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ABSTRACT

Background and Objectives: In patients with perioperative cardiac troponin (cTn) I below 
the 99th-percentile upper range of limit (URL), mortality according to cTn I level has not 
been fully evaluated. This study evaluated the association between postoperative cTn I level 
above the lowest limit of detection but within the 99th-percentile URL and 30-day mortality 
after noncardiac surgery.
Methods: Patients with cTn I values below the 99th-percentile URL during the perioperative 
period were divided into a no-elevation group with cTn I at the lowest limit of detection (6 
ng/L) and a minor elevation group with cTn I elevation below the 99th percentile URL (6 ng/L 
< cTn I < 40 ng/L). The primary outcome was 30-day mortality.
Results: Of the 5,312 study participants, 2,582 (48.6%) were included in the no-elevation 
group and 2,730 (51.4%) were included in the minor elevation group. After propensity score-
matching, the minor elevation group showed significantly increased 30-day mortality (0.5% 
vs. 2.3%; hazard ratio, 4.30; 95% confidence interval, 2.23–8.29; p<0.001). The estimated 
cutoff value of cTn I to predict 30-day mortality was 6 ng/L with the area under the receiver 
operating characteristic curve 0.657.
Conclusions: A mild elevation of cTn I within the 99th-percentile URL after noncardiac 
surgery was significantly associated with increased 30-day mortality as compared with the 
lowest limit of detection.

Trial Registration: Clinical Research Information Service Identifier: KCT0004244

Keywords: Generalsurgery; Troponin; Mortality

Korean Circ J. 2020 Oct;50(10):925-937
https://doi.org/10.4070/kcj.2020.0088
pISSN 1738-5520·eISSN 1738-5555

Original Article

Received: Mar 1, 2020
Revised: Jun 4, 2020
Accepted: Jun 21, 2020

Correspondence to
Seung-Hwa Lee, MD
Division of Cardiology, Department of 
Medicine, Heart Vascular Stroke Institute, 
Samsung Medical Center, Sungkyunkwan 
University School of Medicine, 81 Irwon-ro, 
Gangnam-gu, Seoul 06351, Korea.
E-mail: shuaaa.lee@samsung.com

*Jungchan Park and Cheol Won Hyeon 
contributed equally to this work.

Copyright © 2020. The Korean Society of 
Cardiology
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted noncommercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Jungchan Park 
https://orcid.org/0000-0002-7794-3547
Cheol Won Hyeon 
https://orcid.org/0000-0003-3992-6364
Seung-Hwa Lee 
https://orcid.org/0000-0001-5508-7519
Jihoon Kim 
https://orcid.org/0000-0002-6919-446X
Ji-Hye Kwon 
https://orcid.org/0000-0002-8899-0699
Kwangmo Yang 
https://orcid.org/0000-0002-7176-4935
Jeong Jin Min 
https://orcid.org/0000-0002-7584-2670

Jungchan Park , MD1,*, Cheol Won Hyeon , MD2,*, Seung-Hwa Lee , MD2,  
Jihoon Kim , MD2, Ji-Hye Kwon , MD1, Kwangmo Yang , MD3,  
Jeong Jin Min , MD, PhD1, Jong Hwan Lee , MD, PhD1,  
Sangmin Maria Lee , MD, PhD1, Jeong Hoon Yang , MD, PhD2,  
Young Bin Song , MD, PhD2, Joo-Yong Hahn , MD, PhD2, Jin-ho Choi , MD, PhD2,4,  
Seung-Hyuk Choi , MD, PhD2, Kyunga Kim , PhD5,6, Joonghyun Ahn , MS5, and 
Hyeon-Cheol Gwon , MD, PhD2

1 Department of Anesthesiology and Pain Medicine, Samsung Medical Center, Sungkyunkwan University 
School of Medicine, Seoul, Korea

2 Division of Cardiology, Department of Medicine, Heart Vascular Stroke Institute, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Seoul, Korea

3 Center for Health Promotion, Samsung Medical Center, Sungkyunkwan University School of Medicine, 
Seoul, Korea

4 Department of Emergency Medicine, Samsung Medical Center, Sungkyunkwan University School of 
Medicine, Seoul, Korea

5Statistics and Data Center, Research Institute for Future Medicine, Samsung Medical Center, Seoul, Korea
6 Department of Digital Health, Samsung Advanced Institute for Health Sciences & Technology (SAIHST), 
Sungkyunkwan University, Seoul, Korea

Mildly Elevated Cardiac Troponin below 
the 99th-Percentile Upper Reference 
Limit after Noncardiac Surgery

https://e-kcj.org
https://cris.nih.go.kr/cris/en/search/search_result_st01.jsp?seq=14420
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0002-7794-3547
https://orcid.org/0000-0002-7794-3547
https://orcid.org/0000-0003-3992-6364
https://orcid.org/0000-0003-3992-6364
https://orcid.org/0000-0001-5508-7519
https://orcid.org/0000-0001-5508-7519
https://orcid.org/0000-0002-6919-446X
https://orcid.org/0000-0002-6919-446X
https://orcid.org/0000-0002-8899-0699
https://orcid.org/0000-0002-8899-0699
https://orcid.org/0000-0002-7176-4935
https://orcid.org/0000-0002-7176-4935
https://orcid.org/0000-0002-7584-2670
https://orcid.org/0000-0002-7584-2670
https://orcid.org/0000-0002-7794-3547
https://orcid.org/0000-0003-3992-6364
https://orcid.org/0000-0001-5508-7519
https://orcid.org/0000-0002-6919-446X
https://orcid.org/0000-0002-8899-0699
https://orcid.org/0000-0002-7176-4935
https://orcid.org/0000-0002-7584-2670
https://orcid.org/0000-0001-8249-5550
https://orcid.org/0000-0001-8460-2233
https://orcid.org/0000-0001-8138-1367
https://orcid.org/0000-0003-3986-9152
https://orcid.org/0000-0002-4412-377X
https://orcid.org/0000-0003-4839-913X
https://orcid.org/0000-0002-0304-6317
https://orcid.org/0000-0002-0865-2236
https://orcid.org/0000-0002-5768-5990
https://orcid.org/0000-0002-8967-4305
http://crossmark.crossref.org/dialog/?doi=10.4070/kcj.2020.0088&domain=pdf&date_stamp=2020-07-24


Jong Hwan Lee 
https://orcid.org/0000-0001-8249-5550
Sangmin Maria Lee 
https://orcid.org/0000-0001-8460-2233
Jeong Hoon Yang 
https://orcid.org/0000-0001-8138-1367
Young Bin Song 
https://orcid.org/0000-0003-3986-9152
Joo-Yong Hahn 
https://orcid.org/0000-0002-4412-377X
Jin-ho Choi 
https://orcid.org/0000-0003-4839-913X
Seung-Hyuk Choi 
https://orcid.org/0000-0002-0304-6317
Kyunga Kim 
https://orcid.org/0000-0002-0865-2236
Joonghyun Ahn 
https://orcid.org/0000-0002-5768-5990
Hyeon-Cheol Gwon 
https://orcid.org/0000-0002-8967-4305

Trial Registration
Clinical Research Information Service 
Identifier: KCT0004244

Conflict of Interest
The authors have no financial conflicts of 
interest.

Author Contributions
Conceptualization: Park J, Lee SH; Data 
curation: Park J, Kim J, Yang K, Min JJ, Gwon 
HC; Formal analysis: Park J, Hyeon CW, Lee 
SH, Kim K, Ahn J; Funding acquisition: Hyeon 
CW, Lee SH, Yang K, Lee JH; Investigation: 
Park J, Lee SH, Choi JH, Gwon HC; 
Methodology: Hyeon CW, Kwon JH; Project 
administration: Yang K, Lee JH; Resources: 
Park J, Lee SH, Kim J, Yang K, Gwon HC; 
Software: Park J, Lee SH, Kim J, Song YB; 
Supervision: Lee SH, Min JJ, Lee JH, Lee SM, 
Yang JH, Song YB, Hahn JY, Choi JH, Choi SH, 
Gwon HC; Validation: Lee SH; Visualization: 
Kim J, Kwon JH; Writing - original draft: Park 
J, Hyeon CW; Writing - review & editing: Lee 
SH, Min JJ, Lee JH, Lee SM, Yang JH, Song YB, 
Hahn JY, Choi JH, Choi SH, Gwon HC.

INTRODUCTION

Cardiac troponin (cTn) is a specific marker of myocardial injury and an independent 
predictor of cardiovascular mortality in patients with or without cardiovascular disease.1)2) 
After the development of a high-sensitivity assay, the new-generation cTn I test not only 
lowered the number of potentially missed coronary artery disease cases but also provided 
prognostic information in the context of noncoronary artery disease.3)4) In surgical patients, 
the postoperative elevation of cTn I has recently been accepted as a strong predictor of 30-
day mortality.5)6) Mortality at 30 days in patients with postoperative cTn I elevation is at a 
concerning rate of 10%, which represents a five-fold increase from the background risk.7)

The prognostic role of cTn I is not only limited to defining the group of patients at increased 
risk but can also be helpful in stratifying the individual risk of the patients as well. In patients 
with ST-segment–elevation myocardial infarction, cTn I level offers a good estimation 
of infarct size, which directly affects prognosis.8)9) The mortality of surgical patients also 
increases exponentially according to the peak postoperative cTn I concentration.5) On the 
other hand, cTn I below the 99th-percentile upper range of limit (URL) has mostly been 
regarded as normal and gained less attention. This was justified largely based on relatively 
firm evidence demonstrating a sharp increase in mortality when exceeding this threshold.10) 
However, in the general population, even a mild elevation of cTn I below the URL was 
significantly associated with increased mortality.11) Therefore, in this study, we sought to 
evaluate mortality according to cTn I level after noncardiac surgery within normal range by 
comparing 30-day mortality between patients with postoperative cTn I at the lowest limit of 
detection and those above the limit of detection but below the URL.

METHODS

Study population and data collection
Data for this study were extracted from the Samsung Medical Center Troponin in Noncardiac 
Operation (SMC-TINCO) registry which was registered at https://cris.nih.go.kr before 
patient enrollment (KCT0004244). The SMC-TINCO registry is a large, single-center cohort 
of deidentified patients. A total of 43,019 consecutive patients with cTn I level measured 
before or within 30 days after noncardiac surgery between January 2010 and June 2019 at 
SMC, Seoul, Korea, were enrolled. As the entire data were initially extracted as deidentified, 
the Institutional Review Board at SMC waived the need for approval for this study and the 
requirement for written informed consent for access to the registry (SMC 2019-08-048).

The data in the SMC-TINCO registry were extracted using the “Clinical Data Warehouse 
Darwin-C” of SMC, which was built for investigators to search and retrieve deidentified 
medical records from the institutional electronic archive system. SMC operates as a paperless 
hospital, and our institutional electronic archive system contains the data of more than four 
million patients including records of more than two million surgeries, 900 million laboratory 
findings, and 200 million prescriptions. In addition to institutional data, reports of 
mortalities in this system are consistently updated and confirmed by the National Population 
Registry of the Korea National Statistical Office using a unique personal identification 
number. After extracting the data from the preoperative evaluation sheets, the baseline 
characteristics of the patients were organized into a standardized form by independent 
investigators who were blinded to mortalities or cTn I level.
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From our registry, we initially identified 6,824 adult patients with a normal preoperative cTn 
I level and an available postoperative cTn I level within 30 days after surgery. The patients 
with postoperative elevation above the 99th-percentile URL were excluded from the primary 
analysis, and the remaining patients were divided according to the peak postoperative cTn 
I level within the normal range, as follows: a no-elevation group having postoperative peak 
cTn I at the lowest limit of detection and a minor elevation group having postoperative peak 
cTn I above the lowest limit of detection but below the 99th-percentile URL. For further 
analysis, the minor elevation group was divided according to the median value of cTn I, 
and each subgroup was compared with the no-elevation group. For additional analyses, the 
same analyses were conducted after excluding patients with preoperative cTn I above the 
lowest limit of detection to minimize the effect of preoperative level. The patients who were 
excluded from the primary analysis for having postoperatively elevated cTn I above the URL 
were also compared with the no-elevation group in further analysis.

Study endpoints and definitions
The primary endpoint was 30-day mortality, and in-hospital mortality was also compared. 
Past medical history was determined based on preoperative evaluation sheets and admission 
notes from the extracted electronic medical records. Hypertension was self-reported or 
defined by the prescription of antihypertensives or a systolic blood pressure of more than 140 
mmHg at rest. Diabetes mellitus was defined as a history of treatment such as medication 
and lifestyle intervention or a diagnosis of type 1 or type 2 diabetes mellitus. A history 
of stroke was defined as a history of neurological function loss caused by an ischemic or 
hemorrhagic event with residual symptoms at least 24 hours after onset. Chronic kidney 
disease was defined as any condition with a gradual loss of kidney function with a serum 
creatinine level consistently over 2.0 mg/dL or being on dialysis. Heart failure included 
diastolic heart failure with preserved left ventricular function and was defined as a history 
of heart failure or the use of loop diuretics accompanied by symptoms. Active cancer was 
defined as a histologic diagnosis of cancer within the previous six months.12) High-risk 
surgery was defined according to the 2014 European Society of Cardiology/European Society 
of Anesthesiology (ESC/ESA) guidelines.13) Postoperative acute kidney injury was stratified 
according to pre- to postoperative change of creatinine level based on the Kidney Disease 
Improving Global Outcomes (KDIGO) criteria.14) 

Perioperative management and cardiac troponin I
Perioperative management of patients followed institutional protocols, which were based 
on the current guidelines. According to the institutional guideline, perioperative cTn I was 
measured in patients with more than moderate risk or undergoing moderate- to high-risk 
surgeries.13) It was also measured at the discretion of attending clinician in patients with mild 
risks. An automated analyzer (Advia Centaur XP; Siemens Healthcare Diagnostics, Erlangen, 
Germany) with a highly sensitive immunoassay was used for cTn I measurement. The lowest 
limit of detection was 6 ng/L. The 99th-percentile URL was 40 ng/L, as provided by the 
manufacturer.

Statistical analysis
Differences between each group were evaluated by using the t-test or Mann-Whitney U 
test, as applicable and were presented as means±standard deviations (SD) or medians with 
interquartile ranges (IQRs) for continuous variables. Categorical data were compared by 
using the chi-squared or Fisher's exact test. Kaplan-Meier estimates were used to construct 
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survival curves and compared with the log-rank test. Cox regression was used to compare 
30-day and in-hospital mortalities. To further reduce selection bias and maximize study 
power while maintaining balanced confounding variables between the two groups, we used 
a propensity score-matching method. An appropriate balance between the groups with an 
absolute standard mean deviation (SMD) of less than 10% suggested successful propensity 
score-matching. In the propensity score-matched population, we compared hazard ratios 
(HRs) with 95% confidence intervals (CIs) for outcomes using a Cox regression model with 
a frailty model. To estimate an optimal cutoff value of cTn I to predict 30-day mortality 
within the 99th-percentile URL, Pearson's correlation coefficient and receiver operating 
characteristic (ROC) plots were constructed to estimate the threshold and compute the 
specificity and sensitivity. The least absolute shrinkage and selection operator (LASSO) 
model, regression analysis that fits a generalized linear model via penalized maximum 
likelihood and select variables, was used to evaluate variables associated with minor elevation 
of postoperative cTn I.15) The power of the study regarding the sample size was calculated 
using Spearman's rank correlation.16) To analyze sensitivity of the result, the observed 
association was separately evaluated in patients with cTn I measurement within 12 hours after 
surgery, male patients, in patients with diabetes or hypertension, and in patients without 
history of ischemic heart disease. We also estimated the potential impact of unmeasured 
confounders.17) Statistical analyses were performed using R 3.5.3 (http://www.R-project.org/; 
The R Foundation, Vienna, Austria). All tests were 2-tailed, and p<0.05 was considered to be 
statistically significant.

RESULTS

After excluding 1,512 patients with the peak postoperative elevation of cTn I above the URL, 
a total of 5,312 patients were stratified into the two groups: the no-elevation group (n=2,582; 
48.6%), defined as patients with the peak cTn I within the lowest limit of detection (6 ng/L), 
and the minor elevation group (n=2,730; 51.4%), defined as patients with the peak cTn I 
level of more than 6 ng/L but less than 40 ng/L. The flowchart of study patients is shown in 
Supplementary Figure 1.

During 30 days after operation, the mean number of cTn I measurements was two for 
each group. The median durations of operation to the peak postoperative cTn I level were 
1.92 hours (IQR, 1.2–4.08) in the no-elevation group and 16.56 hours (IQR, 3.12–44.64) 
in the minor elevation group (p<0.001). The incidences of major bleeding that occurred 
in the critical sites (intracranial, intraspinal, intra-articular, intraocular, pericardial, 
retroperitoneal, or intramuscular with compartment syndrome) based on International 
Classification of Diseases, Tenth Revision codes were 1.5% (39/2,582) in the no-elevation 
group and 1.8% (50/2,730) in the minor elevation group. The baseline characteristics are 
summarized in Table 1. The minor elevation group tended to be older and showed a higher 
incidence of male sex; hypertension; current alcohol use; chronic kidney disease; and a 
history of ischemic heart disease, heart failure, stroke, arrhythmia, or heart valve disease. 
The incidence of active cancer was lower in the minor elevation group. During preoperative 
management, the minor elevation group more frequently relied on the intensive care 
unit, continuous renal replacement therapy, and ventilators. Regarding the preoperative 
medications used such as statins, antiplatelet agents, beta-blockers, calcium channel 
blocker, renin–angiotensin–aldosterone system inhibitors, and warfarin, the minor elevation 
group also showed a higher rate. High-risk surgery according to the ESC/ESA guidelines, 
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emergency operations, general anesthesia, and intraoperative red blood transfusions were 
more frequently found in the minor elevation group. The types of surgery performed are 
summarized in Supplementary Table 1.
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Table 1. Baseline characteristics between no-elevation and minor elevation population

Characteristics
Entire population Propensity score-matched population

No-elevation  
(n=2,582)

Minor elevation 
(n=2,730) p value SMD No-elevation 

(n=2,049)
Minor elevation 

(n=2,049) SMD

Male 1,469 (56.9) 1,705 (62.5) <0.001 11.4 1,225 (59.8) 1,239 (60.5) 1.4
Age 61.3±12.7 66.5±12.6 <0.001 40.5 63.9±11.3 65.0±12.8 8.9
Diabetes 1,440 (55.8) 1,516 (55.5) 0.88 0.5 1,125 (59.8) 1,128 (55.1) 0.3
Hypertension 1,463 (56.7) 1,963 (71.9) <0.001 32.2 1,305 (63.7) 1,385 (67.6) 8.2
Current smoking 346 (13.4) 346 (12.7) 0.46 2.2 264 (12.9) 258 (12.6) 0.9
Current alcohol 593 (23.0) 535 (19.6) 0.003 8.2 436 (21.3) 427 (20.8) 1.1
Chronic kidney disease 94 (3.6) 227 (8.3) <0.001 19.8 93 (4.5) 125 (6.1) 7.0
Previous medical history

Ischemic heart disease 398 (15.4) 618 (22.6) <0.001 18.5 371 (18.1) 403 (19.7) 4.0
Old myocardial infarction* 109 (4.2) 212 (7.8) <0.001 15.0
Percutaneous coronary 
intervention*

160 (6.2) 284 (10.4) <0.001 15.3

Coronary artery bypass graft* 25 (1.0) 57 (2.1) 0.001 9.1
Heart failure 44 (1.7) 86 (3.2) 0.001 9.4 40 (2.0) 49 (2.4) 3.0
Stroke 220 (8.5) 284 (10.4) 0.02 6.4 189 (9.2) 190 (9.3) 0.2
Arrhythmia 143 (5.5) 307 (11.2) <0.001 20.7 132 (6.4) 175 (8.5) 8.0
Atrial fibrillation* 108 (4.2) 254 (9.3) <0.001 20.5
Atrioventricular block* 1 (0.0) 5 (0.2) 0.25 4.3
PSVT* 13 (0.5) 4 (0.1) 0.04 6.3
Pacemaker* 4 (0.2) 13 (0.5) 0.07 5.7
Unspecified* 16 (0.6) 22 (0.8) 0.52 2.2
Heart valve disease 34 (1.3) 60 (2.2) 0.02 6.7 26 (1.3) 33 (1.6) 2.9

Active cancer 957 (37.1) 775 (28.4) <0.001 18.6 691 (33.7) 663 (32.4) 2.9
Preoperative care

Intensive care unit 139 (5.4) 232 (8.5) <0.001 12.3 119 (5.8) 134 (6.5) 3.0
ECMO 0 0 0 0
Continuous renal replacement 
therapy

1 (0.0) 9 (0.3) 0.03 6.8 1 (0.0) 2 (0.1) 1.8

Ventilator 17 (0.7) 32 (1.2) 0.07 5.4 15 (0.7) 20 (1.0) 2.7
Preoperative medication

Statin 831 (32.2) 1,043 (38.2) <0.001 12.6 718 (35.0) 742 (36.2) 2.4
Antiplatelet agent 850 (32.9) 1,247 (45.7) <0.001 26.3 787 (38.4) 843 (41.1) 5.6
Beta-blocker 501 (19.4) 921 (33.7) <0.001 32.9 484 (23.6) 544 (26.5) 6.8
Calcium-channel blocker 785 (30.4) 1,072 (39.3) <0.001 18.7 699 (34.1) 754 (36.8) 5.6
RAAS inhibitor 832 (32.2) 1,178 (43.2) <0.001 22.7 743 (36.3) 809 (39.5) 6.8
Direct oral anticoagulant 42 (1.6) 63 (2.3) 0.09 4.9 38 (1.9) 42 (2.0) 1.4
Warfarin 93 (3.6) 225 (8.2) <0.001 19.8 89 (4.3) 111 (5.4) 5.0

Operative variables
ESC/ESA surgical high risk 442 (17.1) 693 (25.4) <0.001 20.3 409 (20.0) 447 (21.8) 4.6
Emergency operation 507 (19.6) 710 (26.0) <0.001 15.2 445 (21.7) 468 (22.8) 2.7
General anesthesia 2,401 (93.0) 2,435 (89.2) <0.001 13.4 1,884 (91.9) 1,855 (90.5) 5.0
Operation duration, hours 3.00±2.01 3.11±2.30 0.08 4.8 3.03±2.05 3.03±2.21 0.2
Continuous infusion of inotropics 901 (34.9) 996 (36.5) 0.24 3.3 723 (35.3) 699 (34.1) 2.5
RBC transfusion 179 (6.9) 323 (11.8) <0.001 16.9 170 (8.3) 196 (9.6) 4.5

Postoperative events
New atrial fibrillation 1 (0.0) 8 (0.3) 0.06 6.3 1 (0.0) 2 (0.1) 1.8
Acute kidney disease, any 62 (2.4) 195 (7.1) <0.001 22.4 60 (2.9) 95 (4.6) 9.0

Stage 1* 55 (2.1) 170 (6.2) <0.001 20.6
Stage 2* 6 (0.2) 19 (0.7) 0.02 6.8
Stage 3* 1 (0.0) 6 (0.2) 0.15 5.0

Data are presented as number (%) or mean±standard deviation.
ECMO = extracorporeal membrane oxygenation; ESA = European Society of Anaesthesiology; ESC = European Society of Cardiology; PSVT = paroxysmal 
supraventricular tachycardia; RAAS = renin-angiotensin-aldosterone system; RBC = red blood cell; SMD = standardized mean difference.
*Variables are not retained in propensity score matching.
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After an adjustment, the risk of 30-day mortality was significantly higher in the minor 
elevation group (0.5% vs. 2.2%; HR, 3.77; 95% CI, 2.05–6.94; p<0.001). Separately, the 
median durations of in-hospital stay were eight days (IQR, 5–12) in the no-elevation group 
and nine days (IQR, 6–17) days in the minor elevation group. In-hospital mortality was also 
significantly higher in the minor elevation group (0.8% vs. 2.6%; HR, 1.81; 95% CI, 1.19–
3.40; p=0.03) (Table 2). Survival curves for the entire population are shown in Figure 1.

After propensity score-matching, a total of 2,049 pairs of data were generated by 1:1 
individual matching without replacement. No significant imbalance in the baseline 
characteristics were observed between the matched data pairs (Table 1). Clinical outcomes in 
the propensity score-matched population showed similar results with the entire population 
(0.5% vs. 2.3%; HR, 4.30; 95% CI, 2.23–8.29; p<0.001 for 30-day mortality and 0.8% vs. 
2.4%; HR, 1.84; 95% CI, 1.04–3.25; p=0.04 for in-hospital mortality) (Table 3). Survival 
curves for the propensity score-matched population are shown in Figure 2.

The minor elevation group was further divided by the median value of the postoperative peak 
cTn I level, which was 15 ng/L. The characteristics of both subgroups were compared with 
those of the no-elevation group, revealing significantly higher 30-day mortality rates (0.5% vs. 
2.0%; HR, 3.68; 95% CI, 1.94–6.98; p<0.001 for the below-median group and 0.5% vs. 2.4%; 
HR, 4.38; 95% CI, 2.33–8.23; p<0.001 for the above-median group). The comparison between 
the below and above median groups showed no significant difference in 30-day mortality 
(2.0% vs. 2.4%; HR, 1.19; 95% CI, 0.71–1.99; p=0.50) (Table 4). In the propensity score-
matched population, the median value of postoperative peak cTn I level was also 15 ng/L. The 
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Table 2. Clinical outcomes between no-elevation and minor elevation population in the entire population

Outcomes No-elevation 
(n=2,582)

Minor elevation 
(n=2,730)

Unadjusted HR  
(95% CI) p value Adjusted HR  

(95% CI) p value

30-day mortality 14 (0.5) 59 (2.2) 4.01 (2.24–7.19) <0.001 3.77 (2.05–6.94) <0.001
In-hospital mortality 21 (0.8) 71 (2.6) 1.94 (1.19–3.17) 0.01 1.81 (1.19–3.40) 0.03
Peak postoperative cardiac troponin, ng/L 6 18±9 <0.001
Data are presented as number (%) or mean±standard deviation.
Variables retained for multivariable analysis adjustment include male, age, hypertension, chronic kidney disease, ischemic heart disease, arrhythmia, active 
cancer, preoperative intensive care unit, preoperative statin, antiplatelet agent, beta-blocker, calcium-channel blocker, RAAS inhibitor, and warfarin, ESC/ESA 
surgical high risk, emergency operation, and general anesthesia.
ESA = European Society of Anaesthesiology; ESC = European Society of Cardiology; CI = confidence interval; HR = hazard ratio; RAAS = renin-angiotensin-
aldosterone system.
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Figure 1. The Kaplan-Meier curves of the entire population. Graph (A) for 30-day mortality and graph (B) for in-hospital mortality during 30 days.
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30-day mortality in the propensity score-matched population showed similar results (0.5% 
vs. 2.3%; HR, 4.33; 95% CI, 2.12–8.83; p<0.001 for the below-median group and 0.5% vs. 
2.4%; HR, 4.27; 95% CI, 2.08–8.77; p<0.001 for the above-median group) (Table 4). Survival 
curves for three group comparisons in the entire and propensity score-matched populations 
are shown in the Figure 3. Within the 99th-percentile URL, the optimal cutoff value of cTn I to 
predict 30-day mortality was 6 ng/L with the area under the ROC curve 0.657. Using this value, 
the sensitivity and specificity were 80.8% and 49.0%, respectively (Figure 4).

The baseline characteristics and clinical outcomes after excluding the patients with 
preoperative cTn I above the lowest limit of detection are summarized in Supplementary 
Tables 2 and 3. Survival curves for these patients were presented in Supplementary 
Figures 2 and 3. Separately, the clinical outcomes of the patients who were excluded 
from the primary analysis because of postoperative elevations of cTn I above the URL are 
presented in Supplementary Table 4. In the LASSO model, variables that were significantly 
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Table 3. Clinical outcomes between no-elevation and minor elevation population in the propensity score matched population
Outcomes No-elevation (n=2,049) Minor elevation (n=2,049) Adjusted HR (95% CI) p value
30-day mortality 11 (0.5) 47 (2.3) 4.30 (2.23–8.29) <0.001
In-hospital mortality 16 (0.8) 50 (2.4) 1.84 (1.04–3.25) 0.04
Peak postoperative cardiac troponin, ng/L 6 17±9
Data are presented as number (%) or mean±standard deviation.
CI = confidence interval; HR = hazard ratio.
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Figure 2. The Kaplan-Meier curves of the propensity score-matched population. Graph (A) for 30-day mortality and graph (B) for in-hospital mortality during 30 days.

Table 4. 30-day mortalities after 3 group stratifications
Comparisons 30-day mortality HR (95% CI) p value
Entire population

No-elevation (n=2,582) 14 (0.5) 1 [Reference]
Below median (n=1,413) 28 (2.0) 3.68 (1.94–6.98) <0.001
Above median (n=1,317) 31 (2.4) 4.38 (2.33–8.23) <0.001
Above vs. Below 1.19 (0.71–1.99) 0.5

Propensity-score matched population
No-elevation (n=2,046) 11 (0.5) 1 [Reference]
Below median (n=1,039) 24 (2.3) 4.33 (2.12–8.83) <0.001
Above median (n=1,010) 23 (2.4) 4.27 (2.08–8.77) <0.001
Above vs. Below 0.99 (0.56–1.75) 0.97

Data are presented as number (%).
CI = confidence interval; HR = hazard ratio.
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associated with postoperative minor elevation of cTn I included preoperative cTn I level 
(16.99), old myocardial infarction (0.0183), male (0.012), age (0.00544), hypertension 
(0.00514), preoperative continuous renal replacement therapy (0.18), beta-blocker (0.0422), 
surgical high risk (0.0543), emergency operation (0.0033), operation duration (0.00667), 
intraoperative red blood cell transfusion (0.0163), acute kidney disease (0.0784), and active 
cancer (−0.0221) (Supplementary Figures 4).

Regarding the sample size, the power of this study was 0.99. The results of sensitivity analysis 
are summarized in Supplementary Figure 5 and Supplementary Table 5. We estimated the 
effect of an unmeasured confounder with an assumed prevalence of 40%, and the observed 
association was all significant.
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DISCUSSION

The main finding of this study was that, in the patients with normal cTn I levels before and 
after noncardiac surgery, postoperative mild elevation of cTn I below the 99th-percentile 
URL was associated with an increased 30-day mortality rate compared with cTn I below the 
lowest limit of detection. The increased risks for mortality were similar between the patients 
with postoperative cTn I level findings above and below the median value of 15 ng/L, and 
estimated cutoff value within the 99th-percentile URL to predict 30-day mortality was 6 ng/L. 
Our findings raise a question of the clinical feasibility of interpreting postoperative cTn I as a 
binary value to predict mortality and suggest that applying the 99th-percentile URL of cTn I 
as a threshold in surgical patients may require more complex interpretation.

Studies about cTn in noncardiac surgery have recently been published,3)5)18)19) and an elevated 
cTn I level after noncardiac surgery has emerged as the most common contributing factor of 
death during the first 30 days postoperative.7) The 99th-percentile URL is currently suggested 
as the threshold of postoperative elevation, mostly based on previous studies demonstrating 
an increased risk among patients over this threshold.20)21) However, postoperative mortality 
within patients with cTn I level below the 99th-percentile URL has not been accurately 
evaluated, but commonly regarded as normal. The results of this study showed that even 
mildly elevated cTn I below the 99th-percentile URL was significantly associated with 
increased risk of 30-day mortality after noncardiac surgery when compared with the lowest 
limit of detection. These findings suggest some important points in the clinical application 
of postoperative cTn I. Interestingly, in the diagnosis of myocardial infarction, robust 
evidence supports the use of “negative” cTn I level below the 99th-percentile URL to rapidly 
and confidently “rule out”.22)23) Meanwhile, the postoperative elevation of cTn I level in 
noncardiac surgery was shown to be effective in “ruling in” a risk of mortality.20)21) The results 
of our study add that using the 99th-percentile URL of postoperative cTn I to “rule out” the 
risk might even be misleading, because the risks of patients within the normal range might 
be discrete according to the cTn I level.

The clinical feasibility of the 99th-percentile URL is an issue to mention. An elevation of cTn 
I above this level reflects an injury of the myocardium, and numerous studies in a wide variety 
of clinical settings of noncoronary artery disease have shown a prognostic efficacy.5)24-27) 
However, an elevation does not indicate any underlying pathophysiological mechanisms, 
because the 99th-percentile URL is derived from apparently normal individuals.28) Moreover, 
the unconditional application of cTn I with a single specific cut-off value represents a 
potential challenge because the cTn I assays lack supporting expert opinions or consensus 
in the context of several conditions such as in the elderly, in relation to sex, or in those 
undergoing surgery.29) In addition, all of the previous studies on postoperative elevation used 
cTn T, and no study has yet established optimal thresholds for cTn I.21) Although the current 
guidelines recommend the 99th-percentile URL as a definition of elevation for every cTn I 
assay,10) our results might have been driven by the use of cTn I, and a more tailored threshold 
may be needed.

Less likely explanations include the presence of a graded association and the effect of 
preoperative cTn I level. A previous meta-analysis showed that the basal elevated cTn I level, 
below the 99th-percentile URL, is associated with an increased mortality in the general 
population,11) In our further analysis, the increased risk was numerically higher for the 
patients above the median value compared with those below the median value of cTn I, but it 
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was not significantly different. In addition, the optimal cutoff value of cTn I within the 99th-
percentile URL to predict mortality was estimated to be 6 ng/L, the lowest limit of detection.

The preoperative level of cTn I should also be taken into account considering the half-life of 
the biomarker.21) There is a possibility that some patients in the minor elevation group were 
in the process of a decreasing phase of cTn I, and consequently, patients who preoperatively 
had cTn I elevation may have been included in the minor elevation group. This may have 
caused the poor outcomes of the minor elevation group. In this study, preoperative cTn I 
level appeared to be the strongest predictor of postoperative minor elevation of cTn I, but 
in the analysis including only the patients with cTn I in the lowest limit of detection, minor 
elevation was still associated with increased mortality.

Another interesting result was found during additional analysis. The incidence of 30-day 
mortality in patients who were excluded from the primary analysis for postoperative cTn 
I elevation was enormously higher than in both groups with cTn I values below the URL. 
This result correlates well with those of previously reported studies.3)5)18)19) Therefore, this 
study does not deny the validity of the currently used threshold of the 99th-percentile URL 
but rather suggests an extended interpretation of postoperative cTn I be made, even when 
it is regarded as within the normal range. The sensitivity analysis also showed that a mild 
elevation of cTn I below the 99th-percentile URL was associated with increased mortality, 
regardless of whether cTn I was measured within or beyond 12 hours after surgery. Additional 
studies are needed to confirm our findings. One of the strengths of this study is that all of 
the data were collected using our unified electric system. Such enabled the extraction of 
comprehensive data including basic characteristics of the patients and medical treatments 
from the general ward, intensive care unit, operating theater, and outpatient department, 
leaving minimal space for human error during the data curation.

Our results should be appraised in the light of the following limitations. First, this was a 
single-center, observational study, and the results might have been affected by confounding 
factors. Despite an adjustment with multivariate and propensity score-matched analysis, 
unmeasured variables were not able to be corrected. Second, a pre- and postoperative cTn I test 
for noncardiac surgery is not routinely measured in all patients at our institution. Generally, 
the patients with a high cardiovascular risk underwent the test and, consequently, the results of 
the present study may have been exaggerated. Third, a detailed preoperative cardiac evaluation 
was not performed in all patients. Hence, several preoperative variables such as left ventricular 
ejection fraction or coronary artery stenosis that affect postoperative prognosis were not 
available in the present study. Lastly, the need for further medical treatment or intervention in 
patients with a mild postoperative cTn I elevation could not be determined in this study. Despite 
these limitations, this is the first study to our knowledge to investigate the association between 
mild elevation of cTn I below the 99th-percentile URL and 30-day mortality with robust 
propensity score matching. The results of the present study may affect future clinical practice 
for prognosis prediction in patients undergoing noncardiac surgery.

After noncardiac surgery, a normal cTn I level showed significantly different risks of 30-day 
mortality between patients with the lowest level of detection and mildly elevation below the 
99th-percentile URL, respectively.
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