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Abstract: Purpose: Tetralogy of Fallot is a congenital heart disease characterized by underdevelopment of the right 
ventricular infundibulum. Present study aimed to explore the clinic value of Tei index in assessing right ventricular 
function of pediatric patients with repaired Tetralogy of Fallot. Methods: A total of 45 pediatric patients with repaired 
Tetralogy of Fallot were recruited and classified into: group A (Tei index <0.5; n=13, aging 2-12 years), group B (0.5< 
Tei index <0.7; n=19, aging 1-14 years), and group C (Tei index >0.7; n=13, aging 4-14 years). The right ventricular 
Tei index value was related to the clinical characteristics of Tetralogy of Fallot repair patients. Results: Right ven-
tricular Tei index was positively correlated with ventilation time, drainage volumes, and negatively with drug assis-
tance and Intensive Care Unit (ICU) stay, although time for drug assistance and ICU stay were not statically different 
between group B and group C. There was no significant difference in left ventricular ejection fraction. Conclusion: 
Tei index is a sensitive indicator of right ventricular dysfunction, and has important clinical value to better our under-
standing of right ventricular function after tetralogy of Fallot repair.
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Introduction

Tetralogy of Fallot is a congenital heart disease 
(CHD) characterized by underdevelopment of 
the right ventricular infundibulum due to the 
pulmonary stenosis and the ventricular septal 
defect. It occurs in about four per 10,000 live 
births, and accounts for up to one-tenth of all 
congenital cardiac lesions [1]. Patients with 
repaired Tetralogy of Fallot are at risk for pro-
gressive right ventricular dilatation and dys-
function [2, 3], associated with clinically impor-
tant decreases in their life quality, and hence, 
the assessment of right ventricular function is 
of major importance for clinical diagnosis and 
management in these patients.

To access the cardiac metrics such as cardiac 
chamber dimensions, volumes, and perfor-
mances in clinical practices, a number of non-
invasive imaging techniques have been 
employed such as echocardiography and nucle-
ar cardiograph, and cardiac magnetic reso-
nance. With recent advances in Doppler tissue 
echocardiography, Tei index, also known as 
myocardial performance index, has been sug-
gested to be a simple, reproducible method for 
measuring regional and global right ventricular 

function. As a noninvasive Doppler measure-
ment of ventricular function, Tei index has been 
reported to correlate well with other invasive 
and noninvasive measures [4, 5]. Because this 
index is essentially a time ratio, it is therefore 
independent of ventricular geometry, heart 
rate, blood pressure, and may be particularly 
useful in assessment of the global right ven-
tricular function [6], especially in children with 
complex right ventricular shape. It is therefore 
important to explore the clinic value of Tei index 
in assessing right ventricular function of pediat-
ric patients with repaired Tetralogy of Fallot. 
However, knowledge of the impact of differenc-
es in Tei index on clinical characteristics of 
Tetralogy of Fallot repair patients is limiting, its 
clinical functional status remains to be clarified. 
The present study aimed to explore the clinical 
value of right ventricular Tei index by investigat-
ing its relationships with clinical characteristics 
of postoperative Tetralogy of Fallot patients.

Patients and methods

Study population

This study was approved by the local ethical 
review board of our institution, and written 
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informed consent was obtained from the sub-
jects and parents of minors. Individuals for this 
study were recruited from the department of 
cardiovascular surgery, First Hospital of 
Lanzhou University. A total of 45 pediatric 
patients (34 males, 11 females), with surgically 
corrected Tetralogy of Fallot between October 
2008 and June 2012, were eligible for this 
study. All patients were asymptomatic and 
selected based on an exclusion criteria without 
renal insufficiency, severe arrhythmia, pulmo-
nary or mitral regurgitation, residual ventricular 
septal defect or ventricular extrasystoles, and 
had an adequate transthoracic window for 
echocardiographic examination. They were 
classified into three groups on the basis of their 
postoperative Tei values: group A (Tei index 
<0.5), group B (0.5< Tei index <0.7), group C 
(Tei index >0.7). The descriptive data of our 
patient cohort were shown in Table 1. Patients 
with any additional underlying disease that 
could interfere with the clinical evaluation were 
excluded from the study. At surgical repair, all 
had been treated with a transannular patch for 
Tetralogy of Fallot.

Echocardiography

All pediatric patients underwent echocardio-
graphic examination for the assessment of car-
diac function within a week post-operation. An 
HP5500 ultrasound system (Philips) was used, 
and transthoracic echocardiography was per-
formed with a 2 to 4 MHz 4× matrix probe. 
Echocardiograms for all patients performed 
under identical clinical situations. Patients 
were examined in a horizontal or left lateral 
decubitus position, and their electrocardio-
grams were simultaneously recorded for subse-
quent off-line analysis. Two-dimensional image 
of the standard apical 4-chamber sections was 
clearly displayed in the first place, and then tis-
sue Doppler mode was employed with the scan-
ning velocity range set between 100-150 

mmPs. A sample volume of 3.5 mm was placed 
on the free wall of the right ventricle, and a 
simultaneous dynamic spectrum was recorded. 
For each circulatory situation, the duration was 
measured from the peak of the R wave of the 
electrocardiogram to the onset of the late dia-
stolic A-wave of the next cardiac cycle. Systolic 
S wave duration Ds was measured as the inter-
val from the onset to the end of the right ven-
tricular outflow profile. The sum of isovolumet-
ric contraction time and isovolumetric relax-
ation time was measured as the interval from 
the cessation to the onset of the tricuspid 
inflow. Tei index value was calculated as 
described previously [7]. All parameters were 
measured on 3 to 6 consecutive heart cycles 
and values from three consecutive cardiac 
cycles were averaged.

Statistical analysis

All statistical analyses were performed with 
SPSS, version 11.5 (SPSS Inc., Chicago, IL, 
USA). Data were expressed as mean value ± 
standard deviation. Comparison between the 
groups was performed by unpaired t test. A 
P-value of <0.05 was considered statistically 
significant.

Results

Background information

All 45 pediatric patients had underdone 
Tetralogy of Fallot repair with a transannular 
patch, they were assigned to three groups 
according to their postoperative Tei index value. 
The age was ranged from 1 to 14 years as 
shown in Table 1. There were no significant dif-
ferences among the patients in three study 
groups with respect to age and sex distribu-
tions, and the age at repair was also not statis-
tically different among the three groups of 
patients (P>0.05). All the patients denied any 
other obvious complications.

Postoperative Doppler data

Echocardiogram of the pediatric patient was 
shown in Figure 1, and the way how the Tei 
index value obtained was clearly described. 
Table 2 summarizes the postoperative Doppler 
time intervals and Tei-index value for 3 study 
groups. Left ventricular ejection fraction did not 
differ significantly among the groups, and were 

Table 1. Demographic data of tetralogy of 
Fallot repair patients with different level of Tei 
index

Tei-index 
value

Gender 
(male, %)

Age 
(yr) (range) 

Group A <0.5 9/69.2% 5.92±2.78 (2-12)
Group B 0.5</<0.7 15/78.9%  7.26±3.68 (1-14)
Group C >0.7 10/76.9% 7.46±2.85 (4-14)
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within normal limits in all the patients (P>0.05). 
However, There was a statistical differences in 
the Tei-index values among the 3 study groups 
(P<0.05). Both right ventricular isovolumetric 
contraction time and isovolumetric relaxation 
time were prolonged and right ventricular Ds 
shortened in Group C patients, when compared 
with patients in Group A and B. Right ventricular 
isovolumetric contraction time and isovolumet-
ric relaxation time for group B patients were 
also prolonged, while right ventricular systolic S 
wave duration Ds was shortened to some 
extent compared with that of the Group A.

Clinical characteristics

The clinical characteristics of the three study 
groups were presented in Table 3. Clinical 
observation showed that postoperative ventila-
tion time and drainage volumes were differ sig-
nificantly among the three groups, with short-
est ventilation time and lest drainage volume 
demonstrated in Group A patients. Time for 
drug assistance and ICU stay were not statical-
ly different between the group B and group C 
patients. However, in group A patients with the 
lowest Tei-index value, both the time for drug 
assistance and ICU stay were slightly but sig-
nificantly increased compared with that of both 
group B and group C patients (P<0.05).

Discussion

Tetralogy of Fallot is the most common congeni-
tal cardiac defect, occurring in 4 out of every 

Fallot patients [12, 13], and was suggested to 
be directly associated with the clinically impor-
tant decreases in their life quality and survival 
rate. Therefore, definitive assessment of right 
ventricular function may play a significant 
important role after surgical repair of patients 
with Tetralogy of Fallot.

In the clinical management of patients with 
CHD, the evaluation of the global right ventricu-
lar function is of major importance [14]. 
Magnetic resonance imaging and computed 
tomography proved to be useful for the assess-
ment of right ventricular function [15]. However, 
the techniques are not appropriate for small 
children because they require deep sedation 
[16]. Echocardiography, described as a simple, 
safe, reproducible and noninvasive technique 
for determining cardiac systolic and diastolic 
function, has gained general acceptance from 
patients and clinicians. Although there are 
many parameters that can be used for the 
quantitative assessment of ventricular func-
tion, most pointed to the left ventricular physi-
ology. No ideal parameter has been established 
for the quantitative assessment of right ven-
tricular function, given the complex geometry of 
the right ventricle with its extensive 
trabeculation.

Pathological examination of right ventricle 
showed complicated pathological features, 
with both the systolic dysfunction and diastolic 
dysfunction involved and correlated. Recently, 

Figure 1. Echocardiogram of the pediatric patient and the way how the Tei index 
value was obtained.

10,000 live births. After the 
pioneering experience of 
Castaneda and colleagues 
[8], primary repair of this 
lesion was recommended in 
early infancy to minimize 
right ventricular hypertrophy. 
Surgical repair of Tetralogy 
of Fallot in infancy and child-
hood has been reported to 
be effective in terms of clini-
cal health assessment and 
exercise capacity. However, 
the right ventricle was 
reported to be vulnerable to 
functional compromise in 
patients after surgical repair 
of Tetralogy of Fallot [9-11], 
Right ventricular dysfunction 
was also well documented in 
post-operation Tetralogy of 
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an easily measured Doppler index, Tei index 
combining systolic and diastolic time intervals 
has been proposed. Tei index is a function of 
both systolic and diastolic time intervals and 
appears to be sensitive to abnormalities of car-
diac systolic and diastolic function [17]. It has 
been suggested to be the most discriminatory 
index, with good reproducibility [18]. Mahapatra 
proposed that this index represented a sensi-
tive quantitative method for right ventricular 
function evaluation, with wide clinical applica-
tion [19, 20]. Since Tei index is essentially a 
time ratio [21, 22], it is therefore independent 
of ventricular geometry, heart rate, preload and 
may be particularly useful in assessment of the 
global right ventricular function under various 
patho-physiological states [4, 23]. The clinical 
implications of an elevated right ventricular Tei 
index in Tetralogy of Fallot repaired patients, 
however, have not been assessed sys- 
temically.

In this study, the clinical presentations of an 
elevated right ventricular Tei index were record-
ed and comparatively analyzed in a cohort of 
pediatric Tetralogy of Fallot repair patients, 
with significant difference in right ventricular 
Tei-index values demonstrated in the 3 study 
groups (Group A: 0.44±4.68, Group B: 
0.59±5.83, Group C: 0.79±5.93; P<0.05). 
While there was no statistical differences in left 
ventricular ejection fraction in the overall pro-
cess (Group A: 60.15±9.40, Group B: 

assistance and ICU stay were not statically dif-
ferent between the group B and group C 
patients, although they were significantly differ-
ent from that of group A patients (P<0.05). 
Therefore, Tei index may provide a good guide-
line for respirator auxiliary time and drainage 
volumes in Tetralogy of Fallot repair patients. 
The lack of significant impact of Tei index on 
drug assistance and ICU stay was perhaps 
understandable considering the small sample 
used in this study.

Our preliminary data suggest that Tei index is 
potentially a simple, readily available, reproduc-
ible and more sensitive indicator of right ven-
tricular dysfunction, and has important clinical 
value in better our understanding of the right 
ventricular function after surgical correction of 
Tetralogy of Fallot, corroborating the results of 
previous studies [20, 24]. However, this index 
also has some limitations, it occasionally lacks 
sensitivity and has somewhat low negative pre-
dictive power due to a significant false-negative 
rate [25]. Furthermore, it was also suggested 
that Tei index may be good for measuring 
regional function of right ventricular, but lack 
accuracy in global functional assessment duo 
to the dysfunction of the right ventricular out-
flow tract [26]. Only through fully understanding 
correlation of its potential characteristics with 
clinical presentations, the clinical value of this 
index can be fully developed.

Table 2. Comparison of Tei index value among the three study groups
n Tei-index value IVCT/ms IVRT/ms Ds/ms LVEF

Group A 13 0.44±4.68 60.60±6.91 64.14±9.48 279.52±10.43 60.15±9.40
Group B 19 0.59±5.83* 69.08±7.10 79.54±14.15 251.44±28.57 63.63±9.74
Group C 13 0.79±5.93# 69.67±11.05 80.19±16.94 223.22±15.50 61.08±6.34
IVCT: Isovolumetric contraction time; IVRT: Isovolumetric relaxation time; Ds: Systolic S wave duration; LVEF: left ventricular 
ejection fraction; *P<0.05 vs. the Group A; #P<0.05 vs. the Group B.

Table 3. Comparison of the clinic index among the three study 
groups

Ventilation 
time/h ICU/h Drug 

assistance/h Drainage/ml

Group A 16.92±9.94 21.00±5.85 30.85±8.15 209.46±98.70
Group B 24.53±6.75* 18.05±2.17* 26.21±2.74* 320.74±124.20*

Group C 30.92±9.11# 18.05±0.00* 26.00±0.00* 464.23±215.64#

F value 8.944 3.458 4.865 9.364
P value 0.001 0.041 0.013 0.000
ICU: Intensive care unit; *P<0.05 vs. the Group A; #P<0.05 vs. the Group B.

63.63±9.74, Group C: 61.08 
±6.34; P>0.05). It indicated that 
abnormality of right ventricular Tei 
index value can be detected 
beforehand in the Tetralogy of 
Fallot repaired children, even 
before the presentation of any 
cardiac dysfunctions. In addition, 
among the postoperative clinical 
characteristics, ventilation time 
and drainage volumes were signif-
icantly different among the three 
groups. However, time for drug 
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The relatively small sample size was a limita-
tion of this study, and further investigation 
should focus on closer analyze the clinical 
value of Tei index in the large majority of 
patients. Besides, the criteria by which patients 
were assigned to particular groups were arbi-
trarily defined according to our Tei value distri-
bution. However, Tei values obtained in 
Tetralogy of Fallot repair patients have varied 
among studies. In adult patients after surgical 
correction of Tetralogy of Fallot, a right ventricu-
lar Tei index of 0.21±0.10 has been reported to 
represent normal right ventricular function 
[27]. Similarly, in the pediatric counterpart, a 
right ventricular Tei index of 0.29±0.17 was 
found despite of an extreme low value of right 
ventricular Tei index (0.16±0.15) detected in 
the normal control [28]. While the right ventric-
ular Tei index of 0.52±0.08 (ranged from 0.28 
to 0.69) was reported to represent normal right 
ventricular function after surgical repair of 
patients with Tetralogy of Fallot [26], and in the 
study of Jaroslav Meluzin et al, a right ventricu-
lar Tei index of more than 1.00 was also report-
ed [20]. Therefore, the Tei index value mea-
sured in our study seem to be rational and 
accurate when used in exploration of its clinic 
value in patients with Tetralogy of Fallot 
postoperatively.

In conclusion, the findings of the present study 
suggest that right ventricular Tei index is poten-
tially a simple, readily available, reproducible 
and more sensitive indicator of right ventricular 
dysfunction. The increased right ventricular Tei 
index, found in some of the pediatric patients 
after Tetralogy of Fallot repair, was statistically 
correlated with prolonged postoperative venti-
lation time and drainage volumes, while it was 
less significantly correlated with shortened 
duration of drug assistance and ICU stay. Serial 
monitoring of the right ventricular Tei index in 
the follow-up process of these patients may 
prove to be a useful adjunct in decision of inter-
ventions to preserve their right ventricular func-
tion and improve their life quality.
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