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Abstract: Objective: This study was conducted to compare the predictive power of Shock Index (SI), TIMI Risk Index 
(TRI), LASH Score, and ACEF Score for the prediction of in-hospital mortality in a contemporary cohort of ST-segment 
elevation myocardial infarction (STEMI) patients undergoing primary percutaneous coronary intervention (PCI) at a 
tertiary care cardiac center of a developing country. Methods: Consecutive patients diagnosed with STEMI and un-
dergoing primary PCI were included in this study. SI, TRI, LASH, and ACEF were computed and their predictive power 
was assessed as the area under the curve (AUC) on the receiver operating characteristics (ROC) curve analysis for 
in-hospital mortality. Results: We included 977 patients, 780 (79.8%) of which were male, and the mean age was 
55.6 ± 11.5 years. The in-hospital mortality rate was 4.3% (42). AUC for TRI was 0.669 (optimal cutoff: ≥17.5, sen-
sitivity: 76.2%, specificity: 45.6%). AUC for SI was 0.595 (optimal cutoff: ≥0.9, sensitivity: 21.4%, specificity: 89.8%). 
AUC for LASH score was 0.745 (optimal cutoff: ≥0, sensitivity: 76.2%, specificity: 66.9%). AUC for the ACEF score 
was 0.786 (optimal cutoff: ≥1.66, sensitivity: 71.4%, specificity: 73.5%). Conclusion: In conclusion, ACEF showed 
sufficiently high predictive power with good sensitivity and specificity compared to other three scores. These simpli-
fied indices based on readily available hemodynamic parameters can be reliable alternatives to the computational 
complex scoring systems for the risk stratification of STEMI patients.
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Introduction

Ischemic heart disease (IHD) is the predomi-
nant cause of morbidity and mortality across 
the globe. ST-segment elevation myocardial 
infarction (STEMI) is the most common and life-
threatening clinical manifestation of IHD [1]. A 
significant improvement in outcomes of pati- 
ents with STEMI has been witnessed. Such 
improvements can be attributed to the wide 
adoption of primary percutaneous coronary 
intervention (PCI) and guideline-directed evi-
dence-based pharmacological regimens and 
advancements in stenting and deployment 
techniques [1]. The acute event does not end 
with recovery for all STEMI patients, a signifi-
cant number of patients face adverse out-
comes from the acute event including a mortal-

ity rate ranging from 2.5% to 10% up to 30 days 
after the index procedure [2-4]. Hence, in clini-
cal practice, the identification of patients at an 
increased risk of adverse events is crucial [5], it 
can provide an opportunity for a physician to 
adopt a more aggressive approach to curtail 
the burden of post-procedure adverse events 
[6]. A range of clinical indices and scoring crite-
ria have been proposed but commonly used 
scores for the risk stratification of STEMI 
patients included the TIMI (Thrombolysis in 
Myocardial Infarction) risk score [7], the PAMI 
(Primary Angioplasty in Myocardial Infarction) 
[8], the GRACE (Global Registry of Acute Coro- 
nary Events) [9], and the CADILLAC (Controlled 
Abciximab and Device Investigation to Lower 
Late Angioplasty Complications) score to name 
a few [10]. 
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The usefulness of these scores in day-to-day 
practice, especially in high-burden PCI centers, 
is limited due to the complexity of computation 
which are cumbersome and mostly required 
online calculators [11]. Therefore, several sim-
ple bedsides as well as invasive indices have 
been investigated for this purpose. The Shock 
Index (SI) and its multiple variants Age-adjusted 
SI and Modified SI (MSI) are primarily driven by 
the ratio of heart rate (HR) at presentation to 
systolic blood pressure (SBP), originally pro-
posed for trauma patients, have shown to be a 
useful prognostic marker for adverse outcomes 
in STEMI patients [5, 6, 11-14]. Another amal-
gamation of HR, SBP, and age, namely the TIMI 
risk index (TRI), has also been reported as an 
important predictor of mortality after primary 
PCI [15]. The invasive measures such as left 
ventricular (LV) ejection fraction (EF) and LV 
end-diastolic pressure (LVEDP) have been con-
sidered to be theoretically superior to non-inva-
sive parameters of hemodynamic status and 
these parameters can have better predictive 
value for the prediction of outcomes [11]. The 
LASH score which is computed based on LVEDP, 
age, SBP, and HR has shown good accuracy in 
predicting in-hospital mortality after primary 
PCI of patients over 60 years of age [16]. 
Similarly, the ACEF is another risk index based 
on age, creatinine, and EF of the patients, 
which showed sufficient predictive power for 
the prediction of in-hospital mortality after pri-
mary PCI among patients with STEMI compli-
cated by cardiogenic shock (CS) [17]. The SI, 
TRI, LASH, and ACEF are the newly emerging 
indices that required validity assessment in a 
wide spectrum of STEMI populations, especial-
ly, later two indices have data reported in a sub-
group of STEMI, one for over 60 years of age 
and the other for CS patients only. Therefore, 
this study aimed to compare the predictive 
power of SI, TRI, LASH, and ACEF for the predic-
tion of in-hospital mortality in a contemporary 
cohort of STEMI patients undergoing primary 
PCI at a tertiary care cardiac center in a devel-
oping country.

Material and methods

Study population

Consecutive patients diagnosed with STEMI 
and undergoing primary PCI at the National 
Institute of Cardiovascular Diseases (NICVD) 
between August 2020 and July 2021 were in- 

cluded in this study. As per the Declaration of 
Helsinki, this study was approved by the ethical 
review board of the institution, and consent for 
participation in the study was obtained from all 
the participants with a detailed explanation of 
the purpose and processes of the study. 

Inclusion and exclusion criteria

The primary inclusion criteria for the study were 
all adult patients (≥18 years), either gender, 
who were diagnosed with STEMI as per the defi-
nition given below and shifted to a catheteriza-
tion laboratory for primary PCI within 12 hours 
of the onset of symptoms except patients in 
cardiogenic shock who were taken for primary 
PCI irrespective of symptom duration. Non-
consenting patients and patients who needed 
multi-vessel intervention during the index pro-
cedure were excluded.

Data collection

Data regarding routine STEMI workup (12-lead 
electrocardiography (ECG)) at presentation al- 
ong with demographic details and risk profile of 
the patient were obtained, this included age 
(years), gender, total ischemic time (minutes), 
presenting vitals (blood pressure (mmHg), and 
heart rate (bpm)), routine lab investigations 
(such as random plasma glucose level (mg/dL) 
and serum creatinine (mg/dL)), at presentation 
Killip class, arrhythmias, cardiac arrest, intu-
bated, and type of myocardial infarction. All the 
primary PCI procedures were performed as per 
the standard management protocol for STEMI 
patients. Data regarding procedure character-
istics and angiographic findings such as throm-
bus burden, infarct-related artery, and the num-
ber of involved vessels, hemodynamic parame-
ters (left ventricular end-diastolic pressure 
(LVEDP) and left ventricular ejection fraction 
(LVEF)) were obtained.

Variables and definitions

Diagnostic criteria for STEMI were; “history of 
typical chest pain for at least 20 minutes” and 
presenting ECG finding of “ST elevation in at 
least two contiguous leads >2 mm in men or >1 
mm in women in leads V2 to V3 and/or >1 mm 
in other contiguous chest leads or limb leads”. 

The shock index (SI) was calculated as a ratio of 
HR to SBP at the presentation to the emergen-
cy room [14]. The TRI was calculated as SI mul-
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tiplied by the square of “age/10” [15]. The LASH 
score was computed as an addition of a score 
point of one against each of the four criteria 
namely; SBP <100 mmHg, HR >100 bpm, age 
>75 years, and LVEDP >20 mmHg [16]. The 
ACEF score was computed using equation 
“age/EF + 1 (when creatinine >2 mg/dL)” [17].

Data analysis

Collected data were entered and analyzed 
using IBM SPSS 19. Patients were stratified 
based on in-hospital survival status and clinical 
and procedural characteristics and in-hospital 
complications were compared between the two 
groups with the help of appropriate statistical 
tests. 

Statistical tests and analysis

The independent sample t-test was applied for 
variables that were approximately normally dis-
tributed, otherwise, the Mann-Whitney U test 
was applied. Comparisons of most of the cate-
gorical response variables were made with the 
help of the Chi-square test, while in the case of 
lesser required expected cell frequency, the 
Fisher’s Exact Test or Likelihood ratio test was 
applied, appropriately. The receiver operating 
characteristics (ROC) curve analysis was per-
formed for the TRI, SI, LASH, and ACEF for the 
prediction of in-hospital mortality, and the opti-
mal cutoff value was identified with the help of 
Youden’s J statistic. The area under the curve 
(AUC), sensitivity, specificity, accuracy, positive 
predictive value, and negative predictive value 
along with corresponding 95% confidence inter-
vals (CI) were obtained. All the analyses were 
performed with significance criteria of p-value 
<0.05.

Results

Baseline and clinical characteristics

A total of 977 patients were included in this 
study, 780 (79.8%) of which were male, and the 
mean age was 55.6 ± 11.5 years with 149 
(15.3%) under 45 years of age. At presentation, 
101 (11.4%) patients were in Killip class III/IV, 
121 (12.4%) had arrhythmias, 59 (6%) were in 
cardiac arrest, and 130 (13.3%) were intubat-
ed. The in-hospital mortality rate was 4.3% 
(42). Patients who did not survived had higher 
mean age (59.9 ± 9.3 vs. 55.4 ± 11.5; P=0.014), 
higher median total ischemic time (470 [320-

740] vs. 340 [240-480] minutes; P=0.001), hig- 
her median random glucose level (216 [151-
320] vs. 155 [129-205] mg/dL; P<0.001), high-
er proportion of Killip class III/IV (42.9% vs. 
9.9%), intubated (73.8% vs. 10.6%), arrhyth-
mias (47.6% vs. 10.8%), cardiac arrest (26.2% 
vs. 5.1%) as compared to the patients who sur-
vived, respectively (Table 1).

Angiographic and procedural characteristics

Angiographic and procedural characteristics 
and post-procedure in-hospital complications 
stratified by the survival status of the patients 
are presented in Table 2. Non-survival was 
found to be associated with higher mean LVEDP 
(25.2 ± 8.5 mmHg vs. 18.3 ± 6.5 mmHg; 
P<0.001), lower mean LVEF (32.1 ± 9.9% vs. 
41.3 ± 8.8%; P<0.001), higher proportion of 
IABP use (26.2% vs. 3.6%; P<0.001), three-ves-
sel disease (76.2% vs. 28.9%), culprit left main 
(9.5% vs. 1.3%), thrombus grade V (83.3% vs. 
53.9%), post-procedure TIMI flow < III (64.3% 
vs. 8.1%), and increased incidence of in-hospi-
tal complications, compared to the survived 
patients, respectively (Table 2).

Univariate analysis for mortality

The mean TRI was 29.2 ± 15.5 vs. 21.1 ± 10.9; 
P=0.002, mean SI was 0.8 ± 0.4 vs. 0.7 ± 0.2; 
P=0.020, mean LASH score was 1.3 ± 0.9 vs. 
0.4 ± 0.7; P<0.001, and mean ACEF score was 
2.1 ± 0.7 vs. 1.4 ± 0.5; P<0.001 among patients 
with and without in-hospital mortality, respec-
tively. The receiver operating characteristics 
(ROC) curve analysis of TIMI risk index, Shock 
Index, LASH, and ACEF for the prediction of in-
hospital mortality is presented in Figure 1.

Receiver operating characteristics curve analy-
sis

The AUC for TRI was 0.669 [95% CI: 0.585 to 
0.753] with an optimal cutoff value of ≥17.5, 
AUC for SI was 0.595 [95% CI: 0.498 to 0.691] 
with optimal cutoff value of ≥0.9, AUC for LASH 
score was 0.745 [95% CI: 0.664 to 0.826] with 
optimal cutoff value of ≥0, and AUC for the 
ACEF score was 0.786 [95% CI: 0.720 to 0.853] 
with optimal cutoff value of ≥1.66 (Figure 1). 
The sensitivity and specificity analysis of TIMI 
risk index, Shock Index, LASH, and ACEF-based 
criteria for the prediction of in-hospital mortali-
ty are presented in Table 3.



Mortality risk assessment scores comparison for primary PCI

301 Am J Cardiovasc Dis 2022;12(6):298-306

Discussion

Considering the clinical implications of early 
risk stratification of STEMI patients, several 
risk stratification models have been developed 
and validated over the years [7-10]. The primary 
objective of these modalities is to give an early 

alert to the treating physician of expected 
adverse events, however, computational com-
plexity and use of non-routine parameters 
make the clinical applicability of most of these 
scores challenging [11]. Hence, we conducted 
this study to compare the predictive power of 
four less computational complex and readily 

Table 1. Distribution of clinical and demographic characteristics of the study sample stratified based 
on survival status

Total
In-hospital Mortality

P-value
No Yes

Total (N) 977 935 (95.7%) 42 (4.3%) -
Gender
    Female 197 (20.2%) 185 (19.8%) 12 (28.6%) 0.165a

    Male 780 (79.8%) 750 (80.2%) 30 (71.4%)
Age (years) 55.6 ± 11.5 55.4 ± 11.5 59.9 ± 9.3 0.014b

    <45 years 149 (15.3%) 149 (15.9%) 0 (0%) 0.007a

    45 to 64 years 585 (59.9%) 559 (59.8%) 26 (61.9%)
    ≥65 years 243 (24.9%) 227 (24.3%) 16 (38.1%)
Total ischemic time (minutes) 348 [240-480] 340 [240-480] 470 [320-740] 0.001c

Systolic blood pressure (mmHg) 130.9 ± 24.9 131.5 ± 24.3 116.3 ± 32.7 0.005b

Heart rate (bpm) 84.4 ± 20 84.3 ± 19.4 87.5 ± 30.4 0.496b

Random glucose level (mg/dL) 156 [130-209] 155 [129-205] 216 [151-320] <0.001c

Serum creatinine (mg/dL) 1.0 ± 0.5 1.0 ± 0.5 1.1 ± 0.4 0.145b

Killip Class
    I 752 (77%) 738 (78.9%) 14 (33.3%) <0.001d

    II 114 (11.7%) 104 (11.1%) 10 (23.8%)
    III 70 (7.2%) 64 (6.8%) 6 (14.3%)
    IV 41 (4.2%) 29 (3.1%) 12 (28.6%)
Type of myocardial infarction
    Anterior 513 (52.5%) 489 (52.3%) 24 (57.1%) 0.110d

    Inferior 197 (20.2%) 194 (20.7%) 3 (7.1%)
    Inferior with RV 179 (18.3%) 167 (17.9%) 12 (28.6%)
    Inferio-posterior 54 (5.5%) 52 (5.6%) 2 (4.8%)
    Lateral 18 (1.8%) 18 (1.9%) 0 (0%)
    Posterior 16 (1.6%) 15 (1.6%) 1 (2.4%)
Intubated 130 (13.3%) 99 (10.6%) 31 (73.8%) <0.001a

Arrhythmias on presentation 121 (12.4%) 101 (10.8%) 20 (47.6%) <0.001a

Cardiac arrest 59 (6%) 48 (5.1%) 11 (26.2%) <0.001e

Co-morbid conditions
    Hypertension 562 (57.5%) 534 (57.1%) 28 (66.7%) 0.220a

    Smoking 302 (30.9%) 294 (31.4%) 8 (19%) 0.089a

    Diabetes mellitus 377 (38.6%) 353 (37.8%) 24 (57.1%) 0.012a

    Family history of IHD 19 (1.9%) 18 (1.9%) 1 (2.4%) 0.570e

    Prior PCI 70 (7.2%) 68 (7.3%) 2 (4.8%) 0.762e

    History of CVA/TIA 19 (1.9%) 18 (1.9%) 1 (2.4%) 0.570e

a = Chi-square test, b = Independent sample t-test, c = Mann-Whitney U test, d = Likelihood ratio test, e = Fisher’s Exact Test. 
RV = right ventricular, IHD = ischemic heart diseases, PCI = percutaneous coronary intervention, CVA = cerebrovascular ac-
cidents, TIA = transient ischemic attack.
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Table 2. Distribution of angiographic and procedural characteristics and post-procedure in-hospital 
complications stratified by the survival status of the patients

Total
In-hospital Mortality

P-value
No Yes

Total (N) 977 935 (95.7%) 42 (4.3%) -
Left ventricular end-diastolic pressure (mmHg) 18.6 ± 6.7 18.3 ± 6.5 25.2 ± 8.5 <0.001b

Left ventricular ejection fraction (%) 40.9 ± 9.1 41.3 ± 8.8 32.1 ± 9.9 <0.001b

Intra-aortic balloon pump used 45 (4.6%) 34 (3.6%) 11 (26.2%) <0.001e

Number of vessels involved
    Single vessel disease 359 (36.7%) 355 (38%) 4 (9.5%) 0.001a

    Two vessel disease 316 (32.3%) 310 (33.2%) 6 (14.3%)
    Three vessel disease 302 (30.9%) 270 (28.9%) 32 (76.2%)
Culprit coronary artery
    Left main 16 (1.6%) 12 (1.3%) 4 (9.5%) 0.011d

    LAD: Proximal 335 (34.3%) 317 (33.9%) 18 (42.9%)
    LAD: Non-Proximal 166 (17%) 164 (17.5%) 2 (4.8%)
    Left circumflex 113 (11.6%) 110 (11.8%) 3 (7.1%)
    Right coronary artery 334 (34.2%) 319 (34.1%) 15 (35.7%)
    Diagonal 10 (1%) 10 (1.1%) 0 (0%)
    Ramus 3 (0.3%) 3 (0.3%) 0 (0%)
Pre-procedure TIMI flow
    0 548 (56.1%) 513 (54.9%) 35 (83.3%) <0.001d

    I 181 (18.5%) 176 (18.8%) 5 (11.9%)
    II 159 (16.3%) 159 (17%) 0 (0%)
    III 89 (9.1%) 87 (9.3%) 2 (4.8%)
Thrombus Grade
    G1 40 (4.1%) 38 (4.1%) 2 (4.8%) 0.001d

    G2 49 (5%) 49 (5.2%) 0 (0%)
    G3 236 (24.2%) 235 (25.1%) 1 (2.4%)
    G4 113 (11.6%) 109 (11.7%) 4 (9.5%)
    G5 539 (55.2%) 504 (53.9%) 35 (83.3%)
Pre-balloon used
    Not done 546 (55.9%) 534 (57.1%) 12 (28.6%) <0.001
    Dottering 403 (41.2%) 374 (40%) 29 (69%)
    Balloon done 28 (2.9%) 27 (2.9%) 1 (2.4%)
Mean vessel diameter (mm) 3.5 ± 0.3 3.5 ± 0.3 3.5 ± 0.3 0.979b

Total lesion length (mm) 27.6 ± 11.8 27.6 ± 11.7 28 ± 14.1 0.840b

Fluro time (minutes) 15.3 ± 8.3 15.2 ± 8 19.1 ± 13 0.003b

Contrast volume (ml) 120.1 ± 37 120.3 ± 37.1 116 ± 36.2 0.461b

Post-procedure TIMI flow
    0 8 (0.8%) 5 (0.5%) 3 (7.1%) <0.001d

    I 24 (2.5%) 15 (1.6%) 9 (21.4%)
    II 71 (7.3%) 56 (6%) 15 (35.7%)
    III 874 (89.5%) 859 (91.9%) 15 (35.7%)
Risk scores
    TIMI Risk Index 21.4 ± 11.3 21.1 ± 10.9 29.2 ± 15.5 0.002b

    Shock Index 0.7 ± 0.2 0.7 ± 0.2 0.8 ± 0.4 0.020b

    LASH Score 0.5 ± 0.7 0.4 ± 0.7 1.3 ± 0.9 <0.001b

    ACEF Score 1.5 ± 0.5 1.4 ± 0.5 2.1 ± 0.7 <0.001b
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Figure 1. The receiver operating characteristics curve analysis of TIMI risk index, Shock Index, LASH, and ACEF for 
the prediction of in-hospital mortality after primary PCI.

Post-procedure in-hospital complications

    Access site complications 5 (0.5%) 5 (0.5%) 0 (0%) >0.999e

    Bleeding 9 (0.9%) 5 (0.5%) 4 (9.5%) <0.001e

    Arrhythmia 41 (4.2%) 30 (3.2%) 11 (26.2%) <0.001e

    Cardiogenic shock 34 (3.5%) 19 (2%) 15 (35.7%) <0.001e

    Stent thrombosis 20 (2%) 15 (1.6%) 5 (11.9%) 0.001e

    Contrast-induced nephropathy 98 (10%) 86 (9.2%) 12 (28.6%) 0.001e

    CVA/TIA 4 (0.4%) 4 (0.4%) 0 (0%) >0.999e

a = Chi-square test, b = Independent sample t-test, d = Likelihood ratio test, e = Fisher’s Exact Test. LAD = left anterior 
descending artery, TIMI = Thrombolysis in Myocardial Infarction, LASH = LVEDP Age SBP and HR, ACEF = Age Creatinine and 
Ejection Fraction, CVA = cerebrovascular accidents, TIA = transient ischemic attack.

available risk indices for the prediction of in-
hospital mortality in a contemporary cohort of 
STEMI patients. In the study of 977 patients 
with an in-hospital mortality rate of 4.3%, the 
ACEF score was shown to have comparatively 
better predictive power with balanced sensitiv-
ity and specificity than SI, TRI, and LASH scores. 
TRI and LASH scores were observed to be more 

sensitive than specific, while, SI was more spe-
cific and less sensitive in identifying patients at 
an increased risk of in-hospital mortality. Other 
than the four risk indices, the in-hospital mor-
tality was found to be associated with Killip 
class III/IV, presentation arrhythmias, cardiac 
arrest, intubation, higher mean age, higher 
median total ischemic time, higher median ran-
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dom glucose level, IABP use, three-vessel dis-
ease, culprit left main, high thrombus grade, 
and sub-optimal post-procedure TIMI flow 
grade.

The ACEF score was primarily developed to pre-
dict the risk of mortality in cardiovascular sur-
gery patients but it has been tested and proven 
an effective marker of adverse events in vari-
ous clinical settings. For instance, Çinar T et al. 
[17] reported good predictive power for the pre-
diction of in-hospital mortality of patients with 
cardiogenic shock. It was found to be non-infe-
rior to GRACE and TIMI scores in predicting in-
hospital complications and mortality of STEMI 
patients without coronary intervention [18]. 
Similar to our observations, in recent years, it 
has shown substantial potential as a marker of 
acute kidney injury and adverse cardiac events 
in STMEI patients [19-21]. Considering the less 
computational simplicity of ACEF and the fact 
that it can be calculated using readily available 
parameters in the STEMI setting coupled with 
balanced sensitivity and specificity makes it a 
reasonable marker for risk stratification of 
STEMI patients.

Second, on the podium is the LASH score, it 
was originally developed for risk stratification of 
STEMI patients of ≥60 years of age [16]. Even 
though in the parent study, a marginally lesser 
predictive power of LASH score against TIMI 
score was reported with an AUC of 0.795 vs. 
0.881, respectively, LASH score ≥3 was found 
to be associated with a significantly higher risk 
of in-hospital mortality and need of inotropic 
support and mechanical circulatory support in 
STEMI patients of ≥60 years of age [16]. Our 
study also showed a reasonable discriminating 
potential with an AUC of 0.745 and a threshold 
value of ≥0 had a sensitivity of 76.2% and spec-
ificity of 66.9% in discriminating in-hospital 
mortality in STEMI setting in general regard- 
less of age. However, one minor but substantial 

drawback of the LASH score inclusion of LVEDP 
in its calculation, even though, LVEDP is a reli-
able invasive measure of hemodynamic status 
but in the race against time in the management 
of STEMI, routine measurement of LVEDP dur-
ing the procedure can be debatable.

Third on the podium is the TRI, in our study 
showed moderate predictive power with an AUC 
of 0.669 and threshold value of ≥17.5 and had 
reasonable sensitivity (76.2%) but low specific-
ity (45.6%). It is an almost decade-old concept 
that showed good potential for the rapid initial 
triage of patients with STEMI in the InTIME II 
sub-study [22]. Later on, it has been tested in a 
wide spectrum of acute coronary syndrome for 
the assessment of short- as well as long-term 
risks of adverse events [15, 23, 24]. Lastly, the 
SI, a simple ratio of HR to SBP showed the least 
discriminating power compared to TRI, LASH, 
and ACEF with an AUC of 0.595 and the thresh-
old SI of ≥0.9 had low sensitivity (21.4%) but 
good specificity (89.8%) in identifying STEMI 
patients at the risk of in-hospital mortality. SI 
and its modified variants namely Age-SI, 
Modified SI (MSI), Age-MSI, and STEMI-SI have 
been extensively studied in recent years in vari-
ous clinical settings [5, 6, 12, 14, 15, 25-31]. 
Unanimously, the modified versions of SI have 
added substantially to the discriminating abili-
ties of the base index [5, 6, 12, 15, 25-29]. 
Hence, further studies are warranted to evalu-
ate the modified variants of SI for the prediction 
of in-hospital mortality of STEMI patients in our 
population.

This observational study was conducted on the 
prospectively collected data from a sufficient 
number of patients, however, single-center cov-
erage remains the main limitation of this study. 
Secondly, invasive measures such as LVEDP 
and LVEF may have inter-operator variability. 
Further large-scale multicenter prospective 
studies are warranted to identify a reliable risk 
stratification index for STEMI patients.

Table 3. Accuracy analysis of TIMI risk index, Shock Index, LASH, and ACEF for the prediction of in-
hospital mortality after primary PCI

TRI ≥17.5 SI ≥0.9 LASH ≥0 ACEF ≥1.66
Sensitivity 76.2% [60.5% to 87.9%] 21.4% [10.3% to 36.8%] 76.2% [60.6% to 87.9%] 71.4% [55.4% to 84.3%]

Specificity 45.6% [42.3% to 48.8%] 89.8% [87.7% to 91.7%] 66.9% [63.8% to 69.96%] 73.5% [70.5% to 76.3%]

Positive Predictive Value 5.9% [5.0% to 7.0%] 8.6% [4.9% to 14.8%] 9.4% [7.9% to 11.1%] 10.8% [8.9% to 13.1%]

Negative Predictive Value 97.7% [96.1% to 98.7%] 96.2% [95.6% to 96.8%] 98.4% [97.3% to 99.1%] 98.3% [97.3% to 98.9%]

Accuracy 46.9% [43.7% to 50.1%] 86.9% [84.6% to 88.9%] 67.3% [64.3% to 70.3%] 73.4% [70.5% to 76.1%]
TRI = TIMI Risk Index, SI = Shock Index.
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Conclusions

In conclusion, ACEF showed sufficiently high 
predictive power with good sensitivity and spe- 
cificity compared to the other three scores. The 
LASH score certainly showed predictive poten-
tial with the inclusion of invasive hemodynamic 
parameters, further studies are warranted to 
calibrate this score for STEMI patients of all 
ages. The TRI is another significant prognostic 
indicator that can be adopted in case of the 
non-availability of laboratory investigations and 
LVEF. Despite its simplicity, the SI showed the 
least predictive power, further studies are 
needed to evaluate its modified variants. In a 
nutshell, these simplified indices based on 
readily available hemodynamic parameters can 
be reliable alternatives to the computational 
complex scoring systems for the risk stratifica-
tion of STEMI patients.

Acknowledgements

The authors wish to acknowledge the sup- 
port of the staff members of the Clinical 
Research Department of the National Institute 
of Cardiovascular Diseases (NICVD), Karachi, 
Pakistan.

Disclosure of conflict of interest 

None.

Address correspondence to: Dr. Rajesh Kumar, 
Assistant Professor of Cardiology at National In- 
stitute of Cardiovascular Diseases (NICVD), Karachi, 
Pakistan. Tel: +923337306090; E-mail: rajeshnar-
soolal@gmail.com

References

[1] Krumholz HM, Normand SL and Wang Y. 
Twenty-year trends in outcomes for older 
adults with acute myocardial infarction in the 
United States. JAMA Netw Open 2019; 2: 
e191938.

[2] Tobbia P, Brodie BR, Witzenbichler B, Metzger 
C, Guagliumi G, Yu J, Kellett MA, Stuckey T, 
Fahy M, Mehran R and Stone GW. Adverse 
event rates following primary PCI for STEMI at 
US and non-US hospitals: three-year analysis 
from the HORIZONS-AMI trial. Eurointervention 
2013; 8: 1134-42.

[3] McManus DD, Gore J, Yarzebski J, Spencer F, 
Lessard D and Goldberg RJ. Recent trends in 
the incidence, treatment, and outcomes of pa-
tients with STEMI and NSTEMI. Am J Med 
2011; 124: 40-7.

[4] Taniwaki M, Stefanini GG, Räber L, Brugaletta 
S, Cequier A, Heg D, Iñiguez A, Kelbæk H, Serra 
A, Ostoijic M, Hernandez-Antolin R, Baumbach 
A, Blöchlinger S, Jüni P, Mainar V, Sabate M 
and Windecker S. Predictors of adverse events 
among patients undergoing primary percuta-
neous coronary intervention: insights from a 
pooled analysis of the COMFORTABLE AMI and 
EXAMINATION trials. EuroIntervention 2015; 
11: 391-8.

[5] Shangguan Q, Xu JS, Su H, Li JX, Wang WY, 
Hong K and Cheng XS. Modified shock index is 
a predictor for 7-day outcomes in patients with 
STEMI. Am J Emerg Med 2015; 33: 1072-5.

[6] Abreu G, Azevedo P, Galvão Braga C, Vieira C, 
Álvares Pereira M, Martins J, Arantes C, Rod- 
rigues C, Salgado A and Marques J. Modified 
shock index: a bedside clinical index for risk 
assessment of ST-segment elevation myocar-
dial infarction at presentation. Rev Port Cardiol 
(Engl Ed) 2018; 37: 481-8.

[7] Morrow DA, Antman EM, Parsons L, de Lemos 
JA, Cannon CP, Giugliano RP, McCabe CH, 
Barron HV and Braunwald E. Application of the 
TIMI risk score for ST-elevation MI in the 
National Registry of Myocardial Infarction 3. 
JAMA 2001; 286: 1356-9.

[8] Addala S, Grines CL, Dixon SR, Stone GW, 
Boura JA, Ochoa AB, Pellizzon G, O’Neill WW 
and Kahn JK. Predicting mortality in patients 
with ST-elevation myocardial infarction treated 
with primary percutaneous coronary interven-
tion (PAMI risk score). Am J Cardiol 2004; 93: 
629-32.

[9] Granger CB, Goldberg RJ, Dabbous O, Pieper 
KS, Eagle KA, Cannon CP, Van De Werf F, 
Avezum A, Goodman SG, Flather MD and Fox 
KA; Global Registry of Acute Coronary Events 
Investigators. Predictors of hospital mortality 
in the global registry of acute coronary events. 
Arch Intern Med 2003; 163: 2345-53.

[10] Halkin A, Singh M, Nikolsky E, Grines CL, 
Tcheng JE, Garcia E, Cox DA, Turco M, Stuckey 
TD, Na Y, Lansky AJ, Gersh BJ, O’Neill WW, 
Mehran R and Stone GW. Prediction of mortal-
ity after primary percutaneous coronary inter-
vention for acute myocardial infarction: the 
CADILLAC risk score. J Am Coll Cardiol 2005; 
45: 1397-405.

[11] Sola M, Venkatesh K, Caughey M, Rayson R, 
Dai X, Stouffer GA and Yeung M. Ratio of sys-
tolic blood pressure to left ventricular end-dia-
stolic pressure at the time of primary percuta-
neous coronary intervention predicts in-hospi-
tal mortality in patients with ST-elevation myo-
cardial infarction. Catheter Cardiovasc Interv 
2017; 90: 389-95.

[12] Wang G, Wang R, Liu L, Wang J and Zhou  
L. Comparison of shock index-based risk indi-
ces for predicting in-hospital outcomes in pa-

mailto:rajeshnarsoolal@gmail.com
mailto:rajeshnarsoolal@gmail.com


Mortality risk assessment scores comparison for primary PCI

306 Am J Cardiovasc Dis 2022;12(6):298-306

tients with ST-segment elevation myocar- 
dial infarction undergoing percutaneous coro-
nary intervention. J Int Med Res 2021; 49: 
03000605211000506.

[13] Zhou J, Shan PR, Xie QL, Zhou XD, Cai MX, Xu 
TC and Huang WJ. Age shock index and age-
modified shock index are strong predictors of 
outcomes in ST-segment elevation myocardial 
infarction patients undergoing emergency per-
cutaneous coronary intervention. Coron Artery 
Dis 2019; 30: 398-405.

[14] Zhang X, Wang Z, Wang Z, Fang M and Shu Z. 
The prognostic value of shock index for the 
outcomes of acute myocardial infarction pa-
tients: a systematic review and meta-analysis. 
Medicine (Baltimore) 2017; 96: e8014.

[15] Supeł K, Kacprzak M and Zielińska M. Shock 
index and TIMI risk index as valuable prognos-
tic tools in patients with acute coronary syn-
drome complicated by cardiogenic shock. 
PLoS One 2020; 15: e0227374.

[16] Millo L, McKenzie A, De la Paz A, Zhou C, Yeung 
M and Stouffer GA. Usefulness of a novel risk 
score to predict in-hospital mortality in pa-
tients ≥60 years of age with ST elevation myo-
cardial infarction. Am J Cardiol 2021; 154: 1-6.

[17] Çinar T, Hayiroğlu Mİ, Şeker M, Doğan S, Çiçek 
V, Öz A, Uzun M and Lütfullah Orhan A. The pre-
dictive value of age, creatinine, ejection frac-
tion score for in-hospital mortality in patients 
with cardiogenic shock. Coron Artery Dis 2019; 
30: 569-74.

[18] Rodriguez-Ramos MA, Guillermo-Segredo M 
and Arteaga-Guerra D. ACEF score accurately 
predicts ST elevation myocardial infarction’s 
in-hospital mortality and complications in pa-
tients without coronary intervention. J Cardi- 
ovasc Med 2021; 22: 320-2.

[19] Kalaycı A, Oduncu V, Geçmen Ç, Topcu S, 
Karabay CY, İzgi İA and Kırma C. A simple risk 
score in acute ST-elevation myocardial infarc-
tion: modified ACEF (age, creatinine, and ejec-
tion fraction) score. Turk J Med Sci 2016; 46: 
1688-93.

[20] Wykrzykowska JJ, Garg S, Onuma Y, de Vries T, 
Goedhart D, Morel MA, van Es GA, Buszman P, 
Linke A, Ischinger T, Klauss V, Corti R, Eberli F, 
Wijns W, Morice MC, di Mario C, van Geuns RJ, 
Juni P, Windecker S and Serruys PW. Value of 
age, creatinine, and ejection fraction (ACEF 
score) in assessing risk in patients undergoing 
percutaneous coronary interventions in the 
‘all-comers’ leaders trial. Circ Cardiovasc Interv 
2011; 4: 47-56.

[21] Andò G, Morabito G, de Gregorio C, Trio O, 
Saporito F and Oreto G. The ACEF score as pre-
dictor of acute kidney injury in patients under-
going primary percutaneous coronary interven-
tion. Int J Cardiol 2013; 168: 4386-7.

[22] Morrow DA, Antman EM, Giugliano RP, Cairns 
R, Charlesworth A, Murphy SA, de Lemos JA, 
McCabe CH and Braunwald E. A simple risk in-
dex for rapid initial triage of patients with ST-
elevation myocardial infarction: an InTIME II 
substudy. Lancet 2001; 358: 1571-5.

[23] Ilkhanoff L, O’Donnell CJ, Camargo CA, O’Hallo- 
ran TD, Giugliano RP and Lloyd-Jones DM. 
Usefulness of the TIMI risk index in predicting 
short-and long-term mortality in patients with 
acute coronary syndromes. Am J Cardiol 2005; 
96: 773-7.

[24] Bradshaw PJ, Ko DT, Newman AM, Donovan LR 
and Tu JV. Validation of the thrombolysis in 
myocardial infarction (TIMI) risk index for pre-
dicting early mortality in a population-based 
cohort of STEMI and non-STEMI patients. Can J 
Cardiol 2007; 23: 51-6.

[25] McKenzie A, Zhou C, Svendsen C, Anketell R, 
Behroozi A, Jessa D, Piehl C, Rayson R, Yeung 
M and Stouffer GA. Ability of a novel shock in-
dex that incorporates invasive hemodynamics 
to predict mortality in patients with ST-eleva- 
tion myocardial infarction. Catheter Cardiovasc 
Interv 2021; 98: 87-94.

[26] Spyridopoulos I, Noman A, Ahmed JM, Das R, 
Edwards R, Purcell I, Bagnall A, Zaman A and 
Egred M. Shock-index as a novel predictor of 
long-term outcome following primary percuta-
neous coronary intervention. Eur Heart J Acute 
Cardiovasc Care 2015; 4: 270-7.

[27] El-Menyar A, Al Habib KF, Zubaid M, Alsheikh-
Ali AA, Sulaiman K, Almahmeed W, Amin H, 
AlMotarreb A, Ullah A and Suwaidi JA. Utility of 
shock index in 24,636 patients presenting 
with acute coronary syndrome. Eur Heart J 
Acute Cardiovasc Care 2020; 9: 546-56.

[28] Wei Z, Bai J, Dai Q, Wu H, Qiao S, Xu B and 
Wang L. The value of shock index in predic- 
tion of cardiogenic shock developed during  
primary percutaneous coronary intervention. 
BMC Cardiovasc Disord 2018; 18: 188.

[29] Yu T, Tian C, Song J, He D, Sun Z and Sun Z. 
Derivation and validation of shock index as a 
parameter for predicting long-term prognosis 
in patients with acute coronary syndrome. Sci 
Rep 2017; 7: 11929.

[30] Pramudyo M, Marindani V, Achmad C and 
Putra IC. Modified shock index as simple clini-
cal independent predictor of in-hospital mor-
tality in acute coronary syndrome patients: a 
retrospective cohort study. Front Cardiovasc 
Med 2022; 9: 915881.

[31] Yu T, Tian C, Song J, He D, Sun Z and Sun Z. 
Age shock index is superior to shock index and 
modified shock index for predicting long-term 
prognosis in acute myocardial infarction. 
Shock 2017; 48: 545-50.


