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Abstract
Background: Patients undergoing non-cardiac, non-vascular surgery are at risk of major cardiovascular complications. In
non-cardiac surgery, troponin elevation has previously been shown to be an independent predictor of major adverse cardiac
events and postoperative mortality; however, a majority of studies have focused on vascular surgery patients. The aim of
this meta-analysis was to determine whether troponin elevation is a predictor of major adverse cardiac events and mortal-
ity within 30 days and 1 yr after non-cardiac, non-vascular surgery.
Methods: A systematic review and meta-analysis was conducted in January 2016 according to the Meta-analysis Of
Observational Studies in Epidemiology guidelines. Both interventional and observational studies measuring troponin within
the first 4 days after surgery were eligible. A systematic search was performed in PubMed, EMBASE, Scopus, and the
Cochrane Central Register of Controlled Trials.
Results: Eleven eligible clinical studies (n¼2193) were identified. A postoperative troponin elevation was a predictor of 30 day
mortality, odds ratio (OR) 3.52 [95% confidence interval (CI) 2.21–5.62; I2¼0%], and an independent predictor of 1 yr mortality,
adjusted OR 2.53 (95% CI 1.20–5.36; I2¼26%). A postoperative troponin elevation was associated with major adverse cardiac
events at 30 days, OR 5.92 (95% CI 1.67–20.96; I2¼86%), and 1 yr after surgery, adjusted OR 3.00 (95% CI 1.43–6.29; I2¼21%).
Conclusions: Postoperative myocardial injury is an independent predictor of major adverse cardiac events and mortality
within 30 days and 1 yr after non-cardiac, non-vascular surgery. The meta-analysis provides evidence that supports tropo-
nin monitoring as a cardiovascular risk stratification tool.
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Worldwide, millions of patients annually undergo major non-
cardiac surgery.1 2 A significant proportion of the patients suffer
from major cardiovascular complications (e.g. non-fatal myo-
cardial infarction, cardiac arrest, cardiovascular death) during
the perioperative period and the first years after surgery.3–5

Perioperative myocardial infarction is the most common cardio-
vascular complication and is associated with poor outcomes.
Moreover, even myocardial injury after non-cardiac surgery that
does not fulfil the universal definition of myocardial infarction
is independently associated with 30 day mortality.5

A recent meta-analysis including 3318 surgical patients con-
cluded that an elevation of postoperative troponin is an inde-
pendent predictor of mortality, particularly within the first year
after non-cardiac surgery.6 A majority of the studies in the
meta-analysis restricted enrolment to patients undergoing vas-
cular surgery. Hence, >60% of the patients in the meta-analysis
underwent major vascular surgery. Likewise, major randomized
clinical trials and the VISION cohort study pooled vascular and
non-vascular surgery when addressing perioperative cardiovas-
cular risk estimation and cardiovascular optimization.4 5 7 Major
vascular surgery is, in comparison with other types of non-
cardiac surgery, a procedure with a high risk of major cardiovas-
cular complications and is commonly executed in a high-risk
population with cardiovascular co-morbidities and manifest
systemic atherosclerosis resulting in an increased risk of perio-
perative myocardial injury.3 8 9 Hence, the cardiovascular risk
profile of patients undergoing vascular surgery differs from the
often more moderate risk profiles of patients undergoing other
types of non-cardiac surgery.10 Moreover, major vascular sur-
gery independently increased the risk of perioperative myocar-
dial infarction in a cohort study enrolling 8351 patients
undergoing non-cardiac surgery.3 Major studies have ignored
the likelihood that differences between non-cardiac surgical
procedures affect the pathogenesis of postoperative cardiovas-
cular morbidity in different degrees and directions.11

In recent years, a substantial number of studies have eval-
uated the prognostic impact of troponin elevation after non-
cardiac, non-vascular surgery.12–15 The aim of this meta-analysis
was to determine whether postoperative troponin elevation is an
independent predictor of mortality or major adverse cardiac
events after non-cardiac, non-vascular surgery.

Methods
Eligibility criteria and information source

A systematic review and meta-analysis was executed according
to the Meta-analysis Of Observational Studies in Epidemiology
guidelines.16 Study eligibility criteria included the following: a

population limited to adults undergoing non-cardiac, non-vascu-
lar surgery; patients had to have at least one troponin measure-
ment within the first 4 days after surgery; one or more patients
had to suffer a major cardiac event or die after surgery; and the
study had to assess the prognostic impact of postoperative tropo-
nin elevation in terms of major adverse cardiac events or mortal-
ity within 30 days or 1 yr after surgery or, alternatively, provided
data that could be included in the quantitative analyses. Studies
on non-cardiac surgery that separately reported the results for
non-vascular surgery could be included. Major adverse cardiac
events were defined as non-fatal cardiac arrest, emergent coro-
nary revascularization, acute coronary syndrome, stroke, conges-
tive heart failure, atrial fibrillation (new onset or destabilization
of pre-existing atrial fibrillation), major arrhythmia, cardiovascu-
lar death, and rehospitalization for cardiovascular reasons. Atrial
fibrillation and major arrhythmia were determined by documen-
tation in the medical records by the treating unit. We excluded
non-English publications, retracted studies, and unpublished
studies, including proceedings abstracts.

A literature search was conducted in January 2016 in PubMed,
EMBASE, Scopus, and the Cochrane Central Register of Controlled
Trials. Reference lists were reviewed manually, and the ‘related
citations’ and ‘cited by’ features were used for studies fulfilling
our eligibility criteria. Duplicates were removed manually. The
following search terms were used in the systematic search strat-
egy: nonvascular surgery, non-vascular surgery, non-cardiac sur-
gery, noncardiac surgery, surgical procedures, operative, surgery,
operation, cardiovascular events, cardiovascular event, postoper-
ative complication, postoperative complications, perioperative
complications, perioperative complication, death, mortality,
prognosis, morbidity, cardiac event, cardiac events, human,
humans, and troponin. The search terms were fitted to each
database individually (MeSH terms, subject heading).

Study selection and data collection

Two reviewers (S.E. and M.A.) independently screened the
manuscripts’ titles and abstracts for potential eligibility and
resolved disagreement through discussion or by consulting a
third reviewer (I.G.). All articles selected as potentially eligible
during the screening process underwent full-text review by two
independent reviewers (S.E. and M.A.) to determine eligibility.
Disagreements were resolved using the same procedure as for
the screening process. Two independent reviewers (S.E. and
M.A.) extracted data from all studies that fulfilled eligibility cri-
teria. Disagreements were resolved using an identical process
as for eligibility and screening. Data were extracted on author,
year of publication, study design, number of participants, age,
type of surgery, priority of surgery, lengths of follow-up, tropo-
nin type, troponin assay and manufacturer, cut-off value of
myocardial injury in non-cardiac surgery, timing of postopera-
tive measurements of troponin, number of patients with ele-
vated troponin after surgery, definition of major adverse cardiac
events, and number of deaths and major adverse cardiac events
within 30 days and 1 yr after surgery.

Study quality and risk of bias

Risk of bias within the studies was evaluated according to the
following predefined terms: the degree to which the study
cohort represented the average patients undergoing non-car-
diac, non-vascular surgery in the population;17 blinding of tro-
ponin measurement; preoperative troponin measurement;
completeness of follow-up; method of patient follow-up; and

Editor’s key points

• This pooled analysis has focused on patients having
mostly orthopaedic and abdominal surgery.

• Postoperative troponin elevations have prognostic
importance.

• Although evidence is lacking, basic cardiac medications
for secondary prevention should be considered in this
setting.

• Randomized trials of treatments for patients with post-
operative troponin elevations are needed.
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variables adjusted for in the multivariable analysis of mortality
and major adverse cardiac events. Moreover, the Newcastle–
Ottawa scale was used to assess the quality of the studies.17 The
Newcastle–Ottawa scale rates the studies on selection, outcome,
and comparability.17 Funnel plots were used to explore the exis-
tence of publication bias and small sample size bias.18

Summary measures

The primary outcome was the association between postopera-
tive troponin elevation and mortality within 30 days and 1 yr
after surgery. The secondary outcome was the association
between postoperative troponin elevation and major adverse
cardiac events within 30 days and 1 yr after surgery. We carried
out a post hoc orthopaedic subgroup analysis on postoperative
troponin elevation and 1 yr mortality. We reported the sum-
mary measure as odds ratios (OR) with 95% confidence intervals
(95% CI). Two of the included studies reported their outcome
measures as adjusted hazard ratios.12 19 The adjusted hazard
ratios and their confidence intervals were converted to ORs and
confidence intervals, using the following formula:6

RR ¼ 1" eHR#ln 1"P0ð Þ

P0

The RR was the relative risk of death or major adverse cardiac
events within 1 yr after surgery, and P0 was the proportion of
patients without postoperative troponin elevation that died
within 1 yr after surgery or had a major adverse cardiac event
within 1 yr after surgery. The authors were contacted directly,
and they provided the crude data to calculate P0.12 19 The RR was
then converted to OR.20 Crude mortality rates were provided to
compute the unadjusted ORs, and their 95% CI on the ln scale
was calculated using the following formula: ln(OR upper, lower)¼
lnðORÞ61:96! 1

aþ
1
bþ

1
c þ

1
d

! "
.21 The exponential function was used

to determine the upper and lower limits on the original scale.

Statistical analysis

The meta-analysis statistics were conducted using Review
Manager Version 5.3.22 The pooled ORs were computed with a
generic inverse-variance method using random effect models.18

Moderate statistical heterogeneity was defined by an I2-value>30%
and a substantial heterogeneity by an I2-value>50%.18 Further
investigation of statistical heterogeneity by meta-regression was
not performed because <10 studies were included in the pooled
analyses.18

Results
Our search strategy identified 6551 citations in PubMed,
EMBASE, Scopus, and the Cochrane Central Register of
Controlled Trials. From these, 2685 duplicates were removed,
leaving 3866 studies for screening of the title and abstract. After
screening of the title and abstract, a total of 199 full-text articles
were left. Based on the eligibility criteria, 188 articles were
excluded, leaving 11 articles to be included in the systematic
review and meta-analysis. No additional article was included
after screening reference lists, using the ‘related citations’ and
‘cited by’ features in PubMed (Fig. 1).

Study characteristics

The 11 studies were published between 2009 and 2015. Seven
studies were prospective cohort studies,12 15 19 23–26 two were

retrospective cohort studies,13, 14 and two were randomized
controlled trials.27 28 From one of the randomized controlled tri-
als, only data on the control group were included.27 In the meta-
analysis, 2193 patients were included. Five of 11 studies were in
orthopaedic surgery (n¼993 patients),12 19 23–25 one study in neu-
rosurgery (n¼100 patients),14 three studies in abdominal surgery
(n¼536 patients),26–28 one study in head and neck cancer surgery
(n¼378 patients),13 and one study in mixed non-cardiac, non-
vascular surgery (n¼186 patients).15 The length of follow-up
ranged from 30 days to 8 yr (Table 1).

Troponin assessment

All studies assessed troponin within 4 days after surgery. Three
studies measured cardiac troponin T,12 25 26 seven studies meas-
ured cardiac troponin I,13–15 19 23 24 28 and one study measured
both cardiac troponin T and I.27 The studies used multiple
different troponin assays, and the cut-off value defining
myocardial injury differed between the studies (Table in web-
supplement summarizes the troponin type and assays or manu-
facture and cut-off values).

Results of individual studies

The proportion of patients with elevated troponin after surgery
varied within the range of 6–73% (Table 2). Nine of the 11 studies
registered the number of deaths within 30 days after surgery
and the proportion varied within the range of 1–18%.12–15 23 24 27

28 All-cause mortality within 1 yr varied within the range of 1–
27%.12 19 23–25 Five of the 11 studies reported the proportion of
patients suffering a major adverse cardiac event within 30 days
(11 – 32%) and 1 yr (4–32%) after surgery.15 19 23 24 28 The defini-
tion of major adverse cardiac events varied within the studies,
and two of the studies included cardiovascular death in the defi-
nition (Table 3).15 19

Study quality and risk of bias

One of the studies had no description of the inclusion- and
exclusion criteria besides including a sample of patients with
hip fractures.25 The study populations of four studies were rated
only somewhat representative of the average patient under-
going non-cardiac, non-vascular surgery in the community.24 26–

28 One study recruited patients from the orthopaedic-geriatric
unit but excluded patients from nursing homes and patients
with moderate – severe dementia.24 Patients with a known his-
tory of acute myocardial infarction or acute arrhythmias were
excluded in a study involving surgical patients admitted to the
intensive care unit.27 Two studies only included moderate-high
risk surgical patients.26 28 Five of the 11 studies did a blinded tro-
ponin measurement12 23 25–27 while nine of the 11 studies did a
preoperative troponin measurement.12 14 15 23–28 The complete
follow-up was> 95% in all but one study.15 Direct patient
follow-up and review of medical charts were the preferred
methods of in-hospital follow-up. All but three studies primarily
used medical charts, patient charts and administrative data in
their out of hospital follow-up.1519 26 The three studies con-
ducted a structured telephone interview.1519 26 Only five of the
11 studies did an adjusted analysis.12 19 23 24 28 The mortality
analyses adjusted for more than one variable per 10 events.12 19

23 24 28 Three out of four studies adjusted for less than one varia-
ble per 10 major adverse cardiac events (detailed table in
Supplementary material).23 24 28 Funnel plots are provided in the
Supplementary material.
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Records identified through
database searching

(n6551)

Records after duplicates
removed
(n3866)

Records screened
on title and abstract

(n3866)

Records excluded
(n3667)

Full-text articles excluded,
with reasons

 (n188)
Letter, editorial, protocol,

abstract (n22)
Non-english literature (n2)

Not available (n3)

Retracted (n2)

No surgery (n2)

Mixed surgery incl. vascular 
and cardiac (n55)

No troponin assessment (n8)
No troponin elevation (n4)

Troponin only preoperatively 
or after day 4 postoperatively

(n38)

Mixed pre- and postoperative

troponin (n3)

No MACE or death (n27)

No odds ratio analysis (n16)

Data contained in a larger study
(n6)

Full-text articles assessed
for eligibility

(n199)

Studies included in
quantitative synthesis(meta-

analysis)
(n11)

Fig 1 Flow diagram. MACE, major adverse cardiac events.
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Postoperative troponin elevation and mortality

The unadjusted association between troponin elevation and
30 day mortality after surgery was estimated in eight studies
including 1587 patients.12–15 24 26–28 We computed an unadjusted
pooled OR of 3.52 (95% CI, 2.21–5.62; I2¼0%),12–15 24 26 27 see Fig. 2.

Six studies were included in the unadjusted pooled analysis of
the association between postoperative troponin elevation and
1 yr mortality.12 13 19 23–25 The studies included 1371 patients.
The unadjusted OR was estimated to 2.87 (95% CI, 1.63–5.06;
I2¼50%), see Fig. 3a.12 13 19 23–25 Four studies enrolling 844

Table 1 Study characteristics. NA, not assessed

Authors (yr) Type of Study No. of
patients

Mean
age (yr)

Type of Surgery Priority Length of
follow-up

Ausset and colleagues
(2010)19

Prospective cohort 355 72 Arthroplasties, hip fracture Elective, emergency 12 months

Chong and colleagues
(2009)23

Prospective cohort 102 80 Mixed orthopaedic surgery Elective, emergency 12 months

Chong and colleagues
(2012)24

Prospective cohort 187 77 Mixed orthopaedic surgery Elective, emergency 12 months

Garrett and colleagues
(2010)14

Retrospective cohort 100 55 Neurosurgery Emergency 30 days

Gillies and colleagues
(2015)28

Randomized
controlled trial

288 69.8/71.6 Abdominal surgery Elective, emergency 180 days

Hietala and colleagues
(2014)12

Prospective cohort 200 80 Hip fracture Emergency Up to
1000 days

Izhaki and colleagues
(2011)25

Prospective cohort 149 81 Hip fracture Emergency Up to 8 yr

Lee and colleagues
(2014)27

Randomized
controlled trial

45 NA Abdominal surgery Elective 180 days

Nagele and colleagues
(2011)13

Retrospective cohort 378 63 Head and neck cancer NA 2 yr

Noordzij and
colleagues (2015)26

Prospective cohort 203 69 Abdominal surgery Elective 30 days

Oscarsson and
colleagues (2009)15

Prospective cohort 186 80 Urological, abdominal,
hand and recontructive surgery,
gynaecological, neurosurgery,
orthopaedic, spinal,
ophthalmological

Emergency 90 days

Table 2 Thirty day and 1 yr all-cause mortality after non-cardiac, non-vascular surgery. The risk of mortality is specified as the odds ratio
(95% confidence interval). *High-sensitive cardiac troponin T. aOR, adjusted odds ratio; NA, not assessed; OR, unadjusted odds ratio

Authors (yr) No. of
patients

No. of patients
with elevated
troponin after
surgery [n/N (%)]

30 days
no. of deaths
n/N (%)

1 yr no. of
deaths
[n/N (%)]

30 day
mortality

1 yr mortality

Ausset and colleagues (2010)19 355 21/355 (6) NA 21/355 (6) NA OR 4.58 (1.39–15.03)
aOR 1.21 (0.26–5.69)

Chong and colleagues (2009)23 102 54/102 (53) 1/102 (1) 21/102 (21) NA OR 27.65 (3.54–216.16)
aOR 12.0 (1.4–104.8)

Chong and colleagues (2012)24 187 70/187 (37) 3/187 (2) 16/187 (9) OR 3.41 (0.30–38.24) OR 5.3 (1.7–16.6)
aOR 4.3 (1.1–16.5)

Garrett and colleagues (2010)14 100 21/100 (21) 18/100 (18) NA OR 3.09 (1.02–9.41) NA
Gillies and colleagues (2015)28 288 135/288 (47) 10/286 (3) NA OR 2.78 (0.70–10.91) NA

aOR 3.95 (0.90–17.35)
Hietala and colleagues (2014)12 200 62/200 (31) 18/200 (9) 53/200 (27) OR 5.38 (1.80–16.12) OR 2.01 (1.04–3.89)

aOR 3.28 (1.13–10.20) aOR 1.85 (0.93–3.94)
Izhaki and colleagues (2011)25 149 24/149 (16) NA 6/149 (4) NA OR 1.46 (0.52–4.09)
Lee and colleagues (2014)27 45 33/45 (73)* 5/45 (11) NA OR 0.50 (0.07–3.44) NA
Nagele and colleagues (2011)13 378 57/378 (15) 4/378 (1) 75/378 (20) OR 5.80 (0.80–42.04) OR 1.93 (1.02–3.63)
Noordzij and colleagues (2015)26 202 33/198 (17) 8/198 (4) NA OR 5.53 (1.30–23.44) NA
Oscarsson and colleagues (2009)15 186 62/186 (33) 23/186 (12) NA OR 3.73 (1.52–9.17) NA
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patients computed an adjusted OR predicting 1 yr mortality.12 19

23 24 A postoperative troponin elevation was an independent
predictor of 1 yr mortality after surgery, with a pooled adjusted
OR of 2.53 (95% CI, 1.20–5.36; I2¼26%), see Fig. 3b.11 15–17 Five
studies (n¼993 patients) were included in the orthopaedic sub-
group analysis on 1 yr mortality.12 19 23–25 In orthopaedic sur-
gery, a postoperative troponin elevation was a predictor of 1 yr
mortality with an OR of 2.14 (95% CI, 1.12–3.79; I2¼14%).12 19 23–25

A forest plot is available in the Supplementary material.

Postoperative troponin elevation and major adverse
cardiac events

Table 3 reports the ORs of the association between postopera-
tive troponin elevation and major adverse cardiac events. A
pooled unadjusted OR of the risk of major adverse cardiac
events within 30 days after surgery was estimated as 5.92 (95%
CI, 1.67–20.96; I2¼86%).15 23 24 28 Seven hundred and sixty-three
patients were included in the analysis. A pooled adjusted OR of
the risk of major adverse cardiac events within 1 yr after surgery
was estimated as 3.00 (95% CI, 1.43–6.29; I2¼21%), including 654
patients.19 23 24

Discussion
This systematic review evaluating the predictive value of post-
operative troponin elevation after non-cardiac, non-vascular
surgery included 11 studies. The meta-analysis of 30 day mor-
tality showed a strong association with an OR of 3.52 (95% CI,
2.21–5.62), and after 1 yr a postoperative troponin elevation was

an independent predictor of mortality with a pooled adjusted
OR of 2.53 (95% CI, 1.20–5.36). The orthopaedic subgroup analysis
showed that a postoperative troponin elevation predicted 1 yr
mortality with an OR of 2.14 (95% CI, 1.12–3.79; I2¼14%).
Postoperative troponin elevation was associated with major
adverse cardiac events at 30 days and 1 yr after surgery with a
pooled OR of 5.92 (95% CI, 1.67–20.96) and 3.00 (95% CI, 1.43–
6.29), respectively.

A meta-analysis published in 2011 reported that an isolated
postoperative troponin elevation independently predicted
30 day all-cause mortality after vascular surgery, OR 5.03 (95% CI
2.88–8.79).29 A cohort study including 447 patients undergoing
major vascular surgery reported that a troponin elevation inde-
pendently predicted long-term mortality with an OR of 2.47 (95%
CI 1.44–4.23).30 The study had a mean follow-up period of
32.3 (13.8) months. Likewise, our analysis strongly suggests that
increased postoperative troponin concentrations in non-
vascular surgical patients do, as in vascular surgery, identify a
group of vulnerable patients with a significant risk of major
adverse cardiac events and postoperative all-cause short- and
long-term mortality.

The recent VISION study reported that 84% of the patients
suffering myocardial injury in non-cardiac surgery did not expe-
rience any ischaemic symptoms and only 35% had evidence of
ischaemia on ECG.31 A recent cohort study of 8351 patients
undergoing non-cardiac surgery reported that 5.0% of the
patients had a perioperative myocardial infarction, whereas
only 35% of these patients experienced ischaemic symptoms.3

The 30 day mortality rate did not differ between those who did
and did not have ischaemic symptoms. In a surgical population,

Table 3 Major adverse cardiac events within 30 days and 1 yr after surgery. The risk of major adverse cardiac events is specified as the
odds ratio (95% confidence interval). ACS, acute coronary syndrome; AMI, acute myocardial infarction; aOR, adjusted odds ratio; CHF, con-
gestive heart failure; MACE, major adverse cardiac events; NA, not assessed; OR, unadjusted odds ratio

Authors (yr) No. of
patients

No. of patients
with elevated
troponin after
surgery [n/N (%)]

MACE definition 30 days
no. of
MACE
[n/N (%)]

1 yr no.
of MACE
[n/N (%)]

MACE 30 days MACE 1 yr

Ausset and
colleagues
(2010)19

355 21/355 (6) Cardiac death, ACS,
coronary revascula-
rization or cardiac
surgery, CHF

NA 15/355 (4) NA aOR 6.86 (1.61–37.19)

Chong and
colleagues
(2009)23

102 54/102 (53) Myocardial infarction,
CHF, atrial fibrilla-
tion, or major
arrhythmia

26/102 (25) 33/102 (32) OR 7.56 (2.36–24.00) aOR 3.90 (1.40–10.70)

Chong and
colleagues
(2012)24

187 70/187 (37) AMI, CHF, new-onset
or rapid atrial fibril-
lation, major
arrhythmia, and
cardiac arrest

20/187 (11) 35/187 (19) OR 8.40 (2.70-26.20) OR 4.30 (2.00–9.30)
aOR 4.90 (1.30–18.90) aOR 1.70 (0.70–4.40)

Gillies and
colleagues
(2015)28

288 135/288 (47) New diagnosis of
arrhythmia, cardio-
genic pulmonary
oedema, AMI, cardi-
orespiratory arrest

93/288 (32) NA OR 1.50 (0.91–2.46) NA
aOR 1.56 (0.93–2.61)

Oscarsson
and col-
leagues
(2009)15

186 62/186 (33) AMI, cardiovascular
death, or both
within 30 days of
surgery

26/186 (14) NA OR 16.50 (5.38–50.57) NA
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the diagnosis of perioperative myocardial injury is often
possible only by continuous troponin measurements after sur-
gery, because subtle or transient ischaemic signs and absence of
symptoms (e.g. as a result of strong analgesics) are common.

Two distinct mechanisms may lead to myocardial injury
after surgery: coronary plaque rupture, fissuring, or erosion
with subsequent intraluminal thrombosis (type I myocardial
infarction) and myocardial ischaemic imbalance (type II myo-
cardial infarction).32 Postmortem studies, preoperative coronary
angiography, perioperative Holter, and haemodynamic studies
suggest that both mechanisms are in play in the perioperative
period.33–35 Surgical stress initiates a cascade of inflammation,
sympathetic and neuroendocrine hyperactivity, and hypercoa-
gulability.36 This, together with perioperative hypotension
(major bleeding, hypovolaemia, and systemic vasodilation),
anaemia, transient hypoxia, and tachycardia, results in myocar-
dial hypoperfusion and prolonged imbalance in myocardial oxy-
gen supply and demand, which causes myocardial injury.33 34

The meta-analysis suggests that a postoperative troponin
measurement is useful in risk stratification and provides the
physician with important prognostic information after, for
example, major abdominal or orthopaedic surgery. Without
monitoring perioperative troponins for the first few days after
surgery, in patients with known vascular disease or risk factors,
the majority of myocardial infarctions and injuries will go
undetected.3 31Although data suggest that postoperative tropo-
nin monitoring in patients'45 yr of age is cost effective, further
research is needed to provide better risk stratification and
establish the cost consequence for troponin monitoring within
specific patient populations.37

Observational studies suggest that optimized perioperative
basic quality of care, including prevention of hypoxaemia, pain,

hypothermia, anaemia, hypotension, tachycardia, and hypogly-
caemia, may prevent postoperative troponin elevation and
major cardiac events.19 38 39 No medications have been found to
prevent postoperative troponin elevation or myocardial infarc-
tion safely and efficiently.

Even though the evidence is sparse, basic cardiac medication
has been effective for secondary prevention of major cardiac
events and death.3 40 An observational study showed that
patients with postoperative myocardial infarction who did not
receive additional cardiac medication, in terms of anti-platelets,
b-blockers, statins, and angiotensin-converting enzyme inhibi-
tors, had a higher risk of major cardiac events within
12 months, hazard ratio 2.80 (95% CI, 1.05–24.2, P¼ 0.04), com-
pared with patients who did receive additional cardiac medica-
tion.40 Likewise, an observational study showed that
acetylsalicylic acid and statin use were associated with a reduc-
tion in the risk for 30 day mortality among patients with postop-
erative myocardial infarction, with OR of 0.54 (95% CI, 0.29–0.99)
and 0.26 (95% CI, 0.13–0.54), respectively.3 Despite the evidence
to support basic cardiac medication for secondary prevention,
they are not commonly used.

The meta-analysis was based on a systematic literature
search performed in several databases and adhered to the
standards of performing and reporting meta-analyses. Authors
were contacted directly, and data were provided for the OR cal-
culations. The reviewers had to exclude 16 full-text studies
because an OR could not be extracted or calculated. The major-
ity of these studies included small populations with few or no
cardiovascular events within the short follow-up period. Fifty-
five full-text articles were excluded because they evaluated
mixed non-cardiac surgery, including vascular surgery, without
reporting extractable subgroup data.

Author, year Weight Odds ratio (95% CI)

3.7% 3.41 [0.30, 38.23]

3.09 [1.02, 9.39]

2.78 [0.70, 10.91]

5.38 [1.80, 16.13]

0.50 [0.07, 3.44]

5.80 [0.80, 42.08]

5.53 [1.30, 23.44]

3.73 [1.52, 9.17]

3.52 [2.21, 5.62]

17.7%

11.6%

18.1%

5.9%

5.6%

10.5%

27.0%

100%

–1
0 1 10

Chong and colleagues 2012 (n187)

Garrett and colleagues 2010 (n100)

Gillies and colleagues 2015 (n288)

Hietala and colleagues 2014 (n200)

Lee and colleagues 2014 (n135)

Nagele and colleagues 2010 (n378)

Noordzij and colleagues 2015 (n203)

Oscarsson and colleagues 2009 (n186)

Total (95 % CI)

Fig 2 Forest plot showing the association between postoperative troponin elevation and odds ratio of 30 day mortality. I2¼0%. The size of the box represents the
weight of that study estimate. Horizontal lines represent 95% confidence intervals.
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The methodological quality of the included studies was
moderate to high. All but one study had complete patient
follow-up on>95% of participants. The methodological quality
was reduced by three studies that primarily used telephone
interviews to follow up on the included patients. In nine of the
11 studies, a preoperative troponin measurement was made to
distinguish a continuing baseline troponin elevation from a new
postoperative increase. The authors were contacted directly if

the timing of troponin assessment was unclear. The statistical
heterogeneity in the pooled OR analyses was moderate to low.
An I2 on 50% was detected in the pooled unadjusted OR analysis
of 1 yr mortality and an I2 on 86% in the pooled unadjusted OR
analysis of major adverse cardiac events at 30 days. An investi-
gation of heterogeneity by meta-regression is of questionable
value when there are few studies in the analysis;18 Hence, such
an analysis was not performed. The results from the 30 days

Author, yearA

B Author, year

Weight

Weight Adjusted odds ratio (95% CI)

Odds ratio (95% CI)

13.9% 4.58 [1.40; 15.03]

27.66 [3.54, 216.16]

5.30 [1.69, 16.59]

1.46 [0.52, 4.09]

2.01 [1.04, 3.89]

1.93 [1.03, 3.63]

2.87 [1.63, 5.06]

6.2%

14.6%

16.4%

24.1%

24.8%

18.7%

10.6%

23.2%

47.5%

100% 2.53 [1.20, 5.36]

1.85 [0.87, 3.94]

4.30 [1.12, 16.50]

12.00 [1.37, 104.87]

1.21 [0.26, 5.69]

100%

–1
0 10 301

–1
0 10 301

Ausset and colleagues 2010 (n378)

Ausset and colleagues 2010 (n378)

Chong and colleagues 2009 (n102)

Chong and colleagues 2009 (n102)

Chong and colleagues 2012 (n187)

Chong and colleagues 2012 (n187)

Izhaki and colleagues 2011 (n149)

Hietala and colleagues 2014 (n200)

Hietala and colleagues 2014 (n200)

Nagele and colleagues 2010 (n378)

Total (95% CI)

Total (95% CI)

Fig 3 (A) Forest plot showing the association between postoperative troponin elevation and unadjusted odds ratio of 1 yr mortality. I2¼50%. (B) Forest plot showing
the association between postoperative troponin elevation and adjusted odds ratio of 1 yr mortality. I2¼26%. The size of the box represents the weight of that
study estimate. Horizontal lines represent 95% confidence intervals.

566 | Ekeloef et al.

 at Im
perial College London on N

ovem
ber 4, 2016

http://bja.oxfordjournals.org/
D

ow
nloaded from

 







http://bja.oxfordjournals.org/


major adverse cardiac events analysis should be interpreted
with caution because of substantial heterogeneity. Separate
pooled analyses of adjusted and unadjusted ORs of 1 yr mortal-
ity were undertaken because only four out of the six studies
included an adjusted multivariable analysis. The ORs did not
differ markedly. The included studies did not assess the same
type of troponin, and there was a blinded troponin assessment
in< 50% of the studies, which could be seen as a limitation.
Differences in troponin assays were a potential source of
heterogeneity.

We explored potential publication bias and small sample
size bias by funnel plots (30 day and 1 yr mortality). The funnel
plots should be interpreted with caution because of the small
number of included studies and log odds ratios, which can
cause funnel plots to appear asymmetric.18 In both funnel plots,
we would have expected a broader spectrum of both small posi-
tive and negative studies. Especially, the lack of small negative
studies could implicate some degree of publication bias. We
excluded non-English literature, studies unavailable for pur-
chase, and unpublished studies, including proceedings
abstracts, which may contribute to publication bias. We could
not perform a sensitivity analysis because the abstracts of the
excluded studies lacked sufficient data to compute an OR. In the
1 yr mortality funnel plot, the study by Chong and colleagues23

seems to induce a small sample size bias, which contributes to
the heterogeneity (I2¼50%). However, this was the only small
study, and the study only weighted 6.2% in the pooled 1 yr
unadjusted mortality analysis.

In conclusion, troponin elevation after non-cardiac, non-
vascular surgery is a predictor of major adverse cardiac events
and mortality in the ensuing year, with a risk approaching that
after major vascular surgery. Physicians should consider moni-
toring troponin in the first postoperative days in at-risk patients
because of the absence of ischaemic symptoms and because
ECG changes can be subtle, transient, or both. Postoperative tro-
ponin monitoring might serve to identify vulnerable patients
who could benefit from cardiovascular optimization.
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