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ABSTRACT 

Background: Myocardial injury after noncardiac surgery (MINS) was defined as prognostically 

relevant myocardial injury due to ischemia that occurs during or within 30 days after noncardiac 

surgery.  Our 4 objectives were to determine the diagnostic criteria, characteristics, predictors, 

and 30-day outcomes of MINS.  

Methods: In this international prospective cohort study of 15,065 patients aged ≥45 years who 

underwent in-patient noncardiac surgery, Troponin T was measured during the first 3 

postoperative days.  Patients with a Troponin T ≥0.04 ng/mL (elevated “abnormal” laboratory 

threshold) were assessed for ischemic features (i.e., ischemic symptoms and electrocardiography 

findings).  Patients adjudicated as having a non-ischemic troponin elevation (e.g., sepsis) were 

excluded.  To establish diagnostic criteria for MINS, we used Cox regression analyses in which 

the dependent variable was 30-day mortality (260 deaths) and independent variables included 

preoperative variables, perioperative complications, and potential MINS diagnostic criteria.   

Results: An elevated troponin after noncardiac surgery, irrespective of the presence of an 

ischemic feature, independently predicted 30-day mortality.  Therefore, our diagnostic criterion 

for MINS was a peak Troponin T ≥0.03 ng/mL judged due to myocardial ischemia.  MINS was 

an independent predictor of 30-day mortality (adjusted hazard ratio, 3.87; 95% CI, 2.96-5.08) 

and had the highest population-attributable risk (34.0%, 95% CI, 26.6-41.5) of the perioperative 

complications.  Twelve hundred patients (8.0%) suffered MINS, and 58.2% of these patients 

would not have fulfilled the universal definition of myocardial infarction.  Only 15.8% of MINS 

patients experienced an ischemic symptom. 

Conclusions: Among adults undergoing noncardiac surgery, MINS is common and associated 

with substantial mortality.   
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INTRODUCTION 

Worldwide, millions of patients die annually within 30 days of noncardiac surgery;1,2 

myocardial ischemia is a frequent cause.3,4  Most noncardiac surgery studies addressing cardiac 

complications focus on perioperative myocardial infarction.5-7  The “conventional” definition 

and diagnostic criteria of myocardial infarction in the perioperative period comes from the joint 

task force (European Society of Cardiology, American College of Cardiology Foundation, 

American Heart Association, World Heart Federation) for the universal definition of myocardial 

infarction.7  This document defines myocardial infarction as myocardial necrosis in a clinical 

setting consistent with acute myocardial ischemia, and the most common diagnostic criteria 

consist of an elevated troponin value with either an ischemic symptom or an ischemic 

electrocardiographic finding.      

Emerging evidence suggests that many patients sustain myocardial injury in the 

perioperative period that will not satisfy the diagnostic criteria for myocardial infarction.8  

Nevertheless, these events portend a poor prognosis that timely and appropriate intervention 

could potentially improve.4  This suggests that a new diagnosis of Myocardial Injury after 

Noncardiac Surgery (MINS) may be useful to patients and clinicians.  Our proposed definition of 

MINS is as follows: myocardial injury caused by ischemia (that may or may not result in 

necrosis), has prognostic relevance, and occurs during or within 30 days after noncardiac 

surgery.  The definition of MINS is broader than the definition of myocardial infarction in that it 

not only includes myocardial infarction but also the other prognostically relevant perioperative 

myocardial injuries due to ischemia.  MINS does not include perioperative myocardial injury that 

is due to a documented non-ischemic etiology (e.g., pulmonary embolism, sepsis, cardioversion).  
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No study has established the diagnostic criteria, characteristics, predictors, and 30-day outcomes 

of MINS.   

The Vascular events In noncardiac Surgery patIents cOhort evaluatioN (VISION) Study 

is a large international prospective cohort study evaluating complications after noncardiac 

surgery (clinicaltrials.gov, identifier NCT00512109).  A prior publication of the VISION Study 

demonstrated that after adjustment of preoperative clinical variables (e.g., age), peak Troponin T 

(TnT) values of 0.02 µg/L, 0.03-0.29 µg/L, and >0.30 µg/L in the first 3 days after noncardiac 

surgery were independent predictors of 30-day mortality.3  These analyses established the 

prognostic relevance of troponin measurements after surgery without taking into account 

whether the troponin elevations were due to an ischemic or non-ischemic etiology.  These 

analyses did not evaluate troponin elevations that occurred beyond day 3 after surgery.  Finally, 

these analyses adjusted for only preoperative variables and did not assess for confounding 

through other perioperative complications.  For this current publication, our primary objective 

was to inform the diagnostic criteria of MINS, and our secondary objectives were to determine 

the characteristics, predictors, and 30-day outcomes of MINS.  To do this we analyzed the 

VISION data, evaluated troponin elevations until day 30 after surgery, excluded non-ischemic 

troponin elevations, and adjusted for perioperative complications.   
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MATERIALS AND METHODS 

Study Design 

We have previously described the methodology of the VISION Study.3  This is an 

ongoing international prospective cohort study of a representative sample of adults undergoing 

noncardiac surgery.  At the beginning of this study, patients had 4th generation TnT measurements 

after noncardiac surgery.  The first 15,000 patients had event rates approximately 3 times higher 

than expected.  Recognizing that we had sufficient events to address our objectives related to the 4th 

generation TnT measurements, the Operations Committee decided to subsequently monitor the 5th 

generation high-sensitivity TnT assay.  This publication is restricted to patients enrolled during the 

period of 4th generation TnT use.   

 

Patients 

Eligible patients for the VISION Study had noncardiac surgery, were ≥45 years of age, 

received a general or regional anesthetic, and underwent elective or urgent/emergency surgery 

during the day or at night, during a weekday or the weekend.  Patients were excluded who did not 

require an overnight hospital admission after surgery, who were previously enrolled in the VISION 

Study, or who declined informed consent.  Additional exclusion criteria for the MINS study were: 

patients not having a 4th generation TnT measurement after surgery; patients having a TnT 

measurement reported as <0.04 ng/mL, <0.03 ng/mL, or <0.02 ng/mL, instead of the absolute 

value; patients whose troponin elevation was adjudicated as resulting from a non-ischemic 

etiology (e.g., sepsis, pulmonary embolism, cardioversion); and patients with incomplete data for 

the preoperative predictors of 30-day mortality.   

Research personnel primarily obtained consent prior to surgery.  For those from whom 
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we could not obtain consent preoperatively (e.g., emergency case), study personnel obtained 

consent within the first 24 hours after surgery.  Eight centers used a deferred consent process for 

patients unable to provide consent (e.g., patients sedated and mechanically ventilated) and for whom 

no next-of-kin was available.3   

 

Procedures 

Trained research personnel interviewed and examined patients and reviewed charts to 

obtain information on potential preoperative predictors of major perioperative complications 

using standardized definitions.  Patients had blood collected to measure a Roche 4th generation 

Elecsys™ TnT assay 6 to 12 hours postoperatively and on the first, second, and third days after 

surgery.  Patients enrolled between 12 and 24 hours after surgery had a TnT drawn immediately, 

and testing continued as indicated in the preceding sentence.  All TnT measurements were 

analyzed at the participating hospitals, and the TnT results were reported to the attending 

physicians.   

A TnT ≥0.04 ng/mL was the laboratory threshold considered abnormal at the time the 

study began.  Therefore, we only obtained electrocardiography on patients who had a TnT ≥0.04 

ng/mL, and we only assessed these patients for ischemic symptoms.  When a patient had a TnT 

measurement ≥0.04 ng/mL, physicians were encouraged to obtain additional TnT measurements 

(to determine the peak) and electrocardiograms for several days.  If a patient developed an 

ischemic symptom at anytime during the first 30 days after surgery, physicians were encouraged 

to obtain TnT measurements and electrocardiograms.  We defined an ischemic feature as the 

presence of any ischemic symptom or ischemic electrocardiographic finding, defined in 

Supplemental digital content 1, Appendix 1. 
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Outcomes 

The primary outcome was mortality at 30 days after surgery.  Centers also reported the 

cause of death (vascular or non-vascular, definitions in Supplemental digital content 1, Appendix 

2).  Throughout patients' hospital stay, research personnel evaluated patients clinically, reviewed 

hospital charts, ensured patients had TnT measurements drawn, and documented outcome events 

(defined in Supplemental digital content 1, Appendix 3).  We contacted patients 30 days after 

surgery; if patients (or next-of-kin) indicated that they had experienced an outcome, we contacted 

their physicians to obtain documentation.   

Adjudicators evaluated all patients with an elevated troponin measurement that occurred 

anytime during the first 30 days after surgery to determine the presence of any ischemic features 

(i.e., whether a patient would have fulfilled the universal definition of myocardial infarction),7 

the presence of a non-ischemic etiology that could explain the elevated troponin measurement, 

and that the myocardial injury had occurred during or after surgery (i.e., no evidence to support it 

was due to a preoperative event).  Their decisions were used in the statistical analyses.    

 

Data Quality 

At each site, an investigator reviewed and approved all data.  Research personnel at 

participating centers submitted the case report forms and supporting documentation directly to 

the data management system (iDataFax™, coordinating center, McMaster University, Hamilton, 

Ontario, Canada).  Data monitoring in VISION consisted of central data consistency checks, 

statistical monitoring, and on-site monitoring for all centers.3   
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Statistical Analyses 

A statistical analysis plan outlining the analyses in this paper was written prior to 

undertaking the following analyses.  For our primary objective (i.e., to establish the MINS 

diagnostic criteria), we undertook Cox proportional hazards models in which the dependent 

variable was death up to 30 days after noncardiac surgery (using a time to event analysis).  In 

these models the independent variables were: 1. nine preoperative patient characteristics that a 

prior VISION analysis demonstrated were independent predictors of 30-day mortality3 (defined 

in Supplemental digital content 1, Appendix 4); 2. six time-dependent perioperative adverse 

complications, which included the outcomes sepsis and pulmonary embolus that were not 

accompanied by a TnT elevation (defined in Supplemental digital content 1, Appendix 3); and 3. 

potential MINS diagnostic criteria.  In the first model, two potential time-dependent MINS 

diagnostic criteria were evaluated (i.e., a peak TnT ≥0.04 ng/mL with 1 or more ischemic 

features and a peak TnT ≥0.04 ng/mL without an ischemic feature).  The reference group was 

patients with a TnT ≤0.01 ng/mL.  For this first model, we excluded patients with a peak TnT 

equal to 0.02 or 0.03 ng/mL, because a prior VISION analysis demonstrated that these thresholds 

were independent predictors of 30-day mortality,3 and we did not prospectively collect data to 

determine whether these patients had experienced an ischemic feature (i.e., these patients did not 

have electrocardiography and were not assessed for ischemic symptoms).   

We prespecified two potential findings that would result in different MINS diagnostic 

criteria.  First, if both a peak TnT ≥0.04 ng/mL with and without ischemic features independently 

predicted mortality, then the MINS diagnostic criteria would only require a peak TnT ≥0.04 

ng/mL that was judged as due to myocardial ischemia (i.e., no evidence of a non-ischemic 

etiology causing the TnT elevation) without requiring the presence of an ischemic feature.  If this 
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proved the case, we planned to repeat the MINS diagnostic criteria Cox proportional hazards 

model, as described in the first paragraph of the statistical analysis section, including all patients 

and adding two more potential MINS diagnostic criteria (i.e., a peak TnT= 0.02 ng/mL and a 

peak TnT= 0.03 ng/mL without knowledge of whether these patients experienced an ischemic 

feature).   

Second, if only a peak TnT ≥0.04 ng/mL with one or more ischemic features but not a 

peak TnT ≥0.04 ng/mL without an ischemic feature independently predicted mortality, then the 

MINS diagnostic criteria would require a peak TnT ≥0.04 ng/mL with an ischemic feature.  This 

result would have prompted a repeated MINS diagnostic criteria Cox proportional hazards model 

with exploration of the impact of each individual ischemic feature (e.g., chest pain) on 30-day 

mortality to determine which ischemic features should be included in the MINS diagnostic 

criteria.   

After establishing the MINS diagnostic criteria, we determined the incidence and 95% 

confidence intervals (CI) of patients fulfilling these criteria.  We repeated the initial Cox 

proportional hazards model and included MINS as a time-dependent perioperative adverse 

complication.  For this model we determined the population-attributable risk for the independent 

predictors of 30-day mortality.9,10  The population-attributable risk represents the proportion of 

all deaths potentially attributable to the relevant risk factor (e.g., MINS).  We undertook a 

sensitivity analysis restricted to patients in whom a preoperative estimated glomerular filtration 

rate (eGFR) was available, which included eGFR as a candidate independent variable.    

We compared the baseline characteristics between patients who did and did not develop 

MINS.  Across the groups proportions were compared using Fisher’s exact test and continuous 

variables using the Student’s t or Wilcoxon rank sum test, as appropriate.  A Cox proportional 
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hazards model was undertaken to determine independent predictors of MINS up to 30 days after 

surgery.  Potential independent variables in this model included 15 baseline clinical variables and 

7 types of surgeries (defined in Supplemental digital content 1, Appendix 5).  This analysis was 

restricted to patients in whom a preoperative eGFR was available.  A sensitivity analysis 

omitting eGFR included all the patients.    

Among patients who developed MINS, we determined the incidence of each individual 

ischemic feature.  This analysis was restricted to patients who had a peak TnT ≥0.04 ng/mL, 

because patients with a peak TnT=0.03 ng/mL were not assessed for ischemic features.    

We compared the cardiovascular outcomes at 30-days after surgery (defined in 

Supplemental digital content 1, Appendix 6) for patients who did and did not suffer MINS.  For 

the cardiovascular outcomes, we determined the odds ratio and 95% CI.  Using a Fisher’s exact 

test, we compared the 30-day outcomes among patients who developed MINS compared to 

patients who did not develop MINS.   

To develop a clinical risk score to predict short-term mortality among patients who 

suffered MINS, we conducted logistic regression analysis.  The dependent variable was mortality 

at 30 days, and we evaluated the following candidate independent variables: preoperative 

variables (i.e., age, sex); and characteristics of the MINS outcome (i.e., presence of individual 

ischemic symptoms, presence of individual ischemic electrocardiographic findings, location of 

the ischemic electrocardiographic finding, and peak TnT ≥0.30 ng/mL).  Our choice of candidate 

independent variables was based upon our hypotheses regarding which variables were likely to 

be most predictive and the results of prior non-operative myocardial infarction 30-day mortality 

risk prediction models.11  In this logistic regression analysis, we included only patients with peak 

TnT ≥0.04 ng/mL, because we did not know whether patients with a peak TnT=0.03 ng/mL had 
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ischemic features.  We further included the identified significant predictors in a separate model 

to determine their adjusted odds ratios.  A scoring system was developed by assigning weighted 

points to each statistically significant predictor based on their log odds ratios, and the expected 

30-day mortality risk was determined for potential risk scores using the method outlined by 

Sullivan et al.12  Bootstrapping was performed to obtain 95% confidence intervals around the 

expected 30-day mortality risk for each potential risk score.   

 For all our regression models we used forced simultaneous entry (all candidate variables 

remained in the models regardless of statistical significance).13,14  For patients that an adjudicator 

determined suffered more than one episode of MINS throughout the first 30 days after surgery, 

we evaluated only the first episode in all analyses.  We reported adjusted odds ratios (for logistic 

regression) and adjusted hazard ratios (for Cox proportional hazard regression), 95% CI, and 

associated p-values to 3 decimal places with p-values less than 0.001 reported as p<0.001.  For 

all tests, we used alpha=0.05 level of significance.  In our models, we validated the odds ratios 

and hazard ratios and their 95% CIs through bootstrapping.  For our Cox proportional hazards 

models, we assessed discrimination through evaluation of the C index, and we conducted 

sensitivity analyses in which we used frailty models to assess for center effects.  For the logistic 

regression model, we assessed collinearity using the variance inflation factor, and we considered 

variables with a variance inflation factor >10 to be collinear.15  For our logistic regression model, 

we assessed discrimination through evaluation of the area under the receiver operating 

characteristic curve, calibration with a Hosmer-Lemeshow goodness-of-fit test, and conducted 

sensitivity analysis in which we used a mixed model to adjust for potential clustering by center.   

Our sample size was based upon our model to determine the diagnostic criteria of MINS.  

We evaluated 19 variables in this model and simulation studies demonstrate that regression 
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models require 12 events per variable evaluated.16,17  Therefore, we required 228 deaths in our 

study.  All analyses were performed using SAS version 9.2 (Cary, North Carolina). 

 

Ethical Considerations and Funding Sources 

The Research Ethics Board at each site approved the protocol prior to patient recruitment.  

Funding for this study comes from over 60 grants for VISION and its substudies.   
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RESULTS 

 Figure 1 reports the patient flow.  Of the 15,065 patients included in the MINS study, 

99.7% of the patients completed the 30-day follow-up.  Patients were recruited at 12 centers in 8 

countries in North and South America, Australia, Asia, and Europe, from August 6, 2007 to 

January 11, 2011.   

 

Diagnostic Criteria of MINS (Primary Objective) 

Supplemental digital content 2, Table 1 reports the results of the initial Cox proportional 

hazards model demonstrating that a peak TnT ≥0.04 ng/mL with and separately without an 

ischemic feature were independent predictors of 30-day mortality.  The full model that explored 

all the considered diagnostic criteria for MINS demonstrated that a peak TnT ≥0.04 ng/mL with 

1 or more ischemic features (adjusted hazard ratio, 4.82; 95% CI, 3.40-6.84), a peak TnT ≥0.04 

ng/mL without an ischemic feature (adjusted hazard ratio, 3.30; 95% CI, 2.26-4.81), and a peak 

TnT=0.03 ng/mL (adjusted hazard ratio, 4.30; 95% CI, 2.68-6.91) all independently predicted 

30-day mortality (Supplemental digital content 2, Table 2).  Therefore after adjustment for 

preoperative patient characteristics and perioperative complications, a peak TnT >0.03 ng/mL 

was an independent predictor of 30-day mortality.  Based on these analyses, our diagnostic 

criterion for MINS was any peak TnT ≥0.03 ng/mL that was judged as resulting from myocardial 

ischemia (i.e., no evidence of a non-ischemic etiology causing the TnT elevation).   

 A total of 1200 patients (8.0%; 95% CI, 7.5-8.4) fulfilled the MINS diagnostic criterion.  

Table 1 reports the predictors of 30-day mortality in the model that included preoperative 

variables and perioperative adverse complications, including MINS.  Four perioperative 

complications (i.e., MINS, sepsis, stroke, and pulmonary embolus) were independent predictors 



19	
	

of 30-day mortality.  The independent prognostic factors identified in this model potentially 

explain the majority of the deaths that occurred (i.e., the total population-attributable risk was 

92.6%; 95% CI, 89.6-95.2); among the perioperative complications, MINS had the largest 

population-attributable risk (34.0%; 95% CI, 26.6-41.5).  Our 30-day mortality sensitivity 

analysis, restricted to patients for whom a preoperative eGFR was available, demonstrated that 

MINS was not confounded by eGFR (i.e., MINS remained an independent predictor of 30-day 

mortality adjusted hazard ratio, 3.66; 95% CI, 2.71-4.93) but preoperative eGFR was not an 

independent predictor of 30-day mortality, p=0.480 (Supplemental digital content 2, Table 3).      

 

Characteristics and Predictors of MINS 

Supplemental digital content 3, Figure 1 depicts that 87.1% of MINS events occurred 

within the first 2 days after surgery.  Supplemental digital content 2, Table 4 presents the 

baseline characteristics of patients who did and did not suffer MINS.  MINS patients were older, 

had more cardiovascular risk factors, and known cardiovascular disease.  Table 2 reports the 

ischemic features of patients suffering MINS of whom 84.2% (95% CI, 81.7-86.4) did not 

experience an ischemic symptom.  A total of 34.9% (95% CI, 31.9-38.0) of MINS patients had 

an ischemic electrocardiographic finding, of which T wave inversion (23.3%; 95% CI, 20.7-

26.1) and ST depression (16.4%; 95% CI, 14.1-18.9) were the most common.  Among MINS 

patients 41.8% had an ischemic feature and would have fulfilled the universal definition of 

myocardial infarction; however, 58.2% of these patients did not experience an ischemic feature 

and would therefore not have fulfilled the universal definition of myocardial infarction.   

We identified 12 independent predictors of MINS that included the following: age ≥75 

years, cardiovascular risk factors (e.g., renal insufficiency, diabetes), known cardiovascular 
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disease (e.g., peripheral vascular disease, coronary artery disease), and surgical factors (e.g., 

urgent/emergent surgery) (Table 3).  The sensitivity analysis, which included all the patients and 

did not assess eGFR as a potential independent predictor of MINS, demonstrated similar findings 

to Table 3 except that low risk surgery was no longer predictive (adjusted hazard ratio, 0.77; 

95% CI, 0.56-1.07).      

 

Prognostic Impact of MINS 

Patients with MINS were at higher risk of a nonfatal cardiac arrest (odds ratio=14.58; 

95% CI, 5.75-37.02; p<0.001), congestive heart failure (odds ratio=10.34; 95% CI, 7.99-13.37; 

p<0.001), and stroke (odds ratio=4.66; 95% CI, 2.87-7.58; p<0.001) compared to patients who 

did not suffer MINS (Table 4).  The 30-day mortality rate was 9.8% among patients who 

suffered MINS and 1.1% among patients who did not suffer MINS (OR=10.07; 95% CI, 7.84-

12.94; p<0.001).  Among the patients suffering MINS 115 died within 30 days of surgery, 

centers reported a vascular cause of death in 62 (53.9%) patients and non-vascular in 53 (46.1%). 

The composite of nonfatal cardiac arrest, nonfatal congestive heart failure, nonfatal stroke, and 

mortality occurred more frequently in patients who suffered MINS (odds ratio=9.59; 95% CI, 

7.99-11.51; p<0.001).  In those with and without an ischemic feature, 30-day mortality rates 

were 13.5% (95% CI, 10.5%-17.3%) and 7.7% (95% CI, 5.7%-10.2%), respectively.   

   

Predictors of Mortality among Patients Suffering MINS 

Age ≥75 years, ST elevation or new left bundle branch block, and anterior ischemic 

electrocardiographic findings were independent predictors of 30-day mortality among patients 

who suffered MINS (Table 5).  Our scoring system to predict 30-day mortality in patients 
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suffering MINS assigned the following points to the independent predictor of mortality: age ≥75 

years (1 point), ST elevation or new left bundle branch block (2 points), and anterior ischemic 

electrocardiographic findings (1 point).  Figure 2 presents the expected and observed risk of 30-

day mortality among the MINS patients based on the scoring system.  Patients with a score of 0, 

1, 2, 3, or 4 had expected 30-day mortality rates of 5.2% (95% CI, 3.3-7.4), 10.2% (95% CI, 6.5-

11.9), 19.0% (95% CI, 8.7-24.3), 32.5% (95%, 10.6-45.9), and 49.8% (95% CI, 12.0-65.5), 

respectively.    

The random effect (frailty) Cox models that adjusted for potential clustering-by-center 

effects produced similar results.  Each variable included in the logistic regression models 

demonstrated a variance inflation factor <10 suggesting no collinearity.  The mixed model that 

adjusted for any potential clustering by center in the logistic regression model produced similar 

results.   
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DISCUSSION 

Principal Findings 

 In this international cohort study of 15,065 patients ≥45 years of age undergoing 

noncardiac surgery, we determined that the optimal diagnostic criterion for MINS is a peak TnT 

≥0.03 ng/mL judged due to myocardial ischemia (i.e., no evidence of a non-ischemic etiology 

causing the TnT elevation).  This criterion does not require the presence of an ischemic feature.  

MINS was common (8.0%), associated with substantial mortality and cardiovascular 

complications at 30-days, and the population-attributable risk suggests that MINS explains 

34.0% of the deaths that occur in adults during the first 30 days after noncardiac surgery.   

A minority of MINS patients experienced an ischemic symptom; only 41.8% of MINS 

patients fulfilled the universal definition of myocardial infarction.  Among the 58.2% of MINS 

patients who did not experience an ischemic feature and thus would not have fulfilled the 

universal definition of myocardial infarction, 1 in 13 died within 30 days.     

 

Our Study in Relation to Other Studies 

 In a prior VISION publication, we demonstrated that the peak troponin measurement 

during the first 3 days after noncardiac surgery was an independent predictor (based on 

adjustment of only preoperative patient characteristics) of 30-day mortality.3  Our current 

publication adds important new information by focusing on troponin elevations that were 

adjudicated as resulting from myocardial ischemia, evaluating all troponin elevations until day 

30 after surgery, and taking into account potential confounding through risk adjustment of other 

perioperative complications.  This is the first study to evaluate diagnostic criteria for MINS, 

independent predictors of MINS, and predictors of mortality in patients suffering MINS.  
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LeManach et al. conducted a consecutive cohort study of 1,136 patients undergoing abdominal 

aortic surgery in which they excluded septic patients with an elevated troponin I (Dade-

Behring).18  Consistent with our findings, they demonstrated that an elevated troponin I after 

surgery was an independent predictor of in-hospital mortality.18  A limitation of this study is that 

they did not adjust for any perioperative complications (e.g., stroke).   

A multivariable analysis of data from the PeriOperative ISchemic Evaluation (POISE) 

Trial (an 8,351 patient international randomized controlled trial) that adjusted for preoperative 

factors and perioperative complications demonstrated that the highest quartile of a cardiac 

biomarker or enzyme elevation (i.e., a troponin or creatine kinase - myocardial band value ≥3.6 

times the upper limit of normal) in patients without an ischemic feature was an independent 

predictor of 30-day mortality (adjusted odds ratio, 2.54; 95% CI, 1.65-3.90).4  Although the 

foregoing POISE analysis supports our finding that an elevated troponin after surgery without an 

ischemic feature increases short-term mortality, many different troponin assays were evaluated 

and data were insufficient to determine prognostically relevant thresholds for the individual 

troponin assays. 

 

Strengths and Limitations of Our Study 

 Strengths of our study included evaluation of a large contemporary representative sample 

of adults who underwent noncardiac surgery in 5 continents with complete follow-up data on 

99.7% of the patients.  All patients underwent troponin monitoring after surgery using the same 

troponin assay, and all patients with a TnT ≥0.04 ng/mL were prospectively assessed for 

ischemic symptoms and ischemic electrocardiographic findings.  Our 30-day mortality model 
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that included MINS (based on our diagnostic criterion) demonstrated good calibration, and the 

results were consistent across centers.   

 Our study had several limitations.  We systematically monitored troponin measurements 

only until day 3 after surgery.  Therefore, after day 3, we may have missed additional MINS 

events in patients who did not experience an ischemic symptom.  The substantial decline in 

MINS events by postoperative day 3 (Supplemental digital content 3, Figure 1) suggests, 

however, that we were not likely to have missed many MINS events.  We determined the MINS 

diagnostic threshold only for the 4th generation TnT assay; thus, evaluation of other troponin 

assays will require further research.   

We did not assess patients for the presence of ischemic features if their peak TnT was 

0.03 ng/mL.  At the start of the study we did not know that patients with a TnT of 0.03 ng/mL 

had an increased risk of 30-day mortality, and we assessed patients for ischemic features only if 

they met the laboratory threshold considered abnormal (i.e., TnT ≥0.04 ng/mL).  It is possible 

that among patients with a peak TnT=0.03 ng/mL that only those patients who also had an 

ischemic feature were at increased risk of 30-day mortality.  Given that patients with a peak TnT 

≥0.04 ng/mL did not require an ischemic feature to impact 30-day mortality, we believe it is 

unlikely that a peak TnT=0.03 ng/mL requires an ischemic feature to impact mortality.  Our 

model to predict 30-day mortality in patients suffering MINS did not include patients who had a 

peak TnT=0.03 ng/mL.  Although it is possible that our model won’t predict mortality in patients 

with a TnT=0.03 ng/mL, this is unlikely given that a prior VISION publication did not 

demonstrate any difference in the risk of mortality across peak TnT values of 0.03 to 0.29 

ng/mL.3  Although experienced physicians in perioperative medicine adjudicated all elevated 

troponin measurements to ensure there was no evidence of a non-ischemic cause, it is possible 
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some non-ischemic etiologies were missed and that some events were not due to ischemic 

myocardial injury.     

 

Implications 

Most noncardiac surgery studies evaluating cardiac complications focus on perioperative 

myocardial infarction.  Our results show that focusing on this complication would result in 

missing 58.2% of the prognostically relevant perioperative myocardial ischemic events.  Based 

on these results and the rationale presented in our introduction, we advocate assessing surgical 

patients for the diagnosis of MINS.  Although no randomized controlled trial has established an 

effective treatment for patients suffering MINS, the prognosis of these patients may be 

modifiable.  The high-quality evidence for acetyl-salicylic acid and statin therapy in the non-

operative setting,19,20 and encouraging observational data from a large international perioperative 

trial (i.e., POISE) showing an association with use of these drugs and decreased 30-day mortality 

in patients who have suffered a perioperative myocardial injury,4 suggests that acetyl-salicylic 

acid and statin therapy may benefit patients who suffer MINS.   

In our study of patients ≥45 years of age undergoing noncardiac surgery, 8.0% of patients 

suffered MINS.  It is estimated that worldwide over 100 million adults ≥45 years of age undergo 

major noncardiac surgery each year.1,21  This suggests that 8 million adults may suffer MINS 

annually.  The frequency of this perioperative complication, and the associated 30-day risk of 

cardiovascular complications and mortality, highlights the urgent need for clinical trials to 

establish strategies to prevent and treat this important complication.  

A minority (15.8%) of patients suffering MINS experienced an ischemic symptom.  

Therefore, 84.2% of MINS probably would have gone undetected without systematic troponin 



26	
	

monitoring after surgery.  Consistent with our finding, the third universal definition of 

myocardial infarction consensus statement recommends monitoring perioperative troponin 

measurements in high-risk patients undergoing noncardiac surgery.7   

 

Conclusions 

 Evaluating patients for the diagnosis of MINS compared to myocardial infarction will 

allow physicians to avoid missing the majority of the patients who develop a prognostically 

relevant perioperative myocardial injury.  Among adults undergoing noncardiac surgery, MINS 

is common (8%), and 1 in 10 patients suffering MINS will die within 30 days.  Failure to 

monitor troponin measurements after noncardiac surgery will result in missing over 80% of 

MINS events.   

 

 

 

 

 

  



27	
	

ACKNOWLEDGEMENTS 

VISION Study Group 

Operations Committee: PJ Devereaux,1,2,3 MD, PhD, Daniel I Sessler,4 MD, Michael 

Walsh,1,2,3 MD, MSc, Gordon Guyatt,2,3 MD, MSc, Matthew J McQueen,5 MBChB, PhD, Mohit 

Bhandari,2,6 MD, MSc, Deborah Cook,2,3 MD, MSc, Jackie Bosch,1 MSc, Norman Buckley,7 

MD, MSc, Salim Yusuf, 1,2,3 MD, DPhil, 

1. Population Health Research Institute, Hamilton, Ontario, Canada. 

2. Department of Clinical Epidemiology and Biostatistics, McMaster University, Hamilton, 

Ontario, Canada. 

3. Department of Medicine, McMaster University, Hamilton, Ontario, Canada. 

4. The Cleveland Clinic, Cleveland, Ohio, United States. 

5. Hamilton Health Sciences Centre, Hamilton, Ontario, Canada. 

6. Department of Surgery, McMaster University, Hamilton, Ontario, Canada. 

7. Department of Anesthesia, McMaster University, Hamilton, Ontario, Canada. 

 

VISION Investigators: Australia  - Sydney - Clara K Chow,1 MBBS, Graham S Hillis,1 MBBS, 

Richard Halliwell,1 MBBS, Stephen Li,1 MBBS, Vincent W Lee,1 MBBS, John Mooney,1 

MBBS; Brazil - Porto Alegre - Carisi A Polanczyk,3 MD, Mariana V Furtado,3 MD - Sao Paulo - 

Otavio Berwanger,2 MD, Erica Suzumura,3 PT, Eliana Santucci,3 PT, Katia Leite,3 MSc, Jose 

Amalth do Espirirto Santo,3 MD, Cesar AP Jardim,3 MD, Alexandre Biasi Cavalcanti,3 MD, 

Helio Penna Guimaraes,3 PhD; Canada - Edmonton – University of Alberta Hospital - Michael J 

Jacka,4 MD, Michelle Graham,4 MD, Finlay McAlister,4 MD, Sean McMurtry,4 MD, Derek 

Townsend,4 MD, Neesh Pannu,4 MD, Sean Bagshaw,4 MD - Hamilton - Hamilton General 



28	
	

Hospital, Hamilton Health Sciences (HHS) – Amal Bessissow,7 MD, Mohit Bhandari,5 MD, 

Emmanuelle Duceppe,7 MD, John Eikelboom,5 MD, Javier Ganame,5 MD, James Hankinson,5 

MD, Stephen Hill,5 PhD, Sanjit Jolly,5 MD, Andre Lamy,5 MD, Elizabeth Ling,5 MD, Patrick 

Magloire,5 MD, Guillaume Pare,5 MD, Devon Reddy,5 MD, David Szalay,5 MD, Jacques 

Tittley,5 MD, Jeff Weitz,5 MD, Richard Whitlock5 MD, – Juravinski Hospital and Cancer Centre, 

HHS - Saeed Darvish-Kazim,5 MD, Justin DeBeer,5 MD, Peter Kavsak,5 PhD, Clive Kearon,5 

MD, Richard Mizera,5 MD, Martin O’Donnell,5 MD, Matthew McQueen, 5 MD, Jehonathan 

Pinthus,5 MD, Sebastian Ribas,5 MD, Jagmeet Sethi,5 MD, Tej Sheth,5 MD, Marko Simunovic,5 

MD, Vikas Tandon,5 MD, Tomas VanHelder,5 MD, Mitchell Winemaker,5 MD - McMaster 

University Medical Centre, HHS – Sonia Anand, MD, 7 Hertzel Gerstein,7 MD, Michael 

Marcaccio,5 MD, Sarah McDonald,5 MD, Paul O’Bryne,5 MD, Ameen Patel,5 MD, James Paul,5 

MD, Zubin Punthakee,5 MD, Karen Raymer,5 MD, Omid Salehian,5 MD, Fred Spencer,5 MD, 

Stephen Walter,8 PhD, Andrew Worster,5 MD - St. Joseph’s Hospital - Anthony Adili,6 MD, 

Catherine Clase,6 MD, Deborah Cook,6 MD, Mark Crowther,6 MD, James Douketis,6 MD, Hugh 

Fuller,6 MD, Azim Gangji,6 MD, Paul Jackson,6 MD, Wendy Lim,6 MD, Peter Lovrics,6 MD, 

Sergio Mazzadi,6 MD, William Orovan,6 MD, Jill Rudkowski,6 MD, Mark Soth,6 MD, Maria 

Tiboni,6 MD - London - London Health Sciences Centre, Victoria Hospital - Rey Acedillo,9 MD, 

Amit Garg,9 MD, Ainslie Hildebrand,9 MD, Ngan Lam,9 MD, Danielle MacNeil,9 MD, Marko 

Mrkobrada,9 MD, Pavel Roshanov,9 MSc, - Winnipeg - Health Sciences Centre Winnipeg - 

Sadeesh K Srinathan,10 MD, Clare Ramsey,10 MD, Philip St. John,10 MD, Laurel Thorlacius,10 

PhD, Faisal S Siddiqui,10 MD, Hilary P Grocott,10 MD, Andrew McKay,10 MD, Trevor WR 

Lee,10 MD, Ryan Amadeo,10 MD, Duane Funk,10 MD, Heather McDonald,10 MD, James 

Zacharias,10 MD; Colombia - Bucaramanga - Juan Carlos Villar,11 MD, Olga Lucía Cortés,11 



29	
	

PhD, Maria Stella Chaparro,11 RN, Skarlett Vásquez,11 RN, Alvaro Castañeda,11 RN, Silvia 

Ferreira11 MD; France - Pierre Coriat,12 MD, Denis Monneret,12 PharmD, Jean Pierre Goarin,12 

MD, Cristina Ibanez Esteve,12 MD, Catherine Royer,12 MD, Georges Daas,12 MD; Hong Kong - 

Matthew TV Chan,13 MB, Gordon YS Choi,13 MB, Tony Gin,13 MD, Lydia CW Lit,13 PhD;  

India - Bangalore - Denis Xavier,14 MD, Alben Sigamani,14 MD, Atiya Faruqui,14 MD, Radhika 

Dhanpal,14 MD, Smitha Almeida,14 MD, Joseph Cherian,14 MS, Sultana Furruqh,14 MD - 

Ludhiana - Valsa Abraham,15 MD, Lalita Afzal,15 MD, Preetha George,15 MBBS, Shaveta 

Mala,15 MBBS; Italy – Holger Schünemann,16 MD, Paola Multi,16 MD, Enrico Vizza,16 MD; 

Malaysia - Kuala Lumpur – CY Wang,17 MBChB, GSY Ong,17 MBBS, M Mansor,17 MBBS, 

Alvin SB Tan,17 MBBS, II Shariffuddin,17 MBChB, V Vajiravelu,17 MBBS, NHM Has him,17 

MBBS, A Wahab Undok,17 MBBS, Ushananthini KI,17 MBBS, HY Lai,17 MBBS, WAW 

Ahmad,17 MBBS, AHA Razack,17 MBBS; Peru - Lima - German Malaga,18 MD, Vanessa 

Valderrama-Victoria,18 MD, Javier D Loza-Herrera,18 MD, Maria De Los Angeles Lazo,18 MD, 

Aida Rotta-Rotta,18 MD; Poland - Krakow - Wojciech Szczeklik,19 MD, Barbara Sokolowska,19 

MD, Jacek Musial,19 MD, Jacek Gorka,19 MD, Pawel Iwaszczuk,19 MD, Mateusz Kozka,19 MD, 

Maciej Chwala,19 MD, Marcin Zaczek,19 MD, Tomasz Mrowiecki,19 MD, Bogusz Kaczmarek,19 

MD; South Africa - Durban - Bruce Biccard,20 MBChB, Hussein Cassimjee,20 MBChB, Dean 

Gopalan,20 MBChB, Theroshnie Kisten,20 MBChB, Aine Mugabi,20 MBChB, Prebashini 

Naidoo,20 MBBCh, Rubeshan Naidoo,20 MBChB, Reitze Rodseth,20 MBChB, David Skinner,20 

MBChB, Alex Torborg,20 MBChB; Spain - Barcelona - Pilar Paniagua,21 MD, Gerard Urrutia,21 

MD, Mari Luz Maestre,21 MD, Miquel Santaló,21 MD, Raúl Gonzalez,21 MD, Adrià Font,21 MD, 

Sonia Mirabet,21 MD, Cecilia Martínez,21 MD, Xavier Pelaez,21 MD, Marta De Antonio,21 MD, 

Jose Marcial Villamor,21 MD, Jesús Álvarez García,21 MD, Maria José Ferré,21 MD, Ekaterina 



30	
	

Popova,21 MD, Pablo Alonso-Coello,21 MD - Madrid - Ignacio Garutti,22 MD, Patricia Cruz,22 

MD, Carmen Fernández,22 MD, Maria Palencia,22 MD, Susana Díaz,22 MD, Teresa del Castillo,22 

MD, Alberto Varela,22 MD, Angeles de Miguel,22 MD, Manuel Muñoz,22 MD, Patricia Piñeiro,22 

MD, Gabriel Cusati,22 MD, Maria del Barrio,22 MD, Maria José Membrillo,22 MD, David 

Orozco,22 MD, Fidel Reyes,22 MD; United Kingdom - Leeds - Robert J Sapsford,23 MBBS, Julian 

Barth,23 MBBS, Julian Scott,23 MBBS, Alistair Hall,23 MBBS, Simon Howell,23 MBBS, 

Michaela Lobley,23 RGN, Janet Woods,23 RGN, Susannah Howard,23 RGN, Joanne Fletcher,23 

RGN, Nikki Dewhirst,23 RGN - Liverpool - C Williams,24 MD, A Rushton,24 MD, I Welters,24 

MD, M Leuwer,24 MD - London - Rupert Pearse,26 MD, Gareth Ackland,25 MD, Ahsun Khan,25 

MD, Edyta Niebrzegowska,26 MSc, Sally Benton,26 FRCPath, Andrew Wragg,26 PhD, Andrew 

Archbold,26 MD, Amanda Smith,26 RGN, Eleanor Mcalees,26 BSc, Cheryl Ramballi,26 FIBMS,  

Neil Macdonald,26 FRCA, Marta Januszewska,26 MSc, Robert Stephens,26 FRCA, Anna Reyes,25 

BSc, Laura Gallego Paredes,25 BSc, Pervez Sultan,25 FRCA, David Cain,25 FRCA, John 

Whittle,25 FRCA, Ana Gutierrez del Arroyo,25 FRCA; United States - Cleveland - Daniel I 

Sessler,27 MD, Andrea Kurz,27 MD, Zhuo Sun,27 MD, Patrick S Finnegan,27 BSc, Cameron 

Egan,27 BSc, Hooman Honar,27 MD, Aram Shahinyan,27 MD, Krit Panjasawatwong,27 MD, 

Alexander Y. Fu,27 MD, Sihe Wang,28 PhD, Edmunds Reineks28 MD - St. Louis - Peter Nagele,28 

MD, Jane Blood,28 RN, Megan Kalin,28 BSc, David Gibson,28 BSc, Troy Wildes,28 MD.  

1.  The George Institute for Global Health, University of Sydney, Sydney, Australia. 

2.  Research Institute Hcor (Hospital do Coracao), Sao Paulo, Brazil. 

3. Hospital de Clinicas de Porto Alegre, Universidade Federal de Rio Grande do Sul, Brazil. 

4. University of Alberta, Edmonton, Alberta, Canada. 

5. Hamilton Health Sciences Centre, Hamilton, Ontario, Canada. 



31	
	

6. St. Joseph’s Health Care, Hamilton, Ontario, Canada 

7. Population Health Research Institute, Hamilton, Ontario, Canada. 

8. Department of Clinical Epidemiology and Biostatistics, McMaster University, Hamilton, 

Ontario, Canada. 

9. London Health Sciences Centre, London, Ontario, Canada 

10. Winnipeg Health Sciences Centre, Winnipeg, Canada 

11. Universidad Autónoma de Bucaramanga and Fundación Cardioinfantil, Colombia. 

12. Hospitalier Pitié-Salpêtrière, Université Pierre et Marie Curie Paris VI, Paris, France. 

13. The Chinese University of Hong Kong, Shatin, N.T., Hong Kong. 

14. St. John’s Medical College and Research Institute, Bangalore, India. 

15. Christian Medical College, Ludhiana, India. 

16. National Cancer Institute Regina Elena, Rome, Italy 

17. University of Malaya, Kuala Lampur, Malaysia. 

18. Universidad Peruana Cayetano Heredia, Lima, Peru. 

19. Jagiellonian University Medical College, Krakow, Poland. 

20. University of Kwazulu-Natal, Durban, South Africa. 

21. Biomedical Research Institute Sant Pau, Barcelona, Spain. 

22. Hospital General Universitario Gregorio Maranon, Madrid, Spain. 

23. Leeds Teaching Hospital, Leeds, United Kingdom. 

24. Institute of Translational Medicine, University of Liverpool, United Kingdom. 

25. University College London, London, United Kingdom. 

26. Royal London Hospital, London, United Kingdom. 

27. The Cleveland Clinic, Cleveland, Ohio, United States. 



32	
	

28. Washington University School of Medicine, St. Louis, Missouri, United States. 

 

 

 

  



33	
	

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: 139-44 

2. Pearse RM, Moreno RP, Bauer P, Pelosi P, Metnitz P, Spies C, Vallet B, Vincent JL, 

Hoeft A, Rhodes A: Mortality after surgery in Europe: a 7 day cohort study. Lancet 2012; 380: 

1059-65 

3. 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: 2295-304 

4. 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: 

Characteristics and short-term prognosis of perioperative myocardial infarction in patients 

undergoing noncardiac surgery: a cohort study. Ann Intern Med 2011; 154: 523-8 

5. Devereaux PJ, Yang H, Yusuf S, Guyatt G, Leslie K, Villar JC, Xavier D, Chrolavicius 

S, Greenspan L, Pogue J, Pais P, Liu L, Xu S, Malaga G, Avezum A, Chan M, Montori VM, 

Jacka M, Choi P: Effects of extended-release metoprolol succinate in patients undergoing non-

cardiac surgery (POISE trial): a randomised controlled trial. Lancet 2008; 371: 1839-47 



34	
	

6. McFalls EO, Ward HB, Moritz TE, Goldman S, Krupski WC, Littooy F, Pierpont G, 

Santilli S, Rapp J, Hattler B, Shunk K, Jaenicke C, Thottapurathu L, Ellis N, Reda DJ, 

Henderson WG: Coronary-artery revascularization before elective major vascular surgery. N 

Engl J Med 2004; 351: 2795-804 

7. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD: Third 

Universal Definition of Myocardial Infarction. Circulation 2012; 126: 2020-2035 

8. Ali ZA, Callaghan CJ, Ali AA, Sheikh AY, Akhtar A, Pavlovic A, Nouraei SA, Dutka 

DP, Gaunt ME: Perioperative myocardial injury after elective open abdominal aortic aneurysm 

repair predicts outcome. Eur J Vasc Endovasc Surg 2008; 35: 413-9 

9. Engel LS, Chow WH, Vaughan TL, Gammon MD, Risch HA, Stanford JL, Schoenberg 

JB, Mayne ST, Dubrow R, Rotterdam H, West AB, Blaser M, Blot WJ, Gail MH, Fraumeni JF, 

Jr.: Population attributable risks of esophageal and gastric cancers. J Natl Cancer Inst 2003; 95: 

1404-13 

10. Bruzzi P, Green SB, Byar DP, Brinton LA, Schairer C: Estimating the population 

attributable risk for multiple risk factors using case-control data. Am J Epidemiol 1985; 122: 

904-14 

11. Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon CP, Van De Werf 

F, Avezum A, Goodman SG, Flather MD, Fox KA: Predictors of hospital mortality in the global 

registry of acute coronary events. Arch Intern Med 2003; 163: 2345-53 

12. Sullivan LM, Massaro JM, D'Agostino RB, Sr.: Presentation of multivariate data for 

clinical use: The Framingham Study risk score functions. Stat Med 2004; 23: 1631-60 



35	
	

13. Derksen S, Keselman H: Backward, forward and stepwise automated subset selection 

algorithms: frequency of obtaining authentic and noise variables. Br J Math Stat Psychol 1992; 

45: 265-282 

14. Steyerberg EW, Eijkemans MJ, Harrell FE, Jr., Habbema JD: Prognostic modeling with 

logistic regression analysis: in search of a sensible strategy in small data sets. Med Decis Making 

2001; 21: 45-56 

15. Kline R: Data preparation and screening, Principles and Practice of Structural Equation 

Modeling. Edited by Kline R. New York, The Guilford Press, 1998, pp 67-94 

16. Babyak MA: What you see may not be what you get: a brief, nontechnical introduction to 

overfitting in regression-type models. Psychosom Med 2004; 66: 411-21 

17. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR: A simulation study of the 

number of events per variable in logistic regression analysis. J Clin Epidemiol 1996; 49: 1373-9 

18. Le Manach Y, Perel A, Coriat P, Godet G, Bertrand M, Riou B: Early and delayed 

myocardial infarction after abdominal aortic surgery. Anesthesiology 2005; 102: 885-91 

19. Collaborative meta-analysis of randomised trials of antiplatelet therapy for prevention of 

death, myocardial infarction, and stroke in high risk patients. BMJ 2002; 324: 71-86 

20. Mills EJ, Rachlis B, Wu P, Devereaux PJ, Arora P, Perri D: Primary prevention of 

cardiovascular mortality and events with statin treatments: a network meta-analysis involving 

more than 65,000 patients. J Am Coll Cardiol 2008; 52: 1769-81 

21. Devereaux PJ, Chan M, Eikelboom J: Major vascular complications in patients 

undergoing noncardiac surgery: The magnitude of the problem, risk prediction, surveillance, and 

prevention., Evidence based Cardiology, 3rd edition. Edited by Yusuf S, Cairns JA, Camm AJ, 

Fallen EL, Gersh BJ. London, England, BMJ Books, 2009, pp 47-62 


