
Introduction
Patients with non-ST segment elevation acute coronary

syndrome (NSTE-ACS) are a heterogeneous population

with varying risk of morbidity and mortality.1 Risk

stratification is important to make appropriate decisions

about the care and treatment of these patients. Patients at

highest risk for adverse outcomes may derive the greatest

benefit from rapid and comprehensive use of effective

treatments, including coronary interventional procedures

and cardiac medications.2,3 The Global Registry of Acute

Coronary Events (GRACE) and Thrombolysis in Myocardial

Infarction (TIMI) risk scores (RS) are the two most

commonly used scores to risk-stratify patients with NSTE-

ACS at presentation.3 These scores have been validated in

several independent populations to predict prognosis.4-6

Several international reports have compared GRACE score

with the TIMI score, showing that the GRACE score is a

better predictor of clinical outcome than the TIMI score.7,8

Moreover, one international study has also shown a better

correlation of the GRACE score with the extent and

severity of coronary angiographic findings compared to

the TIMI score.9 However, no study has been done locally

to compare the TIMI and the GRACE risk scores with the

extent of coronary angiographic findings so as to identify

the risk score that better predicts and correlates with

severe coronary artery disease (CAD).

The aim of this study was, therefore, to compare the

performance of TIMI and GRACE risk scores in predicting

the extent of CAD.

Patients and Methods
The cross-sectional study was carried out at the National

Institute of Cardiovascular Diseases, Karachi, from August

2010 to March 2011. A total of 406 patients over age 18,

who presented to the emergency department (ED) with

NSTE-ACS and who subsequently underwent coronary

angiography were included in the study. The inclusion

criteria comprised a history of new onset or worsening

chest pain occurring at rest or with minimal exertion or

other symptoms suggestive of angina equivalent, with

the most recent episode occurring within 24 hours of

admission. Any ST segment deviation on

electrocardiogram (ECG) suggestive of myocardial

ischaemia (MI) or elevated levels of cardiac biomarkers

were also recorded. The cardiac biomarkers used were
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cardiac troponin I, cardiac troponin T and creatinine

kinase MB (CK-MB). Patients who had ST segment

elevation on ECG, new left bundle branch block or prior

history of percutaneous coronary intervention (PCI) or

coronary artery bypass grafting (CABG) were excluded

from the study. Patients with missing data like cardiac

biomarkers, or who had angiogram done later than 7 days

of presentation were also excluded from the study. Formal

approval of the protocol was obtained from the ethical

committee of the National Institute of Cardiovascular

Diseases, Karachi. Written informed consent was taken

from all the patients.

The risk scores were calculated on the basis of clinical

features at presentation. The TIMI RS was the sum of seven

dichotomous variables (1 point for each variable if

present): age >65 years, >3 risk factors for CAD, use of

aspirin within the past 7 days, known coronary artery

stenosis >50%, >2 episodes of angina within the past 24

hours, ST-segment deviation >0.5mm, and elevated

cardiac biomarker (Table-1). Patients without prior

coronary angiography were assigned 1 point if there was

a history of myocardial infarction, in accordance with the

suggestion by the authors of TIMI RS.10 The GRACE risk

score was similarly calculated by adding the score for each

variable. Both the RSs were divided into two groups: TIMI

<4 and >4; GRACE <133 and >133. The patient data was

recorded on a proforma.

All the patients underwent coronary angiography and

significance of CAD was classified as >70% stenosis in any

of the three major epicardial coronary arteries or a left

main (LM) coronary stenosis >50%. A large diagonal

branch of the left anterior descending (LAD) artery or

large obtuse marginal branch of the circumflex artery

were also considered in the major epicardial artery

category. Angiogram revealing coronary artery stenosis

<70% in major epicardial coronary arteries were termed

non-obstructive CAD. The extent of CAD was defined as

single (SVD), two (2VD) or three vessel (3VD) CAD.

Data analysis was performed using SPSS version 19.

Frequency and percentage were computed for

categorical variables like gender, risk factors, diagnosis

and angiographic findings and analysed by chi-square

test. Mean and standard deviation were computed for

quantitative variables and analysed by independent

sample t test. TIMI score and GRACE score were

categorised and correlated with angiographic findings by

logistic regression. Odds ratio was computed to show the

strength of relationship between angiographic findings

and the two scores. The discriminatory accuracy of both

the scores was analysed by the c-statistics. A p<0.05 was

considered significant. 

Results
The average age of 406 patients was 54.83±10.47 years. Of

them, 252 (72.9%) were males and 93 (27.1%) were

females. Hypertension was the commonest risk factor

(n=216; 53.2%), followed by diabetes mellitus (n=137;

33.7%). CAD was observed in 316 (77.8%) patients; 98

(24.1%) patients had SVD, 79 (19.5%) had 2VD, 120 (29.6%)

had 3VD and 19 (4.7%) had LM CAD. The mean TIMI score

was 3.01±1.35 and the mean GRACE score was
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Table-1: Risk scores.

TIMI Age >65 years 1

(0-7) >3 risk factors for CAD 1

Use of ASA (last 7 days) 1

Known CAD (stenosis >50%) 1

>2 episode rest angina in <24 h 1

ST-segment deviation 1

Elevated cardiac markers 1

GRACE Age (years)

(0-258) <40 0

40-49 18

50-59 36

60-69 55

70-79 73

>80 91

Heart rate (bpm)

<70 0

70-89 7

90-109 13

110-149 23

150-199 36

>200 46

Systolic BP (mmHg)

<80 63

80-99 58

100-119 47

120-139 37

140-159 26

160-199 11

>200 0

Creatinine (mg/dL)

0-0.39 2

0.4-0.79 5

0.8-1.19 8

1.2-1.59 11

1.6-1.99 14

2-3.99 23

>4 31

Killip class

Class I 0

Class II 21

Class III 43

Class IV 64

Cardiac arrest at admission 43

Elevated cardiac markers 15

ST-segment deviation 30



112.8±37.08 (Table-2).

In TIMI score >4, SVD CAD occurred in 14 (23.0%) patients,

while 2VD, 3VD and LM CAD occurred in 08 (13.1%), 32

(52.5%) and 06 (9.8%) patients respectively. In patients

with TIMI score <4, SVD occurred in 84(24.3%), 2VD in

71(20.6%) while 3VD and LM CAD figured in 88(25.5%)

and 14(4.1%) respectively. TIMI score >4 was significantly

associated with 3VD and LM CAD, and 3VD was three

times more likely to be observed in patients with TIMI

score >4 than in patients with TIMI score <4 [OR= 3.22

95%CI: 1.84 to 5.63 p<0.01]. LM CAD was significantly

more likely to be seen in patients with TIMI score >4 than

in TIMI score <4 [OR=2.25 95%CI: 1.01 to 6.99 p=0.05].

Similarly, 3VD or LM diseases were 3.39 times more likely

in patients with TIMI >4 than in patients with TIMI score 0

to 4. Moreover, significantly high percentage of patients

(n=98; 25.8%) with TIMI score <4 had normal or non-

obstructive CAD compared to only 1.6% (n=1) with TIMI

score >4 (p<0.01) (Table-3). 

In GRACE score >133, SVD occurred in 22 (19.5%) patients,

while 2VD, 3VD and LM CAD occurred in 21 (18.6%), 52

(46%) and 10 (8.8%) patients respectively. In patients with

GRACE score <133, SVD occurred in 76 (25.9%), 2VD in 58

(19.8%), while 3VD and LM CAD figured in 68 (23.2%) and 10

(3.4%) respectively. Moreover, significantly high percentage

of patients (n=82; 28%) with GRACE score <133 had normal

or non-obstructive CAD compared to 7% with GRACE score

>133 (p <0.01). GRACE score >133 was significantly
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Table-2: Baseline characteristics.

Variables TIMI <4 TIMI >4 P-Value GRACE <133 GRACE >133 p-value

n=345 n=61 n=293 n=113

Age (years) 53.75±10.12 60.93±10.45 <0.01 51.48±9.32 63.51±8.07 <0.01

Gender

Male 252(73%) 44(72.1%) 0.88 216(73.7%) 80(70.8%) 0.55

Female 93(27%) 17(27.9%) 77(26.3%) 33(29.2%)

Risk Factors

Diabetes mellitus 104(30.1%) 33(54.1%) <0.01 94(32.1%) 42(38.1%) 0.25

Hypertension 170(49.3%) 46(75.4%) <0.01 156(53.2%) 60(53.1%) 0.97

Smoking 88(25.5%) 26(42.6%) 0.006 85(29%) 29(25.7%) 0.53

Hyper-lipidaemia 29(8.4%) 10(16.4%) 0.051 30(10.2%) 09(8%) 0.48

Family history 87(25.2%) 16(26.2%) 0.86 85(29%) 18(15.9%) 0.007

IHD 70(20.3%) 47(77%) <0.01 79(27%) 38(33.6%) 0.18

Stroke 09(2.6%) 02(3.3%) 0.67 09(3.1%) 02(1.8%) 0.73

Diagnosis

UA 173(50.1%) 07(11.5%) <0.01 149(50.9%) 31(27.4%) <0.01

NSTEMI 172(49.9%) 54(88.5%) 144(49.1%) 82(72.6%)

Troponin (n=392)

Positive 169(50.8%) 52(88.1%) <0.01 142(50%) 79(73.1%) <0.01

Negative 164(49.2%) 07(11.9%) 142(50%) 29(26.9%)

TIMI= Thrombolysis In Myocardial Infarction; GRACE= Global Registry of Acute Coronary Events;

IHD= Ischaemic Heart Disease; UA= Unstable Angina; NSTEMI= Non-ST Segment Elevation Myocardial Infarction.

Table-3: Relationship of angiographic finding with TIMI and GRACE scores.

Extent of CAD on TIMI <4 TIMI >4 P-value Odd Ratio GRACE<133 GRACE>133 P-value Odds Ratio

Angiography n=345 n=61 n=293 n=113

SVD 84(24.3%) 14(23.0%) <0.81 0.92 76(25.9%) 22(19.5%) <0.17 0.69

2VD 71(20.6%) 08(13.1%) <0.17 0.58 58(19.8%) 21(18.6%) <0.78 0.93

3VD 88(25.5%) 32(52.5%) <0.01 3.22 68(23.2%) 52(46%) <0.01 2.82

LM 14(4.1%) 06(9.8%) <0.05 2.58 10(3.4%) 10(8.8%) <0.023 2.75

3VD + LM 101(29.3%) 38(62.3%) <0.01 3.39 77(26.3%) 62(54.9%) <0.01 3.41

Normal + Non Obstructive CAD 89(25.8%) 01(1.60%) <0.01 0.05 82(28%) 8(7.1%) <0.01 0.19

TIMI= Thrombolysis In Myocardial Infarction; GRACE= Global Registry of Acute Coronary Events.

SVD= Single vessel coronary artery disease; 2VD=Two vessel coronary artery disease;

3VD= Three vessel coronary artery disease; LM=Left Main coronary artery; CAD=Coronary Artery Disease.



associated with 3VD (p<0.01) and LM CAD (p=0.023), and

3VD and LM CAD was 3.4 times more likely observed in

patients with GRACE score >133 than in patients with

GRACE score <133 [OR=3.41 95%CI: 2.16 to 536 p<0.01].

The discriminator accuracy of both the risk scores to

predict severe angiographic disease was analysed by c-

statistics, which was 0.54 for TIMI score compared to 0.57

for GRACE score for predicting 2VD. Similarly, the c-

statistics were 0.63 for TIMI and 0.67 for GRACE in

predicting 3VD and 0.65 for TIMI and 0.72 for GRACE in

predicting LM CAD. The difference of all the values were

statistically significant (p<0.05), indicating the superiority

of GRACE score over the TIMI score. There were no

significant differences in the discriminatory accuracy of

the two scores for the SVD (Table-4).

Discussion
This study, based on consecutive NSTE-ACS patients

undergoing coronary angiography, demonstrated the

superiority of the GRACE risk score compared with the TIMI

in predicting a greater extent of CAD. However, even when

analysed separately, both the TIMI and GRACE scores

showed good performance in predicting extensive CAD.

The TIMI and the GRACE risk scores are the two most

commonly used scores to risk-stratify NSTE-ACS patients at

presentation. The risk stratification is important as it has

been consistently proved that early coronary intervention

in high-risk patients improves clinical outcomes.2,10,11 The

TIMI risk score based on the TIMI IIB4 and Efficacy and Safety

of Subcutaneous Enoxaparin Non-Q-wane Coronary Events

(ESSENCE) trial12 incorporates seven variables, each having

one point, while the GRACE risk score on the other hand is

a more extensive scoring system, utilising variables like age,

heart rate, systolic blood pressure, creatinine (mg/dl), killip

class, cardiac arrest at admission, elevated cardiac markers

and ST-segment deviation.5,13

In addition to predicting the clinical outcome after NSTE-

ACS, these scores have also been studied with regards to

their correlation with the extent and severity of CAD on

coronary angiography.

The usefulness of TIMI score in predicting extensive CAD

on angiography has been validated in several

international studies14-16 and by one local study.17 These

studies showed a strong association of TIMI score >4 with

multivessel CAD and LM disease and the low TIMI score

with normal or non-obstructive CAD; the findings which

are also validated by our study.

No local study, however, had been done to compare the

TIMI and the GRACE risk scores with the extent and severity

of CAD and the international data available with regards to

this comparison is also limited. A study showed that

compared with the TIMI score, the GRACE score provides

greater diagnostic information with regards to the extent of

CAD in patients with NSTE-ACS; and especially for 3VD and

multiple rapid progression in nonculprit lesions, the

discriminatory accuracy of GRACE score was superior to

that of TIMI score.9 The results of our study compare well

with the study, suggesting that the GRACE score should be

given preference in risk-stratifying NSTE-ACS patients as it is

associated both with better assessment of mortality as well

as prediction of the severity of CAD. This is important as

patients with high scores are more likely to be benefited

from the use of Gp IIb/IIIa inhibitors11,18 and early

intervention2,3 and those with severe 3VD and LM disease

are more likely to be managed with CABG. If there is high

likelihood of 3VD or LM disease, the cardiologist may delay

the loading dose of thienopyridines till the extent of the

CAD is confirmed on coronary angiography to avoid the

excess bleeding risk associated with urgent CABG with

thienopyridine preloading.19

The common practice in the ED is to use the TIMI score

because of its simplicity. However, the ideal score for risk

stratification on admission for NSTE-ACS should have a

good balance between complexity and utility. Scores that

include continuous variables such as age, heart rate and

serum creatinine are more powerful, but relatively more

complex to calculate. But this should not preclude the use

of GRACE score which will give a better assessment of the

patient risk and will help in management.

The study had its limitations as the selection of cases for

coronary angiography was on the discretion of the

attending cardiologist, which could have resulted in

selection bias because the selection criteria by

cardiologists for sending the patients for coronary

angiogram is not uniform and is subject to physician

preferences, some including only high-risk patients, while

others may include low and intermediate risk patients. The

interpretation of the coronary angiogram and the severity

estimation of CAD lesion was based on visual assessment
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Table-4: Comparison of the C-Statistics for angiographic finding of 2 different scores.

Angiography TIMI GRACE GRACE vs TIMI

finding score score p-value

C-Statistics (95%CI) C-Statistics(95%CI)

SVD 0.56(0.48 to 0.65) 0.57(0.48 to 0.64) p>0.05

2VD 0.54(0.46 to 0.63) 0.59(0.50 to 0.67) p<0.05

3VD 0.63(0.55 to 0.70) 0.67(0.60 to 0.74) p<0.05

LM 0.65(0.49 to 0.81) 0.72(0.57 to 0.86) p<0.05

SVD= Single vessel coronary artery disease; 2VD=Two vessel coronary artery disease;

3VD= Three vessel coronary artery disease; LM=Left Main coronary artery.



of the attending cardiologist which could result in

differences in the assessment of coronary lesion severity.

The cutoff score for the two groups in GRACE RS was 133 in

accordance with literature,7 which is somewhat lower than

by some other studies.20,21 This could lead to variation in

comparing the predictive accuracy of the two risk scores. 

Conclusion
In NSTE-ACS patients evaluated by coronary angiography,

both the TIMI and GRACE risk score have good

discriminatory value in predicting the extent of CAD.

However, when both the scores are compared, the GRACE

score is found to be superior and correlates better with

multivessel and LM disease. Therefore, the GRACE risk

score is a more useful for better risk assessment and

management of NSTE-ACS patients.
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