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ORIGINAL ARTICLE / OZGUN ARASTIRMA

GRACE and TIMI scores in predicting the extension of coronary artery disease in
patients with non-ST elevation myocardial infarction

ST yiikselmesiz miyokard enfarktiisii hastalarinda koroner arter hastalig1 yayginlhiginin

GRACE ve TIMI skorlarwyla éngoriilmesi

Ender Oner', Sevket Gorgiiliiz, Hale Unal Aksu', Omer Faruk Baycan®, Mehmet Ertiirk’,

Omer Celik!, Hulusi Satilmisoglu', Hiiseyin Aksu’

ABSTRACT

Objective: We aimed to assess the correlation of TIMI
and GRACE risk scores with the SYNTAX score as the
surrogate of severity and extent of coronary artery dis-
ease.

Methods: Patients with non-ST elevation myocardial in-
farction admitted to our emergency department and un-
dergoing coronary angiography were considered for this
study. TIMI and GRACE risk scores were calculated, and
coronary artery disease severity and extension were as-
sessed by using the SYNTAX score algorithm.

Results: We assessed 145 patients (mean age
59.41£11.04 years, 29% female). Based on the GRACE
risk score for in-hospital deaths, the SYNTAX risk score
was 12.22+8.70 for the low-risk group, 16.66+8.01 for the
intermediate-risk group, and 22.48+11.42 for the high-risk
group (ANOVA, p<0.0001). There were significant posi-
tive correlations between the SYNTAX score and GRACE
scores (r=0.414, p<0.0001). The SYNTAX score also had
a significant but weaker correlation with the TIMI score
(r=0.271, p=0.001). The GRACE score showed good dis-
criminatory capacity between the patients with and with-
out a high-risk (>33) SYNTAX score, with an area under
the ROC curve of 0.804 (Cl 0.660-0.948, p=0.002); how-
ever, the TIMI score showed no predictive capacity and
had an area under the ROC curve of 0.532 (Cl 0.358-
0.749, p=0.749).

Conclusion: A GRACE score indicating high risk may be
helpful in predicting patients with severe extended coro-
nary artery disease

Key words: Coronary artery disease, non-ST elevation
myocardial infarction, risk scores

OZET

Amag: TIMI ve GRACE risk skorlarinin koroner arter has-
taliginin ciddiyetinin ve yayginliginin bir gdstergesi olan
SYNTAX skoru ile korelasyonunu degerlendirmeyi amag-
ladik.

Yoéntemler: ST elevasyonsuz miyokard infarktlisii nede-
niyle acilimize basvuran ve koroner anjiyografi yapilan
hastalar ¢calismaya alindi. TIMI ve GRACE risk skorlari
hesaplandi, koroner arter hastaliginin ciddiyeti ve yaygin-
g1 SYNTAX skor algoritmasi kullanilarak degerlendirildi.

Bulgular: 145 hastayi (ortalama yas 59,41+11.04 yil,
%29 bayan) degerlendirdik. GRACE risk skoru baz alin-
diginda hastane ici 6lUm igin disuk riskli grupta SYNTAX
skoru 12,22+8,70, orta riskli olanlarda 16,66+8,01, yUk-
sek riskli olanlarda 22,48+11,42 idi (ANOVA, p<0,0001).
SYNTAX skorlari ve GRACE skorlari arasinda anlamli
pozitif korelasyon vardi (r=0,414, p<0,0001). SYNTAX
skoru ile TIMI skoru arasinda anlamli ama daha zayif bir
korelasyon vardi (r=0,271, p=0,001). GRACE skoru yik-
sek (>33) SYNTAX skoru olan ve olmayan hastalar igin iyi
bir ayirt etme kapasitesi gostermistir, ROC egrisi altinda
alan 0,804 (ClI 0,660-0,948, p=0,002); fakat TIMI skoru
ayirt etme kapasitesi gostermedi, ROC egrisi altindaki
alan 0,532 (Cl 0,358-0,749, p=0,749) idi.

Sonug: Yiksek GRACE risk skoru ciddi ve yaygin koro-
ner arter hastaligi olan hastalari 6ngérmede faydal ola-
bilir.

Anahtar kelimeler: Koroner arter hastaligi, ST elevas-
yonsuz miyokard infarktlsu, risk skoru
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INTRODUCTION

Patients with hospital admission due to non-ST el-
evation myocardial infarction (NSTMI) have a wide
variation in their disease severity, which ranges ac-
cording to clinical and laboratory characteristics
[1]. Thus, risk stratification is essential for adequate
clinical decision-making. The Thrombolysis In
Myocardial Infarction (TIMI) and Global Registry
of Acute Coronary Events (GRACE) risk scores
are the most commonly used, and their prognostic
value have been validated in multiple clinical trials
[1-3]. The most attractive aspect of these risk scores
are that they can be estimated at the bedside with
easy to obtain clinical, laboratory, and electrocar-
diographic parameters.

The Synergy between PCI with TAXUS and
Cardiac Surgery (SYNTAX) score is a lesion-based
scoring system. This score has been successfully
validated with clinical studies [4]. Not only can this
scoring system quantify coronary anatomy com-
plexity but it also has the ability to objectively iden-
tify which patients with complex coronary artery
disease (CAD) are suitable for PCI [5,6]. Preopera-
tive clopidogrel use in patients who are candidates
for coronary artery bypass graft (CABG) is a major
concern for cardiologists and surgeons [7,8]. Esti-
mating the coronary anatomy before angiography
is performed could be useful in clinical practice to
predict the likelihood of a patient having coronary
anatomy amenable to CABG. In this regard, our aim
in this study is to assess the correlation of TIMI and
GRACE risk scores with the SYNTAX score as the
surrogate of severity and extent of coronary artery
disease.

METHODS

Patient population

This was a single-center prospective study. After
applying the exclusion criteria, a total of 145 NST-
MI patients undergoing coronary angiography were
recruited from February to June 2013. NSTMI was
defined as new-onset or worsening chest pain oc-
curring at rest or with minimal exertion with posi-
tive cardiac markers (troponin value above the 99th
percentile) and without ST segment elevation. Pa-
tients with ST segment elevation at admission, new
left bundle branch block, percutaneous coronary

intervention in the previous 6 months, or previous
CABG were excluded from the study.

TIMI and GRACE scores

The TIMI risk score consists of the following seven
variables: age >65 years, aspirin use in the past 7
days, presence of >3 coronary artery disease risk
factors, known >50% coronary artery stenoses, >2
anginal episodes in the past 24 hours, ST segment
changes, and positive cardiac biomarkers. The pres-
ence of each variable adds one point to the total
score that ranges from zero to seven; the score gives
a 14-day risk of all-cause mortality, new or recur-
rent myocardial infarction (MI), or severe recurrent
ischemia requiring urgent revascularization [1].

GRACE consists of the following eight vari-
ables at admission: age, heart rate, systolic blood
pressure, plasma creatinine, Killip class, ST-
segment deviation, elevated myocardial necrosis
marker, and cardiac arrest at admission. In-hospital
percutaneous coronary intervention (PCI), coronary
artery bypass grafting surgery, and past MI history
are also added to the score when calculating the
discharge GRACE score. For calculating the score
electrocardiographic records of the first 6 hours, the
first plasma creatinine value and the troponin mea-
sures for the first 12 hours were used. Troponin T
or [ above the 99th percentile were used to show
elevation of the cardiac markers. The final score can
range from zero to 372 [3].

Coronary angiography and the SYNTAX score

Coronary angiography was performed for each of
the study population, and coronary artery disease
severity and extension was assessed by an experi-
enced invasive cardiologist who used the SYNTAX
score algorithm [5,6].

Statistical Analysis

Patients’ characteristics and laboratory values were
presented as proportions for dichotomous variables
and means + standard deviation for continuous vari-
ables. The associations between the SYNTAX score
and patient characteristics or laboratory parameters
were assessed by Pearson or Spearman correlation
tests. To assess the association between the GRACE
score or TIMI risk score and the SYNTAX score,
some analyses were used. First, the linear associa-
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tion of each risk score with the SYNTAX score was
assessed by use of Pearson’s correlation test. Sec-
ond, ANOVA with the post-hoc Tukey test was used
to compare SYNTAX score values between low-,
intermediate-, and high-risk groups based on the
GRACE risk score for death in the hospital and the
TIMI risk score. Third, the receiver-operating char-
acteristics (ROC) curve was used to test the predic-
tive accuracy of the risk scores with respect to the
presence of high risk (>33) or low risk (<22) based
on the SYNTAX score. Significant prediction was
accepted when the area under the ROC curve was
significantly different from 0.5. A p value <0.05
was accepted as statistically significant. All analy-
ses were performed with SPSS 17.0 for Windows.

RESULTS

We assessed 145 patients (mean age 59.41+11.04
years, 29% female) for the study. During hospi-
talization, 66 (45.5%) patients underwent PCI, 10
(6.9%) patients underwent CABG, and only one
(0.7%) patient died because of cardiogenic shock.
Clinical characteristics and laboratory values of the
study population are presented in the Table 1.

50,007 p=0.016
.46

40,007 p=0.027

30,001
SYNTAX
Score 20.001 ANOVA|p<0.0001

10,007

0,001 p<0.0001
Lowlrisk Intermlediate HighI risk

risk

GRACE Score

Figure 1. The comparison of SYNTAX score between risk
groups based on the GRACE score.

Based on the GRACE score for in-hospital
deaths, 62 (42.8%) patients were included in the
low-risk (1-108) group, 53 (36.6%) in the interme-
diate-risk (109-140) group, and 30 (20.7%) in the
high-risk (141-372) group. The mean TIMI risk
score of the study population was 3.58+1.20. Based
on the TIMI risk score, 27 (18.6%) patients were

in the low-risk (0-2) group, 86 (59.3%) were in the
intermediate-risk (3-4) group, and 24 (16.6%) were
in the high-risk (>5) group.

Table 1. Demographic and Clinical Characteristics and
Laboratory Values of the Study Group

Study group (n=145)

Age, years 59.41 £ 11.04
Female, n (%) 42 (29.0)
Diabetes mellitus, n (%) 40 (27.6)
Hypertension, n (%) 79 (54.5)
Hypercholesterolemia, n (%) 47 (32.4)
Smoking, n (%) 66 (45.5)
Family history, n (%) 31(21.4)
CAD history, n (%) 36 (24.8)
PCl in hospital, n (%) 66 (45.5)
CABG in hospital, n (%) 10 (6.9)
Laboratory values

Basal creatinine, mg/dL 0.94 +0.31
eGFR, mL/min/1.73 m? 82.48 + 24.67
BUN, mg/dL 18.40 £ 11.44

Glucose, mg/dL
Total cholesterol, mg/dL

136.13 £ 63.77
196.23 + 46.30

LDL, mg/dL 129.17 £ 39.22
HDL, mg/dL 39.33+9.48
Triglyceride, mg/dL 187.23 £ 99.62
Troponin T, 1.17 £ 1.80
CK-MB, 37.64 £ 62.67
WBC, x 103/l 9.51+£2.95
Hemoglobin, g/dl 13.63+2.19
Platelet count, x 10%/pl 266.25 +79.73
MPV, fL 8.56 + 0.93

CAD, coronary artery disease; PCl, percutaneus coronary
intervention; CABG, coronary artery by-pass grafting;
eGFR, estimated glomerular filtration rate; BUN, blood
urea nitrogen; LDL, low density lipoprotein; HDL, high
density lipoprotein; CK-MB, creatinine kinase-myocardial
band; WBC, white blood cell; MPV, mean platelet volume.

The analysis of coronary angiography showed
that the mean SYNTAX score of the study popula-
tion was 15.97+9.82. When the patients were divid-
ed into the risk groups based on the intervals given
in the original paper,5 112 patients (77.2%) were in
the low-risk (<22) group, 24 (16.6%) were in the
intermediate-risk (22-33) group, and 9 (6.2%) were
in the high-risk (>33) group.
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Based on the GRACE risk score for in-hospital
deaths, the SYNTAX risk score was 12.22+8.70
in the low-risk group, 16.66+8.01 in the interme-
diate-risk group, and 22.48+11.42 in high-risk
group (ANOVA, p<0.0001) (Figure 1). Post-hoc
Tukey analysis showed that the low-risk group had
a significantly lower SYNTAX score than the in-
termediate- and high-risk groups (p=0.027 versus
p<0.0001, respectively). The SYNTAX score of
the intermediate-risk group was also significantly
different from the SYNTAX score of the high-risk
group (p=0.016). Based on the TIMI risk score, the
SYNTAX risk score was 12.87+9.91 in the low-risk
group, 16.01£10.38 in the intermediate-risk group,
and 18.48+7.47 in the high-risk group. The differ-
ence between the risk groups did not reach statisti-
cal significance (ANOVA, p=0.091).

There were significant positive correlations be-
tween the SYNTAX score and GRACE scores of
the study population calculated at admission for in-
hospital deaths (r=0.414, p<0.0001) (Figure 2). The
SYNTAX score also had a significant but weaker
correlation with the TIMI score (r=0.271, p=0.001).
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Figure 2. The correlation between the GRACE score and
the SYNTAX score.

The GRACE score of the study population cal-
culated at admission for in-hospital deaths showed
good discriminatory capacity between the patients
with and without a high-risk (>33) SYNTAX score,
with an area under the ROC curve of 0.804 (CI
0.660-0.948, p=0.002) (Figure 3). The GRACE
score of the study population showed poor predic-

tive capacity between the patients with and without
a low-risk (<22) SYNTAX score, with areas under
the ROC curve of 0.695 (CI 0.594-0.796, p=0.001)
(Figure 4). The TIMI score of the study population
showed no predictive capacity between the patients
with and without a high-risk (>33) SYNTAX score
and with and without a low-risk (<22) SYNTAX
score. Areas under the ROC curve were 0.532 (CI
0.358-0.749, p=0.749) and 0.582 (CI 0.473-0.691,
p=0.152), respectively (Figures 3 and 4).
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Figure 3. The ROC curves of the GRACE and TIMI scores
for detecting high risk (>33) SYNTAX score (the area un-
der the ROC curve of 0.804 [(Cl 0.660-0.948, p=0.002)
for GRACE score and the area under the ROC curve of
0.532 (CI 0.358-0.749, p=0.749) for TIMI score)].
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Figure 4. The ROC curves of the GRACE and TIMI scores
for detecting low risk (<22) SYNTAX score (the area un-
der the ROC curve of 0.695 (Cl 0.594-0.796, p=0.001)
for GRACE score and the area under the ROC curve of
0.582 (CI1 0.473-0.691, p=0.152) for TIMI score).

DISCUSSION

Our study results indicated that the TIMI score is of
no use in predicting severe extended CAD, whereas
the relationship between the GRACE and SYNTAX
scores may have some clinical implications.
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In contrast to the reports of Garcia et al. and
Mega et al. [9,10], the TIMI risk score, with its weak
association to the SYNTAX score, does not appear
to be a good candidate in predicting the extension
and severity of CAD. From our point of view, these
contradictory results can be explained as follows.
First, a positive association does not mean accuracy,
which should be assessed by tests of calibration and
discriminatory capacity of extended severe disease
versus non-severe disease. Although a statistically
significant association was observed, the TIMI
score was not able to differentiate between SYN-
TAX score risk tertiles (ANOVA, p=0.091). The
area under the ROC curve of the TIMI score was not
statistically significant either. Second, the definition
of multivessel disease that was used for extended
severe CAD in the above mentioned studies, which
was described as a quantitative variable (SYNTAX
score) in our study, is another reason for the discrep-
ancy with our results [9,10]. Barbosa et al. [11] used
another quantitative variable for measuring the se-
vere extension of CAD, namely the Gensini score,
and stated the same results as ours with respect to
the TIMI score.

The GRACE score has shown a greater prog-
nostic value as compared with that of the TIMI
score [2,9]. This greater prognostic value was
translated into a better discriminatory capacity in
our study. The area under the ROC curve of the
GRACE score in our study population showed good
discriminatory capacity between the patients with
and without a high-risk (>33) SYNTAX score. This
result may have a clinical implication. The latest
ESC guideline of 2011 recommends an early inva-
sive strategy (<24 hours) in NSTMI patients of high
risk (GRACE score >140) [12]. This guideline also
states that “the revascularization strategy should be
based on the clinical status as well as the SYNTAX
score” [11]. A SYNTAX score >33 also includes
left main patients in whom CABG is the only treat-
ment option [13-15]. Based on our results, patients
with a GRACE score of >140 have a good possibil-
ity of achieving a SYNTAX score >33. Therefore,
we speculate that these patients should not be given
clopidogrel, at least not before angiography is per-
formed.

In conclusion, a GRACE score indicating a
high risk may be helpful in predicting patients with

severe extended CAD in whom CABG is the only
treatment modality.

REFERENCES

1. Antman E, Cohen M, Berninck P, et al. The TIMI risk score for
unstable/non-ST elevation MI. A method for prognostication and
therapeutic decision making. JAMA 2000;284:835-842.

2. Yan AT, Yan RT, Tan M, et al. Risk scores for risk stratification in
acute coronary syndromes: useful but simpler is not necessarily
better. Eur Heart J 2007;28:1072-1078.

3. Granger CB, Goldberg RJ, Dabbous O, et al. Global Registry of
Acute Coronary Events Investigators. Predictors of hospital
mortality in the global registry of acute coronary events. Arch
Intern Med 2003;163:2345-2353.

4. Acet H, Ertas F, Bilik MZ, et al. The relationship between neu-
trophil to lymphocyte ratio and SYNTAX score in patients with
ST-segment elevation myocardial infarction. J Clin Exp Invest
2014;5:211-218.

5. Sianos G, Morel MA, Kappetein AP, et al. The SYNTAX Score:
an angiographic tool grading the complexity of coronary artery
disease. Euro Intervention 2005;1:219-227.

6. Serruys PW, Onuma Y, Garg S, et al. Assessment of the SYNTAX
score in the Syntax study. Euro Intervention 2009;5:50-56.

7. Khot U, Nissen S. Is CURE a cure for acute coronary syndromes?
Statistical versus clinical significance. J Am Coll Cardiol
2002;40:218-219.

8. Hongo RH, Ley J, Dick SE, Yee RR. The effect of clopidogrel
in combination with aspirin when given before coronary artery
bypass grafting. ] Am Coll Cardiol 2002;40:231-237.

9. Mega JL, Morrow DA, Sabatine MS, et al. Correlation between
the TIMI risk score and high-risk angiographic findings in non-
ST-elevation acute coronary syndromes: observations from the
Platelet Receptor Inhibition in Ischemic Syndrome Management
in Patients Limited by Unstable Signs and Symptoms (PRISM-
PLUS) trial. Am Heart J 2005;149:846-850.

10. Garcia S, Canoniero M, Peter A, et al. Correlation of TIMI risk
score with angiographic severity and extent of coronary artery
disease in patients with non-ST-elevation acute coronary syn-
dromes. Am J Cardiol 2004;93:813-816.

11. Barbosa CE, Viana M, Brito M, et al. Accuracy of the GRACE
and TIMI scores in predicting the angiographic severity of acute
coronary syndrome. Arq Bras Cardiol 2012;99:818-824.

12. Hamm CW, Bassand JP, Agewall S, et al. ESC Guidelines for the
management of acute coronary syndromes in patients present-
ing without persistent ST-segment elevation: The Task Force for
the management of acute coronary syndromes (ACS) in patients
presenting without persistent ST-segment elevation of the Euro-
pean Society of Cardiology (ESC). Eur Heart J 2011;32:2999-
3054.

13. Wijns W, Kolh P, Danchin N, et al. Task Force on Myocardial
Revascularization of the European Society of Cardiology (ESC)
and the European Association for Cardio-Thoracic Surgery
(EACTS); European Association for Percutaneous Cardiovas-
cular Interventions (EAPCI). Eur Heart J 2010;31:2501-2555.

14. Serruys PW, Morice MC, Kappetein AP, et al. Percutaneous coro-
nary intervention versus coronary-artery bypass grafting for se-
vere coronary artery disease. N Engl J Med 2009;360:961-972.

15. Caracciolo EA, Davis KB, Sopko G, et al. Comparison of surgi-
cal and medical group survival in patients with left main equiva-
lent coronary artery disease. Long-term CASS experience. Cir-
culation 1995;91:2335-2344.

Dicle Tip Derg / Dicle Med J

www.diclemedj.org

Cilt / Vol 42, No 2, 170-174



