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ORIGINAL RESEARCH

Postoperative Myocardial Injury in Patients 
Classified as Low Risk Preoperatively Is 
Associated With a Particularly Increased 
Risk of Long- Term Mortality After 
Noncardiac Surgery
Sunil K. Vasireddi , MD*; Erica Pivato, MD*; Enrique Soltero- Mariscal, MD; Raghuram Chava, MBBS;  
Laurence O. James, MD; Douglas Gunzler, PhD; Peter Leo , BSc, RN; Meera D. Kondapaneni , MBBS

BACKGROUND: Prior studies have shown an association between myocardial injury after noncardiac surgery (MINS) and all- 
cause mortality in patients following noncardiac surgery. However, the association between preoperative risk assessments, 
Revised Cardiac Risk Index and American College of Surgeons National Surgical Quality Improvement Program, and postop-
erative troponin elevations and long- term mortality is unknown.

METHODS AND RESULTS: A retrospective chart review identified 548 patients who had a troponin I level drawn within 14 days of 
noncardiac surgery that required an overnight hospital stay. Patients aged 40 to 80 years with at least 2 cardiovascular risk factors 
were included, while those with trauma, pulmonary embolism, and neurosurgery were excluded. Kaplan– Meier survival and odds 
ratio (OR) with sensitivity/specificity analysis were performed to assess the association between preoperative risk and postoperative 
troponin elevation and all- cause mortality at 1 year. Overall, 69%/31% were classified as low- risk/high- risk per the Revised Cardiac 
Risk Index and 66%/34% per American College of Surgeons National Surgical Quality Improvement Program. Comparing the low- 
risk versus high- risk groups, preoperative risk assessment was not associated with either postoperative troponin elevation or 1- year 
mortality. MINS portended a 1- year mortality of OR, 3.9 (95% CI, 2.44– 6.33) in the total population. Patients classified as low risk 
preoperatively with MINS had the highest risk of 1- year mortality (OR, 9.6; 95% CI, 4.27– 24.38), with a low prevalence of statin use.

CONCLUSIONS: Current preoperative risk stratification tools do not prognosticate the risk of postoperative troponin elevation 
and all- cause mortality at 1 year. Interestingly, patients classified as low risk preoperatively with MINS had a markedly higher 
1- year mortality risk compared with the general population, and most of them are not taking a statin. Our results suggest 
that evaluating preoperatively low- risk patients for MINS presents an opportunity for prognostication, risk reclassification, and 
initiating therapies such as statins to mitigate long- term risk.
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Myocardial injury in asymptomatic patients is 
common after noncardiac surgery, estimated to 
occur in ≈12% to 20% of patients up to 1 week 

postoperatively and 27  million patients globally on an 
annual basis.1– 3 Several studies have demonstrated 
poor outcomes for patients with myocardial injury after 

Correspondence to: Meera D. Kondapaneni, MBBS, FACC, FSCAI, Heart and Vascular Center, MetroHealth Medical Center, 2500 MetroHealth Drive, 
Cleveland, OH 44109- 1998. E- mail: mkondapaneni@metrohealth.org
†S. K. Vasireddi and E. Pivato are co- first authors.

Supplementary Material for this article is available at https://www.ahajo urnals.org/doi/suppl/ 10.1161/JAHA.120.019379

For Sources of Funding and Disclosures, see page 8.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0001-7950-6140
https://orcid.org/0000-0002-2823-4613
https://orcid.org/0000-0003-1345-6819
mailto:
mailto:mkondapaneni@metrohealth.org
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.019379
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2021;10:e019379. DOI: 10.1161/JAHA.120.019379 2

Vasireddi et al Mortality in Preoperative Low- Risk Patients With MINS

noncardiac surgery (MINS) detected by troponin ele-
vations. One of those major studies, VISION (Vascular 
Events in Noncardiac Surgery Cohort Evaluation), 
demonstrated that among 15 000 patients, troponin T 
elevation within 3 days after surgery was strongly asso-
ciated with a 2.4-  to 10.5- fold rise in all- cause mortality 
at 30- days.1 Additional studies,4– 7 including a meta- 
analysis,8 have supported this idea that even a mild ele-
vation in cardiac biomarkers (creatine kinase myocardial 
band, troponin I, or troponin T) after noncardiac surgery 
independently portends a high mortality risk (odds ratio 
[OR], 3.4) within the first year after surgery.

Current preoperative risk stratification tools are de-
signed to predict the risk of major adverse cardiac 
events 30 days postoperatively and have been shown to 
be moderately accurate.9,10 A large systemic (systematic) 
review of the Revised Cardiac Risk Index (RCRI) demon-
strated only a moderate discrimination (sensitivity, 0.65; 
specificity, 0.76) of cardiac events within 30 days after 
surgery between patients classified as low versus high 
risk preoperatively.9 Interestingly, high- risk RCRI did not 
correlate with risk of mortality, especially in patients who 
underwent vascular noncardiac surgery.

Currently, evaluating a troponin after noncardiac 
surgery is a grade I recommendation only if signs 
and symptoms of myocardial ischemia are present.11 
The utility and role of routine postoperative troponin 
screening is thought to be uncertain even in high- risk 
patients, and current guidelines advise a grade IIb rec-
ommendation for routine screening among patients 
deemed to be high- risk without signs and symptoms 
of ischemia.11 Recently, there is a growing interest in 
investigating strategies to mitigate the cardiovascular 
risk in these patients12 and trends toward improved 
outcomes have been suggested with the use of aspi-
rin, statin and antithrombotics in patients with MINS.

However, the correlation between preoperative risk 
assessments and postoperative troponin elevations 
and long- term mortality is unknown. We sought to de-
termine if postoperative troponin has prognostic value 
for the preoperatively determined “low- risk” group as 
this represents the group that is less likely to have com-
prehensive cardiac testing or to be on medical therapy 
for known cardiovascular disease. We suspect that 
this low- risk group would benefit from postoperative 
troponin screening to identify those at risk for major 
adverse cardiac events that would require further car-
diac evaluation to mitigate risk.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon rea-
sonable request. Our study is a single- center ret-
rospective chart review analysis of patients who 

CLINICAL PERSPECTIVE

What Is New?
• Revised Cardiac Risk Index and American 

College of Surgeons National Surgical Quality 
Improvement Program preoperative risk strati-
fication tools do not prognosticate the risk of 
postoperative troponin elevation and all- cause 
mortality at 1 year.

• Postoperative troponin elevation in pa-
tients classified as low- risk preoperatively by 
Revised Cardiac Risk Index and American 
College of Surgeons National Surgical Quality 
Improvement Program portended a markedly 
increased 1- year mortality compared with the 
general population (odds ratio, 10 versus 4).

• This preoperatively low- risk population with my-
ocardial injury after noncardiac surgery had a 
low prevalence of statin use.

What Are the Clinical Implications?
• Perioperative troponin screening might be an 

important opportunity for long- term risk res-
tratification and prognostication, even in pre-
operatively “low- risk” patients if they have 
cardiovascular risk factors.

• Risk mitigation strategies in this low- risk pop-
ulation with myocardial injury after noncar-
diac surgery warrant further investigation and 
might include increased use of statins and 
antithrombotics.

Nonstandard Abbreviations and Acronyms

ACS NSQIP American College of Surgeons 
National Surgical Quality 
Improvement Program

MINS myocardial injury after noncardiac 
surgery

N0 low- risk per American College of 
Surgeons National Surgical Quality 
Improvement Program

N1 high- risk per American College of 
Surgeons National Surgical Quality 
Improvement Program

R0 low- risk per Revised Cardiac Risk 
Index

R0N0 low- risk per Revised Cardiac Risk 
Index and American College of 
Surgeons National Surgical Quality 
Improvement Program

R1 high- risk per Revised Cardiac Risk 
Index

RCRI Revised Cardiac Risk Index
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underwent major noncardiac surgery from 2011 to 
2016 who had a postoperative troponin drawn at the 
MetroHealth Medical Center. All patients entered in 
this study had a troponin drawn within 14 days after 
surgery. The assay that was used in our institution 
during the period of the study was the Beckman 
Coulter Access AccuTnI+3 Troponin I test kit. Patients 
were determined to have a positive troponin elevation 
if they had a troponin I level of 2 times the upper limit 
of normal (>0.03 ng/mL) as determined by our labo-
ratory, which in our study is >0.06 ng/mL.

Patients were eligible for the study if they met the fol-
lowing inclusion criteria: underwent noncardiac surgery 
requiring an overnight hospital stay, a postoperative tro-
ponin I drawn within 14 days of the index surgery, aged 
40 to 80 years, and those determined to be at risk for 
cardiovascular disease. Risk for cardiovascular disease 
was defined as either at least 1 major criterion: history of 
documented coronary artery disease, diabetes mellitus 
(type 1 or 2), peripheral arterial disease (documented by 
ankle- brachial index), ischemic stroke, current smoker; 
or 2 minor criteria: hypertension, hyperlipidemia (low- 
density lipoprotein >160  mg/dL) or current statin use, 
prior smoking history in the past decade, renal insuf-
ficiency (estimated glomerular filtration rate <59  mL/
min). Exclusion criteria included pulmonary embolism, 
traumatic injury involving the chest cavity, or those who 
underwent neurosurgical intervention. Further details 
for patient enrollment can be found in the Standards for 
Reporting of Diagnostic Accuracy Studies guidelines 
flowchart shown in Figure S1.

The primary end point of this study was time to 
all- cause mortality up to 1 year after surgery. All pa-
tient information was collected through retrospective 
chart review. Institutional Review Board approval 
was obtained for this study and is in accordance with 
the American Heart Associaton guidelines. Per the 
Institutional Review Board approval, only deiden-
tified patient data were used in this study and did 
not require patient consent. The Ohio Department of 
Health provided official death records for those pa-
tients who were lost to follow- up. This minimized the 
proportion of patients lost to follow- up to only 3 pa-
tients overall.

Statistical Analysis
Individual American College of Surgeons National 
Surgical Quality Improvement Program (NSQIP) and 
RCRI preoperative risk scores were calculated for 
each patient. Kaplan- Meier survival analysis and the 
log- rank test was used to compare all- cause mor-
tality over a year between different preoperative risk 
groups and patients with and without postoperative 
troponin elevation. ORs were calculated, and sensitiv-
ity/specificity analyses was performed to assess the 

discrimination ability between preoperative risk and 
postoperative troponin elevation for all- cause mortal-
ity at 1 year. We further evaluated, using these same 
methods in stratified analyses, the differential prog-
nostic value of postoperative troponin elevation across 
all the combinations of preoperative risk classification 
groups as determined by the 2 tools toward all- cause 
mortality at 1 year.

RESULTS
Our retrospective chart review identified 548 pa-
tients who met the inclusion and exclusion criteria 
for the study. A total of 211 patients were noted to 
have a troponin elevation, while 337 patients did not 
have a troponin elevation. As seen in Table  1, the 
most common surgical procedures for all patients 
were general (24%), orthopedic (22%), and vascular 
(18%). ECGs were obtained in >97% of the patients 
with troponin elevation. Less than 2% of patients 
had ST elevation, ≈30% of patients had ST seg-
ment or T- wave changes consistent with ischemia, 
and ≈65% of the patients did not have ischemic 
changes (Table  S1). While cardiology service was 
consulted for a majority of these patients, only 11% 
(n=24) were thought to need coronary angiography, 
of which only a total of 8 patients required coronary 
revascularization (Table S2).

Table 1 shows the baseline characteristics of the 
patients within the population in this study. Our study 
population had fair representation of female pa-
tients, about three- fourths had hypertension, about 
one- half were smokers or had hyperlipidemia, but 
only one- third of the patients had diabetes mellitus 
or known coronary artery disease. The majority of 
patients did not have chronic kidney disease. The 
overall all- cause mortality at 1 year in this study pop-
ulation was 16%.

Table 2 shows the characteristics of these patients 
when the total population is subdivided into patients 
with and without postoperative troponin elevation. 
Between the 2 groups, there is a comparable pro-
portion of female patients and patients with coronary 
artery disease, cerebrovascular accident, diabetes 
mellitus, and chronic kidney disease. The positive 
troponin group had fewer patients with hypertension 
(12.6%), hyperlipidemia (19.3%), and smokers (9%). 
The positive troponin group had a higher proportion 
of patients with a known history of peripheral vascular 
disease (10.8%) and a significantly high 1- year mortal-
ity (20.24%) compared with the group of patients with-
out postoperative troponin elevation. This significant 
difference (OR, 3.9; 95% CI, 2.44– 6.33) in long- term 
mortality between patients with and without postop-
erative troponin elevation is seen early (within the first 
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3– 6 months) in Figure with a persistent separation of 
the survival curves.

Consistent with previous studies such as VISION, 
Table S3 shows that an elevated troponin portends an 
≈4 times higher risk of 1- year mortality (OR, 3.9, 95% 
CI, 2.44– 6.33) with moderate sensitivity (0.66) and 
specificity (0.67). Higher preoperative risk per either 
risk stratification tool (RCRI or NSQIP) did not portend 
a significantly higher 1- year mortality.

Evaluating the association between RCRI and 
NSQIP and postoperative troponin elevations, Table S4 
reveals that both risk stratification tools had poor sen-
sitivity and did not correlate with postoperative tropo-
nin elevations.

Having shown that preoperative risk tools do not 
correlate with long- term mortality or postoperative tro-
ponin elevation independently, we assessed whether 
there is differential prognostic value of postoperative 
troponin elevation across the risk groups (stratified by 
preoperative risk tools) toward long- term mortality.

Table 3 shows the study population subdivided into 
the multiple risk groups. R0 is low risk per RCRI, and 
R1 is high risk per RCRI. N0 is low risk per NSQIP, 
and N1 is high risk per NSQIP. R0N0 corresponds to 
the group that is low risk per both RCRI and NSQIP. 
A majority of patients in our study were preoperatively 
classified as low risk (R0, 69% by RCRI; N0, 66% by 
NSQIP; R0N0, 52% per both RCRI and NSQIP). About 
one- third of the population was classified as high- risk 
preoperatively either by RCRI (R1) or NSQIP (N1) and 
only a small proportion (high- risk per RCRI and NSQIP, 
16% or 90 patients) were classified as high risk by 
both RCRI and NSQIP. A similar proportion of patients 

Table 1. Baseline Patient Characteristics and the 
Distribution of Surgery Types Within the Total Population in 
the Study

Baseline Patient Characteristics in the Study

Total Population

Number Percentage

Age, y (mean) 64.05

Men 303 55.29

Women 245 44.71

Hypertension 419 76.46

Known CAD 173 31.57

Smoker 228 41.61

PVD 52 9.49

CVA 49 8.94

Hyperlipidemia 291 53.10

DM 200 36.50

CKD (GFR <59) 29 5.29

1- y mortality 85 15.51

Distribution of Surgery Types Within the Total Population of the 
Study

Surgery Type % of Total Population

Ortho 22.63

General surgery 24.64

Vascular 17.88

Spinal 14.78

Ear, nose and throat 4.20

Other 16.42

CAD indicates coronary artery disease; CKD, chronic kidney disease; 
CVA, cerebrovascular accident; DM, diabetes mellitus; GFR, glomerular 
filtration rate; and PVD, peripheral vascular disease.

Table 2. Comparing Baseline Characteristics of Patients With and Without Postoperative Troponin Elevation Within the 
Total Population

Negative Troponin Positive Troponin

P ValueNumber Percentage Number Percentage

Total 337 61.50 211 38.50

Age, y (mean) 64.18 63.85 0.70

Men 183 54.30 120 56.87 0.56

Women 154 45.70 91 43.13 0.56

Hypertension 274 81.31 145 68.72 0.73 E- 03*

CAD 103 30.56 70 33.18 0.52

Smoker 152 45.10 76 36.02 0.04*

PVD 18 5.34 34 16.11 2.82E- 05*

CVA 30 8.90 19 9.00 0.97

Hyperlipidemia 204 60.53 87 41.23 1.05E- 05*

DM 127 37.69 73 34.60 0.46

CKD 15 4.45 14 6.64 0.27

1- y mortality 26 7.72 59 27.96 1.88E- 10*

Significance was determined using t test for continuous measures and χ2 test for binary measures. CAD indicates known coronary artery disease; CKD, 
chronic kidney disease; CVA, cerebrovascular accident; DM, diabetes mellitus; and PVD, peripheral vascular disease.

*Statistically signficant (P<0.05).
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(≈40%) had postoperative troponin elevations in both 
low-  and high- risk groups regardless of the risk stratifi-
cation tool. Though not significant, there is a trend to-
ward higher mortality in the higher- risk groups for each 
risk tool (R0 versus R1 and N0 versus N1). Compared 
with the low- risk groups, there was a significantly 
higher mortality (23% versus 13%) noted in the group 
that was preoperatively classified as high risk by both 
RCRI and NSQIP.

Table 4 shows that even in patients classified as low 
risk preoperatively by either or both risk tools, post-
operative troponin elevation is associated with an in-
creased risk of long- term mortality. In low- risk patients 
as classified by RCRI and NSQIP individually (R0 and 
N0), there was 7.6 times (95% CI, 3.98– 15.22) and 6.7 
times (95% CI, 3.4– 14.12) risk of 1- year mortality in pa-
tients with postoperative troponin elevation compared 
with those without. In patients classified as low risk by 
both risk stratification tools (R0N0), this risk was the 
highest at 9.6 times (95% CI, 4.27– 24.38). Importantly, 
this significant discrimination of mortality by troponin in 
these low- risk groups came with moderate specificity 
and a strong sensitivity: 0.76 in R0 and 0.79 in N0 that 

was further amplified to 0.83 in the R0N0 group (low 
risk by both risk tools).

We further investigated how the risk stratification 
changes for different factor increases of troponin 
above upper limit of normal (1×, 2×, 3×) for our pri-
mary study groups (the low- preoperative- risk groups). 
Table  S5 suggests that the high mortality risk in the 
low- preoperative- risk group is associated with any 
MINS (even when the troponin elevation threshold is 1× 
upper limit of normal) and persists with higher troponin 
elevations. This persistent trend observed across mul-
tiple thresholds adds further confidence in our results.

Table  5 shows the prevalence of aspirin and sta-
tin use in the preoperatively low- risk groups. Among 
all patients classified as low preoperative risk by RCRI 
(R0), NSQIP (N0), or both (R0N0), about 60% of pa-
tients were taking aspirin, about 55% were taking a 
statin, of which ≈20% were taking a high- intensity sta-
tin. This prevalence was similar whether or not the pa-
tient had MINS.

Figure. Kaplan– Meier survival curves for patients with and 
without postoperative troponin elevation.
 

Table 3. Postoperative Troponin Elevation and 1- Year Mortality Based on Preoperative Risk Stratification Subclasses

Total: 548 High Troponin 1- y Mortality

Number
% of Total 
Population Number % Within Group Number % Within Group

R0 380 69.34 141 37.11 52 13.68

R1 168 30.66 70 41.67 33 19.64

N0 362 66.06 151 41.71 50 13.81

N1 186 33.94 60 32.26 35 18.82

R0N0 284 51.82 114 40.14 38 13.38

R0N1 96 17.52 27 28.13 14 14.58

R1N0 78 14.23 37 47.44 12 15.38

R1N1 90 16.42 33 36.67 21 23.33

N0 indicates American College of Surgeons National Surgical Quality Improvement Program (NSQIP) low risk; N1, NSQIP high risk; R0, Revised Cardiac Risk 
Index (RCRI) low risk; and R1, RCRI high risk. When used in combination, the values of both scales are indicated.

Table 4. Association Between Preoperative Risk 
Stratification Subclasses

1- y Mortality: With MINS vs 
Without

Sensitivity SpecificityOR 95% CI

R0 7.55 3.98– 15.22 0.76 0.70

R1 1.43 0.67– 3.02 0.49 0.60

N0 6.67 3.40– 14.12 0.79 0.64

N1 2.42 1.16– 5.03 0.47 0.73

R0N0 9.55 4.27– 24.38 0.83 0.67

R0N1 5.50 1.76– 18.42 0.60 0.79

R1N0 2.28 0.65– 9.26 0.67 0.53

R1N1 1.26 0.47– 3.30 0.39 0.66

N0 indicates American College of Surgeons National Surgical Quality 
Improvement Program (NSQIP) low risk; N1, NSQIP high risk; R0, Revised 
Cardiac Risk Index (RCRI) low risk; and R1, RCRI high risk. When used in 
combination, the values of both scales are indicated.



J Am Heart Assoc. 2021;10:e019379. DOI: 10.1161/JAHA.120.019379 6

Vasireddi et al Mortality in Preoperative Low- Risk Patients With MINS

Table 6 shows that comparing the cause of 1- year 
mortality, patients with a postoperative troponin eleva-
tion were noted to have 5.8 times (P<0.001) increased 
incidence of cardiovascular mortality compared with 
patients without a troponin elevation. There was no 
significant difference between the 2 populations for 
malignancy or respiratory- related deaths.

DISCUSSION
The relationship between postoperative myocardial in-
jury in the general population and mortality has been 
established in the current literature. In our study, our 
population was purposefully enriched with patients 
with known cardiovascular risk factors as reflected in 
the baseline characteristics in Table  1. As expected, 
there was a high (38%) prevalence of postoperative 
troponin elevations and all- cause mortality at 1  year 
(16%) in this patient population. Interestingly, there was 
no meaningfully significant difference in the prevalence 
of cardiovascular risk factors between patients who 
had a postoperative troponin elevation and those who 
did not, as seen in Table 2. This suggests that while 
cardiovascular risk factors might be useful to screen 
patients at a higher risk for postoperative myocardial 
injury and mortality, these risk factors by themselves 
do not adequately identify the patients specifically at 
risk for MINS or long- term mortality.

To further test the characteristics of our study 
population for generalizability to other studies, we as-
sessed the association between MINS and mortality. 
Consistent with previous reports, our Kaplan– Meier 
survival curves in Figure clearly show that the MINS 
group had increased mortality, with separation of the 
curves within 30 days that stabilized after 6 months. 
Also consistent with previous reports, OR analysis of 
our study population revealed that postoperative tro-
ponin elevation portends a 4 times higher risk of all- 
cause mortality at 1 year with moderate sensitivity and 
specificity (Table S3).

We then assessed whether NSQIP and RCRI cor-
relate with MINS and 1- year mortality. Tables S3 and 
S4 show that low versus high risk as determined by 
both RCRI and NSQIP preoperative risk tools did not 
portend a meaningful change in MINS or 1- year mor-
tality risk. In addition, while there was a moderate as-
sociation between high- risk patients, MINS, and 1- year 
mortality, their sensitivity was noted to be poor.

We then assessed the correlation between tropo-
nin elevation and 1- year mortality among all possible 
combinations of preoperative risk scores as classified 
by the 2 risk stratification tools. More than two- thirds of 
the study population were classified as low risk preop-
eratively by either RCRI or NSQIP (R0 or N0), and about 
one- half of the patients were classified as low risk by 
both RCRI and NSQIP (R0N0). A similar prevalence of 
postoperative troponin elevation was found in both the 

Table 5. Prevalence of Aspirin and Statin Use in the Preoperatively Low- Risk Groups

Total Population Positive Troponin

Aspirin, n (%)
Low- Moderate- 

Intensity Statin, n (%)
High- Intensity 
Statin, n (%) Aspirin, n (%)

Low- Moderate- 
Intensity Statin, n (%)

High- Intensity 
Statin, n (%)

R0 301 (58) 130 (34) 68 (18) 86 (60) 49 (34) 28 (20)

N0 214 (60) 124 (35) 85 (24) 95 (71) 54 (35) 35 (23)

R0N0 156 (55) 96 (34) 58 (20) 66 (58) 96 (34) 22 (19)

N0 indicates American College of Surgeons National Surgical Quality Improvement Program (NSQIP) low risk; N1, NSQIP high risk; R0, Revised Cardiac Risk 
Index (RCRI) low risk; and R1, RCRI high risk. When used in combination, the values of both scales are indicated.

Table 6. Cause of Death for Patients With 1- Year Mortality as Reported on Their Death Certificates for Patients With and 
Without Postoperative Troponin Elevation

Cause of Death

Negative Troponin Group Positive Troponin Group

P Value

Known: 25 Unknown: 1 Known: 57 Unknown: 2

Number
% of Total 
Population Number

% of Total 
Population

Cardiac/Vascular 5 1.48 18 8.53 <0.001*

Malignancy 12 3.56 11 5.21 0.347

Respiratory 1 0.30 4 1.90 0.055

Other 7 2.08 25 11.85 0.047*

Significance was determined using t- test for continuous measures and χ2 test for binary measures.
*Statistically significant (P < 0.05).
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low-  and high- risk groups (RCRI and NSQIP). While 
there was a trend toward increased 1- year mortality 
for all groups with MINS, only the high- preoperative- 
risk group (RCRI and NSQIP) was found to have a sta-
tistically significant increase in 1- year mortality (10%) 
compared with the low- risk group (RCRI and NSQIP).

Our results reveal that postoperative troponin eleva-
tion is associated with an increased risk of 1- year mor-
tality across all preoperative risk groups. Interestingly, 
in patients classified as low risk by both RCRI and 
NSQIP (R0N0), which was roughly one- half of our 
study population, postoperative troponin elevation 
was associated with a 10 times higher risk of 1- year 
mortality (compared with 4 times in the overall study 
population), with an improved sensitivity (0.83 versus 
0.66) while still maintaining moderate specificity. Even if 
both scores are not used, patients classified as low risk 
per a single score (R0), which represented 69% of our 
patients, still revealed that postoperative troponin por-
tended a marked rise in 1- year mortality with increased 
sensitivity and specificity in this low- risk group com-
pared with the overall study population. Interestingly, 
this increased risk in the low preoperative risk group 
persisted at multiple troponin thresholds, including at 
the border of the upper limit of normal in our troponin 
I assay, suggesting that even small troponin elevations 
in this group are quite prognostic.

This is an important and nonintuitive finding be-
cause this preoperatively “low- risk” group, which 
constitutes the majority of the patients undergoing 
noncardiac surgery, is shown to have highest risk of 
long- term mortality with MINS. While classified as “low 
risk” preoperatively, these patients are noted to have 
several risk factors for cardiovascular disease. This 
suggests that our current preoperative risk stratifica-
tion tools such as RCRI and NSQIP do not adequately 
capture the mortality risk specifically in the long term. 
There is then a need for improving risk stratification 
tools specifically for predicting long- term mortality in 
these patients, and such a tool will likely benefit from 
using postoperative troponin for discrimination of risk.

We suspect this higher risk of mortality in the pre-
operatively “low- risk” population is attributable to the 
unexplained postoperative troponin elevation in pa-
tients with likely untreated cardiovascular risk factors. 
Patients classified as high risk have known reasons for 
postoperative troponin elevation that are likely to have 
been medically intervened upon or optimized. This is to 
be compared with the heterogeneous patient popula-
tion classified as low risk, many of whom have not had 
consistent prior medical care with likely unknown and 
untreated cardiovascular risk factors. The risk factors 
are not adequately captured when assessing for car-
diovascular risk in the immediate perioperative period 
and patients are appropriately classified as “low- risk” 
preoperatively, as the postoperative myocardial injury 

in the vast majority of these patients would not have 
been known if it were not for the troponin evaluation. 
Hence, MINS presents an efficient opportunity to reas-
sess and reclassify the overall risks for these patients 
moving forward.

There is now growing interest toward various strat-
egies to mitigate risk for major adverse cardiovascu-
lar events particularly in this population with MINS.12 
While we do not know the underlying pathological 
mechanism of MINS in our population, prior studies 
with coronary angiography in patients with perioper-
ative MINS suggest that the demand ischemia is the 
primary cause, especially in nonfatal myocardial infarc-
tion.13– 15 Hence, it is no surprise that routine angiogra-
phy and percutaneous coronary intervention of these 
patients did not prove to provide benefit.16 Instead, 
efforts to mitigating this risk might be best suited to-
ward secondary prevention. Trials such as MANAGE 
(Management of Myocardial Injury After Noncardiac 
Surgery) suggest a trend to improving outcomes with 
antithrombotic therapy and have also highlighted the 
poor use of primary prevention strategies such as as-
pirin and statin in these patients. These preoperatively 
“low- risk” patients with MINS likely stand to benefit 
from aggressive risk factor modifications through ad-
ditional evaluations and therapies.

A meta- analysis by Chopra et al17 and a prospec-
tive study by Feringa et al18 suggest that periopera-
tive statin use, particularly at higher intensity, might 
be beneficial. Data regarding aspirin use is less clear 
as POISE- 2 (Perioperative Ischemic Evaluation 2)19 
showed that perioperative aspirin use did not pro-
vide benefit at 30 days, but long- term outcomes are 
unclear. In our population, evaluating the prevalence 
of aspirin and statin use in preoperatively low- risk 
patients with MINS, we noted that while 60% were 
taking aspirin, about 45% of patients were not tak-
ing a statin and 80% were not taking a high- intensity 
statin. While this suggests that statin use might pres-
ent an opportunity for risk mitigation, we do not have 
evidence for statins to have benefit in this popula-
tion toward mortality. Hence, postoperative troponin 
screening of patients with cardiovascular risk factors, 
especially if preoperative risk is low, might present 
an underused opportunity to identify patients with 
likely low stain prevalence with a high risk of 1- year 
mortality.

CONCLUSIONS
Our work adds to the growing body of evidence that 
patients with MINS have clinically significant long- term 
all- cause mortality. In addition, our study demonstrates 
that currently used preoperative risk assessment tools, 
RCRI and NSQIP, were poorly associated with MINS 
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and 1- year mortality. Our results do, however, show 
that compared with the general population, postop-
erative troponin elevation in patients classified as low 
risk preoperatively by RCRI and NSQIP portended a 
markedly increased 1- year mortality (10 times versus 
4 times) with improved sensitivity of 0.83 and moder-
ate specificity. These findings persisted at multiple ab-
normal troponin thresholds consistent with the theme 
that any abnormal troponin elevation in this “low- risk” 
group might be important for screening.

Additionally, we noted that this preoperatively 
low- risk population has a low prevalence of statin 
use, suggesting a potential avenue for risk mitiga-
tion. These results support the use of postoperative 
troponin screening in patients with the appropriate 
cardiovascular risk factors, even if the patients are 
determined to be low risk preoperatively, to better 
identify patients with an elevated risk of mortality who 
might best benefit from further evaluation and risk mit-
igation strategies.

Future Goals
Our work suggests the need for prospective trials that 
evaluate the role of routine postoperative MINS screen-
ing (including high- sensitivity assays), even in preop-
eratively low- risk patients if they have cardiovascular 
risk factors, toward mortality risk stratification and po-
tential risk mitigation. In addition to the all- cause mor-
tality, a more rigorous evaluation of cardiac mortality, 
both in the short and the long term, is warranted to 
better assess if risk mitigation strategies including as-
pirin, statin, antithrombotics, and/or further ischemia 
evaluations and coronary interventions improve hard 
outcomes in these patients.

Limitations
Our study retrospectively evaluated all- cause mortality in 
patients who had a postoperative troponin obtained by 
the primary teams after noncardiac surgery (for multiple 
reasons but the most common included hypotension, 
altered mental status, chest symptoms, and ECG or te-
lemetry changes). Given that troponins were obtained 
for specific clinical indications, and both elective and ur-
gent surgeries were enrolled, our study might represent 
a higher- risk population than otherwise would be in a 
completely asymptomatic low- risk group. Additionally, 
we acknowledge that we do not have preoperative 
baseline troponins to compare, and hence we cannot 
define confidently the underlying mechanism of myocar-
dial infarction versus injury in our study population.

As a safety net hospital, we suspect that our pa-
tient population likely contains a high prevalence of pa-
tients without consistent prior medical care with likely 
unknown and untreated risk factors. These patients 
might be appropriately classified as low preoperative 

risk for the surgery using current preoperative risk 
stratification strategies but might be high risk for MINS 
and long- term mortality, which might have amplified 
the mortality risk in the low- risk group. Additionally, 
although several noncardiac etiologies for troponin el-
evation were excluded, not every cause could be ex-
cluded, and the proportion of cardiac etiology for the 
mortality noted is unknown.
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SUPPLEMENTAL MATERIAL 



Table S1. EKG Breakdown of the Patients with Troponin Elevation. 

 

 

 
Total 

211 
Percentage 

(%) 

ST Elevation 4 1.90 

ST/T consistent with ischemia 64 30.33 

Normal or Non-specific 124 58.77 

Arrhythmias (A.fib/A.flutter) 13 6.16 

No EKG 6 2.84 
 

 

 



Table S2. Management of Patients with Troponin Elevation. 

 

  Number 
Percentage 

(%) 

Cardiology Consulted 125 59.24 

Stress Tests 8  3.79 

Coronary Angiography 24 11.37 

PTCA or PCI 7 3.32 

CABG 1 0.47 

 



Table S3. Association of 1-yr Mortality risk in the population with post-op troponin elevation 

and pre-op risk classification. 

 

1yr Mortality     

 OR 95% CI Sensitivity Specificity 

Trop High vs Low  3.90 2.44-6.33 0.66 0.67 

RCRI High vs Low 1.57 0.97-2.45 0.39 0.71 

NSQIP High vs Low 1.43 0.90-2.27 0.42 0.66 

 



Table S4. Association between pre-op risk stratification tools and post-operative troponin 

elevation. 

 

 Troponin Elevation     

 OR 95% CI Sensitivity Specificity 

RCRI High vs low 1.24 0.85-1.79 0.33 0.71 

NSQIP High vs low 0.62 0.43-0.9 0.29 0.61 

 

 



Table S5. 1yr Mortality Risk (Odds Ratio) with MINS vs without at multiple Troponin 

thresholds. 

 
 

OR of Mortality with MINS vs without 
 

 
1x Upper Limit  2x Upper Limit 3x Upper Limit 

R0 6.18 (95% CI: 2.99-12.76) 7.55 (95% CI:  3.98 -15.22) 4.64 (95% CI: 2.74-7.85) 

N0 7.17 (95% CI: 3.13-16.41) 6.67 (95% CI: 3.40-14.12) 4.76 (95% CI: 2.71-8.37) 

R0N0 9.12 (95% CI: 3.32-25.03) 9.55 (95% CI: 4.27-24.38) 5.56 (95% CI: 2.89-10.69) 

 

R0: RCRI Low-Risk, N0: NSQIP Low-Risk, R0N0: Both RCRI and NSQIP Low-Risk 

 

 

 



Figure S1. STARD flow diagram for the study. 

 

 

R0=RCRI Low-Risk, R1: RCRI High-Risk, N0: NSQIP Low-Risk, N1: NSQIP High-Risk, R0N0: Both 

Low-Risk, R1N1: Both High-Risk. 

Source: https://www.equator-network.org/reporting-guidelines/stard/ 
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