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Background: In dextro-transposition of the great arteries (dTGA), the aorta and the pulmonary artery are 
transposed in position, when aorta arises from the right ventricle and pulmonary artery arises from the left 
ventricle. The present study was designed to assess three-dimensional speckle-tracking echocardiography-
derived tricuspid annular (TA) abnormalities in adult patients with dTGA late after atrial switch operations. 
It was also examined whether differences in TA morphology and function exist between Senning- and 
Mustard-procedures.
Methods: The study consisted of 14 adult dTGA patients (mean age: 29.9±8.3 years, 6 males), who 
underwent Mustard-procedure (n=7) at the age of 1.57±0.53 years or Senning-procedure (n=7) at the age of 
1.42±0.53 years. Their results were compared to 28 age- and gender-matched healthy subjects (30.3±4.9 years,  
14 males). 
Results: Dilated end-systolic and end-diastolic TA diameters, areas and perimeters could be detected in 
dTGA patients as compared to those of controls. TA functional properties calculated from TA diameter 
(TAFS) and area (TAFAC) data proved to be deteriorated in dTGA patients. No differences could be 
detected either in TA dimensions, or in TA functional properties between Senning- and Mustard-operated 
dTGA patients. TA plane systolic excursion (TAPSE) was reduced, which did not correlate with TAFAC and 
TAFS in dTGA patients. 
Conclusions: In dTGA, dilated end-systolic and end-diastolic TA is accompanied with deteriorated TA 
functional properties regardless of which atrial switch procedure was performed. Correlations between 
TAPSE representing longitudinal movement of the TA and TAFAC and TAFS representing sphincter-
like movement of the TA disappeared, which could partially explain accompanying tricuspid functional 
regurgitations.
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Introduction

In dextro-transposition of the great arteries (dTGA), the 
aorta and the pulmonary artery are transposed in position, 
when aorta arises from the right ventricle (RV) and 
pulmonary artery arises from the left ventricle (LV). dTGA 
is a rare, potentially life-threatening cyanotic congenital 
heart defect (CHD) due to non-communicating adjacent 
systemic and pulmonary circuits incompatible with life (1). 
Its etiology is unknown with a prevalence of 4.7 per 10,000 
live births (2). Several surgical procedures were historically 
used in clinical practice shunting blood flow into the right 
direction including atrial-switch operations like Senning- 
and Mustard-procedures (3-7). In recent studies, significant 
volumetric and functional abnormalities of certain heart 
chambers could be detected in adult patients with dTGA 
who underwent these procedures (8,9). Although dTGA is 
frequently associated with functional valvular regurgitation, 
valvular annular abnormalities related to these myocardial 
mechanical changes have not been investigated until now.

Due to rapid development in cardiac imaging, 
there is an opportunity of digital acquisition of three-
dimensional (3D) echocardiographic datasets using special 
equipment, from which 3D volumetric and functional 
analysis of cardiac chambers is allowed at the same time 
during 3D speckle-tracking echocardiography using 
dedicated software programs (10-12). Moreover, ‘en-face’ 
measurement of atrioventricular valvular annuli is also a 
method of choice (13). The present study was designed to 
assess 3DSTE-derived TA abnormalities in adult patients 
with dTGA late after atrial switch operations. It was also 
examined whether differences in TA morphology and 
function exist between Senning- and Mustard-procedures. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/cdt-21-330).

Methods

Patient population

The study consisted of 14 adult dTGA patients (mean age: 
29.9±8.3 years, 6 males), who underwent Mustard procedure 
(n=7) at the age of 1.57±0.53 years or Senning procedure 
(n=7) at the age of 1.42±0.53 years. Their medical history 
originates from the Registry of C(S)ONGenital cardiac 
Disease patients at the University of Szeged (CSONGRAD 
Registry), which summarizes clinical data of more than 
3000 patients with CHD since 1961 (14). Their results 

were compared to 28 age- and gender-matched healthy 
subjects (30.32±4.88 years, 14 males). A subjects was 
considered to be healthy in the absence of any disorder, 
pathological state, presence of cardiovascular risk factor, 
drug use and if echocardiography and electrocardiography 
proved to be normal. A special study was organized at 
our department to analyse clinical usefulness of 3DSTE-
derived parameters in certain disorders including dTGA 
[Motion Analysis of the heart and Great vessels bY three-
dimensionAl speckle-tRacking echocardiography in 
Pathological cases (MAGYAR-Path) Study]. All dTGA 
patients and controls were in sinus rhythm and underwent 
complete two-dimensional (2D) Doppler echocardiography 
and 3DSTE. The study was approved by the Institutional 
human research committee of the University of Szeged 
(project identification code: 71/2011). Informed consent 
was obtained from all subjects involved. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Two-dimensional Doppler echocardiography

Commercially available cardiac ultrasound device (Toshiba 
ArtidaTM, Toshiba Medical Systems, Tokyo, Japan) attached 
to a PST-30SBP phased-array transducer was used for 
evaluation of the left atrial (LA) and LV dimensions 
according to the available guidelines (15). Valvular 
abnormalities and LV diastolic function were quantified 
by Doppler echocardiography. TA plane systolic excursion 
(TAPSE) was also calculated. 

Three-dimensional speckle-tracking echocardiography

3DSTE was performed according to recent practices 
detailed earlier (10-12). Firstly, data acquisition was made 
using the same Toshiba ArtidaTM (Toshiba Medical Systems, 
Tokyo, Japan) echocardiographic system, while transducer 
was changed to a 1–4 MHz PST-25SX matrix phased-
array transducer (Toshiba Medical Systems, Tokyo, Japan). 
Using ECG-gating and breath-holding, 6 wedge-shaped 
subvolumes were acquired from the apical window on the 
chest, from which full volume 3D datasets were created by 
the software. 

3DSTE-derived analysis of the tricuspid annulus

For analysis of TA parameters, planes were optimized on 
long-axis views to create an ‘en-face’ view of the TA on 
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C7 short-axis view. End-diastolic (just before tricuspid 
valve closure) and end-systolic (just before tricuspid valve 
opening) measurements were performed (16) (Figures 1,2): 
TA morphological parameters:
 TA diameter (TAD) = perpendicular line drawn 

from the peak of TA curvature to the middle of the 

straight TA border
 TA area (TAA), measured by planimetry
 TA perimeter (TAP), measured by planimetry
TA functional features:
 TA fractional shortening (TAFS) = [end-diastolic 

TAD - end-systolic TAD]/end-diastolic TAD) ×100
 TA fractional area change (TAFAC) = [end-diastolic 

TAA - end-systolic TAA]/end-diastolic TAA) ×100.

Statistical analysis

While continuous variables are presented as mean 
values±standard deviation, categorical variables are 
presented as frequencies and percentages. Student t-test, χ2 
test and Fisher’s exact test were used for comparisons when 
appropriate. P value less than 0.05 was considered to be 
statistically significant. Software package MedCalc was used 
during statistical analysis (MedCalc, Mariakerke, Belgium).

Results

Clinical data

Clinical and demographic data are presented in Table 1. 
dTGA was associated with atrial septal defect in 2 patients, 
ventricular septal defect was found in 3 patients and patent 
ductus arteriosus was present in 5 patients. The mean age 
at the first procedure was 1.50±0.51 years, while the mean 
period between the procedure and 3DSTE proved to be 
28.4±8.2 years. 

Two-dimensional echocardiography

No significant differences could be demonstrated in LA 
diameter (38.4±3.2 vs. 34.2±5.6 mm, P=ns), LV end-
diastolic diameter (48.5±2.8 vs. 46.2±4.1 mm, P=ns) and 
volume (108.7±19.4 vs. 107.5±14.1 mL, P=ns), LV end-
systolic diameter (32.1±2.1 vs. 29.8±4.5 mm, P=ns) and 
volume (37.9 ±7.0 vs. 37.6±9.6 mL, P=ns), interventricular 
septum (9.2±1.9 vs. 102.1±3.0 mm, P=ns), LV posterior wall 
(8.9±1.0 vs. 9.4±1.5 mm, P=ns) and LV ejection fraction 
(65.1%±2.4% vs. 62.6%±5.1%, P=ns) between controls and 
dTGA patients with no differences between subgroups of 
Senning- and Mustard-operated patients. TAPSE proved 
to be 12.6±3.2 mm in dTGA patients, which did not differ 
between Senning-operated and Mustard-operated patients 
(13.14±3.08 vs. 12.00±3.52 mm, P=ns). 

Grade 1 mitral regurgitation (MR) could not be 

Figure 1 Three-dimensional speckle-tracking echocardiographic 
analysis of the tricuspid annulus using a full-volume dataset in a 
patient with dextro-transposition of the great arteries is presented: 
(A) apical four-chamber view, (B) apical two-chamber view and 
a cross sectional view at the level of the tricuspid annulus (C7) 
optimized on apical four- and two-chamber views. Yellow arrow 
represents the tricuspid annular plane on the long- (A,B) and 
short-axis (C7) images. LA, left atrium; LV, left ventricle; RA, right 
atrium; RV, right ventricle; TA, tricuspid annulus.

Figure 2 Some examples of deformed tricuspid annuli. Yellow 
arrows represent the tricuspid annular plane.
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Table 1 Demographic data of patients with dextro-transposition of the great arteries after atrial switch and controls

Data Controls (n=28) All dTGA patients (n=14)
Senning-operated dTGA patients 

(n=7)
Mustard-operated dTGA 

patients (n=7)

Age (years) 30.2±4.88 29.9±8.3 22.7±3.19 37.1±4.2*

Male gender (%) 14 (50) 6 (43) 2 (29) 4 (57)

Hypertension (%) 0 (0) 4 (29) 2 (29) 1 (14)

Diabetes mellitus (%) 0 (0) 0 (0) 0 (0) 0 (0)

Hypercholesterolaemia (%) 0 (0) 0 (0) 0 (0) 0 (0)

dTGA, Dextro-Transposition of the Great Arteries. *P<0.05 vs. Senning-operated patients.

demonstrated in any patients. Grade 2 MR [0/7 patients 
(0%) vs. 1/7 patients (14%)] did not differ between 
Senning-operated patients compared to Mustard-operated 
subjects. Higher grade MR could not be demonstrated in 
dTGA patients.

Grade 1, 2, 3 and 4 tricuspid regurgitation (TR) could 
be demonstrated in 3 (21%), 5 (36%), 5 (36%) and 1 (7%)
dTGA patients with somewhat lower ratio of grade 1 TR 
[2/7 patients (29%) vs. 1/7 patients (14%)] and higher grade 
of 2 [2/7 patients (29%) vs. 3/7 patients (43%)] and 3 [2/7 
patients (29%) vs. 3/7 patients (43%)] TR in Senning-
operated patients compared to Mustard-operated subjects. 
In one Senning-operated patient, grade 4 TR was present. 
None of the healthy controls had significant valvular 
regurgitations or stenoses.

Three-dimensional speckle-tracking echocardiography

Dilated end-systolic and end-diastolic TA diameters, areas 
and perimeters and their BSA-indexed counterpart could be 
detected in dTGA patients as compared to those of controls. 
TA functional properties calculated from TA diameter 
(TAFS) and area (TAFAC) proved to be deteriorated in 
dTGA patients. No differences could be detected either 
in TA dimensions, or in TA functional properties between 
Senning- and Mustard-operated dTGA patients (Table 2). 

Correlations

TAPSE did not show correlations with any morphological 
or functional TA properties in dTGA patients. Similarly, 
no correlations could be demonstrated between the time 
between the procedure and 3DSTE and any TA dimensions 
or parameters featuring its function.

Discussion

Due to special morphology in dTGA, blood flows from 
the atrium being on the morphological right side (RA) 
and loaded from the caval veins and the coronary sinus, 
to the RV via the TA and then into the aorta (not to the 
pulmonary artery) (1,2,17,18). Until the 1990s, atrial-
switch operations were the surgical solution for dTGA. 
In this case, an atrial baffle is created using autologous 
(Senning procedure) or synthetic (Mustard procedure) 
tissue helping venous flow streaming to the contralateral 
mitral valve and LV (and pulmonary artery) (3-7). 
Although atrial-switch operation is considered to be an 
‘old-fashioned’ technique, novel, more ‘physiological’ 
arterial switch procedures are available nowadays, several 
adult patients live in considerable good condition decades 
after Senning- or Mustard-procedures (3-7). Although 
dTGA is frequently associated with functional TR, limited 
information is available regarding changes in myocardial 
and valvular mechanics associated with these sort of 
procedures. 

3DSTE is a relatively new non-invasive imaging 
modality which offers an option for evaluation of heart 
chambers including volumetric and functional assessment in 
respect with cardiac cycle using the same virtually created 
3D cast of a certain chamber (9-13). Not only the LV, but 
both atria and RV could be quantitatively assessed by both 
systolic and diastolic volumetric, volume-based functional 
properties and strain parameters following data acquisition 
and evaluation by a special a special dedicated software. 
This approach offers a more realistic and complete 
virtual analysis. However, 3DSTE is capable of detailed 
assessment of atrioventricular valvular dimensions, area and 
perimeter in end-systole and end-diastole using the same 
3D echocardiographic dataset allowing complete analysis 
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Table 2 Comparison of three-dimensional speckle-tracking echocardiography-derived tricuspid annular morphological and functional parameters 
between adult patients with dextro-transposition of the great arteries after atrial switch and controls

Data Controls (n=28) All dTGA patients (n=14)
Senning-operated dTGA 

patients (n=7)
Mustard-operated dTGA 

patients (n=7)

Morphological parameters

TAD-D (cm) 2.24±035 3.26 ±0.31* 3.27±0.38* 3.26±0.25*

TAD-D/BSA (cm/m2) 1.23±0.22 1.74±0.20* 1.75±0.20* 1.74±0.21*

TAA-D (cm2) 7.30±1.60 13.16±2.68* 13.71±3.10* 12.60±2.28*

TAA-D/BSA (cm/m2) 4.02±1.02 6.98±1.26* 7.27±1.24* 6.70±1.31*

TAP-D (cm) 10.39±1.65 13.93±1.57* 14.41±1.47* 13.44±1.62*

TAP-D/BSA (cm/m2) 5.72±1.16 7.45±1.05* 7.74±1.06* 7.16±1.03*

TAD-S (cm) 1.85±0.29 2.94±0.32* 2.93±0.42* 2.94±0.20*

TAD-S/BSA (cm/m2) 1.01±0.18 1.57±0.19* 1.57±0.24* 1.57±0.16*

TAA-S (cm2) 5.44±160 11.11±2.33* 11.36±2.56* 10.66±2.17*

TAA-S/BSA (cm/m2) 2.99±0.94 5.90±1.12* 6.04±1.20* 5.75±1.11*

TAP-S (cm) 9.00±1.21 12.74±1.29* 12.91±1.32* 12.56±1.34*

TAP-S/BSA (cm/m2) 4.97±0.95 6.81±0.83* 6.93±0.90* 6.68±0.82*

Functional parameters

TAFAC (%) 26.05±11.74 15.53±5.98* 17.17±4.11* 13.89±7.37*

TAFS (%) 17.37±5.69 10.06±4.69* 10.62±5.20* 9.51±4.45*

TAA-D, end-diastolic tricuspid annular area; TAA-S, end-systolic tricuspid annular area; TAD-D, end-diastolic tricuspid annular diameter; 
TAD-S, end-systolic tricuspid annular diameter; TAFAC, tricuspid annular fractional area change; TAFS, tricuspid annular fractional 
shortening; TAP-D, end-diastolic tricuspid annular perimeter; TAP-S, end-systolic tricuspid annular perimeter; dTGA, Dextro-Transposition 
of the Great Arteries. *, P<0.05 vs. Controls.

of the pumping function of the heart (13). Functional TA 
properties (TAFAC and TAFS) using TA diameter or area 
parameters are able to characterize sphincter-like motion 
of the TA. Together with the simple, long used M-mode 
echocardiography-derived TAPSE, which represents TA 
longitudinal movement, complete spatial analysis of the 
TA could be allowed during a 3DSTE-extended routine 
echocardiography. 

To the best of the authors’ knowledge, this is the first 
time to demonstrate 3DSTE-derived TA abnormalities in 
adult patients with dTGA following atrial switch operations. 
Dilated end-systolic and end-diastolic TA dimensions were 
found to be accompanied with TA functional abnormalities 
regardless of which atrial switch procedure (Senning versus 
Mustard) was performed without differences between them. 
In normal circumstances, all movements of TA in the 3D 
space show relationships between parameters characterizing 
its movement in different directions (longitudinal and 

sphincter-like). In dTGA, correlations seem to have 
disappeared, which could partially explain accompanying 
tricuspid functional regurgitations. In earlier studies, 
TA abnormalities were found to be associated with atrial 
volumes as well, which effects could not be excluded in 
dTGA patients either (19). 

Limitation section

The following l imitations have arisen during the 
evaluations:
	Image quality for 3DSTE is lower than that of 

2D echocardiography and 3DSTE, which could 
significantly affect the results. 

	Due to the nature of the software used, R-wave 
triggered measurements were made which requires 
ECG-gating.

	Moreover, full 3D volume datasets are obtained 
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through 6 RR intervals, which could lead to a 
“stitching noise” between individual subvolumes 
making 3D volume suboptimal for analysis.

	3DSTE-derived volumetric, strain and rotational 
parameters of cardiac chambers were not examined. 

	The present study did not aim to validate 3DSTE-
derived volumetric and strain measurements. 

	Low number of dTGA patients was examined due to 
the rarity of the disease. Moreover, limited number 
of patients were treated with atrial-switch operations. 

	Most dTGA patients had classical risk factors, which 
could affect the results. 

Conclusions

In dTGA, dilated end-systolic and end-diastolic TA is 
accompanied with deteriorated TA functional properties 
regardless of which atrial switch procedure (Senning vs. 
Mustard) was performed. Correlations between TAPSE 
representing longitudinal movement of the TA and TAFAC 
and TAFS representing sphincter-like movement of the TA 
disappeared, which could partially explain accompanying 
tricuspid valvular functional regurgitations.
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