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Risk stratification is part of clinical prognostication. Acute
myocardial infarction (AMI) is associated with high early

mortality, and the Thrombolysis In Myocardial Infarction
(TIMI) risk index is one of the more recent models developed
to identify high-risk patients.

The TIMI Investigators have used randomized clinical trial
findings to develop risk stratification models for patients with

unstable angina (UA)/non-ST-segment elevation myocardial
infarction (non-STEMI) (1) and STEMI (2). From the ‘TIMI
risk score for STEMI’, a simplified ‘TIMI risk index’ was devel-
oped (3). The TIMI risk index is based on age, heart rate (HR)
and systolic blood pressure (SBP) alone, so it may be calculated
at the time of first contact with the medical system. It has been
advocated as a means of rapid and early triage of patients with
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BACKGROUND: The Thrombolysis In Myocardial Infarction
(TIMI) risk index for the prediction of 30-day mortality was devel-
oped and validated in patients with ST-segment elevation myocardial
infarction (STEMI) who were being treated with thrombolytics in
randomized clinical trials. When tested in clinical registries of patients
with STEMI, the index performed poorly in an older (65 years and
older) Medicare population, but it was a good predictor of early death
among the more representative population on the National Registry
of Myocardial Infarction-3 and -4 databases. It has not been tested in
a population outside the United States or among non-STEMI
patients.
METHODS: The TIMI risk index was applied to the Enhanced
Feedback for Effective Cardiac Treatment (EFFECT) study cohort of
11,510 acute MI patients from Ontario. The model’s discriminatory
capacity and calibration were tested in all patients and in subgroups
determined by age, sex, diagnosis and reperfusion status.
RESULTS: The TIMI risk index was strongly associated with 30-day
mortality for both STEMI and non-STEMI patients. The C statistic
was 0.82 for STEMI and 0.80 for non-STEMI patients, with overlap-
ping 95% CI. The discriminatory capacity was somewhat lower for
patients older than 65 years of age (0.74). The model was well cali-
brated.
CONCLUSIONS: The TIMI risk index is a simple, valid and moder-
ately accurate tool for the stratification of risk for early death in STEMI
and non-STEMI patients in the community setting. Its routine clini-
cal use is warranted.
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Validation de l’indice de risque TIMI
(Thrombolysis In Myocardial Infarction) au
regard de la prédiction de la mortalité précoce
dans une cohorte, fondée sur des populations,
de patients ayant subi un infarctus du myocarde
avec ou sans sus-décalage du segment ST

CONTEXTE : L’indice de risque TIMI (Thrombolysis In Myocardial

Infarction) relativement à la prédiction de la mortalité au bout de 30 jours
a été mis au point et validé chez des patients ayant subi un infarctus du
myocarde (IM) avec sus-décalage du segment ST et traités par
thrombolyse dans le cadre d’essais cliniques avec hasardisation. Lorsque
l’indice a été vérifié dans des registres cliniques de patients ayant subi un
IM avec sus-décalage du ST, celui-ci s’est révélé un mauvais prédicteur
dans une population âgée (plus de 65 ans), protégée par le régime
Medicare, mais s’est révélé un bon prédicteur de mortalité précoce dans
une population plus représentative des patients inscrits dans les bases de
données du National Registry of Myocardial Infarction 3 et 4. L’indice n’a pas
été vérifié dans des populations vivant à l’extérieur des États-Unis ou chez
des patients ayant subi un IM sans sus-décalage du ST.
MÉTHODE : L’indice de risque TIMI a été appliqué à une cohorte de
11 510 patients de l’Ontario, ayant subi un infarctus aigu du myocarde et
participant à l’étude Enhanced Feedback for Effective Cardiac Treatment

(EFFECT). La capacité discriminante du modèle et son calage ont été
vérifiés chez tous les patients et dans des sous-groupes de patients
déterminés selon l’âge, le sexe, le diagnostic et le degré de reperfusion. 
RÉSULTATS : L’indice de risque TIMI a été fortement associé à la
mortalité au bout de 30 jours tant chez les patients ayant subi un IM avec
sus-décalage du ST que chez ceux ayant subi un IM sans sus-décalage du
ST. La valeur C statistique était de 0,82 dans les cas de sus-décalage et de
0,80 dans les cas d’absence de sus-décalage, avec chevauchement de
l’intervalle de confiance à 95 %. La capacité discriminante était un peu
plus faible chez les patients âgés de 65 ans et plus (0,74), mais le modèle
était bien calé.
CONCLUSION : L’indice de risque TIMI est un outil simple, valide et
assez précis de classification du risque de mortalité précoce chez les patients
ayant subi un IM avec ou sans sus-décalage du segment ST, dans la
collectivité. Son application en pratique clinique est justifiée.
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STEMI. Proponents see the potential to improve outcomes,
especially when a range of resources is available for an out-of-
hospital diagnosis, which can lead to prehospital administra-
tion of fibrinolytics or rapid transport and access to primary
percutaneous coronary intervention (PCI) (4).

The TIMI risk index initially failed to show that it could be
generalized to the wider population. Discrimination and cali-
bration were poor among nearly 50,000 older (older than
65 years) Medicare patients on the Cooperative Cardiovascular
Project (CCP) database (5), with deaths being underestimated
in each of the five predetermined risk categories. Risk categories
were based on the quintiles of the TIMI risk index from the val-
idation study in the Intravenous nPA for Treatment of
Infarcting Myocardium Early (InTIME II) trial (3) of fibrinoly-
sis in patients with STEMI. The authors of the CCP study cau-
tioned that prognostic models developed in clinical trial
populations had limited value in the general population.

Subsequently, the TIMI risk index was tested in more than
150,000 patients with STEMI from the National Registry of
Myocardial Infarction (NRMI)-3 and -4 databases (6).
Although the NRMI captures only in-hospital mortality and
data are provided by hospitals that choose to participate, the
age structure of the registry patients is more representative of
the general population. The discriminatory capacity of the
simple TIMI risk index was good, and the proportions of
observed deaths in groups based on 10-point ranges, rather
than the randomized clinical trial-derived quintiles, were
broadly concordant with those expected. The authors of the
NRMI study suggest that the TIMI risk index could be used in
the prehospital setting or at presentation as a practical tool for
rapid risk stratification of patients with AMI.

We sought to evaluate the utility of the TIMI risk index in
the predetermined 10-point range classification used in the
NRMI-3 and -4 databases for the prediction of 30-day mortali-
ty in a Canadian population-based cohort. Because the com-
ponents of the score (age, SBP and HR) are common
predictors found in cardiovascular risk models, we aimed to
test the performance of the index in both STEMI and non-
STEMI patients.

METHODS
The Enhanced Feedback for Effective Cardiac Treatment
(EFFECT) study (7) is a randomized controlled trial of the
effectiveness of ‘report cards’ on indicators of quality in improv-
ing the care of patients with cardiovascular disease in Ontario.
In brief, patients hospitalized between April 1, 1999, and March
31, 2001, with a ‘most responsible’ diagnosis of AMI were iden-
tified from the Canadian Institute for Health Information
Discharge Abstract Database (8) using the International

Classification of Diseases, 9th revision (9), code 410. Patients with
AMI as an in-hospital complication were excluded. A random
sample of approximately 125 patient records was drawn from 103
(of 104 eligible) participating hospitals in Ontario.

Validation of an AMI case before data abstraction required that
two of the following three variables be present: characteristic electro-
cardiogram (ECG) changes; pain of assumed ischemic origin; or ele-
vated cardiac enzymes or markers. The early data collection period
predated the redefinition of AMI based on cardiac troponin testing
(10), which was not routinely performed throughout Ontario during
the study period. Vital status at 30 days was obtained via record link-
age to the Ontario Registered Persons Database, and the number of
coronary interventions within 30 days was obtained from the Ontario

Myocardial Infarction Database. This study design provided a
population-based cohort for the study of AMI outcomes.

The EFFECT study cohort for the present validation study was
restricted to those with the necessary information for calculation
of the TIMI risk index and those who met the published criteria
for inclusion. Excluded patients were those whose HR were out-
side the range of 50 beats/min to 150 beats/min (3) or those who
were in cardiogenic shock (6) on admission, because they were
considered to be in need of specific intervention.

Research ethics boards approved the study protocol at each of
the participating health centres.

Definitions
A diagnosis of STEMI was based on findings from the ECG recorded
on admission, or a subsequent diagnostic ECG and confirmation by
a physician’s signature or note in the medical record. Peak values
for cardiac markers of greater than the upper limit of normal for the
local laboratory or, if not available, creatine kinase levels of greater
than twice the upper limit of normal were considered positive.
Reperfusion therapy was either thrombolysis or primary PCI (less
than 3%) as the primary intervention within 12 h of arrival.

Statistical methods
Thirty-day mortality was plotted for both STEMI and non-STEMI
patients against the increments of age, SBP and HR used by the
authors of the index (3).

The TIMI risk index for each patient was calculated using an
equation (HR × [age/10]2/SBP) and used as a continuous variable
to describe receiver operating characteristic curves (11). The dis-
criminatory capacity of the index for 30-day mortality in all
patients, as well as in subgroups determined by age (65 years or
younger and older than 65 years of age), sex, diagnosis of STEMI
or non-STEMI and reperfusion status for STEMI patients, is
reported as the C statistic and 95% CI. The continuous score was
also used in logistic regression analyses to determine the risk for
30-day mortality.

Scores were also divided into the 10-point range groups used in
the NRMI-3 and -4 databases (6). The distribution of the risk
groups in the EFFECT study population was assessed, and differ-
ences in distribution among groups were tested with the Mann-
Whitney U test. Differences in 30-day mortality across risk groups
were assessed using the χ2 test for trends. The 30-day mortality
observed in each 10-point range risk group for the EFFECT study
cohort was plotted against that predicted to test the calibration of
the TIMI risk index.

RESULTS
The TIMI risk index was calculated for 98.9% of the
11,510 patients in the EFFECT study AMI database (n=198
missing data). Less than 1% of data were missing in any com-
ponent variable of the risk index. Vital status to 30 days was
available for all patients. Crude 30-day mortality was 12.1% for
the whole cohort and 11.8% for the 11,376 patients with the
variables needed to calculate the TIMI risk index.

Thirty-day mortality was high (31.0%) among the
1023 patients excluded. This high-risk group included those
with vital signs outside the predetermined range (n=646),
those in cardiogenic shock (n=257) on admission, and those
missing either HR or SBP data; 19.4% of excluded patients
died within two days of arrival, compared with 3.7% of the
included patients. Excluded patients were an average of six years
older, and 59% were diagnosed with STEMI.
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There were 10,487 patients in the study cohort, 5057 (48%)
of whom were diagnosed with STEMI. Patients with STEMI
were younger, and were more likely to be male and current
smokers. They were less likely to have a comorbid disease or a
previous coronary event than those with non-STEMI (Table 1).
The majority of STEMI patients (58.5%) were given reperfusion
therapy, and the differences in demographics and medical history
between these patients and those not given reperfusion therapy
were the same as those noted for STEMI and non-STEMI
patients.

Figure 1 shows the relationships between the component
factors of the TIMI risk index (age, SBP, HR) and 30-day
mortality. There was a similar association between decile of age
and mortality for STEMI and non-STEMI patients, with the
curve steepening after the seventh decile. The inverse rela-
tionship between SBP and mortality was more pronounced for
non-STEMI patients at the lower levels, while an HR greater
than 100 beats/min was associated with higher mortality for
patients with STEMI than with non-STEMI.

TIMI risk index
The median TIMI risk index for the EFFECT study patients
was 25.5 (interquartile range [IQR] 17 to 32) overall, 19.8
(IQR 14 to 28) for the STEMI patients given reperfusion ther-
apy, 28.7 (IQR 19 to 41) for STEMI patients not given reper-
fusion therapy and 27.9 (IQR 19 to 40) for non-STEMI
patients. Grouping by the predetermined 10-point ranges
revealed strong, graded relationships, with 30-day mortality
across risk groups that were significant for both STEMI (1.4%
to 66.7%) and non-STEMI (0% to 51.4%) patients.

Risk of 30-day mortality increased by 6% for each point of
the TIMI risk index overall, and by between 5% and 8% for

subgroups (STEMI and non-STEMI patients, and STEMI
patients given and not given reperfusion therapy).

Distribution of risk
The distribution of risk in the EFFECT study population was
significantly different between STEMI and non-STEMI
patients, and between patients given reperfusion therapy and
those not given reperfusion therapy (P≤0.001). The distribu-
tion profile for patients with STEMI who were given reperfu-
sion therapy closely approximated that of the InTIME II trial
patients, and that of the NRMI-3 and -4 database patients
given reperfusion therapy, with a strong skew to the right
(Figure 2). Risk was more normally distributed for both the
EFFECT study STEMI patients not given reperfusion therapy
and non-STEMI patients as it was for NRMI -3 and -4 database
patients not given reperfusion therapy.

Discrimination
The C statistic for the TIMI risk index modelled as a continu-
ous variable was 0.81 (95% CI 0.79 to 0.82) (Table 2). The
capacity to discriminate between high- and low-risk patients
was good (approximately 0.80) in both STEMI patient groups,
regardless of whether reperfusion therapy was given, and in
non-STEMI patients. The C statistic was poorer for women
and patients older than 65 years of age, although the 95% CI
overlapped in each of the subgroups.

Calibration
Thirty-day mortality was higher in eight of the nine risk
groups for the EFFECT study STEMI patients than for non-
STEMI patients. Overall, mortality among the EFFECT study
patients with STEMI was very similar to that of the InTIME II

TIMI risk index in STEMI and non-STEMI patients
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TABLE 1
Baseline characteristics of the Enhanced Feedback for Effective Cardiac Treatment (EFFECT) study patients

EFFECT study Non-STEMI STEMI STEMI, given RT STEMI, no RT
(n=10,487) (n=5430) (n=5057) (n=2958) (n=2099)

Women, % 35.8 38.7 32.7 28.2 39.3

Median age, years (IQR) 69.5 (57–78) 72 (61–80) 66 (55–76) 62 (53–72) 71.5 (60–80)

Patients >65 years of age, % 60.4 67.6 52.7 43.9 65.2

Medical history, %

Prior myocardial infarction 22.8 28.0 17.2 13.7 22.1

Prior percutaneous coronary intervention 3.2 3.6 2.8 2.8 2.8

Prior coronary artery bypass graft 6.7 9.1 4.2 2.7 6.2

Congestive heart failure 4.8 6.4 3.0 1.5 5.1

Diabetes 26.0 29.6 22.0 18.5 27.0

Current smoker 32.6 27.6 38.0 42.8 31.4

Hypertension 45.9 49.0 42.6 38.9 47.8

Cerebrovascular accident 7.9 9.0 6.8 3.8 11.0

Characteristics on admission

Anterior myocardial infarction, % – – 55.8 52.6 60.3

Median heart rate, beats/min (IQR) 81 (69–98) 84 (71–100) 79 (67–94) 75 (64–88) 84 (71–101)

Median systolic blood pressure, 148 (128–169) 150 (130–170) 146 (127–167) 147 (128–168) 144 (126–165)

mmHg (IQR)

Procedures within 30 days, %

Angiography – 24.0 30.0 – –

Percutaneous coronary intervention – 8.2 14.5 – –

Coronary artery bypass graft – 5.7 5.0 – –

IQR Interquartile range; RT Reperfusion therapy; STEMI ST-segment elevation myocardial infarction
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trial and NRMI-3 and -4 database patients, although it was
higher in the middle range of 10-point risk score groups
(Figure 3).

DISCUSSION
The present study confirms that the TIMI risk index, grouped
into 10-point ranges, is capable of discriminating between
patients at low and high risk for early death after STEMI,
regardless of whether they have been treated with reperfusion
therapy.

The good performance of the risk index in this unselected
Canadian population, despite higher 30-day mortality than
among the InTIME II trial participants in whom it was devel-
oped (10.2% versus 6.0%), is likely related to the similar dis-
tribution of risk (12). The poor performance of the index in
the CCP population was accompanied by a distribution based
on quintiles of risk from the InTIME II trial that was highly
skewed, with no patients being in the lowest risk category and
the majority being in the highest risk group (5). Because age
is an important component of the TIMI risk index, a skewed
distribution in a selected elderly population is expected. The

distribution of 10-point range risk groups for STEMI patients
treated with reperfusion therapy in the NRMI-3 and -4 data-
bases closely approximated that of the InTIME II trial, with a
similar skew to the right, while the profiles of patients who
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Figure 2) Distribution in the Enhanced Feedback for Effective Cardiac
Treatment (EFFECT) study population of Thrombolysis In Myocardial
Infarction (TIMI) risk index scores by the predefined 10-point range
compared with distribution in the Intravenous nPA for Treatment of
Infarcting Myocardium Early (In-TIME II) trial ST-segment elevation
myocardial infarction (STEMI) patients treated with thrombolysis and
National Registry of Myocardial Infarction (NRMI)-3 and -4 database
patients treated and not treated with reperfusion therapy (RT)

TABLE 2
Predictive value (C statistic) of the Thrombolysis In
Myocardial Infarction (TIMI) risk index for 30-day mortality
in the Enhanced Feedback for Effective Cardiac Treatment
(EFFECT) study population

30-day mortality, % C statistic (95% CI)

All patients 10.2 0.81 (0.79–0.82)

STEMI 9.1 0.82 (0.80–0.84)

Reperfusion attempted 6.3 0.80 (0.77–0.84)

Reperfusion not attempted 15.2 0.79 (0.76–0.82)

Anterior myocardial infarction 12.0 0.80 (0.77–0.82)

Inferior myocardial infarction 7.4 0.84 (0.81–0.87)

or other

Non-STEMI 10.5 0.80 (0.78–0.82)

Age

<65 years of age 2.7 0.77 (0.73–0.82)

≥65 years of age 15.2 0.74 (0.72–0.75)

Sex

Men 8.2 0.82 (0.81–0.84)

Women 13.8 0.76 (0.74–0.78)

STEMI ST-segment elevation myocardial infarction
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Figure 1) Relationship between age (A), systolic blood pressure (B),
heart rate (C) and mortality at 30 days among patients with ST-segment
elevation myocardial infarction (STEMI) and non-STEMI in the
Enhanced Feedback for Effective Cardiac Treatment (EFFECT) study
population
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did not receive reperfusion therapy showed a more normal
distribution. Similarly, the risk distribution for the EFFECT
study STEMI patients who were treated with reperfusion
therapy was very close to that of the InTIME II trial patients;
however, the risk distribution of patients not given reperfu-
sion therapy was indistinguishable from that of non-STEMI
patients.

The relatively high prognostic discrimination of the TIMI
risk index in the EFFECT study for patients with STEMI not
given reperfusion therapy was surprising. In the NRMI-3 and -4
databases, there was a clear difference between this group and
the group given reperfusion therapy (C statistic 0.71 versus
0.81) (6). The NRMI population was, on average, two years
older, the prevalence of comorbidities was greater, and mortal-
ity was higher, for those who were given reperfusion therapy
and those who were not, than among the EFFECT study
STEMI patients. The poorer performance of the TIMI risk
index in the NRMI population not given reperfusion therapy
may indicate that there is an age threshold beyond which the
risk index is less useful, as demonstrated in the CCP patients.
Indeed, the poorest C statistic among the EFFECT study sub-
groups was for patients aged older than 65 years, although the
95% CI overlapped.

TIMI risk index in non-STEMI patients
We found that the TIMI risk index has good prognostic dis-
crimination among patients with non-STEMI; this is the first
time that it has been validated for this patient group in a large
population-based study. This extends the usefulness of the risk
index, because it can be applied to patients with presumed
AMI, but without definitive ST-segment elevation in the base-
line ECG.

TIMI risk index and acute coronary syndromes
Testing of the TIMI risk index across the whole spectrum of
acute coronary syndromes (ACS) has been reported from only
one small study (13). Among 710 patients admitted to a sin-
gle site, the C statistic for 30-day mortality was 0.65 for UA,
0.75 for non-STEMI and 0.85 for STEMI. The overall dis-
criminatory capacity was best for patients younger than 65 years
of age compared with older patients (C statistic 0.88 versus
0.71). The investigators in the present study used the five risk
groups derived from the InTIME II trial quintiles. The CIs
were not provided, and there was only one death among
patients with UA. Thus, the validity of the TIMI risk index as
a valid tool for the prediction of risk across the spectrum of
ACS, especially among the lower-risk UA patients, is yet to
be demonstrated.

The value of the index will be improved if it is found to be
valid for both UA and AMI. Its strength is that it may be cal-
culated at first contact using the most basic of routinely col-
lected information (age, SBP, HR), making it potentially
valuable in the triage of patients with ischemic chest pain. The
‘early invasive’ strategy favoured for high-risk UA and non-
STEMI patients (14,15) can be guided by currently available
models, such as the TIMI risk score for UA and non-STEMI
(1) or the Global Registry of Acute Coronary Events
(GRACE) ACS (16), which rely on the addition of baseline
laboratory and ECG data. Given that one in eight of the
EFFECT study patients with non-STEMI had a risk of death
within 30 days in excess of 25%, risk assessment by some
means is important for this group of patients.

Clinical application of the TIMI risk index
The TIMI risk index has been developed and validated retro-
spectively. Whether very early risk stratification of patients
with suspected AMI would be a useful adjunct to clinical
decision-making has not been tested, nor is it known whether
such information would influence either physicians’ actions in
the assessment and immediate management of patients or
patient outcomes. For communities with options that include
prehospital thrombolysis, direct transport or rapid transfer to a
PCI-capable centre, early risk stratification of STEMI patients
using the TIMI risk index patients may aid in choosing the
reperfusion therapy.

Limitations to the study
The EFFECT study had a smaller population than either the
CCP or the NRMI-3 and -4 databases; therefore, the CIs are
broader. Differences between groups, such as those of
patients 65 years of age or younger and older than 65 years of
age, may be clinically important, but did not achieve statisti-
cal significance.

The data were collected retrospectively, so as in most clini-
cal databases, there was some missing information, although
this figure was less than 2%.

CONCLUSIONS
The TIMI risk index is a simple tool for the prediction of 30-day
mortality after AMI. In the present population-based valida-
tion study, the TIMI risk index showed good discrimination
and calibration among patients with STEMI and non-STEMI.
Although its discriminatory capacity was a little attenuated
among patients older than 65 years of age, our results suggest
that its use for early risk stratification among patients with sus-
pected AMI in routine clinical practice is warranted.
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Figure 3) Thirty-day mortality for the Enhanced Feedback for Effective
Cardiac Treatment (EFFECT) study patients with ST-segment eleva-
tion myocardial infarction (STEMI) and non-STEMI compared with
the Intravenous nPA for Treatment of Infarcting Myocardium Early
(In-TIME II) trial patients, and with in-hospital mortality for National
Registry of Myocardial Infarction (NRMI)-3 and -4 database patients.
TIMI Thrombolysis In Myocardial Infarction
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