
ABSTRACT
Introduction: Although most of the scoring systems are used for long-term mortality assessment in ST-
elevation myocardial infarction (STEMI), there is still lack of data comparing model performances. In this 
study, it was aimed to compare five scoring systems for predicting long-term mortality in patients presented 
with STEMI. 

Patients and Methods: This is a retrospective observational study consisting of 1689 consecutive STEMI 
patients who underwent PCI between 2009 and 2013. Patient data was obtained from the electronic data base 
of the hospital. Each patients’ mortality risk was assessed with five different risk scores and recorded.

Results: A total of 1689 patients with STEMI were included into the study. Median follow-up time was one 
year. Risk scores were calculated for each patient. Although similar statistical significance was presented 
among all scores, modified age, creatinine clearance, and ejection fraction score (mACEF) were demonstrated 
to be more significant than relevant scoring systems in clinical respect.

Conclusion: Among five scores, the mACEF score was demonstrated to be the most significant model in clini-
cal respect for the prediction of mortality.
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ST Elevasyonlu Miyaokard Enfarktüsü Geçiren Hastalarda Beş Farklı Skorlama 
Sisteminin Karşılaştırılması
ÖZET
Giriş: ST elevasyonlu miyokard enfarktüsünde (STEMI) uzun vadeli mortalitenin değerlendirmesinde çeşitli 
skorlama sistemleri kullanılmaktadır. Buna rağmen bu skorlama sistemlerinin performanslarını değerlendiren 
çalışmalar kısıtlı sayıdadır. Bu çalışmada STEMI ile başvuran hastalarda uzun dönem mortaliteyi öngörmek 
için beş skorlama sistemini karşılaştırmayı amaçladık.

Hastalar ve Yöntem: 2009-2013 yılları arasında perkütan koroner girişim yapılan ardışık 1689 STEMI has-
tası retrospektif olarak incelendi. Hasta verileri hastanenin elektronik veri tabanından elde edildi. Her hastanın 
mortalite riski beş farklı risk skoru ile değerlendirildi ve kaydedildi.

Bulgular: Çalışmaya toplam 1689 STEMI hastası dahil edildi. Medyan takip süresi bir yıldı. Her hasta için 
risk skorları hesaplandı. Tüm skorlar arasında benzer istatistiksel anlamlılık sunulmasına rağmen, modifiye 
yaş, kreatinin klirensi ve ejeksiyon fraksiyon skorunun (mACEF) ilgili skorlama sistemlerinden klinik açıdan 
daha anlamlı olduğu gösterilmiştir.

Sonuç: Beş skor arasında, mACEF skorunun mortaliteyi öngörmede klinik açıdan en anlamlı model olduğu 
gösterildi.
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INTRODUCTION

Coronary artery disease (CAD) is a well-known cause of mortality worldwide(1). In this 
context, short- and long-term management of STEMI is extremely important.

Guidelines are provided in terms of managing these patients(2). Despite all appropriate 
treatment strategies, mortality risk remains in the long-term follow-up. 
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Several risk scoring systems have been developed to pre-
dict short- and long-term mortality risk in patients with 
STEMI. It is vital to apply appropriate treatment modalities to 
patients presented with acute coronary syndromes. 
Thrombolysis in myocardial infarction (TIMI) score was 
developed for the assessment of risk of death and ischemic 
events in patients with non-STEMI and unstable angina. 
Likewise, TIMI risk index (TRI) has been developed to predict 
the risk of mortality at 30 days in patients treated with fibrino-
lytics and later validated for STEMI patients undergoing pPCI 
for predicting one-year mortality(3-5).

The primary angioplasty in myocardial infarction (PAMI) 
risk score has been developed for predicting mortality in six-
months in patients underwent PCI. Likewise, the controlled 
abciximab and device investigation to lower late angioplasty 
complications (CADILLAC) risk score has originally been 
developed for the prediction of one-year mortality in patients 
undergoing invasive procedures(6,7). Thrombolysis in myocar-
dial infarction risk index has been developed as a simple tool 
for predicting mortality over 30 days using age, heart rate, and 
systolic blood pressure (SBP)(8). Modified age, creatinine 
clearance, and ejection fraction score (mACEF) are calculated 
in patients undergoing percutaneous coronary intervention(9). 
Some investigators have already tested these risk scores for 
long-term follow-up. The comparison among some risks scores 

have been done by several study groups(10-12). Although some 
investigators have tested these risk scores to predict long-term 
mortality in patients with STEMI, there is still lack of evidence 
on their usefulness and in long-term follow-up, and moreover, 
we still do not have enough information about the superiority 
of these scores to each other. Therefore, herewith we tried to 
compare five different risk scores regarding to their predictive 
value for long-term all-cause mortality in patients with STEMI 
underwent PCI.

PATIENTS and METHODS

Study Design and Patients Selection
One thousand seven hundred and eighty (1780) patients 

had been admitted to our centre with STEMI and had under-
gone PCI between 2009-2013. Patients whose age was over 80 
years (n= 55), patients with known or recently diagnosed can-
cer (n= 22); patients with inflammatory or connective-tissue 
disease (n= 10); and patients who died during PCI (n= 4) were 
excluded. Overall, 1689 patients were retrospectively enrolled 
to the study (Figure 1). The patients were followed up to 365 
days. Medical data was obtained from electronic health records 
of the hospital. Each patient’s mortality risk was assessed with 
five different risk scores and recorded. Risk scores were com-
pared to each other. The study protocol complied with the 
Declaration of Helsinki.

Figure 1. Study flow chart.
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Definitions
STEMI was defined as typical chest pain accompanied by 

persistent ST-elevation at least two contiguous derivations or a 
new onset left bundle branch block (LBBB)(13).

Blood tests were obtained in all patients on admission or in 
the first 24 hours. Heart failure was assessed according to Killip 
classification(14). A transthoracic echocardiography was per-
formed by a Vivid 3 instrument (GE; Horten, Norway). Left 
ventricular ejection fraction (LVEF) was measured using modi-
fied Simpson method. Coronary angiographies were performed 
by Siemens Artis interventional angiography system(15). 
Anaemia was haemoglobin (Hb) levels 12.0 g/dL in females 
and 13.0 g/dL in males(16). The Cockcroft-Gault formula was 
used for estimating creatinine clearance in all patients(17). All 
patients were treated according to relevant guidelines(18). TIMI, 
PAMI CADILLAC, TIMI risk index, mACEF scores were cal-
culated in all patients. Age, presence of diabetes mellitus (DM) 
or hypertension (HT) or anginal complaints, systolic blood 
pressure (SBP), heart rate, Killip class, weight, anterior myo-
cardial infarction (MI)/new onset LBBB and ischemic time 
were used to calculate the TIMI score(3,5). Age, Killip class, 
heart rate, presence of DM, anterior MI/new onset LBBB were 
used to calculate PAMI risk score(6). CADILLAC risk score 
was calculated using LVEF, Killip class, renal failure, post 
TIMI flow, age, presence of anaemia and presence of three ves-
sel disease. For relevant risk score, numerical points were 
assigned to each risk factor and therefore, the risk was calcu-
lated(7). TRI was calculated using the following formula: [HR x 
(age/10)2]/SBP. mACEF was calculated using the following 
formula: age/LVEF (%) + 1 point (for every 10 mL/min reduc-
tion in creatinine clearance below 60 mL/min/1.73 m2) (up to a 
maximum of six points)(8,9).

Statistics
Percent and n were used for categorical variables. Median 

and interquartile range were used for numerical variables. The 
primary outcome was time to all-cause mortality. Mann-
Whitney U test was used to compare continuous variables, and 
the χ2 test or Fisher’s exact test was used for categorical vari-
ables. All statistical analysis was carried out using R-software 
v. 3.5.1 (R statistical software, Institute for Statistics and 
Mathematics, Vienna, Austria). A p value of <0.05 was consid-
ered statistically significant.

RESULTS

Among these patients, 821 of them presented with anterior 
MI, 831 with inferior MI and 37 of them with posterior MI. 
Median age of the patients was 56 (IQR= 48-65). Overall, 80% 
of the patients were males. About 40% of the patients had HT, 
22.7% had DM. More than half (55.1%) of the patients were 

smokers. Overall, 4.6% (n= 79) of the patients had cardiogenic 
shock. Clinical follow-up after PCI performed for a median of 
365 days (IQR= 361-365). The number who died of all-cause 
mortality was 180. Patients’ basal characteristics are presented 
in Table 1. Apart from high density lipoprotein (HDL) and 
platelet level, all laboratory and clinical values were statisti-
cally significantly different between the two groups who died 
of all-cause death and survived during the follow-up period. 
Those who died had a mean follow-up of 39.5 days (IQR= 
3-192). According to multivariable Cox regression analyses, 
the mACEF score was the strongest predictor for all-cause 
death in patients with STEMI. Among all of these risk scores, 
the mACEF score had the highest predictive accuracy with a 
c-index of 0.850 and a likelihood ratio-X2 of 324. Likewise, 
among all other risk scores, mACEF score was the best model 
to explain the variance with an adjusted R2 of 0.227 (Table 2). 
In multivariable cox regression analyses, hazard ratios (HR) of 
the risk scores are demonstrated in Table 3. The CADILLAC 
risk score has the highest HR with a value of 13.0 (95% CI, 
6.29-26.8) among the other risk scores, yet the confidence 
interval is quite wide. On the contrary, TRI had the lowest HR 
with a value of 2.32 (95% CI, 1.36-3.66). Both risk models 
have the same statistical significance in predicting one-year 
all-cause mortality (Table 3). Adjusted hazard ratio plots for 
relevant scoring systems are presented in Figure 2. Besides, 
AUCROC comparison of the models are presented in Figure 3.

DISCUSSION

Among five scores, the mACEF score was demonstrated to 
be the strongest model in terms of predicting one-year all-
cause death. Although the other four scores were demonstrated 
to have similar statistically significant predictive value, the 
performance of the relevant risk scores may alter in clinical 
respect. 

Despite the advances in medical and invasive therapy, 
coronary artery disease remains to be the most common cause 
of death worldwide(19).

Specifically, mortality rates differ in patients with STEMI 
in different trials, which indicates the importance of risk strati-
fication and maintenance therapy after appropriate invasive 
procedure(20).

Previously, several studies have demonstrated the strength 
of different risk scores in different patient cohorts, yet each 
score had its own disadvantages especially in terms of applica-
tion in clinical practice(21-24). Among these disadvantages, the 
time of obtaining required data such as angiographic futures, 
observer dependency interpreting for categoric variables, the 
duration of concomitant disease involved in the scoring sys-
tems such as DM can be counted among these disadvantages.
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Table 1. Comparison of baseline characteristics between the survivors and dead patients

Variables
All patients

n= 1689
All cause death (-)

n= 1509
All cause death (+)

n= 180 p

Age 56 (48-65) 55 (47-63) 69 (57-76) <0.001

Sex (male) (n %) 1359 1237 122 <0.001

HT (n %) 682 (40.4%) 584 98 <0.001

DM (n %) 384 (22.7%) 298 79 <0.001

Smoke (n %) 930 (55.1%) 860 70 <0.001

MI-pattern (n %)
1
2
3

821 (48.6%)
831 (49.2%)
37 (2.2%)

713
763
33

108
68
4

0.005

Total ischemic time (minutes) 172 (110-258) 163 (105-240) 236 (152-338) <0.001

Troponin 3.2 (1.2-12) 1.78 (0.65-4.23) 3.45 (1.42-10.9) <0.001

LDL 110 (84-138) 111 (85-140) 102 (75.8-125) 0.007

HDL 37 (31-45) 38 (31.4-45) 35 (28.5-45.8) 0.566

Triglyceride 119 (84-167) 120 (84-170) 114 (87-159) 0.079

Total cholesterol 175 (148-202) 176 (150-205) 165 (135-194) 0.002

BNP 69 (36-132) 62 (34-104) 224 (91-434) <0.001

CRP 9.8 (5.6-16.7) 9.10(5.3-15.4) 21.1 (12.3-34.2) <0.001

LVEF 48 (42-55) 50 (45-55) 38 (32-45) <0.001

GFR 88 (72-104) 90 (75-105) 63 (44-82) <0.001

HB 13.9 (12.8-15) 14.0 (13.0-15.0) 13.2 (11.2-14.3) <0.001

WCB 11.8 (9.65-14.2) 11.6 (9.60-14.0) 13.6 (10.2-17.4) <0.001

PLT 250 (213-298) 248 (212-297) 259 (214-302) 0.294

Creatinine 0.87 (0.72-1.0) 0.85 (0.75-0.99) 1.04 (0.90-1.50) <0.001

TIMI 2 (1-4) 2 (1-4) 5 (3.75-7) <0.001

TRI 17.7 (12.6-25.1) 17.1 (12.3-23.8) 26.7 (16.9-40.4) <0.001

PAMI 2 (0-5) 2 (0-4) 6 (3-9) <0.001

CADILLAC 2 (0-4) 2 (0-4) 8 (5-11) <0.001

mACEF 1.19 (0.96-1.53) 1.14 (0.94-1.41) 2.14 (1.58-4.00) <0.001

Shock 79 (4.6%) 29 (1.9%) 50 (%27) <0.001

HT: Hypertension, DM: Diabetes mellitus, MI: Myocardial infarction, LDL: Low density lipoprotein, HDL: High density lipoprotein, BNP: Brain natriuretic peptide,  
CRP: C-reactive protein, LVEF: Left ventricle ejection fraction, GFR: Glomerular filtration rate, HB: Haemoglobin, WBC: White blood cell, PLT: Platelet, TIMI: Thrombolysis 
in myocardial infarction, TRI: TIMI risk index, PAMI: The primary angioplasty in myocardial infarction, CADILLAC: The controlled abciximab and device investigation to 
lower late angioplasty complications, mACEF: Modified age, creatinine clearance, and ejection fraction score.

Table 2. Multivariable cox regression analyses for different risk scoring systems

Scores Likelihood ratio-X2 R2 c-index (AUC) AIC BIC

TRI 148 0.107 0.704 2495 2517

PAMI 235 0.165 0.796 2408 2430

TIMI 190 0.135 0.771 2452 2468

CADILLAC 319 0.223 0.844 2280 2296

mACEF 324 0.227 0.850 2277 2298

TRI: TIMI risk index, PAMI: The primary angioplasty in myocardial infarction, TIMI: Thrombolysis in myocardial infarction, CADILLAC: The controlled abciximab and 
device investigation to lower late angioplasty complications, mACEF: Modified age, creatinine clearance, and ejection fraction score, AIC: Akaike information criterion,  
BIC: Bayesian information criterion.

https://en.wikipedia.org/wiki/Akaike_information_criterion
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In order to provide both accurate and practical evaluation, 
risk assessment should be based on objective parameters rather 
than subjective parameters. Another issue is the cohort that we 
work on. For example, while TIMI and GRACE score demon-
strated to have similar predictive performance in STEMI 
patients, the GRACE score was demonstrated to be better in 
clinical practice in terms of its applicability to all spectrum of 
acute coronary syndromes(25).

Another study comparing two risk scores (TIMI and 
CADILLAC) in terms of predicting in-hospital mortality in 
patients presented with STEMI and without cardiogenic shock, 
similar statistical significance has been demonstrated. Despite 
the similarity in statistical significance between the two scores, 
the TIMI risk score was superior to CADILLAC score accord-
ing to c-index(26). In our study, CADILLAC score demon-

strated to be better than TIMI with a c-index of 0.844 vs 0.771, 
respectively (Table 2).

This difference might be attributed to the longer follow-up 
period and a more heterogeneous patient population. 

In another study by Huang et al., mACEF has been found 
superior to ACEF and GRACE score predicting in-hospital 
death in STEMI patients, yet there was no significant differ-
ence in NSTEMI patients(27).

According to the study of Kao et al. comparing the TIMI, 
GRACE, PAMI and CADILLAC risk scores in Taiwanese 
diabetic patients with STEMI, they have not included mACEF 
score to their study and demonstrated that CADILLAC risk 
score is the most effective model predicting six months, one 
year and two years all-cause mortality. In another study carried 
out by Lev et al., TIMI, PAMI, GRACE and CADILLAC score 

Table 3. Multivariable Cox proportional regression for all-cause-death

Scores Hazard ratio, 95% CI p

TRI (change from 12.6 to 25.1) 2.32 (1.36-3.66) <0.001

TIMI (change from 1 to 4) 5.22 (2.85-9.57) <0.001

PAMI (change from 0 to 5) 6.95 (3.77-12.8) <0.001

CADILLAC (change from 0 to 5) 13.0 (6.29-26.8) <0.001

mACEF (change from 0.96 to 1.53) 9.13 (4.02-20.7) <0.001

TRI: TIMI risk index, PAMI: Primary angioplasty in myocardial infarction, TIMI: Thrombolysis in myocardial infarction, CADILLAC: The controlled abciximab and device 
investigation to lower late angioplasty complications, mACEF: Modified age, creatinine clearance, and ejection fraction score.

Figure 2. Adjusted hazard ratio plot.
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have been compared. According to c-statistics, TIMI and 
PAMI scores performed similar and well yet, CADILLAC 
score achieved the best performance in terms of predicting 
30-days and one year mortality. The strength of CADILLAC 
scoring system was attributed to its ability to give information 
about angiographic features, LVEF and presence of anaemia, 
which are already indicators for poor prognosis(28,29). 

 In our study, CADILLAC score was demonstrated to be 
the strongest model after mACEF score. Although mACEF 
score is calculated using a few parameters comparing with 
relevant scores, it is still demonstrated to be the strongest to 
predict long-term all cause-death in clinical respect. The less 
component a model includes, the more applicable it is for 
clinical practice. CADILLAC score could be interpreted only 
after coronary angiography, on the other hand, mACEF score 
could be calculated on admission, and our results confirm its 
reliability in predicting long-term all-cause mortality in STEMI 
patients. Another problem we may encounter in scoring sys-
tems with multiple parameters is that they are not user friendly 
and practical. We tried to compare the models including vari-
ables easier to obtain at admission and during the intervention 
procedure. Some parameters including relevant scoring sys-
tems are relatively subjective such as Killip score. On the other 
hand, creatinine clearance and age are not debatable values 
depending on observers and are already determinants of poor 
prognosis. Therefore, better predictive value of the mACEF 
risk score among other scoring models may be attributed to the 
more objective components of the model. Ejection fraction, 
which is included in mACEF, is already a well-known determi-
nant for long-term survival in patients with STEMI(28).

Limitations
The main limitation of our study is the retrospective nature 

of the study design. Secondly, the follow-up period is rela-
tively short comparing with similar studies. Thirdly, the dura-
tion of DM, and if present, chronic kidney disease were not 
known, therefore the effect of the relevant disease on cardio-
vascular system cannot be interpreted very clearly for each 
person. Another limitation is, considering the wide ranges of 
confidence intervals, the study population was small in num-
bers, therefore further investigations should be carried out for 
more certain results. 

Finally, a large scale prospective, multicentre study is 
required for comparing the risk scores and to decide on both 
the simplest and the strongest model to apply to our clinical 
practice. 

CONCLUSION

Although similar statistical significance was presented 
among all scores, mACEF was demonstrated to be the strong-
est model among all five risk scores to predict long-term all-
cause mortality in clinical respect. 
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