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Assessment of Right Ventricular Function in Patients with Chronic
Obstructive Pulmonary Disease Using Echocardiographic Tei Index

Yoon Jung Oh, M.D., Joon Han Shin, M.D.”, Deog Ki Kim, M.D.,
Young Hwa Choi, M.D., Kwang Joo Park, M.D.,
Sung Chul Hwang, M.D., Yi Hyeong Lee, M.D.

Department of Pulmonology, Department of Cardiology”, Ajou University School of Medicine, Suwon, Korea

Background : Advanced chronic obstructive pulmonary disease is characterized by progressive pulmonary
hypertension leading to right heart dysfunction, which plays a important role in clinical evaluation but remains
difficult and challenging to quantify. The noninvasive doppler echocardiographic value referred to as the Tei
index has been suggested as a simple, reproducible and reliable parameter of the right ventricular function. The
purpose of this was to assess the right ventricular function in patients with chronic obstructive pulmonary dis-
ease using the Tel index and to evaluate its relationship with the pulmonary functional status.

Methods : The study population comprised of 26 patients with chronic obstructive pulmonary disease and 10
normal control subjects. The Tei index was obtained by dividing the sum of the isovolumetric contraction and
the relaxation times by the ejection time using a pulsed-wave doppler. It was compared with the other available
Doppler echocardiographic parameters of systolic or diastolic function and with the pulmonary function of the
patients.

Results : The Tel indices of the patients with COPD were significantly higher than those of normal subjects
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(0.45+0.17 vs. 0.27 £0.03, p<0.01). The isovolumetric contraction time/ejection time(0.32 £ 0.08 vs. 0.25 £
0.05, p<0.05), the isovolumetric relaxation time/ejection time(0.29+0.16 vs. 0.15+0.08, p<0.05) -and the
preejection period/ejection time (0.46 + 0,10 vs. 0.38 £0.06, p<<0.05) were prolonged and the ejection time
(255.2+32.6 vs. 314.2+16.5 msec, p<0.05) was significantly shortened in patients with COPD compared to
normal subjects. The tei indices were-inversely correlated with the FEV, (r=-046, p<0.05) and were pro-
longed significantly in patients with a severe obstructive ventilatory dysfunction(less than 35% of predicted
FEV,) compared to those with a mild and moderate ventilatory dysfunction. The tel indices showed an inverse
correlation with the ejection time (r=-0.469), the isovolumetric contraction time/ejection time(r=0.453), the
isovolumetric relaxation time/ejection time(r=0.896) and the preejection period/ejection time(r=0.480).

Conclusion : The tei index appeared to be a useful noninvasive means of evaluating the right ventricular func-
tion. It revealed a significant correlation with the pulmonary function in patients with COPD (Tuberculosis and

Respiratory Diseases 2001, 50 : 343-351).

Key words : Tei index, Right ventricular function, Chronic obstructive pulmonary disease, FEV, .
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Fig. 1. Schema of doppler time intervals. The tei
index is calculated as {g-b)/b, where g
is the iInterval between cessation and
onset of the tricuspid inflow and 5 is the
right ventricular ejection time(ET).
Other available Intervals include isovo-
lumetric relaxation time(IRT), by sub-
tracting interval ¢ from interval ¢. Inter
val ‘d’ is between R wave and cessation
of right ventricular outflow and interval
‘e’ between R wave and onset of tricus-
pid flow. Isovolumetric contraction time
(ICT) obtained by subtracting IRT from
(a-b). Prejection period(PEP) was mea-
sured from onset of QRS wave form to
onset of right ventricular ejection flow.
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Tricuspid inflow

Tei Index = (a-b)/b

Fig. 2. An example of the measurement of doppler time intervals. Doppler echocardiograms of
tricuspid infolw and right ventricular outflow velocities.

Table 1..C0mparison of doppler time intervals between controls and patients. Data were ex-
pressed as mean £ SD.

Controls Patients p value
Tei index 0.27+0.03 0.45+0.17 <0.01
REP (msec) 119.4+19.6 116.7£19.9 NS
ET (msec) 314.2+16.5 255.2+32.6 <0.05
PET/ET 0.38+£0.06 0.46 £0.10 <0.05
IRT (msec) 48.4+28.0 72.5+35.0 <0.05
IRT/ET 0.15+0.08 0.29+0.16 <0.05
ICT (msec) 81.8+16.7 79.9+18.4 NS
ICT/ET 0.26 £:0.06 0.321+0.08 <0.05

PEP pre-ejection period; ET ejection time; IRT isovolumetric relaxation time; ICT
isovolumetric contraction time; NS not significant.
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Fig. 3. Comparison of tei index between controls
and COPD patients. The boxes indicate
the lower and upper quartiles;the center
lines represent the median value. the
bars below and above the boxes indicate
the 10% and 90% values, respectively.
*p<0.05
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Fig. 4. Correlation of Tei index with FEV,(%).
Tei index shows inverse correlation with
FEV.(%) in patients with chronic ob-
structive pulmonary disease.
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Fig. 5. Comparison of Tei index among three
stages of COPD patients. Group I:FEV,
>50%, Group I .:FEV, 35%-50%,
Group M :FEV,<35% *p<0.05
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Table 2. Comparison of Tei index and other doppler parameters among stages in patients with

chronic obstructive pulmonary disease,

Stage 1 Stage 11 Stage I
FEV; (%) 63.9+134 41.6 +4.92 29.6 £3.41*
Tei index 0.382+0.14 0.383 £ 0.06 0.55+0.15*
PET/ET 0.426 +0.08 0.407 +0.06 0.561+0.13*
ICT/ET 0.29+0.77 0.27+0.78 0.39£0.83*
ET (msec) 273.2+30.9 274.7+10.2 227.4 +26.8%*

— 4
i
b
Y .
2 . . r=0.453
. p<0.05
1
06 2 a4 8 8 10
Tei index

PEP/ET

. r=0.480
p<0.05

00 2 4 8 .8 1.0
Tei index

Fig. 8. Correlation of Tei jindex with ratio of
isovolumetric contraction(ICT)/ejection
time(ET). Index is significantly correlat-
ed with ratio of isovolumetric contrac-
tion time/ejection time, which repre-
sents the systolic function.

Tei A4 @ £Z8 AEE Lohugton, 371 17]
9 27]9] H]sl Tei X4, PEP/ET, ICT/ET7} &
&P Z710) 93 ETE 9250 94t} 18
1719k 27] 2k =E AR Aol gl
{Table 2, Fig. 5).

3. Tei XI5} 716} =ERIES T dEAH 24

FxpE A Tei A5} ETE G434 & Jeli)
th(r=-0.469, p<0.05). Tei x|4¢} ICT/ET(r=
0.453, p<0.05)(Fig. 6), PEP/ET(r=0.480, p<
0.05)(Fig. 7), IRT(r=0.812, p<0.01), IRT/ET

Fig. 7. Correlation of Tei index with ratio of
preejection period/ejection time(PEP/
ET). Tei index is significantly correlat-
ed with ratio of PEP/ET.

Table 3. Correlation of echo-Doppler parameters
with Tei index.

r (n=26) p value
PEP 0.198 NS
ET -0.469 <0.05
PEP/ET 0.480 ’ <0.05
IRT 0.812 <0.01
IRT/ET 0.896 <0.05
ICT 0.256 NS
ICT/ET 0.453 <0.05

(r=0.896, p<0.05) 7%= S5 AAFA 7} U3
t}(Table 3).
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