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Background-—The time-sensitive hazard of perioperative cardiac troponin T (cTnT) elevation and whether long-term mortality
differs by mechanism of myocardial injury are poorly understood.

Methods and Results-—In this observational study of 12 882 patients who underwent noncardiac vascular surgery, patients were
assessed for cTnT sampling within 96 hours postoperatively. Mortality out to 5-years was stratified by cTnT level and mechanism of
myocardial injury. During a median follow-up of 26.9 months, there were 2149 (16.7%) deaths. By multivariable Cox proportional
hazards analysis, there was a graded increase in mortality with any detectable cTnT compared to <0.01 ng/mL; cTnT 0.01 to
0.029 ng/mL hazard ratio (HR) 1.54 (95% CI 1.18–2.00, P=0.002), 0.03 to 0.099 ng/mL HR 1.86 (95% CI 1.49–2.31, P<0.001),
0.10 to 0.399 ng/mL HR 1.83 (95% CI 1.46–2.31, P<0.001), ≥0.40 ng/mL HR 2.62 (95% CI 2.06–3.32, P<0.001). Mortality for
each mechanism of injury was greater than for patients with normal cTnT; baseline cTnT elevation HR 1.71 (95% CI 1.31–2.24;
P<0.001), Type 2 myocardial infarction HR 1.88 (95% CI 1.57–2.24; P<0.001), Type 1 MI HR 2.56 (95% CI 2.56, 1.82–3.60;
P<0.001). On Kaplan–Meier analysis, long-term survival did not differ between mechanisms. The hazard of mortality was greatest
within the first 10 months postsurgery. Consistent results were obtained in confirmatory propensity-score matched analyses.

Conclusions-—Any detectable cTnT ≥0.01 ng/mL is associated with increased long-term mortality after vascular surgery. This risk
is greatest within the first 10 months postoperatively. While short-term mortality is greatest with Type 1 myocardial infarction,
long-term mortality appears independent of the mechanism of injury. ( J Am Heart Assoc. 2017;6:e005672. DOI: 10.1161/
JAHA.117.005672.)
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P erioperative myocardial injury detectable by cardiac
troponin elevation is estimated to occur in 5% to 25%

of the over 200 million patients who undergo noncardiac
surgery annually.1–4 The association between postoperative
troponin elevation and short-term mortality is established.2–8

However, how this hazard changes over time, and whether it
persists long term are not well defined. Further, whether
outcomes differ by the underlying mechanism leading to
perioperative troponin elevation is unknown.9,10

Many patients have detectable troponin following noncar-
diac surgery, but only �40% meet the universal definition of
Type 1 myocardial infarction (MI) because of an acute coronary
syndrome (ACS).2,3,6,7,11 It is presumed that most of these
events are Type 2 MI, commonly referred to as “demand
ischemia,” caused by an imbalance ofmyocardial oxygen supply
in the setting of a fixed coronary artery stenosis and increased
demand from perioperative stressors.11 The term “myocardial
injury after noncardiac surgery” (MINS) has been used by some
to describe events in which patients may be asymptomatic,
without ECG changes, but still experience low-grade troponin
elevation.3 There exists an unmet need to examine associations
between Type 2MI or baseline troponin elevation andmortality,
as there remains a lack of evidence on how to manage patients
with perioperative myocardial injury not attributable to ACS.9

To address this, we performed a large observational study
to define the association between postoperative cTnT level
and mortality after noncardiac vascular surgery, and how this
hazard changes over time. Robust multivariable adjustment
and propensity score matching were both used to adjust for
patient characteristics. We further sought to compare the
long-term mortality risk of various mechanisms of myocardial
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injury including Type 1 MI attributable to ST-segment
myocardial infarction (STEMI) or non-STEMI (NSTEMI) from
intraluminal thrombus, Type 2 MI attributable to demand
ischemia or MINS, or baseline troponin elevation.

Methods

Study Population and Data Collection
This was a retrospective, observational cohort study of patients
who underwent intermediate- or high-risk vascular surgery at a
large tertiary care hospital between January 1, 2010 andMay 1,
2015. The institutional surgical administrative database was
screened to capture all episodes of vascular surgery during the
study time period. Intermediate- or high-risk surgeries or
endovascular procedures were identified by Current Procedure
Terminology code (listed in Table S1); low-risk surgeries or
minor nonsurgical procedures including diagnostic angiogra-
phy were excluded. For patients who underwent more than 1
surgery, only the first surgery was included.

Baseline medical comorbidities, medication use, and
laboratory values within 1 month before surgery were
obtained by review of International Statistical Classification
of Diseases-9 codes and electronic medical record notes. The
presence or absence of cTnT sampling and peak cTnT value
within 96 hours of surgery was recorded. The Roche 4th
generation cTnT assay was utilized, which has an imprecision
of <10% (measured as the coefficient of variation) at the 99th
percentile of 0.01 ng/mL as per the manufacturer.

Degree of and Mechanisms of Myocardial Injury
Univariate Cox regression was performed to decide on cTnT
cut points for stratified analyses; cTnT was considered the
continuous independent variable utilizing restricted cubic
splines with 6 knots, and mortality was the outcome. The log
relative hazard of mortality increased until �0.4 ng/mL, and
thus this value was used as a cut point in stratified analysis
(Figure S1). We further utilized cut points of 0.01 ng/mL as
this is the lowest detectable value for the assay (99th
percentile normal value), 0.03 ng/mL as it is a commonly
used threshold to define cTnT “elevation,” and 0.1 ng/mL as
it has been used as a cut point in other studies of
perioperative myocardial injury.2,5 The presence and level of
myocardial injury was thus classified as “Not Sampled,”
“<0.01 ng/mL,” “0.01 to 0.029 ng/mL,” “0.03 to 0.099
ng/mL,” “0.1 to 0.399 ng/mL,” or “≥0.4 ng/mL.”

The mechanism of myocardial injury was determined in
each patient with an elevated cTnT (≥0.03 ng/mL) by chart
review by 2 experienced physicians blinded to the study
outcome. This was adjudicated based on the reviewer’s expert
opinion after assessment of all relevant notes, ECGs,

Table 1. Baseline Characteristics, Medications, and
Laboratory Values

Variable
Not Sampled
(N=9594)

Sampled
(N=3288) P Value

Baseline characteristics

Age, y—mean
(SD)

64.8 (14.9) 70.3 (11.8) <0.001

Sex, male—n (%) 5516 (57.5) 2163 (65.8) <0.001

Ischemic heart
disease*, n (%)

5539 (57.7) 2207 (67.1) <0.001

Heart failure
(current or prior)*,
n (%)

1791 (18.7) 620 (18.9) 0.837

Diabetes mellitus
(any), n (%)

3211 (33.5) 853 (25.9) <0.001

Prior stroke/TIA*,
n (%)

1230 (12.8) 421 (12.8) 1

High-risk surgery*†,
n (%)

4354 (45.4) 2119 (64.4) <0.001

Medications, n (%)

b-Blocker 7056 (73.5) 2624 (79.8) <0.001

ACE or ARB 6166 (64.3) 2191 (66.6) 0.016

CCB 5052 (52.7) 1517 (46.1) <0.001

Thiazide diuretic 2230 (23.2) 752 (22.9) 0.673

Aldosterone
antagonist

803 (8.4) 257 (7.8) 0.335

Nitrates 4849 (50.5) 1696 (51.6) 0.321

Loop diuretic 1909 (19.9) 477 (14.5) <0.001

Oral hypoglycemic 2622 (27.3) 696 (21.2) <0.001

Insulin* 4406 (45.9) 1241 (37.7) <0.001

Statin 6437 (67.1) 2443 (74.3) <0.001

Aspirin 6912 (72.0) 2522 (76.7) <0.001

P2Y12 inhibitor 2926 (30.5) 1116 (33.9) <0.001

Warfarin 2213 (23.1) 740 (22.5) 0.52

Laboratory values

Total cholesterol,
mean (SD)

165.7 (50.2) 160.1 (48.6) <0.001

LDL, mean (SD) 93.4 (40.8) 90.1 (39.9) <0.001

HDL, mean (SD) 47.4 (17.8) 45.2 (16.7) <0.001

Hemoglobin,
mean (SD)

12.0 (2.3) 12.4 (2.2) <0.001

HbA1c,
median [IQR]

6.0 [5.5, 6.7] 5.9 [5.5, 6.4] <0.001

Cr, median [IQR] 1.09 [0.82, 2.42] 1.04 [0.83, 1.41] <0.001

Cr ≥2.0*, n (%) 2652 (27.6) 438 (13.3) <0.001

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB,
calcium channel blocker; Cr, creatinine; HDL, high-density lipoprotein; IQR, interquartile
range; LDL, low-density lipoprotein; TIA, transient ischemic attack.
*Variables included in calculation of Revised Cardiac Risk Index score.
†High-risk surgery denotes any high-risk aortic or peripheral vascular surgery.
Significance determined at a<0.05 by Student t test or Wilcoxon test for continuous
variables, or Pearson’s v2 or Fisher exact test for categorical variables.
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laboratory values, stress tests, and coronary angiograms
(when available). There was near complete (>95%) agreement
between adjudicators for every case, and in the case of a
disagreement, a third physician was used as a tie-breaker.

The mechanism was defined as “Type 1 MI (NSTEMI or
STEMI due to intraluminal thrombus),” “Type 2 MI (Demand
ischemia or MINS),” or “Baseline elevation.” The definition of
MINS used included all patients with myocardial injury
because of an ischemic event that does not fulfill the
Universal Definition of MI. Patients were considered to have a
baseline cTnT elevation if they had a similar cTnT value before
the start of the study on their last available laboratory testing.
Any increase in cTnT >10% higher than the previous cTnT
value was not considered a baseline elevation, and instead
adjudicated as a Type 1 or Type 2 MI event.

Study End Point
The study’s end point was all-cause mortality within 5 years of
the index surgery. Mortality data were obtained via electronic
medical record, Social Security Death Index, Ohio Death Index
query, and search of public records. Mortality was chosen as
the study end point as it is objective, clinically important, and
easily obtainable.

Statistical Analyses
Continuous variables are presented as mean (SD) and
compared with Student t test if parametric, or median

(interquartile range) and compared with the Wilcoxon
rank-sum test if nonparametric. Categorical variables are
presented as number (percentage) and compared using
Pearson’s v2 test or Fisher exact test (if frequency <10).
Continuous baseline characteristics with missing values were
imputed using multivariate imputation by chained equations
where appropriate.

Multivariable Cox proportional hazards models were built
using mortality as the dependent variable, patient character-
istics, and cTnT level or mechanism of myocardial injury as
independent variables. Terms from Table 1 were selected for
inclusion in the model based on a backwards selection
algorithm, minimizing Akaike information criterion. Colinearity
was avoided by choosing between terms with elevated
variance inflation factor values. Overfitting was avoided in
the final model by following a 15 event:1 variable maximum
ratio. The proportional hazards assumption was tested for
each final Cox model by plotting the Schoenfeld residuals
versus log (time). Hazard functions were also plotted to
discern whether the instantaneous hazard rate varied over
time. Survival analysis was subsequently performed via the
Kaplan–Meier method utilizing the log-rank comparison,
stratifying long-term mortality by cTnT level and mechanisms
of myocardial injury.

Next, a separate set of sensitivity analyses was performed
using propensity score matching techniques. First, a propen-
sity score for cTnT level was created utilizing all variables
included (Table 1). Patients with each level of cTnT were 1:1
Greedy matched without replacement to patients with

Figure 1. Frequency of types of vascular surgery in the study population. Most patients had a major
aortic or peripheral vascular procedure (63% of total); endovascular peripheral procedures, amputation, AV,
fistula, and other minor vascular surgeries were less common. See Table S1 for a comprehensive list of the
various surgeries in each of the larger categories summarized above. AAA indicates abdominal aortic
aneurysm; AV, arteriovenous.
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sampled but cTnT <99th percentile (<0.01 ng/mL) via
nearest propensity score. In a separate set of analyses,
patients with each mechanism of myocardial injury were 1:1
Greedy matched without replacement to patients with a
normal cTnT (<0.03 ng/mL) via nearest propensity score.
Covariate balance was assessed with an assessment of
standardized differences before and after matching. Cox
proportional hazards and Kaplan–Meier survival analyses were
then performed after matching as previously described.

Statistical significance was defined as a 2-sided P<0.05 for
all analyses. Data were analyzed with R version 3.1.0
statistical software. All patients provided consent to partic-
ipate in the study. This study was approved by the Institu-
tional Review Board before data collection.

Results

Baseline Characteristics and Surgery Prevalence
A total of 13 702 unique patients were identified via the
inclusion criteria. Following review, 820 patients were
excluded as they only had a diagnostic peripheral angiogram
or nonvascular surgical procedure; 12 882 patients com-
prised the final cohort.

Overall as part of routine clinical practice, 3288 patients
(25.52%) had cTnT sampled within 96 hours of surgery.
Baseline characteristics stratified by whether patients had
cTnT sampled are provided in Table 1. Patients who had cTnT

sampled were more likely to be older, male, have a history of
ischemic heart disease, have underwent a high-risk surgery,
but were less likely to be diabetic (P<0.001 for all compar-
isons). While statistically significant differences in medication
use and certain laboratory values were observed, there were
few clinically meaningful differences aside from a higher
frequency of statin use in sampled patients and a higher
frequency of insulin use and creatinine ≥2.0 mg/dL in those
not sampled (P<0.001 for all comparisons).

The frequencies of the different surgeries in the study
population are provided in Figure 1. The majority of patients
had major or high-risk vascular surgery (64%); aortic surgery
and aortic endovascular intervention were common (23%
combined), as were peripheral bypass and other major
peripheral vascular surgeries (41% combined). A full list of
surgeries in each category is provided in Table S1.

Degree of cTnT Elevation and Long-Term
Mortality
The median follow-up was 26.9 (11.7–43.4) months. A total of
2149 patients died during the follow-up period (16.7% of
total). Among the 3288 patients who had cTnT sampled, cTnT
was above the 99th percentile (ie, ≥0.01 ng/mL) in 961
patients (29.2% of those sampled, 7.5% of total), and cTnT was
elevated (ie, ≥0.03 ng/mL) in 746 (22.7% of those sampled,
5.8% of total). In unadjusted analysis, having an elevated cTnT
was strongly associated with an increased risk of long-term

Figure 2. Kaplan–Meier survival curves for long-term mortality stratified by cTnT level. Long-term
mortality was similar in patients not sampled and those not detectable (<0.01 ng/mL), whereas there was
a graded decline in the probability of survival with any detectable cTnT level, even below the threshold for
cTnT elevation (0.03 ng/mL). Log-rank P<0.001 for the entire model. Values are reported as ng/mL. cTnT
indicates cardiac troponin T.
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mortality compared to those sampled with normal cTnT (ie,
<0.03 ng/mL) (hazard ratio [HR] 2.86, 95% CI 2.46–3.32;
P<0.001).

The cohort was further stratified by the degree of cTnT,
with the number of patients with each level provided in
Figure 2. After multivariable adjustment, there remained a
graded, independent association between increased mortality
and postoperative cTnT level (P<0.01 for all levels compared
with cTnT <0.01 ng/mL) (Table 2). This was observed with
any detectable cTnT value, even at minimally detectable levels
considered “normal” (0.01–0.029 ng/mL).

On Kaplan–Meier analysis, there was no difference in the
probability of long-term survival between patients not

sampled and those with cTnT <0.01 ng/mL (Figure 2).
However, there was a graded, stepwise decline in survival
with increasing cTnT (Log-rank P<0.001 for any detectable
cTnT compared with cTnT <0.01 ng/mL). This was similarly
seen even at minimally detectable cTnT values (0.01–
0.029 ng/mL). The mortality hazard appeared to be predom-
inantly early, as the hazard rate gradually declined until
�10 months follow-up, but did not completely abate. Illus-
trating this, there was a gradual divergence of survival curves
over time (Figure 2), and while there was some variability, the
hazard for each cTnT level tended to remain above patients
without sampling or cTnT <0.01 ng/mL during follow-up
(Figure 3).

Propensity-score matched analyses were performed to
obtain a more robust adjustment for all patient comorbidities
in Table 1. All patients within each level of cTnT were
successfully matched 1:1 to a patient with cTnT <0.01 ng/
mL. There was acceptable improvement of covariate balance
after matching in every case (Figure S2). After propensity-
score matching, the risk of mortality similarly increased with
rising level of cTnT compared to <0.01 ng/mL. Specifically,
for cTnT 0.01 to 0.29 ng/mL HR 1.57 (95% CI 1.07–2.31,
P=0.022; Kaplan–Meier Log-rank P=0.021), for 0.03 to
0.099 ng/mL HR 1.75 (95% CI 1.28–2.39, P<0.001;
Kaplan–Meier Log-rank P<0.001), for 0.1 to 0.399 ng/mL
HR 1.67 (95% CI 1.22–2.29, P=0.001; Kaplan–Meier Log-rank
P=0.001), and for ≥0.40 ng/mL HR 3.00 (95% CI 2.03–4.44,
P<0.001; Kaplan–Meier Log-rank P<0.001).

Mortality and Mechanism of Myocardial Injury
When adjudicated by type of myocardial injury, 88 patients
had a Type 1 MI, 162 patients had a Type 2 MI, and 482
patients had baseline cTnT elevation. The median cTnT value
was 0.13 ng/mL (interquartile range 0.07–0.25 ng/mL) for
patients with baseline elevation, 0.11 ng/mL (interquartile
range 0.05–0.28 ng/mL) for patients with Type 2 MI, and
1.42 ng/mL (interquartile range 0.59–2.74 ng/mL) for Type
1 MI (P<0.001 overall). On multivariable analysis, there was
an independent association between increased mortality and
each mechanism of myocardial injury (P<0.001 for all
comparisons; Table 3). While the mortality risk was numer-
ically greater with Type 1 MI compared with Type 2 MI or
baseline elevation, the hazards were not statistically different
comparing any 2 mechanisms (P=NS for all comparisons).

Similarly, by Kaplan–Meier analysis, the probability of long-
term survival was significantly lower with each mechanism of
myocardial injury compared with patients with a normal cTnT
value (log-rank P<0.001 for each) (Figure 4). However, long-
term survival did not differ by mechanism of injury (P=NS
comparing each group). While the hazard of mortality was
higher with Type 1 MI in the short term, after �10 months the

Table 2. Multivariable Proportional Hazards Model for
Mortality Including Degree of cTnT

Variables HR (95% CI) P Value

Degree of cTnT

Not sampled 0.83 (0.74–0.94) 0.003

Undetectable (<0.01 ng/mL) Reference ���
Minimal detection
(0.01–0.029 ng/mL)

1.54 (1.18–2.00) 0.002

Mild elevation
(0.03–0.099 ng/mL)

1.86 (1.49–2.31) <0.001

Moderate elevation
(0.10–0.399 ng/mL)

1.83 (1.46–2.31) <0.001

High elevation (≥0.40 ng/mL) 2.62 (2.06–3.32) <0.001

Clinical variables

Age* 2.04 (1.86–2.45) <0.001

Creatinine ≥2.0 1.27 (1.15–1.41) <0.001

Congestive heart failure 1.27 (1.14–1.41) <0.001

Ischemic heart disease 1.22 (1.09–1.37) 0.001

Hemoglobin† 0.58 (0.52–0.64) <0.001

Medications

Insulin 1.41 (1.27–1.57) <0.001

Loop diuretic 1.30 (1.17–1.45) <0.001

Warfarin 1.29 (1.17–1.42) <0.001

b-Blocker 1.25 (1.08–1.44) 0.002

Aldosterone antagonist 1.22 (1.06–1.39) 0.004

Oral hypoglycemic 0.90 (0.81–1.00) 0.045

Thiazide diuretic 0.89 (0.80–0.99) 0.023

ACE inhibitor or ARB 0.88 (0.79–0.98) 0.019

Statin 0.75 (0.68–0.84) <0.001

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; cTnT,
cardiac troponin T; HR, hazard ratio.
*Age dichotomously stratified as above median—66 years.
†Preoperative hemoglobin dichotomously stratified as above sample median—12.1 g/
dL. Significance determined at a<0.05.
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hazard of mortality appeared to equalize between groups
(Figure 5). Over the long term, patients with demand Type 2
MI had similar survival and mortality hazards as patients with
Type 1 MI (Figures 4 and 5).

As was done with cTnT level, propensity-score matched
analyses were performed to further adjust for all comorbidi-
ties in Table 1. All patients within each mechanism of
myocardial injury were successfully matched 1:1 to a patient
with a normal cTnT (except 1 patient in the Type 1 MI group).
There was acceptable improvement in standardized differ-
ences after matching in every case (Figure S3). After
propensity-score matching, the risk for mortality remained
significantly elevated for each mechanism of myocardial injury
compared with normal cTnT; for baseline elevation HR 1.52
(95% CI 1.04–2.22, P=0.030; Kaplan–Meier Log-Rank
P=0.029), for Type 2 MI HR 1.74 (95% CI 1.38–2.21,
P<0.001; Kaplan–Meier Log-rank P<0.001), and for Type 1
MI HR 2.72 (95% CI 1.51–4.89, P<0.001; Kaplan–Meier
Log-Rank P<0.001).

Provider Response to Type 1 and Type 2 MI
Tables 4 and 5 describe the treatment patterns of the
patients with Type 2 MI in this study. The majority of
patients with Type 1 MI underwent a stress test or left
heart catheterization (61%); those who did not were
because of the nature of their surgery or medical comor-
bidities. In contrast, very few patients with Type 2 MI were
offered stress test or left heart catheterization (5%) before
hospital discharge (Table 4). The majority of patients with
Type 1 MI were initiated on a b-blocker, aspirin, and/or
clopidogrel if they were not on one already. Most patients

with Type 2 MI were already on these medications
(Table 1); however, among those who were not, fewer were
initiated on these medications than patients with Type 1 MI
(Table 5).

Discussion
In this study, we demonstrate that there is an independent,
graded relationship between perioperative cTnT level and
long-term mortality after intermediate- or high-risk noncardiac
vascular surgery. This emerges immediately, is mostly an early
hazard, but persists over time with any detectable cTnT value
above the 99th percentile (≥0.01 ng/mL), even at levels
typically considered below elevated (0.01–0.029 ng/mL). We
further demonstrate that patients with Type 1 MI attributable
to intraluminal thrombosis have a greater early mortality
hazard than patients with Type 2 MI attributable to demand
ischemia/MINS, but that the risk is roughly equivalent over
time (Figures 4 and 5). Together, these results suggest that
the degree of postoperative myocardial injury appears to be
more important than the underlying pathogenic mechanism.
Our results support the premise that patients with perioper-
ative Type 2 MI are at high risk for mortality, and confirm that
this risk persists well beyond the immediate postoperative
time period of 30 days or 1 year.

Our study has several strengths. While other studies have
demonstrated there is an association between perioperative
cTnT elevation and mortality, we show that this is a long-term
risk independent of mechanism of myocardial injury, and have
been able to define how this hazard changes over time in our
study. Previously, VISION (Vascular Events In Noncardiac
Surgery Patients Cohort Evaluation) prospectively studied

Figure 3. Plot of hazard rate over time stratified by cTnT level. There was a graded increase in the
instantaneous hazard of mortality with increasing cTnT level. This risk was apparent immediately
postoperatively, greatest within the first 10 months after surgery, but persisted during long-term follow-up
for all levels of cTnT. cTnT indicates cardiac troponin T.
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15 093 patients who underwent noncardiac surgery, and
demonstrated a similar graded increase in 30-day mortality
with cTnT elevation stratified by cTnT but using different
strata of ≤0.01, 0.02, 0.03 to 0.29, or ≥0.3 ng/mL.2 While an
important study, VISION only evaluated outcomes to 30 days,
and did not investigate mechanisms of myocardial injury. We
have addressed both of these issues, and performed propen-
sity score adjustments for comorbidities in the current study.
Further, our work improves upon a study of 447 patients who
underwent major vascular surgery that found a similar graded
increase in the hazard of long-term mortality with cTnT
elevation cut points of ≥0.03, ≥0.1, and ≥0.2 ng/mL.5 In
addition, a meta-analysis by Levy et al found that among
patients with postoperative troponin elevation, the pooled
hazard ratio for mortality beyond 12 months (out to 2 years)
was 1.8 (95% CI 1.4–2.3).8 We were able to expand on both of

these studies, as our sample size is several times larger, and
both our multivariable and propensity score adjustments for
possible cofounders are more robust.

This is the largest study to evaluate the mechanisms of
cTnT elevation in a surgical population to date. Importantly,
we show that while the short-term hazard of mortality is
higher with Type 1 than Type 2 MI, over the long term the risk
of Type 2 MI is significant and approximates true ACS.
Illustrating this, on Kaplan–Meier analysis, patients with Type
1 MI do appear to have worse survival immediately following
surgery; however, the survival curve for patients with Type 2
MI gradually converges with the Type 1 curve over time. This
similar mortality hazard lends credence to the premise that
although presentations may somewhat differ between Type 1
and Type 2 MI, cTnT is specific for myocardial injury, and thus
there may be a similar pathophysiology driving both types of
MI. While sequelae of acute plaque rupture likely drive the
early mortality hazard associated with Type 1 MI, it is likely
that underlying coronary artery disease and perhaps other
comorbidities (congestive heart failure, valvular disease, atrial
fibrillation, etc) influence long-term mortality regardless of
whether classified as Type 1 or Type 2 MI.

In support of this concept, there is emerging evidence that
patients with demand ischemia may have mortality rates
equivalent to or perhaps exceeding patients with true ACS
across a variety of clinical circumstances.12–15 This may be
driven by underlying medical comorbidities,16 or perhaps
misclassification of a subset of these patients as type 2 MI,
when in fact they had type 1 MI.17 To this point, in a recent
study of 217 patients with presumed type 2 MI who
underwent angiography, 29% had evidence of acute plaque
rupture.18 The prevalence of misclassified type 2 MI may be
even higher in surgical patients, as 2 angiographic studies
have demonstrated thrombotic occlusion to be the cause of
perioperative MI in between 26% and 60% of patients.19,20

Despite this, few patients with Type 2 MI were offered left
heart catheterization or stress testing before hospital dis-
charge in our study. Further, fewer patients with Type 2 MI
had aspirin, clopidogrel, statin, and/or a b-blocker introduced
than patients with Type 1 MI. This may represent an
opportunity to improve patient outcomes; however, prospec-
tive studies and randomized trials are indicated to evaluate
whether these interventions may reduce mortality.

Though infrequent, patients with proven baseline cTnT
elevation before surgery were also at increased risk of long-
term mortality, to a degree indistinguishable from Type 2 or
Type 1 MI. Baseline troponin elevation in patients with
chronic kidney disease has been poorly studied in the
perioperative space; however, it is known to be a risk factor
for major adverse cardiac events out to 30 days or 1 year
after ACS, as demonstrated in a substudy of the ACUITY
(Acute Catheterization and Urgent Intervention Triage

Table 3. Multivariable Proportional Hazards Model for
Mortality Including Mechanism of Myocardial Injury

Variables HR (95% CI) P Value

Mechanism of myocardial injury

Not sampled 0.79 (0.70–0.88) <0.001

Normal Reference ���
Baseline elevation 1.71 (1.31–2.24) <0.001

Demand ischemia/MINS 1.88 (1.57–2.24) <0.001

ACS (NSTEMI or STEMI) 2.56 (1.82–3.60) <0.001

Clinical variables

Age* 2.04 (1.86–2.24) <0.001

Ischemic heart disease* 1.23 (1.09–1.37) <0.001

Heart failure (current or prior)* 1.27 (1.14–1.42) <0.001

Creatinine ≥2.0 1.27 (1.15–1.40) <0.001

Hemoglobin† 0.57 (0.52–0.64) <0.001

Medications

Insulin 1.41 (1.27–1.57) <0.001

Loop diuretic 1.30 (1.17–1.45) <0.001

b-Blocker 1.24 (1.08–1.43) 0.003

Warfarin 1.29 (1.18–1.42) <0.001

Aldosterone antagonist 1.22 (1.07–1.39) 0.004

Oral hypoglycemic 0.93 (0.82–1.04) 0.191

Thiazide diuretic 0.89 (0.81–0.99) 0.039

ACE inhibitor or ARB 0.90 (0.81–0.99) 0.020

Statin 0.75 (0.68–0.84) <0.001

ACE indicates angiotensin-converting enzyme; ACS, acute coronary syndrome; ARB,
angiotensin receptor blocker; HR, hazard ratio; MINS, myocardial injury after noncardiac
surgery; NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST-segment
elevation myocardial infarction.
*Age dichotomously stratified at above median—66 years.
†Preoperative hemoglobin dichotomously stratified at above median—12.1 g/dL.
Significance determined at a<0.05.
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Strategy) trial. In addition, troponin elevation >99th per-
centile is commonly observed in acute and chronic heart
failure. It is plausible that baseline cTnT elevation is likely
more of a representation of underlying comorbidities than
myocardial ischemia.21 That said, studies of preoperative

Holter monitoring demonstrate that up to 27% of adults have
reversible ST-segment changes in the 2 days before surgery,
suggestive that some perioperative cTnT elevation is indeed
attributable to acute ischemia rather than chronic cTnT
elevations.22,23 Strategies to reduce mortality in this patient

Figure 4. Kaplan–Meier survival curves for long-term mortality stratified by mechanism of myocardial
injury. Long-term survival was decreased in all patients with myocardial injury, regardless of myocardial
injury. Survival was similar for patients with baseline elevation, Type 2 MI or Type 1 MI. Log-rank P<0.001
for the entire model. MI indicates myocardial infarction.

Figure 5. Plot of hazard rate over time stratified by mechanism of myocardial injury. Patients with Type 1
MI had the highest hazard of mortality in the short term after noncardiac surgery. However, patients with
Type 2 MI and baseline cTnT elevation still had a higher risk than patients with a normal cTnT, and the risk
was similar to that of patients with Type 1 MI after �10 months. cTnT indicates cardiac troponin T; MI,
myocardial infarction.
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population deserve further study, and should extend beyond
the perioperative space.24

Current guidelines from the American College of Cardiol-
ogy/American Heart Association advise measuring troponin
levels in patients undergoing noncardiac surgery with signs of
symptoms of ischemia (Class I recommendation), and both
these American College of Cardiology/American Heart Asso-
ciation and the European Society of Cardiology/Heart Asso-
ciation Guidelines give a weak recommendation for routine
troponin screening in patients at high risk for perioperative
cardiovascular events (Class IIb recommendation).25,26 While
in our study the hazard of mortality was similar in patients not
sampled compared to those who were sampled but below the
99th percentile (<0.01 ng/mL), these results are contrary to
strong evidence that in the absence of routine troponin
sampling, 85% of prognostically important myocardial injuries
after noncardiac surgery may be undetected.3 In recognition
of this, the most recent Canadian Cardiovascular Society
perioperative guidelines give a strong recommendation on
moderate-quality data to obtaining daily troponin measure-
ments for 48 to 72 hours after noncardiac surgery in patients
with a baseline risk >5% of cardiovascular death or nonfatal
MI at 30 days after surgery.27

Despite its strengths, there are certain limitations of the
current study. This was a single-center study, which limits
generalizability. We cannot rule out the influence of unmea-
sured confounders on our results; however, our large sample
size, robust multivariable adjustment, and separate propensity
score adjustments limit this concern. All-cause mortality was
used as our end point as it was readily available and objective,
and cause of death was not available in all patients. While we
did not compare mortality rates across various surgical types,
we did adjust for high-risk surgery in the propensity-score
matched analysis. Further, as a minority of patients under-
went angiography or stress testing, it is possible that a subset
of patients may have had their mechanism of myocardial
injury misclassified. However, this is unlikely to have biased
our results, as every patient was adjudicated by 2 physicians
blinded to the study outcome with near complete agreement
between adjudicators in every case, and the median cTnT in
each group was consistent with what would be expected
based on the mechanism of injury. In addition, we used
imputed data for missing values where appropriate; however,
this allowed us to maximize sample size and use each variable
collected. Each analysis was carried out in the imputed and
not-imputed samples to verity that imputation did not
significantly impact our results.

Conclusions
Any degree of perioperative myocardial injury detected by
serum cTnT is independently associated with long-term
mortality after noncardiac vascular surgery. This risk emerges
with any detection of cTnT above the 99th percentile
(≥0.01 ng/mL), and rises in a stepwise manner as cTnT level
increases. While the short-term hazard of mortality is greater
in patients with Type 1 MI (NSTEMI or STEMI attributable to
intraluminal thrombus), the long-term risk of mortality
appears to be independent of mechanism of myocardial
injury, as patients with Type 2 MI (demand ischemia) have
long-term mortality equivalent to that of patients with Type 1
MI. Although typically neglected in clinical practice, low-grade
perioperative cTnT elevation is a major risk factor for long-
term adverse outcomes. Future prospective studies and
clinical trials are needed to determine whether this risk is
modifiable.
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Table 4. Procedures in Patients With Type 1 and Type MI

Type 1 MI
(N=88)

Type 2 MI
(N=482)

Ischemic evaluation

Stress test (nuclear or
echocardiographic)

8 (9) 8 (2)

Left heart catheterization 49 (56) 16 (3)

Stress test or left heart
catheterization

54 (61) 23 (5)

Results reported as N (%) out of total. MI indicates myocardial infarction.

Table 5. Medication Management in Patients With Types 1
and 2 MI

Type 1 MI (N=88) Type 2 MI (N=482)

Started Total Started Total

Medications started

b-Blocker 41 (47) 81 (91) 75 (16) 413 (86)

Aspirin and/or
clopidogrel

28 (32) 82 (92) 63 (13) 385 (80)

Statin 34 (39) 78 (89) 53 (11) 359 (74)

Any medication
change

53 (60) ��� 103 (21) ���

Results reported as N (%) out of total. MI indicates myocardial infarction.

DOI: 10.1161/JAHA.117.005672 Journal of the American Heart Association 9

Troponin Elevation and Postoperative Mortality Reed et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



References
1. Weiser TG, Regenbogen SE, Thompson KD, Haynes AB, Lipsitz SR, Berry WR,

Gawande AA. An estimation of the global volume of surgery: a modelling
strategy based on available data. Lancet. 2008;372:139–144.

2. Devereaux PJ, Chan MT, Alonso-Coello P, Walsh M, Berwanger O, Villar JC,
Wang CY, Garutti RI, Jacka MJ, Sigamani A, Srinathan S, Biccard BM, Chow CK,
Abraham V, Tiboni M, Pettit S, Szczeklik W, Lurati Buse G, Botto F, Guyatt G,
Heels-Ansdell D, Sessler DI, Thorlund K, Garg AX, Mrkobrada M, Thomas S,
Rodseth RN, Pearse RM, Thabane L, McQueen MJ, VanHelder T, Bhandari M,
Bosch J, Kurz A, Polanczyk C, Malaga G, Nagele P, Le Manach Y, Leuwer M,
Yusuf S. Association between postoperative troponin levels and 30-day
mortality among patients undergoing noncardiac surgery. JAMA.
2012;307:2295–2304.

3. Botto F, Alonso-Coello P, Chan MT, Villar JC, Xavier D, Srinathan S, Guyatt G,
Cruz P, Graham M, Wang CY, Berwanger O, Pearse RM, Biccard BM, Abraham
V, Malaga G, Hillis GS, Rodseth RN, Cook D, Polanczyk CA, Szczeklik W,
Sessler DI, Sheth T, Ackland GL, Leuwer M, Garg AX, Lemanach Y, Pettit S,
Heels-Ansdell D, Luratibuse G, Walsh M, Sapsford R, Schunemann HJ, Kurz A,
Thomas S, Mrkobrada M, Thabane L, Gerstein H, Paniagua P, Nagele P, Raina
P, Yusuf S, Devereaux PJ, Devereaux PJ, Sessler DI, Walsh M, Guyatt G,
McQueen MJ, Bhandari M, Cook D, Bosch J, Buckley N, Yusuf S, Chow CK,
Hillis GS, Halliwell R, Li S, Lee VW, Mooney J, Polanczyk CA, Furtado MV,
Berwanger O, Suzumura E, Santucci E, Leite K, Santo JA, Jardim CA,
Cavalcanti AB, Guimaraes HP, Jacka MJ, Graham M, McAlister F, McMurtry S,
Townsend D, Pannu N, Bagshaw S, Bessissow A, Bhandari M, Duceppe E,
Eikelboom J, Ganame J, Hankinson J, Hill S, Jolly S, Lamy A, Ling E, Magloire P,
Pare G, Reddy D, Szalay D, Tittley J, Weitz J, Whitlock R, Darvish-Kazim S,
Debeer J, Kavsak P, Kearon C, Mizera R, O’Donnell M, McQueen M, Pinthus J,
Ribas S, Simunovic M, Tandon V, Vanhelder T, Winemaker M, Gerstein H,
McDonald S, O’Bryne P, Patel A, Paul J, Punthakee Z, Raymer K, Salehian O,
Spencer F, Walter S, Worster A, Adili A, Clase C, Cook D, Crowther M,
Douketis J, Gangji A, Jackson P, Lim W, Lovrics P, Mazzadi S, Orovan W,
Rudkowski J, Soth M, Tiboni M, Acedillo R, Garg A, Hildebrand A, Lam N,
Macneil D, Mrkobrada M, Roshanov PS, Srinathan SK, Ramsey C, John PS,
Thorlacius L, Siddiqui FS, Grocott HP, McKay A, Lee TW, Amadeo R, Funk D,
McDonald H, Zacharias J, Villar JC, Cortes OL, Chaparro MS, Vasquez S,
Castaneda A, Ferreira S, Coriat P, Monneret D, Goarin JP, Esteve CI, Royer C,
Daas G, Chan MT, Choi GY, Gin T, Lit LC, Xavier D, Sigamani A, Faruqui A,
Dhanpal R, Almeida S, Cherian J, Furruqh S, Abraham V, Afzal L, George P,
Mala S, Schunemann H, Muti P, Vizza E, Wang CY, Ong GS, Mansor M, Tan AS,
Shariffuddin II, Vasanthan V, Hashim NH, Undok AW, Ki U, Lai HY, Ahmad WA,
Razack AH, Malaga G, Valderrama-Victoria V, Loza-Herrera JD, De Los Angeles
Lazo M, Rotta-Rotta A, Szczeklik W, Sokolowska B, Musial J, Gorka J,
Iwaszczuk P, Kozka M, Chwala M, Raczek M, Mrowiecki T, Kaczmarek B,
Biccard B, Cassimjee H, Gopalan D, Kisten T, Mugabi A, Naidoo P, Naidoo R,
Rodseth R, Skinner D, Torborg A, Paniagua P, Urrutia G, Maestre ML, Santalo
M, Gonzalez R, Font A, Martinez C, Pelaez X, De Antonio M, Villamor JM,
Garcia JA, Ferre MJ, Popova E, Alonso-Coello P, Garutti I, Cruz P, Fernandez C,
Palencia M, Diaz S, Del Castillo T, Varela A, de Miguel A, Munoz M, Pineiro P,
Cusati G, Del Barrio M, Membrillo MJ, Orozco D, Reyes F, Sapsford RJ, Barth J,
Scott J, Hall A, Howell S, Lobley M, Woods J, Howard S, Fletcher J, Dewhirst N,
Williams C, Rushton A, Welters I, Leuwer M, Pearse R, Ackland G, Khan A,
Niebrzegowska E, Benton S, Wragg A, Archbold A, Smith A, McAlees E,
Ramballi C, Macdonald N, Januszewska M, Stephens R, Reyes A, Paredes LG,
Sultan P, Cain D, Whittle J, Del Arroyo AG, Sessler DI, Kurz A, Sun Z, Finnegan
PS, Egan C, Honar H, Shahinyan A, Panjasawatwong K, Fu AY, Wang S,
Reineks E, Nagele P, Blood J, Kalin M, Gibson D, Wildes T; Vascular events In
noncardiac Surgery patIents cOhort evaluatioN Writing Group. Myocardial
injury after noncardiac surgery: a large, international, prospective cohort
study establishing diagnostic criteria, characteristics, predictors, and 30-day
outcomes. Anesthesiology. 2014;120:564–578.

4. McFalls EO, Ward HB, Moritz TE, Apple FS, Goldman S, Pierpont G, Larsen GC,
Hattler B, Shunk K, Littooy F, Santilli S, Rapp J, Thottapurathu L, Krupski W,
Reda DJ, Henderson WG. Predictors and outcomes of a perioperative
myocardial infarction following elective vascular surgery in patients with
documented coronary artery disease: results of the CARP trial. Eur Heart J.
2008;29:394–401.

5. Landesberg G, Shatz V, Akopnik I, Wolf YG, Mayer M, Berlatzky Y, Weissman C,
Mosseri M. Association of cardiac troponin, CK-MB, and postoperative
myocardial ischemia with long-term survival after major vascular surgery. J
Am Coll Cardiol. 2003;42:1547–1554.

6. Devereaux PJ, Xavier D, Pogue J, Guyatt G, Sigamani A, Garutti I, Leslie K, Rao-
Melacini P, Chrolavicius S, Yang H, Macdonald C, Avezum A, Lanthier L, Hu W,
Yusuf S; Investigators P. Characteristics and short-term prognosis of
perioperative myocardial infarction in patients undergoing noncardiac surgery:
a cohort study. Ann Intern Med. 2011;154:523–528.

7. van Waes JA, Nathoe HM, de Graaff JC, Kemperman H, de Borst GJ, Peelen LM,
van Klei WA; Cardiac Health After Surgery I. Myocardial injury after noncardiac
surgery and its association with short-term mortality. Circulation.
2013;127:2264–2271.

8. Levy M, Heels-Ansdell D, Hiralal R, Bhandari M, Guyatt G, Yusuf S, Cook D,
Villar JC, McQueen M, McFalls E, Filipovic M, Schunemann H, Sear J, Foex P,
Lim W, Landesberg G, Godet G, Poldermans D, Bursi F, Kertai MD, Bhatnagar
N, Devereaux PJ. Prognostic value of troponin and creatine kinase muscle and
brain isoenzyme measurement after noncardiac surgery: a systematic review
and meta-analysis. Anesthesiology. 2011;114:796–806.

9. Horr S, Reed G, Menon V. Troponin elevation after noncardiac surgery:
significance and management. Cleve Clin J Med. 2015;82:595–602.

10. Landesberg G, Beattie WS, Mosseri M, Jaffe AS, Alpert JS. Perioperative
myocardial infarction. Circulation. 2009;119:2936–2944.

11. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, Katus
HA, Lindahl B, Morrow DA, Clemmensen PM, Johanson P, Hod H, Underwood
R, Bax JJ, Bonow RO, Pinto F, Gibbons RJ, Fox KA, Atar D, Newby LK, Galvani M,
Hamm CW, Uretsky BF, Steg PG, Wijns W, Bassand JP, Menasche P, Ravkilde J,
Ohman EM, Antman EM, Wallentin LC, Armstrong PW, Simoons ML, Januzzi JL,
Nieminen MS, Gheorghiade M, Filippatos G, Luepker RV, Fortmann SP,
Rosamond WD, Levy D, Wood D, Smith SC, Hu D, Lopez-Sendon JL, Robertson
RM, Weaver D, Tendera M, Bove AA, Parkhomenko AN, Vasilieva EJ, Mendis S.
Third universal definition of myocardial infarction. Circulation.
2012;126:2020–2035.

12. Saaby L, Poulsen TS, Diederichsen AC, Hosbond S, Larsen TB, Schmidt H,
Gerke O, Hallas J, Thygesen K, Mickley H. Mortality rate in type 2 myocardial
infarction: observations from an unselected hospital cohort. Am J Med.
2014;127:295–302.

13. Baron T, Hambraeus K, Sundstrom J, Erlinge D, Jernberg T, Lindahl B; Group T-
As. Type 2 myocardial infarction in clinical practice. Heart. 2015;101:101–
106.

14. Baron T, Hambraeus K, Sundstrom J, Erlinge D, Jernberg T, Lindahl B. Impact
on long-term mortality of presence of obstructive coronary artery disease and
classification of myocardial infarction. Am J Med. 2016;129:398–406.

15. Sarkisian L, Saaby L, Poulsen TS, Gerke O, Jangaard N, Hosbond S,
Diederichsen AC, Thygesen K, Mickley H. Clinical characteristics and
outcomes of patients with myocardial infarction, myocardial injury, and
nonelevated troponins. Am J Med. 2016;129:446.e5–446.e21.

16. Sandoval Y, Smith SW, Thordsen SE, Apple FS. Supply/demand type 2
myocardial infarction: should we be paying more attention? J Am Coll Cardiol.
2014;63:2079–2087.

17. Gualandro DM, Campos CA, Calderaro D, Yu PC, Marques AC, Pastana AF,
Lemos PA, Caramelli B. Coronary plaque rupture in patients with myocardial
infarction after noncardiac surgery: frequent and dangerous. Atherosclerosis.
2012;222:191–195.

18. Landes U, Bental T, Orvin K, Vaknin-Assa H, Rechavia E, Iakobishvili Z, Lev E,
Assali A, Kornowski R. Type 2 myocardial infarction: a descriptive analysis and
comparison with type 1 myocardial infarction. J Cardiol. 2016;67:51–56.

19. Duvall WL, Sealove B, Pungoti C, Katz D, Moreno P, Kim M. Angiographic
investigation of the pathophysiology of perioperative myocardial infarction.
Catheter Cardiovasc Interv. 2012;80:768–776.

20. Hanson I, Kahn J, Dixon S, Goldstein J. Angiographic and clinical character-
istics of type 1 versus type 2 perioperative myocardial infarction. Catheter
Cardiovasc Interv. 2013;82:622–628.

21. Januzzi JL Jr, Filippatos G, Nieminen M, Gheorghiade M. Troponin elevation in
patients with heart failure: on behalf of the third Universal Definition of
Myocardial Infarction Global Task Force: Heart Failure Section. Eur Heart J.
2012;33:2265–2271.

22. Landesberg G, Luria MH, Cotev S, Eidelman LA, Anner H, Mosseri M,
Schechter D, Assaf J, Erel J, Berlatzky Y. Importance of long-duration
postoperative ST-segment depression in cardiac morbidity after vascular
surgery. Lancet. 1993;341:715–719.

23. Mangano DT, Hollenberg M, Fegert G, Meyer ML, London MJ, Tubau JF, Krupski
WC. Perioperative myocardial ischemia in patients undergoing noncardiac
surgery—I: incidence and severity during the 4 day perioperative period. The
Study of Perioperative Ischemia (SPI) Research Group. J Am Coll Cardiol.
1991;17:843–850.

24. Acharji S, Baber U, Mehran R, Fahy M, Kirtane AJ, Lansky AJ, Stone GW.
Prognostic significance of elevated baseline troponin in patients with acute
coronary syndromes and chronic kidney disease treated with different
antithrombotic regimens: a substudy from the ACUITY trial. Circ Cardiovasc
Interv. 2012;5:157–165.

25. Fleisher LA, Fleischmann KE, Auerbach AD, Barnason SA, Beckman JA, Bozkurt
B, Davila-Roman VG, Gerhard-Herman MD, Holly TA, Kane GC, Marine JE,
Nelson MT, Spencer CC, Thompson A, Ting HH, Uretsky BF, Wijeysundera DN;
American College of C and American Heart A. 2014 ACC/AHA guideline on
perioperative cardiovascular evaluation and management of patients under-
going noncardiac surgery: a report of the American College of Cardiology/
American Heart Association Task Force on practice guidelines. J Am Coll
Cardiol. 2014;64:e77–e137.

DOI: 10.1161/JAHA.117.005672 Journal of the American Heart Association 10

Troponin Elevation and Postoperative Mortality Reed et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



26. Kristensen SD, Knuuti J, Saraste A, Anker S, Botker HE, Hert SD, Ford I,
Gonzalez-Juanatey JR, Gorenek B, Heyndrickx GR, Hoeft A, Huber K, Iung B,
Kjeldsen KP, Longrois D, Luscher TF, Pierard L, Pocock S, Price S, Roffi M,
Sirnes PA, Sousa-Uva M, Voudris V, Funck-Brentano C; Authors/Task Force M.
2014 ESC/ESA guidelines on non-cardiac surgery: cardiovascular assessment
and management: the Joint Task Force on non-cardiac surgery: cardiovascular
assessment and management of the European Society of Cardiology (ESC) and

the European Society of Anaesthesiology (ESA). Eur Heart J. 2014;35:2383–
2431.

27. Duceppe E, Parlow J, MacDonald P, Lyons K, McMullen M, Srinathan S,
Graham M, Tandon V, Styles K, Bessissow A, Sessler DI, Bryson G, Devereaux
PJ. Canadian Cardiovascular Society Guidelines on perioperative cardiac risk
assessment and management for patients who undergo noncardiac surgery.
Can J Cardiol. 2017;33:17–32.

DOI: 10.1161/JAHA.117.005672 Journal of the American Heart Association 11

Troponin Elevation and Postoperative Mortality Reed et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



 1 

 

 

 

Supplemental Material 

 



 2 

Table S1. Comprehensive List of the Various Surgeries in Each Surgical Category. 

Study Category Specific Surgeries 

Open AAA or Aortic 

Open AAA repair / grafting 
Aortic or aortoiliac stent graft explant and repair 
Aortic thrombectomy or endartectomy 
Aorto-mesenteric, -renal, -spleno, -iliac, or -femoral bypass 

Endovascular AAA or Aortic 
Endovascular aortic repair (EVAR); FEVAR and TEVAR 
Endovascular aorto-mesenteric or aorto-iliac repair 
Aortic angioplasty 

Open Abdominal or Thoracic 

Exploratory laparotomy or laporoscopy 
Exploratory thoracotomy, sternotomy, related surgeries 
Renal artery aneurysm resection 
Solid organ removal (i.e. splenectomy, nephrectomy) Bowel resection 
IVC reconstruction 
Other peritoneal, peroneal, or inguinal surgery 
Vagus or other neurostimulator surgery 

Peripheral Artery Bypass 

Iliofemoral, femoral-femoral, femoral-popliteal (or other) bypass 
Axillary-axillary, axillary-femoral (or other) bypass 
Upper extremity (i.e. subclavian) bypass 
Carotid-subclavian (or other) artery bypass 
Any peripheral bypass graft revision or removal 

Other Major Open Peripheral 

Carotid endartectomy, carotid body tumor excision 
Iliac, femoral, popliteal, or below knee endaterectomy 
Subclavian, axillary, or upper extremity endarterectomy 
Arterial transposition (i.e. vertebral, subclavian, carotid) 
Venous transposition 
Other open peripheral arterial or venous stenting, exploration, repair 
or resection 

Endovascular Peripheral 

Iliac, femoral, popliteal, or below-knee angioplasty/stenting 
Peripheral bypass graft angioplasty/stenting 
Carotid artery stenting 
Upper extremity (i.e. subclavian) angioplasty/stenting 
Peripheral catheter-directed thrombolysis 
Other endovascular peripheral interventions 

Amputation or 
Musculocutaneous 

Above the knee amputation (or revision) 
Below the knee amputation (or revision) 
Minor amputation (i.e. digital, TMA) 
Skin grafting or other related cutaneous surgery 
Fasciotomy, myocutaneous, or related orthopedic surgery 
Complex debridement and cutdown procedures 

AV Fistula or Other 
AV fistula creation, removal, or revision 
AV fistula thrombectomy, or other related surgery 

Uncommon surgeries low in frequency (N≤10) were not included separately in the list above.  Abbreviations: 
AAA, abdominal aortic aneurysm; FEVAR, fenestrated EVAR; TEVAR, thoracic EVAR; IVC, inferior vena cava; TMA, 
transmetatarsal amputation; AV, arteriovenous. 
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Figure S1. Log Relative Hazard of Mortality by cTnT Value (Modeled Continuously) 

 

 

There was an increase in the relative hazard of mortality for cTnT values, which appeared to 

plateau at approximately 0.4 ng/ml.  Thus, a value of 0.4 ng/ml was utilized as a cut-point in 

stratified analyses. 
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Figure S2. Plot of Standardized Differences for Propensity-Matched Analyses Stratified by 

cTnT Level. 

 

 

There was acceptable improvement in covariate balance with each propensity score match.  

Patients in each cTnT level were Greedy matched 1:1 without replacement and no caliper to a 

patient with a normal cTnT value (<0.03 ng/ml). A – cTnT 0.01-0.029 ng/ml; B – cTnT 0.03-

0.099 ng/ml; C – cTnT 0.1-0.399 ng/ml; D – cTnT ≥ 0.4 ng/ml. 
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Figure S3. Plot of Standardized Differences for Propensity-Matched Analyses Stratified by 

Mechanism of Myocardial Injury. 

 

 

 

There was acceptable improvement in covariate balance with each propensity score match.  

Patients in each cTnT level were matched 1:1 to a patient with a normal cTnT (<0.03 ng/ml).  No 

caliper was used, except for the ACS match, in which a 0.2 standardized difference caliper was 

used to improve covariate balance (excluding 1 patient).  cTnT <0.01 ng/ml. A – cTnT 0.01-

0.029 ng/ml; B – cTnT 0.03-0.099 ng/ml; C – cTnT 0.1-0.399 ng/ml; D – cTnT ≥ 0.4 ng/ml. 

 


