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ABSTRACT

Background: Acute coronary syndrome (ACS) remains a leading cause of
cardiovascular morbidity and mortality despite advances in reperfusion and
pharmacotherapy. The myocardial performance index (MPI), a Doppler-
derived parameter integrating systolic and diastolic function, provides a
simple, non-invasive measure of global ventricular performance. The
SYNTAX score is an angiographic tool that quantifies the severity and
complexity of coronary artery disease (CAD). Objective- To evaluate the
myocardial performance index (MPI) as a predictor of angiographic severity of
CAD, assessed by SYNTAX score, and to determine its prognostic value in
predicting major adverse cardiovascular events (MACE) at 30 days in patients
with ACS. Materials and Methods: This prospective, hospital-based study
was conducted in the Department of Cardiology over one year and included
145 ACS patients meeting the inclusion criteria. Detailed clinical evaluation,
laboratory investigations, echocardiography for MPI calculation, and coronary
angiography for SYNTAX scoring were performed. Patients were followed for
30 days to record MACE. Result: The majority of patients were males (69%)
aged 61-70 years. Diabetes and hypertension were common comorbidities.
The mean ejection fraction was 45.8%, and mean MPI was 0.56 + 0.05. A
strong positive correlation was observed between MPI and SYNTAX score (r
= 0.953, p < 0.001). Patients who developed MACE had significantly higher
MPI and SYNTAX scores compared to those without MACE. Conclusion:
MPI showed a significant positive correlation with angiographic severity and
effectively predicted short-term adverse outcomes. It can serve as a reliable,
non-invasive echocardiographic parameter for early risk stratification and
prognostic assessment in ACS patients.

INTRODUCTION

Acute coronary syndrome (ACS) encompasses
unstable angina, non—ST-elevation ACS, and ST-
elevation myocardial infarction and is diagnosed
based on symptoms, ECG changes, and high-
sensitivity cardiac troponin dynamics, with early
risk stratification guiding invasive management!.
Despite advances in reperfusion and antithrombotic
therapy, residual risk of adverse outcomes remains
substantial, underscoring the need for simple,
reproducible indices that capture global ventricular
function beyond conventional measures such as
ejection fraction (EF) and wall-motion scoring.['%!

The myocardial performance index (MPI, Tei index)
is a Doppler-derived, dimensionless ratio integrating
systolic and diastolic time intervals—calculated as
(isovolumic  contraction time + isovolumic
relaxation time) + ejection time—thereby reflecting
overall ventricular performance. In seminal work,
Tei and colleagues demonstrated that MPI is
feasible at the bedside and relatively independent of
preload, afterload, and heart rate compared with
conventional parameters.>#l Subsequent reviews
have highlighted its practicality across diverse
cardiac conditions, including ischemic heart disease,
and its appeal in settings where rapid, non-
geometric, and vendor-agnostic measurements are
desirable.[>5]
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Pathophysiologically, = ACS  perturbs  both
contraction and relaxation through ischemia-
reperfusion injury, microvascular dysfunction, and
neurohumoral activation; therefore, a composite
timing index may better mirror the net impact on
ventricular function than isolated systolic or
diastolic metrics. Early post-infarction studies
showed that higher MPI values were associated with
worse outcomes and evolving heart failure, and that
serial improvements in MPI paralleled recovery
after acute myocardial infarction.””] Long-term
follow-up further confirmed the prognostic utility of
MPI in post-MI populations, supporting its use for
risk stratification beyond EF alone.™®

Crucially for invasive decision-making, emerging
clinical evidence links MPI to angiographic disease
burden. In patients with non-ST-elevation
myocardial infarction, MPI correlated positively
with the Gensini score and independently predicted
higher angiographic severity categories, indicating
that a single Doppler measurement captured the
cumulative hemodynamic impact of multi-vessel
complex coronary disease.”) Although evaluated in
stable coronary syndromes, MPI (both pulsed-wave
and tissue Doppler variants) also predicted a high
SYNTAX score, reinforcing biological plausibility
that worse global timing performance accompanies
diffuse atherosclerotic complexity.'” Together,
these data suggest that MPI could serve as a rapid,
noninvasive gateway test to anticipate angiographic
severity, inform urgency and strategy of
revascularization, and complement guideline-
recommended risk tools in ACS. Given the
continued emphasis on early invasive pathways in
ACS and the limitations of EF and regional wall-
motion analysis in acute ischemia, systematically
examining the relationship between MPI and
angiographic severity is clinically meaningful.
Therefore, this study was designed to evaluate
myocardial performance index (MPI) as a predictor
of angiographic severity of coronary artery disease
assessed by SYNTAX score in patients with acute
coronary syndrome, and to determine its prognostic
value in predicting major adverse cardiovascular
events (MACE) at 30 days.

MATERIALS AND METHODS

Study Type and Design: This study was conducted
as a hospital-based prospective study in the
Department of Cardiology at our tertiary care
hospital over a period of one year.

Study Population: The study population consisted
of patients who reported to the Department of
Cardiology through the Emergency or Outpatient
Department (OPD), fulfilled the inclusion criteria,
and were willing to participate after providing
written informed consent.

Inclusion Criteria

Adults aged 18 years and above, presenting with
chest pain or its equivalent, and diagnosed with

acute coronary syndrome (ACS), who underwent
coronary angiography were included in the study.
Exclusion Criteria

Patients with chronic stable angina, previous history
of percutaneous transluminal coronary angioplasty
(PTCA) or coronary artery bypass grafting (CABG),
moderate to severe valvular heart disease or history
of valvular surgery, atrial fibrillation or atrial flutter,
significant tachyarrhythmias or bradyarrhythmias,
pacemaker implantation (temporary or permanent),
restrictive cardiomyopathy, constrictive pericarditis,
congenital heart disease, chronic renal failure,
chronic pulmonary or hepatic disease, malignancy,
or poor acoustic windows precluding optimal
echocardiographic  recording were excluded.
Patients unwilling to undergo coronary angiography
were also excluded.

Sample Size: The required sample size was
calculated to be 114 ACS patients, based on
previous studies that reported an AUC of 0.997, SE
of 0.005, and sensitivity of 83% at a 95%
confidence interval. And during study period we
enrolled 145 ACS patients reported to the
department of Cardiology.

Data Collection: For every patient enrolled in the
study, a detailed and systematic data collection
process was followed. At the time of admission,
complete demographic information such as age, sex,
occupation, and residence was recorded. A thorough
medical history was obtained, including presenting
complaints, duration of symptoms, risk factors for
coronary artery disease (such as hypertension,
diabetes mellitus, smoking, dyslipidemia, and
family history of premature CAD), and any history
of prior cardiovascular or systemic illnesses.
Relevant treatment history, including the use of
antiplatelets, statins, beta-blockers, or other
cardiovascular medications, was also documented.

A general physical examination was performed, and
vital parameters such as blood pressure, heart rate,
respiratory rate, and oxygen saturation were noted.
A detailed systemic examination with special
emphasis on the cardiovascular system was carried
out in all patients. Baseline laboratory investigations
including complete blood count, renal function tests,
liver function tests, random blood sugar, lipid
profile, and cardiac biomarkers (such as troponins)
were performed as part of the routine workup.
Electrocardiography (ECG) was done in all patients
at the time of admission to assess ST-T changes,
arrhythmias, conduction disturbances, and evidence
of acute ischemia.

Echocardiographic evaluation was carried out within
24  hours of diagnosis, prior to coronary
angiography. Two-dimensional echocardiography,
Doppler, and M-mode studies were performed using
a standardized protocol. Specific echocardiographic
parameters including isovolumic relaxation time
(IVRT), isovolumic contraction time (IVCT),
ejection time (ET), and transmitral Doppler
velocities (E and A waves) were measured. The
myocardial performance index (MPI) was then
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calculated as (IVRT + IVCT) + ET. Left ventricular
dimensions, systolic and diastolic functions, and
regional wall motion abnormalities were also noted
to ensure a comprehensive evaluation.

All patients subsequently underwent coronary
angiography using the Judkins technique.
Angiograms were performed in standard projections
to visualize all major coronary arteries. The severity
and complexity of coronary artery disease were
quantified using the SYNTAX scoring system. Each
angiographic finding was independently evaluated,
and SYNTAX scores were calculated according to
established guidelines.

Finally, patients were followed up during their
hospital stay and for a period of 30 days after the
index event. Information regarding the occurrence
of major adverse cardiovascular events (MACE),
such as recurrent angina, re-infarction, need for
revascularization, hospitalization for heart failure,
arrhythmias, or death, was collected and recorded.
Statistical Analysis: The collected data were
entered into Microsoft Excel sheets and were further
analyzed wusing SPSS version 26 software.
Continuous variables were summarized as mean +

standard deviation (SD), while categorical variables
were expressed as frequencies and percentages.

The difference between two means was analyzed
using the Student’s t-test. For comparisons of
continuous variables across more than two groups,
one-way analysis of variance (ANOVA) was
applied for normally distributed data. The chi-square
test was used to analyze nominal variables.
Correlation between MPI and SYNTAX score was
calculated using the Pearson correlation coefficient.
A p-value of less than 0.05 was considered
statistically significant.

RESULTS

[Table 1] In the present study, the majority of
patients were aged 61-70 years (34.5%), and males
constituted 69% of the study population. Among
comorbidities, diabetes was most common (50.3%),
followed by hypertension (34.5%) and a positive
family history of coronary artery disease (35.9%).
The most frequent clinical presentations were
NSTEMI (29.0%) and AWMI (26.2%), each
followed by USAP (26.2%) and IWMI (18.6%)).

Table 1: Distribution of Patients by Age, Sex, Co-morbidities, and Type of ACS

Variable Number (n=145) Percentage
Age Group (Years) 31-40 5 34
41-50 26 17.9
51-60 24 16.6
61-70 50 34.5
71-80 28 19.3
81-90 12 8.3
Sex Female 45 31
Male 100 69
Total 145 100
Co-Morbidities HTN 50 34.5
Diabetes 73 50.3
Smoking 47 32.4
Dyslipidaemia 42 29
Family History of CAD 52 35.9
ACS type AWMI 38 26.2
IWMI 27 18.6
NSTEMI 42 29
USAP 38 26.2

In our study, major adverse cardiovascular events
(MACE) within 30 days were present in 13 patients
(9.0%), and rest 132(91%) were free from MACE
event.

[Figure 1] The majority of patients 79(54.5%) had a
SYNTAX score of 23-32, followed by 29.6% of
patients in the low category (0-22), and least
23(15.9%) were in the high category (>33).
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Figure 1: Distribution of SYNTAX Score Categories

[Figure 2] A significant positive correlation was
observed between MPI and SYNTAX score (r =
0.953, p < 0.001). This indicates that as the
SYNTAX score increased, the MPI values also
showed a proportionate rise.
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[Table 2] The mean E velocity was 67.27£15.91
cm/s and the mean A velocity was 64.97+£6.59 cm/s.
The mean E/A ratio was 1.02+0.31. The mean
medial e' velocity was 7.92+1.77 cm/s, while the
mean E/e' ratio was 8.88+2.84. The mean ejection
fraction by Simpson’s method was 45.84+9.38%.
The mean myocardial performance index (MPI) was

0.56+0.05. The mean SYNTAX score was
24.39+9.81.

Table 2: Echocardiographic and Angiographic Parameters

Variable Mean Std. Deviation

E velocity (cm/s) 67.27 15.91

A velocity (cnv/s) 64.97 6.59

E/A ratio 1.02 0.31

Medial ¢' velocity (cm/s) 7.92 1.77

E/e' 8.88 2.84

Ejection fraction (%) by Simpsons 45.84 9.38

MPI 0.56 0.05

SYNTAX 24.39 9.81

[Table 3] In the present study, patients who
developed MACE within 30 days had a significantly
higher mean SYNTAX score compared to those
without MACE. Similarly, the mean MPI value was
also significantly higher among patients with
MACE compared to those without MACE. In the
present study, the mean MPI in patients with a

SYNTAX score of 0—22 was 0.50 + 0.03, in those
with a score of 23-32 it was 0.58 + 0.27, and in
those with a score >33 it was 0.62 + 0.02. The
difference in MPI across the three SYNTAX
categories was statistically significant using One-
Way ANOVA test (p <0.001).

Table 3: Comparison of SYNTAX Score and MPI with MACE within 30 Days

Variable MACE within 30 Days Mean SD p-value
SYNTAX Score Yes 31.54 1.2 <0.001
No 23.69 10.08
MPI Yes 0.62 0.04 <0.001
No 0.56 0.05
DISCUSSION In the present study, most patients were in the 61-70

Acute coronary syndrome (ACS), encompassing
unstable angina, NSTEMI, and STEMI, continues to
be a major cause of cardiovascular morbidity and
mortality despite advances in care. The myocardial
performance index (MPI), a simple Doppler-derived
parameter, reflects combined systolic and diastolic
function and provides an overall assessment of
global cardiac performance. The SYNTAX score,
on the other hand, is a validated angiographic tool to
grade the severity and complexity of coronary artery
disease. In this background, our study aimed to
assess the relationship between MPI and SYNTAX
score in ACS patients and to determine the
prognostic value of MPI in predicting 30-day major
adverse cardiovascular events (MACE).

years age group, and a male predominance was
observed. This finding is consistent with the natural
progression of atherosclerosis, which increases with
age, and with the fact that men tend to present
earlier with coronary artery disease due to higher
exposure to conventional risk factors. Large Indian
registries such as CREATE and the Kerala ACS
registry also reported mean ages around 55-60 years
and a male predominance of nearly 70%, which
aligns closely with our observations, although our
peak age group was slightly older.l'"'?l Similar
demographic distributions were also reported in
studies evaluating the prognostic role of the
myocardial performance index (MPI) in acute
myocardial infarction (AMI).!!%)

In our cohort, diabetes present in half of the patients,
followed by hypertension, family history of CAD,
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smoking, and dyslipidaemia. These factors are
known to accelerate ischemic injury and
microvascular dysfunction, leading to prolongation
of isovolumic contraction and relaxation phases and
thereby raising MPI. Previous studies have
emphasized that MPI is sensitive to both systolic
and diastolic abnormalities and deteriorates in the
presence of cardiometabolic risk factors.l'*!5] Abaci
et al9 also reported that in stable CAD patients,
higher angiographic disease severity was associated
with higher MPI values, supporting the link between
comorbidity burden and impaired global myocardial
performance.

Our study included a balanced distribution of
anterior wall myocardial infarction, inferior wall
myocardial infarction, unstable angina, and
NSTEMI, with non-ST elevation events forming a
large share. This pattern reflects the clinical profile
commonly seen in tertiary centers. The Kerala ACS
registry also reported a similar distribution with a
substantial proportion of NSTEMI and unstable
angina.'?  Studies have shown that MPI
abnormalities are observed across all ACS subtypes,
reinforcing the applicability of our findings across
different presentations.[!3

The 30-day major adverse cardiovascular event
(MACE) rate was 9%, and patients who experienced
MACE had significantly higher SYNTAX scores
and MPI values. This suggests that both anatomical
complexity and impaired global myocardial
performance are important predictors of early
adverse outcomes. The systematic review by
Bennett et al,l'3! demonstrated that elevated MPI
was associated with heart failure hospitalization,
reinfarction, and death in AMI patients across
multiple cohorts. Similarly, Abuomara et al,l'!
found that higher MPI values predicted in-hospital
heart failure in anterior STEMI. Prognostic
significance of the SYNTAX score has also been
reported in NSTE-ACS and NSTEMI, where higher
scores predicted increased in-hospital mortality and
adverse events.!'7:1%]

More than half of our patients had intermediate
SYNTAX scores, while about 16% were in the high
category. The SYNTAX score is an established tool
to quantify lesion complexity, and higher scores
have been strongly associated with adverse PCI
outcomes and decisions for surgical
revascularization.['”) Prognostic use of the SYNTAX
and SYNTAX II scores in NSTE-ACS populations
has also been validated, supporting the clinical
significance of our findings.[!7-1%]

A strong positive correlation was observed between
MPI and SYNTAX score (r = 0.953). This
demonstrated that as coronary anatomical
complexity increases, myocardial performance
becomes more impaired. Prior studies in stable CAD
have shown similar results. Sahin et al,*’! found a
positive correlation between MPI and SYNTAX
score, and Mansour et all0 demonstrated that MPI
could predict high SYNTAX scores in patients with
chronic coronary syndrome. Mohammad et al,!

also reported a high correlation between MPI and
SYNTAX in chronic stable angina. Our findings
extend this association to the acute coronary
syndrome setting, where ischemia may accentuate
the relationship.

The mean ejection fraction in our study was
moderately reduced at 45.8%, while the mean MPI
was 0.56. These values indicate global left
ventricular dysfunction, which is expected in ACS.
The MPI, originally validated by Tei et al,?? has
been shown to integrate systolic and diastolic
function and to predict adverse outcomes. Reviews
confirm its role as a simple and reproducible
parameter of overall cardiac performance.l'’! The
prognostic association observed in our study is
therefore consistent with previous literature.!3!

The comparison of MPI across SYNTAX categories
showed a stepwise rise from low to intermediate to
high scores, with the difference being statistically
significant. This step-up pattern mirrors findings
from prior studies in stable coronary disease, where
MPI increased with greater lesion complexity.[2%2!]
Our results add to this evidence by demonstrating a
similar gradient in ACS patients, highlighting the
potential of MPI as a non-invasive marker for
identifying patients with complex coronary
anatomy.

This study was carried out prospectively and
included a reasonable number of patients with acute
coronary syndrome. Both the SYNTAX score and
the MPI were studied together, giving a
comprehensive view of the disease in terms of
anatomical severity and functional impairment.
Standardized methods were used for
echocardiography and angiography, which increases
the reliability of the results. However, there are also
some limitations. The study was conducted at a
single tertiary care center, so the results may not
apply to all populations. The follow-up period was
only 30 days, which does not allow assessment of
long-term outcomes. In addition, there is a
possibility  of inter-observer  variation in
echocardiographic measurement of MPI, which was
not fully addressed.

CONCLUSION

In the present study, myocardial performance index
(MPI) was evaluated in patients with acute coronary
syndrome (ACS) and compared with angiographic
severity of coronary artery disease assessed by the
SYNTAX score. The analysis demonstrated a strong
and statistically significant positive correlation
between MPI and SYNTAX score, indicating that
higher MPI values were associated with greater
severity and complexity of coronary artery disease.

Patients with higher SYNTAX score categories
showed proportionately higher MPI values
compared to those in the lower categories, and the
difference was statistically significant. This finding
supports the role of MPI as a non-invasive
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echocardiographic marker for
angiographic severity.

The prognostic evaluation further revealed that
patients  who  developed  major  adverse
cardiovascular events (MACE) within 30 days had
significantly higher MPI and SYNTAX scores
compared to those without MACE. This highlights
the value of MPI not only as a diagnostic tool but
also as a prognostic indicator in ACS.

Thus, MPI can be considered a reliable, non-
invasive, and easily obtainable parameter for
predicting both the severity of coronary artery
disease and short-term outcomes in patients with
acute coronary syndrome. Its incorporation into
routine echocardiographic assessment may improve

predicting

early risk stratification and guide timely
management decisions.
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