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ABSTRACT 
Objectives: Shock index (SI) and its derivatives play a crucial role in rapid prognosis and risk assessment, 
particularly in emergent scenarios like ST-segment elevation myocardial infarction (STEMI).  
Methods: This study was conducted as single-centered and retrospective. A total of 467 cases who met the 
study criteria with a confirmed STEMI diagnosis were included. SI, modified SI (MSI), age SI (ASI), and age-
modified SI (AMSI) scores of the cases were calculated and compared. In this study, p < 0.05 was accepted as 
the statistical significance level. 
Results: Calculated scores were compared among cases meeting STEMI criteria. Mortal cases displayed sig-
nificantly higher SI, MSI, ASI, and AMSI, as well as elevated heart rates and lowered SBP, DBP, and MAP 
values. ASI exhibited the highest predictive success for mortality (AUC: 0.802), followed by AMSI (AUC: 
0.798). AMSI demonstrated superior significance in estimating major adverse cardiovascular events (MACE) 
(p < 0.001 for each parameter). 
Conclusions: ASI proved most effective in gauging mortality risk, while AMSI excelled in predicting MACE 
risk among SI derivatives. These indices hold promise for guiding patient triage and emergency care in STEMI 
cases, owing to their simplicity and predictive capacity. 
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Shock index (SI) was defined as heart rate divided 
by systolic blood pressure to assess the hemody-

namic stabilization of patients and was first described 
in 1967 [1]. Over time, to evaluate hemodynamic in-
stability, shock index derivatives have been developed 
by modifying the shock index. Among these modifi-
cations, modified SI (MSI), which uses mean arterial 
pressure instead of systolic blood pressure, and age SI 

(ASI) are some of the modified indices in the literature 
[2].  
      It has been investigated whether it is a useful tool 
for early risk assessment of underlying diseases in pa-
tients, especially in the emergency department [3]. 
Those critical diseases include traumatic injuries, sep-
sis, pulmonary embolism, cardiovascular diseases, and 
ectopic pregnancy [4-7].  
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      Studies are showing that SI is a successful measure 
in estimating medium and long-term mortality in ST-
segment elevation myocardial infarction (STEMI), 
which is one of the common cardiovascular emergen-
cies with a high risk of mortality and morbidity, that 
requires urgent intervention [5, 8, 9]. However, there 
are few or no studies in the literature investigating 
whether MSI, ASI, and other SI indices are more suc-
cessful in determining the risk of mortality in STEMI 
cases.  
      In our study, we aimed to investigate the success 
of SI, MSI, ASI, and age-modified SI (AMSI) in as-
sessing mortality in patients who presented to the 
emergency department with STEMI. 
 
 
METHODS 
 
This study was conducted retrospectively between 
January 1, 2019, and January 1, 2021. A total of 467 
STEMI patients admitted to the emergency department 
of our university hospital were included in the study. 
 
Study Population 
      This study was carried out in a single center, in the 
emergency department of a tertiary education and re-
search hospital, retrospectively. Our hospital is the 
central hospital of the region in terms of PCI and PCI 
is performed 7 days 24 hours. Patients aged 18 years 
and older with STEMI who applied to the emergency 
department between January 1, 2019, and January 1, 
2021 were included in the study. Among those, preg-
nant patients (1), patients not diagnosed with ACS 
after PCI (23), patients diagnosed with ACS other than 
STEMI (18), patients presenting tachyarrhythmia (31), 
patients with primary kidney or blood disease (11), pa-
tients with advanced liver (4), kidney (7) or heart fail-
ure (13) were excluded from the study. (Fig. 1. Flow 
Chart). Patients with unknown or undefined medical 
histories were also excluded from the study. Patients 
with unstable vital signs at the time of admission were 
not included in the study either. 
 
Data collection 
      Electrocardiography (ECG) measurements were 
taken at the time of application from patients who 
were diagnosed with STEMI and accepted to partici-

pate in the study. Patients with chest pain lasting 
longer than 30 minutes or equivalent symptoms, pa-
tients with ST-segment elevation in at least two adja-
cent ECG leads (at least 0.2 mV in V2 and V3 in men 
or at least 0.15 mV in women; at least 0.1 mV) in all 
leads except V2 and V3) or patients with new-onset 
left bundle branch block were diagnosed with STEMI 
regarding current guidelines [10, 11]. The STEMI sta-
tus of each patient included in the study was evaluated 
by a cardiologist. 
      Percutaneous coronary intervention (PCI), the 
golden standard treatment, was performed in all pa-
tients with STEMI. The number of vascular lesions of 
the patients (lesions of two vessels and above were de-
fined as multi-vessel) was recorded by the cardiologist 
after the procedure. 
      Demographic data (age, gender, cardiovascular 
risk factors, chronic disease history), measured vital 
signs (systolic blood pressure (SBP), diastolic blood 
pressure (DBP), mean arterial pressure (MAP), and 
pulse rate) and ECG findings of all patients included 
in the study were recorded. In addition to these, fatal 
arrhythmia status requiring intervention (ventricular 
tachycardia (VT) and ventricular fibrillation (VF)), 
heart failure development according to Killip criteria, 
mortality. and cardiogenic shock states were named as 
major adverse cardiovascular event (MACE) and were 
recorded. 
 
Data Definition and Calculation 
      Mean blood pressure (MAP) was calculated as 
[(2x DBP) + SBP]/3.  
      SI, MSI, ASI, and AMSI were calculated using the 
following formulas: 
      SI = Heart rate/ SBP; MSI = Heart rate/ MAP; ASI 
= SI × age and AMSI = MSI × age.  
 
Statistical Analysis  
      Statistical analysis was performed using SPSS 
23.0 for Windows® statistical program (IBM Inc. 
Chicago, IL, USA). Number, percentage, mean, stan-
dard deviation were used in the presentation of de-
scriptive data. The conformity of the data to the 
normal distribution was evaluated with the Kol-
mogorov-Smirnov Test. Pearson chi-square test and 
Fisher's Exact test were used to compare categorical 
data. T Test was used to compare two independent nu-
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meric data, Kruskal Wallis Test and ANOVA test were 
used to compare triple numeric data. ROC curve 
analysis was performed to determine the cut-off val-
ues, AUC, sensitivity, and specificity of SI and its de-
rivatives. Results were considered significant at p < 
0.05, with a 95% confidence interval. 
 
 
RESULTS 
 
Our study was implemented with 467 patients who 
met the inclusion criteria. 26.3% (n = 123) of the cases 
were female, 73.7% (n = 344) were male, and the 
mean age was 61.11 ± 12.33 years in all cases. The 
mean age was 59.31 ± 11.90 years in men and 66.17 
± 12.17 years in women, which was significantly 
higher in women (p < 0.001).  
      Demographic and clinical data of the cases were 
evaluated according to their mortality status. The mean 
age was significantly higher in cases with mortality (p 
< 0.001). In cases with mortality, SBP, DBP, and MAP 
were significantly lower (p < 0.001 for all) whereas 
heart rate was significantly higher than the surviving 
cases (p < 0.001). Again, while the history of DM and 
CAD was significantly higher in cases with mortality, 
(p = 0.044, p = 0.016 respectively); HT and smoking 
were significantly lower (p = 0.003, p = 0.006; respec-
tively). In cases with mortality, SI, MSI, ASI, and 

AMSI were significantly higher compared to surviv-
ing cases (p < 0.001 for all). It was observed that the 
inferior STEMI type was significantly higher in pa-
tients with mortality compared to those who survived. 
There was no mortality due to posterior and inferolat-
eral STEMI. In cases with mortality, single-vessel oc-
clusion was significantly higher; in addition, RCA 
occlusion in a single vessel was found to be signifi-
cantly higher as well. (p = 0.003) (Table 1).  
      ROC analysis was performed to evaluate the suc-
cess of the SI, MSI, ASI, and AMSI in predicting mor-
tality of the cases (Fig. 2). According to the analysis, 
the most successful index in predicting mortality was 
ASI (AUC: 0.802 [95% CI: 0.749-0.855]), followed 
by AMSI (AUC: 0.798 [95% CI: 0.744-0.851]). AUC 
and cut-off values of other indices are given in Table 2.  
      Demographic and clinical data of the cases were 
analyzed according to the cut-off values obtained from 
the ROC analysis. It was calculated as 0.603 for SI (SI 
< 0.603; SI ≥ 0.603); 0.839 for MSI (MSI < 0.839; 
MSI ≥ 0.839); 34.88 for ASI (ASI < 34.88; ASI ≥ 
34.88) and 60.18 for AMSI (AMSI < 60.18; AMSI ≥ 
60.18) and the data were compared again according to 
the cut-off value. AMSI was found to be the most suc-
cessful index to predict MACE (p < 0.001 for each pa-
rameter of MACE). The relations of the other 
demographic and clinical data of the cases according 
to the cut-off values of the indexes are given in Table 3. 
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DISCUSSION 
 
According to the results of our study, for patients with 
STEMI diagnosis who underwent PCI in the emer-
gency department, AMSI is found to be more accurate 
than SI, MSI, and ASI in estimating the risk of 30-day 
in-hospital MACE, whereas ASI was found to be more 
successful than SI, MSI, and AMSI in determining in-
hospital mortality.  

      The SI was originally introduced to assess hemo-
dynamic stability and then continued to be used as an 
early shock risk index in cases of trauma, bleeding, 
sepsis, and cardiogenic shock (pulmonary embolism, 
etc.) [12]. The use of SI in patients with acute coronary 
syndrome is not new either. Bilkova et al. [13], in 
2011, measured the success of SI in the evaluation of 
in-hospital mortality, and short and long-term MACE 
in STEMI cases and reported that high SI was a suc-
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!

Fig. 2. STEMI ROC analysis results in evaluating the success of SI, MSI, ASI and AMSI in determining mortality.
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cessful measure for anticipation of the possible con-
sequences. Later, Reinstadler et al. [5], Hemradj et al. 
[14], and Zhou et al. [15] reported in their studies that 
high SI in STEMI cases was significantly associated 
with determining short- and long-term MACE. Again, 
Abe et al. [8], Kobayashi et al. [16] and Yu et al. [6] 
stated that high SI showed significant results in detect-
ing the risk for in-hospital mortality, and short and 
long-term MACE development in patients with acute 
coronary syndrome.  
      In the literature, in addition to SI, modified types 
of this index have also been used to predict mortality. 
Abreu et al. [9] used MSI in their STEMI study and 
reported that high MSI was an independent predictor 
for six-month mortality and fatal arrhythmia. Schmitz 
et al. [17] compared the predictive values of SI and 
MSI regarding long-term MACE development in both 
STEMI and non-STEMI cases and reported that MSI 
was found to be more valuable than SI. Chiang et al. 
[18] found that MSI revealed a better predictive value 
than SI for mortality acute myocardial infarction 
(AMI) cases. Shangguan et al. [19] reported that MSI 
was more accurate than SI in predicting all-cause 7-
day mortality in 160 cases of STEMI who underwent 
emergency PCI. When the results of our study were 
compared with the results of the studies by Schmitz et 
al. [17], Chiang et al. [18], and Shangguan et al. [19], 
we observed that high SI had better predictive power 
than MSI on the mortality of STEMI cases. One pos-
sible explanation for this might be since the mean age 
and admission times of the patients included in the 
study were not standardized, SBP and MAP measure-
ments differentiated.  
      Age is one of the independent risk factors in pa-
tients with acute coronary syndrome [20, 21]. There-
fore, age is integrated into many risk scoring systems, 
and the effect of age is frequently investigated. For this 
reason, we expected that ASI and AMSI, which were 
obtained by integrating age into SI and MSI, would 
provide better results in predicting mortality and 
MACE development in STEMI cases. In our results, 
we found that while ASI was more accurate in predict-
ing mortality; AMSI provided better risk estimation in 
determining MACE. Yu et al. [6] reported that ASI 
was superior to SI and MSI in estimating all-cause 
mortality in patients that underwent PCI. In the study 

of Zhou et al. [15]; AMSI was stated to be an inde-
pendent predictor of MACE development in STEMI 
cases. Correlatively, we observed that ASI and AMSI, 
which were designed by the addition of age to SI and 
MSI, are more significant than SI and MSI in estimat-
ing mortality and MACE. 
 
Limitations  
      Our study has several limitations. One of these 
limitations is that our study is retrospective. However, 
both the hospital automation system and patient files 
were examined in detail to avoid missing data on the 
patients included in the study, and patient data were 
tried to be collected completely. Another limitation is 
that the medical history of the patients was obtained 
according to the statements of the patients and their 
relatives. Although we think that there may be errors 
arising from those statements in this regard, we do not 
think that this situation will affect our study results. 
 
 
CONCLUSION 
 
In determining the risk of mortality and MACE devel-
opment in STEMI cases, ASI demonstrated better pre-
dictive power on mortality; whereas AMSI was found 
to be the most successful index in determining the risk 
of MACE. It could be concluded that these indexes 
can be used both in determining the appropriate health 
center for the patient and in emergency departments 
due to their easy applicability and their ability to pre-
dict mortality and MACE in STEMI cases.  
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