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Modified Shock Index as a Predictor of In-Hospital
Outcome in Cases of ST-Segment Elevation Myocardial
Infarction Treated with Primary Percutaneous Coronary
Intervention
Introduction
In spite of great advances in diagnosis and management, ST
segment elevation myocardial infarction (STEMI), it remains a
major public health problem in the industrialized world and is
on the rise in developing countries [1,2]. Primary percutaneous
coronary intervention (PPCI) is now classified as class I indication
in STEMI in the guidelines of the European Society of Cardiology
(ESC) [3]. Risk stratification for patients with STEMI is very
important to identify those patients who deserve advanced
measures. This is done through integration of various patient
characteristics into a semi-quantitative score that can convey
an overall estimate of a patient’s prognosis [4]. At present,
several systems of risk stratification such as Thrombolysis in
Myocardial Infarction (TIMI), Global Register Acute Coronary
Events (GRACE), CADILLAC risk score, and EuroHeart risk score
are used, but the sophisticated calculation usually makes them
inconvenient to operate at bedside in daily clinical practice [58]. The concept of shock index, defined as the ratio of heart rate
and systolic blood pressure, first introduced by Allgower et al,
in 1967 as a simple and effective means for gauging the degree
of hypovolemia in hemorrhagic and infectious shock states [9].
Subsequently, experimental and clinical studies demonstrated
that SI was inversely related to physiologic parameters, such as
cardiac index, stroke volume, left ventricular stroke work, and
mean arterial pressure [10].
A new index, modified shock index (MSI), is created by Ye-cheng
et al. [16] as the ratio of HR and mean arterial pressure (MAP).
He noticed that SI uses only systolic blood pressure, but diastolic
blood pressure (DBP) is also of undeniable importance when
determining patient’s clinical severity. Hence he incorporated
diastolic blood pressure and developed the modified shock index
(MSI) [16].

Subjects and Methods

This study was carried prospectively and included 216
patients who presented to CCU of Cardiology department, Zagazig
university hospitals with acute STEMI who were treated with
PPCI (from 1/2014 until 8/2016), with A time window for doing
PPCI of 12 hours from onset of maximum chest pain. Extended
time window to 18 hours from onset of maximum chest pain was
used for patients presented with cardiogenic shock. We excluded
the patients who, received fibrinolytic therapy, presented more
than 12 hours from the onset of chest pain except for whom
presented with cardiogenic shock, died at ER or before doing PPCI
and presented by acute hemorrhage, acute hypovolemia, severe
sepsis, severe trauma, or suspicion of pulmonary embolism.
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Patients who met the inclusion criteria were subjected to
thorough history taking, Physical examination with special
emphasis on both Blood pressure and pulse that were measured
accurately in the supine position with >2 readings were taken
with 1 min interval, and averaged. Admission SI was calculated
for every patient that equals (admission HR/ admission SBP).
Modified Admission SI was calculated for every patient that
equals (admission HR/ mean admission BP, here MBP= [(DBPx2)
+SBP]/3). The optimal cut-off values of SI, and MSI were based
on optimizing the sum of sensitivity and specificity by receiver
operating characteristic curve analysis, which predicted inhospital major adverse cardiovascular events.
The patients were divided into 4 groups:

Group A: This included patients with admission shock index < cut
off.
Group B: This included patients with admission shock index > cut
off.
Group C: This included patients with modified admission shock
index < cut off.
Group D: This included patients with modified admission shock
index > cut off.
The TIMI risk score was calculated for each patient using the
variables obtained at admission according to the published criteria
[5]. Killip’s classification, Chest examination: with emphasis on
detecting pulmonary edema or presence of pulmonary congestion,
Cardiac examination: with emphasis on detecting murmurs
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suspecting presence of mechanical complications. 12-lead surface
ECG on first contact with patient then every 6 hours and culprit
artery will be identified. Laboratory investigations: Cardiac
enzymes, CBC –kidney function –blood sugar, Liver function and
coagulation profile in selected patients. Coronary angiography
and PPCI was performed by a 24-hours on-call interventional
team, according to standard clinical practice from published
guidelines. Coronary flow after revascularization, we used the
Thrombolysis in Myocardial Infarction (TIMI) flow classification
(TIMI 0, 1, 2, 3) [21]. Patients then were admitted to our CCU for
at least 48 hours to continue anti-ischemic treatment and where
an ECG was performed immediately after and 90 minutes after the
PPCI to monitor ST segment resolution with chest pain resolution.

The primary endpoint was all-cause mortality during
hospitalization. The secondary endpoint included major adverse
cardiovascular events (MACE) which were composite of mortality,
re-infarction, life-threatening arrhythmias, cardiogenic shock,
stroke, heart failure, bleeding, and recurrent myocardial ischemia.
(Were assessed and compared for each parameter ASA, MSA &
TIMI and according to that we will compare the three parameters
with each other & then we will calculate specificity and sensitivity
for ASA & MSA).

Statistical Analysis

The baseline characteristics presented with mean + SD
or median and interquartile range for continuous variables
were compared by 1-way analysis of variance and Bonferroni
correction if the data were normal distribution, otherwise by
Wilcoxon signed rank test. Categorical variables presented as
percentage were compared by the Pearson chi-square test.
Cumulative survival and MACE curves were constructed with
the Kaplan-Meier method. Log-rank tests were used to compare
the curves of groups. Multivariate Cox proportional hazard
regression models were performed to identify whether there
was an association between SI, MSI and the in-hospital outcomes,
and the models were corrected for age, gender, and other clinical
parameters. The adjusted hazard ratios with their respective
95% conﬁdence intervals (CIs) for each group were calculated.
The discriminatory capacity of SI for predicting in-hospital allcause mortality was assessed using the area under the receiver
operating characteristic curve. All statistical tests were 2-tailed,
and p values were statistically signiﬁcant at <0.05. All statistical
analyses were carried out using the SPSS statistical software,
version 20.0.

Results

The baseline Personal characteristics and risk factors
among all study population are summarized in Table 1. Based
on optimizing the sum of sensitivity and specificity by receiver
operating characteristic curve analysis, the optimal cutoff value
of ASI for predicting in-hospital all-cause mortality & MACE was
0.69, and the sensitivity and specificity were 64.3% and 64.4%,
respectively. With this threshold, 119 patients had normal
admission SI (<0.69) and 97 patients had elevated admission
SI (>0.69). In regard to MSI, the optimal cutoff value of MSI for
predicting in-hospital all-cause mortality& MACE was 0.91, and
the sensitivity and specificity were 80.0% and 56.2%, respectively.

Copyright:
©2016 Gouda et al.

2/8

With this threshold, 96 patients had normal modified admission
SI (<0.91) and 120 patients had elevated modified admission SI
(>0.91).

Admission shock index

According to our study, there was highly statistically significant
increase in age, PTD, HR, MSI, TIMI risk score, and Killip class II-IV
(all p<0.001), statistically significant increase in HTN (p=0.009),
and pre-infarction angina (p=0.02), and highly statistically
significant decrease in SBP and DPB (all p<0.001) in patients
with high ASI compared to patients with normal ASI. There was
no statistically significant increase in cardiac enzymes (p=0.13),
DM (p=0.17), history of IHD (p=0.68), smoking (P=0.75), positive
family history of premature CAD (p=0.63), or history of stroke
(p=0.79), and there was no statistically significant decrease in EF
(p=0.22), weight (p=0.41) ,history of previous procedures PCI or
CABG (p=0.29), or sinus rhythm (p=0.96) in patients with high ASI
compared to patients with normal ASI.
According to in-hospital MACE and mortality our study
demonstrated statistically significant increase in cardiogenic
shock (p=0.002), and fatal arrhythmia (p=0.027), and highly
statistically significant increase in HF (p=0.001), arrest (p<0.001),
and mortality (p<0.001), while there was no statistically
significant increase in re-infarction (p=0.26), bleeding (p=0.27),
or stroke (p=0.11), and no statistically significant decrease in nonfatal arrhythmia (p=0.068) in patients with high ASI compared to
patients with normal ASI (Table 2, Figure 1).

Figure 1: Shows ROC curve for ASI, MSI and TIMIrs among all studied
cases.

Modified admission shock index

According to our study there was highly statistically significant
increase in age, PTD, HR, ASI, and TIMI risk score (all p<0.001)
and statistically significant increase in Killip class II-IV (p=0.014),
while there was highly statistically significant decrease in SBP,
and DPB (all p<0.001) and statistically significant decrease in EF
(p=0.004) in patients with high MSI compared to patients with
normal MSI. 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. According
to in-hospital MACE and mortality our study demonstrated highly
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statistically significant increase in HF (p<0.001), and there was
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
Table 1: Baseline characteristics and risk factors of the study population.
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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 (Table 2, Figure 1).

Variable

All Patients
(n=216)

ASI > 0.69
(n=97)

ASI <0.69
(n=119)

P-value

MSI >0.91
(n=120)

MSI <0.91
(n=96)

P-value

Age (year)

55.46+10.95

58.72+10.60

52.81+10.54

0.00**

57.83+11.49

52.50+9.47

0.00**

5.30+2.98

6.30+2.69

4.49+2.97

0.00**

6.05+2.85

4.39+2.90

0.00**

111.44+32.56

133.53+24.27

0.00**

116.88+31.01

132.03+27.28

0.00**

1188.45+
1586.51

1148.79+
1687.64

Sex

163 (75.5%)

HR (beat/min)

90.9+24.74

106.76+23.94

75.04+17.99

67.99+19.99

PTD (hour)

73 (75.3%)

90 (75.6%)

78.14+16.68

SBP

123.61+30.29

Cardiac enzymes

1170.82+1628.49

1353.58+1825.55

1021.86+1439.06

Smoking

91 (42.1%)

42 (43.3%)

49 (41.2%)

47 (48.5%)

37 (31.1%)

DBP
EF

DM

72 (33.3%)

HTN

History of IHD

Previous
procedure

50.85+11.25

PCI

CABG

84 (38.9%)
55 (25.5%)
22 (10.2%)
2 (0.9%)

49.81+13.10
37 (38.1%)
26 (26.8%)
8 (8.2%)
0 (0.0%)

80.79+13.79
51.71+9.46

35 (29.4%)
29 (24.4%)
14 (11.8%)
2 (1.7%)

Positive family H

35 (16.2%)

17 (17.5%)

18 (15.1%)

Pre-infarction
angina

59 (27.3%)

34 (35.1%)

2 (0.9%)

1 (1.0%)

History of STROKE

Rhythm

AF

Paced

Killip class
Modified SI
ASI

TIMIrs

6 (2.8%)
4 (1.9%)

3 (3.1%)
2 (2.1%)

9 (9.3%)

0.137
0.22

48.88+12.26

0.17

43 (35.8%)

0.75
0.009*
0.68
0.29

35 (36.5%)
23 (24.0%)
9 (9.4%)
2 (2.1%)

1 (0.8%)

1 (1.0%)

108 (90.8%)
4 (3.4%)
0 (0.0%)

0.00**

1.33+0.51

0.79+0.15

0.00**

4.1+2.37

6.15+1.53

2.45+1.46

0.00**

3 (2.5%)
1 (0.8%)

3 (3.1%)
3 (3.1%)

118 (98.3%)

92 (95.8%)

19 (15.8%)

5 (5.2%)

86 (71.7%)
8 (6.7%)
7 (5.8%)
0.93+0.33
5.35+1.99

0.859

0.38

49 (40.8%)

0 (0.0%)

0.00**

29 (30.2%)

41 (42.7%)

13 (10.8%)

0.00**

0.004*

50 (41.7%)

32 (26.7%)

0.62

53.33+9.35

0.96

0.79

1.03+0.45
0.77+0.33

81.93+14.89

1 (0.8%)

2 (1.7%)

7 (5.9%)

9 (4.2%)

69.54+18.41

22 (22.9%)

17 (17.5%)

IV

0.00**

37 (30.8%)

24 (11.1%)

7 (7.2%)

76.11+18.02

0.02*

II

11 (5.1%)

102.90+22.92

25 (21.0%)

3 (2.5%)

116 (97.5%)

III

0.00**

11 (11.5%)

94 (96.9%)
64 (66.0%)

74 (77.1%)

24 (20.0%)

210 (97.2%)
172 (79.6%)

89 (74.2%)

0.63

SR
0

0.95

86 (89.6%)
3 (3.1%)
2 (2.1%)
0.59+0.23
2.56+1.85

0.87
0.51
0.65
0.27
0.09
0.78
0.19
0.45

0.014*

0.00**
0.00**

AF: Atrial Fibrillation; ASI: Admission Shock Index; CABG: Coronary Artery Bypass Graft; DM: Diabetes Mellitus; DBP: Diastolic Blood Pressure; F:
Female; HR: Heart Rate; HTN: Hypertension; IHD: Ischemic Heart Disease; M: Male; MSI: Modified Admission Shock Index; PCI: Percutaneous Coronary
Intervention; PTD: Pain to Door Time; SBP: Systolic Blood Pressure; SR: Sinus Rhythm.
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Table 2: The in-hospital outcomes stratified by ASI, MSI, and TIMIrs.
Outcome

All
Patients
(n=216)

HF

38 (17.6%)

ReInfarction

1 (0.5%)

CS

ASI > 0.69
(n=97)

ASI < 0.69
(n=119)

P-value

MSI > 0.91
(n=120)

MSI
<0.91
(n=96)

26 (26.8%)

12 (10.1%)

0.001**

32 (26.7%)

6 (6.2%)

1 (1.0%)

0 (0.0%)

0.26

1 (0.8%)

0 (0.0%)

14 (6.5%)

12 (12.4% )

Fatal
Arrhythmia

17 (7.9%)

12 (12.4%)

Stroke

2 (0.9%)

Bleeding
Arrest

Mortality

6 (2.8%)

32 (14.8%)
19 (8.8% )

2 (1.7%)

0.002*

12 (10.0%)

5 (4.2%)

0.027*

13 (10.8%)

2 (2.1%)

0 (0.0% )

0.11

2 (1.7%)

16 (16.5%)

3 (2.5%)

4 (4.1%)

25 (25.8%)

2 (1.7%)
7 (5.9%)

0.27

0.00**
0.00**

6 (5.0%)

25 (20.8%)
16 (13.3%)

P-value

TIMI > 4
(n=102)

TIMI < 4
(n=114)

P-value

0.00**

32 (26.4%)

6 (6.3%)

0.000**

0.37

1 (0.8%)

0 (0.0%)

0.281

2 (2.1%)

0.019*

4 (4.2%)

0.007*

13 (10.7%)

0 (0.0%)

0.2

2 (1.7%)

0 (0.0%)
7 (7.3%)
3 (3.1%)
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0.026*
0.005*
0.008*

12 (9.9%)

6 (5.0%)

26 (21.5%)
16 (13.2%)

2 (2.1%)
4 (4.2%)

0.014*
0.068

0 (0.0%)

0.008*

6 (6.3%)

0.001*

0 (0.0%)
3 (3.2%)

0.127

0.006*

ASI: Admission Shock Index; CS: Cardiogenic Shock; HF: Heart Failure; MSI: Modified Admission Shock Index; TIMI: Thrombolysis in Myocardial
Infarction Risk Score.

TIMI risk score

According to our study there was highly statistically significant
increase in HF (p<0.001), and there was statistically significant
increase in cardiogenic shock (p=0.014), non-fatal arrhythmia
(p=0.014), bleeding (p=0.008), arrest (p=0.001), and mortality
(p=0.006), while There was no statistically significant increase
in re-infarction (p=0.281), fatal arrhythmia (p=0.068), or stroke
(p=0.127)in patients with high TIMIrs compared to patients with
low TIMIrs (Table 2, Figure 1).

Multivariate Cox regression analysis

After adjusting for age, gender, histories of cardiovascular
diseases and admission variables by univariate analysis, significant
factors analyzed by Multivariate cox regression analysis to predict
the independent factors for in-hospital mortality and MACE and
revealed:
a)

For mortality (primary end point): MSI was the strongest
predictor of in-hospital mortality (OR 5.599, 95% CI 4.1288.15, p=0.015).Other predictors were ASI (OR 2.87, 95% CI
1.08-3.484, p=0.04), TIMIrs (OR 1.238, 95% CI 1.11-2.87,
p=0.021), age (OR 1.079, 95% CI 1.009-1.153, p=0.025), and
EF (OR 0.822, 95% CI 0.741-0.911, p<0.001).

b)

For MACE (secondary end point): MSI was the strongest
predictor of in-hospital MACE (OR 11.506, 95% CI 10.5421.5664, p=0.022).Other predictors were ASI (OR 1.21, 95%
CI 1.05-3.54, p=0.012), TIMIrs (OR 1.575, 95% CI 1.094-2.269,
p=0.015), and EF (OR 0.879, 95% CI 0.840-0.921, p<0.001)
(Table 3).

Correlations between study parameters
Our study demonstrated significant positive correlation
between ASI and modified SI and TIMIrs and also between TIMI
and age modified SI but significant negative correlation between
EF ASI, TIMI and Modified SI (Table 4, Figure 2-4).

Figure 2: Shows positive correlation between ASI and TIMI risk score.

Figure 3: Shows positive correlation between MSI and TIMI risk
score.

Discussion
Cardiogenic shock (CS) remains the most common cause of
death in STEMI patients [12]. Although CS incidence has declined
with PPCI [13], it still occurs in 5–8% with approximately 50%
mortality [12]. In the setting of STEMI especially complicated
by cardiogenic shock, parameters related to cardiac function
such as cardiac index, stroke volume, and left ventricular stroke

Citation: Gouda M, Saad AM, Al-Daydamony MM (2016) Modified Shock Index as a Predictor of In-Hospital Outcome in Cases of ST-Segment Elevation
Myocardial Infarction Treated with Primary Percutaneous Coronary Intervention. J Cardiol Curr Res 7(4): 00255. DOI: 10.15406/jccr.2016.07.00255

Copyright:
©2016 Gouda et al.

Modified Shock Index as a Predictor of In-Hospital Outcome in Cases of ST-Segment Elevation
Myocardial Infarction Treated with Primary Percutaneous Coronary Intervention

work decrease and a series of neurohumoral reactions are
aroused after myocardial infarction, of which sympathetic nerve
activation is the most significant [14]. Associating with increased
catecholamine release promoted elevation of BP and HR occurs to
compensate lowered cardiac output due to myocardial infarction
[15]. Therefore, BP and HR index after myocardial infarction
may be a reﬂection of integrated cardiovascular system and
neuroendocrine system as well as hemodynamics status. Indeed,
several risk scores have recognized the importance of BP and HR
and have taken the 2 variables into the risk score models [5-7].
In fact, as an integrated index of the 2 variables, SI is a sensitive
indicator of left ventricular dysfunction and has been shown to be
a better measure of the degree of hemodynamic stability than HR

or SBP alone [16]. Furthermore, even in the presence of normal
HR and BP, SI has been demonstrated to be a useful marker of
early acute hypovolemia [17], and a persistent elevation of the SI
for several hours would signiﬁcantly increase the morbidity and
mortality in acute circulatory failure [10]. Moreover, SI is mostly
independent of pain and anxiety [18], which cause a concurrent
increase in HR and SBP, and therefore, was a relatively objective
indicator reﬂecting the disease state. These results taken together
suggest that the predictive value of admission SI for shortterm outcomes in patients with STEMI may be mediated by the
recognition of hemodynamic alteration sensitively. The simple
algorithm also makes its use accessible for risk stratiﬁcation
during the ﬁrst contact with patients.

Table 3: Predictors of in-hospital mortality and MACE by multivariate Cox analysis.
Mortality

MACE

Variable

ORs

95% C.I.

P-value

Variable

ORs

95% C.I.

P-value

History of IHD

0

0

0.999

Killip classification

1.144

0.681 -1.922

0.611

1.009 -1.153

0.025*

HR

1

0.967 -1.033

0.989

0.845 -1.047

0.266

Killip classification

0.983

0.419 -2.302

chest pain duration

1.066

0.807 -1.407

Age

1.079

HR

0.941

SBP

1.056

EF

0.822

ASI

2.87

MSI

5.599

Constant

0.002

TIMI

1.238

0.977 -1.141

0.968

1.002

0.172

ASI

1.21

4.128 -8.15

0.015*

1.11 -2.87

1.813

SBP

0.000*

1.08 -3.484

LAD

0.652

0.741 -0.911

0.04*

0.021*
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EF

0.879

MSI

11.506

Constant

33.711

TIMI

1.575

0.695 -4.731
0.979 -1.027

0.224
0.853

0.840 -0.921

0.000*

10.54 -21.5664

0.022*

1.05 -3.54

1.094 -2.269

0.012*
0.015*
0.114

0.269

ASI: Admission Shock Index; SBP: Systolic Blood Pressure; EF: Ejection Fraction; HR: Heart Rate; IHD: Ischemic Heart Disease; LAD: Left Anterior
Descending Artery; MSI: Modified Admission Shock Index; TIMIrs: Thrombolysis in Myocardial Infarction Risk Score.
Table 4: Correlations between studied parameters (ASI, MSI and TIMIrs).

Correlations

ASI
Modified SI
TIMIRS

r

P

N
r

Age

Weight

EF

ASI

Modified SI

TIMIRS

0.036

0.018

-.170-*

1

.829**

.681**

216

216

216

216

216

216

0.599

0.788

0.012

0.068

0.009

-.188-**

.829**

216

216

216

216

216

216

r

.271**

-.024-

-.215-**

.681**

.579**

N

216

216

216

216

216

0

0.723

0.001

0

.579**

0.323

P

0.006

0

**. Correlation is significant at the 0.01 level (2-tailed).

0

1

P

N

0.899

0

0

0
1

216

*. Correlation is significant at the 0.05 level (2-tailed).

EF: Ejection Fraction; TIMIrs: Thrombolysis in Myocardial Infarction Risk Score; ASI: Admission Shock Index; MSI: Modified Admission Shock Index.
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In another recent study done by Gloria Abreu et al. [24], 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 [24].

According to relation between TIMI and MACE
Figure 4: Shows positive correlation between ASI and MSI.

In patients with established CS, complete revascularization
is recommended [19]. However, no study or recommendation
has suggested any benefit from such an approach in patients at
risk of developing CS and this may be an area for future studies.
A high MSI denotes a value of stroke volume and low systemic
vascular resistance, a sign of hypodynamic circulation. Thus the
patient may be compensating and the decompensation is rapid.
Given the limited resources and information available at triage,
MSI can be a valuable tool in predicting disease severity. 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 hypodynamic state [11].

In our study, elevated SI was associated with a significant
increase of incidence of cardiogenic shock, fatal arrhythmia,
and with a highly significant increase of incidence of HF, arrest
and mortality. That was in agreement with Bi Huang et al. [20],
who showed if ASI>0.7, there was a highly significant increase of
incidence of 7-day HF, cardiogenic shock, fatal arrhythmia, arrest,
and mortality [20]. While in the study done by Qing Shangguan
et al. [21], with ASI > 0.7 there was a significant increase of
incidence of 7-day MACE, Killip class, fatal arrhythmia, and
all-cause mortality, but they found no significant increase in
incidence of cardiogenic shock [21]. Dana Bilkova et al. [22], used
a SI cut off=0.8, they worked on evaluating the relation between
SI and the in-hospital mortality, they showed that with ASI > 0.8,
there was a highly significant increase of incidence of in-hospital
mortality [22]. Lastly in a study done by Ioakim Spyridopoulos
et al. [23], that enrolled 3049 consecutive STEMI patient treated
by PPCI prospectively and with SI cut off=1.0, showed that with
ASI > 1.0 there was a highly significant increase of incidence of
in-hospital mortality [23].
In our study, elevated MSI was associated with a significant
increase of incidence of cardiogenic shock, fatal arrhythmia,
bleeding, arrest and mortality. This was associated with a highly
significant increase of incidence of HF. That was in agreement
with results of Qing Shangguan et al. [21], 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 of incidence of Killip class, but he found
no significant increase in incidence of cardiogenic shock [21].

In our study, high TIMIrs with cutoff value of 4 was associated
with highly statistically significant increase in HF, statistically
significant increase in cardiogenic shock, non-fatal arrhythmia,
bleeding, arrest and mortality. This was in agreement with
results of a most recent study done by Halit Acet et al., who
enrolled 390 consecutive STEMI patient treated by PPCI
retrospectively. In another study done by Hector Gonzalez et al.
[25], who enrolled 572 consecutive STEMI patients treated by
emergency PCI prospectively, showed that with TIMI>5 there was
a highly significant increase of incidence of in-hospital mortality,
cardiogenic shock, ventricular arrhythmia, and HF, But he found
no significant increase in incidence of re-infarction [25].

According to the correlation between TIMIrs, ASI, and
MSI

Our study found that, there is highly significant positive
correlation between ASI, modified SI and TIMIrs and also
between TIMIrs and age modified SI but significant negative
correlation between EF ASI, TIMI and Modified SI. To the best
of our knowledge, no previous study worked on the correlation
study between these three parameters (ASI, MSI, and TIMIrs).

For mortality, in our study MSI was the strongest predictor of
in-hospital mortality. Other predictors were ASI, TIMIrs, age, and
EF. For MACE, in our study, MSI was the strongest predictor of inhospital MACE then ASI, TIMIrs, and EF. That was in agreement
with Qing Shangguan et al. [21], where multifactor analysis
showed that, in addition to MSI or ASI, age was 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. Thus, MSI per se is a useful predictor. The analysis also
found that blood glucose level was another independent factor for
the 7-day MACE.

Finally our study findings are:

i. At first, the present study demonstrated that SI ≥0.69, and
MSI ≥0.91 are useful predictors for in-hospital mortality and
MACE in the patients with STEMI treated by PPCI.

ii. Increased mortality associated with elevated SI and MSI
were in part explained by the higher incidence of cardiogenic
shock. In our study, patients with elevated SI had a higher rate
of cardiogenic shock on admission. In addition, patients with
elevated SI were more likely to develop cardiogenic shock after
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admission, suggesting that elevated SI can be an early sign of
impending hemodynamic instability leading to cardiogenic
shock, especially when we evaluated the mortality of patients
with a systolic blood pressure < 90 mm Hg and an SI < 0.69,
the mortality rate was zero. However, it is necessary to note
that this group was extremely small (3 patients).

iii. The present study demonstrated that MSI (≥0.91) is a better
predictor than SI (≥0.69) for in-hospital all-cause mortality
and MACE in the patients with STEMI treated with PPCI.

iv. The present study for the first time demonstrated that
although MSI is more simple than multifactorial TIMI risk
score, but MSI (≥0.91) is a better predictor than TIMIrs for
in-hospital all-cause mortality and MACE in the patients with
STEMI treated with PPCI

Study limitations
a)

The current study had the following limitations:

b)
c)

d)

The sample size was rather small.

The follow-up time was short-term.

The population included was only admitted to a single center.
We evaluated ASI in only one type of ACS, which is STEMI,
and with only one way for reperfusion, which is PPCI.

Conclusion

Both SI and MSI measured in ED could predict the in-hospital
all-cause mortality and MACE in patients with STEMI treated by
PPCI. MSI is stronger independent factor for predicting in-hospital
mortality and MACE than TIMIrs. The predictors of in-hospital
mortality were MSI, ASI, TIMIrs, age, and EF. While predictor of
in-hospital MACE were MSI, ASI, TIMIrs and EF.
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