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Abstract The aim was to compare the right ventricular

(RV) Tei index obtained by the tissue Doppler imaging (TDI)

method with that obtained by the pulsed Doppler method in

29 fetuses aged 24–39 weeks (29.9 ± 4.0 weeks). From

pulsed Doppler recordings, the tricuspid closing-to-opening

time (a) and RV ejection time (b) were measured. The Tei

index determined by the pulsed Doppler method was cal-

culated as (a – b)/b. From TDI recordings, the time interval

during diastole (a0) and the duration of the systole S-wave

(b0) were measured. The modified Tei index obtained by TDI

was calculated as (a0 – b0)/b0. The time a0 correlated strongly

with a (r = 0.90, p \ 0.0001). The mean difference between

a0 and a was 0.3 ± 5.0 ms. There was also a strong corre-

lation between b0 and b (r = 0.94, p \ 0.0001). The mean

difference between b0 and b was 0.5 ± 3.3 ms. The TDI-Tei

index correlated with the pulsed Doppler-Tei index

(r = 0.83, p \ 0.0001). The mean difference between the

TDI-Tei index and the pulsed Doppler-Tei index was

-0.003 ± 0.04. This study demonstrated that the TDI-Tei

index correlates well with the Tei index determined by

pulsed Doppler in fetuses, suggesting that the TDI-Tei index

is a feasible approach to assess global RV function in fetuses.
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Introduction

The Tei index measured by the pulsed Doppler imaging

method as a promising way to evaluate the cardiac function

in healthy and diseased adults [19], children [11, 21], and

even fetuses [6, 10, 18, 20]. More recently, the tissue

Doppler imaging (TDI) technique enables us to measure

simultaneously both the contraction and relaxation veloc-

ities of the myocardium [15], so the Tei index determined

by TDI is a useful tool for evaluating cardiac function [4, 9,

14]. Compared to the traditional Tei index determined by

the pulsed Doppler imaging method, Tekton et al. [16, 17]

and Harada et al. [8] reported that the Tei index obtained

the TDI method correlates well with the former in adults

and children. To date, it remains unclear whether there is a

correlation between Tei indexes obtained by these two

methods in fetuses with special hemodynamic characters.

The evaluation of right ventricular (RV) function is of

major importance in the clinical management of fetuses

with heart failure [1, 13]. This study demonstrates that the

RV Tei index obtained by the TDI method is well corre-

lated with that obtained by the pulsed Doppler method in

fetuses, providing further evidence for evaluation of RV

function by the TDI index in the fetus.

Methods

Subjects

The study group consisted of 29 fetuses aged 24–39 weeks

(29.9 ± 4.0 weeks). Gestational age was calculated using

biparietal diameter, head circumference, abdominal cir-

cumference, and/or femur length. All fetuses had normal

morphological heart findings and were in normal sinus
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rhythm. The parents of the patients received an explanation

of the study and gave informed consent.

Echocardiography

A complete two–dimensional and pulsed Doppler echo-

cardiographic examination was performed using an Aloka

SSD 6500 ultrasonoscope with a multifrequency 3.75–6.0-

MHz transducer (Aloka Inc., Tokyo, Japan). The tricuspid

inflow velocity pattern was recorded from the four-cham-

ber view, with the pulsed wave Doppler sample volume

positioned at the tips of the tricuspid leaflets. The width

and length of the sample volume were 1 mm. Care was

taken to direct the transducer beam as close as possible to

the Doppler beam. There was no angle correction made.

The TDI program was set to pulsed wave Doppler mode.

Filters were set to exclude high-frequency signals. Gains

were minimized to allow a clear tissue signal with minimal

background noise. The TDI of the diastolic velocities was

obtained from the four-chamber view of each subject as we

reported previously [9]. A 1-mm sample volume was

placed at the lateral corner of the tricuspid annulus. The

resulting velocities were recorded at a sweep speed of

100 mm/s and stored on VHS videotapes for later playback

and analysis.

Time interval measurements were performed using the

internal analysis package of the ultrasound unit. The time

intervals were determined by two carefully placed vertical

cursors that were moved with a track ball. On pulsed

Doppler recordings (Fig. 1A), the tricuspid closing-to-

opening time (a) was measured as the interval from the end

to the onset of the tricuspid inflow velocity pattern. The RV

ejection time (b) was measured from the onset to the end of

the RV outflow velocity pattern (Fig. 1B). The Tei index

determined by the pulsed Doppler method was calculated

as (a – b)/b for each patient. The time interval from the end

to the onset of the tricuspid annular velocity pattern during

diastole (a0) was measured on the TDI recordings (Fig. 2).

The duration of the S-wave (b0) was measured from the

onset to the end of the S-wave. The modified Tei index

obtained by the TDI was calculated as (a0 – b0)/b0. To

account for variations in heart rate, mean values were

obtained by averaging at least 10 consecutive beats.

Statistics

All data are expressed as mean value ± standard deviation

(SD). Linear regression analysis was used to compare

pulsed Doppler with the TDI methods for measurement of

systolic and diastolic time intervals. Differences between

of the measurements taken by conventional Doppler

echocardiography and those by TDI methods were ana-

lyzed according to the statistical methods of Bland and

Fig. 1 (A) Schematic drawing of time intervals of the myocardial

performance index. a is the tricuspid closing-to-opening time. (B) The

interval b, from onset to cessation of right ventricular outflow, is the

ejection time. The Tei index was calculated as (a – b)/b

Fig. 2 Schematic drawing of time intervals of the myocardial perfor-

mance index by TDI. a0 is the time interval between end and onset of

tricuspid annular diastolic velocities. b0 is the duration of tricuspid

annular systolic velocity. The TDI-Tei index was calculated as (a0 – b0/b0)
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Altman [2]. A p-value of\0.05 was considered significant.

To evaluate the effects of observational variability on the

measurement of the duration of the S-wave, the time

interval between the end and onset of tricuspid annular

diastolic velocities, and the modified Tei index, two inde-

pendent observers analyzed 10 randomly selected TDI

recordings. Interobserver variability was calculated as the

standard deviation of the differences between the two

observers, expressed as a percentage of the average value.

Reproducibility was assessed in 10 fetuses that each

underwent TDI measurements twice.

Results

The time interval between the end and onset of tricuspid

annular velocities (a0) correlated strongly with the tricuspid

closing-to-opening time (a) (r = 0.90, p \ 0.0001) (Fig. 3,

left). The mean difference between a0 and a was

0.3 ± 5.0 ms (Fig. 3, right). There was a significant cor-

relation between the duration of the S-wave (b0) and the RV

ejection time (b) (r = 0.94, p \ 0.0001) (Fig. 4, left). The

mean difference between b0 and b was 0.5 ± 3.3 ms

(Fig. 4, right). The TDI-Tei index correlated with the

pulsed Doppler-Tei index (r = 0.83, p \ 0.0001) (Fig. 5,

left). The mean difference between the TDI-Tei index and

the pulsed Doppler-Tei index was -0.003 ± 0.04 (Fig. 5,

right). There was good agreement between the two inde-

pendent observers0 measurements for the duration of the

S-wave, the time interval between the end and onset of

tricuspid annular diastolic velocities, and the TDI-Tei

index (r = 0.95, r = 0.96, and r = 0.93, respectively).

Interobserver variability for the time interval between the

end and onset of tricuspid annular diastolic velocities, the

duration of the S-wave, and the TDI-Tei index was

6 ± 4%, 5 ± 3%, and 3 ± 3%, respectively. Reproduc-

ibility for the time interval between the end and onset of

tricuspid annular diastolic velocities, the duration of the

S-wave, and the TDI-Tei index were 7 ± 4%, 6 ± 3%, and

6 ± 4%, respectively.

Discussion

The Tei index has been reported to be independent of heart

rate, RV geometry, and blood pressure [3, 7, 12] to eval-

uate cardiac function. In contrast to the pulsed Doppler

method, the Tei index determined by the TDI method

appears to be easier than the Doppler method for evaluation

of RV function based on previous reports in adults,

Fig. 3 Relationships (left)
between the time interval from

end to onset of tricuspid annular

diastolic velocities (a0) and

tricuspid closing-to-opening

time (a). Bland and Altman plot

of the difference (right) between

time interval from end to onset

of tricuspid annular diastolic

velocities and tricuspid closing-

to-opening interval. The solid

and dashed lines represent the

mean ±2 SD of the difference,

respectively

Fig. 4 Relationship (left)
between duration of the S-wave

(b0) and RV ejection time (b).

Bland and Altman plot of the

difference (right) between

duration of tricuspid annular

systolic velocity and RV

ejection time. The solid and

dashed lines represent the

mean ±2 SD of the difference,

respectively
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children [10, 16, 17], and fetuses [1, 13, 20], because the

diastole time interval (a0) and the duration of the S-wave

(b0) can be measured simultaneously during the same car-

diac circle (Fig. 2), which can reduce inaccuracy due to

fluctuation of heart rate that result from fetal movements,

breathing, or during transient chord compression [13]. The

correlation of the Tei index and cardiovascular score in the

fetus [5] further demonstrated that the Tei index is useful

for assessing cardiac function in the fetus; however, there is

still a poor understanding of the TDI Tei index in the fetus

because of an absence of comparison data to validate it.

This study attempted to strengthen the evidence that the

Tei index by TDI is an ideal parameter for evaluating RV

function in the fetus.

Our study indicates the TDI Tei index in the fetus ranges

from 0.4 to 0.7, compared to a TDI Tei index of

0.55 ± 0.05 in Aoki‘s reports; our data must be carefully

interpreted, as it is possible that mothers with diabetes,

hypertension, Rhesus incompatility, and multiple gesta-

tions were included in our study. The TDI Tei index cutoff

value for the fetal RV has not yet been established, but a

consensus is expected with further data accumulation. A

hypothesis was made that these younger gestational ages

leads to a larger TDI Tei index, but these data have not

been shown here.

In the present study, the time interval from the end to the

onset of the tricuspid annular diastolic velocity correlated

strongly with the tricuspid closing-to-opening time. Fur-

thermore, there was an excellent correlation between the

duration of S wave and RV ejection time. This indicates a

close relation between the modified Tei index obtained by

TDI and the Tei index determined by the pulsed Doppler

method also exist in fetus. Our result is consistent with

previous studies in adults and children.

This study demonstrated that the TDI-Tei index also

correlates well with the Tei index determined by pulsed

Doppler in the fetus, providing further evidence that the

TDI-Tei index is a simple method of assessing RV myo-

cardial performance even in the fetus.
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