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Abstract

Purpose Postoperative myocardial infarction causes

hundreds of thousands of deaths annually, and ‘‘failure to

rescue’’ is a leading cause of hospital mortality. Strategies

to recognize cardiac injury are important to reduce the

burden of cardiac-related morbidity. For these reasons, we

chose to assess the association between postoperative

troponin I elevations and 30-day in-hospital mortality and,

secondarily, to compare the predictive value of regularly

scheduled troponin estimates with troponin ordered in

response to clinical indications.

Methods We carried out a retrospective cohort analysis

of 51,701 consecutive patients throughout 2003 to 2009.

All patients were from a single university referral hospital

and included all non-cardiac non-transplant surgery

patients requiring overnight admission. Logistic regression

was used to assess the risk-adjusted associations between

troponin I and 30-day in-hospital mortality.

Results The multivariable predictive model for death

improved after troponin I was included. The receiver

operating characteristic was 0.902 before troponin I vs

0.934 after troponin I (P \ 0.0001). The likelihood ratio

for troponin was 3.0 (95% confidence interval 2.8 to 3.2)

and evident in each surgical service. Increasing troponin

I showed a dose-response associated with increased

mortality, and compared with clinically based measurements,

a regularly scheduled postoperative troponin protocol
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showed a threefold increase in the probability of detecting

myocardial injury. However, troponin I was not found to

improve the risk prediction model in the lowest risk patients

(n = 18,953; probability of death\ 0.02%) with one cardiac

death.

Conclusions Postoperatively elevated troponin I is

associated with 30-day in-hospital mortality in a

dose-dependent manner. A postoperative measurement

protocol provides a threefold increase in the ability to

detect myocardial injury. Conversely, in patients with a

low mortality risk, cardiac injury is low; there is minimal

improvement in the ability to detect cardiac injury, and the

rescue rates from cardiac injury are excellent. These

findings suggest that a surveillance protocol of troponin I

would be optimal when limited to moderate to high-risk

patients.

Résumé

Objectif L’infarctus du myocarde postopératoire

provoque des centaines de milliers de décès chaque année

et « l’échec du sauvetage » est une des principales causes

de mortalité à l’hôpital. Les stratégies visant à identifier

une lésion cardiaque sont importantes pour réduire le

fardeau de la morbidité d’origine cardiaque. Pour ces

raisons, nous avons choisi d’évaluer l’association entre

l’élévation de la troponine-I et la mortalité hospitalière à

30 jours et, secondairement, de comparer la valeur

prédictive des dosages de troponine planifiés régulièrement

avec les dosages prescrits dans le cas d’indications

cliniques.

Méthodes Nous avons effectué une analyse rétrospective

de cohorte de 51 701 patients entre 2003 et 2009. Tous les

patients provenaient d’un seul hôpital universitaire de

référence et incluaient tous les patients nécessitant une

hospitalisation d’au moins une nuit, à l’exclusion des

patients de chirurgie cardiaque ou de greffe. Une analyse

de régression logistique a servi à évaluer les associations

ajustées pour le risque entre la troponine I et la mortalité

hospitalière à 30 jours.

Résultats Le modèle prédictif multivarié pour les décès

s’est amélioré après l’inclusion de la troponine I. L’aire

sous la courbe ROC (Receiver Operating Characteristic)

était de 0.902 avant la troponine I contre 0.934 après la

troponine I (P \ 0.0001). Le rapport de probabilité pour la

troponine était de 3.0 (intervalle de confiance à 95 % : 2.8

à 3.2) et évident dans chaque service de chirurgie. Une

élévation de la troponine I montrait une relation

dose-réponse associée à une plus grande mortalité et,

comparé avec des dosages reposant sur la clinique, un

protocole postopératoire avec dosage régulier de la

troponine multipliait par trois la probabilité de détecter

une lésion myocardique. Il n’a cependant pas été montré

que la troponine I améliorait le modèle de prédiction du

risque chez les patients à risque le plus faible (n = 18 953;

probabilité de décès \ 0.02%), avec un décès d’origine

cardiaque.

Conclusions L’augmentation postopératoire de la

troponine I est associée à la mortalité hospitalière à

30 jours de façon dose-dépendante. Un protocole de

dosages postopératoires permet de multiplier par trois la

capacité de détection d’une lésion myocardique. À l’inverse,

chez des patients ayant un faible risque de mortalité, les

lésions cardiaques sont peu fréquentes; il existe une minime

amélioration de la capacité à détecter une lésion et les taux

de sauvetage en cas de lésion cardiaque sont excellents. Ces

constatations suggèrent qu’un protocole de surveillance de

la troponine I serait optimal s’il était limité aux patients à

risque modéré ou élevé.

Postoperative myocardial infarction (POMI) is a serious

public health issue.1 The World Health Organization esti-

mates that more than 230 million surgeries are performed

annually, and half of these are moderate to high risk.2

Postoperative myocardial infarction occurs in approxi-

mately 2% of all non-cardiac surgeries,3 with evidence

suggesting a mortality rate ranging from 29-40% in

patients who sustain POMI.4 Thus, this public health issue

is associated with millions of deaths annually.

Effective prophylaxis of POMI,5-7 while controversial,7

reduces the incidence by approximately 30%; therefore, even

with prophylaxis, POMI remains a significant perioperative

issue. ‘‘Failure to rescue’’ from serious postoperative complica-

tions, such as POMI, is the leading cause of mortality,8 which

makes it necessary and critically important to develop strategies

for the recognition and appropriate management of POMI.9

However, recognizing a POMI is exceedingly difficult since it

frequently occurs without signs or symptoms.9 An elevated tro-

ponin level is central to the diagnosis of POMI, and given the lack

of signs and symptoms, universal surveillance with troponin

measurements has been advocated.10 Before instituting such

measurements, however, it is important to determine the prog-

nostic value of routine troponin measurements across a

heterogeneous population and further to identify subgroups most

likely to benefit from these processes of care.

Consequently, we conducted a retrospective observa-

tional study of non-cardiac surgical patients. In some

patients, troponin levels were drawn at regular intervals as a

result of postoperative management protocol, and in other

patients, troponin levels were drawn on the basis of clinical

indicators. Our primary objective was to assess the incre-

mental value of adding troponin measurements to a clinically

based risk prediction model for postoperative mortality. Our

secondary objective was to determine if a protocol for rou-

tine postoperative troponin is warranted in all patients.
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Methods

Study setting and patient sample

After we received institutional ethics approval and the

requirement for informed consent was waived, we conducted

a single-centre retrospective observational study in accor-

dance with the STROBE statement.A The University Health

Network (UHN), a teaching hospital affiliated with the

University of Toronto, offers a full range of adult non-

cardiac surgery which is performed at three sites. Inclusion

criteria for our study consisted of adult patients having non-

cardiac non-transplant surgery with overnight admittance

during January 1, 2003B to December 31, 2009. Patients with

same day discharge or eye surgery were excluded due to the

low risk,11 and if patients underwent multiple surgical pro-

cedures, only data from their first procedure were used.

Perioperative data were prospectively collected in insti-

tutional databases as previously described.12-15 The patient

characteristics, laboratory values, and postoperative events

were retrieved from the hospital electronic charting system,

MISYS CPR (QuadraMed Corp, Reston, VA, USA). Surgi-

cal information was obtained from ORSOS (McKesson

Corp, San Francisco CA, USA), and data regarding drug

administration were obtained from the institutional phar-

macy database. The data were linked using the patient’s

unique hospital visit number– the accuracy of these data had

previously been confirmed.12 The primary outcome was in-

hospital death within 30 days of the index surgery.

Myocardial injury was assessed using troponin I with the

Dade Behring Dimension� assay (detection limit 0.07

lg�mL-1) (Siemens Healthcare Diagnostics, Deerfield, IL,

USA). In May 2008, the institution changed to the Abbott

ARCHITECT i2000 analyzer (Abbott Diagnostics, Abbott

Park, IL, USA). Internal correlation studies showed a 1:1

correlation with the Dade Behring assay, and the changeover

did not affect the interpretation of the results presented here.

We assessed the peak postoperative troponin level, defined as

the highest level at any time in the 30 days after surgery. The

covariates in the mortality model included 1) preoperative

patient characteristics (age, sex)12; 2) a list of the 17 comor-

bidities constructed from the International Classification of

Diseases (ICD) 10 codes16; 3) preoperative laboratory values

(creatinine, hemoglobin, international normalized ratio); 4)

preoperative cardiovascular drugs (statins, beta blockers,

calcium channel blockers, angiotensin converting enzyme

inhibitors, angiotensin receptor blockers, acetylsalicylic acid,

and anti-coagulants)13,17-19; 5) surgical characteristics (year of

surgery, site, surgical service, duration, and emergent status);

and 6) transfusion status.

Statistical analyses

Primary Mortality Model

We used variables previously associated with mortality in our

assessment14 and excluded peak troponin in the primary

model. Direct associations were tested in univariate analysis

using Chi square for categorical variables and Student’s t test

or Wilcoxon rank sum test for continuous variables. During

the development of the model describing mortality, the line-

arity assumptions for continuous variables were assessed

using a cubic spline function. A multivariable logistic

regression model was then developed to predict 30-day in-

hospital mortality using the variables previously identified.

All candidate variables were included in the preliminary

model, and then a backward elimination procedure was

employed. Covariates were retained in the final multivariable

model if the P value was B 0.05 for categorical variables and

if any member of that category had a P value B 0.05. We refer

to the final model as the primary model. The goodness-of-fit of

the model was evaluated by the Hosmer-Lemeshow test, and

the discriminative ability of the model was assessed with a

receiver operating characteristic (ROC) curve.

Incremental value of the addition of peak troponin

We assessed the incremental value of including peak tropo-

nin in the mortality model by adding this variable (positive/

negative) to the primary model and assessing the area under

the ROC curve. In addition, we compared the primary model

with the secondary (peak troponin added) model by recali-

brating at five clinically relevant increasing levels of risk.

These divisions were utilized because the population was

severely skewed in the direction of the lowest risk.

Assessment of a biologic gradient: troponin and 30-day

mortality

Peak troponin was assessed as a categorical variable

because there was no linear relationship between it and the

log odds of the probability of 30-day mortality.C

Assessment of detection bias

In order to assess detection bias between per protocol

measurements and clinically based troponin, we compared

A www.strobestatement.com
B January 2003 is the point when we began to store electronic data

prospectively.

C The log odds of the probability of death and troponin were not

linear (seen in Web appendix); thus, peak troponin was expressed as a

categorical variable with five tiers: 1) Unmeasured; 2) Unde-

tected, \ 0.2; 3) [ 0.2-0.7; 4) 0.7-7.0; and 5) [ 7.0.
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the frequency of positive troponin measurements across the

risk spectrum of postoperative death. This planned sec-

ondary analysis compared the cubic spline relationships

and the associated 95% confidence intervals (CI) for each

of the two groups. This relationship displays the probability

of detection of troponin [ 0.07 lg�mL-1 across all levels

of mortality risk, as expressed by the primary model. All

analyses were performed using SASTM version 9.1 (SAS

Institute, Cary, NC, USA).

Results

This analysis was conducted in 51,701 consecutive

moderate to high-risk non-cardiac surgical patients. We

excluded 61,952 same-day patients, 14,141 cardiac

patients, 1,924 transplant patients, 1,033 ophthalmologic

patients, and 5,619 duplicate surgeries from the original

population of 136,371 procedures. At least one troponin

measurement was ordered postoperatively for 10,534

(20.4%) patients. In vascular surgical patients, troponin

measurement was routinely ordered immediately postop-

eratively and on the mornings of the first and second

postoperative days. Seventy-four percent of all troponin

measurements were ordered within the first 72 postopera-

tive hours. The characteristics of the remaining population

are presented in Table 1. Typically, troponin was measured

in older males with multiple comorbidities, after longer

and/or emergent surgical procedures or procedures with

blood loss, and in high cardiac risk scenarios. Troponin

elevations occurred within 48 hrs in 811 (69.2%) of

patients (Fig. 1).

The in-hospital 30-day mortality was 2.1% (1,072

deaths); 1,173 (11.1%) patients with a troponin measure-

ment had troponin elevations [ 0.7 lg�L-1, and 285

(24.3%) patients with troponin elevations died. Further-

more, 880 (8.4%) patients had detectable troponin but

below the threshold associated with myocardial infarction

(MI), and 142 (16.1%) of these patients died. Troponin was

detected in 427 (38.9%) of the patients who died. In-hos-

pital 30-day mortality was independently associated with

advanced age, male sex, several comorbidities, anemia,

blood loss, the need for transfusion, and surgical factors

(Table 2). In contrast, several drugs were associated with

decreased mortality. The model showed good discrimina-

tive ability (C-statistic = 0.902) and improved with the

addition of troponin (ROC = 0.930) (Fig. 2). The addition

of troponin had a small recalibration effect when the cal-

culated risk of mortality was \ 0.6%. In addition, there

was virtually no cardiac mortality in these risk strata

(Table 3). A positive troponin was independently associ-

ated with a mortality likelihood ratio of 3.0 (95% CI 2.8 to

3.2). The likelihood ratio for a positive troponin was

significant in all ten surgical services and ranged from 1.9

(95% CI 1.5 to 2.5) in thoracic surgery to 4.4 (95% CI 3.0

to 6.3) in ear, nose, and throat surgery (Table 4). As

increasing amounts of troponin were detected, a biologic

gradient (dose-response) showed both an increased strength

in the association with mortality and a decrease in the time

to death (Fig. 3). Fig. 4 shows the cubic spline relationship

between the two groups (the vascular surgery troponin

protocol vs clinically based measurements), describing the

association between the risk of death and the probability of

detecting elevated troponin. At any level of estimated

mortality risk (shown as the x-axis), the vascular surgery

troponin protocol was associated with a threefold increase

in the frequency of detecting elevated troponin.

Discussion

In this study, elevated troponin was associated with mor-

tality in a dose-dependent manner. The clinical decision to

measure troponin was related to surgical type and baseline

cardiovascular risk. More importantly, the clinical practice

of ordering troponin tests based on these characteristics

underestimated myocardial injury. The association between

troponin elevations and mortality occurred predominately

within the first two days of surgery and was seen across

all surgical types. The failure to detect troponin with the

current standard of care raises serious questions about our

ability to administer rescue therapy.

Our primary objective draws attention to the association

between all levels of troponin and postoperative mortality.

We have been careful not to characterize these troponin

elevations as a MI. Currently, the proposed definitions of

perioperative MI require additional criteria beyond bio-

markers alone,20 including symptoms of electrocardiogram

(ECG) changes and/or abnormal ventricular imaging.

However, considering the secondary POISE analysis,10

where small troponin rises devoid of signs or symptoms

were associated with increased 30-day mortality, as well as

considering our results, where minimal elevations in tro-

ponin alone were also associated with mortality, at the very

least, we would submit that the definition for POMI should

be revised.21

This investigation also addresses the need for universal

cardiac surveillance after non-cardiac surgery. This study

showed that 1) elevated troponin I increased the likelihood

of mortality across all types of surgery; 2) troponin ele-

vation was seen in almost 40% of all postoperative deaths;

3) troponin was associated with death in a dose-dependent

fashion; 4) the association was almost non-existent in

patients with a low probability of death; and 5) the inci-

dence of MI was underestimated when surveillance was not

regularly scheduled. Critically, others have shown POMI as

1016 W. S. Beattie et al.
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Table 1 Population characteristics

Total Population

Troponin Not Ordered Troponin Ordered Standardized Difference

n = 41,167 n = 10,534

Age (yr) mean 55.0 66.0 -0.708

Sex (male) 51.2% 56.1% -0.098

General Surgery 17.9% 21.1% -0.081

Neurosurgery 18.0% 13.8% 0.115

Thoracic Surgery 8.1% 8.0% 0.004

Emergent 23.6% 38.2% -0.320

General Anesthesia 86.4% 88.6% -0.067

Hospital (TWH) 50.3% 43.2% 0.143

Duration of Surgery (minutes) 134.4 179.3 -0.349

Year Surgery Performed

2003 11.8% 12.1% -0.009

2006 14.0% 14.1% -0.003

2009 16.5% 14.3% 0.061

Coronary Artery Disease 1.0% 6.4% -0.289

Cerebral Vascular Disease 3.6% 13.4% -0.357

Peripheral Vascular Disease 0.6% 14.3% -0.540

History of Congestive Heart Failure 60.0% 5.9% 1.407

Diabetes 6.1% 12.4% -0.219

Diabetes with Complications 1.6% 9.2% -0.341

Chronic Renal Failure 1.2% 6.8% -0.289

Preoperative Creatinine (mmol�L-1) 85.30 98.30 -0.159

Chronic Obstructive Pulmonary Disease 3.7% 8.7% -0.208

CANCER 29.3% 27.9% 0.031

Cancer with Metastatic Spread 10.5% 11.9% -0.044

ASA class III 39.2% 49.4% -0.206

ASA class IV 5.9% 39.0% -0.864

RCRI class 2 or greater 2.6% 21.6% -0.609

Charlson Comorbitiies (3 or more) 2.6% 12.5% -0.381

Anemia (WHO) 16.5% 30.9% -0.344

Nadir Hgb \ 90 g�L-1 13.9% 40.2% -0.620

INR 1.0 1.1 -0.290

% Transfused 6.0% 26.5% 0.818

Preoperative Hgb g�L-1 134.8 127.2 0.395

Postoperative Hgb g�L-1 107.7 98.9 0.488

Units of RBC transfused on the first postoperative day 0.2 1.0 -0.396

Beta Blockers 11.1% 37.1% -0.638

STATINS 12.1% 29.2% -0.432

ACE Inhibitors 10.9% 21.3% -0.286

ARB 4.9% 7.5% -0.108

Calcium Channel Blockers 8.9% 21.1% -0.347

Acetylsalicylic Acid 4.4% 21.1% -0.517

Non-Cardiac Mortality 0.6% 4.0% -0.229
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being predominately clinically silent,9 rendering detection

of myocardial injury on clinical grounds ‘‘hit and miss’’.

Thus, our results suggest that scheduled troponin mea-

surements are imperative for a screening protocol.

The VISION study was published during the review

process.22 This multi-centred prospective cohort of 15,133

moderate to high-risk non-cardiac surgical patients also

found that a positive troponin T assay improved the pre-

diction for 30-day mortality. Furthermore, and similar to

the present study, a biologic gradient showed that higher

troponin T elevations correspond with an incremental

increase in the probability of mortality. Importantly, these

two studies show the need for routine postoperative cardiac

surveillance in patients at an elevated risk for mortality.

However, both studies also indicated that measuring tro-

ponin in patients at low risk would have a low yield. When

the VISION study includes troponin in the mortality pre-

diction, (Table 2) the net reclassification of risk portrays

the lowest risk strata as \ 1% and includes 56% of their

patient population. In this group, the VISION study found

that 6.5% were reclassified to a higher risk stratum due to

positive troponin assay results, and this accounted for an

increased mortality rate of 0.2% (an increase in deaths at a

rate of two per thousand patients). Our results show a

similar very small increase in the accuracy of the predic-

tion model in the 50% of patients at low baseline risk. In

addition, the results of the present study showed that vir-

tually all of these low-risk patients with troponin elevations

survived to 30 days, further decreasing the utility of

monitoring troponin in this risk stratum. Furthermore, there

may be other limitations to testing in low-risk populations,

including the incremental costs of testing. Previous studies,
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Temporal Relationship of Postoperative Peak Troponin IFig. 1 Temporal relationship of

postoperative peak troponin The

most frequent peak elevations

are seen on postoperative day 1,

and they are slightly higher than

the elevations seen on the day of

surgery (day 0). Seventy percent

of the elevations are seen within

the first three postoperative days

Table 1 continued

Total Population

Troponin Not Ordered Troponin Ordered Standardized Difference

n = 41,167 n = 10,534

LOS 0.8 1.8 -0.166

ACE = angiotensin-converting-enzyme inhibitors; ARB = angiotensin receptor blockers; ASA = American Society of Anesthesiologists’

Classification; INR = international normalized ratio; LOS = length of stay; RBC = concentrated red blood cells; RCRI = revised cardiac risk

index; TWH = Toronto Western Hospital; Hemoglobin C 120 g�L-1 for women and C 130 g�L-1 for men; WHO = World Health Organi-

zation definition of anemia; Nadir hemoglobin refers to the lowest recorded hemoglobin in the first seven postoperative days; Charlson

comorbidities are derived from the method of Quan et al.16
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although in preoperative patients, suggest that cardiac test-

ing in a low-risk population may actually have increased

morbidity.23-25

The derivation of a postoperative cardiac screening

algorithm should also consider that commercially available

postoperative electrocardiogram (ECG) monitoring lacks

the necessary sensitivity owing to the preexisting ST-T

wave changes, both left and right bundle branch blocks,

and atrial fibrillation, abnormalities that pre-exist in [ 30%

of moderate-risk surgical populations.26

Perioperative medications and electrolyte imbalances

also interfere with interpretation of the ST segments.

Moreover, the biologic gradient shows that small rises,

which have previously gone unattended, are associated with

doubling the mortality rate. These small elevations likely

constitute epiphenomena, but they are associated with death

and thus are an indication for some form of rescue therapy

and follow-up. Still higher troponin values were associated

with a sevenfold increase in mortality and may dictate the

need for urgent cardiac interventions. Finally, this investi-

gation confirms previous findings9,10 that the bulk of

myocardial injury occurs within the first 72 postoperative

hours, limiting the need for longer-term biomarker

surveillance.

Table 2 Mortality models

Primary Model Troponin Added

OR 95% CI OR 95% CI

2003 Reference

2004 0.90 0.58 to 1.4 0.91 0.61 to 1.3

2005 0.87 0.42 to 1.06 0.92 0.71 to 1.2

2006 0.84 0.55 to 1.3 0.86 0.67 to 1.1

2007 0.84 0.56 to 1.3 1.1 0.82 to 1.3

2008 0.81 0.64 to 1.0 0.85 0.65 to 1.1

2009 0.72 0.57 to 0.93 0.78 0.61 to 1.0

Age (per year) 1.03 1.02 to 1.04 1.03 1.02 to 1.04

Sex (male) 1.5 1.3 to -1.7 1.4 1.2 to 1.7

General Reference

Urology 0.29 0.20 to 0.45 0.32 0.47 to 0.89

Ear Nose & Throat 0.73 0.45 to 1.2 0.74 0.53 to 1.04

Gynecology 0.67 0.44 to 1.1 0.69 0.45 to 1.07

Plastic 0.34 0.19 to 0.62 0.39 0.21 to 0.71

Neurologic 1.8 1.5 to 2.3 2.0 1.6 to 2.5

Spinal 0.41 0.18 to 0.91 0.40 0.30 to 0.58

Orthopedic 0.37 0.21 to 0.66 0.47 0.37 to 0.62

Vascular 0.73 0.40 to 1.3 0.64 0.47 to 0.89

Thoracic 1.3 1.1 to 1.7 1.3 1.01 to 1.67

Emergent Procedure 4.6 3.9 to 5.3 4.5 3.8 to 5.2

Metastatic Disease 1.5 1.2 to 1.8 1.6 1.3 to 2.0

Diabetes with Complications 1.4 1.1 to 2.6 1.4 1.1 to 1.8

Renal Disease 2.5 1.6 to 3.8 1.7 1.3 to 2.2

Cerebral Vascular Disease 1.9 1.2 to 2.9 1.6 1.3 to 2.0

Peripheral Vascular Disease 2.3 1.3 to 4.1 1.5 1.1 to 2.1

Congestive Heart Disease 2.6 2.0 to 3.4 2.0 1.6 to 2.7

Hepatic Disease 1.9 1.4 to 2.6 2.0 1.5 to 2.8

Anemia (WHO) 1.2 1.1 to 1.4 1.3 1.1 to 1.6

Nadir Hemoglobin [ 90 2.4 2.1 to 2.9 2.1 1.8 to 2.5

Transfusion 3.2 2.1 to 2.9 2.0 1.7 to 2.4

Renin-Angiotensin Inhibition 0.50 0.40 to 0.61 0.50 0.40 to 0.60

Statins 0.56 0.46 to 0.69 0.52 0.42 to 0.64

Troponin ([0.7) NA 6.5 5.4 to 7.9

C-statistic = 0.902 C-statistic = 0.930

OR = odds ratio; CI = confidence interval; WHO = World Health Organization
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This study has numerous limitations. It is a retrospective

analysis and unknown potential confounders, such as the

reason to measure troponin, cannot be quantified. The clinical

decision to measure troponin, irrespective of the result, is

associated with a fourfold increase in death. Despite this

limitation, we have shown that per protocol troponin is asso-

ciated with an increase in the detection of injury, and thus our

current practice is underestimating a critically important

clinical event. We suggest caution when interpreting our

‘‘detection bias’’ since troponin measurement was not based

on random allocation; the per protocol measurements occur-

red because vascular patients have typically been considered

at the highest cardiac risk,27,28 and we cannot exclude the

possibility of selection bias. In our view, selection bias is

unlikely because vascular patients in our hospital have the

same mortality risk as the entire surgical population. Also,

risk-adjusted mortality includes major components of the

Revised Cardiac Risk Index (e.g., diabetes, congestive heart

failure, cerebral vascular disease, and renal failure), which is

both accurate and generalizable in elective surgery.29

Further, we cannot comment on the etiology of the tro-

ponin elevations as troponin release is also associated with

increased creatinine levels.30,31 While these are important

considerations, in our opinion, they do not explain our

results. First, creatinine levels were elevated in \ 10% of

the patients. Second, troponin remained associated with

death in all patients with an elevated creatinine level

(analysis not shown). Sepsis is similarly associated with

release of troponin.32 Again, we consider this unlikely since

the main association between troponin and mortality is

retained in elective surgery where the measurement is taken

in the first 48 hr after surgery, a situation where the over-

whelming presence of sepsis is rare.

In conclusion, a detectable postoperative troponin level

showed an independent association with mortality and

improved the multivariable prediction of in-hospital 30-day

mortality. This investigation confirms and quantifies a

detection bias that is an impediment to the effective sur-

veillance of POMI and secondarily limits our ability to

rescue patients without delay and to treat patients in the

Comparison of Receiver Operating Characteristics 
Model Predicting Mortality with the Addition of 

Peak Postoperative Troponin I
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Fig. 2 Receiver operating characteristic of the postoperative mortal-

ity model The solid dark line represents the primary model derived

without using elevated troponin; C-statistic = 0.902. The red line

represents the secondary model where peak troponin, as a dichoto-

mous variable defined as a level [ 0.7 lg�L-1, was added to the

model; C-statistic = 0.930

Table 3 Pre-test and post-test probability (troponin elevation increases probability of mortality)

Risk Class 1

(\.0.2%)

n = 13,976

Risk Class 2

(0.2-0.6%)

n = 15,172

Risk Class 3

(0.6-1.25%)

n = 8,266

Risk Class 4

(1.25-3.75%)

n = 7,640

Risk Class 5

([3.75%)

n = 6,647

Troponin measured, n (%) 948 (6.8%) 1,764 (11.6%) 1,656 (20%) 2,599 (34%) 3,414 (36.2%)

Troponin elevations, % (SD)

(as percent of # measured)

71 (7.5) 215 (12.2) 244 (14.7) 569 (21.8) 1,236 (18.6)

All-cause Mortality, n (%) 3 (0.021%) 34 (0.22%) 54 (0.7%) 189 (2.5%) 794 (11.9%)

Cardiac Mortality*, n (%) (as a percent of

ACM)

1 (33%) 12 (34%) 11 (20.4%) 80 (42.3%) 353 (59.9%)

Cardiac Rescue Rate** 99% 94.4% 94.4% 86% 71.5%

Likelihood Ratio* (95% CI) 6.7 (1.66 to

27.5)

5.4 (3.76 to

7.84)

3.01 (1.97 to

4.60)

2.83 (2.40 to

3.34)

1.76 (1.61 to

1.92)

Post-test Probability (of a positive troponin)*** 0.14% 1.12% 2.1% 7.1% 20.3%

CI = confidence interval; SD = standard deviation; *Cardiac mortality is expressed as a percentage of the ALL CAUSE MORTALITY (ACM)

** Cardiac Rescue Rate is defined as the percentage of patients with a troponin rise ([0.02 mg�mL-1 or above the detection limit) who were

discharged from hospital alive / all patients with a troponin elevation

*** Post-test Probability is the product of All Cause Mortality and the likelihood ratio of a positive test
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long term. There is an obvious need for further investiga-

tion and an urgent need to rethink the way we identify and

treat POMI.

The investigation is supported in part by the Research and Innovation

Funds of the University Health Network Department of Anesthesia

and Pain Management. Dr. Beattie is supported by the R. Fraser Elliot

Chair in Cardiac Anesthesia Research. Drs Beattie, Karkouti, and

Table 4 Effect of troponin measurement by surgical type

ALL General ENT Gyn Plastics Neuro Ortho Spinal Thoracic Urology Vascular

n = 51,701 n = 9,574 n = 5,031 n = 3,378 n = 2,545 n = 6,467 n = 8,839 n = 3,518 n = 4,159 n = 5,775 n = 2,420

Troponin

ordered

10,534

(20.4)

2,220

(23.1)

503 (10) 363 (10.7) 145 (5.7) 1,537

(23.7)

1,449

(16.4)

767 (21.8) 676 (19.1) 551 (9.5) 2,158

(89.1)

Charlson (2

or more)

9,903

(19.2)

2,255

(23.6)

1,132

(22.5)

1,032

(30.5)

140 (5.5) 1,272

(19.7)

687 (7.8) 407 (11.5) 1,145

(27.5)

764 (13.2) 1,069

(44.2)

Myocardial

Infarcts

2,055 (4.0) 451 (4.7) 83 (1.6) 55 (1,6) 24 (0.9) 320 (4.9) 291 (3.7) 92 (2.9) 237 (5.7) 70 (1.2) 229 (13.9)

Mortality

(cardiac)

427 (0.8) 130 (1.4) 19 (0.4) 8 (0.3) 4 (0.1) 95 (1.5) 47 (0.6) 11 (0.3) 36 (0.9) 6 (0.1) 52 (2.4)

Mortality

(all

cause)

1,074 (2.1) 282 (2.9) 45 (0.8) 27 (0.8) 10 (0.4) 246 (3.8) 102 (1.2) 30 (0.8) 109 (2.6) 14 (0.2) 128 (5.2)

Likelihood

ratio *

(95% CI)

3.0 (2.8 to

3.2)

3.4 (2,9 to

4.0)

4.4 (3.0 to

6.3)

3.7 (2.1 to

6.5)

2.7 (1.1 to

6.4)

2.2 (1.8 to

2.7)

2.63 (2.1

to 3.3)

3.3 (2.0 to

5.6)

1.9 (1.5 to

2.5)

3.6 (1.9 to

6.8)

3.2 (2.7 to

3.8)

*Likelihood Ratio is calculated on the basis of mortality only in patients in whom a troponin was ordered

Numbers in brackets denote the percent of the population unless otherwise specified

Cardiac mortality is seen in patients with a documented rise in troponin

Mortality is defined as in-hospital mortality within 30 days of the index surgery

ENT = ear, nose, and throat; CI = confidence interval
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Fig. 3 Biologic gradient of peak postoperative troponin This illus-

tration shows the risk-adjusted comparison of the four levels of

troponin and mortality. The bottom line represents the patients in

whom troponin was undetectable. The green line represents patients

with detected troponin levels of 0.07-0.70 lg�L-1 compared with the

baseline odds ratio of mortality at 30 days (OR 2.6; 95% CI 2.1 to

3.3). The red line represents patients with a troponin levels of 0.7-

7.0 lg�L-1 compared with baseline (OR 4.6; 95% CI 3.7 to 5.6). The

top blue line represents peak troponins [ 7.0 lg�L-1 (OR 7.8; 95%

CI 5.7 to 10.7). All odds ratios are for mortality at 30 days and

compared with baseline. OR = odds ratio; CI = confidence interval
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Fig. 4 Comparison of universal to intermittent troponin measurement

Troponin measured as per protocol in vascular patients is compared

with troponin measured in response to a clinical indication. The

curves were constructed using restricted cubic splines with simulta-

neous 95% confidence intervals. The probability of finding an

elevated troponin as seen along the y-axis is expressed as a function

of the probability of 30-day in-hospital mortality. For the probabilities

of mortality of 0-15%, which comprises 95% of the study population,

routine measurement of postoperative troponin increased the chance

of detecting myocardial injury from 12.0 (2.3)% to 31.3 (2.1)%. Note
that the risk of cardiac death is the same in both groups
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