 229(22.95) 159(14.64) 388(18.62)

Stroke 35(3.51) 67(6.17) 102(4.89)

Cr(μmol/l) 79.9(68;92.35) 73.3(62.1;87) 76.60(64.72;90.17)

Ccr(mL/min/1.73 m2) 76.4(61.71;93.19) 80.96(64.83;100.59) 78.41(63.37;96.78)

LVEF (%) 63.3(60;65.9) 62.4(56;65) 63(58.90;65.40)

Number of diseased vessels (n, %)

1 34(3.41) 56(5.16) 90(4.32)

2 82(8.22) 80(7.37) 162(7.77)

3 882(88.38) 950(87.48) 1832(87.91)

Peripheral vascular disease (n,%) 26(2.61) 58(5.34) 84(4.03)

Emergency surgery (n,%)

Emergency 9(0.9) 45(4.14) 54(2.59)

Rescue 9(0.9) 5(0.46) 14(0.67)

Valvular disease(n,%) 70(7.01) 185(17.03) 255(12.24)

IABP implantation(n,%)

Preoperative 5(0.5) 11(1.01) 16(0.77)

Intraoperative 9(0.9) 15(1.38) 24(1.15)

Postoperative 3(0.3) 2(0.18) 5(0.24)

COPD (n,%) 21(2.1) 50(4.6) 71(3.41)

Atrial fibrillation (n,%) 33(3.31) 43(3.96) 76(3.65)

Pulmonary hypertension (n,%) 23(2.3) 171(15.75) 194(9.31)

Previous PCI (n,%) 30(3.01) 157(14.46) 187(8.97)

BMI (kg/m2) 24.80(22.84;26.84) 24.68(22.86;26.67) 24.74(22.84;26.72)

BSA (m2) 1.77(1.66;1.88) 1.79(1.67;1.91) 1.78(1.66;1.89)

Renal failure (n,%) 12(1.2) 18(1.66) 30(1.44)

(Continued)
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IABP implantation, pulmonary hypertension, previous 
PCI, bypass graft number, cardiopulmonary bypass, and 
preoperative cTnT were independent risk factors of PMI 
(Figure 5).

Discussion
For the majority of patients, the release of cTnT after 
operation had a similar process of rising sharply first and 
then falling slowly. The range of changes in the hs-cTnT 
group was more dramatic, and the peak concentration time 
was relatively delayed compared with the cTnT group. 
NYHA classification, CAD classification, valvular disease, 
IABP implantation, pulmonary hypertension, previous 
PCI, bypass graft number, cardiopulmonary bypass, and 
preoperative cTnT were independent risk factors of PMI, 
which are of great clinical significance for preoperative 
evaluation.

Clinically, determination of cardiac troponin is 
regarded as the biochemical gold standard for diagnosis 
and classification of myocardial injury.14 Both cTnT and 
cardiac troponin I (cTnI) have excellent sensitivity and 

specificity as indicators of myocardial necrosis. 
Concentrations of both begin to rise in the 4–8 hours 
following injury and peak at 12–24 hours. cTnT may 
remain rising for more than two weeks and cTnI for 
more than 5–7 days.15 cTnT seemingly has higher sensi-
tivity and specificity than cTnI.16,17 Due to surgical 
injury, ischemia and other reasons, patients undergoing 
CABG are more likely to experience elevated troponin 
levels after operation.18,19 Especially after cardiopulmon-
ary bypass, reversible or irreversible cell damage may 
occur due to incomplete cardioprotection or huge hyper-
trophy of diffuse CAD and inevitable surgical trauma. 
Therefore, the postoperative release of cardiac troponin 
is more complicated. Troponin can be used as an inde-
pendent predictor of short- and long-term prognosis.20–22 

Compared to other myocardial injury markers, such as 
CK-MB, cTnT was a better predictor.23 Especially when 
cTnT and risk evaluation system were used in combina-
tion, the predictive performance of all-cause mortality 
after CABG was better than risk evaluation system 
alone.24,25 Hu et al founded that the peak values and 

Table 1 (Continued). 

Variables cTnT Group (n=998) hs-cTnT Group (n=1086) Total(n=2084)

In-hospital mortality (n,%) 20(2) 23(2.12) 43(2.06)

Bypass graft number(n) 3 (3;4) 3(3;4) 3(3;4)

Cardiopulmonary bypass (n, %) 220(22.04) 198(18.23) 418(20.06)

EuroSCORE II 1.51(1.01;2.22) 1.28(0.90;2.18) 1.38(0.95;2.21)

STS Score 0.808(0.52;1.33) 0.74(0.44;1.24) 0.77(0.48;1.28)

PMI (n, %) 82(8.20) 715(65.80) 797(38.20)

Abbreviations: cTnT, cardiac troponin T; hs-cTnT, high sensitivity cardiac troponin T; NYHA, New York heart association; CAD, coronary artery disease; AMI, acute 
myocardial infarction; Cr, creatinine; Ccr, creatinine clearance rate; LVEF, left ventricular ejection fraction; IABP, intra-aortic balloon pump; COPD, chronic obstructive 
pulmonary disease; PCI, percutaneous coronary intervention; BMI, body mass index; BSA, body surface area; EuroSCORE, European system for cardiac operative risk 
evaluation; STS score, the Society of Thoracic Surgeons score; PMI, postoperative myocardial injury.

Figure 2 Median values of (A) cTnT in cTnT group and (B) hs-cTnT in hs-cTnT group at different time points. Red lines: the fitted curves of the median value at each time 
point. 
Abbreviation: Po6h, value of cTnT at 6 hours after operation.

International Journal of General Medicine 2021:14                                                                             https://doi.org/10.2147/IJGM.S315691                                                                                                                                                                                                                       

DovePress                                                                                                                       
2545

Dovepress                                                                                                                                                               Gu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 Baseline Clinical Characteristics of Non-PMI Group and PMI Group

Variables Non-PMI Group (n=1287) PMI Group (n=797) Total(n=2084)

Age(y) 65(60;71) 66(60;71) 66(60;71)

Male (n, %) 981(76.22) 606(76.04) 1587(76.15)

Weight (kg) 70 (62;76) 68(61;75) 69(61;75)

Height (cm) 168(160;172) 168(160;172) 168(160;172)

NYHA classification (n, %)

I 118(9.17) 142(17.82) 260(12.48)

II 867(67.37) 467(58.59) 1334(64.01)

III 271(21.06) 174(21.83) 445(21.35)

IV 31(2.41) 14(1.76) 45(2.16)

CAD classification (n, %)

Stable angina 371(28.83) 278(34.88) 649(31.14)

Unstable angina 706(54.86) 409(51.32) 1115(53.5)

AMI 210(16.32) 110(13.8) 320(15.36)

Hypertension (n, %) 880(68.38) 539(67.63) 1419(68.09)

Diabetes (n, %) 422(32.79) 257(32.25) 679(32.58)

Cerebrovascular disease (n, %)

Lacunar infarction 276(21.45) 112(14.05) 388(18.62)

Stroke 55(4.27) 47(5.9) 102(4.89)

Cr(μmol/l) 77(65.2;90.1) 75.2(64;90.25) 76.60(64.72;90.17)

Ccr(mL/min/1.73 m2) 77.87(63.66;96.99) 79.37(62.71;95.90) 78.41(63.37;96.78)

LVEF (%) 63.00(59.90;65.80) 62.40(57.00;65.00) 63.00(58.90;65.40)

Number of diseased vessels (n, %)

1 67(5.21) 23(2.89) 90(4.32)

2 106(8.24) 56(7.03) 162(7.77)

3 1114(86.56) 718(90.09) 1832(87.91)

Peripheral vascular disease (n, %) 52(4.04) 32(4.02) 84(4.03)

Emergency surgery (n, %)

Emergency 32(2.49) 22(2.76) 54(2.59)

Rescue 9(0.7) 5(0.63) 14(0.67)

Valvular disease(n,%) 119(9.25) 136(17.06) 255(12.24)

IABP implantation (n, %)

Preoperative 11(0.85) 5(0.63) 16(0.77)

Intraoperative 6(0.47) 18(2.26) 24(1.15)

Postoperative 3(0.23) 2(0.25) 5(0.24)

COPD (n, %) 36(2.8) 35(4.39) 71(3.41)

Atrial flutter and fibrillation (n, %) 45(3.5) 31(3.89) 76(3.65)

Pulmonary hypertension (n, %) 85(6.6) 109(13.68) 194(9.31)

Previous PCI (n, %) 91(7.07) 96(12.05) 187(8.97)

BMI (kg/m2) 24.80(22.86;26.89) 24.57(22.84;26.54) 24.74(22.84;26.72)

BSA (m2) 1.78(1.66;1.89) 1.78(1.66;1.89) 1.78(1.66;1.89)

Renal failure (n, %) 16(1.24) 14(1.76) 30(1.44)

(Continued)
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peak phases of postoperative cTnT were both risk factors 
for mid-term prognosis of OPCABG patients.26 Study on 
troponin release profiles is still of great clinical 
significance.

Experimental studies show that myocardial injury 
markers have a short half-life in the 90-minute cycle, 
and in the case of cTnT, the increase in concentration 
48–72 hours after the injury is caused by the 

Table 2 (Continued). 

Variables Non-PMI Group (n=1287) PMI Group (n=797) Total(n=2084)

In-hospital mortality (n, %) 15(1.17) 28(3.51) 43(2.06)

Bypass graft number(n) 3(3;4) 3(3;4) 3(3;4)

Cardiopulmonary bypass (n,%) 217(16.86) 201(25.22) 418(20.06)

EuroSCORE II 1.46(0.98;2.21) 1.28(0.91;2.17) 1.38(0.95;2.21)

STS score 0.79(0.49;1.32) 0.74(0.45;1.24) 0.77(0.48;1.28)

Abbreviations: PMI, postoperative myocardial injury; NYHA, New York heart association; CAD, coronary artery disease; AMI, acute myocardial infarction; Cr, creatinine; 
Ccr, creatinine clearance rate; LVEF, left ventricular ejection fraction; IABP, intra-aortic balloon pump; COPD, chronic obstructive pulmonary disease; PCI, percutaneous 
coronary intervention; BMI, body mass index; BSA, body surface area; EuroSCORE, European system for cardiac operative risk evaluation; STS score, the Society of Thoracic 
Surgeons score.

Figure 3 Median values of (A) cTnT in cTnT group with preoperative cTnT in the normal range, (B) cTnT in cTnT group with preoperative cTnT in the abnormal range, 
(C) hs-cTnT in hs-cTnT group with preoperative hs-cTnT in the normal range, (D) hs-cTnT in hs-cTnT group with preoperative hs-cTnT in the abnormal range at different 
time points. Red lines: the fitted curves of the mean value at each time point.

Figure 4 Peak value distributions at different time points in (A) cTnT group and (B) hs-cTnT group. Blue bars: percentage of total number of peak occurrences at the time 
points. Orange bars: cumulative percentage. Red lines: fitted curves of percentage at each time point.
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disintegration of the contraction mechanism, which only 
functions in irreversible cells.14,27 Highly sensitive 
assays for hs-cTnT can detect troponin 10 times lower 
than the standard assays. For cTnT and hs-cTnT, only the 
measurement method and detection limit are different. In 
both the cTnT group and the hs-cTnT group of our study, 
the median value of cTnT changed greatly in a trend of 
increasing first and then decreasing, and the peaks 
almost fell within 72 hours. In the hs-cTnT group, the 
cTnT content changed more drastically, and its peak 
appeared later. Preoperative cTnT concentration see-
mingly had no much effect on this trend. This may be 

related to the different detection method of hs-cTnT, 
which is more sensitive and has a higher detection 
limit.28,29 These differences allow a higher cTnT content 
to be described. More importantly, the absolute value of 
cTnT/ hs-cTnT after operation was not the most impor-
tant for predictive performance of all-cause mortality 
after CABG, but the degree of change in the value of 
cTnT/ hs-cTnT.30

In the statistics of postoperative peaks in the two 
groups, the hs-cTnT group had a higher proportion of 
peaks (99.63% vs 70.14%). In addition to the high sensi-
tivity and detection limit, it may be partly due to the higher 
proportions of valvular disease (17.03% vs 7.01%, 
P=0.04), pulmonary hypertension (15.75% vs 2.30%, 
P<0.001), and previous PCI (14.46% vs 3.01%, P<0.001) 
in the hs-cTnT group.31 All the above factors were inde-
pendent risk factors for PMI.

Univariate logistic analysis showed that hypertension, 
diabetes, emergency operation, and renal failure were not 
related factors. cTnT is believed to be mainly metabolized 
by the kidney. For patients with renal failure, the circulating 
cTnT can hardly be metabolized by the kidney, which should 
be manifested as a significant increase in cTnT content. Our 
results are different from previous studies, which may be 
explained by the exclusion of hemodialysis and the small 
number of patients with chronic renal failure. However, its 
relevance still needs further exploration.

As reported, elderly male patients have relatively high 
levels of cTnT, and different normal range standards should 
be set.32 Therefore, age, gender, and meaningful factors in 
univariate logistic analysis were incorporated into multivari-
ate logistic regression. Results showed that age and gender 
were still not independent risk factors of PMI.

Contrary to the common sense, patients with low-level 
versus high-level NYHA classification are more likely to 
have PMI, and patients with stable angina pectoris are more 
likely to have PMI than patients with acute myocardial 
infarction (AMI). There were 260, 1334, 445 and 45 patients 
in different levels of NYHA classification. Patients with the 
low-level versus high-level NYHA classification had higher 
preoperative cTnT level and higher proportions of cardio-
pulmonary bypass and renal failure. These factors were 
shown to cause an increase in cTnT after CABG. 
Similarly, compared with AMI patients, the patients with 
stable angina had more bypass grafts and higher proportions 
of valvular disease and pulmonary hypertension.33 All these 
factors were found to be independent risk factors of PMI in 
this study. That may be part of the reason.

Table 3 Risk Factors of PMI by Univariate Logistic Regression 
Analysis

Variables P OR 95% CI

Lower 
Limit

Upper 
Limit

Age 0.856 1.001 0.991 1.011

Gender 0.922 1.010 0.821 1.243

Weight 0.092 0.993 0.985 1.001

Height 0.647 0.997 0.986 1.009

NYHA classification 0.001 0.796 0.692 0.916

CAD classification 0.004 0.822 0.719 0.940

Hypertension 0.722 0.966 0.800 1.168

Diabetes 0.797 0.976 0.808 1.178

Cerebrovascular disease 0.094 0.869 0.738 1.024

Cr 0.548 1.001 0.999 1.003

Ccr 0.993 1.000 0.997 1.003

LVEF <0.001 0.980 0.970 0.991

Number of diseased vessels 0.006 1.320 1.081 1.611

Peripheral vascular disease 0.997 0.993 0.634 1.557

Emergency surgery 0.899 1.026 0.695 1.513

Valvular disease <0.001 2.019 1.551 2.629

IABP implantation 0.007 1.564 1.127 2.170

COPD 0.053 1.596 0.994 2.564

Atrial fibrillation 0.642 1.117 0.701 1.780

Pulmonary hypertension <0.001 2.240 1.662 3.020

Previous PCI <0.001 1.800 1.331 2.433

BMI 0.098 0.976 0.949 1.004

BSA 0.939 1.020 0.613 1.698

Renal failure 0.341 1.420 0.689 2.926

Bypass graft number 0.004 1.130 1.040 1.227

Cardiopulmonary bypass <0.001 1.663 1.339 2.065

EuroSCORE II 0.439 0.984 0.945 1.025

STS score 0.145 0.940 0.864 1.022

Preoperative cTnT <0.001 2.198 1.882 2.568

Abbreviations: PMI, postoperative myocardial injury; OR, odds ratio; CI, confi-
dence interval; NYHA, New York heart association; CAD, coronary artery disease; 
Cr, creatinine; Ccr, creatinine clearance rate; LVEF, left ventricular ejection fraction; 
IABP, intra-aortic balloon pump; COPD, chronic obstructive pulmonary disease; 
PCI, percutaneous coronary intervention; BMI, body mass index; BSA, body surface 
area; EuroSCORE, European system for cardiac operative risk evaluation; STS 
score, the Society of Thoracic Surgeons score; cTnT, cardiac troponin T.
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Limitations
There are some limitations. First, this is a retrospective obser-
vational study conducted at two medical centers, and inevita-
ble differences between surgical technique postoperative cares 
may bias the results. Secondly, some patients recovered 
smoothly after the operation and were discharged within 5 
days after the operation, which also led to the loss of cTnT/hs- 
cTnT in these patients within 120 hours after surgery. Third, 
the suspicious risk factors collected were still not enough, and 
there may be other independent influencing factors.

Conclusions
Generally, the release of troponin after operation increases 
first and then slowly decreases. For the hs-cTnT, the peak 
value usually occurs 12–48 hours after operation. 
Exploring PMI monitoring is of great significance. 
NYHA classification, CAD classification, valvular disease, 
IABP implantation, pulmonary hypertension, previous 
PCI, bypass graft number, cardiopulmonary bypass, and 
preoperative cTnT are independent risk factors of PMI.
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