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A B S T R A C T

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-cTnI) 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-cTnI 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-cTnI, those with elevated hs-cTnI (> 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-cTnI group (2¢4% versus 0¢3%, P = 0¢057). The length of total hos-
pital stay was significantly longer in patients with elevated hs-cTnI (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-cTnI 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-cTnI > 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-cTnI (> 0¢028 ng/
ml) for predicting combined endpoint reaches 10.5 in patients with Lee index = 0. In multivariate logistic
analyses, hs-cTnI 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-cTnI 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/)
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1. Introduction

The incidence rates of gastrointestinal tumor increased markedly
around the world, which seriously threaten human health. Surgical
resection is the most important treatment strategy [1,2]. Although
great progress had been made in surgical technique, anesthetic man-
agement and postoperative care as well over the past decades, surgi-
cal interventions are still companied by relevant cardiovascular
morbidity and mortality [3,4].

Therefore, preoperative risk assessment of patients is particularly
important. Currently, several clinical risk indices are applied in prac-
tice. The most used one is the Lee’s revised cardiac risk index [5].
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-cTnI) 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-cTnI were associated with
the length of hospital stay and the necessity of intensive care
treatment.

Implication of all the available evidence

Hs-cTnI 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.
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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 (cTnI) measured by a new high-sensitive troponin I assay (hs-
cTnI) 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-cTnI 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¢8mmol/L).

2.3. Exposure and clinical endpoints

The patients were divided into elevated hs-cTnI level group and
normal hs-cTnI 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-TnI was measured by a high-sensitive electrochemilumines-
cence-immunoassay on an automatic analyzer (ABBOTT, Architect



Fig. 1. Flow diagram that shows the process of enrollment and exclusion. Hs-cTnI, high sensitive � cardiac troponin I.
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i1000SR). The 99th percentile reference value of hs-cTnI 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, a = 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-cTnI 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-cTnI 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-cTnI, laparoscope, low density



Table 1
Baseline characteristics.

All patients Non-Events Events P - value

n (%) 1259 1203 (95¢6) 56 (4¢4)
Gender (female) 449 (35¢7) 431 (35¢8) 18 (32¢1) 0¢213
Age (years) 62¢7 § 11¢9 62¢3 § 11¢8 72¢6 § 10¢2 < 0¢001**
BMI (kg/m2) 22¢4 § 3¢3 22¢4 § 3¢3 22¢3 § 3¢5 0¢732
Smoke 147 (11¢7) 124 (10¢3) 6 (10¢7) 0¢953
NYHA class II-IV 16 (1¢3) 14 (1¢2) 6 (7¢1) < 0¢001**
CAD 92 (7¢3) 79 (6¢6) 13 (23¢2) < 0¢001**
Hypertension 285 (22¢6) 255 (21¢2) 30 (53¢6) < 0¢001**
Atrial fibrillation 14 (1¢1) 9 (0¢7) 5 (8¢9) < 0¢001**
Diabetes mellitus 132 (10¢5) 119 (9¢9) 13 (23¢2) 0¢001*
Insulin dependent 18 (1¢4) 16 (1¢3) 2 (3¢6) 0¢189
Aspirin 30 (2¢4) 27 (2¢2) 3 (5¢4) 0¢296
Clopidogrel 33 (2¢6) 29 (2¢4) 4 (7¢1) 0¢082
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 (21¢4) < 0¢001**
ARNI 2 (0¢2) 2 (0¢2) 0 (0) 1
CCB 122 (9¢7) 115 (9¢6) 7 (12¢5) 0¢467
Statins 47 (3¢7) 40 (3¢3) 7 (12¢5) 0¢001*
Diuretic 21 (1¢7) 18 (1¢5) 3 (5¢4) 0¢063
Metformin 44 (3¢5) 38 (3¢2) 6 (10¢7) 0¢008*
Chemotherapy 158 (12¢5) 153 (12¢7) 5 (8¢9) 0¢403
Radiation therapy 22 (1¢7) 22 (1¢8) 0 (0) 0¢618
Lee index
0 1113 (88¢4) 1077 (89¢5) 36 (64¢3) < 0¢001**
1 122 (9¢7) 106 (8¢8) 16 (28¢6)
� 2 24 (1¢9) 20 (1¢7) 4 (7¢1)
HR (beats per min) 80¢6 § 12¢8 80¢6 § 12¢8 79¢5 § 13¢0 0¢544
SBP (mmHg) 126¢1 § 18¢2 126¢0 § 18¢3 128¢3 § 7¢5 0¢361
DBP (mmHg) 76¢9 § 10¢6 77¢0 § 10¢6 75 § 11¢4 0¢165

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 � 0¢05, **P < 0¢001.

Table 2
Laboratory index, electrocardiograph and echocardiography

All patients

Hemoglobin, g/L (n = 1201 vs 56) 119¢0 § 24¢6
WBC, £ 109/L (n = 1200 vs 56) 6¢6 § 3¢1
NEUR,% (n = 1201 vs 56) 29¢7 § 30¢8
PCT, ng/ml, (n = 153 vs 4) 0¢05 § 0¢59
CRP, mg/L (n = 1125 vs 49) 5¢4 § 17¢53
Creatine,mmol/L (n = 1193 vs 55) 78¢7 § 44¢3
LDL, mmol/L (n = 1149 vs 56) 3¢2 § 0¢9
AST, U/L (n = 1197 vs 55) 21¢8 § 13¢2
ALT, U/L (n = 1197 vs 55) 18¢6 § 17¢3
TBIL, g/L (n = 1174 vs 56) 12¢3 § 7¢8
DBIL, g/L (n = 1173 vs 56) 2¢7 § 4¢0
CKMB, U/L (n = 1102 vs 54) 16¢6 § 23¢2
BNP, pg/ml (n = 72 vs 20) 211¢6 § 469¢6
Myoglobin, ng/ml (n = 1203 vs 565) 47¢2 § 87¢8
Hs-cTnI, ng/ml (n = 1203 vs 56) 0¢01 § 0¢11
D-dimer, mg/L (n = 670 vs 38) 0¢9 § 1¢5
CEA, ng/ml (n = 1184 vs 55) 31¢3 § 289¢5
CA125, U/L (n = 1188 vs 55) 23¢7 § 69¢1
CA199, U/L (n = 1177 vs 55) 353¢3 § 5042¢5
LVEF,% (n = 1080 vs 53) 66¢6 § 6¢3
LVDd, mm (n = 1080 vs 54) 44¢3 § 5¢5
LA, mm (n = 1080 vs 54) 30¢5 § 4¢7
IVS, mm (n = 1080 vs 54) 9¢5 § 1¢6
LVPW, mm (n = 1080 vs 54) 9¢2 § 1¢4

Summary statistics are means § SD or n (%), n, number; WBC
PCT, Procalcitonin; CRP, C-reactive protein; LDL, low den
Aspartate transaminase; TBIL, total bilirubin; DBIL, direct b
sensitive-cardiac troponin I; CKMB, Creatine phosphokinase
drate antigen 125; CA199, carbohydrate antigen 199; LVEF,
end-diastolic diameter; LA, left atrium; IVS, interventric
*P � 0¢05, **P< 0¢001.

Table 3
Operation information.

Non-Events Events P - value

Main surgical sites, n (%) 0¢442
Esophageal 2 (0¢2) 0 (0)
Gastric 113 (9¢4) 7 (12¢5)
Intestinal 22 (1¢8) 2 (3¢6)
Colorectum 1063 (88¢4) 47 (83¢9)
Anal tube 3 (0¢2) 0 (0)
Laparoscope, n (%) 1023 (85) 41 (73¢2) 0¢017*
Operation time (minutes),

means § SD
222¢9 § 95¢7 216¢8 § 81¢6 0¢668

Anesthesia time (minutes),
means § SD

273¢6 § 95¢8 255¢1 § 91¢0 0¢156

n, number; *P � 0¢05.
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cholesterol (LDL), left ventricular ejection fraction (LVEF), left atrium
(LA), interventricular septum (IVS), left ventricular posterior wall
(LVPW), Lee score, neutrophil granulocyte ratio (NEUR), hypertension
and atrium fibrillation. The statins, metformin and other drugs taken
by patients are related to the history of coronary heart disease, diabe-
tes, hypertension, and atrial fibrillation, but these indicators have
been covered in the Lee index and the history of hypertension or
atrial fibrillation. Therefore, considering the possibility of collinearity,
we exclude the drugs information in the multivariate logistic regres-
sion analysis. Internal validation was performed by applying boot-
strap resample method (1000 times) to assess model optimism.
Calibration was based on the Hosmer and Lemeshow test and dis-
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.
on admission.

Non-Events Events P -value

119¢3 § 24¢7 114.9 § 22.1 0¢123
6¢5 § 3¢1 7¢1 § 2¢3 0¢151
28¢8 § 30¢5 48¢6 § 30¢9 < 0¢001**
0¢008 § 0¢01 1¢8 § 3¢7 0¢391
5¢2 § 17¢1 9¢8 § 25¢2 0¢212
77¢5 § 30¢6 106¢5 § 154¢4 0¢169
3¢2 § 0¢9 2¢8 § 0¢9 0¢002*
21¢7 § 12¢8 23¢3 § 20¢1 0¢379
18¢6 § 16¢8 18¢4 § 25¢4 0¢907
12¢4 § 7¢9 11¢0 § 4¢1 0¢185
2¢7 § 4¢1 2¢6 § 2¢3 0¢901
16¢6 § 23¢3 15¢8 § 21¢5 0¢799
169¢6 § 492¢9 362¢8 § 342¢5 0¢104
44¢5 § 64¢9 104¢7 § 284¢3 0¢12
0¢008 § 0¢024 0¢141 § 0¢498 0¢049*
0¢9 § 1¢5 1¢3 § 1¢7 0¢097
29¢3 § 291¢1 74¢1 § 249¢9 0¢262
23¢1 § 70¢0 35¢6 § 45¢3 0¢19
266¢2 § 3798¢8 2216¢3 § 16,176¢3 0¢376
66¢8 § 6¢2 63¢6 § 8¢0 0¢007*
44¢2 § 5¢5 45¢2 § 6¢0 0¢224
30¢4 § 4¢7 32¢4 § 5¢5 0¢012*
9¢5 § 1¢6 10¢1 § 1¢9 0¢005*
9¢2 § 1¢3 9¢9 § 1¢7 0¢003*
, white blood cell; NEUR, neutrophil granulocyte ratio;
sity lipoprotein; ALT, Alanine aminotransferase; AST,
ilirubin; BNP, brain natriuretic peptide; hs-cTnI, high
-Mb; CEA, carcino-embryonic antigen; CA125, carbohy-
left ventricular ejection fraction; LVDd, Left ventricular
ular septum; LVPW, left ventricular posterior wall.



Fig. 2. The frequency of the combined endpoint (A) and in-hospital mortality (B) in
association with hs-cTnI (gray bars), and the revised cardiac index ‘Lee index’ (dark
bars). Compared with patients with normal hs-cTnI on admission, patients with ele-
vated hs-cTnI are more likely to suffer combined endpoint (P < 0¢001), There is also an
increasing trend in mortality of elevated hs-cTnI 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).

Fig. 3. The frequency of the total hospital stays (A) and intensive care treatment
required (B) in association with hs-cTnI (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-cTnI (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-
cTnI and was related to the Lee index.
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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 b-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
receptor blocker (ACEI/ARB), statins, or metformin), higher Lee index,
neutrophil granulocyte ratio (NEUR), low density lipoprotein (LDL) and
hs-cTnI 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-cTnI 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-cTnI. As
compared with patients with normal hs-cTnI level, the occurrence of
the combined endpoint was significantly higher in patients with ele-
vated hs-cTnI (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-cTnI (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-cTnI
either (Fig. 3). Hs-cTnI > 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%CI:
7¢9�34¢6), 4¢4 (95%CI: 1¢4�13¢4), 9¢0 (95%CI: 0¢8�107¢4), respec-
tively.

The ROC curves of hs-cTnI and the Lee index are shown in Fig. 5.
The area under the ROC curve assessing hs-cTnI 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-cTnI,
we found no difference exists in terms of predicting mortality. How-
ever, for the combined endpoint, the AUC for hs-cTnI was signifi-
cantly larger (P < 0¢001). The sensitivity, specificity, positive
predictive value and negative predictive value of hs-cTnI 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-cTnI for
Fig. 4. The frequency of the combined endpoint (A) and in-hospital mortality (B) of hs-
cTnI levels according to the stratification of Lee index. Hs-cTnI > 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%CI: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-cTnI (> 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-cTnI, 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-cTnI, 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-cTnI 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-cTnI 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-cTnI, 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-cTnI 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-cTnI (> 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-
cTnI 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-cTnI > 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-cTnI can provides reliable prognostic



Fig. 5. ROC curves of hs-cTnI, 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-cTnI
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).
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information incremental to revised cardiac index. However, hs-cTnI
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
[31]. The lower the prevalence, the lower the positive predictive
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



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 - 4¢206 < 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 2¢298 - 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 - cTnI>0¢028 ng/ml 14 7¢8 - 25¢3 < 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-cTnI, 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.
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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 D-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-cTnI (> 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-cTnI>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-cTnI, 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-cTnI,
and the surgery were canceled in some high-risk patients with ele-
vated hs-cTnI. 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-cTnI provides powerful prognostic information
for patients undergoing gastrointestinal tumor surgery, and therefore
provides reliable prognostic information incremental to revised car-
diac index.
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