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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)
(» <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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hock 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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Shock index and mortality in STEMI

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 x age and AMSI = MSI x 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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| 573 patients was found for study I

3 patients not diagnozed with ACS

Fig. 1. Flow Chart

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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Table 1. Evaluation of the demographic and clinical data of the cases according to their outcomes

Parameters All cases Exitus Surviviors p value
(n =467) (n =76) (n =391)
Age (years) 61.11 +£12.33 66.51 + 12.65 59.90 + 12.48 <0.001
Gender, n (%)
Female 123 (26.3) 21 (17.1) 102 (82.9) 0.780
Male 344 (73.7) 55 (16.0) 289 (84.0)
Hemodynamics
SBP (mmHg) 131.67 = 30.54 111.87 + 28.05 135.76 £ 29.69 <0.001
DBP (mmHg) 73.14 + 15.86 63.49 £ 20.18 76.22 £16.55 <0.001
MAP (mmHg) 95.92 + 24.88 79.61 +21.88 96.03 +19.52 <0.001
Pulse (rate/minutes) 73.98 £17.73 89.70 £ 26.20 80.56 + 18.56 <0.001
Cardiovascular risk factors, n (%)
Hypertension 217 (46.5) 33 (43.5) 241 (61.8) 0.003
Diabetes Mellitus 128 (27.4) 28 (36.8) 100 (25.6) 0.044
Dyslipidemia 60 (12.8) 5(6.6) 55 (14.1) 0.074
Coronary artery disease 159 (34.0) 35 (46.1) 124 (31.7) 0.016
Smoking 183 (39.2) 19 (25.0) 164 (41.9) 0.006
Indexes
SI 0.64+0.19 0.83+£0.28 0.61 +£0.15 <0.001
MSI 0.91 £0.28 1.18+0.41 0.86 £0.22 <0.001
ASI 39.81 +16.24 55.06 +21.77 36.70 £ 13.16 <0.001
AMSI 56.36 +23.40 77.93 + 30.64 51.88 £19.22 < 0.001
STEMI type, n (%)
Anterior 159 (34.0) 26 (34.0) 141 (36.1) 0.003
Inferior 240 (51.4) 42 (65.8) 190 (48.6)
Lateral 30 (6.4) 8 (10.5) 22 (5.6)
Posterior 25(5.4) 0 (0.0) 25 (6.4)
Inferiolateral 13 (2.8) 0 (0.0) 13 (3.3)
Vessel occlusion type, n (%)
Single vessel occlusion 298 (63.8) 56 (73.7) 242 (61.9) 0.003
LAD 104 (22.3) 13 (17.1) 91 (23.3)
RCA 159 (34.0) 40 (52.6) 119 (30.4)
Cx 35(7.5) 3(3.9) 32(8.2)
Multiple vessel occlusion 169 (36.2) 20 (26.3) 149 (38.1)

Data are shown mean =+ standard deviation or n (%). SBP = systolic blood pressure, DBP = diastolic blood pressure, MAP =
mean arterial pressure, SI= shock Index, MSI = modified shock index, ASI = age-shock index, AMSI = age-modified SI, LAD
= left anterior descending, RCA = right coronary artery, Cx = circumplex
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Fig. 2. STEMI ROC analysis results in evaluating the success of SI, MSI, ASI and AMSI in determining mortality.

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-

Table 2. Evaluation of ROC analysis results in evaluating the success of SI, MSI, ASI and AMSI in

determining mortality in cases

Parameters Cut-off Area Under the Sensivity  Specificity  p value %95 CI
Value Curve (AUC) % %
Lower Upper
Bound Bound
SI 0.603 0.766 88 53 <0.001 0.702 0.830
MSI 0.839 0.754 86 51 <0.001 0.691 0.818
ASI 34.88 0.802 84 50 <0.001 0.749 0.855
AMSI 60.18 0.798 72 75 <0.001 0.74 0.851

SI = shock Index, MSI = modified shock index, ASI = age-shock index, AMSI = age-modified SI
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cessful measure for anticipation of the possible con-
sequences. Later, Reinstadler et al. [5], Hemradj ef 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 ef 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 ef 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 ef 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 AST 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.

Authors’ Contribution

Study Conception: GY, ESB, AC; Study Design:
GY, ESB, AC; Supervision: GY, ESB, AC; Funding:
N/A; Materials: N/A; Data Collection and/or Process-
ing: GY, ESB, AC; Statistical Analysis and/or Data In-
terpretation: GY, ESB, AC; Literature Review: GY,
AC; Manuscript Preparation: GY, AC and Critical Re-
view: ESB.

Conflict of interest
The author disclosed no conflict of interest during
the preparation or publication of this manuscript.

837



Eur Res J 2023;9(5):831-839

Shock index and mortality in STEMI

Financing
The author disclosed that they did not receive any
grant during conduction or writing of this study.

Acknowledgment

We are grateful to the clinic staff of the cardiology
and emergency departments of our hospital for their
contributions to the study.

Ethical Considerations

Ethics committee approval was obtained from the
university hospital ethics committee (Ethics commit-
tee dated 21.04.2022 and decision number GOEK-
198). Due to the retrospective nature of the study,
voluntary consent from patients or their legal heirs to
participate in the study was waived. The entire study
was performed in accordance with the Declaration of
Helsinki.

REFERENCES

1. Allgéwer M, Burri C. ["Shock index"]. Dtsch Med Wochenschr
1967;92:1947-50. [Article in German]

2. Cakir E, Bindal A, Yilmaz P, Mutlu N, Dogu C, Turan I. [Util-
ity of shock indexes in predicting early results of septic shock
patients in intensive care unit]. Acibadem Univ Saglik Bilim Derg
2021;12:234-9. [Article in Turkish]

3. Koch E, Lovett S, Nghiem T, Riggs RA, Rech MA. Shock
index in the emergency department: utility and limitations. Open
Access Emerg Med 2019;11:179-99.

4. Zhang X, Wang Z, Wang Z, Fang M, Shu Z. The prognostic
value of shock index for the outcomes of acute myocardial in-
farction patients: a systematic review and meta-analysis. Medi-
cine (Baltimore) 2017;96:e8014.

5. Reinstadler SJ, Fuernau G, Eitel C, de Waha S, Desch S, Met-
zler B, et al. Shock index as a predictor of myocardial damage
and clinical outcome in ST-elevation myocardial infarction. Circ
J2016;80:924-30.

6. Yu T, Tian C, Song J, He D, Sun Z, 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.

7. Chunawala ZS, Hall ME, Arora S, Dai X, Menon V, Smith SC,
et al. Prognostic value of shock index in patients admitted with
non-ST-segment elevation myocardial infarction: the ARIC study
community surveillance. Eur Heart J Acute Cardiovasc Care
2021;10:869-77.

8. Abe N, Miura T, Miyashita Y, Hashizume N, Ebisawa S, Mo-
toki H, et al. Long-term prognostic implications of the admission
shock index in patients with acute myocardial infarction who re-
ceived percutaneous coronary intervention. Angiology
2017;68:339-45.

9. Abreu G, Azevedo P, Galvao Braga C, Vieira C, Alvares
Pereira M, Martins J, et al. Modified shock index: a bedside clin-
ical index for risk assessment of ST-segment elevation myocar-
dial infarction at presentation. Rev Port Cardiol (Engl Ed)
2018;37:481-8.

10. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci
C, Bueno H, et al; ESC Scientific Document Group. 2017 ESC
Guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation: The Task Force
for the management of acute myocardial infarction in patients
presenting with ST-segment elevation of the European Society
of Cardiology (ESC). Eur Heart J 2018;39:119-77.

11. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA,
Cercek B, et al. 2015 ACC/AHA/SCAI Focused Update on Pri-
mary Percutaneous Coronary Intervention for Patients With ST-
Elevation Myocardial Infarction: An Update of the 2011
ACCF/AHA/SCAI Guideline for Percutaneous Coronary Inter-
vention and the 2013 ACCF/AHA Guideline for the Management
of ST-Elevation Myocardial Infarction. ] Am Coll Cardiol
2016;67:1235-50.

12. Al Aseri Z, Al Ageel M, Binkharfi M. The use of the shock
index to predict hemodynamic collapse in hypotensive sepsis pa-
tients: A cross-sectional analysis. Saudi J Anaesth. 2020;14:192-
9.

13. Bilkova D, Motovska Z, Widimsky P, Dvorak J, Lisa L,
Budesinsky T. Shock index: a simple clinical parameter for quick
mortality risk assessment in acute myocardial infarction. Can J
Cardiol 2011;27:739-42.

14. Hemradj VV, Ottervanger JP, de Boer MJ, Suryapranata H;
Zwolle Myocardial Infarction Study Group. Shock index more
sensitive than cardiogenic shock in ST-elevation myocardial in-
farction treated by primary percutaneous coronary intervention.
Circ J 2017;81:199-205.

15. Zhou J, Shan PR, Xie QL, Zhou XD, Cai MX, Xu TC, et al.
Age shock index and age-modified shock index are strong pre-
dictors of outcomes in ST-segment elevation myocardial infarc-
tion patients undergoing emergency percutaneous coronary
intervention. Coron Artery Dis 2019;30:398-405.

16. Kobayashi A, Misumida N, Luger D, Kanei Y. Shock Index
as a predictor for In-hospital mortality in patients with non-ST-
segment elevation myocardial infarction. Cardiovasc Revasc
Med 2016;17:225-8.

17. Schmitz T, Harmel E, Linseisen J, Kirchberger I, Heier M,
Peters A, et al. Shock index and modified shock index are pre-
dictors of long-term mortality not only in STEMI but also in
NSTEMI patients. Ann Med 2022;54:900-8.

18. Chiang CY, Lin CF, Liu PH, Chen FC, Chiu IM, Cheng FJ.
Clinical validation of the shock index, modified shock index,
delta shock index, and shock index-C for emergency department
ST-segment elevation myocardial infarction. J Clin Med
2022;11:5839.

19. Shangguan Q, Xu JS, Su H, Li JX, Wang WY, Hong K, et al.
Modified shock index is a predictor for 7-day outcomes in pa-
tients with STEMI. Am J Emerg Med 2015;33:1072-5.

20. Soiza RL, Leslie SJ, Harrild K, Peden NR, Hargreaves AD.
Age-dependent differences in presentation, risk factor profile,
and outcome of suspected acute coronary syndrome. J Am Geriatr

838

The European Research Journal «Volume 9 +Issue 5 « September 2023



Eur Res J 2023;9(5):831-839 Yurtsever et al

Soc 2005;53:1961-5. coronary syndrome undergoing urgent/emergency cardiac sur-
21. Crudeli E, Lazzeri C, Stefano P, Chiostri M, Blanzola C, gery. Heart Lung Circ 2015;24:845-53.
Rossi A, et al. Age as a prognostic factor in patients with acute

This is an open access article distributed under the terms of Creative Common
@ @ @ Attribution-NonCommercial-NoDerivatives 4.0 International License.
BY NC ND

The European Research Journal « Volume 9 < Issue 5 « September 2023 839



https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

