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ABSTRACT
Introduction  Myocardial injury after noncardiac surgery 
has been recognised as an important complication 
associated with short-term and long-term morbidity and 
mortality. However, whether a higher level of postoperative 
cardiac troponin (cTn) is associated with a higher 
incidence of major complications remains controversial. 
Hence, we will conduct a comprehensive dose–response 
meta-analysis based on all relevant prospective studies to 
quantitatively evaluate the association between elevated 
postoperative cTn levels and short-/long-term adverse 
clinical outcomes following adult noncardiac surgery.
Methods  We will search the PubMed, EMBase, Cochrane 
Library, ISI Knowledge via Web of Science, China National 
Knowledge Infrastructure, Wanfang and VIP databases (from 
inception until October 2020) to identify all prospective 
cohort studies using the relevant keywords. The primary 
outcome will be all-cause mortality. The secondary outcomes 
will include cardiovascular mortality and major adverse 
cardiovascular events (MACEs). Univariable or multivariable 
meta-regression and subgroup analyses will be conducted 
for the comparison between elevated versus nonelevated 
categories of postoperative cTn levels. Sensitivity analyses will 
be used to assess the robustness of our results by removing 
each included study at one time to obtain and evaluate the 
remaining overall estimates of all-cause mortality or MACE. 
To conduct a dose–response meta-analysis for the potential 
linear or restricted cubic spline regression relationship 
between postoperative elevated cTn levels and all-cause 
mortality or MACE, studies with three or more categories will 
be included.
Ethics and dissemination  Ethical approval is waived 
for the systematic review protocol according to the 
Institutional Review Board/Independent Ethics Committee 
of Fuwai Hospital. This meta-analysis will be disseminated 
through a peer-reviewed journal for publication and 
conference presentations.
PROSPERO registration number  CRD42020173175.

INTRODUCTION
Myocardial injury after noncardiac surgery 
(MINS) has been recognised as an important 
complication associated with short-term and 

long-term morbidity and mortality.1 Some 
studies have shown that the incidence of 
MINS is as high as 30~45% based on postop-
erative high-sensitive cardiac troponin (cTn) 
levels.2–4 The major proposed mechanisms 
of MINS include animbalance in myocardial 
oxygen supply and demand due to periop-
erative hypotension,5 hypoxia,6 anaemia,7 
previous coronary artery disease (CAD)8 and 
coronary thrombosis.9 Postoperative cTn 
measurement is recommended for high-
risk (previous CAD, previous heart failure, 
previous atrial fibrillation, previous heart 
disease etc) patients undergoing noncardiac 
surgery. According to the fourth Universal 
Definition of Myocardial Infarction (UDMI) 
published in 2018,6 the cut-off value for the 
diagnosis of MINS is the 99th percentile 
upper reference limit (URL) of the postop-
erative cTn level. However, an increase in the 
prognostic effect of cTn levels still requires 
the new-onset ischaemia-related evidence in 

Strengths and limitations of this study

►► The potential linear or nonlinear dose–response 
relationship between postoperative cardiactroponin 
(cTn) levels and adverse clinical outcomes in adult 
noncardiac surgery will be explored.

►► The prognostic significance of subclinical or tiny 
myocardial injury below the upper reference limit of 
cTn will be focused.

►► This meta-analysis will pool the data from a number 
of studies to form the largest prospective data set 
to date.

►► The baseline cTn level is not a routine test for pa-
tients undergoing noncardiac surgery.

►► This work cannot rule out the potential influence of 
different cTn detection kits and methods used in the 
included studies.
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the myocardium including that from ECG, echocardiog-
raphy, coronary CT or coronary angiography.6 However, 
these cardiac-specific examinations are not regularly 
used in patients undergoing noncardiac surgery and may 
increase the cost of hospitalisation.

Given the limited high-quality evidence available and 
the controversial findings revealed by available studies 
concerning the long-term prognostic significance of cTn 
levels following noncardiac surgery, whether there is an 
optimal cut-off value for postoperative cTn level to diag-
nose MINS with improved prognostic significance remains 
unknown.10–16 Moreover, quantitative analysis for myocardial 
injury below the recommended URL has not been system-
atically studied.17 Hence, we will conduct a comprehensive 
dose–response meta-analysis based on all relevant prospec-
tive studies to quantitatively evaluate the association between 
elevated postoperative cTn levels and short-term/long-term 
adverse clinical outcomes following noncardiac surgery.

Objectives
The purpose of this systematic review and meta-analysis 
is to explore the potential dose–response relationship 
between postoperative elevated cTn levels and adverse 
clinical outcomes after adult noncardiac surgery.

METHODS AND ANALYSIS
Search strategy
We will conduct this meta-analysis following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 

Protocols guidelines.18 We will search PubMed, EMBase, 
Cochrane Library and ISI Knowledge via the Web of 
Science databases (from inception until October 2020) 
and the reference lists of the retrieved articles. The related 
search keywords are listed in table 1. We will also search 
the China National Knowledge Infrastructure, Wanfang 
and VIP Databases (from inception until October 2020) 
using same search keywords translated into Chinese. The 
proposed search process is shown in figure 1.

Type of participants
We will include adult patients undergoing noncardiac 
surgery as the study participants.

Patient and public involvement
Patients and/or the public are not involved in the design, 
or conduct, or reporting or dissemination plans of this 
research.

Type of studies
We will include prospective cohort studies that have 
reported the associations between postoperative cTn levels 
and the incidence of major adverse clinical outcomes. No 
language restrictions will be used.

Definition of MINS
The definition of MINS with a precise cut-off value in 
each study will be accepted. The following three types 
of cut-off value will exist: (1) detection limit below the 
URL, (2) detection at the URL and (3) detection above 

Table 1  Search strategy for PubMed, EMBase, Cochrane Library, ISI Knowledge via Web of Science, China National 
Knowledge Infrastructure, Wanfang and VIP Database

Database Search items

PubMed

No.

 � # 1 ((((troponin) OR (troponins)) OR (TnI)) OR (TnT)) OR (myocardial injury)

 � # 2 (noncardiac surgery) OR (non-cardiac surgery)

 � # 3 # 1 and # 2

EMBase  �

 � # 1 troponin OR troponins OR tni OR tnt OR (myocardial AND injury)

 � # 2 noncardiac AND surgery OR ('non cardiac' AND surgery)

 � # 3 # 1 and # 2

Cochrane Library

 � # 1 troponin in All Text OR troponins in All Text OR TnI in All Text OR TnT in All Text OR myocardial injury in All Text

 � # 2 noncardiac surgery in All Text OR non-cardiac surgery in All Text

 � # 3 # 1 and # 2

ISI Knowledge via Web of Science

 � # 1 (troponin) OR TOPIC: (troponins) OR TOPIC: (TnI) OR TOPIC: (TnT) OR TOPIC: (myocardial injury)
Timespan: All years. Databases: WOS, BIOSIS, KJD, MEDLINE, RSCI, SCIELO.
Search language=Auto

 � # 2 TOPIC: (noncardiac surgery) OR TOPIC: (non-cardiac surgery) Timespan: All years. Databases: WOS, BIOSIS, 
KJD, MEDLINE, RSCI, SCIELO.Search language=Auto

 � # 3 # 1 and # 2
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the URL. This definition based only on biomarkers of 
myocardial injury is not based on the UDMI6 or Stan-
dardised Endpoints in Perioperative Medicine initiative19 
due to the lack of availability of additional information 
such as ECG, echocardiography, coronary CT or angiog-
raphy data.

Type of outcomes
The primary outcome will be all-cause mortality. The 
secondary outcomes will include cardiovascular mortality 
and major adverse cardiovascular events (MACEs). 
MACEs constitute a combined endpoint including at 
least three of the following events: death, cardiovascular 
death, coronary revascularisation of any cause, unstable 
angina, myocardial infarction, congestive heart failure, 
major adverse arrhythmias requiring treatment, cardiac 
arrest, pulmonary embolism or stroke. The follow-up 
duration will be divided into the following three time 
periods: ‘short term (1–3 months)’, ‘medium term (3~12 
months)’ and ‘long term (≥1 year)’. Both the primary 
outcomes and secondary outcomes will be included in 
the dose–response analysis.

Data extraction
The data will be extracted by two independent authors (TA 
and YT). Discrepancies will be resolved by group discus-
sion. The extracted data will include study design (author, 
publication year, country, sample size, percentage of posi-
tive cTn levels), patient characteristics (mean age, male 

proportion, diabetes proportion, hypertension propor-
tion, hyperlipidaemia proportion, smoking proportion, 
CAD proportion, previous myocardial infarction, chronic 
heart failure, atrial fibrillation, history of valvular heart 
disease, history of peripheral vascular disease, history of 
stroke or transient ischaemic accident, kidney dysfunc-
tion, history of lung disease, history of liver disease, 
elective surgery proportion, vascular surgery propor-
tion, general anaesthesia, revised cardiac risk index, 
beta-blocker usage, statin usage, angiotensin-converting 
enzyme inhibitor/angiotensin receptor blocker usage, 
calcium channel blocker usage, aspirin usage), follow-up 
period, kit used to detect cTn, the URL of cTn, the detec-
tion limit of cTn, cut-off value of cTn and the different 
categories of postoperative cTn levels.

Risk of bias assessment
The methodological quality of the studies will be evalu-
ated in accordance with the Newcastle-Ottawa quality 
assessment scale.20

Data synthesis
The ORs or HRs in each study will be extracted or calcu-
lated from patients categorised as having elevated versus 
nonelevated postoperative cTn levels for the pooled 
analysis. Specifically, the HR will be calculated based on 
the log-rank test or the Kaplan-Meier survival curve.21 
Patients in the nonelevated cTn level category with the 
lowest cTn levels will be chosen as the reference points. 

Figure 1  Flowchart of the trial searching process.



4 An T, et al. BMJ Open 2021;11:e046223. doi:10.1136/bmjopen-2020-046223

Open access�

The DerSimonian and Laird random-effects model will be 
used in the pooled analysis for potential clinical inconsis-
tency regardless of the heterogeneity test result. Univari-
able or multivariable meta-regression and subgroup 
analyses will be conducted for the comparison between 
patients with elevated versus nonelevated postoperative 
cTn levels to assess the impact of multiple potential influ-
ential factors such assurgical types, patient characteristics 
and cTn types (high sensitive vs nonhigh sensitive, cTnI 
vs cTnT, baseline cTn vs without baseline cTn).22 Sensi-
tivity analyses will be used to assess the robustness of our 
results by removing each included study at one time to 
obtain and evaluate the remaining overall estimates of 
all-cause mortality or MACEs. Publication bias assess-
ment will be performed by the Begg’s and Egger’s tests. 
If one study reported multiple categories (>2 categories), 
we will calculate the OR by using the number of events 
and the total in all of the elevated categories and refer-
ence one for the high versus low analysis. To conduct a 
dose–response meta-analysis for the potential linear or 
restricted cubic spline regression relationship between 
postoperative elevated cTn levels and all-cause mortality 
or MACEs, studies with three or more categories will be 
included. If only the numerical value of the elevated cTn 
levels is provided, we will convert this into the number of 
times the corresponding URL in each individual study. 
The average level of elevated cTn in each category will 
be estimated by determining the mean of the lower and 
upper levels. If the highest category has an open upper 
level, the mean level will be estimated to be 1.2x the level 
of the lower levels.23 p<0.05 (two sided) will be consid-
ered statistically significant. All statistical analyses will 
be performed in Stata software (V.10.0, Stata, College 
Station, Texas) and RevMan software (V.5.0, Cochrane 
Collaboration, Oxford, UK).

DISCUSSION
Although there have been several meta-analyses 
concerning the prognostic effect of preoperative and/or 
postoperative troponin levels in adult noncardiac surgery, 
there are obvious pitfalls in these studies (including a 
large number of retrospective studies,16 studies focused 
onlyon preoperative troponin levels14 24 or did not distin-
guish between preoperative and postoperative troponin 
levels.25 Moreover, the potential linear or nonlinear dose–
response relationship between postoperative troponin 
level and adverse clinical outcomes in adult noncardiac 
surgery has not been studied. In addition, the prognostic 
role of subclinical or tiny myocardial injury (below the 
URL)17 has been largely ignored for early risk stratifi-
cation and prediction of improved outcomes in adult 
noncardiac surgery.

The strengths of this systematic review and meta-analysis 
include the prospective design of all the included studies, 
and its ability to gather a large relevant study population. 
Moreover, for the first time, we will explore the potential 
linear or nonlinear dose–response relationship between 

postoperative cTn levels and adverse clinical outcomes. 
In addition, we will focus on the prognostic significance 
of subclinical or tiny myocardial injury below the URL for 
the first time.17 The limitations, on the other hand, also 
exist in our analysis. First, the univariable or multivari-
able meta-regression and subgroup analyses are mainly 
based on aggregate patient data, not individual patient 
data. Other confounding factors may be underestimated. 
Second, we will focus on the effect of baseline cTn level 
in the analysis. However, the baseline cTn level is not a 
routine test for patients undergoing noncardiac surgery. 
Third, we cannot rule out the potential influence of 
different detection kits and methods used to measure the 
cTn levels in the included studies. Fourth, our analysis 
may not be sufficient for a diagnosis of myocardial infarc-
tion due to the lack of additional available evidence for 
myocardial ischaemia (ECG, echocardiography, coronary 
CT or angiography) required in the fourth UDMI. Finally, 
elevated troponin has been observed in noncardiac situ-
ations such as pulmonary embolism or renal dysfunction 
and, thus, might not solely be a direct marker of cardiac 
problems.

Ethics and dissemination
Ethical approval is waived according to the Institutional 
Review Board/Independent Ethics Committee of Fuwai 
Hospital. This meta-analysis will be disseminated through 
a peer-reviewed journal for publication and conference 
presentations.
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