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Abstract

Background: Prompt identification of higher-risk patients presenting
with ST-segment elevation myocardial infarction (STEMI) is crucial to
pursue a more aggressive approach.

Objective: To evaluate the Modified Shock Index (MSI), as a predictor
of in-hospital outcome among patients with STEMI.

Methods: This cross sectional observational study was carried out in the
Department of Cardiology, National Heart Foundation Hospital and
Research Institute, Mirpur, Dhaka from January 2020 to December 2020.
A total of 100 patients were selected with acute STEMI admitted in the
department of Cardiology, NHFH&RI, within the study period, who
fulfilled the inclusion and exclusion criteria.

Results: The mean age 55.6+10.2 years in Group | and 56.1+12.0 years in
Group Il. Male patients were predominant in both the groups. Regarding
MSI 40(40.0%) patients had high admission MSI (>0.91) and 60(60.0%)
patients had normal admission MSI (<0.91). Regarding risk factors,
hypertension, diabetes mellitus, smoking, dyslipidemia and family H/O
CAD were not statistically significant (p>0.05) between the two groups.
There was a significant (p<0.05) difference observed for NT-pro-BNP
which was higher in group I than group Il (77.5% vs 40.0%), but other
investigations were not statistically significant (p>0.05) between the two
groups. LVEF was found lower in Group | than group 11 (38.0+4.7 percent
vs 42.6+5.2 percent), which was statistically significant (p<0.05) between
the two groups. Regarding ECG findings 72.5% of patients were found
with anterior Ml in group | and 33.3% in group II, which was statistically
significant (p<0.05) between the two groups. During the period of
hospitalization patients in group | developed heart failure more than group
Il patients (67.5% vs 26.7%, p value=0.001). Development of cardiogenic
shock was also significant in group | patients compared to group Il patients
(57.5% vs 1.7%, p value=0.001). Although the mortality rate was higher in
group | patients, it was not significant between the two groups.

Conclusion: Heart failure and cardiogenic shock were significantly higher
in MSI > 0.91 group in comparison to MSI < 0.91 group. MSI was shown
to be a valuable bedside tool which can rapidly identify high-risk STEMI
patients at presentation.

Keywords: ST-segment elevation myocardial infarction (STEMI);
Modified Shock Index (MSI); ECG findings

Introduction

Cardiovascular diseases (CVDs) account for more than 17 million
deaths globally each year, 80% of which occur in low-income and middle-
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income countries [1]. Coronary artery disease (CAD) is the
predominant manifestation of CVD and was responsible for 7
million deaths worldwide in 2010 [2]. The prevalence of CAD
in Bangladesh was first reported in 1976, which was 0.33%
(Malik, 1976). More recent data indicate CAD prevalence to
be 3.4% in rural [3] and 19.6% in an urban sample of working
professionals in Bangladesh [4-6]. ACS is a major cause of
mortality in developing countries and is responsible for a
large number of hospitalizations annually [7]. ACS refers to
a spectrum of conditions compatible with acute myocardial
ischemia and/or infarction that are usually due to an abrupt
reduction in coronary blood flow [8]. This includes acute
STEMI and NSTE-ACS comprising of NSTEMI and UA.
ST-segment elevation myocardial infarction (STEMI) results
from a disruption of a vulnerable coronary atherosclerotic
plague complicated by intraluminal thrombus formation,
embolization and variable degrees of coronary obstruction.
Patients with total or near-total occlusion may present with
acute ST-segment elevation Myocardial Infarction (STEMI)
requiring emergency reperfusion therapy [9]. Effective and
timely reperfusion of the infarct-related coronary artery is
central to optimal treatment for both STEMI and NSTE-
ACS and as expeditiously and efficiently achieved by the
PCI [10]. Primary PCI is the preferred reperfusion strategy
in cases of STEMI [11]. Furthermore, rescue PCI and early
routine post-thrombolysis angiography with subsequent PCI
has shown to reduce the rates of re-infarction and recurrent
ischemia, in comparison to a more conservative strategy [12].
Though fibrinolysis and primary PCI are the two options for
the patients presenting with STEMI, real-life data confirm
that primary PCI is performed faster and results in lower
mortality if performed in high-volume PCI centers [13].
Randomized clinical trials in high volume, experienced
centers have repeatedly shown that, if the delay to treatment
is similar, primary PCI is superior to fibrinolysis in reducing
mortality, reinfarction, or stroke [14-17]. Nevertheless,
in some circumstances, primary PCIl is not an immediate
option and fibrinolysis could be initiated expeditiously. If the
reperfusion strategy is fibrinolysis, the goal is to inject the
bolus of fibrinolytic within 10 minutes from STEMI diagnosis
[18]. Fibrinolytic therapy is an important reperfusion strategy
in settings where primary PCI cannot be offered on time and
prevents 30 early deaths per 1,000 patients treated within 6
hours after symptom onset Fibrinolytic Therapy Trialist’s
(FTT) Collaborative Group, 1994 [19]. The largest absolute
benefit is seen among patients at the highest risk, including
the elderly, and when treatment is offered < 2 h after symptom
onset [20, 21]. Fibrinolytic therapy is recommended within 12
hours of symptom onset if primary PCI cannot be performed
within 120-minutes from STEMI diagnosis in absence of
contraindications. The later the patient presents (particularly
after 3 hours) [22, 23,18] the more consideration should be
given to transfer for primary PCI because the efficacy and

clinical benefit of fibrinolysis decrease as the time from
symptom onset increases [23]. In a meta-analysis of six
randomized trials (n=6434), pre-hospital fibrinolysis reduced
early mortality by 17% compared with in-hospital fibrinolysis
[24]. Predominantly when administered in the first 2 hours
of symptom onset. These and more recent data support pre-
hospital initiation of fibrinolytic treatment when a reperfusion
strategy is indicated [25-28]. Risk stratification for patients
with STEMI is very important to identify those who deserve
advanced measures. This can be done through the integration
of various patient characteristics into a semi-quantitative score
that can convey an overall estimate of a patient’s prognosis
[29]. At present, several systems of risk stratification such
as TIMI, GRACE, CADILLAC risk score and Euro Heart
risk score are used but the sophisticated calculation usually
makes them inconvenient to operate at the bedside in daily
clinical practice [30-32]. The concept of shock index, defined
as the ratio of heart rate and systolic blood pressure, first
introduced by Allgower and Burri (1967) [33] as a simple
and effective means for gauging the degree of hypovolemia
in a hemorrhagic and infectious shock state. Subsequently,
experimental and clinical studies demonstrated that SI was
inversely related to physiologic parameters, such as cardiac
index, stroke volume, left ventricular stroke volume and mean
arterial pressure [34]. A new index, MSI is created by Liu et
al. (2012) [35] as the HR and MAP. It has been noticed that
Sl uses only SBP, but DBP is also of undeniable importance
when determining patient’s clinical severity. Hence diastolic
blood pressure was incorporated and the MSI was developed
[36]. MSI is an easily reachable index which does not depend
on subjective information, previous patient history or blood
tests. It only depends on measurement of blood pressure and
heart rate on admission, which are less susceptible to fill-in
errors [37]. It has been demonstrated to be a valid prognostic
tool in medical or trauma patients admitted to the emergency
department [35, 38, 39]. Liu et al. (2012) [35] showed that
MSI of >1.3 was associated with an increased probability
of intensive care unit admission or death. In patients with
established Cardiogenic Shock, complete revascularization is
recommended [40]. However, no study or recommendation
has suggested any benefit from such an approach in patients
at risk of developing cardiogenic shock and this may be an
area for future studies. A high MSI denotes a sign of hypo
dynamic circulation, a value of low stroke volume and low
systemic vascular resistance, therefore, the patient may be
compensating and the decompensation is rapid. MSI is a
more important clinical predictor than blood pressure and
heart rate because high MSI indicates a hypo dynamic state
[35]. In these circumstances, MSI can be a valuable tool in
predicting disease severity in the case of ACS patients. There
are very few studies regarding MSI as the predictor of in-
hospital outcome among patients presenting with STEMI in
our country.
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Objectives
General objective

To evaluate the Modified Shock Index (MSI), as a
predictor of in-hospital outcome among patients with STEMI.

Specific objectives

» To calculate the modified shock index of the patients
presenting with STEMI.

« To assess the in-hospital outcomes (cardiogenic shock,
acute left ventricular failure, Arrhythmia and death).

» To compare the in-hospital outcomes of the patients of
two groups which are made based on MSI cut off value.

Materials and Methods

This was a cross sectional observational study. The
patients were selected purposively. A total of 100 patients
were included in this study in two groups. The study was
conducted in the Department of Cardiology, National Heart
Foundation Hospital and Research Institute, Mirpur, Dhaka.
Bangladesh from the period of January, 2020 to December,
2020.

Inclusion criteria

* Newly diagnosed acute STEMI within 12 hours from
symptom onset

» Those who were thrombolysed
Exclusion criteria

« On presentation:

I. Cardiogenic shock

1. Cardiac arrest

I11. Acute heart failure

IV.Significant tachy or brady arrhythmia (VT, VF, SVT,
CHB)

« Previous coronary artery bypass graft (CABG).
» Previous history of myocardial infarction (Ml).
» Pacemaker or internal cardioverter defibrillator.

» Having cardiomyopathy, any valvular heart disease,
congenital heart disease, pericardial diseases.

« Severe co-morbid conditions such as liver disease,
renal disease, thyroid disorder, malignancy.

 Study subjects who were not thrombolysed.
Study procedure

100 of the patients admitted into National Heart Foundation
Hospital & Research Institute, Dhaka, Bangladesh with
acute STEMI fulfilling the inclusion and exclusion criteria

were included in this study. The study subjects were first
assessed by the attending doctors and then were evaluated
by the principal investigator. All demographic data were
recorded in predesigned semi-structured questionnaire and
checklist. Meticulous history was taken regarding symptoms
and a detailed clinical examination was performed upon
admission & throughout the hospitalization period and was
recorded in predesigned semi-structured forms. SBP & DBP
was measured in the Emergency Department by a well-
calibrated sphygmomanometer & >2 readings were taken
with 1 min interval and averaged. 12 lead ECG was obtained
from all patients at admission. Heart rate was obtained at
the same time from the corresponding 12 lead ECG. MAP
was calculated using the formula {(2xDBP)+SBP}/3 [41].
MSI was calculated using the formula Heart rate/MAP
[35]. The cut-off value of MSI was 0.91 based on previous
study results, which showed MSI >0.91 was significant
independent predictor of mortality in STEMI patients. MSI
>0.91 was considered as high MSI and that of <0.91 was
considered as normal MSI (Gouda et al., 2016) [42]. The
patients were divided into two groups based on the MSI.
Dual antiplatelet therapy, statins, R-blockers, Angiotensin
converting enzyme inhibitors and intravenous diuretics were
given as per guidelines if there were no contraindication.
Killip’s classification, chest examination- with emphasis
on detecting pulmonary edema or presence of pulmonary
congestion, Cardiac examinations- with emphasis on
detecting S3 Gallop, murmurs suspecting presence of
mechanical complications. Laboratory investigations:
Cardiac enzymes, CBC, Kidney function, blood sugar,
liver function and coagulation profile in selected patients.
Echocardiography & chest X-ray were performed in the first
48 hours following admission and was recorded. Patients
were admitted to our CCU for at least 48 hours to continue
anti-ischemic treatment. The study subjects were followed
up for in-hospital outcome, from hospital admission till
discharge or death. The in-hospital outcomes were acute left
ventricular failure, cardiogenic shock, arrhythmia (VT, VF,
AF) and death. These variables were assessed and compared
for each group.

Statistical analysis

All the statistical analyses were performed by using SPSS
version 23.0 for windows. The mean values were calculated
for continuous variables. The quantitative variables were
expressed as mean with standard deviation and the qualitative
variables were expressed as frequency (%). Chi-square test
was used to analyze the categorical variables and student t-test
was performed to analyze continuous variables. Multivariate
regression analysis was considered to evaluate the influence
of potential risk factors. Risk measurement was done by
Odds ratio (OR). P-value <0.05 was considered statistically
significant in all cases.
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Results

This cross-sectional observational study was conducted
in the Department of Cardiology, National Heart Foundation
Hospital and Research Institute, Mirpur, Dhaka, over one
year from January 2020 to December 2020 to evaluate the
MSI, as a predictor of in-hospital outcome among patients
with STEMI. A total of 100 patients were selected among the
patients admitted in the department of cardiology, National
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Heart Foundation Hospital and Research Institute with
acute STEMI, within the study period and who fulfilled the
inclusion and exclusion criteria. The main objective of this
study was to evaluate the MSI, as a predictor of in-hospital
outcome among patients with STEMI. MSI on admission was
measured and patients were divided into two groups. Patients
with 'high modified shock index (MSI >0.91) were included
in Group I and those with 'normal modified shock index (MSI
<0.91) were included in Group II.

Table 1: Distribution of the study patients according to age. (N=100)

Group | Group Il
Age (years) (n=40) (n=60) P value
n % n %
<40 yrs. 4 10.0 6 10.0
41-50 yrs. 9 22.5 17 28.3
51-60 yrs. 14 35.0 16 26.7
61-70 yrs. 11 27.5 14 23.3
>70 yrs. 2 5.0 7 11.7
Mean + SD 55.6+10.2 56.1+12.0 0.829
Range (min-max) 35-74 30-85
Table 1 showed group wise age distribution of the patients.
Age distribution of the patients
35.0
35
28.3
30 26.7 27.5 -
225 s
25
20
15 10.0  10.0 11.7
10 5.0
5
0
<40 Yrs 41-50 Yrs 51-60 Yrs 61-70 Yrs >70 Yrs
Group-1 (n=40) ®Group-Il (n=60)
Figure 1: Bar chart showed group wise age of the patients. (N=100)
Table 2: Distribution of the study patients according to gender. (N=100)
Group | Group Il P value
Gender (n=40) (n=60)
n % n %
Male 36 90.0 49 81.7 0.252
Female 4 10.0 11 18.3

Table 2 showed male patients were predominant in both the groups. But gender distribution was similar between the groups (N=100).
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Sex distribution of the patients
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Group | (n=40) Group Il (n=60)

Figure 2: Bar chart showed group wise sex distribution of the patients. (N=100)

MSI Distribution

40%

20.91 (GroupI)

’ 8<0.91 (Group 1)

Figure 3: Pie chart showed MSI of the patients (N=100)

Table 3: Distribution of the study patients according to body mass index. (N=100)

Group | Group Il
BMI (kg/m?) (n=40) (n=60) P value
n % n %
18.5-24.9 (Normal) 29 72.5 37 61.7
25.0-29.0 (Overweight) 11 275 22 36.7
230 (Obese) 0 0.0 1 1.7
Mean = SD 23.9+2.4 24.3+2.6 0.439
Range (min-max) 19.1-29.4 18.6-31.3

Table 3 showed mean BMI was found 23.9+2.4 kg/m2 in group | and 24.3+2.6 kg/m2 in group 11. The difference was not statistically significant
(p >0.05) between two groups.
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Group | Group Il
n=40 n=60
Clinical profile ( ) ( ) P value
Mean +SD Mean +SD
Duration of chest pain (hours) 6.5+3.6 5.7+2.6 0.200
Heart rate (beats/ min) 97.8+15.6 71.9+13.0 0.001
Systolic blood pressure (mmHg) 113.5+17.5 131.3+19.6 0.001
Diastolic blood pressure (mmHg) 72.5+£10.0 83.3+11.1 0.001
Mean arterial pressure (mmHg) 86.8+12.3 99.3+13.3 0.001

Table 4 showed patients in group | were hemodynamically more unstable than those in group Il as evidenced by increased mean heart rate
(97.8+£15.6 vs 71.9+13.0 beats/ min, p=0.001), decreased systolic blood pressure (113.5+17.5 vs 131.3+19.6 mmHg, p=0.001), decreased
diastolic blood pressure (72.5+10.0 vs 83.3+11.1 mmHg, p=0.001) and decreased mean arterial pressure (86.8+12.3 vs 99.3+13.3 mmHg,

p=0.001).

Table 5: Distribution of the study patients according to risk factors. (N=100)

Group | Group Il
Risk factors (n=40) (n=60) P value
n % n %
Hypertension 24 60.0 45 75.0 0.112
Diabetes mellitus 19 47.5 20 33.3 0.155
Smoking 14 35.0 19 31.7 0.728
Dyslipidemia 5 12.5 3 5.0 0.164
Family H/O CAD 5 125 13 21.7 0.242

Table 5 showed out of 100 patients, hypertensive, diabetes mellitus, smoking, dyslipidemia and family H/O CAD were not statistically
significant (p>0.05) between the two groups.

80
70

60 60

50
40
30
20
10

Figure 4: Line chart showed group wise patients according to risk factors. (N=100)
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Table 6: Distribution of the study patients according to pulmonary crackles on auscultation. (N=100)

Pulmonary crackles on Group | Group Il b value
auscultation (n=40) (n=60)
n % n %
Yes 25 62.5 14 23.3
No 15 375 46 76.7 0.001

Table 6 showed the number of patients with pulmonary crackles on auscultation were higher in group | than group Il (62.5% vs 23.3%,
p=0.001), which was statistically significant.

Table 7: Distribution of the study patients according to investigations. (N=100)

Group | Group Il
Investigations (n=40) (n=60) P value
Mean +SD Mean +SD
Random blood glucose (mmol/L) 10.7+4.8 9.2+3.1 0.060
HbAlc (%) 7.3¥1.9 6.8+1.3 0.121
Hs- cTnl (ng/ml) 74.2+23.0 71.3+£28.2 0.590
S. creatinine (mg/dl) 1.36+0.43 1.25+0.29 0.130
NT-pro-BNP (pg/ml) n % n %
<450 9 225 36 60.0 0.001
2450 31 77.5 24 40.0 ’

Table 7 showed distribution of patients according to biochemical parameters. There was a significant (p<0.05) difference observed for NT-pro-
BNP which was higher in group I than group 11 (77.5% vs 40.0%), but other investigations were not statistically significant (p>0.05) between
the two groups.

Table 8: Distribution of the study patients according to LVEF. (N=100)

Group | Group Il
LVEF (%) (n=40) (n=60) P value
n % n %
<40 29 72.5 19 31.7
>40 11 27.5 41 68.3
Mean = SD 38.0+4.7 42.6%5.2 0.001
Range (min-max) 30-48 30-54

Table 8 showed LVEF was found higher in group Il patients compared to group | (42.6£5.2 percent vs 38.0+4.7 percent), which was statistically
significant (p<0.05) between the two groups.

Table 9: Distribution of the study patients according to pulmonary congestion on CXR. (N=100)
Group | Group Il

Pulmonary congestion on CXR (n=40) (n=60) P value
n % n %
Yes 25 62.5 12 20.0
0.001
No 15 375 48 80.0

Table 9 showed distribution of patients according to pulmonary congestion by groups. There was statistically significant (p<0.05) difference
observed for pulmonary congestion which was higher in group | than group Il (62.5% vs 20.0%, p=0.001).

Table 10: Distribution of the study patients according to ECG characteristics. (N=100)

Group | Group Il
ECG characteristics (n=40) (n=60) P value
n % n %
Anterior 29 72.5 20 333
Anterior+ Inferior 0 0.0 1 1.7 0.001
Inferior 11 27.5 39 65.0

Table 10 showed 72.5% of patients were found with anterior MI in group | and 33.3% in group Il, which was statistically significant (p<0.05)
between the two groups.

Citation: Md. Asifudduza, Nazir Ahmed, Md. Owashak Faysal, Rahatul Quadir, Sharmin Ali, Md. Rakibul Hasan, Nurul Islam, Sharmeen Sultana.
Modified Shock Index to Predict In-Hospital Outcome among Patients Presenting with ST-Segment Elevation Myocardial
Infarction. Cardiology and Cardiovascular Medicine. 7 (2023): 229-240.



Volume 7 ¢ Issue 4 236
Md. Asifudduza, et al., Cardiol Cardiovasc Med 2023
DOI:10.26502/fccm.92920333

fortune

Journals

Table 11: Distribution of the study patients according to in-hospital outcome. (N=100)

In-hospital outcome Group | Group Il
(n=40) (n=60) P value
n % n %
Arrhythmias (VT, VF, AF) 9 225 7 11.7 0.148
Heart failure 27 67.5 16 26.7 0.001
Cardiogenic shock 23 57.5 1 17 0.001
Death 5 12,5 2 33 0.088

Table 11 showed during hospital admission patients in group | developed heart failure more than group Il patients (67.5% vs 26.7%,
p value=0.001). Development of cardiogenic shock was also significant in group | patients compared to group Il patients (57.5% vs 1.7%,
p value=0.001). Although the mortality rate was higher in group | patients, it was not significant between the two groups.

Table 12: Multivariate logistic regression analysis for in-hospital outcome in STEMI patients. (N=100)

Variables cs:f%irfiseiito(r;i) Od‘zéRR)""”o 95% ClI for OR P value
Heart rate (>100 beats/ min) 1.299 3.667 0.526-25.549 0.190
Pulmonary crackles on auscultation 20.357 6.932 0.016-96.310 0.997
Pulmonary congestion 20.084 5.278 0.099-97.418 0.997
Modified shock index (20.91) 2.005 7.429 2.905-18.997 0.001

Table 12 showed Multivariate logistic regression model was constructed with hypertension, heart rate >100 beats/min, pulmonary crackles
on auscultation, pulmonary congestion and modified shock index >0.91 as independent variables and presence of in-hospital outcome as the
dependent variable. Admission modified shock index (=0.91) was found to be significantly associated with in-hospital outcome in acute STEMI

patients (OR=7.429, p value=0.001).

Discussion

This cross-sectional observational study was conducted in
the Department of Cardiology, National Heart Foundation
Hospital and Research Institute, Mirpur, Dhaka, Bangladesh
over one year from January 2020 to December 2020 to
evaluate the Modified Shock Index (MSI), as a predictor of
in-hospital outcome among patients with STEMI. A total of
100 patients admitted in the department of cardiology,
National Heart Foundation Hospital and Research Institute
with acute STEMI, within the study period who fulfilled the
inclusion and exclusion criteria were included in this study.
The main objective of this study was to evaluate the Modified
Shock Index (MSI), as a predictor of in-hospital outcome
among patients with STEMI. Modified Shock Index (MSI) on
admission was measured and patients were divided into two
groups. Patients with 'high modified shock index (MSI >0.91)
were included in Group | and those with 'normal modified
shock index (MSI <0.91) were included in Group Il. In this
study high admission modified shock index (>0.91) had no
significant association with acute STEMI patients in regards
to age. Gouda et al. (2016) [42] reported that the mean age
was found 57.83+11.49 years in MSI >0.91 group and
52.5+9.47 years in MSI <0.91 group. The difference was
statistically significant (p<0.05) between the two groups.
Abreu et al. (2018) [37] reported the mean age was found
61+13 years in MSI <0.93 group and 62+14 years in MSI
>0.93 group. The difference was not statistically significant
(p>0.05) between the two groups. Ali et al. (2019) [43]
reported that the mean age of the patients in the normal MSI
group was 57.42+11.32 years and in raised MSI group was

56.03+12.48 years. In this study, we observed that male
patients were predominant in both groups. But gender
distribution was similar between the groups (p=0.252).
Gouda et al. (2016) [42] reported male patients was found
72.4% in MSI >0.91 group and 77.1% in MSI <0.91 group.
The difference was not statistically significant (p>0.05)
between the two groups. Abreu et al. (2018) [37] observed
16.5% of patients were found female in MSI <0.93 group and
21.9% in MSI >0.93 group. The difference was statistically
significant (p<0.05) between the two groups. Ali et al. (2019)
[43] reported about 58(48.33%) patients were males. The
male to female ratio of the patients was 0.9:1. This study
showed among 100 patients, 40(40.0%) patients had high
admission MSI (>0.91) and 60(60.0%) patients had normal
admission MSI (<0.91). Gouda et al. (2016) [42] observed
120(55.6%) patients were found in the MSI >0.91 group and
96(44.4%) in MSI <0.91 group. The mean MSI was found
1.03+0.45. Abreu et al. (2018) [37] 324(28.0%) patients had
MSI >0.93 and 843(72.0%) patients had MSI <0.93. Ali et al.
(2019) [43] reported mean value MSI of the patients was
1.54+0.52 with minimum and maximum MSI values of 0.8 &
2.5 respectively. This study showed that mean BMI was
found 23.9+2.4 kg/m2 in group | and 24.3+2.6 kg/m2 in
group Il. The difference was not statistically significant (p
>0.05) between the two groups. Abreu et al. (2018) [37]
observed that the mean BMI was found 27+4 kg/m2 in MSI
<0.93 and 2744 kg/m2 in MSI >0.93 group. The difference
was not statistically significant (p>0.05) between the two
groups. This study showed that the clinical profile of patients
in group | were more unstable than those in group Il as
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evidenced by increased mean heart rate (97.8+15.6 vs
71.9+13.0 beats/ min, p=0.001), decreased systolic blood
pressure (113.5+17.5 vs 131.3+19.6 mmHg, p=0.001),
decreased diastolic blood pressure (72.5£10.0 vs 83.3x11.1
mmHg, p=0.001) and decreased mean arterial pressure
(86.8£12.3 vs 99.3+13.3 mmHg, p=0.001). Gouda et al.
(2016) [42] reported in their observation a highly statistically
significant increase in HR (p<0.001), while there was a highly
statistically significant decrease in SBP and DPB (all p<0.001)
in patients with high MSI compared to patients with normal
MSI. Abreu et al. (2018) [37] observed that the mean heart
rate, SBP, DBP and MAP were significantly higher in MSI
<0.93 that MSI >0.93 group. It was observed that, out of 100
patients, hypertension, diabetes mellitus, smoking,
dyslipidemia and family H/O CAD were not statistically
significant (p>0.05) between the two groups. Gouda et al.
(2016) [42] reported there was no statistically significant
increase in cardiac enzymes (p=0.859), DM (p=0.38), HTN
(p=0.51), history of IHD (p=0.65), history of previous PCI
(p=0.27), positive family history of premature CAD (p=0.09),
pre-infarction angina (p=0.19), or sinus rhythm (p=0.45), and
no statistically significant decrease in smoking (p=0.87), or
history of stroke (p=0.78) in patients with high MSI compared
to patients with normal MSI. Abreu et al. (2018) [37] observed
21.6% of patients were found diabetic in MSI <0.93 and
28.4% in MSI >0.93 group, which was statistically significant
(p<0.05) but other risk factors were not statistically significant
(p>0.05) between the two groups. In the current study, it also
revealed that NT-pro-BNP (>450) was found higher in group
| than group Il (77.5% vs 40.0%)patients, which was
statistically significant (p<0.05) but other investigations were
not statistically significant (p>0.05) between two groups.
Abreu et al. (2018) [37] observed the mean NT-pro-BNP was
found 222844515 pg/ml in MSI <0.93 and 2816+4401 pg/ml
in MSI >0.93 group, which was not statistically significant
(p>0.05) between two groups. Regarding Echocardiography,
LVEF (%) was found higher in group Il patients compared to
group | (42.6£5.2 percent vs 38.0+4.7 percent), which was
statistically significant (p<0.05) between the two groups.
Gouda et al. (2016) [42] reported a statistically significant
decrease in EF (p=0.004) in patients with high MSI compared
to patients with normal MSI. Abreu et al. (2018) [37] observed
39.1% of patients was found LVEF <40 percent in MSI <0.93
and 45.9% in MSI >0.93 group, which was statistically
significant (p<0.05) between the two groups. Da Mota et al
(2018) [44] showed on admission, patients with a MSI >1.3
had a lower LVEF (%) (43.95% vs 56.46%, p<0.001) in
comparison to the patients with MSI <1.3. This study also
revealed that 72.5% of patients were found with anterior Ml
in group | and 33.3% in group Il, which was statistically
significant (p<0.05) between the two groups. Abreu et al.
(2018) [37] reported 65.9% of patients was found with
anterior myocardial infarction in MSI <0.93 and 63% in MSI

>0.93 group, which was not statistically significant (p>0.05)

between the two groups. Da Mota et al. (2018) [44] reported
on admission, patients with a MSI >1.3 had more frequently
an anterior M1 (71.9% vs 41.1%, p<0.001). In this study, we
observed that patients in group | developed heart failure more
than group Il patients (67.5% vs 26.7%, p value=0.001)
during hospital admission. The development of cardiogenic
shock was also significant in group | patients compared to
group Il patients (57.5% vs 1.7%, p value=0.001). Although
the mortality rate was higher in group | patients, it was not
significant between the two groups. Gouda et al. (2016) [42]
reported to in-hospital MACE and mortality their study
demonstrated a highly statistically significant increase in HF
(p<0.001), and there was a statistically significant increase in
cardiogenic shock (p =0.019), fatal arrhythmia (p=0.007),
bleeding (p=0.026), arrest (p=0.005), and mortality (p=0.008),
while there was no statistically significant increase in re-
infarction (p=0.37), non-fatal arrhythmia (p=0.43), or stroke
(p=0.2) in patients with high MSI compared to patients with
normal MSI. Studies results show that in patients with a high
MSI, there is an increased probability of ICU admission and
death. MSI is a more important clinical predictor than blood
pressure and heart rate because high MSI indicates a hypo
dynamic state (Liu et al., 2012) [35]. Elevated MSI was
associated with a significant increase in the incidence of
cardiogenic shock, fatal arrhythmia, bleeding, arrest and
mortality. This was associated with a highly significant
increase in the incidence of HF. That was in agreement with
the results of Shangguan et al. (2015) [45], who showed that
with MSI >1.4, there was a highly significant increase of
incidence of 7-day MACE, fatal arrhythmia, and all-cause
mortality, and there was a significant increase in the incidence
of Killip class, but he found no significant increase in the
incidence of cardiogenic shock. Abreu et al. (2015) [46], who
enrolled 1140 consecutive STEMI patients treated by both
types of reperfusion (pharmacological and mechanical)
retrospectively, and with MSI cut off=1.3 showed that with
MSI >1.3 there was a significant increase of incidence of in-
hospital mechanical complications, malignant arrhythmia,
and there was a highly significant increase of incidence of
respiratory tract infections, and all-cause mortality. Abreu et
al. (2018) [37] reported that the proportion of patients with
acute heart failure (36.1% vs. 24.6%; p<0.001) and
cardiogenic shock (6.5% vs. 2.4%; p=0.001) was higher in
patients with MSI >0.93. Ali et al. (2019) [43] observed in-
hospital mortality occurred in 27 cases in which 4 were from
normal MSI and 23 were from raised MSI group. In the
current study, a multivariate logistic regression model was
constructed with hypertension, heart rate >100 beats/min,
pulmonary crackles on auscultation, pulmonary congestion
and modified shock index >0.91 as independent variables and
presence of in-hospital outcome as the dependent variable.
Admission modified shock index (>0.9) was found to be
significantly associated with in-hospital outcome in acute
STEMI patients (OR=7.429, p value=0.001). agreement with
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Shangguan et al. (2015) [45], where multifactor analysis
showed that, in addition to MSI or ASI, age was an
independent factor for the 7-day MACE, with the OR of MSI
was higher than that of age (3.05 vs 1.07). These results
indicated that the poorer outcome in the increased MSI groups
is not because of the older age, as the older patients may have
higher SBP and lower DBP and then had higher MSI. Abreu
etal. (2018) [37] reported that the right ventricular dysfunction
(adjusted odds ratio [OR] 5.0, 95% CI 2.05-12.21; p<0.001)
and left ventricular dysfunction (adjusted OR 4.87,95% ClI
1.12-4.78; p=0.001) were the strongest independent
predictors, although the presence of acute heart failure on
admission (adjusted OR 3.41, 95% CI 1.63-7.16; p<0.001)
and MSI >0.93 (adjusted OR 2.731, 95% CI 1.12-4.78;
p=0.023) provided additional information. Reinstadler et al.
(2016) [47] statistically 5.75 times protective effect of in-
hospital mortality was noted in raised MSI group compared
to normal group patients i.e. RR=5.75 [95% CI; 2.1160 to
15.6252]. Da Mota et al. (2018) [44] reported multivariate
statistical analysis, a MSI >1.3 was a strong independent
predictor of AHF at admission or during hospitalization (OR
3.66, 95% CI 1.7-8.1, p=0.001). Liu et al. (2012) [35]
observed MSI or SI was used instead of heart rate and blood
pressure, MSI>1.3 or <0.7 served as a stronger predictor of
death. In contrast to traditional beliefs, SI of 0.5-0.9 was not
correlated with the mortality rate of emergency department
patients. We aimed to evaluate the relationship of the modified
shock index (MSI) with short term outcome in acute STEMI
patients. After taking into account the potential confounding
effect of various factors, it was found that modified shock
index (MSI) >0.91 can be considered as an independent
predictor of adverse short term outcome in acute STEMI
patients (OR=7.429, p value=0.001). The simple algorithm
also makes its use accessible during the first contact with the
patients. In our study, the MSI was shown to be valuable in
identifying more critical and morbid patients presenting at a
pre-shock stage. By identifying patients with worse prognosis,
this index can enable closer monitoring and increase alertness
for possible complications. In the early management of high-
risk patients with relative hypotension and tachycardia, this
tool can be used not only to assess risk but also to prevent
iatrogenic cardiogenic shock by avoiding certain therapies,
such as beta-blockers or ACE inhibitors.

Conclusion

In our study, a MSI >0.91 was a strong independent
predictor of in hospital outcome among STEMI patients.
Acute left ventricular failure and cardiogenic shock were
significantly more in patients with admission modified shock
index >0.91.

Limitations of the Study

Although the result of this study supported the hypothesis
there were some facts that might have affected the results:
This is a single-centre study and purposive sampling was
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done instead of random sampling. Therefore, the results of the
study may not reflect the exact picture of the country. Lack
of long term follow up. Data regarding medication that might
influence HR and BP before admission were not available
and whether the modified shock index was representative of
this critical stress in these patients deserved further study.

Recommendations

Admission modified shock index can be assessed in all
patients with acute STEMI. Patients with a modified shock
index of >0.91 should be paid more attention and early
intervention should be planned in this group of patients. It can
also be used to prevent cardiogenic shock by avoiding some
therapies in the early management of high-risk patients with
relative hypotension and tachycardia. Further prospective
study with a larger sample and longer follow up period is
recommended.

Ethical Issue

The study was approved by the Ethics Review Committee
of National Heart Foundation Hospital & Research Institute,
Dhaka, Bangladesh.
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