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Abstract Background: Myocardial infarction (MI) results in impairment of left ventricular (LV)

systolic and diastolic functions to various degrees. The tissue Doppler image derived Tei index

(TDI-Tei index) has recently been used to assess LV function, and like the conventional Tei index,

it was also found to be useful for global function. There are a small number of studies which apply

TDI-Tei index to assess regional function and whether it varies according to the degree of changes

in wall motion in various LV segments.

Objectives: This study was conducted to assess the changes of segmental myocardial Tei index by TDI

according to the degree of changes of wall motion in the patient with acute ST-segment elevationmyo-

cardial infarction (STEMI) and its correlation with Tei index derived by conventional Doppler.

Patients and methods: This study was carried out on thirty patients with acute STEMI selected from

Coronary Care Unit, Cardiology Department, Mansoura Specialized Hospital, Mansoura Univer-

sity, Egypt. The study groupwas subjected to clinical assessment, electrocardiography (ECG), routine

laboratory profile and Doppler echocardiography (conventional and pulsed wave tissue Doppler

imaging ‘‘PW-TDI’’). Tei index was calculated from the sum of isovolumetric contraction time

(IVCT) and isovolumetric relaxation time (IVRT), divided by ejection time (ET)whichweremeasured

from pulsed wave Doppler imaging of the trans-mitral inflow and LV outflow tracts. Myocardial

velocities and TDI-Tei index were measured at basal and mid-segments of LV walts from apical 4,

2 and 5-chamber views using 16-segment model. Average values of myocardial velocities and TDI-

Tei indices were obtained from normal, hypokinetic and akinetic segments then compared.
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Results: The mean values of left ventricular ejection fraction (LVEF), mitral E/A ratio and conven-

tional Tei index were 51.83 ± 5.15%, 1.18 ± 0.15 and 0.63 ± 0.07 ms, respectively. Segmental myo-

cardial TDI-Tei index was correlated positively with conventional Tei index (r = 0.648, P < 0.001).

TDI-Tei indices were significantly higher in akinetic and hypokinetic segments than those of normal

segments (0.70 ± 0.09, 0.64 ± 0.05 vs 0.63 ± 0.05, P < 0.001).

Conclusions:Tei index (either conventional or TDI) is superior toEF in evaluation of LVperformance

in patients with acute STEMI. Tei index derived by myocardial segments by TDI is correlated with

conventional Tei index. Segmental TDI-Tei index values differ according to the grade of dysfunctional

wall motion.

ª 2011 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. All rights reserved.
1. Introduction

Myocardial infarction results in impairment of left ventricular
(LV) systolic and diastolic functions to various degrees.1 These

functions are energetically and tightly coupled at different
three levels: (1) cellular level, since adenosine triphosphate is
a substance essential for both active contraction and relaxa-
tion,2 (2) myocardial level, because regional wall motion

asynchrony influences global LV diastolic function (contrac-
tion-relaxation axis)3 and (3) hemodynamic level, because sys-
tolic function indirectly affects LV filling pressures.4

The Tei index is a Doppler-derived time interval index that
combines both systolic and diastolic cardiac performances.
The Tei index is easily derived using conventional pulsed

Doppler echocardiography, as previously described by Tei
and colleagues.5

The tissue Doppler image derived Tei index (TDI-Tei in-
dex) has recently been used to assess LV function, and like

the conventional Tei index, it was also found to be useful for
global function.6–8

There is a small number of studies which apply TDI-Tei in-

dex to assess regional function and whether it varies according
to the degree of changes in wall motion in various LV
segments.

2. Objectives

This study was conducted to assess the changes of segmental
myocardial Tei index by TDI according to the degree of
changes of wall motion in patient with acute ST-segment eleva-

tion myocardial infarction (STEMI) and its correlation with
Tei index derived by conventional Doppler.
3. Patients and methods

3.1. Study populations

This study was carried out on 30 patients with acute STEMI
selected from Coronary Care Unit, Cardiology Department,

Mansoura Specialized Hospital, Mansoura University, Egypt,
from December 2010 to April 2011. Patients with atrial fibril-
lation, left bundle branch block and inadequate echocardio-

graphic evaluation of myocardial segments were excluded
from this study.

The study group was subjected to clinical assessment,

electrocardiography (ECG), routine laboratory profile and
Doppler echocardiography (conventional and pulsed wave
tissue Doppler imaging ‘‘PW-TDI’’).
3.2. Clinical assessment

All patients were subjected to thorough history taking, full

physical examination with special focusing on age, sex and cor-
onary artery disease risk factors.
3.3. Echocardiography

M-mode, 2-dimensional and pulsed wave echocardiography

was performed according to 2005 American Society of Echo-
cardiography recommendations.9 Using GE (vivid 3 pro)
NORWAY with 2.5 MHz multifrequency transducer.

M-mode and 2-dimensional echocardiography: done to
measure LV dimensions wall thickness and LV ejection
fraction (LVEF) measured by modified Simpson’s biplane

method. Regional wall motion was assessed according to
16-segment model and classified as normal, hypokinetic
and akinetic depending on visual assessment.

Conventional Tei index was calculated from the sum of iso-
volumetric contraction time (IVCT) and isovolumetric
relaxation time (IVRT), divided by ejection time (ET)
which was measured from pulsed wave Doppler imaging

of the trans-mitral inflow and LV outflow tracts.

3.4. Tissue Doppler imaging: done to measure

Myocardial velocities of each cardiac segments; systolic

(Sm), early (Em) and late (Am) diastolic velocities.
Tissue Doppler imaging Tei index: IVCT, IVRT and ET
were measured from pulsed wave-TDI on myocardial

segments.
Myocardial velocities and TDI-Tei index were measured at
basal and mid-segments of LV walts from apical 4, 2 and 5-

chamber views.
Average values of myocardial velocities and TDI-Tei indi-
ces were obtained from normal, hypokinetic and akinetic
segments then compared.

3.5. Statistical analysis

Data were analyzed using SPSS (Statistical Package for
Social Sciences) version 10. Qualitative data were presented

as number and percent. Quantitative data were tested for
normality by Kolmogorov–Smirnov test. Normally



Table 2 Echocardiographic data of study group (n= 30

patients).

EDD (cm) 5.5 ± 0.38

ESD (cm) 3.67 ± 0.30

PWT (cm) 1.18 ± 0.13

IVST (cm) 1.18 ± 0.15

LVEF (%) 51.83 ± 5.15

Mitral E/A ratio 1.14 ± 0.36

Conventional Tei index (ms) 0.63 ± 0.07

Sm (cm/s) 5.3 ± 1.2
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distributed data were presented as mean ± SD. F-test (one

way Anova) was used to compare between more than two
groups. Pearson’s correlation coefficient was used to test
the correlation between variables. P < 0.05 was considered
to be statistically significant.

4. Results

Table 1 summarize baseline clinical characteristics of 30
patients with acute STEMI.
Table 1 Baseline clinical characteristics of the study group

(n= 30 patients).

Age (years) 50.7 ± 7.8

Gender

Male (n, %) 22 (73.3%)

Female (n, %) 8 (26.7%)

Diabetes mellitus (n, %) 17 (56.7%)

Hypertension (n, %) 20 (66.7%)

Hypercholesterolemia (n, %) 16 (53.3%)

Smoking

Current (n, %) 16 (53.3%)

Ex smoker (n, %) 8 (26.7%)

Non-smoker (n, %) 6 (20%)

Type of myocardial infarction (site of ST elevation)

Anterior 10 (33.3%)

Inferior 6 (20%)

Lateral 3 (10%)

Antero-septal 4 (13.3%)

Inferolateral 3 (10%)

Anterior and inferior 4 (13.3%)

Em (cm/s) 5.8 ± 1.34

Am (cm/s) 6.1 ± 1.09

TDI-Tei index (ms) 0.64 ± 0.06

EDD= End diastolic diameter.

ESD= End systolic diameter.

PWT= Posterior wall thickness.

IVST = Interventricular septum thickness.

LVEF= Left ventricular ejection fraction.

Mitral E/A ratio =Mitral early to late diastolic velocity.

Sm = Systolic myocardial velocity.

Em= Early diastolic myocardial velocity.

Am= Late diastolic myocardial velocity.

TDI-Tei index = Tissue Doppler imaging derived Tei index.
Table 2 shows the mean values of LVEF, mitral E/A ratio
and conventional Tei index are 51.83 ± 5.15%, 1.18 ± 0.15
and 0.63 ± 0.07 ms, respectively. Segmental myocardial Tei
Table 3 Segmental tissue Doppler echocardiographic data (n= 28

Normal segments (n= 180) Hypokinetic

Sm (cm/s) 6.12 ± 0.79 5.22 ± 0.68

Em (cm/s) 6.34 ± 1.3 5.62 ± 1.29

Am (cm/s) 6.99 ± 1.34 5.94 ± 1.26

TDI-Tei index (ms) 0.63 ± 0.05 0.64 ± 0.05

Sm= Systolic myocardial velocity.

Em= Early diastolic myocardial velocity.

Am= Late diastolic myocardial velocity.

TDI-Tei index = Tissue Doppler imaging derived Tei index.

Table 4 Correlation between TDI-Tei index and some echocardiog

Variable Conventional Tei index L

TDI-Tei index

r 0.648 �
P <0.001

LVEF= Left ventricular ejection fraction.

Mitral E/A ratio =Mitral early to late diastolic velocity.

Sm = Systolic myocardial velocity.
index, Em and Am were measured by PW-TDI at 282 myocar-

dial segment and there mean values 0.64 ± 0.06 ms,
5.3 ± 1.2 cm/s, 5.8 ± 1.34 cm/s and 6.1 ± 1.09 cm/s, respec-
tively. There are significant decreases of Sm, Em and Am
among dysfunctional segments (akinetic n = 54 and hypoki-

netic n = 48) in comparison with normal segments (n = 180)
(P< 0.05, Table 3). Also there is significant increase of aver-
age value of TDI-Tei index among dysfunctional segments

when compared with normal segments (0.70 ± 0.09,
0.64 ± 0.05 vs 0.63 ± 0.48, respectively, P < 0.001, Table 3).

On study of the correlation between segmental myocardial

TDI-Tei index and some of echocardiographic variables (Table
4 and Figs. 1 and 2). There are negative correlation between
2 segments).

segments (n= 48) Akinetic segments (n= 54) P value

4.56 ± 0.60 <0.001

5.60 ± 1.22 0.040

5.79 ± 1.19 <0.001

0.70 ± 0.09 <0.001

raphic variables.

VEF Mitral E/A ratio Sm

0.352 �0.301 �0.459
0.046 0.105 0.011



TDI-Tei inex

0.800.700.600.500.40

C
on

ve
nt

io
na

l T
ei

-in
de

x 
(m

se
c)

0.75

0.70

0.65

0.60

0.55

0.50

0.45

r = 0.648, P < 0.001

Figure 1 Correlation between segmental myocardial TDI-Tei

index and conventional Tei index.
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Figure 2 Correlation between segmental myocardial TDI-Tei

index and systolic myocardial velocity.
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TDI-Tei and LVEF and Sm (P < 0.05) and positive correla-
tion between TDI-Tei index and conventional Tei index
(P < 0.001).

5. Discussion

The Tei index appears to have close correlation with the widely

accepted systolic and diastolic hemodynamic parameters10,11

as well as potential for clinical application in the assessment
of overall cardiac performance.12,13 Furthermore, during its

short life span from 1995 until today, the Tei index has been
shown to have a strong prognostic value in severe cardiac
diseases, such as dilated cardiomyopathy,13,14 cardiac amyloi-

dosis12 pulmonary hypertension15,16 and recently in myocar-
dial infarction.

The Tei index is simple, non-invasive, easy to estimate and
reproducible.5,12,17 A number of studies have documented that

the Tei index is independent of arterial pressure,18–20 heart
rate21 ventricular geometry, atrioventricular valve regurgita-

tion,22,23 after load24 and preload in patients who are in a su-
pine position.25

The mean normal value of the Tei index by conventional
pulsed Doppler echocardiography is 0.39 ± 0.05 ms for the

LV.5 Higher index values correspond to more pathological
states with overall cardiac dysfunction.

Doppler index of myocardial performance considered as a

unique indicator of global ventricular function and as a prog-
nostic predictor in post-myocardial infarction.5,17

Recent studies have shown that TDI-Tei index could be

measured at the mitral annulus and correlated well with the
conventional Tei index,26,27 Baek and his colleagues28 were
the first group to study the usefulness of segmental derived

TDI-Tei index in patients with regional wall motion abnormal-
ities.28 Therefore, the current research study the changes of seg-
mental myocardial Tei index by TDI according to the degree of
changes of wall motion in patient with acute STEMI and its

correlation with Tei index derived by conventional Doppler.
On reviewing the conventional echocardiographic parame-

ters we found in patients with STEMI have decreased the mean

value of LVEF and E/A ratio ( Table 2). Conventional
echocardiographic indices that are routinely applied for the
estimation of cardiac function face a number of limitations.

The ejection fraction, the most reliable estimator of systolic
function, is prone to significant inaccuracies when the elliptical
cardiac chamber is transformed to spherical one.29 On the
other hand, trans-mitral flow, which is the most frequent meth-

od for the evaluation of diastolic function is dependent on
age,30 heart rate,31 as well as loading conditions.32

The present study reveals a significant negative correlation

between LVEF and Tei index either derived by conventional or
tissue Doppler imaging and this matched with the results of
Lacorte et al.11 who demonstrated that Tei index maintains a

strong inverse relation with ejection fraction.
Poulsen et al.33 demonstrated that in early phase of myo-

cardial infarction the index is more sensitive in the detection

of LV dysfunction and of the rate of heart failure development.
In the late post-infarction phase, the sensitivity of the index
was higher than that of EF in patients with an adverse out-
come as concluded by Poulsen et al.34

Many of the studies have shown that the Tei index reflects
the severity of LV diastolic dysfunction in the hyperacute33

and chronic phases34 of myocardial infarction, while it pseudo-

normalizes during the acute phase of myocardial infarction in
patients with restrictive physiology35 as well as in patients with
isolated diastolic heart failure.36

In this research, there is a strong positive correlation
between the Tei index calculated by conventional Doppler
and segmental myocardial TDI-Tei index in patients with

acute STEMI, and this result matched with the results of Baek
et al.28 and Duzenli et al.37

There was a weak negative correlation between segmental
myocardial Tei index and systolic velocity calculated by

PW-TDI on each myocardial segment and this may be attrib-
uted to the assessment of systolic velocity in the early phase of
acute MI.

Baek et al.28 demonstrated that the sum of segmental
TDI-Tei indices correlated with the conventional Tei index,
each value was significantly different according to the degree

of wall motion abnormalities. Also, there was a significant neg-
ative correlation between the TDI-Tei index and Sm.
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In this study, the segmental myocardial TDI-Tei index

shows significant increase when comparing the akinetic and
hypokinetic segments with normal segments. On the other
hand, there is significant decrease of systolic velocity (Sm)
studied by TDI for different segments, and this results sup-

ported by the results of Baek et al.28 who demonstrate that
myocardial TDI-Tei indices were significantly increased in dys-
functional segments.

6. Study limitations

This study evaluates the Tei index (either by conventional
or TDI) in the early phase of acute STEMI and a long-term
study is needed to evaluate more prognostic value.

This study evaluates the LV segmental TDI-Tei index with-
out respect to the location of myocardial infarction. Tei
index for the LV of the patient who has an anterior myocar-

dial infarction is significantly higher than that of those with
an inferior myocardial infarction.18,34,38

Individual myocardial segmental TDI-Tei indices were sig-

nificantly different and so not sufficient to represent the glo-
bal LV function in patients with segmental wall motion
abnormalities.

In this work, TDI-Tei index evaluated in the early phase
without studying the effect of early reperfusion (either by
thrombolysis or primary PCI). Large study needed to study
the effect of revascularization options on the segmental

myocardial performance indices.
Unreliable and difficult determinations of Tei index in
patients with atrial fibrillation, ventricular extrasystole,

atrioventricular and intraventricular conduction distur-
bances which are common in patients with acute STEMI.

7. Conclusions

Tei index (either conventional or TDI) is superior to EF in
the evaluation of LV performance in patients with acute

STEMI.
Tei index derived by the myocardial segments by TDI is
correlated with conventional Tei index.

Segmental TDI-Tei index values differ according to the
grade of dysfunctional wall motion.
A long-term study is required before TDI-Tei index intro-
duction into routine clinical evaluation of LV performance

in patients with STEMI.
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