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Background: The incidence of cardiovascular events in perioperative period of gastrointestinal tumor surgery
cannot be ignored, and studies have shown that level of postoperative troponin is related to the postopera-
tive risk of non-cardiac surgery. However, the relationship between pre-operative troponin levels and peri-
operative risk of gastrointestinal tumor surgery is unclear. Thus, we aimed to evaluate the value of high-
sensitive cardiac troponin I (hs-cTnl) prior to gastrointestinal tumor surgery for perioperative risk
assessment.
Methods: In this retrospective cohort study, 1259 patients who underwent gastrointestinal tumor surgery
and had been tested for hs-cTnl on admission within 7 days prior to surgery were retrospectively recruited
from January 2018 to June 2020. The primary combined endpoint including in-hospital all-cause mortality,
acute myocardial infarction, cardiac arrest or ventricular fibrillation and acute decompensated heart failure.
The secondary endpoint included total hospital stay and requirement of intensive care treatment.
Findings: Compared with patients with normal hs-cTnl, those with elevated hs-cTnl (> 0-028 ng/ml) were
more likely to experience the combined endpoint (28-2% versus 2-7%, P < 0-001) and there was also an
increasing rate of in mortality in elevated hs-cTnl group (2-4% versus 0-3%, P = 0-057). The length of total hos-
pital stay was significantly longer in patients with elevated hs-cTnl (24-8 + 16-3 versus 19-5 £ 7.9, P = 0-003)
and the number of patients requiring intensive care treatment was also higher (22-6% versus 4.2%,
P < 0-001). The area under the ROC curve assessing hs-cTnl in predicting in-hospital mortality was 0.787
[95% confidence interval (CI) 0.-612-0-963, P = 0-015] and for combined endpoint was 0-822 [95% CI
0-766-0-879, P < 0-001]. Hs-cTnl > 0.028 ng/ml was associated with significantly higher cardiovascular
event rate in patients with the revised cardiac index < 1. The positive likelihood ratio of hs-cTnl (> 0-028 ng/
ml) for predicting combined endpoint reaches 10.5 in patients with Lee index = 0. In multivariate logistic
analyses, hs-cTnl was one of the best predictors for the combined endpoint [odds ratio (OR) 5-924 (95%CI:
2.869-12.233), P < 0-001].
Interpretation: Hs-cTnl provides powerful prognostic information for patients undergoing gastrointestinal
tumor surgery, and therefore provides reliable prognostic information incremental to revised cardiac index.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

resection is the most important treatment strategy [1,2]. Although
great progress had been made in surgical technique, anesthetic man-

The incidence rates of gastrointestinal tumor increased markedly agement and postoperative care as well over the past decades, surgi-
around the world, which seriously threaten human health. Surgical cal interventions are still companied by relevant cardiovascular
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morbidity and mortality [3,4].
Therefore, preoperative risk assessment of patients is particularly
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However, the study used to develop the decision aids had relied on
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Research in context

Evidence before this study

We searched Pubmed, Google scholar and China National
Knowledge infrastructure for articles using the terms (“tropo-
nin” or “cardiac” or “cardiovascular” AND “surgery” or “opera-
tion”), with no date restrictions and not limited to English-
language publications. We found one systematic review and
several original studies showing that pre-operative troponin
levels are associated with adverse events and mortality after
noncardiac surgery. However, these studies mainly focused on
patients undergoing vascular surgery or other operations, and
the sample size of gastrointestinal tumor surgery is limited. As
the incidence rates of gastrointestinal tumor increased
markedly around the world, we therefore perform a study to
evaluate the value of pre-operative troponin for risk stratifica-
tion of patients undergoing gastrointestinal tumor surgery.

Added value of this study

We showed that high sensitive-cardiac troponin I (hs-cTnl) pro-
vide predictive information for the occurrence of serious car-
diovascular events in receiving gastrointestinal tumor surgery
patients, which is incremental to the revised cardiac risk index.
Moreover, pre-operative levels of hs-cTnl were associated with
the length of hospital stay and the necessity of intensive care
treatment.

Implication of all the available evidence

Hs-cTnl plays an important role in perioperative risk stratifica-
tion in patients with gastrointestinal tumors. This study pro-
vided additional prognostic information of surgery to many
gastrointestinal surgeons in the world. Moreover, it can also
help surgeons and oncologists determine the best course of
action for gastrointestinal tumor patients, so as to promote the
clinical development. Further multiple-center prospective stud-
ies are needed be carried out to verify this conclusion.

small numbers of gastrointestinal tumor patients (324 cases for
abdominal surgery) and had not been validated with larger cohort of
patients [5]. Therefore, it is urgently needed to improve the perioper-
ative risk assessment of gastrointestinal tumor patients.

Cardiac troponin assays provide rapid and specific detection of
myocardial injury and are essential for the diagnosis of acute myocar-
dial infarction (AMI) [6,7]. Moreover, cardiac troponin is also a valu-
able prognosis marker for patients with acute coronary syndrome,
non-cardiac medical inpatients, critically ill patients or COVID-19
patients [8—11]. More importantly, level of troponin is heightened in
patients with several cardiovascular disease such as stable coronary
heart disease or heart failure, reflecting minor myocardial injury and
affecting prognosis [12,13].

Several studies have established the association between pre-
operative troponin levels and major adverse cardiac events (MACE)
and mortality after non-cardiac surgery. However, these studies
mainly focused on patients undergoing vascular surgery or other
operations, and the number of patients with gastrointestinal tumors
was relatively small (0—-254 cases undergoing abdominal surgery)
[4,14—17]. Troponin elevation after non-cardiac surgery is a predictor
of mortality after major abdominal colorectal surgery[18,19]. How-
ever, logically speaking, the study of preoperative troponin elevation
on perioperative risk is more significant.

The objective of our study was to evaluate the value of cardiac tro-
ponin I (cTnl) measured by a new high-sensitive troponin I assay (hs-

cTnl) for risk stratification of patients undergoing gastrointestinal
tumor surgery.

2. Methods
2.1. Study design and participants

The study was conducted as a single center retrospective cohort
study including patients with gastrointestinal tumor and scheduled
for surgery. We collected the data of 1259 consecutive patients
between 2018 and 01 and 2020-06 in the sixth affiliated hospital of
Sun Yat-sen University, sited in Guang Zhou, China. The study meth-
ods were compliant with the STROBE checklist (supplement file - 1).

Inclusion criteria were major abdominal surgery in general anes-
thesia, an age > 18 years and had been tested for hs-cTnl on admis-
sion whin 7 days prior to surgery. Exclusion criteria were emergent
surgery, failure to perform surgery and there was clinical evidence of
unstable coronary artery disease (cardiac chest pain with or without
ischemic electrocardiograph changes) according to medical record at
the time of pre-operative evaluation.

The study has been approved by the local ethical boards of the
sixth affiliated hospital of Sun Yat-sen University.

2.2. Study definitions

The diagnosis of myocardial infarction was based on the universal
definition of myocardial infarction [6]. History of coronary artery dis-
ease (CAD), defined as prior bypass surgery, coronary intervention,
myocardial infarction or compliance with guideline definition
[20,21].

The Lee index (revised cardiac index) was calculated as described
previously. Briefly, one point was assigned to each of the following
factors: high-risk type of surgery, ischemic heart disease, history of
congestive heart failure, history of cerebrovascular disease, insulin
therapy for diabetes and preoperative serum creatinine > 2.0 mg/dl
(176-8 pumol/L).

2.3. Exposure and clinical endpoints

The patients were divided into elevated hs-cTnl level group and
normal hs-cTnl level group. The primary combined endpoint
included all-cause mortality, acute myocardial infarction, cardiac
arrest or ventricular fibrillation and acute decompensated heart fail-
ure during hospitalization. The secondary endpoints included total
hospital stay and requirement of intensive care treatment. The defini-
tion of the "requirement of intensive care treatment” is that during
the period from postoperative to discharge, patients was evaluated
by anesthesiologists and surgeons and decided to be transferred to
intensive care unit (ICU) for further support treatment or monitor for
various reasons such as hemodynamic instability, low oxygen satura-
tion requires ventilator assisted breathing, acute kidney injury needs
continuous renal replacement therapy and so on.

2.4. Data collection

Clinical, laboratory, echocardiographic parameters at baseline,
medication, surgery procedure, operation time and outcome were all
collected from medical records. Patients were followed-up till dis-
charge.

Blood samples were taken within 7 days prior to surgery. Samples
were taken from an antecubital vein in tubes without additives and
processed immediately. Serum was separated by centrifugation and
frozen at —70 °C until analyses. All analyses were performed at the
clinical lab of the sixth affiliated hospital of Sun Yat-sen university.

C-Tnl was measured by a high-sensitive electrochemilumines-
cence-immunoassay on an automatic analyzer (ABBOTT, Architect
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Fig. 1. Flow diagram that shows the process of enrollment and exclusion. Hs-cTnl, high sensitive — cardiac troponin I.

i1000SR). The 99th percentile reference value of hs-cTnl was
0-028 ng/ml.

All echocardiographic examinations were performed during hos-
pitalization before surgery. The images were obtained in accordance
with the guidelines of the American Society of Echocardiography
[22], and stored using a digitized ultrasound system (GE vivid E9).

2.5. Statistical analysis

We used PASS11 software to estimate the sample size in advance,
with supposed beta = 0-2, « = 0.05, according to the results of previ-
ous literature [16]. The ratio of case in combined endpoints group
versus control group was 1:26 (36/943), HR = 2.6 and the proportion
of troponin increased in the control group was about 22.4%. We got
the optimal sample size: there were 39 cases in the events group and
1014 cases in the non-events group.

Continuous variables are expressed as means + standard devia-
tion (SD). Categorical variables are expressed as frequencies (percent-
age). Continuous variables were compared using the independent t-
test and categorical variables compared using the chi-squared test or
Fisher’s exact test where appropriate. The missing values on the data-
base were excluded from the analysis.

To evaluate test performance of hs-cTnl and the Lee index as pre-
dictors for mortality, and combined endpoint, respectively, the area
under the curve (AUC) of the receiver operating characteristics curve
(ROC) has been calculated. The sensitivity, specificity, positive predic-
tive value and negative predictive value of hs-cTnl in predicting com-
bined endpoint were calculated and further analysis according to Lee
index stratification. Odds ratios for all clinical variables were calcu-
lated by univariate logistic regression analyses. Multivariate logistic
regression analysis was performed for the combined endpoint, candi-
date variables consisted of age, hs-cTnl, laparoscope, low density
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Table 1 Table 3
Baseline characteristics. Operation information.
All patients  Non-Events  Events P - value Non-Events Events P - value
n (%) 1259 1203 (95-6) 56 (4-4) Main surgical sites, n (%) 0-442
Gender (female) 449 (35.7) 431(35-8) 18(32-1) 0213 Esophageal 2(02) 0(0)
Age (years) 62.7+11.9 623+11.8 7264102 <0.001** Gastric 113(9-4) 7(125)
BMI (kg/m?) 22.4+33 22:4+3.3 22:3+35 0.732 Intestinal 22(1-8) 2(36)
Smoke 147 (11.7) 124(10-3) 6(10-7) 0.953 Colorectum 1063 (88-4)  47(83-9)
NYHA class II-IV 16(13) 14(1-2) 6(7-1) <0.001** Anal tube 3(0-2) 0(0)
CAD 92(7-3) 79 (6-6) 13(23-2) <0-001** Laparoscope, n (%) 1023 (85) 41(732) 0.017*
Hypertension 285(22-6) 255(21-2) 30(53-6) < 0-001** Operation time (minutes), 22294957 216:8+81.6 0668
Atrial fibrillation 14(1-1) 9(0-7) 5(8-9) <0.001** means + SD
Diabetes mellitus 132(10-5) 119(9.9) 13(23:2) 0-001* Anesthesia time (minutes), 273.6+95.8 255:1+91.0 0-156
Insulin dependent 18 (1.4) 16(1-3) 2(3-6) 0-189 means + SD
Aspirin 30(2-4) 27(2:2) 3(54) 0-296 "
P <0.05.
Clopidogrel 33(2:6) 29(2-4) 4(7.1) 0.082 n, number; *P < 0-05
Anticoagulation 23(1.8) 17 (1.4) 6(10-7) <0.001**
B-blocker 42(3-3) 34(2-8) 8(14-3) <0.001**
ACE inhibitor/ARB 80 (6-4) 68(5-7) 12(214) <0-001"* cholesterol (LDL), left ventricular ejection fraction (LVEF), left atrium
ARNI 2(02) 2(02) 0(0) 1 (LA), interventricular septum (IVS), left ventricular posterior wall
CCB 122(9-7) 115(9-6) 7(12.5) 0-467 LVPW). L trophil locvte ratio (NEUR). h tensi
Statins 47(37) 40(33) 7(125) 0.001* ( ) ee scqre, peu rophi gr.anu ocyte ra_lo( ), hypertension
Diuretic 21(1.7) 18(1.5) 3(5.4) 0.063 and atrium fibrillation. The statins, metformin and other drugs taken
Metformin 44 (3.5) 38(3-2) 6(10-7) 0-008* by patients are related to the history of coronary heart disease, diabe-
Chemotherapy 158(12:5)  153(12.7)  5(8.9) 0-403 tes, hypertension, and atrial fibrillation, but these indicators have
f:gliitclll; therapy  22(17) 22(18) 0(0) 0618 been covered in the Lee index and the history of hypertension or
0 1113(88.4)  1077(895)  36(643) <0001 atrial fibrillation. Therefore, con_51de_rr1ng the p0_551b_111ty of .colhlmeanty,
1 122(9-7) 106 (8-8) 16(28-6) we exclude the drugs information in the multivariate logistic regres-
=2 ) 24(1.9) 20(1-7) 4(7-1) sion analysis. Internal validation was performed by applying boot-
HR (beatspermin) 806128  806+£128  795+13.0 0544 strap resample method (1000 times) to assess model optimism.
SBP (mmHg) 126.1+182 12604183 1283+75 0-361 Calibrati based the H dL how test and di
DBP (mmHg) 7694106 7704106 754114 0165 alibration was based on the Hosmer and Lemeshow test and dis-

Continuous variables are expressed as means + SD. Categorical variables are
expressed as frequencies (percentage). n, number; BMI, body mass index; NYHA,
New York Heart Association; CAD, coronary artery disease; ACEI, Angiotensin-con-
verting enzyme inhibitor; ARB, Angiotensin receptor blocker; CCB, Calcium chan-
nel blocker; ARNI, angiotensin receptor-neprilysin inhibitors; HR, heart rate; SBP,
systolic blood pressure; DBP, diastolic blood pressure. *P < 005, **P < 0-001.

Table 2

crimination on the receiver operating characteristic curve.

Statistical analyses were done using IBM SPSS software (version
22). The area under ROC curve of the two groups was compared by
MedCalc software (version 15). A two-sided alpha of less than 0-05
was considered statistically significant.

Laboratory index, electrocardiograph and echocardiography on admission.

All patients Non-Events Events P -value
Hemoglobin, g/L (n = 1201 vs 56) 119-0+24-6 11934+ 24.7 114.9 £ 22.1 0123
WBC, x 10°/L (n = 1200 vs 56) 6.6 +3-1 6:5+3:1 7-1+23 0-151
NEUR,% (n = 1201 vs 56) 29.7 +£30-8 28.8 +30-5 48.6 +£309 <0-001**
PCT, ng/ml, (n =153 vs 4) 0-05+0-59 0-008 + 0-01 1.8+3.7 0391
CRP, mg/L (n=1125vs 49) 5.4+17.53 524171 9.84+25.2 0212
Creatine, £mol/L (n=1193 vs 55) 787 +44.3 775+ 30-6 1065 + 1544 0-169
LDL, mmol/L (n = 1149 vs 56) 32+09 32+09 2.8+09 0-002*
AST,U/L(n=1197 vs 55) 21.8+13.2 21.7+12.8 23.34+20-1 0379
ALT,U/L (n=1197 vs 55) 186+173 186 +16-8 184 +25-4 0-907
TBIL, g/L (n=1174 vs 56) 12.3+78 12.4+79 11.0+ 41 0-185
DBIL, g/L (n=1173 vs 56) 2.7+4.0 2.7+41 26+23 0-901
CKMB, U/L (n=1102 vs 54) 166 £23-2 166 +£23-3 158 +£21.5 0-799
BNP, pg/ml (n =72 vs 20) 2116 + 469-6 169-6 + 4929 362-8 +£342.5 0-104
Myoglobin, ng/ml (n = 1203 vs 565)  47-2 + 87-8 44.5 + 649 104-7 + 2843 012
Hs-cTnl, ng/ml (n = 1203 vs 56) 0-01+0-11 0-008 + 0-024 0-141 + 0-498 0-049*
D-dimer, mg/L (n =670 vs 38) 09+15 09+15 13+17 0-097
CEA, ng/ml (n=1184 vs 55) 31.3+£2895 293 +£2911 74-1 +£249.9 0-262
CA125,U/L(n=1188 vs 55) 23.7 £ 69-1 23.1+70-0 35.6 +45.3 019
CA199,U/L(n=1177 vs 55) 3533 £5042.5 266-2+3798-8 22163+ 16,176-3 0-376
LVEF,% (n = 1080 vs 53) 66-6 +6-3 66-8 +6-2 63.6 + 8.0 0-007*
LVDd, mm (n = 1080 vs 54) 44.3 £5.5 44.2 +£5.5 452 £6.0 0224
LA, mm (n = 1080 vs 54) 30.5+4.7 304 +4.7 324455 0.012*
IVS, mm (n = 1080 vs 54) 95+16 95+16 10-1+£19 0-005*
LVPW, mm (n = 1080 vs 54) 92+14 92413 99+1.7 0-003*

Summary statistics are means =+ SD or n (%), n, number; WBC, white blood cell; NEUR, neutrophil granulocyte ratio;
PCT, Procalcitonin; CRP, C-reactive protein; LDL, low density lipoprotein; ALT, Alanine aminotransferase; AST,
Aspartate transaminase; TBIL, total bilirubin; DBIL, direct bilirubin; BNP, brain natriuretic peptide; hs-cTnl, high
sensitive-cardiac troponin I; CKMB, Creatine phosphokinase-Mb; CEA, carcino-embryonic antigen; CA125, carbohy-
drate antigen 125; CA199, carbohydrate antigen 199; LVEF, left ventricular ejection fraction; LVDd, Left ventricular
end-diastolic diameter; LA, left atrium; IVS, interventricular septum; LVPW, left ventricular posterior wall.

*P < 0-05, **P < 0-001.
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Fig. 2. The frequency of the combined endpoint (A) and in-hospital mortality (B) in
association with hs-cTnl (gray bars), and the revised cardiac index ‘Lee index’ (dark
bars). Compared with patients with normal hs-cTnl on admission, patients with ele-
vated hs-cTnl are more likely to suffer combined endpoint (P < 0-001), There is also an
increasing trend in mortality of elevated hs-cTnl group (P = 0-057). The occurrence of
the combined endpoint was also related to the Lee index (P < 0-001), Comparable
results could be observed for in-hospital mortality (P=0-014).

2.6. Role of the funding source

The funder of the study had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the report.

3. Results

The final sample size consisted of 1259 patients (Fig. 1). Baseline
characteristics of the patients are presented in Table 1. A total of
1259 patients were enrolled, 35-7% females, mean age 62-7 years. A
history of CAD was present in 7-3% of the patients. Hypertension was
the most common cardiovascular risk factor, followed by smoking
and diabetes. 17% patients were under cardiovascular medical treat-
ment (2.4% for aspirin, 2-6% for clopidogrel, 3-3% for S-blocker, 6-4%
for ACE inhibitor/ARB, 9-7% for calcium channel blocker, 3-7% for sta-
tins and 3.-5% for metformin). 12-5% of the patients received chemo-
therapy and 1-7% for radiation therapy. In Lee index, 88-4% patients
scored 0, 9-7% scored 1, 1-9% scored 2 or above.

Patients who met events were elder, had more frequently a his-
tory of chronic disease (such as hypertension, CAD, diabetes and
atrium fibrillation), a premedication (such as anticoagulation,
B-blocker, Angiotensin-converting enzyme inhibitor/Angiotensin

A 50-

P=0003
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10-

Total hospital stay (days)

<0028 ng/ml
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25 - P<0001 P<0:001

- =N
A W

(3]
1

Intensive care treatment required (%)

<0-028 ng/ml > 0-028 ng/ml o 1 >2
hs-cTnl Lee index

Fig. 3. The frequency of the total hospital stays (A) and intensive care treatment
required (B) in association with hs-cTnl (gray bars), and the revised cardiac index ‘Lee
index’ (dark bars). Error bars represent standard deviation (SD). The length of hospital
stay (means + SD) was significantly longer in those patients with a higher Lee index
(19-4 £ 8-1 versus 22-5 £ 12-5 versus 26-2 & 13-6 days; P < 0-001) and in patients with
elevated hs-cTnl (19-5 + 7.9 versus 24-8 + 16-3 days; P = 0-003). The number of
patients requiring intensive care treatment was higher in patients with elevated hs-
cTnl and was related to the Lee index.

receptor blocker (ACEI/ARB), statins, or metformin), higher Lee index,
neutrophil granulocyte ratio (NEUR), low density lipoprotein (LDL) and
hs-cTnl and worse cardiac structure and function (Tables 1 and 2). The
information of surgery was shown in Table 3. The results showed that
there was no difference in operation site, operation time and anesthesia
time between the two groups. Although the proportion of endoscopy in
the event group is low, an explanation is that anesthesiologists usually
think that patients with elevated hs-cTnl have high cardiovascular risk
and do not tolerate pneumoperitoneum. The chemotherapy regimen,
scheme and proportion of neoadjuvant chemotherapy were also pro-
vided (Supplementary file - 2). We can see that there was no significant
difference in the chemotherapy regimens between the events group
and the non-events group.

In the entire cohort, 85 (6-8%) patients had elevated hs-cTnl. As
compared with patients with normal hs-cTnl level, the occurrence of
the combined endpoint was significantly higher in patients with ele-
vated hs-cTnl (specifically 24-7% patients with acute decompensated
heart failure versus 2-3%, 3-5% patients with cardiac arrest or ventric-
ular fibrillation versus 0-2%, 17-6 patients with acute myocardial
infarction versus 0-5%). Comparable results could be observed for in-
hospital mortality (2-4% versus 0-3%), although not statistically signifi-
cant (Fig. 2). The perioperative risk also increased with the increase of
Lee index. Furthermore, the length of total hospital stay was
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significantly longer in patients with elevated hs-cTnl (24-8 + 16.3
versus 19-5 + 7.9, P = 0-003). The number of patients requiring inten-
sive care treatment was higher in patients with elevated hs-cTnl
either (Fig. 3). Hs-cTnl > 0.028 ng/ml was associated with signifi-
cantly higher cardiovascular event rate in patients with the revised
cardiac index < 1 (Fig. 4). According to Lee index stratification, the
odds ratios (95% CI) of troponin elevation for predicting perioperative
risk in patient with Lee index = 0, 1 and > 2 were 16-5 (95%Cl:
7-9-34.6), 4.4 (95%Cl: 1.4-13-4), 9-0 (95%Cl: 0-8—107-4), respec-
tively.

The ROC curves of hs-cTnl and the Lee index are shown in Fig. 5.
The area under the ROC curve assessing hs-cTnl in predicting in-hos-
pital mortality was 0-787 [95% confidence interval (CI) 0-612—0-963,
P =0-015] and combined endpoint was 0-822 [95% confidence inter-
val (CI) 0-766—-0-879, P < 0.001], which was larger than Lee index,
0-698 [95% confidence interval (CI) 0-447—-0-949, P = 0-095] for mor-
tality and 0.627 [95% confidence interval (CI) 0-543—0.711, P=0-001]
for combined endpoint. Comparing the AUC of Lee index and hs-cTnl,
we found no difference exists in terms of predicting mortality. How-
ever, for the combined endpoint, the AUC for hs-cTnl was signifi-
cantly larger (P < 0-001). The sensitivity, specificity, positive
predictive value and negative predictive value of hs-cTnl in predict-
ing combined endpoint were 42-9%, 94-4%, 28-2% and 97-3%, respec-
tively. Although the positive likelihood ratio (PLR) of hs-cTnl for

@B hs-cTnl < 0-028 ng/ml

=017

@8 hs-cTnl > 0:028 ng/ml
A 401 375
2eom 304
= 30- PR
2 259
£
o
s
e 204 ‘
o |
°
2
£
E 10- 91
o .
8 63
2" .
ol |

L] I L]
n= 1059 n=354 n=99 n=23 n=16 n=8

Lee socre =0 Lee socre = 1 Lee socre > 2
B
159 =B hscTni <0028 ngml
@8 hs-cTnl > 0-028 ng/ml 12:5
— 10+
°\°
2
©
k=
5]
= 54 43
1
03 0 0
0l N :
n= 1059 n=54 n=99 n=23 n=16 n=8

Lee score =0 Lee score = 1 Lee score > 2

Fig. 4. The frequency of the combined endpoint (A) and in-hospital mortality (B) of hs-
cTnl levels according to the stratification of Lee index. Hs-cTnl > 0-028 ng/ml was sig-
nificantly associated with a higher event rate in each risk category according to the Lee
index especially for Lee index < 2 (Lee index = 0, 2-1% versus 25-9%, P < 0.001, OR
16-498 (7-865-34-605), P < 0.001; Lee index = 1, 9-1% versus 31.4%, P < 0.017,
OR=4-375(95%Cl:1.425-13.433), P= 0-01).

perioperative risk assessment was only 7-7 in the whole study popu-
lation, in patients with Lee index = 0, the PLR of hs-cTnl (> 0-028 ng/
ml) reaches 10-5 (as shown in supplement file - 3).

Univariate logistic regression analysis revealed that the age,
chronic disease history (hypertension, atrium fibrillation, diabetes),
elevated hs-cTnl, Lee score above 2, as well as laparoscope and some
echocardiography data (LVEF, LA, IVS, LVPW) were significantly asso-
ciated with an increased risk for the combined endpoint (Table 4). In
a multivariate logistic regression analysis, elevated hs-cTnl, age,
NEUR, hypertension and atrium fibrillation were five best predictors
for the combined endpoint (Table 5). Internal validation was per-
formed by applying bootstrap resample method to assess model opti-
mism, The results were consistent and showed that the increase of
hs-cTnl was still the strongest prognostic factor. The final model vali-
dated showed an AUC of 0-85 95%CI 0-794—-0-905 and is well cali-
brated (Hosmer—Lemeshow test, P = 0-526).

4. Discussion

The principal finding of this study is that hs-cTnl provide predic-
tive information for the occurrence of serious cardiovascular events
in receiving gastrointestinal tumor surgery patients, which is incre-
mental to the revised cardiac risk index. Hs-cTnl, age neutrophil
granulocyte ratio (NEUR), history of hypertension and atrium fibrilla-
tion were significant risk predictors. Moreover, we found that pre-
operative levels of hs-cTnl were associated with the length of hospi-
tal stay and the necessity of intensive care treatment. In our study,
the positive likelihood ratio of elevated hs-cTnl (> 0-028 ng/ml) for
perioperative risk assessment reaches 10-5 in patients with Lee
index = 0, which suggested the clinical significance of elevated hs-
cTnl in these patients. A major strength of our study is that the analy-
sis cohort was based on a large number of patients with gastrointesti-
nal tumors, especially colorectal cancer.

Gorgun et al. had shown an association of postoperative plasma
troponin levels with mortality in patients undergoing major abdomi-
nal colorectal surgery [18]. However, since the purpose is to predict
the risk of perioperative death, the preoperative indicators seem to
be more valuable than the postoperative troponin. If we can predict
the perioperative risk through some indicators before surgery, clini-
cians have enough time to adjust the treatment strategy and make
emergency plans for the possible risks.

Recent studies have demonstrated a prognostic value of pre-oper-
ative troponin levels for cardiovascular events in patients undergoing
non-cardiac surgery [14—16,23-25]. In all these studies, troponin
was a significant risk predictor. The clinical status of tumor patients
is more complex than that of general patients, such as appendicitis,
vascular surgery and other related operations. Abnormal coagulation
function, immune imbalance, nutritional status and other conditions
will increase the risk of perioperative period [26,27]. In addition, the
special psychological state and strong desire for survival of tumor
patients will affect the risk of perioperative period [28,29]. Therefore,
it is very important for surgeons and anesthesiologist to evaluate the
perioperative risk of tumor patients more carefully before operation.
Unfortunately, evidence regarding the value of risk assessment about
troponin to the gastrointestinal tumor surgery is limited.

The incidence of major cardiac complications with major non-
emergent non-cardiac surgery has been reported as being signifi-
cantly associated to the revised Lee index [5]. Both Weber’s and ours’
studies confirmed this result [16]. In the present study, we applied a
cut-off value of 0-028 ng/ml which is a number for the 99th percen-
tile of healthy population and is recommended for the diagnosis of
myocardial infarction according to the universal definition of myo-
cardial infarction. We found that hs-cTnl > 0-028 ng/ml was associ-
ated with significantly higher cardiovascular event rate in the whole
cohort, particularly in patients with lower the revised cardiac index,
which indicating hs-cTnl can provides reliable prognostic
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Fig. 5. ROC curves of hs-cTnl, and the revised cardiac index ‘Lee index’ for the combined endpoint (A) and in-hospital mortality (B). The area under the ROC curve assessing hs-cTnl
in predicting in-hospital mortality and combined point were larger than Lee index (0-787 versus 0-698, P < 0-001 and 0-822 versus 0-627, P = 0-249).

information incremental to revised cardiac index. However, hs-cTnl [31]. The lower the prevalence, the lower the positive predictive

lost its predictive value in mortality, possibly due to insufficient sam-
ple size in the present study.

The doubt about the clinical significance of our study is mainly
due to the low positive predictive value. However, the positive pre-
dictive value may strongly related to the prevalence of the disease

value. Since the incidence of perioperative cardiovascular events is
low, the positive predictive value will inevitably be low, which has
been reported in previous studies [16,30]. Considering the likelihood
ratio is not affected by the prevalence rate, which seems to be more
objective and clinically significant than predictive value. Compared
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Table 4
Univariate logistic regression.
OR 95% CI P - value
Age 1.093 1.063-1-125 < 0-001
Hypertension 4.29 2.492 -7.384 < 0-001
Atrial fibrillation 13.007  4.208 - 4206 < 0-001
Diabetes mellitus 2.751 1-440 - 5-268 0-002
Anticoagulation 8.374 3.165-22-145 < 0.001
B-blocker 5.73 2.518 -10-043 < 0-001
ACE inhibitor/ARB 4.552 2298 -9.018 < 0-001
Statins 4.154 1.771-9.741 0-001
Metfomin 3.679 1-486 -9-106 0-005
Laparoscope 0-481 0-261 - 0-887 0-019
Lee score>2 4.55 1.501-13.791 0-007
NEUR 1.022 1.012-1-032 < 0-001
LDL 0.-571 0-404 - 0-807 0-002
Hs - cTnl>0.028 ng/ml 14 7-8-253 < 0.001
LVEF 0-939 0-906 - 0-973 < 0-001
LA 1.082 1.027 - 1-140 0-003
IVS 1.255 1.071-1-471 0-005
LVPW 1-426 1-193-1.705 < 0-001

Univariate logistic regression analyses of various variables as a pre-
dictor for the combined endpoint of mortality, acute myocardial
infarction, cardiac arrest or ventricular fibrillation, and acute decom-
pensated heart failure. ACEI, Angiotensin-converting enzyme inhibi-
tor; ARB, Angiotensin receptor blocker; NEUR, neutrophil granulocyte
ratio; LDL, low density lipoprotein; hs-cTnl, high sensitive-cardiac
troponin I; LVEF, left ventricular ejection fraction; LA, left atrium; IVS,
interventricular septum; LVPW, left ventricular posterior wall.
Depicted are all variables with a P - value < 0-1.

with previous results, our results are still better than those reported
by previous studies in term of positive likelihood ratio (7-7 versus 2.7,
3.6) [16,30], although the results in all studies are not satisfactory.
The possible reason is that perioperative risk assessment is too com-
plex to be accurately assessed by a single index [32]. we further ana-
lyzed the role of troponin in perioperative risk assessment according
to Lee index stratification, just as the role of p-dimer in pulmonary
embolism which must be combined with the risk stratification of pul-
monary embolism [33]. We finally found that the positive likelihood
ratio of hs-cTnl (> 0-028 ng/ml) reaches 10-5 for patients with Lee
index = 0. It is generally believed that 10 is the dividing line between
good and bad detection method. Therefore, we think our research
has important clinical significance, especially for those with Lee
index = 0.

The possible explanations for the correlation between pre-opera-
tive high-sensitive troponin I elevation and perioperative cardiovas-
cular risk are as follows: 1. the increasing of troponin indicates the
existence of myocardial injury, which may be associated with unsta-
ble plaque exists in the coronary artery of this kind of patients, pla-
que are more likely to rupture, leading to the occurrence of
perioperative cardiovascular adverse events under stress; 2. The mild
increase of troponin indicates that the patients may have the risk of
abnormal coagulation status, and are more likely to induce dissemi-
nated intravascular coagulation (DIC) and other serious clinical syn-
dromes under stress; 3. Some gastrointestinal tumor patients with
elevated troponin are suffering from malnutrition and others may

Table 5
Multivariate logistic regression analyses.
OR 95% CI P

Age 1.059  1.026-1.094 <0-001
Hs-cTnl>0-028 ng/ml  5.924  2.869-12.233  <0-001
NEUR 1.015  1.004-1.027 0-006
Hypertension 2.503 1.298-4.826 0.006
Atrial fibrillation 5-168 1.254-21.297  0-023

Abbreviations: OR, Odds ratio; hs-cTnl, high sensitive — cardiac
troponin I; NEUR, neutrophil granulocyte ratio.

have more comorbidity such as heart failure, anemia and renal dys-
function, which induce complex clinical status and poor prognosis.

Age and hypertension are the risk factors of cardiovascular disease
[34] and atrial fibrillation has been strongly associated with heart
failure and stroke [35,36]. Many studies have found that these 3 fac-
tors are related to the perioperative risk of non-cardiac surgery
[37-39], our study further confirmed the previous results. The neu-
trophil ratio (NEUR) is a readily available marker of systemic inflam-
mation driven by elevated concentrations of circulating cytokines
which have been shown to modulate myocardial injury [40], Fra-
mingham based risk prediction of cardiovascular mortality also
proved this value [41]. These may explain the strong correlation
between preoperative elevated NEUR and perioperative risk in our
study, consistent with previous study [42].

The findings of this study should be considered with some limita-
tions. Firstly, as a retrospective study, several other parameters that
may help predict serious cardiovascular events and all-cause death
for patients undergoing gastrointestinal tumor surgery were missing.
Secondly, in clinical practice, not every patient with gastrointestinal
tumor who intends to undergo surgery will routinely detect hs-cTnl,
and the surgery were canceled in some high-risk patients with ele-
vated hs-cTnl. Therefore, the possibility of selection bias may be inev-
itable, we enrolled all patients who met the inclusion criteria to
reduce potential bias. Thirdly, due to the small number of patients
with Lee index > 2, our study has some limitations for this kind of
population. Fourthly, we did not perform external validity of the
results. Our further prospective study will be carried out to verify this
conclusion. Finally, this research was conducted in single center and
lack of external validation, data from larger populations and multiple
centers are warranted to further confirm the results.

In conclusion, hs-cTnl provides powerful prognostic information
for patients undergoing gastrointestinal tumor surgery, and therefore
provides reliable prognostic information incremental to revised car-
diac index.

Contributors

Yitao Zhang, Jiaojie Xue, Ling Zhou, Zhichong Chen, Daici Chen
and Weijie Zeng were responsible for the study concept and design
and data anyalysis. Yitao Zhang, Jinhong Si and Weijie Zeng accessed
and were responsible for the raw data associated with the study.

Jinhong Si and Shiyao Cheng, Kanglin Cheng and Mao Ouyang
were responsible for the methods and data collection.

Kanglin Cheng, Shugqi Yu run the statistical analysis, data curation
and interpreted the data.

Yitao Zhang, Zhichong Chen, Ling Zhou, Jiaojie Xue, Daici Chen
and Weijie Zeng drafted the paper.

The corresponding author had the final responsibility to submit
for publication.

All authors agree to be accountable for all aspects of the work and
gave final approval for the version to be published.

Data sharing statement

The dataset supporting this article is available upon demand to
the corresponding author and to the promoter (the sixth affiliated
hospital of Sun Yat-sun University).

Funding

This work was supported by National Nature Science Foundation
of China, Grant No. 81400301; The Fundamental Research Funds for
the Central Universities and the National Natural Science Foundation
of China, Grant No. 19ykpy10; the National Natural Science Founda-
tion of China, Grant No. 31970703; and the Natural Science Founda-
tion of Guangdong Province, Grant No. 2021A1515010544.



Y. Zhang et al. / EClinicalMedicine 40 (2021) 101128 9

Declaration of Competing Interest
No potential conflict of interest was reported by the authors.
Acknowledgments

Thanks to Huijing He and Yuanxin Zhong for their technical sup-
port.

Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.eclinm.2021.101128.

References

[1] Fitzmaurice C, Allen C, Barber RM, et al. Global, regional, and national cancer inci-
dence, mortality, years of life lost, years lived with disability, and disability-
adjusted life-years for 32 cancer groups, 1990 to 2015: a systematic analysis for
the global burden of disease study. JAMA Oncol 2017;3(4):524-48.

[2] Jemal A, Bray F, Center MM, Ferlay ], Ward E, Forman D. Global cancer statistics.
CA Cancer ] Clin 2011;61(2):69-90.

[3] Cheng X, Tong J, Hu Q, Chen S, Yin Y, Liu Z. Meta-analysis of the effects of
preoperative renin-angiotensin system inhibitor therapy on major adverse
cardiac events in patients undergoing cardiac surgery. Eur ] Cardiothorac
Surg 2015;47(6):958-66.

[4] Shen JT, Xu M, Wu Y, et al. Association of pre-operative troponin levels with
major adverse cardiac events and mortality after noncardiac surgery: a system-
atic review and meta-analysis. Eur ] Anaesthesiol 2018;35(11):815-24.

[5] Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and prospective valida-

tion of a simple index for prediction of cardiac risk of major noncardiac surgery.

Circulation 1999;100(10):1043-9.

Thygesen K, Alpert ]S, Jaffe AS, et al. Fourth universal definition of myocardial

infarction. ] Am Coll Cardiol 2018;72(18):2231-64.

Apple FS, Sandoval Y, Jaffe AS, Ordonez-Llanos J. Cardiac troponin assays: guide to

understanding analytical characteristics and their impact on clinical care. Clin

Chem 2017;63(1):73-81.

Morrow DA, Cannon CP, Jesse RL, et al. National academy of clinical bio-

chemistry laboratory medicine practice guidelines: clinical characteristics

and utilization of biochemical markers in acute coronary syndromes. Clin

Chem 2007;53(4):552-74.

Vasile VC, Chai HS, Abdeldayem D, Afessa B, Jaffe AS. Elevated cardiac troponin T

levels in critically ill patients with sepsis. Am ] Med 2013;126(12):1114-21.

[10] Ahmed AN, Blonde K, Hackam D, lansavichene A, Mrkobrada M. Prognostic signif-
icance of elevated troponin in non-cardiac hospitalized patients: a systematic
review and meta-analysis. Ann Med 2014;46(8):653-63.

[11] ShiS, Qin M, Shen B, et al. Association of cardiac injury with mortality in hospital-
ized patients with COVID-19 in Wuhan, China. JAMA Cardiol 2020;5(7):802-10.

[12] Latini R, Masson S, Anand IS, et al. Prognostic value of very low plasma concentra-
tions of troponin T in patients with stable chronic heart failure. Circulation
2007;116(11):1242-9.

[13] Omland T, De Lemos JA, Sabatine MS, et al. A sensitive cardiac troponin T assay in
stable coronary artery disease. N Engl ] Med 2009;361(26):2538-47.

[14] Sarveswaran ], Ikponmwosa A, Asthana S, Spark JI. Should cardiac troponins be
used as a risk stratification tool for patients with chronic critical limb ischaemia?
Eur J Vasc Endovasc Surg Off ] Eur Soc Vasc Surg 2007;33(6):703-7.

[15] Nagele P, Brown F, Gage BF, et al. High-sensitivity cardiac troponin T in prediction
and diagnosis of myocardial infarction and long-term mortality after noncardiac
surgery. Am Heart ] 2013;166(2):325-332.e1.

[16] Weber M, Luchner A, Seeberger M, et al. Incremental value of high-sensitive tro-
ponin T in addition to the revised cardiac index for peri-operative risk stratifica-
tion in non-cardiac surgery. Eur Heart ] 2013;34(11):853-62.

[17] Maile MD, Jewell ES, Engoren MC. Timing of preoperative troponin elevations and
postoperative mortality after noncardiac surgery. Anesth Analg 2016;123
(1):135-40.

[18] Gorgun E, Lan BY, Aydinli HH, et al. Troponin elevation after colorectal surgery:
significance and management. Ann Surg 2016;264(4):605-11.

[19] Devereaux PJ, Chan MT, Alonso-Coello P, et al. Association between postoperative
troponin levels and 30-day mortality among patients undergoing noncardiac sur-
gery. JAMA 2012;307(21):2295-304.

[6

17

[8

[9

[20] Neumann FJ, Sousa-Uva M, Ahlsson A, et al. 2018 ESC/EACTS guidelines on myo-
cardial revascularization. Eur Heart ] 2019;40(2):87-165.

[21] Montalescot G, Sechtem U, Achenbach S, et al. ESC guidelines on the management
of stable coronary artery disease: the task force on the management of stable cor-
onary artery disease of the European society of cardiology. Eur Heart ] 2013;34
(38):2949-3003.

[22] Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber
quantification by echocardiography in adults: an update from the American soci-
ety of echocardiography and the European association of cardiovascular imaging.
J Am Soc Echocardiogr Off Publ Am Soc Echocardiogr 2015;28(1):1-39.e14.

[23] Ma ], Xin Q, Wang X, Gao M, Wang Y, Liu ]. Prediction of perioperative cardiac
events through preoperative NT-pro-BNP and cTnl after emergent non-cardiac
surgery in elderly patients. PLoS One 2015;10(3):e0121306.

[24] Thielmann M, Pasa S, Wendt D, et al. Prognostic significance of cardiac tro-
ponin I on admission for surgical treatment of acute pulmonary embolism: a
single-centre experience over more than 10 years. Eur | Cardiothorac Surg
2012;42(6):951-7.

[25] Gibson SC, Marsh A, Berry C, et al. Should pre-operative troponin be a standard
requirement in patients undergoing major lower extremity amputation? Eur |
Vasc Endovasc Surg Off ] Eur Soc Vasc Surg 2006;31(6):637-41.

[26] Falanga A, Marchetti M, Vignoli A. Coagulation and cancer: biological and clinical
aspects. ] Thromb Haemost 2013;11(2):223-33.

[27] ME IJ, Sanz-Pamplona R, Hermitte F, de Miranda N. Colorectal cancer: a paradig-
matic model for cancer immunology and immunotherapy. Mol Aspects Med
2019;69:123-9.

[28] Breitbart W, Pessin H, Rosenfeld B, et al. Individual meaning-centered psycho-
therapy for the treatment of psychological and existential distress: a randomized
controlled trial in patients with advanced cancer. Cancer 2018;124(15):3231-9.

[29] Breitbart W, Rosenfeld B, Pessin H, Applebaum A, Kulikowski ], Lichtenthal WG.
Meaning-centered group psychotherapy: an effective intervention for improving
psychological well-being in patients with advanced cancer. ] Clin Oncol Off ] Am
Soc Clin Oncol 2015;33(7):749-54.

[30] Puelacher C, Lurati Buse G, Seeberger D, et al. Perioperative myocardial injury
after noncardiac surgery: incidence, mortality, and characterization. Circulation
2018;137(12):1221-32.

[31] Simon R. Sensitivity, specificity, PPV, and NPV for predictive biomarkers. ] Natl
Cancer Inst 2015;107(8).

[32] Fleisher LA, Fleischmann KE, Auerbach AD, et al. ACC/AHA guideline on periopera-
tive cardiovascular evaluation and management of patients undergoing noncar-
diac surgery: executive summary: a report of the American college of cardiology/
American heart association task force on practice guidelines. Circulation
2014;130(24):2215-45.

[33] Konstantinides SV, Meyer G, Becattini C, et al. ESC guidelines for the diagnosis and
management of acute pulmonary embolism developed in collaboration with the
European respiratory society (ERS): the task force for the diagnosis and manage-
ment of acute pulmonary embolism of the European society of cardiology (ESC).
Eur Respir ] 2019;54(3).

[34] Gersh BJ, Sliwa K, Mayosi BM, Yusuf S. Novel therapeutic concepts: the epidemic
of cardiovascular disease in the developing world: global implications. Eur Heart |
2010;31(6):642-8.

[35] Ling LH, Kistler PM, Kalman JM, Schilling RJ, Hunter R]. Comorbidity of atrial fibril-
lation and heart failure. Nat Rev Cardiol 2016;13(3):131-47.

[36] Kamel H, Healey JS. Cardioembolic Stroke. Circ Res 2017;120(3):514-26.

[37] Hansen PW, Gislason GH, Jergensen ME, et al. Influence of age on perioperative
major adverse cardiovascular events and mortality risks in elective non-cardiac
surgery. Eur ] Intern Med 2016;35:55-9.

[38] Smilowitz NR, Gupta N, Guo Y, Beckman JA, Bangalore S, Berger JS. Trends in car-
diovascular risk factor and disease prevalence in patients undergoing non-cardiac
surgery. Heart 2018;104(14):1180-6.

[39] Van Diepen S, Bakal JA, McAlister FA, Ezekowitz JA. Mortality and readmission of
patients with heart failure, atrial fibrillation, or coronary artery disease undergo-
ing noncardiac surgery: an analysis of 38 047 patients. Circulation 2011;124
(3):289-96.

[40] Kantola T, Klintrup K, Vayrynen JP, et al. Stage-dependent alterations of the serum
cytokine pattern in colorectal carcinoma. Br ] Cancer 2012;107(10):1729-36.

[41] Shah N, Parikh V, Patel N, et al. Neutrophil lymphocyte ratio significantly
improves the Framingham risk score in prediction of coronary heart disease mor-
tality: insights from the national health and nutrition examination survey-III. Int ]
Cardiol 2014;171(3):390-7.

[42] Ackland GL, Abbott TEF, Cain D, et al. Preoperative systemic inflammation
and perioperative myocardial injury: prospective observational multicentre
cohort study of patients undergoing non-cardiac surgery. Br ] Anaesth
2019;122(2):180-7.


https://doi.org/10.1016/j.eclinm.2021.101128
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0002
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0002
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0005
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0005
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0005
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0007
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0007
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0007
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0009
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0009
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0010
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0010
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0010
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0011
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0011
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0013
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0013
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00408-9/sbref0042

	The predictive value of high-sensitive troponin I for perioperative risk in patients undergoing gastrointestinal tumor surgery
	1. Introduction
	2. Methods
	2.1. Study design and participants
	2.2. Study definitions
	2.3. Exposure and clinical endpoints
	2.4. Data collection
	2.5. Statistical analysis
	2.6. Role of the funding source

	3. Results
	4. Discussion
	Contributors
	Data sharing statement
	Funding
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References



