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Abstract 
Introduction: Patients with ST elevation acute myocardial infarction (STEMI) comprise a he-
terogeneous population with respect to the risk for adverse events. Primary percutaneous 
coronary intervention (PCI) has shown to be better, mainly in high-risk patients. 
Objective: The purpose of this study was to determine if the Thrombolysis in Myocardial In-
farction (TIMI) risk score for STEMI applied to patients undergo primary PCI identiies a group 
of patients at high risk for adverse events.
Methods: We identiied patients with STEMI without cardiogenic shock on admission, who were 
treated with primary PCI. The TIMI and CADILLAC (Controlled Abciximab and Device Investiga-
tion to Lower Late Angioplasty Complications) risk scores were calculated to determine their 
predictive value for in hospital mortality. Patients were divided into two groups according to 
their TIMI risk score, low risk being 0-4 points and high risk ≥5 points, and the frequency of 
adverse events was analyzed.
Results: We analyzed 572 patients with STEMI. The c-statistics predictive value of the TIMI 
risk score for mortality was 0.80 (p=0.0001) and the CADILLAC risk score was 0.83, (p=0.0001). 
Thirty-two percent of patients classiied as high risk (TIMI ≥5) had a higher incidence of adver-
se events than the low-risk group: mortality 14.8% vs. 2.1%, (p=0.0001); heart failure 15.3% vs. 
4.1%, (p=0.0001); development of cardiogenic shock 10.9% vs. 1.5%, (p=0.0001); ventricular 
arrhythmias 14.8% vs. 5.9%, (p=0.001); and no-relow phenomenon 22.4% vs. 13.6%, (p=0.01). 
Conclusions: The TIMI risk score for STEMI prior to primary PCI can predict in hospital mortality 
and identiies a group of high-risk patients who might develop adverse events.
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Introduction

Reperfusion therapy, either pharmacological or mechani-
cal, is indicated in patients with ST elevation acute myo-
cardial infarction (STEMI) with duration of less than 12 
hours. The superiority of primary percutaneous coronary 
intervention (PCI) over ibrinolysis has been demonstrated 
in several studies:1–3 primary PCI has better results if there 
is a catheterization laboratory and interventional cardio-
logist available and if the procedure can be done within 
90 minutes of the patient arriving at the hospital. Howe-
ver, it has been observed that the beneit of primary PCI is 
different in each group of patients and the beneit is grea-
test in those at high risk.4 Thus, risk stratiication prior to  
intervention has great clinical importance to identify this 
group of patients at higher risk and to optimize their the-
rapeutic management.

The risk scores applied to patients who are treated 
exclusively with primary PCI have reported favorable 
results.5–7 The risk score developed in the Controlled 
Abciximab and Device Investigation to Lower Late 
Angioplasty Complications (CADILLAC) study, which  
includes clinical and angiographic variables in patients  
undergoing primary PCI, is the most accurate for pre-
dicting 30 day and one year mortality. Risk stratifica-
tion using the Thrombolysis in Myocardial Infarction 
(TIMI) risk score for STEMI is a simple assessment based 
on clinical data at the time of patient arrival at the 
hospital.8

We hypothesized that the TIMI risk score applied 
to patients with STEMI without cardiogenic shock who  

undergo primary PCI predicts in hospital mortality and 
also identiies a group of patients at high risk of develo-
ping other adverse events.

Methods

The information for the analysis was obtained prospecti-
vely from the database of the Coronary Care Unit of the  
National Institute of Cardiology in Mexico City, covering 
the period from October 2005 to February 2010. The in-
formation included demographic data, risk factors, an-
giographic characteristics, procedures, and in hospital 
course. We analyzed all patients who met the criteria for 
acute myocardial infarction with an ST segment elevation 
>1mm in ≥2 continuous leads or left bundle branch block 
and who were scheduled for primary PCI. We excluded 
those who at admission had cardiogenic shock and analy-
zed only those who underwent primary PCI. The TIMI risk 
score was calculated for each patient using the variables 
obtained at admission according to the published criteria8 
listed in Table 1. Mortality during hospitalization was cal-
culated according to the risk score.

The CADILLAC risk score was calculated with the varia-
bles published in this study7 (Table 1). However, since left 
ventriculography is not routinely performed during pri-
mary PCI in our hospital, the ejection fraction of the left 
ventricle was taken from echocardiography performed at 
24 to 48 hours postprocedure. 

Patients were classiied as low risk if their TIMI score 
was 0–4 and as high risk if their TIMI score was ≥5. In 
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La escala de riesgo TIMI para infarto del miocardio con elevación del segmento ST predice 
mortalidad y eventos adversos intrahospitalarios en pacientes sin choque cardiogénico 
sometidos a angioplastía coronaria

Resumen
Introducción: Los pacientes con infarto agudo del miocardio con elevación del segmento ST 
(IAM CEST), son una población heterogénea por lo que toca al riesgo de eventos adversos. La 
intervención coronaria percutánea (ICP) primaria mostró ser mejor, principalmente en los 
pacientes de riesgo alto.
Objetivo: La propuesta de este estudio fue determinar si la escala de riesgo de trombólisis en 
infarto del miocardio (TIMI) para IAM CEST, aplicado a los pacientes sometidos a ICP primaria, 
identiica a grupos de pacientes de riesgo alto de eventos adversos.
Métodos: Se identiicaron a pacientes con IAM CEST sin choque cardiogénico al ingreso, quie-
nes fueron tratados con ICP primaria. Se calcularon las escalas de riesgo TIMI y CADILLAC 
(Controlled Abciximab and Device Investigation to Lower Late Angioplasty Complications), 
para determinar su valor predictivo de mortalidad intrahospitalaria. Los pacientes se dividie-
ron en dos grupos de acuerdo a su escala de riesgo TIMI, riesgo bajo con 0-4 puntos y riesgo 
alto con ≥5 puntos, se analizó la frecuencia de eventos adversos. 
Resultados: Se analizaron 572 pacientes con IAM CEST. El valor predictivo del estadístico 
C de la escala de riesgo TIMI para mortalidad fue de 0.80 (p=0.0001), y la escala de riesgo 
CADILLAC fue de 0.83, (p=0.0001). El 32% de los pacientes clasiicados como riesgo alto (TIMI 
≥5), tuvo una alta incidencia de eventos adversos comparada con el grupo de riesgo bajo: la 
mortalidad 14.8% vs. 2.1%, (p=0.0001); falla cardiaca 15.3% vs. 4.1%, (p=0.0001); desarrollo 
de choque cardiogénico 10.9% vs. 1.5%, (p=0.0001); arritmias ventriculares 14.8% vs. 5.9%, 
(p=0.001), y fenómeno de no relujo 22.4% vs. 13.6%, (p=0.01).
Conclusiones: La escala de riesgo TIMI para IAM CEST, previo a ICP primaria puede predecir 
mortalidad intrahospitalaria e identiicar a un grupo de pacientes de riesgo alto, los cuales 
pueden desarrollar eventos adversos. 
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each group, we analyzed the frequency of adverse events 

during hospital care, including mortality, reinfarction, 

stroke, heart failure, cardiogenic shock, ventricular arr-

hythmias, and the presence of the no relow phenome-

non. More than one adverse event could be present in one 

patient.

Statistical analysis
Analysis was performed with the statistical package SPSS 

13. The continuous and discrete variables were expressed as  

mean and standard deviation (SD). Differences were 

analyzed with Student’s t test to compare two variables 

and continuous or discrete analysis of variance (ANOVA) 

when comparing more than two variables. The categorical 

variables were expressed as frequencies and percentages 

and compared with chi-square (c2) or Fisher’s exact test, 

depending on the frequency of expected events. Results 

are reported as the two-tailed odds ratio (OR) with 95% 

conidence interval (CI). Differences were considered sig-

niicant at a p value of less than 0.05. The TIMI and CADILLAC 
risk stratiication scales were compared using receiver 
operating characteristic (ROC) curves for their ability to 

predict the end point of mortality and a value greater 

than 0.75 for the area under the curve was considered 

signiicant.

Results

Data were obtained from a total of 662 patients with STE-
MI, who were taken to the catheterization laboratory to 
undergo primary PCI. Ninety patients were excluded: 19 
with cardiogenic shock at admission and 71 because the 
procedure was not performed (anatomy was not favora-
ble, normal coronary low, no signiicant lesions, or the 
presence of a large-load thrombus). We analyzed a total 
of 572 patients whose baseline characteristics are shown 
in Table 2. The average age of the population was 57.9 ± 
11.6 years and 84.6% were men; 30.1% had a previous his-
tory of diabetes and 50.3% a history of hypertension. With 
respect to cardiac function, 19.3% of the patients were 
in Killip–Kimball class 2–3 and the mean ejection fraction 
measured by echocardiography was 50.1 ± 10.3%; 19.8% of 
patients had an ejection fraction <40%.

The distribution of patients according to TIMI score was 
as follows: 0 points, 25 patients (4.4%); 1 point, 89 pa-
tients (15.6%); 2 points, 116 patients (20.3%); 3 points, 80  
patients (14%); 4 points, 79 patients (14.8%); 5 points,  
68 patients (11.9%); 6 points, 45 patients (7.9%); 7 points, 34  
patients (5.9%); and ≥ 8 points, 36 patients (6.2%).

The overall in hospital mortality was 6.1% and its fre-
quency relative to the TIMI risk score is shown in Figure 1. 
The areas under the ROC curve for the mortality related 
to TIMI and CADILLAC risk scores are shown in Figure 2. 

Table 1. Risk scores.

TIMI risk score for STEMI

Criteria Points

Age ≥ 75 3

65–74 2

DM or HTN or angina 1

SBP < 100 mmHg 3

HR > 100 bpm 2

Killip class 2–4 2

Weight < 67 kg (150 lb) 1

Anterior STE or LBBB 1

Time to treatment > 4 h 1

Total points (0–14)

CADILLAC risk score

Base line LVEF < 40% 4

Renal insufficiency 3

Killip class 2, 3 3

Final TIMI flow 0–2 2

Age > 65 2

Anemia 2

Three vessel disease 2

Total points (0–18)

DM, Diabetes mellitus; HTN, Arterial hypertension; SBP, Systolic blood 
pressure; HR, Heart rate (beats per minute); STE, ST segment eleva-
tion; LBBB, Left bundle branch blocking; LEVF, Left ventricle ejection 
fraction.

Table 2. Baseline characteristics of patients. 

Frequency (%)

Age ≥ 75 51 (8.9%)

65–74 112 (19.6%)

Male gender 484 (84.6%)

Diabetes mellitus 172 (30.1%)

Hypertension 288 (50.3%)

Prior angina 113 (19.8%)

SBP < 100 mmHg 70 (12.2%)

HR > 100 bpm 88 (15.4%)

Killip class 1 460 (81.1%)

Killip class 2 100 (17.6%)

Killip class 3 12 (2.1%)

Weight < 67 kg 109 (19.1%)

Anterior STE or LBBB 276 (48.3%)

Time to treatment > 4 h 275 (48.3%)

Base line LVEF < 40% 113 (19.8%)

Three-vessel disease 100 (17.5%)

Final TIMI flow 0–2 116 (20.3%)

Anemia 26 (4.5%)

Creatinine clearance < 60 ml/min 104 (18.2%)

SBP, Systolic blood pressure; HR, Heart rate; STE, ST segment eleva-
tion; LBBB, Left bundle branch blocking; LVEF, Left ventricle ejection 
fraction.
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The TIMI risk score was highly predictive of in hospital 
mortality with a c-statistics of 0.800 (95% CI 0.71-0.88, 
p<0.0001), which was comparable with the results of the 
CADILLAC score, which in the same population gave a  
c-statistics of 0.831 (95% CI 0.750.91, p<0.0001).

Patients were classiied as low risk with a TIMI score of 
04 (n=389, 68%) and high risk with a TIMI score ≥5 (n=183, 
32%). All variables included in the TIMI risk score were 
present with signiicantly greater frequency in the high-
risk group (Table 3). Adverse events that occurred in both 
groups during hospitalization are shown in Table 4. We 
observed that mortality was eight-fold higher in the high-
risk group than in the low-risk group (14.8% vs. 2.1%; OR 
8.2, 95% CI 3.66–18.54, p=0.0001). Other adverse events 
also occurred more frequently in the high-risk group: 
heart failure (15.3% vs. 4.1%, p=0.0001), development of 
cardiogenic shock (10.9% vs. 1.5%, p=0.0001), ventricular 
arrhythmias (14.8% vs. 5.9%, p<0001), and development 
of the no-relow phenomenon (22.4% vs. 13.6%, p=0.01). 
The incidence of reinfarction and stroke was low and the-
re were no signiicant differences between both groups. 
There was no difference between the two groups for stent 
placement (92.2% vs. 87.8%, p=0.11), but the use of inhi-
bitors of glycoprotein (Gp) IIb/IIIa antagonists (75.8% vs. 
66.1%, p=0.01), angiotensin-converting enzyme inhibitors 
(90.2% vs. 78.1%, p=0.0001) and beta blockers (62.2% vs. 
44.3%, p=0.0001) was less frequent in the high-risk group.

Discussion

A potentially relevant issue in the treatment of patients 
with STEMI is that this population is highly heterogeneous re-
garding their risk of adverse events. Thus, their correct 
stratiication becomes essential to evaluate their progno-
sis and to take accurate therapeutic decisions. An ideal 

risk score must be useful, simple and fast to apply to pre-
dict prognosis at short and long range.9,10 

The TIMI risk score for STEMI is a clinical stratiication 
calculated with data obtained at hospital presentation that  
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Figure 1. TIMI risk score for STEMI to predict in hospital mortality.
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Figure 2. ROC analysis shows the power of TIMI risk score to pre-
dict in hospital mortality. For the TIMI risk score, the area under 
the curve was 0.800 (95% IC 0.71-0.88, p<0.0001) while the area 
under the curve for the CADILLAC risk score was 0.831 (95% IC 
0.75-0.91, p<0.0001).
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can easily classify patients into low and high risk. It was 
developed using data from patients treated with thrombo-
lytic therapy in a randomized trial and predicts mortality 
at 30 days. This risk score revealed that about 20% of pa-
tients were at higher risk of death.8 The analysis was sub-
sequently validated in an unselected patient population 
in the National Registry of Myocardial Infarction—3 and 
showed a strong predictive value for mortality in patients 
treated with thrombolytic therapy (c-statistics = 0.79).11

In our study of 572 patients who underwent primary 
PCI, 32% (n=183) were stratiied as high risk (TIMI risk sco-
re ≥5) before the procedure. Thune et al. in the DANish 
trial in Acute Myocardial Infarction-2 (DANAMI-2) strati-
ied patients by TIMI risk score; 25% of patients were high 
risk (TIMI ≥5). At three years of follow-up, it was clear 
that the beneit of primary PCI over thrombolytic therapy 
in reducing mortality was restricted to high-risk patients 
(25% mortality for PCI vs. 32.6% for ibrinolysis, p=0.02) 
with no signiicant difference in low-risk patients (8% for 
PCI vs. 5.6% for ibrinolysis, p=0.11).4 Lev et al. without 
identifying a high-risk group, reported that stratiication 

with the TIMI risk score in patients undergoing primary 
PCI predicts mortality and major adverse cardiac events 
(death, myocardial infarction, target vessel revasculari-
zation).12

We applied the TIMI risk score for STEMI in a group 
of patients without cardiogenic shock, who underwent 
primary PCI and showed that an increase in TIMI risk sco-
re is associated with increased frequency of in hospital 
death and has a high predictive value for mortality that is 
comparable with of the CADILLAC risk score in the same 
group of patients (TIMI c-statistics = 0.80 and CADILLAC c-
statistics = 0.83). The CADILLAC risk score reportedly has 
a better predictive value for mortality at 30 days and one 
year, but differs from other primary angioplasty risk sco-
res because it includes angiographic parameters such as  
the presence of three-vessel disease and inal TIMI low, 
as well as the left ventricle ejection fraction determined 
by ventriculography. The progress achieved in reducing 
in hospital mortality in patients with STEMI increases the 
importance of predicting other postprocedural complica-
tions, that may have a strong inluence on patient outco-
mes. In the meta-analysis of Keeley et al. overall mortali-
ty and other adverse events such as nonfatal reinfarction, 
stroke, and bleeding occurred less frequently in the group 
undergoing primary PCI than in those undergoing throm-
bolysis.3 Kent et al. documented that the greatest beneit 
of primary PCI is found in high-risk patients.13 Negasso et 
al. reported a decision-tree structure prognostic classi-
ication for acute myocardial infarction undergoing PCI 
to predict in hospital complications after intervention, 
four important variables at the time of presentation were 
identiied: cardiogenic shock, heart failure, age, and dia-
betes.14 Although the TIMI risk score was developed to 
predict mortality, an important clinical implication of this 
study is that it identiies a group of high-risk patients (TIMI 
risk ≥5), who not only have a mortality rate eight-times 
higher than the low-risk group (TIMI risk <4), but also have 
an increased frequency of in hospital adverse events such 
as heart failure (p=0.0001), development of cardiogenic 
shock (p=0.0001), ventricular arrhythmias (p=0.001), and 
no-relow phenomenon (p=0.01), which may have a bea-
ring on the poor hospital outcome seen in this group of 

Table 3. TIMI risk score for STEMI by group.

TIMI 0–4

(n=389)

TIMI ³5

(n=183)

p-value

Age ≥ 75 10 (2.6%) 41 (22.4%) 0.0001

65–74 43 (11.1%) 69 (37.7%) 0.0001

DM or HTN or angina 244 (62.7%) 153 (83.6%) 0.0001

SBP < 100 mmHg 12 (3.1%) 58 (31.7%) 0.0001

HR > 100 bpm 30 (7.7%) 58 (31.7%) 0.0001

Killip class > 2 25 (6.4%) 87 (47.5%) 0.0001

Weight < 67 kg (150 lb) 52 (13.4%) 57 (31.1%) 0.0001

Anterior STE or LBBB 171 (44.0%) 105 (57.4%) 0.003

Time to treatment > 4 h 148 (38.0%) 127 (69.4%) 0.001

DM, Diabetes mellitus; HTN, Hypertension; SBP, Systolic blood pressure; 
HR, Heart rate; STE, ST segment elevation; LBBB, Left bundle branch 
blocking.

Table 4. In hospital mortality and adverse events 

Overall

(n = 572)

TIMI 0–4

(n = 389)

TIMI ≥ 5

(n = 183)
Odds Ratio 95% CI P

Death 35 (6.1%) 8 (2.1%) 27 (14.8%) 8.2 3.66–18.54 0.0001

Reinfarction 8 (1.4%) 3 (0.8%) 5 (2.7%) 3.6 0.85–15.29 0.11

Stroke 0 0 0 – – –

Heart failure 44 (7.7%) 16 (4.1%) 28 (15.3%) 4.2 2.21–8.0 0.0001

Cardiogenic shock 26 (4.5%) 6 (1.5%) 20 (10.9%) 7.8 3.0–19.86 0.0001

Ventricular arrhythmias 50 (8.7%) 23 (5.9%) 27 (14.8%) 2.7 1.53–4.95 0.001

No-reflow phenomenon 94 (16.4%) 53 (13.6%) 41 (22.4%) 1.8 1.16–2.87 0.01

The table shows individual events, so any patient could have more than one event. The difference between groups was only non-signiicant for 
reinfarction. No strokes were observed in either group. Values are expressed as frequencies and percentages, with their corresponding odds ratios 
and 95% conidence intervals (CI).
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patients. In our results, there was no difference between 
high and low-risk groups in the incidence of reinfarction 
and stroke.

The no-relow phenomenon has been reported in 25% 
of patients undergoing primary PCI, the predictors for 
its development are the presence of diabetes, advanced 
age, Killip class >2, previous stroke, and the duration of 
ischemia.15,16 In the present study, we report an overall 
frequency of 16.4%, with signiicantly higher prevalence 
in the high-risk group than in the low-risk group (22.4% vs. 
13.6%, p=0.01). Although the high-risk group presented all 
the risk factors mentioned above, it has been observed 
that suboptimal reperfusion may be present in a large 
proportion of patients despite the achievement of TIMI 
3 low. This has been reported to be principally caused 
by the no-relow phenomenon and distal embolization,17 
which led to consider Gp IIb/IIIa antagonists as adjunct 
therapy. In the meta-analysis by De Luca et al. of patients 
with STEMI undergoing primary PCI, there was a signii-
cant relationship between the risk proile and the beneit 
of adjunct Gp IIb/IIIa antagonists in reducing mortality 
at 30 days.18 In our group of analyzed patients, the fre-
quency of using Gp IIb/IIIa antagonist was lower in the 
high-risk group (66.1% vs. 75.8%, p=0.01) and the lack of 
embolectomy, which has demonstrated beneits, in our 
series may have inluenced the incidence of the no-relow 
phenomenon.

We are aware of the relationship between the presen-
ce of the no-relow phenomenon and other complications 
such as increased incidence of fatal arrhythmias and heart 
failure in patients with STEMI. Most patients developed 
cardiogenic shock during hospitalization19 and Lindholm 
et al. have reported that primary PCI does not prevent 
its development20 In our series, cardiogenic shock deve-
loped overall in 26 patients (4.5%) and was signiicantly 
more frequent in the high-risk group than in the low-risk 
group (10.9% vs. 1.5%, p=0.0001). It would be important 
to identify this group of at-risk patients, as has been done 
for patients receiving thrombolytic therapy,21 so that pre-
ventive measures could be implemented in an attempt to 
prevent the development of cardiogenic shock.

Conclusions

The TIMI risk score applied to STEMI patients without 
cardiogenic shock, undergoing primary PCI, identiies a 
group of patients at high-risk not only for higher in hos-
pital mortality, but also for other adverse events such as 
the no-relow phenomenon, heart failure, development of 
cardiogenic shock, and ventricular arrhythmias.
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