Original Article

Philippine Journal of Internal Medicine

Modified Shock Index as Clinical Predictor of In-Hospital
Outcomes in Cases of Acute Coronary Syndrome: A
Retrospective Cohort Study

Jilliane Estrada, MD,* and Timothy Bjorn Lagos, MD,*

Abstract

Background. In the Philippines, Acute Coronary Syndrome (ACS) is a major cause of mortality. Recognizing high-risk ACS
patients quickly is crucial. The Modified Shock Index (MSI), a concise bedside risk scoring system, may enhance triaging by
predicting short-term outcomes, facilitating a more aggressive approach for timely intervention.

Objectives. The aim of this study is to determine MSI's predictive value for in-hospital mortality in ACS patients, comparing
its sensitivity and specificity to Thrombolysis In Myocardial Infarction (TIMI) risk scoring. It also intends to determine
association between MSI and major adverse cardiovascular events (MACE).

Methods. This retrospective cohort study was conducted in a tertiary hospital with 172 patients aged 18 and above
admitted for ACS from January 2017 to December 2022, focused on in-hospital mortality as the primary outcome and other
MACE as secondary outcomes. Chi-square test customized for multiple response sets was done to determine association
between MSI and clinical outcomes. The study employed ROC analysis for MSI, generating a curve to illustrate sensitivity-
specificity trade-offs, Youden Index determined to identify optimal cut-off points, and DelLong’s test to compare efficacy of
MSI and TIMI.

Results. A high MSI (=1) was significantly and independently linked to in-hospital all-cause mortality in ACS patients (p <
0.007). MSI exhibits 82.35% sensitivity and 82.89% specificity for predicting in-hospital mortality. Chi-square test customized
for multiple response sets revealed statistically significant association between MSI and the occurrences of cardiogenic
shock, revascularization, life-threatening arrhythmia, and cardiac arrest. ROC analysis reveals MSI and TIMI scores as strong
predictors (AUC values: 0.848 and 0.787 respectively), with comparable performance indicated by the DelLong test.

Conclusion. MSI proved a reliable parameter for predicting in-hospital mortality in patients presenting with ACS in Notre
Dame de Chartres Hospital.

Keywords: Acute Coronary Syndrome, Modified Shock Index, Scoring system, Major adverse cardiovascular events

Introduction is essential for prognostication and the subsequent need
for more aggressive management of this vulnerable
population. Incorporating these risk stratification models
into the management of patients admitted for ACS have
been recommended in several guidelines.*® The
Thrombolysis in Myocardial Infarction (TIMI) risk scoring

and the more recent Global Registry of Acute Coronary

Globally, cardiovascular disease is still among the leading
causes of mortality, and ischemic heart disease remains
the most prevalent.” Among these cases, > 75% come
from low and middle-income countries.? Moreover,
ischemic heart disease remains one of the top causes of

death in the Philippines, comprising 17.9% of the total
deaths from January to November 2021.3 Early risk
assessment aided by scoring systems of patients upon
diagnosis of Acute Coronary Syndrome (ACS), therefore,
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Events (GRACE), are scoring systems with strong
predictive values that are already widely used in
prognostication and risk stratification of all ACS patients.
However, the Modified Shock Index (MSI) is less time-
consuming with fewer variables incorporated, and could
be easily utilized in the Emergency Department in the
prediction of short-term outcomes of ACS patients. This
could be valuable in readily assisting physicians in
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evaluating patients in need of immediate invasive
strategies in this population.

The MSl is a known predictor of hemodynamic instability
already widely used in trauma and emergency patients.”®
The MSI, which is the ratio of the cardiac rate and Mean
Arterial Pressure (MAP), is a fast and simple scoring
system. Unlike other scoring tools, it is independent of
diagnostic parameters and other subjective data.’
Several studies have reported that MAP is an
independent predictor of in-hospital mortality for cardiac
patients.’® The MSI, which relies on MAP, was recently
used in evaluating outcomes in ACS patients. An
observational study conducted by Yu et al. in 2017
involving 2,631 ACS patients who underwent PCI,
reported that the Shock Index (Sl), defined as the cardiac
rate divided by systolic blood pressure), and the GRACE
score showed similar performance in predicting all-cause
mortality."!

However, a study conducted by Shangguan et al.in 2015
compared predictive values of the Shock Index (Sl) and
the more recently used MSI for 7-day outcomes in
patients with STEMI, with the result of MSI even being
more accurate than SI.'2 In a separate study by Chiang et
al in 2022 involving 1,552 STEMI patients, they also
reported that MSI had a better predictive value than Sl for
mortality.”> Moreover in a more recent study conducted
by Schmitz et al. in 2022, they also concluded that MSI
had a better predictive value than Sl regarding long-term
MACE development in both STEMI and non-STEMI
cases.” These could be attributed to the MSI
incorporating MAP into the equation, which better
assesses myocardial perfusion and systemic vascular
resistance.’™

This research therefore aims to assess the predictive
value of MSI in predicting in-hospital mortality of ACS
patients admitted at a tertiary hospital, which to our
knowledge after extensive use of academic search
engines (e.g. PubMed, Google Scholar, HERDIN) is the
first study to evaluate the use of MSI in predicting in-
hospital mortality in overall ACS population admitted for
ACS in the Philippines.

General objective: To evaluate the predictive value of the
Modified Shock Index (MSI) for in-hospital mortality of
patients admitted for Acute Coronary Syndrome in Notre
Dame de Chartres Hospital.

Specific objectives:

1. To determine the sensitivity and specificity of MSI
in determining in-hospital mortality.

2. To evaluate association of MSl and the occurrence
of in-hospital MACE (i.e. cardiogenic shock,
revascularization, life-threatening  arrhythmia,
arrest) of patients admitted for ACS.

3. To compare the sensitivity and specificity of MSI
with the more widely used and established risk
scoring system TIMI in predicting in-hospital
mortality of patients admitted due to ACS in
NDCH.
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Methods

Study Design, Setting and Participants. This is a single-
centered retrospective cohort study involving all patients
admitted due to Acute Coronary Syndrome (ACS)
hospitalized at Notre Dame de Chartres Hospital
between January 2017 and December 2022.

Inclusion Criteria. Patients were included if they met the
following:
1. Atleast 18 years of age
2. They were admitted to NDCH with a diagnosis of
Acute Coronary Syndrome
3. They had a heart rate and mean arterial pressure
that were measured upon admission at the
emergency department;
4. Course was followed for at least 24 hours, unless
classified under mortality after admission

Exclusion Criteria: Patients were excluded if they had any
of the following conditions:
1. Patients 17 years old and below
2. Acute Coronary Syndrome precipitated by trauma
3. Missing MSl-related data from patient’s records;
4. They were transferred to another hospital within
24 hours of admission.

Study Size. This study involved all patients 18 years old
and above admitted for Acute Coronary Syndrome (ACS)
at Notre Dame de Chartres Hospital between January
2017 and December 2022, with a total of 173 patients.
However, this study only utilized an eligible sample size
of 169 due to charts excluded due to missing data.

Data Collection. Data gathering was done primarily
through chart review of patients who meet the
predefined criteria, with obtained consent from the
institution. General/baseline data of eligible patients
were gathered, namely age, sex, smoking history, and risk
factors for ACS present (Hypertension, Diabetes Mellitus,
Family history of cardiac disease/CAD/Myocardial
infarction, and obesity).

ACS patients admitted were classified into ST-elevation
myocardial infarction (STEMI), non-ST-elevation
myocardial infarction (NSTEMI), and Unstable angina (UA)
as defined by the European Society of Cardiology (ESC)
2023 guidelines criteria, (i.e. STEMI as having symptoms
of ACS, with the presence of biomarker elevation and
significant persistent ST-elevation on 12-Lead ECG;
NSTEMI as having symptoms of ACS with biomarker
elevation, but without ECG changes consistent with
STEMI; UA as prolonged angina at rest/new onset of
severe angina/angina that is increasing in frequency,
longer in duration, or lower in threshold, without an
elevated biomarker level).

The TIMI score of study subjects upon admission were
noted. The Modified Shock Index (MSI) of all these
patients upon admission was calculated as the ratio of
heart rate (HR) and mean arterial pressure (MAP). Study
subjects were then classified into two groups, those with
high MSI (=1) and low MSI (<1) score.

Figure 1 depicts the conceptual framework.
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MSI < 1 concerning categorical variables,
Chi-square tests of Independence were
employed. Notably, multiple-response sets
were subjected to scrutiny using a tailored
Chi-Square independence test specifically
designed for such scenarios. Concurrently,
for numerical variables, a ttest for
independent groups was executed for the

Acute Coronary
Syndrome N

Criterion Variable
In-hospital mortality

arrhythmia. arrest)

In-hospital outcomes (i.e. cardiogenic shock,
revascularization, life-threatening

purpose  of  discerning  significant
differences between the groups. All
statistical tests adhered to a significance
level of p < 0.05.

Figure 1. Conceptual Framework

Outcome Measures. The primary outcome of this study
was in-hospital mortality, and secondary outcome were
in-hospital MACE namely cardiogenic  shock,
revascularization, life-threatening arrhythmia, and arrest.
Statistical analyses were accomplished using SPSS V25.0.
(IBM Corp., Armonk, NY, United States)

Statistical Analysis. Several steps were conducted to
evaluate the parameters.

Sensitivity and specificity of MSI in determining MACE.
The sensitivity, specificity, positive predictive value, and
negative predictive value of MSI were calculated. ROC
analysis for MSI was performed, and ROC curve
generated to visualize the trade-off between sensitivity
and specificity. The area under the ROC curve (AUC) was
calculated, to provide a summary measure of diagnostic
accuracy. In addition, optimal cutoff point on the ROC
curve (Youden Index) that maximizes sensitivity and
specificity was identified, and Metric score evaluated.

Compare the sensitivity and specificity of MSI with the
TIMI risk scoring system. The sensitivity, specificity,
positive predictive value, and negative predictive value
for both MSI and TIMI were calculated. DeLong's Test was
used to assess the comparative performance of MSI and
TIMI.

Determine the demographic profile of patients admitted
for Acute Coronary Syndrome. In the context of
descriptive statistics, categorical data were examined
through cross-tabulation. Instances featuring non-
mutually exclusive responses, exemplified by the
amalgamation of Risk Factors for ACS and In-hospital
outcomes, were treated as distinct multiple-response sets
within the cross-tabulations. Numerical variables were
subjected to analysis utilizing the mean and standard
deviation.

Determine the association between demographic data
and MSI. Proportions of in-hospital mortality within
different demographic categories were calculated.
Stratified descriptive statistics was done for each
demographic variable (e.g., mean age for patients with
and without in-hospital mortality). To ascertain significant
disparities between patients with MSI > 1 and those with
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Definition of Terms.

1. Acute Coronary Syndrome (ACS) - Refers to the
constellation of signs and symptoms resulting from
insufficient flow through the coronary arteries, and
encompass Acute Myocardial Ischemia (STEMI and
NSTEMI) and Unstable Angina.*

2. Revascularization - Refers to blood supply
restoration to the ischemic myocardium to limit
ongoing injury/necrosis and improve outcomes,
and encompass fibrinolysis, percutaneous coronary
intervention, and Coronary Artery Bypass Grafting.®

3. Mean arterial pressure (MAP) - Average arterial
pressure throughout one cardiac cycle, influenced
by cardiac output and systemic vascular resistance,
calculated as [(2x DBP) + SBP]/3."¢

4. Mortality - defined as patients with who died in the
hospital before discharge regardless of the cause of
death

Results

Table | provides an overview of the baseline
characteristics of patients, focusing on their MSI scores,
along with pertinent test statistics and p-values. The MSI
scores, distinguished between those =1 and <1, exhibit
mean (+ SD) values of 1.40 (0.46) and 0.74 (0.15),
respectively, and with an overall mean MSI score of 0.89
(0.38). The subsequent analysis of demographic and
clinical variables unfolds with considerations for age, sex,
BMI, height, weight, smoking status, risk factors for ACS,
ACS type, and in-hospital outcomes.

The mean age for patients with MSI =1 is 59.03 (+16.15),
compared to 58.34 (+11.40) for those with MSI < 1, with
an overall mean age of 58.50 (+12.63). A t-test for
independent groups indicates no significant age
difference between the two MSI groups (p = 0.766). Sex
distribution does not vary significantly between the MSI
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Table I. Patient Baseline Characteristics and MSI score

Modified Shock Index (MSI) Score

Variable >1 (n=40) <1 (n=129) 0 SLOEEI% p-value
1.40 (0.46) 0.74 (0.15) ) )
Age (years) 59.03 (16.15) 58.34 (11.40) 58.50 (12.63) 0.766
Sex 0.117
Male 25 9 122
Female 15 32 47
BMI 25.59 (6.12) 26.15 (3.65) 26.02 (4.04) 0.52
Height (cm) 160.55 (7.89) 161.64 (7.83) 161.38 (7.83) 0.442
Weight kg) 66.35 (16.02) 68.43 (11.34) 67.94 (12.58) 0.446
Smoking Status 0.888
Smoker/Previous Smoker 16 50 66
Non-smoker 24 79 103
Risk Factors for ACS 0.806
Hypertension 26 9 122
DM Type 2 13 40 53
Dyslipidemia 19 7 76
Family history of CAD 18 63 81
ACS Type 0.442
STEMI 31 96 127
NSTEMI 7 18 25
Unstable Angina 2 15 17
Hemodynamics
SBP 92.45 (22.62) 130.15 (23.09) 121 (27.98) 0.000**
DBP 58.05 (19.78) 84.81 (14.15) 78.47 (19.32) 0.000***
MAP 69.52 (19.93) 99.92 (15.75) 92.72(21.19) 0.000***
Heart Rate 93.00 (26.23) 73.16 (17.41) 77.86 (21.50) 0.000***
TIMI 6.08 (3.48) 3.36 (2.03) 4.01 (2.70) 0.000***
***p<0.0017

Table Il. Relationship of MSI score and Clinical Outcomes

In-Hospital Outcome e MSI . e TiMI .
Sensitivity  Specificity Sensitivity Specificity
Mortality 82.35% 82.89% 70.59% 81.58%
Cardiogenic Shock 75.76% 88.97% 75.76% 62.5%
Revascularization 95.42% 18.75% 33.99% 81.25%
Life-threatening Arrhythmia 54.35% 87.80% 43.48% 83.74%
Arrest 72.22% 92.82% 72.22% 82.12%

Table lll. Summary of Specificity and Sensitivity of MSI and TIMI in predicting in-

hospital Outcomes

LT NN T
1.40 (+ 0.46) 0.74 (+ 0.15) e q

Mortality 14 3 17
Cardiogenic Shock 25 8 33
Revascularization 33 120 153 _
Life-threatening o5 21 46 0.000
Arrhythmia
Arrest 15 3 18

***p <0.007

= 1 and MSI < 1 groups, as revealed by the chi-square
test (p = 0.117). Further scrutiny of BMI, height, weight,
smoking status, risk factors for ACS, and ACS type are
detailed in Table [, with no statistically significant
differences detected.

The analysis of hemodynamics between the MSI = 1 and
MSI < 1 groups reveal significant directional differences.
Patients with MSI = 1 exhibit lower Systolic Blood Pressure
(p < 0.001), lower Diastolic Blood Pressure (p < 0.007),
and lower Mean Arterial Pressure (p < 0.007) compared
to those with MSI<1. Conversely, the Heart Rate is higher
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in the MSI=1 group (t = 4.486, p < .001). Additionally, the
TIMI score, indicative of the severity of coronary artery
disease, is significantly higher in the MSI=1 group (t =
4.683,p <.001).

The analysis, employing a Chi-square test customized for
multiple response sets, focused on the relationship
between Modified Shock Index (MSI) scores and specific
clinical outcomes. The results indicate a statistically
significant association between MSI scores and the
occurrences of Mortality (x2=177.281, p < .001),
Cardiogenic Shock, Revascularization, Life-threatening
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Arrhythmia, and Arrest.

var
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TIMI
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Figure 1 Combined ROC Curves for MSI and
TIMI in predicting In-hospital Mortality

The cross-tabulation analysis between Modified Shock
Index Classification (MSIC) and clinical outcomes reveals
distinct directional differences. Patients with MSI>1
exhibit significantly higher rates of mortality (82.4% vs.
17.6% of 17 recorded cases), cardiogenic shock (75.8%
vs. 24.2% of 33 recorded cases), and arrhythmia (54.3%
vs. 45.7% of 46 recorded cases) compared to those with
MSI<1. Notably, revascularization is more frequently
observed in patients with MSI=1 (83.3% of 161)
compared to MSI<1 (16.7% of 161).

Comparing Sensitivity and Specificity of MSI and TIMI in
Predicting In-hospital Outcomes. The analysis compared
the predictive efficacy of the MSI and TIMI scores in
predicting mortality, utilizing various cutoff points. The
Youden Index, a measure of the balance between
sensitivity and specificity, was employed to identify
optimal cutoff points. Additionally, DeLong's Test was
used to assess the comparative performance of MSI and
TIMI.

Predicting In-hospital Mortality. For the MSI scale, a
comprehensive examination spans cutoff points ranging
from 0.31 to 3.03. The Youden Index, spanning from 0 to
0.652, consistently aligns with an Area Under the Curve
(AUC) of 0.848. Remarkably, the optimal cutoff point
surfaces at 1.02, affording 82.35% sensitivity and 82.89%
specificity. This yields a harmonized metric score of
1.652, where true positives tally to 14, true negatives
amount to 126, false negatives stand at 3, and false
positives are 26.

In contrast, the TIMI scale undergoes scrutiny across a
spectrum of cutoff points from 1 to 14. The Youden Index
fluctuates from 0to 0.521, with a consistent AUC of 0.787.
The optimal cutoff point emerges at 7, signifying 70.59%
sensitivity and 81.58% specificity. This equates to a metric
score of 1.52, featuring 12 true positives, 124 true
negatives, 28 false positives, and 5 false negatives.

As seen in Figure 1, the ROC curve visually encapsulates
the sensitivity-specificity trade-off for both scales. While a
visual inspection suggests higher accuracy for MSI in
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Figure 2 Combined ROC Curves for MSI and TIMI
in predicting In-hospital Cardiogenic Shock

between Areas Under the Curve (AUCs) reveals non-
significant AUC differences between the two tests (p =
A4A17).

Predicting In-hospital Cardiogenic Shock. With regards to
predicting occurrence of Cardiogenic Shock, for the MSI
scale, similarly a comprehensive examination spans
cutoff points ranging from 0.31 to 3.03. The Youden
Index, spanning from 0 to 0.647, consistently aligns with
an Area Under the Curve (AUC) of 0.815. The optimal
cutoff point surfaces at 1.02, giving 75.76% sensitivity
and 88.97% specificity. This produces a harmonized
metric score of 1.65, where true positives count to 25,
true negatives amount to 121, false negatives stand at 8,
and false positives are 25.

In contrast, the TIMI scale undergoes inspection across a
spectrum of cutoff points from 1 to 14. The Youden Index
fluctuates from 0 to 0.383, with a consistent AUC of 0.743.
The optimal cutoff point appears at 5, signifying 75.76%
sensitivity and 62.5% specificity. This equates to a metric
score of 1.38, presenting 25 true positives, 85 true
negatives, 51 false positives, and 8 false negatives. As
seen in Figure 2, the ROC curve visually summarizes the
sensitivity-specificity trade-off for both scales. While a
visual inspection suggests higher accuracy for MSI in
predicting cardiogenic shock, the Delong Test of
Difference between Areas Under the Curve (AUCs)
reveals non-significant AUC differences between the two
tests (p = 0.24).

Predicting Occurrence of Revascularization. In terms of
predicting occurrence of Revascularization, for the MSI
scale, likewise the examination spans cutoff points
ranging from 0.31 to 3.03. The Youden Index, spanning
from 0 to 0.142, consistently aligns with an Area Under
the Curve (AUC) of 0.384. The optimal cutoff point
surfaces at 0.52, affording 95.42% sensitivity and 18.75%
specificity. This yields a harmonized metric score of 1.14,
where true positives tally to 146, true negatives to 3, false
negatives at 7, and false positives are 13.

In contrast, the TIMI scale undergoes inspection across
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Figure 3. Combined ROC Curves for MSI and
TIMI in predicting Occurrence of
Revascularization

cutoff points from 1 to 14. The Youden Index fluctuates
from 0 to 0.152, with a consistent AUC of 0.533. The
optimal cutoff point appears at 6, signifying 33.99%
sensitivity and 81.25% specificity. This equates to a metric
score of 1.152, presenting 52 true positives, 13 true
negatives, 3 false positives, and 101 false negatives.

As seen in Figure 3, the ROC curve visually evaluates the
sensitivity-specificity trade-off for both scales. Again,
while a visual inspection suggests higher accuracy for
MSI in predicting revascularization, the DelLong Test of
Difference between Areas Under the Curve (AUCs)
reveals non-significant AUC differences between the two
tests (p=0.453).

Predicting Occurrence of In-hospital Life-threatening
Arrhythmia. In predicting occurrence of Arrhythmia, for
the MSI scale, similarly a comprehensive examination
spans cutoff points ranging from 0.31 to 3.03. The
Youden Index, spanning from 0 to 0.422, consistently
aligns with an Area Under the Curve (AUC) of 0.665. The
optimal cutoff point surfaces at 1.02, affording 54.35%
sensitivity and 87.8% specificity. This yields a harmonized
metric score of 1.422, where true positives tally to 25, true
negatives to 108, false negatives at 21, and false positives
are 15.

In comparison, the TIMI scale undergoes inspection
across cutoff points from 1 to 14. The Youden Index
fluctuates from 0 to 0.272, with a consistent AUC of 0.672.
The optimal cutoff point appears at 7, signifying 43.48%
sensitivity and 83.74% specificity. This equates to a metric
score of 1.27, presenting 20 true positives, 103 true
negatives, 20 false positives, and 26 false negatives. As
seen in Figure 3, the ROC curve visually reviews the
sensitivity-specificity trade-off for both scales. While a
visual inspection suggests higher accuracy for MSI in
predicting arrhythmia, the DelLong Test of Difference
between Areas Under the Curve (AUCs) reveals non-
significant AUC differences between the two tests
(p=0.9217).
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Figure 4. Combined ROC Curves for MSI and TIMI
in predicting In-hospital Life-threatening
Arrhythmia

Predicting Occurrence of In-hospital Arrest. In predicting
occurrence of Arrest, for the MSI scale, similarly a
comprehensive examination spans cutoff points ranging
from 0.31 to 3.03. The Youden Index, spanning from 0 to
0.649, consistently aligns with an Area Under the Curve
(AUC) of 0.861. The optimal cutoff point surfaces at 1.18,
affording 72.22% sensitivity and 92.82% specificity. This
yields a harmonized metric score of 1.649, where true
positives tally to 13, true negatives to 140, false negatives
at 5, and false positives are 11.

In comparison, the TIMI scale undergoes inspection
across cutoff points from 1 to 14. The Youden Index
fluctuates from 0 to 0.543, with a consistent AUC of 0.803.
The optimal cutoff point appears at 7, signifying 72.22%
sensitivity and 82.12% specificity. This equates to a metric
score of 1.54, presenting 13 true positives, 124 true
negatives, 27 false positives, and five false negatives.

As seen in Figure 3, the ROC curve visually reviews the
sensitivity-specificity trade-off for both scales. While a
visual inspection suggests higher accuracy for MSI in
predicting arrhythmia, the DelLong Test of Difference
between Areas Under the Curve (AUCs) reveals non-
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Figure 5. Combined ROC Curves for MSI and TIMI
in predicting In-hospital Arrest
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significant AUC differences between the two tests
(p=0.416).

Table Ill summarizes the specificity and sensitivity of MSI
and TIMI in predicting in-hospital outcomes. However, as
stated previously, DeLong Test of Difference between
Areas Under the Curve (AUCs) revealed non-significant
AUC differences between the two tests.

Discussion

In patients diagnosed with ACS, risk assessment
tools/prognostic models have been developed in
objectively assessing risk of mortality and other MACE
using clinical and readily available diagnostic
parameters. The use of these models allow early
prognostication, thus are valuable in deciding on
management (i.e. immediate/early invasive strategy) and
site of care.'” This study was conducted to evaluate the
utility of MSI, more commonly used in trauma patients, in
predicting in-hospital mortality among patients admitted
for ACS that could easily be done in the emergency
department for early risk stratification.

This study showed that an MSI score =1 was significantly
and independently associated with in-hospital mortality
in patients with ACS (p < 0.007) having 82.35%%
sensitivity and 82.89%% specificity for predicting in-
hospital mortality. This is consistent with findings of
recent studies in other countries conducted by Pramudyo
etal., Bondariyan etal., and Abreu et al., which separately
concluded similar findings.’>'®? In addition, this study
revealed that an MSI score > 1 was also significantly
associated with higher rates of cardiogenic shock,
arrhythmia, and revascularization making MSI a reliable
prognostic indicator. Moreover, the investigation of
hemodynamics between the MSI = 1 and MSI < 1 groups
also reveal significant consistent differences, wherein
patients with MSI = 1 exhibit lower SBP, DBP and MAP,
with higher HR.

Several studies have proposed probable reasons
correlating a high MSI score, which incorporates MAP,
with higher mortality rate. MAP reflects the systolic and
diastolic blood pressure, which is defined by the cardiac
output. A decline in MAP, which was significantly seen in
all our patients with MSI = 1, may reflect decline in left
ventricular stroke function and cardiac index, thus may
be indicative of cardiac dysfunction subsequently
resulting to higher mortality rate.’>?° In addition, a higher
heart rate, also significantly observed in our MSI = 1
population studied, result to a higher MSI due to
sympathetic nerve hyperactivity. This is also related to the
degree of left ventricular dysfunction.?! These proposed
mechanisms are correlated with the hemodynamics of
our patients, particularly in the high MSI group.

Majority of patients admitted for ACS were in the older
age group with overall mean age of 58.50 years, with
similar findings reported in previously conducted studies
in Asia.?>2% Our results revealed that patients had a mean
age of 59.03 years (+16.15) for the high MSI group, and
58.34 for the low MSI group, with slight male
preponderance for high MSI score. However, t-test for
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independent groups indicates no significant age
difference between the two MSI groups (p = 0.766), and
sex distribution does not vary significantly between the
two groups, as revealed by the chi-square test (p = 0.7117).
Similarly, analysis of association between MSI score and
the comorbidities of patients revealed no statistically
significant differences. Consistently, several studies also
revealed an insignificant difference in patients’
comorbidities between MSI score.'?'518 Differences in
BMI, smoking history, and family history of ACS also
revealed no statistical significance in this study.

Other commonly used assessment tools include GRACE,
PURSUIT (Platelet Glycoprotein llb/llla in Unstable
Angina: Receptor Suppression Using Integrilin Therapy)
scoring, and the TIMI risk score. According to several
studies, both the TIMI and GRACE risk scoring systems
have significant discriminatory ability for mortality and
clinical outcomes in patients with myocardial infarction.?
The TIMI risk scoring is considered simpler to use, and is
also widely applicable in the emergency department
similarly with the MSI. Thus, this study compared MSI to
the TIMI risk scoring.

Our study revealed that there was a significant
association between the TIMI risk score and MSI of all the
admitted ACS patients. The TIMI risk score, indicative of
the severity of coronary artery disease, was noted to be
significantly higher in the MSI = 1 group (p < 0.007). Our
study showed that both MSI and TIMI scores were good
predictors of in-hospital mortality, with the AUC values of
0.848 and 0.787, respectively.

Although visual inspection as demonstrated by the ROC
analysis suggested a higher accuracy for MSI in
predicting arrhythmia, the DelLong Test of Difference
between Areas Under the Curve (AUCs) revealed non-
significant AUC differences between the two tests.
Therefore, despite visual distinctions, the statistical
assessment indicates comparable performance between
MSI and TIMI in predicting mortality and MACE.

Conclusion

Modified shock index, particularly with a score = 1, was a
reliable parameter for predicting in-hospital mortality in
patients presenting with Acute Coronary Syndrome. MSI
is also significantly associated with in-hospital secondary
outcomes (i.e. cardiogenic shock, arrest, life-threatening
arrhythmia, and revascularization). MSI  showed
comparable performance with the established TIMI risk
scoring. Thus, MSl was shown to be a valuable prognostic
bedside tool for ACS patients admitted in Notre Dame de
Chartres Hospital.

Limitations and Recommendations

This study was a retrospective single-centered study, and
only a relatively small sample size was involved.
Nevertheless, patient’s charts were examined in detail to
avoid missing data. Still, selection bias could not be
avoided. Subsequent research that will be conducted
should involve a larger population, or could be a multi-
center study. This research only focused on short-term
outcomes of ACS patients admitted, and no outpatient
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follow-up was done. Long-term outcomes of patients
involved also need to be studied. Lastly, the Modified
shock Index should also be compared to other
established risk assessment tools such as the GRACE risk
stratification.
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