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Aim. To investigate the clinical value of the right ventricular Tei index and TAPSE by examining its relationship 
with the clinical characteristics of postoperative congenital heart disease  patients.
Material and methods. From February 2021 to September 2021, echocardiography measurements were 
performed at the Multidisciplinary Medical Center Akfa Medline for 20 patients with CHD. Patients were divided 
into 2 groups: group 1 (11 patients) - Tei index <0.5, and TAPSE is less than -2 according to Z-score (mean ≥7 
mm)  group 2 (9 patients) - Tei index> 0.6 and TAPSE is more than  -2 according to Z-score (mean <7 mm) . 
Results. The time of isovolumetric contraction of the right ventricle and the time of isovolumetric relaxation 
were increased and Ds (duration of the S wave ) of the right ventricle were shortened in patients of group 2 in 
comparison with patients in group 1. The time of postoperative mechanical ventilation, aortic cross-clamping 
time, central venous pressure, cardiac ICU stay and the volumes from the drainage significantly distinguished  
between the two groups, with the shortest ventilation, aortic cross clamping  time, lower central venous 
pressure, less ICU stay and the minimum drainage volumes were occured in patients of group 1.
Conclusion. The right ventricular Tei index and TAPSE is potentially a simple, readily available, reproducible 
and more sensitive indicator of right ventricular dysfunction in early postoperative period. 
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Цель. Изучить клиническую значимость индекса Tei правого желудочка и TAPSE путем изучения его 
взаимосвязи с клиническими характеристиками пациентов с послеоперационными врожденными по-
роками сердца.
Материал и методы. С февраля 2021 года по сентябрь 2021 года в Многопрофильном медицинском 
центре Akfa Medline были выполнены эхокардиографии 20 пациентам с ВПС. Пациенты были разде-
лены на 2 группы: 1-я группа (11 пациентов) – индекс Tei <0,5 и TAPSE меньше – 2 по Z-score (среднее 
значение ≥7 мм), 2-я группа (9 пациентов) – индекс Tei> 0,6 и TAPSE больше – 2 по Z-score (в среднем 
<7 мм).
Результаты. Время изоволюметрического сокращения правого желудочка и время изоволюметриче-
ского расслабления были увеличены, а Ds (длительность S-зубца) правого желудочка были укорочены 
у пациентов 2-й группы по сравнению с пациентами 1-й группы. Время ИВЛ, время пережатия аорты, 
центральное венозное давление, пребывания в отделении интенсивной терапии сердца и объемы дре-
нажа значительно различаются между двумя группами; с самой короткой ИВЛ, временем пережатия 
аорты, более низким центральным венозным давлением, меньшим пребыванием в отделении интен-
сивной терапии и минимальным дренажным объемом отмечено у пациентов 1-й группы.
Заключение. Индекс Tei правого желудочка и TAPSE потенциально являются простым, легко доступ-
ным, воспроизводимым и более чувствительным индикатором дисфункции правого желудочка в ран-
нем послеоперационном периоде.
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Introduction. Tetralogy of Fallot  (TF) is considered a group 
of complex and common congenital heart defects (CHD). Several 
studies show that the prevalence of TF ranges from 2.8 to 3.9 per 
10,000 live births, with men and women equally affected. The 
natural progression of these patients is unfavorable, therefore, 
single-stage surgical treatment in infancy is preferred. The most 
common complication of the early postoperative period is right 
ventricular failure, which is formed in violation of the anatomy 
of the right ventricle and progressive pulmonary regurgitation 
[1-3]. The main anatomical components of TF are ventricular 
septal defect (VSD) with anterior deviation of the outlet 
septal defect, leading to infundibular subpulmonary stenosis 
and dextroposition of the aorta with possible hypoplasia of 
the pulmonary artery trunk and its branches, as well as right 
ventricular (RV) hypertrophy [4]. Complete surgical correction 
was first introduced in 1955 and is now used all over the world. In 
the long term, residual pulmonary artery stenosis that remains 
after this surgery and pulmonary valve regurgitation caused 
by a transannular patch used to increase RV drainage leads to 
the development of two pathophysiological conditions of the 
RV that are very different from each other: right ventricular 
hypertrophy and dilatation right ventricle [5]. A number of 
non-invasive diagnostic techniques such as echocardiography, 
MSCT, cardiac catheterization, and MRI have been used to gain 
access to cardiac indicators such as dimensions, volumes and 
characteristics of the cardiac chamber in clinical practice. With 
recent advances in tissue Doppler echocardiography, the Tei 
index has been proposed as a simple, reproducible method for 
measuring regional and global right ventricular function. It has 
been reported that as a non-invasive Doppler measurement of 
ventricular function, the Tei index correlates well with other 
invasive and non-invasive diagnostic methods and clinical 
features, drug therapy of patients respectively  [6-7].

The aim of the study:  The present study aims to investigate 
the clinical value of the right ventricular Tei index and TAPSE 
by examining its relationship with the clinical characteristics of 
postoperative CHD patients.

Materials and methods : From February  2021 to 
September 2021, echocardiographic measurements were 
performed at the Multidisciplinary Medical Center Akfa 
Medline for 20 patients with CHD  (8 girls and 12 boys). In 10 
children out of 20 patients occurred Tetralogy of Fallot, in 3 
Double outlet right ventricle Tetralogy type, in 3 ventricular 
septal defects with pulmonary stenosis, in 1 Ebstein anomaly,  
in 2 patients total anomalous pulmonary venous return  and 
in 1 atrial septal defect with pulmonary stenosis have been 
occurred.  Doppler ultrasound was used as a diagnostic device 
from Siemens Accuson. 2000 with converter 2.0-5.0 MHz. On 
the basis of postoperative Tei values and TAPSE patients were 
divided into 2 groups: group 1 (11 patients) - Tei index <0.5, 
and TAPSE is less than -2 according to Z-score (mean ≥7 mm)  
group 2 (9 patients) - Tei index> 0.6 and TAPSE is more than  
-2 according to Z-score (mean <7 mm) . For each circulatory 
situation, the duration was measured from the peak of the 
R-wave on the electrocardiogram to the onset of the late 
diastolic A wave of the next cardiac cycle. The duration of 
the systolic wave S (Ds) was measured as the interval from 
the beginning to the end of the right ventricular outflow 
profile. The sum of the time of isovolumetric contraction and 
the time of isovolumetric relaxation was measured as the 
interval from the cessation to the beginning into the tricuspid 
inflow. The measurement of TAPSE involves  obtaining an 
apical four-chamber ultrasound view, placing the M-mode 
line at the lateral tricuspid valve annulus (where the valve 
leaflet attaches to the wall of the right ventricle), obtaining 
an M-mode tracing and measuring the height of the annulus 
movement during systole. 

Results :  There were statistical differences in the Tei-index 
and TAPSE values ​​between the 2 study groups (P <0.05). The 
time of isovolumetric contraction of the right ventricle (71.2 
± 12.56 m / s) and the time of isovolumetric relaxation were 
increased (82.45 ± 19.78 m / s), and Ds of the right ventricle 
were shortened in patients of group 2 (225.67 ± 14.28 m / s) 
in comparison with patients in group 1 (58.34 ± 5.486 m / s; 
62.56 ± 11.74 m / s; 284.89 ± 12.78 m / s). Thus, TAPSE was 
≥7 mm in group 1 and <7 mm in group 2.  The Ds of the right 
ventricle was somewhat declined compared to that in group 1. 
Clinical investigations showed that the time of postoperative 
mechanical ventilation, aortic cross-clamping time, central 
venous pressure, cardiac ICU stay  and the volumes from 
the drainage significantly distinguished  between the two 
groups, with the shortest ventilation, aortic cross clamping  
time, lower central venous pressure, less ICU stay and the 
minimum drainage volumes were occured in patients of 
group 1 (mechanical ventilation time 15.7 ± 8.76 hours; aortic 
cross-clamping time 16-28 minutes, central venous pressure 
4-6 mmHg,  drainage volumes - 205.6 ± 85.9 ml, 2-3 day ICU 
stay). The time for the provision of drug treatment and stay 
in the ICU in patients of group 1 with the lowest Tei value, the 
time for both the provision of drug treatment and the stay in 
the ICU was slightly, but substantially  increased compared in 
patients of group 2 - the time of mechanical ventilation 27.4 ± 
15.48 hours; aortic cross-clamping time 23-37 minutes, central 
venous pressure 7-11 mmHg,   volumes from drainage - 399.8 
± 187.5 ml and ICU stay – 4-5 days (P <0.05). Left ventricular 
ejection fraction did not significantly differ between groups and 
was within the normal range in all patients.

Discussions. Right ventricular systolic and diastolic 
dysfunction often occurs in patients after right –sided surgical  
correction of CHD. In patients with restrictive physiology, 
abnormal patterns of transtricuspid blood flow were observed, 
as evidenced by a lower peak E velocity and a lower E / A 
velocity ratio. There are various mechanisms that can lead to RV 
limitation, for example, inadequate intraoperative protection 
and chronic hypoxemia [8] . In the clinical management of 
patients with CHD, the assessment of the global function of the 
right ventricle is crucial. CT scan  and cardiac catheterization 
have proven helpful in assessing right ventricular function. 
However, these methods are not suitable for young children 
because they require deep sedation [9]. Echocardiography, 
described as a simple, safe, reproducible and non-invasive 
method for determining the systolic and diastolic function of 
the heart, has received widespread acceptance by patients 
and doctors. Although there are many parameters that can be 
used to quantify ventricular function, most of them indicate left 
ventricular physiology. An ideal parameter for quantifying right 
ventricular function has not been established given the complex 
geometry of the right ventricle with extensive trabecularization. 
Pathological examination of the right ventricle revealed 
complex pathological features involving both systolic and 
diastolic dysfunction, which were correlated with each other. 
An easily measurable Doppler index, the Tei index, has recently 
been proposed, combining systolic and diastolic time intervals. 
The Tei index is a function of both systolic and diastolic time 
intervals and appears to be sensitive to disturbances in systolic 
and diastolic cardiac function. It has been suggested that this is 
the most discriminatory index with good reproducibility [10]. 
Mahapatra suggested that this index is a sensitive quantitative 
method for assessing right ventricular function with wide 
clinical application. Since the Tei index is essentially a time ratio 
[11], it does not depend on the geometry of the ventricle, heart 
rate, preload and can be especially useful in assessing the global 
function of the right ventricle in various pathophysiological 
conditions. However, the clinical consequences of an elevated 
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right ventricular Tei in tetralogy of Fallot and other right sided 
CHD reconstructed patients have not been systematically 
evaluated. Our preliminary data suggest that the Tei index 
is potentially a simple, readily available, reproducible, and 
more sensitive indicator of right ventricular dysfunction and is 
clinically important for better understanding right ventricular 
function after surgical correction of CHD, which confirms the 
results of previous studies [12]. However, this index also has 
some limitations, sometimes it lacks sensitivity and has a slightly 
low negative predictive power due to a substantial  number of 
false negative results. In addition, it has also been suggested 
that the Tei index may be good for measuring regional right 
ventricular function, but is not accurate in global functional 
assessment due to right ventricular outflow tract dysfunction 
[13]. A reduction in TAPSE after cardiac surgery is a well-
known phenomenon and has been previously reported in both 
congenital and acquired diseases [14]. This observation has 
been interpreted as an isolated worsening of right ventricular 
performance, without changes in left ventricle parameters or 
exercise capacity and thus with poor clinical significance. Several 
hypotheses have been proposed to explain this loss in right 
ventricular performance detected along the long axis, including 
cardiopulmonary bypass use [15], geometrical changes of the 
right ventricular chamber (in association with interventricular 
septal paradoxical motion ), intraoperative ischaemia, right 
atrial injury due to cannulation procedure , poor myocardial 
protection , and extramyocardial causes (pericardial disruption, 
changes in fossa ovale, and postoperative adherence of the 
right ventricle to the thoracic wall [16]).

Conclusions. The results of this trial  indicate that the right 
ventricular Tei index and TAPSE is potentially a simple, readily 
available, reproducible and more sensitive indicator of right 
ventricular dysfunction. The elevated right ventricular Tei 
index  and decreased TAPSE found in  pediatric patients after 
correction of CHD was statistically correlated with prolonged 
postoperative ventilation, aortic cross-clamping time, higher 
central venous pressure, more ICU stay  and more drainage 
volumes.
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чап қоринчаси функциясининг юрак туғма нуқсонлари бартараф 
қилингандан сўнги ЭХОКАРДИОГРАФИк кўрсаткичлари

Р.А. РАХИМОВА, Б.И. ШУКУРОВ, Н.К. ЗОКИРОВ

Мақсад. Ўнг қоринчанинг эхокардиографик Tei индекс ва TAPSE кўрсаткичлари бўйича юрак туғма 
нуқсонларида операциядан кейинги клиник кўрсаткичларни таҳлил қилиш. 
Материал ва усуллар. 2021 йил февраль ва сентябрь ойларида кўп тармоқли Акфа Медлайн тиббиёт 
марказида юрак туғма нуқсонли 20 та беморда эхокардиографик текширувлар ўтказилди. Беморлар  
2 гуруҳга ажратилди: 1-гуруҳ (11 бемор) Tei индекси <0,5 ва TAPSE  Z-score бўйича -2 дан паст  (ўртача 
кўрсаткич ≥7 мм) 2-гуруҳ (9 бемор) – Tei индекси <0,5 ва TAPSE  Z-score бўйича -2 дан баланд  (ўртача 
кўрсаткич <7 мм) . 
Натижалар. 2-гуруҳ беморларда 1-гуруҳга нисбатан  ўнг қоринча изоволюметрик кисқариш ва кенга
йиш вақти узайиши, S тишча давомийлиги эса қисқариши кузатилди. Ўпка сунъий вентиляцияси вақти, 
аорта сиқилиш вақти, марказий вена босими, беморнинг интенсив терапия бўлимида даволаниш да-
вомийлиги ва дренаж найча суюқлик ҳажми гуруҳлар ўртасида бир-биридан сезиларли фарқланиши 
кузатилди. 1-гуруҳ беморларда  қисқа ўпка сунъий вентиляцияси, аорта сиқилиш вақти, паст марка-
зий вена босими, кам вақт интенсив терапия бўлимида даволаниш давомийлиги ва кам дренаж найча 
суюқлик ҳажми кузатилди. 
Хулоса. Ўнг қоринчанинг эхокардиографик Tei индекс ва TAPSE кўрсаткичлари эрта операциядан ке
йинги даврдаги ўнг қоринча функциясини баҳоловчи оддий, осон бажарилувчи ва самарали текширув 
усули ҳисобланади. 

Калит сўзлар: туғма юрак нуқсонлари, Tei индекси, TAPSE, допплерэхокардиография, ўнг қоринча.
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