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Abstract:
Background: The Tei index, also known as the myocardial performance index (MPI), is an echocardiographic
measure that combines systolic and diastolic myocardial function. It has been progressively acknowledged as a
potential prognostic indicator in diverse cardiac diseases, including acute coronary syndromes (ACS). Non-ST
segment elevation myocardial infarction (NSTEMI) constitutes a significant percentage of acute coronary
syndrome (ACS) cases and exhibits a broad range of outcomes. Early identification of high-risk patients continues
to be a clinical focus to enhance prognosis.
Objective: To assess the correlation between the Tei index and short-term prognosis in patients with NSTEMI.
Methods: This prospective observational study involved 120 adult patients with a confirmed diagnosis of
NSTEMI admitted to the cardiology department of a tertiary care centre during a 12-month period. All patients
had thorough transthoracic echocardiography within 48 hours of admission. We used pulsed-wave Doppler
measurements of isovolumetric contraction time (ICT), isovolumetric relaxation time (IRT), and ejection time
(ET) to figure out the Tei index. Patients were monitored for 30 days to document adverse outcomes,
encompassing recurrent ischaemia, new or exacerbated heart failure, arrhythmias, and all-cause mortality. We
utilised multivariate logistic regression to see how well the Tei index predicted outcomes, taking into account
other clinical and echocardiographic factors.
Results: The average age of the patients was 59.3 £ 9.8 years, and 72% of them were men. The average Tei index
was 0.56 + 0.08. Patients with a Tei index >0.55 encountered markedly elevated rates of adverse events in contrast
to those with a Tei index <0.55 (38.3% vs. 12.5%, p < 0.001). In a multivariate analysis, a Tei index >0.55 was
identified as an independent predictor of unfavourable short-term prognosis (adjusted OR = 3.21, 95% CI: 1.48—
6.92, p =0.003), even after controlling for left ventricular ejection fraction and GRACE risk score.
Conclusion: An increased Tei index in NSTEMI patients is significantly correlated with unfavourable short-term
clinical outcomes. Because it is easy to measure and repeat, the Tei index can be a useful tool for early risk
assessment and planning for management.
Keywords: Tei index, myocardial performance index, NSTEMI, prognosis, echocardiography, acute coronary
syndrome.
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Introduction

Non-ST segment elevation myocardial infarction
(NSTEM)I) is a prominent subtype of acute coronary
syndrome (ACS) and constitutes a considerable
contributor to morbidity and mortality globally.
Characterised by myocardial necrosis without the
distinctive ST-segment elevation on
electrocardiography (ECG), NSTEMI frequently
exhibits diverse clinical manifestations and
fluctuating prognostic outcomes. Over the last
twenty years, its frequency has gone up, in part
because high-sensitivity cardiac troponin tests are
better at finding it. Even if there have been
improvements in reperfusion techniques, drug
therapy, and secondary prevention, early risk
stratification is still very important for making

therapeutic decisions and getting the best results for
patients [5,9].

Echocardiography is fundamental in the assessment
of ACS, offering comprehensive insights into
cardiac  architecture, left ventricular (LV)
performance, and haemodynamics. Historically, the
left ventricular ejection fraction (LVEF) has been
the predominant echocardiographic metric utilised
for prognostication. But LVEF has certain problems.
For example, it mostly shows systolic function, it
can be affected by loading conditions, and it may
stay the same even in those with serious myocardial
failure. These restrictions have led to the quest for
alternative echocardiographic indicators that offer a
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more thorough evaluation of myocardial
performance [10].

Tei et al. originally talked about the Tei index, also
known as the myocardial performance index (MPI),
in the middle of the 1990s [1,6]. It is a Doppler-
derived statistic that combines systolic and diastolic
time intervals into one global assessment of heart
function. To find it, add the isovolumetric
contraction time (ICT) and the isovolumetric
relaxation time (IRT) and then divide by the ejection
time (ET). The Tei index provides a more
comprehensive assessment of overall myocardial
performance by including both contraction and
relaxation phases, in contrast to LVEF alone. It is
important to note that it is not very dependent on
heart rate or blood pressure, which makes it a
reliable and consistent marker in a variety of clinical
contexts.

In the realm of ACS, numerous research have
investigated the efficacy of the Tei index in
forecasting adverse outcomes [2—4,7-9]. Higher Tei
index values have been associated with higher death
rates, repeated ischaemia, heart failure, and
arrhythmias in both ST-elevation myocardial
infarction (STEMI) and NSTEMI groups.
Pathophysiologically, NSTEMI frequently leads to a
mix of systolic and diastolic dysfunction attributable
to  subendocardial ischaemia, microvascular
damage, and post-ischemic myocardial shock.
Consequently, the Tei index—by identifying
anomalies in both systolic and diastolic function—
may offer additional prognostic insights beyond
conventional risk assessment instruments like the
Global Registry of Acute Coronary Events
(GRACE) score [9].

Additionally, the Tei index measurement is quite
appealing in places with less resources because it is
easy to do and doesn't hurt anyone. You can get it
with regular Doppler echocardiography, so you don't
need any extra imaging equipment or contrast
chemicals. Adding the Tei score to early evaluation
processes could help doctors quickly find high-risk
patients who might benefit from more aggressive
treatment and tighter monitoring.

The Tei index has potential, but its use in routine
NSTEMI prognostication is not yet standardised.
Different studies have shown different cutoff values
for predicting bad outcomes. There is a necessity for
meticulously conducted prospective studies to
elucidate its prognostic importance and determine
clinically meaningful thresholds [3].

The current study is to examine the correlation
between the Tei index and short-term prognosis in
patients with NSTEMI admitted to a tertiary care
facility. This study aims to assess the Tei index's
correlation with major adverse cardiac events
(MACE) occurring within 30 days, to ascertain its
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potential as an independent predictor of unfavorable
outcomes, hence enhancing its utility as a practical
instrument for early risk stratification in NSTEMI.

Materials and Methods

Study Design and Setting: This was an
investigation carried out in the Department of
Cardiology at a tertiary care teaching hospital over a
12-month duration (from January 2024 to December
2024). The study aimed to evaluate the correlation
between the Tei index and short-term prognosis in
patients with non-ST segment elevation myocardial
infarction (NSTEMI). Before the study began, the
Institutional Ethics Committee gave its approval,
and all subjects gave their informed consent.

Study Population: A total of 120 consecutive adult
patients with a confirmed diagnosis of NSTEMI
were enrolled. The diagnosis of NSTEMI was based
on the Fourth Universal Definition of Myocardial
Infarction, requiring:

1. Finding a spike or decline in high-sensitivity
cardiac troponin readings, with at least one
value above the 99th percentile upper reference
limit, and

2. No persistent ST-segment elevation on the 12-
lead ECG, accompanied by ECG alterations
indicative of ischaemia (ST depression or T-
wave inversion) and/or ischaemic symptoms.

Criteria for Inclusion

e Atleast 18 years old.

e  Confirmed diagnosis of NSTEMI.

e  Able to have an echocardiogram done within 48
hours after being admitted to the hospital.

Criteria for Exclusion

e A history of serious valvular heart disease in the
past.

e Having congenital heart disease.

e Persistent arrhythmias that make Doppler
measures hard to get (for example, atrial
fibrillation with a high ventricular rate).

e Severe kidney damage (eGFR <30
mL/min/1.73 m?).

e Poor echocardiographic acoustic window that
makes it impossible to get good Doppler
recordings.

e Cardiogenic shock at presentation.

Echocardiographic Assessment: All patients

underwent comprehensive transthoracic
echocardiogram within 48 hours of admission,
utilising a commercially accessible

echocardiography machine (e.g., Vivid™ E95, GE
Healthcare) with a 2.5-3.5 MHz transducer. An
experienced cardiologist who didn't know how the
patients were doing clinically did all of the studies.
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The Tei index (myocardial performance index) was
derived using pulsed-wave Doppler measurements
taken from the apical 4-chamber view at the mitral
valve inflow and left ventricular outflow tract
(LVOT). The following periods of time were noted:

e Isovolumetric contraction time (ICT) is the time
between the closing of the mitral valve and the
opening of the aortic valve.

e Isovolumetric relaxation time (IRT) is the time
between when the aortic valve closes and when
the mitral valve opens.

e FEjection time (ET) is the amount of time it takes
for blood to flow through the aorta.

The Tei index was calculated using the formula:

Tei Index=

ICT +IRT
ET

To reduce fluctuation from beat to beat, all values
were averaged over three consecutive cardiac
cycles. The modified Simpson's biplane method was
used to measure left ventricular ejection fraction
(LVEF).

Tei Index =

Clinical and Laboratory Assessment: At the time
of admission, we wrote down the person's basic
demographic information, cardiovascular risk
factors, comorbidities, and clinical presentation.
Standard laboratory testing included a complete
blood count, tests of kidney function, a lipid profile,
high-sensitivity troponin, and NT-proBNP levels.
We figured up the GRACE risk score for each
patient.

Follow-Up and Outcome Measures: All patients
were monitored for 30 days following admission,
either during their hospital stay or through scheduled
outpatient visits or telephone contact. The main goal
was to find out how many major adverse cardiac
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events (MACE) happened. MACE is a combination
of:

e Recurrent ischaemia  (substantiated by
symptoms, ECG, and/or biomarker evidence),

e New or worsening heart failure, according to
ESC guidelines,

e Important ventricular arrhythmias (sustained
VT/VF), and

e Death from any reason.

The secondary aim was to find the best cutoff value
for the Tei index for predicting bad events.

Statistical Analysis: We used SPSS to do the
statistical analysis. Continuous variables were
represented as mean =+ standard deviation (SD) and
analysed using the Student’s t-test for normally
distributed data or the Mann—Whitney U test for
skewed data. We used the chi-square test or Fisher's
exact test to compare categorical variables, which
were shown as frequencies and percentages.

We used receiver operating characteristic (ROC)
curve analysis to find the best Tei index cutoff for
predicting MACE. We also calculated the area under
the curve (AUC) to see how well it could tell the
difference between groups. We performed
multivariate logistic regression analysis to find
independent predictors of bad outcomes, taking into
account age, sex, LVEF, and GRACE risk score as
important confounders. A p-value of less than 0.05
was deemed statistically significant.

Results

Baseline Characteristics: The final analysis
comprised 120 patients with NSTEMI. The average
age was 59.3 + 9.8 years, and 86 of the patients
(71.7%) were men. The most common comorbidities
were high blood pressure (64.2%) and diabetes
mellitus (48.3%). The average GRACE risk score
was 126 = 18. Table 1 shows the baseline
parameters broken down by the Tei index (<0.55 vs.
>0.55).

Table 1: Baseline Characteristics of the Study Population

Variable Overall (n=120) | Tei Index <0.55 (n=64) | Tei Index >0.55 (n=56) | p-value
Age (years) 593+£9.8 58.1+£9.6 60.7+£9.9 0.18
Male sex, n (%) 86 (71.7) 45 (70.3) 41 (73.2) 0.73
Hypertension, n (%) 77 (64.2) 39 (60.9) 38 (67.9) 0.42
Diabetes mellitus, n (%) | 58 (48.3) 28 (43.8) 30 (53.6) 0.29
Dyslipidemia, n (%) 49 (40.8) 27 (42.2) 22 (39.3) 0.76
Smoking, n (%) 44 (36.7) 21 (32.8) 23 (41.1) 0.35
GRACE score 126 £ 18 122 £17 131 £18 0.02*
LVEF (%) 49.7+£6.2 52.1+£53 47.0£6.0 <0.001*

*Statistically significant.

Echocardiographic Findings: The average Tei
index for the whole group was 0.56 + 0.08. Patients
exhibiting a Tei index >0.55 demonstrated markedly
reduced LVEF, extended isovolumetric contraction

and relaxation durations, and abbreviated ejection
times in contrast to those with a Tei index <0.55
(Table 2).
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Table 2. Echocardiographic Parameters

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Parameter Tei Index <0.55 (n=64) Tei Index >0.55 (n=56) p-value
Tei index 0.50 £ 0.03 0.62 +0.05 <0.001*
LVEF (%) 52.1+£53 47.0+6.0 <0.001*
ICT (ms) 54.6 6.1 66.3+7.0 <0.001*
IRT (ms) 73.5+7.4 87.8+8.3 <0.001*
ET (ms) 294.1 +16.7 249.5+£15.9 <0.001*

Clinical Outcomes: In the 30 days after follow-up,
36 patients (30.0%) had at least one major adverse
cardiac event (MACE). The MACE rate was much

*Statistically significant.

Table 3. 30-Day Adverse Qutcomes

greater in the Tei index >0.55 group than in the
<0.55 group (38.3% vs. 12.5%, p <0.001) (Figure 1).
Table 3 shows how the results are broken down.

Outcome Tei Index <0.55 (n=64) Tei Index >0.55 (n=56) p-value
Recurrent ischemia 4 (6.3%) 10 (17.9%) 0.04*
New/worsening heart failure 3 (4.7%) 8 (14.3%) 0.05%*
Significant arrhythmia 1 (1.6%) 4 (7.1%) 0.18
All-cause mortality 0 (0%) 3 (5.4%) 0.09
Any MACE 8 (12.5%) 21 (38.3%) <0.001*
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ROC Curve Analysis: Receive Receiver operating
characteristic (ROC) curve analysis showed that the
Tei index was good at telling the difference between
people who would have MACE and those who
78 (95% CI: 0.69-

would not, with an AUC of 0
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*Statistically significant.

30-Day MACE Rates by Tei Index Group

Tei Index < 0.55
Figure 1: 30-Day MACE Rates by Tei index Group

38.3%

Tei Index = 0.55

0.86, p < 0.001). The best cutoff value found was
0.55, which had a sensitivity of 72.2% and a
specificity of 71.0% for predicting bad outcomes

(Figure 2).

International Journal of Current Pharmaceutical Review and Research

617



International Journal of Current Pharmaceutical Review and Research

e-ISSN: 0976-822X, p-ISSN: 2961-6042

ROC Curve for Tei Index Predicting MACE
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Figure 2: ROC curve showing predictive value of Tei index for MACE

Multivariate Analysis

In a multivariate logistic regression study
controlling for age, sex, LVEF, and GRACE score,
a Tei index >0.55 was identified as an independent
predictor of MACE (adjusted OR = 3.21, 95% CI:
1.48-6.92, p = 0.003). A higher GRACE score (p =
0.02) and a lower LVEF (p = 0.01) were also
important predictors.

Discussion

The current study assessed the prognostic value of
the Tei index (myocardial performance index) in
patients with non-ST segment elevation myocardial
infarction (NSTEMI), revealing that a higher Tei
index (=0.55) was significantly correlated with
elevated rates of major adverse cardiac events
(MACE) within 30 days. This link remained
significant even after controlling for recognised risk
indicators, including left ventricular ejection
fraction (LVEF) and the GRACE risk score,
highlighting the index's independent prognostic
significance [2,4,9].

Our results corroborate prior studies demonstrating
that the Tei index serves as a reliable measure of
global ventricular dysfunction and a prognostic
factor for unfavourable outcomes in acute coronary
syndromes [1-4,7-9]. Research conducted by
Moller et al. and Tei et al. has demonstrated that the
index is associated with mortality and the
advancement of heart failure across multiple cardiac
diseases, including myocardial infarction [2,6]. In

NSTEMI, the pathophysiological rationale for the
predictive relevance of the Tei index probably
resides in its capacity to identify both systolic and
diastolic dysfunction, which often coexist in
ischaemic myocardial damage. LVEF is still a
common way to quantify systolic function, however
it doesn't show small diastolic problems or early
combined dysfunction, which the Tei index may
[10].

The identified cutoff value of 0.55 in our
investigation aligns closely with existing literature,
which suggests values between 0.50 and 0.60 for
predicting adverse outcomes in acute coronary
syndrome patients. In our sample, patients with a Tei
index of 0.55 or higher were three times more likely
to have MACE than those with a Tei value of less
than 0.55. Notably, recurrent ischaemia and new or
worsening heart failure made up most of the
occurrences. This suggests that a high Tei index may
be a sign of a weak myocardial substrate that is
likely to fail to pump and have ischaemic recurrence
[4,7].

From a practical point of view, the Tei index has a
number of benefits for everyday clinical use. It can
be obtained from typical pulsed-wave Doppler
recordings without requiring specialised imaging
technologies, rendering it applicable in resource-
constrained environments. Also, because it doesn't
depend on changes in heart rate or blood pressure, it
is easier to reproduce in acute situations. The
capacity to incorporate this measure into initial
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echocardiographic  assessment may facilitate
enhanced risk classification, especially in
individuals with intact LVEF, where traditional
markers may under-represent risk.

Nevertheless, several factors warrant examination.
First, we left out people with major valvular lesions
and arrhythmias from our group to avoid confusion
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