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Abstract

Introduction LV dysfunction develops early in hyperten-
sion, even previously to left ventricular remodeling.

Aims To determine the frequency of morphologic and
functional heart abnormalities associated to abnormal
modified Tei Index in untreated hypertensive (HBP)
patients (p) with preserved ejection fraction (pEF).
Methods Case—control study. Three groups: (1) HBP
without left ventricular hypertrophy (LVH); (2) HBP with
LVH; (3) non-HBP controls. Ejection fraction >54 %
identified pEF. LVH measured by Devereux method.
Systolic and diastolic functions assessed by standard
echocardiography and tissue Doppler. 2013 ESH/ESC
Hypertension Guidelines normal values were considered.
Tei index measured at the lateral and septal LV walls in
apical 4-chamber view by tissue Doppler, value >0.40
considered abnormal. Statistical analysis: multifactorial
ANOVA test adjusted by sex and age, p < 0.05 statistically
significant.

Results The study included 14 controls, 88 HBP p without
LVH, and 19 HBP p with LVH. The HBP p sample mean
age was 58.7 £ 13.5 years and 52 (44.1 %) were males.
Mean Tei Index was 0.35 + 0.03 in controls; 0.42 £+ 0.05
in HBP without LVH; and 0.42 £ 0.06 in HBP with LVH
(p < 0.025). Abnormal Tei Index was present in 2p
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(14.3 %) controls; 64 p (72.7 %) HBP without LVH; and
15 p (78.9 %) HBP with LVH (p < 0.0009). Tissue Dop-
pler’s wave was 8.4 = 0.9 cm/s in controls; 8 £ 1.6 cm/s
in HBP without LVH and 7.8 & 1.1 cm/s in HBP with
LVH.

Conclusions (1) Left ventricular dysfunction is frequent in
HBP p, even without LVH; (2) modified tissue Doppler Tei
index is a useful tool for the diagnosis of left ventricular
dysfunction.

Keywords Hypertension - Case control study -
Left ventricular dysfunction - Modified Tei index

1 Introduction

The detection of the clinical syndrome of heart failure with
preserved ejection fraction (HFpEF) is more common in
hypertensive patients. A multivariate analysis had shown
for every elevation of 10 mmHg in systolic blood pressure
a 13 % increase in the likelihood of developing heart
failure with an ejection fraction greater than 45 %.
Hypertension, female gender and new atrial fibrillation are
the strongest predictors of new HFpEF [1].
Approximately 50 % of hypertensive patients have left
ventricular geometry changes, and about one third of them
could develope left ventricular hypertrophy, more often of
the eccentric type. On the other hand, hypertensive patients
may present both systolic and diastolic dysfunction, even in
the absence of left ventricular hypertrophy, which can be
evaluated by magnetic resonance imaging, myocardial
perfusion or echocardiography, this technique being the
most widespread applied in medical practice [2]. In the
SILVHIA study diastolic function of hypertensive patients
with and without left ventricular hypertrophy was
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evaluated and compared with normotensive subjects. The
left ventricular diastolic function was impaired in both
groups of hypertensive patients. The differences between
the two groups of hypertensive individuals compared to
normotensive subjects were statistically significant, but no
difference was observed between hypertensive patients
with and without left ventricular hypertrophy [3]. In
another study the relationship between levels of plasma
NT-proBNP and left ventricular diastolic dysfunction in
hypertensive patients without systolic dysfunction was
investigated. High end-diastolic left ventricular pressure
measured by the ratio of transmitral early diastolic flow
peak to septal and lateral mitral annulus average early peak
diastolic velocities (E/e’ ratio) was considered a parameter
suggestive of diastolic dysfunction, and patients with an
E/e’ ratio greater than 15 had the highest average value of
NT-proBNP in that study; so, when it was over 119 pg/ml
had a sensitivity of 87 % and a specificity of 100 % for the
prediction of a left ventricular end-diastolic pressure ele-
vation [4]. In this line, the presence or development of
diastolic dysfunction is associated with an increased inci-
dence of heart failure during follow-up after adjustment for
age, hypertension, diabetes and the presence of coronary
artery disease [5].

In the same context, systolic left ventricular function has
being assessed by two-dimensional ultrasonographic
methods, such as those derived from measurements of area
and length of the cavity or volumetric methods based on
Simpson’s rule which established the ejection fraction as
the gold standard. With these methodologies it had been
reported that systolic left ventricular function is preserved
by more than 80 % of hypertensive patients. Moreover,
although standard 2D echo Doppler and real time 3D
echocardiography evaluation showed that the left ventric-
ular mass index was greater and the diastolic function was
worst in hypertensive subjects compared to healthy con-
trols, the ejection fraction and the stroke volume were not
significantly different between both groups [6, 7].

With these references, several groups of researchers,
convinced that some of these concepts could be misguided,
began to explore other methods of diagnosis that could
explain these gaps of the conventional techniques, and at the
same time, establish strategies to facilitate the diagnosis of
early left ventricular dysfunction in patients with hyperten-
sion. Tissue Doppler and speckle tracking had emerged as
very useful tools in this aspect. The Index of Left Ventric-
ular Myocardial Performance, also known as TEI Index,
described by this author in 1997, is a simple, reproducible,
and noninvasive method to assess simultaneously left ven-
tricular systolic and diastolic function, and has proven to
possess a good correlation with invasive methods, being
perhaps its best-known scope the clinical syndrome of heart
failure with preserved systolic function [8].
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Based on the evidence presented previously, this study
hypothesized that LV dysfunction develops early in
hypertension, even previously to left ventricular remodel-
ing, which could be diagnosed precociously by the modi-
fied Tei index, favoring therapeutic strategies to prevent
heart damage and improve cardiovascular prognosis.

The aim of this study is to determine the frequency of
morphologic and functional heart abnormalities associated
to a high modified Tei Index in untreated hypertensive
patients with preserved ejection fraction.

2 Material and Methods

This is a descriptive cross-sectional study, with a
prospectively collected sample conducted at the Cardiol-
ogy Institute of the Sanatorio Britdnico SA in Rosario,
Argentina. The study has been carried out in accordance
with the Code of Ethics of the World Medical Association
for experiments involving humans. Inclusion criteria were:
(1) untreated essential hypertensive patients over 18 years
of age of both sexes at their first consultation, (2) non
hypertensive controls confirmed by 24 h ambulatory blood
pressure monitoring over 18 years of age of both sexes, (3)
2D and M Mode echocardiography, mitral Doppler and
tissue Doppler of sufficient quality to perform the calcu-
lation of the LV mass and evaluate LV diastolic and sys-
tolic function; (4) ejection fraction measured by the
modified Simpson biplane method >54 %. Exclusion cri-
teria were: (1) clinical cardiovascular disease that could
impact on the development of left ventricular hypertrophy
or ventricular dysfunction, such as aortic or mitral valve
disease, congenital heart disease, renal insufficiency,
morbid obesity or thyroid disease (2) prior clinical diag-
nosis of heart failure syndrome (3) medical history of
ischemic heart disease or prior diagnosis of coronary artery
disease, (4) treatment with drugs that affect the heart rate at
rest, (5) rhythm disturbances like right or left bundle
branch block, atrio-ventricular block, pre-excitation syn-
drome, or supraventricular arrhythmias. The patients sam-
ple was divided in three groups: (1) non hypertensive
controls, (2) non-treated hypertensive patients without left
ventricular hypertrophy, and (3) non-treated hypertensive
patients with left ventricular hypertrophy.

For the diagnosis of hypertension the 2013 European
Society of Hypertension/European Society of Cardiology
Guidelines for the Management of Arterial Hypertension
criteria was applied [9]. Clinical arterial blood pressure was
measured with a digital sphygmomanometer (OMRON
model HEM-705CPINT), and the average of three con-
secutive measurements 1 min apart after 5 min in the sit-
ting position is reported. Ambulatory blood pressure
monitoring was performed with a Meditech ABPM-05
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device according to the recommendations of the 2014
European Society of Hypertension Working Group on
Blood Pressure Monitoring and Cardiovascular Variability
[10].

The ultrasound studies were performed with an Esaote
MyLab 7 ultrasound scanner provided by harmonic capa-
bility with a 2.5 MHz phase array multifrequency trans-
ducer with standardized protocol and conducting a tissue
Doppler study by DP. The intraobserver variability was
previously tested and the concordance was acceptable [11].
Echocardiographic parameters of two-dimensional images,
standard and tissue Doppler images were post processed
digitally by GT on blind condition. The left ventricular
mass was assessed by the method of Devereux and indexed
by body surface, and left ventricular hypertrophy was
considered when its value was greater than 95 g/m” in
women and 115 g/m? in men. The relative wall index was
calculated as diastolic septal wall thickness plus diastolic
left ventricular posterior wall thickness/diastolic left ven-
tricular diameter, and a value <0.42 was considered nor-
mal. Diastolic function was assessed by conventional
Doppler of the mitral valve orifice corrected by age and
tissue Doppler of the interventricular septum and lateral
wall at the mitral annulus level in the apical 4 chamber
conventional view following the American Society of
Echocardiography and the European Association of
Echocardiography Guidelines [12, 13]. The ratio of trans-
mitral early diastolic flow peak to septal and lateral mitral
annulus average early diastolic peak velocities (E/e’ ratio)
was measured as an indirect marker of left ventricular end
diastolic pressure and a value >13 was considered abnor-
mal. Systolic function was assessed by the average rate of

systolic excursion (s wave) of the interventricular septum
and lateral wall at the mitral annulus level in cm/s with
tissue Doppler. End diastolic volume (EDV), end systolic
volume (ESV), ejection fraction (EjF) and stroke volume
(SV) were assessed by the modified Simpson biplane
method and measured in ml and cardiac work (CW) was
measured in g/min; and all were corrected by body surface
area [14, 15]. Endocardial fractional shortening and mid-
wall fractional shortening was measured according to the
American Society of Echocardiography and the European
Association of Echocardiography Guidelines [12, 13]. The
TEI index was measured with tissue Doppler at the lateral
and septal walls of the left ventricle in the apical
4-chamber view at the mitral annulus level, a methodology
known as modified Tei index; three measurements were
averaged in each wall of isovolumetric contraction time,
ejection time and isovolumetric relaxation time, and a ratio
>0.40 was considered abnormal [16—18] (Fig. 1).

Statistical analysis: continuous variables are reported as
means with their standard deviations and discrete variables
as absolute values and percentages. For comparison
between groups multifactorial ANOVA test adjusted by sex
and age was applied, and a value of p < 0.05 was con-
sidered statistically significant.

3 Results

The study included 121 subjects of whom 14 were controls,
88 were untreated hypertensive patients without left ven-
tricular hypertrophy (LVH), and 19 untreated hypertensive
patients with LVH. The hypertension time evolution was

Fig. 1 Methodology for calculating the modified Tei index. Left
image apical 4-chamber view showing tissue Doppler sample located
at the interventricular septum at the mitral annulus level. Right image
tissue Doppler spectrum in which s, ¢’ and a’ waves are observed; the
ejection time, isovolumic relaxation time and isovolumetric contrac-
tion time are delimited by yellow vertical lines. The formula for

calculating modified Tei index, also known as myocardial perfor-
mance index of the left ventricle, is equal to (isovolumic relaxation
time + isovolumic contraction time)/ejection time. LV left ventricle,
ET ejection time, IRT isovolumic relaxation time, /CT isovolumic
contraction time
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Table 1 Baseline

characteristics of the sample

Variable Controls HBP without LVH  HBP with LVH  p value
Mean age (years) 46.5 £ 17.1 57.6 £ 13.5 63.7 £ 11.7 0.05
Male sex (n %) 6-42.9 52-59.1 7-36.8 0.05
Body mass index (kg/m?) 259 £3.8 283 +£42 29 £ 2.6 NS
Diabetes (n %) 0-0 8-9.1 2-10.5 NS
Dyslipidemia (n %) 3-21.4 26-29.5 2-10.5 NS
Smoking habit (n %) 8-57.1 50-56.8 9-47.4 NS
Mean ABPM SBP (mmHg) 1252 £ 133  137.1 £ 15.6 139 £+ 16.5 0.025
Mean ABPM DBP (mmHg) 71.7 £ 10.1 78.7 £ 104 77.3 £ 8.6 NS
Mean ABPM heart rate (beats/min)  70.1 £+ 11.9 714 £ 123 69.5 + 12.6 NS

HBP hypertensives, LVH left ventricular hypertrophy, ABPM ambulatory blood pressure monitoring, SBP
systolic blood pressure, DBP diastolic blood pressure

Table 2 Volumetric
parameters obtained by 2D

echocardiography in the study
groups

Variable Controls HBP without LVH HBP with LVH p value
LVMI (g/m?) 783 £ 19.1 76.6 + 15.2 113.5 £ 14.1 0.005
Relative wall thickness 0.33 £ 0.04 0.32 £ 0.05 0.33 £ 0.03 NS
End diastolic volume (cc/m?) 63 £ 11.1 62.8 + 11.9 823 + 122 0.0125
End systolic volume (cc/mz) 242 £ 9.1 249 £ 7.2 31.6 £ 89 NS
Stroke volume (cc/m?) 388 £52 379 £ 9.2 50.8 + 7.7 0.01
Stroke work (g/min) 70.5 + 13.9 732 + 225 101.2 £ 17 0.005
Ejection fraction (%) 625+ 7.6 60.3 £ 9.2 62 + 6.8 NS
Endocardial FS (%) 341 £52 323 +58 34+ 49 NS
Midwall FS (%) 237 + 4.2 22.6 £ 52 247 + 4 NS

LVMI left ventricular mass index, HBP hypertensives, LVH left ventricular hypertrophy, FS fractional

shortening

8.8 &+ 9.3 years. The hypertensive patients sample mean
age was 58.7 & 13.5 years and 52 (44.1 %) of them were
males. The mean body mass index of the hypertensive
subjects sample was 28.7 + 3.9 kg/m* while the mean
waist circumference was 99.5 £+ 11.3 cm; at the same time
7 patients (5.9 %) were diabetics, 26 patients (22 %) were
dyslipidemics, and 52 patients (44.1 %) smokers or former
smokers. On the other side, the mean age of the controls
was 46.5 + 17.1 years and 6 subjects (42.9 %) were
males. The Table 1 shows the baseline characteristics of
controls, hypertensive patients without LVH and hyper-
tensive patients with LVH.

The ejection fraction, the midwall fractional shortening
and the endocardial fractional shortening of hypertensive
patients with and without LVH was similar to that of
control subjects, and the end diastolic volume, end systolic
volume, stroke volume and stroke work were similar
between controls subjects and hypertensive patients with-
out LVH but hypertensive individuals with LVH had sig-
nificantly higher end diastolic volume, stroke volume and
stroke work than the other two groups (Table 2).

The mean left ventricular mass index (LVMI) of control
subjects and hypertensive patients without LVH was signifi-
cantly lower than in hypertensive patients with LVH
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(p < 0.005). At the same time, the relative wall index did not
show significantly differences between the groups. Table 3
shows the results of the echocardiographic evaluation. The Tei
Index was significantly more frequently abnormal in both
groups of hypertensive patients compared to control subjects
but any difference was detected between hypertensive patients
with and without LVH. The observed differences were inde-
pendent of differences in mean age and sex frequency
observed among the three groups. The parameters of diastolic
function like mean left atrial volume index, mean septal and
lateral e’ wave velocities and mean E/e’ ratio were not sig-
nificantly different in hypertensive subjects with and without
LVH and controls. Results in the same direction were found
with regard to systolic function measured as the mean of lat-
eral and septal tissue Doppler’s wave.

4 Discussion

In 1995 C. Tei published a new non-invasive index for
combined systolic and diastolic ventricular function eval-
uation, which was interrogated in many different scenarios
like dilated cardiomyopathy, cardiac amyloidosis,
Ebstein’s anomaly, in adults and fetus, in left ventricular
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Table 3 Results of the 2D echocardiography and tissue Doppler in the study groups

Variable Controls HBP without LVH HBP with LVH Adjusted p value
Mean Tei index 0.35 + 0.03 0.42 £ 0.05 0.42 + 0.06 0.025

Abnormal Tei index (n %) 2-14.3 64-72.7 15-78.9 0.0009

LAVI ml/m> 264 + 7.5 30.3 £ 10.5 3334+94 NS

Abnormal LAVI (n %) 2-14.3 20-22.7 10-52.6 0.01

Mean lateral wall ¢’ wave (cm/s) 154+ 54 11.2 £ 34 102 £ 25 0.06

Mean septal wall e’ wave (cm/s) 109 £ 3 9+24 7.6 £1.8 NS

E/e’ ratio 74+ 1.4 85+22 95+19 NS

Abnormal E/e’ ratio (n %) 0-0 3-3.4 2-10.5 NS

Mean s wave (cm/s) 84 £ 09 8+ 1.6 7.8 £ 1.1 NS

HBP hypertensives, LVH left ventricular hypertrophy, LAVI left atrial volume index

and right ventricular dysfunction. This Doppler index was
correlated to accepted indexes of left ventricular perfor-
mance at cardiac catheterization in 34 patients with
ischemic heart disease or idiopathic dilated cardiomyopa-
thy and showed a statistically significant correlation with
positive systolic peak dP/dt, negative diastolic peak dP/dt,
and tau. So, the authors concluded that this simple, easily
recordable, and noninvasive Doppler index of myocardial
performance correlates with invasive measurements of left
ventricular systolic and diastolic function [8, 16]. The
methodology developed by C. Tei et al. to evaluate left
ventricular performance requires obtaining two flow spec-
tral images from conventional pulsed Doppler: mitral
inflow and left ventricular outflow simultaneously with an
electrocardiogram strip recording. Both velocities curves
should be analyzed off line from those charts. The tissue
Doppler derived Tei index has the advantage over the
original research that all three intervals, ejection time,
isovolumic relaxation time, and isovolumic contraction
time could be obtained at the same time and simultane-
ously with an electrocardiogram strip recording so it could
be processed off-line as well as on-line. The measurements
could be performed at different levels of the 16 conven-
tional left ventricular segments and the average of all them
could be obtained [17].

The present study evaluated left ventricular function
through the modified Tei index obtained in the septal and
lateral mitral annulus in hypertensive patients with and
without LVH and an ejection fraction higher than 54 % and
compared the results to non-hypertensive controls. Both
groups of hypertensive patients, independently of the
presence of target organ damage, had significantly more
frequently abnormal modified Tei index. At the same time,
other parameters of diastolic left ventricular dysfunction
like left atrial volume index, septal and lateral ¢’ tissue
Doppler waves, and the E/e’ ratio were not more frequently
abnormal in both hypertrophic and non-hypertrophic
hypertensive patients compared to control subjects. In the

same direction, systolic left ventricular function evaluated
by the tissue Doppler s wave in the longitudinal axis was
non-significantly reduced in hypertensive patients,
although the decline was more significant in those with
LVH. Any significant differences were detected in the
ejection fraction, endocardial fractional shortening nor
midwall fractional shortening neither between controls and
hypertensives patients nor between hypertensive patients
with and without LVH. Accordingly to this data, hyper-
tension per se, even without the development of left ven-
tricular structural remodeling, reduces systolic and
diastolic function. The modified Tei index is a useful and
accurate tool to diagnose these incipient and subtle
abnormalities in hypertensive subjects with and ejection
fraction over 54 %, and even more sensitive than other
tissue Doppler parameters.

In concordance with this study, in a group of 306 new
hypertensive subjects those with a Tei Index higher than
0.40 had a significantly increased left ventricular mass
index and frequency of left ventricular hypertrophy, but the
left ventricular ejection fraction was similar among groups.
At the same time, these patients were older, had higher
values of systolic and diastolic blood pressure, worst renal
function, and higher levels of high-sensitivity troponin T,
which is supposed to be a marker of myocardial damage,
than patients with Tei index under 0.40. So the study by O.
Kaypakli et al. confirms the low sensitivity to detect subtle
left ventricular dysfunction in hypertensive patients with
preserved ejection fraction by ultrasonographic volumetric
derived parameters, and the need to have more efficient
methods to this task like the modified Tei index [19].

In 60 non-treated new diagnosed hypertensive patients
K. Takasaki et al. showed that between many clinical and
ultrasonographic variables the Tei index was the only
independently correlated with left ventricular mass index in
a multiple regression analysis. At the same time, isovolu-
mic contraction time and isovolumic relaxation time were
independently correlated to left ventricular mass index,
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being the former strongest, whereas no correlation was
detected with ejection time. An interesting point is that any
relationship was found out between left ventricular mass
index and ejection fraction. The differences between the
geometric LV patterns and LV dysfunction were also
analyzed, and the Tei index and isovolumic contraction
time were significantly greater in subjects with concentric
hypertrophy than in the other three geometric patterns.
There were no significant differences in the ejection time
among the four groups while the isovolumic relaxation
time was significantly higher in concentric hypertrophy
patients than in groups with normal geometry or concentric
remodeling [20]. A limitation of the study of K. Takasaki
et al. is that control non-hypertensive patients were not
included. In the present study, the modified Tei Index was
significantly higher in all hypertensive patients, indepen-
dently of the presence or not of left ventricular hypertro-
phy, which means that LV dysfunction is related to the
hypertensive disease itself, although an elevated Tei index
was significantly more frequent in hypertensive patients
with left ventricular hypertrophy.

The lack of relationship between left ventricular
remodeling and dysfunction was confirmed in other sce-
narios, as showed by the study of A. Zwain et al. in which a
group of thirty normal body mass index subjects were
compared to thirty obese individuals, all of them neither
hypertensives nor diabetics. In both groups left ventricular
mass index was measured by the Devereux formula and left
ventricular function was evaluated through the Tei index.
There were any significant differences in the myocardial
performance index between control and obese subjects
groups and any correlation between this variable and left
ventricular mass index [21]. Although this study surpris-
ingly did not show any difference in left ventricular mass
index nor in the eccentricity index between the controls
subjects and obese patients, which is a limitation of the
publication of A. Zwain et al., it supports the concept that
in different clinical conditions left ventricular dysfunction
could develope independently of left ventricular remodel-
ing, probably due to the hemodynamic, neurohumoral or
metabolic burden of the diseases themselves, and that the
Tei index is a useful tool to detect this subtle early
abnormalities. In the present study any statistically signif-
icant differences were observed in the body mass index
between the three groups, therefore, the observed Tei index
data are not justified by differences in body size.

5 Limitations
Performing a tissue Doppler echocardiography requires the

availability of appropriate equipment and trained operators.
Since hypertension is a condition basically assisted in
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primary care, to have this kind of resources is a limitation
for wide dissemination of the procedure. However, con-
sidering that three out of four hypertensive patients without
left ventricular hypertrophy with preserved ejection frac-
tion have a modified abnormal Tei index, and it is not
associated with other significant changes in the parameters
that evaluate left ventricular function, incorporating the
methodology into the routine ultrasound scanning should
be an option to consider. The assessment of diastolic
function, combined with the evaluation of systolic left
ventricular function, have proven to be valuable tools to
stratify the risk of heart failure hospitalizations and car-
diovascular mortality in hypertensive patients and general
population; and even though the initial ultrasonographic
techniques like Doppler of mitral valve orifice did not
provide incremental information when left ventricular
hypertrophy is present, new procedures including tissue
Doppler and 2 and 3-D speckle tracking seem positively
modify this horizon [5, 22-24].

The mean lateral and septal walls diastolic ¢’ wave at
longitudinal’ 4 chamber view obtained by tissue Doppler
were lower, while the ratio of transmitral early diastolic
flow peak to septal and lateral mitral annulus average
early diastolic peak velocities (E/e’ ratio) was higher in
hypertensive patients with LVH compared to the other
two groups, but the differences between them did not
reached statistical significance. Results in the same
direction were obtained with regard to the average rate
of systolic excursion (s wave) of the interventricular
septum and lateral wall at the mitral annulus level with
tissue Doppler which was lower than controls and
hypertensive patients without LVH. The absence of
distinctness in these parameters of diastolic and systolic
function could be explain by the statistical power of the
sample, so a type 2 error could be another limitation of
the present study.

An analysis of the baseline characteristics of the sample
shows that hypertensive patients were significantly older
than control subjects and at the same time there were sta-
tistically significant differences in the ages of the three
groups. Aware of these data an ANOVA test adjusted by
sex and age was applied, and in fact, this adjustment
increased the differences between groups. So, the signifi-
cantly greater presence of LV dysfunction in hypertensive
patients without LVH than in controls was not due to the
sample characteristics. On the other side, the patients
included in the study had predominantly isolated systolic
hypertension since although ABPM diastolic blood pres-
sure was higher in hypertensive patients than in controls,
the mean 24 h was lower than 80 mmHg, and even
hypertensive patients had higher diastolic blood pressures
than controls the differences were not statistically
significant.
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6 Conclusions

This study shows that non-treated hypertensive patients
have both abnormal systolic and diastolic function early
in the development of their condition. The Left Ven-
tricular Myocardial Performance Index, also known as
TEI Index, and the tissue Doppler version called modi-
fied Tei index, are efficient tools to detect such subtle
abnormalities. While the guidelines of clinical practice
in hypertension do not introduce the concept of cardiac
dysfunction for cardiovascular risk stratification, the
recently published guidelines of the European Societies
of Cardiology and Hypertension support to assess ven-
tricular function with tissue Doppler depending on
availability [9]. In this context, the modified TEI index,
as a simple and reproducible tool evaluating simultane-
ously systolic and diastolic function, could become an
essential procedure in assessing hypertensive patients
with preserved ejection fraction.
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