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Utility of TEIl index in patients with pulmonary arterial
hypertension: prognostic parameter and correlation
with treatment, clinical parameters and right heart
catheterization

Alexandru loan Deaconu'?, Silvia lancovici', Alexandrina Nastasa', Alexandra Acostachioae*, Diana Zamfir',
Tudor Constantinescu®?, Claudia Toma*?, Dragos Zaharia*?, Miron Bogdan*?, Maria Dorobantu'?

Abstract: Objectives — We set to evaluate the potential utility of right ventricle (RV) Tei-index as a prognostic para-
meter in patients with pulmonary arterial hypertension (PAH).VVe investigated its correlation with the clinical status, cur-
rent treatment, a series of paraclinical parameters, as well as established determinants of prognosis in patients with PAH.
Methods —We enrolled in our study 24 patients with PAH confirmed by right heart catheterization (RHC) over a period
of 4 years (2012-2016).We performed complete transthoracic echocardiography and six minute walk distance in all subjects.
Results — The RV TEl index correlated with the World Health Organization functional class (WHO FC) (p=0.05) and right
atrial pressure determined by RHC (p=0.01). Patients undergoing diuretic treatment had a statistically significant lower TEI
Index (p=0.017).There was also a trend of association between treatment with bosentan and a lower TEl index (p=0.0727).
Conclusions — In PAH patients, the RV TEI Index correlates with clinical parameters (WHO FC, 6MWD) and hemodynamic
variables (right atrial pressure). RV TEl Index could improve under treatment with diuretics and possibly bosentan in these
patients.
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Rezumat: Obiective — Ne-am propus sa evaluam utilitatea indexului TEI al ventricului drept (VD) ca parametru prognos-
tic la pacienti cu hipertensiune arteriala pulmonara (HTAP). Am investigat posibile corelatii cu statusul clinic, tratamentul
urmat, o serie de parametri paraclinici si elemente de prognostic utilizate curent in evaluarea pacientilor cu HTAP. Meto-
de — Am inrolat in studiu 24 de pacienti cu HTAP confirmata prin cateterism cardiac drept, intr-un interval de timp de 4
ani (2012-2016). Pacientilor li s-a efectuat ecocardiografie transtoracica completa, cateterism cardiac drept si test de mers
de 6 minute. Rezultate - Indexul TEIl al VD s-a corelat cu clasa functionala OMS (p=0.05) si cu presiunea in atriul drept
(PAD) determinata la cateterism cardiac (p=0.01). Pacientii aflati in tratament cu diuretic au avut valori ale indexului TEI al
VD semnificativ statistic mai reduse (p=0.017). De asemenea, exista o trendinta de asociere intre tratamentul cu bosentan
si reducerea indexului Tei al VD (p=0.072). Concluzii - La pacientii cu HTAP, indexul TEIl al VD se coreleaza cu parametrii
clinici (clasa functionala OMS, testul de mers de 6 minute) si variabile hemodinamice (PAD). La acesti pacienti indexul TEI al
VD se poate ameliora sub tratament cu diuretice si posibil bosentan.

Cuvinte cheie: hipertensiune arteriala pulmonars, indicele TEI

units in the absence of other causes of precapillary
PH'.

Echocardiography is currently the most useful
method of screening and monitorization for patients
diagnosed with PAH, regardless of whether they are
undergoing treatment or not. In this category of pati-
ents, right ventricular function is a major determinant

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a rare but
life-threatening disease. PAH is defined as an increase
in pulmonary arterial pressure 225 mmHg as assesed
by right heart catheterization (RHC) associated with a
pulmonary artery wedge pressure (PAWP) <15 mmHg
and a pulmonary vascular resistance (PVR) >3 Wood
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of effort capacity and clinical evolution. Echocardiogra-
phy is also a non-invazive method for establishing the
causes and consequences of elevated pulmonary ar-
tery pressures®. The measured parameters include es-
timation of pulmonary artery sistolic pressure (sPAP),
right ventricle (RV) to right atrium (RA) gradient, RV
areas and fractional area change (FAC), tricuspid annu-
lar plane systolic excursion (TAPSE), and RV Tei-index.
Current guidelines acknowledge measurement of RA
aria and the presence of pericardial effusion as echo-
cardiographic prognostic markers in PAH'. The TEl in-
dex also known as the RIMP is a global estimate of
both systolic and diastolic function of the RV and it is
based on the relationship between ejection and none-
jection work of the RV3.

OBJECTIVE

We sought to evaluate the potential utility of RV TEI-
index as a prognostic parameter in patients with PAH.
We investigated its correlation with the clinical status,
current treatment, a series of paraclinical parameters,
as well as established determinants of prognosis in pa-
tients with PAH.

MATERIAL AND METHOD

We enrolled in our study 24 patients with PAH confir-
med by right heart catheterization (RHC) over a pe-
riod of 4 years (2012-2016). Patients were referred to
our cardiology ward from the “Marius Nasta” Institute
of Pneumology, and were all included in the National
Program for Arterial Pulmonary Hypertension Mana-
gement. Mean age of the study group was 53.5 +/- 14.7
years, range 26-82 years, with 29 % women.

All subjects underwent complete transthoracic
echocardiography using a Vivid 7 system within maxi-
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mum 6 months before or after the RHC (medium in-
terval 2 months).We measured TAPSE, RA, RV, S wave,
acceleration time (AT), mean pulmonary artery pre-
ssure (mPAP), right ventricle to right atrium pressure
gradient, right ventricle ejection fraction, pulmonary
artery systolic pressure (sPAP), E wave, A wave, E/E’,
inferior vena cava dimension and TEl index, all accor-
ding to the current guidelines for RV echocardiogra-
phic evaluation®.

Thus, the TEl index was defined as the ratio of iso-
volumic time (IVT) divided by ejection time (ET), or
[(isovolumic contraction time (IVCT) + isovolumic re-
laxation time (IVRT))/ET].

Spectral Doppler recordings of CWV of the tricuspid
regurgitation jet in order to measure the interval “a”
between the start and end of trans tricuspid flow (Fi-
gure 1), and PW of right ventricular outflow in order
to measure interval “b”, the right ventricular ejection
time (Figure 2).

Intervals a and b are used to calculate myocardial
performance index (MPI) for the right and left ventri-
cle as per the formula: MPI = (a — b)/b.

bpm = beats/min; CW = continuous-wave Doppler;
HR = heart rate; PW = pulsed-wave Doppler.

In order to measure the isovolumic time and ejecti-
on time, the formula is using 2 time intervals a and b as
shown in the figures | and 2, isovolumic time = a-b and
ejection time = b.The interval a includes the IVCT, the
ejection time (ET) and the IVRT, and the TEl index may
also be expressed by the formula a-b/b. For the evalu-
ation of the right ventricular (RV) TEl index the a in-
terval, from the end to the start of trans-tricuspid flow
(the interval from the end of the A wave to the start
of the E wave), is obtained from the apical 4-chamber
view with the Doppler sample volume located betwe-

Figure 1, 2. Spectral Doppler recordings of CW of the tricuspid regurgitation jet in order to measure the interval “a” between the start and end of trans
tricuspid flow (Figure 1),and PW of right ventricular outflow in order to measure interval “b”, the right ventricular ejection time (Figure 2).
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Table |. Correlation of TEl index with different clinical and paraclinical parameters
Parameter Corre'lattion P value
coefficient
Age 0.07 0.6
WHO functional class 0.50 0.05 *
Right atrial pressure ( determined by pulmonary artery catheterization) 0.69 0.01 *
Mean pulmonary artery pressure (determined by pulmonary artery catheterization) -0.32 0.26
Right atrium dimensions -0.14 0.35
Right atrium aria 0.09 0.57
Right ventricle to right atrium pressure gradient -0.10 0.50
Pulmonary artery systolic pressure (determined by echocardiography) 0.273 0.242
Inferior vena cava -0.061 0.69
TAPSE -0.182 0.2451
S wave -0.085 0.5776
Acceleration Time -0.193 0.2257
Mean pulmonary artery pressure (determined by echocardiography) 0.667 0.1742
Left ventricle ejection fraction 0.163 0.3638
E wave -0.198 0.2179
A wave 0.051 0.758
E/E’ -0.020 0.9206
Filling pressures (determined by echocardiography) -0.200 0.573
Right ventricle ejection fraction -0.151 0.3605

en the tips of the tricuspid valve leaflets. The b interval
(right ventricular ejection time) is measured from the
parasternal long-axis view, with the sample volume lo-
cated just below the pulmonary valve.

The upper reference limit used for the right-sided
MPI is 0.40 using the pulsed Doppler method, accor-
ding to current recommendations'.

Tricuspid regurgitation (TR) was functional in all pa-
tients in terms of mechanism and was evaluated by
means of quantitative (PISA measurements), qualitati-
ve (tricuspid valve morphology, color flow TR jet) and
semi-quantitative parameters (vena contracta width,
hepatic vein flow).

All patients underwent a six-minute walk distan-
ce (6MWD) test within 6 months before or after
the RHC.The 6MWD test was performed by a trai-
ned pneumologist on a 20 m corridor with no prior
practice walks in accordance with the American Tho-
racic Society guidelines®. The World Health Organizati-
on (WHO) functional class (FC) was determined in
accordance with current PAH guidelines'.

Table 2. Wilcoxon-Mann-Whitney test, used to establish
whether a particular population tends to have larger
values of the TEl index than the other.

RESULTS

Mean TEl index was 0.652 +/-0.356. TR was moderate
in 22 patients and severe in 2 patients. Mean distance
in the 6MWD was 440 m (range 200 m — 700 m).
Mean RA volume was 90.8 mL (range 39 — 205 mL).
Clinically, | patient presented in WHO FC |, 6 patients
inWHO FC I, 16 inWHO FC Il and | inWHO FC IV.
Mean right atrial pressure (RAP) was 7 mmHg (range
I-14 mmHg).

The TEIl index correlated with WHO FC and RAP
determined by RHC, but not with other echocardi-
ographic markers of RV function, such as TAPSE, RV
ejection fraction or right cavities dimensions (Table 1).

Possible implications of the different treatments for
PAH on the value of TEl index were also investigated
(Table 2). Patients undergoing diuretic treatment had a
statistically significant lower TEI Index (p=0.017).The-
re was also a trend of association between treatment
with Bosentan and a lower TEl index (p=0.0727).

When considering TEl index as normal when <0.4
and high when >0.4, a correlation was documented
between normal TEl index and longer than 440 m dis-

Table 3. Fisher’s exact test used for categorical
data that result from classifying the lot in two groups

Parameter P value (with a cutoff value of the TEl index of 0.4)

Sildenafil 0.21 Parameter Odds ratio P value
Calcium Channel Blockers 0.52 Sex 1.31 |
Bosentan 0.07 * Syncope 0.47 |
Diurex or Furosemide 0.01 * Six minute walk test (440 m) 2.60 0.05 *
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tances at the six minute walk test (odds ratio = 2.6,
p=0.059).

DISCUSSION

The most relevant findings of our study were: (1) the
TEl index correlated with clinical parameters used in
the assessment of PAH severity such as WHO FC and
6MWD; (2) the TEI Index was associated strongly with
diuretic treatment and had a trend towards associati-
on with Bosentan treatment; (3) the TEl Index corre-
lated strongly with RA pressure determined invasively.

Several studies tested the utility of RV TEl index in
the evaluation of RV function and as a marker of ad-
verse outcome in patients with pulmonary hyperten-
sion®’. The advantages of using the TEI Index are that
it avoids the geometric assumptions and limitations of
complex RV geometry?.

The WHO FC class, despite its interobserver vari-

ability, remains one of the most powerful predictors
of survival, as a worsening FC class is one of the most
alarming markers of disease progression'. The cor-
relation between the TEl index and the WHO class
(p=0.052) supports the potential of the TEl index as
an indicator of RV function and overall prognosis.
The TEI index also correlated with the 6MVVD. This
strengthens the association between the TEl index and
clinical parameters assessing the severity of the disea-
se. In our study group the correlation was present at
a threshold of the 6MWD of 440 m. Consequently,
patients with a TEl index >0.4 had a odds ratio of
2.602 (borderline statistical significance, p=0.059) for
a shorter than 440 m walking distance and conversely,
patients with a TEl index <0.4 were associated with
longer than 440 m 6MWD. For the lower threshold
used in the PAH guidelines', 165 m, there was no sta-
tistical correlation with the TEl index due to the very
small number of patients in our group that were in this
category of the 6MVWVD.

A surprising finding is the lack of correlation among
the TEl index and other echocardiographic parameters
used in the global assessment of RV function, such as:
RV EF, TAPSE or S wave. This comes in contradiction
with previous studies, such as the one conducted by
Forfia et al. which reported that TAPSE strongly re-
flects RV function and prognosis in PAH®.

Regarding the association between TEl Index and
hemodynamic variables, Dyer et al. and Ogihara et al
demonstrated that RV Tei-index correlated with mean
PAP¢ as well as pulmonary vascular resistance (PVR).
In our study, the TEl index correlated with the right
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atrial pressure (p=0.0178), but no other associations
with hemodynamic measurements were possible. This
correlation contradicts the assumption formulated by
other studies’, namely that TEl index measurement is
unreliable when RA pressure is elevated.

Another finding of our study was that TEl Index
was strongly associated with diuretic treatment, being
lower in patients on furosemide or furosemide/spiro-
nolactone (p=0.017) compared to patients without
diuretic treatment. These findings are similar to previ-
ous results?, leading to the conclusion that the RV TEI
index is in part preload-dependent. Since our study
was observational, no evaluation was performed be-
fore versus after diuretic therapy in the same patient.

STUDY LIMITATIONS

The relatively long timespan (6 months) from the right
heart catheterization to the moment of the echocar-
diography and clinical assessment (WHO FC, 6MWD)
in some patients is one of the main limitations of our
study. Patients in atrial fibrillation were excluded from
the study as differing R-R intervals make TEI Index
measurement unreliable. Absence of long-term follow-
up and the relatively small patients group represent
other limitations.

CONCLUSION

In PAH patients, the RV TEI Index correlates with cli-
nical parameters (WHO FC, 6MWD) and hemodyna-
mic variables (right atrial pressure). RV TEl Index could
improve under treatment with diuretics and possibly
Bosentan in these patients.The strong association with
the clinical status of the patient warrants further stu-
dies to confirm the potential of the RV TEIl Index as a
prognostic parameter in patients with PAH.

Conflict of interest: none declared.
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