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Abstract

Echocardiographic assessment of patients with transposition of the great arteries and 
congenitally corrected transposition requires awareness of the morphology and commonly 
associated lesions. The pre-operative echocardiography should include a full segmental and 
sequential analysis. Post-operative assessment is not possible without awareness of the 
type of surgical procedure performed and consists of assessing surgical connections and 
residual lesions.

Introduction

Echocardiographic assessment of patients with 
transposition of the great arteries (TGA) and congenitally 
corrected transposition of the great arteries (CCTGA) 
requires a good understanding of the morphology of both 
defects with their commonly associated lesions. Insight 
into the physiology and the impact of different surgical 
treatment options are crucial when evaluating these 
patients pre-operatively and postoperatively.

Transposition of the great arteries

Transposition of the great arteries (TGA) is a conotruncal 
anomaly where the ventriculo-arterial connections are 
discordant; the aorta aligns with the right ventricle 
(RV) and the pulmonary artery aligns with the left 

ventricle (LV) (Figs 1 and 2). When there are concordant 
atrioventricular connections, TGA results in severe 
cyanosis because the circulation is in parallel rather 
than in series; the deoxygenated blood that returns from 
the systemic veins goes directly out the aorta and the 
oxygenated blood that returns from the pulmonary veins 
goes directly out of the pulmonary artery. Approximately 
40% of children with TGA have an associated ventricular 
septal defect (VSD) that can be variable in size (1). The 
overwhelming majority of children with TGA present 
with cyanosis immediately after birth, particularly if the 
ventricular septum is intact. Those children with TGA in 
association with a large VSD may present somewhat later 
in infancy. TGA is the second most common cyanotic 
lesion after tetralogy of Fallot and affects males more 
than females.
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The etiology of TGA remains unknown and in 
isolation it is rarely associated with a syndrome or a 
known genetic disorder. Maternal diabetes has been 
reported as a risk factor for fetal TGA (2). There is clearly 
a developmental abnormality such that the conotruncus 
does not go through its normal rotation and results in the 
great arteries aligned abnormally.

Important morphometric features of TGA include the 
relationship of the aorta and the pulmonary artery. In 
contrast to the normal heart, the great arteries in TGA arise 
in parallel rather than spiral around each other (Fig. 2). 
Most typically, the aorta sits anterior and rightward of the 
pulmonary artery; however, the great arteries may be side 
by side or directly anterior/posterior to each other (Fig. 3). 

Very rarely, the aorta may sit posterior to the pulmonary 
artery. The conal anatomy can also vary in TGA. Conus 
is the circumferential muscle under a semilunar valve 
that tends to be associated with the anterior great artery. 
Conus can be present under either great artery, both or 
neither. In the normal heart, there is subpulmonary conus 
only. The majority of children with TGA have subaortic 
conus only (thus the aorta tends to be anterior), however, 
any conal anatomy is possible including bilateral conus 
(under both great arteries) (3).

Another important feature is LV outflow tract 
obstruction which can occur in 10% of patients with TGA 
(4). There are multiple possible causes including ventricular 
septal thickening, fibrous membranes, aneurysm of the 

Figure 1
TGA: Discordant ventriculo-arterial connections. 
Subxiphoid coronal views in patient with TGA. In 
(A) the great vessel aligned with the left ventricle 
(LV) is the pulmonary artery (PA) and is seen 
bifurcating. In (B) the aorta (Ao) is seen aligned 
with the right ventricle (RV). This shows the 
discordant ventriculo-arterial connections.
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membranous septum, conal septum malalignment and 
valvar pulmonary stenosis. RV outflow tract obstruction 
is more unusual except in those patients with an anterior 
malalignment VSD (discussed below). In those cases, 
more distal obstruction such as coarctation of the aorta or 
interruption of the aortic arch are also possible.

The coronary artery origins by definition are in an 
abnormal position in TGA because the aorta is anterior 
to the pulmonary artery. There is significant variability 
in coronary artery anatomy which is important to assess 
in the pre-operative echocardiogram (Fig. 6). Coronary 
artery variants such as circumflex artery originating 
from the right coronary artery are more common when 
the great arteries are more side by side. One of the most 

concerning anatomic variations is an intramural course 
of the proximal coronary artery. This occurs when a 
coronary artery arises from the opposite sinus and courses 
between the great arteries typically in the wall of the 
aorta. In these cases, translocation of the coronary arteries 
(during the arterial switch operation) is more complicated 
and may result in kinking or narrowing of the vessel. In 
some cases, patients have only a single coronary artery or 
a coronary artery that has an abnormal course posterior 
to the pulmonary artery or anterior to the aorta. Studies 
report that coronary artery variants predict poor outcome 
after arterial switch operation (5, 6).

The surgical treatment for TGA is an arterial switch 
operation. In this procedure, the great arteries become 

Figure 2
Parallel great arteries. (A) Subxiphoid short-axis 
view demonstrates the parallel orientation of the 
great arteries with the aorta (Ao) anterior to the 
pulmonary artery (PA). (B) Parasternal long axis 
view demonstrating the parallel great arteries.
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surgically aligned with the appropriate ventricle 
(pulmonary artery to RV, aorta to LV) by way of transection 
and re-anastomosis of the great arteries. In addition, the 
coronary arteries are translocated to the new ‘neo’ aorta 
(7). During the arterial switch operation, the Lecompte 
maneuver is often performed; this procedure tucks the 
aorta behind both branch pulmonary arteries to prevent 
obstruction (8). Prior to the 1980s, attempts at the arterial 
switch operation had been unsuccessful most typically 
because of the challenges of moving the coronary arteries 
and properly aligning the branch pulmonary arteries.

Before the arterial switch operation was a feasible 
strategy, the atrial switch procedure was utilized starting 
as early as the late 1950s. Drs Senning and Mustard 
devised methods to ‘switch’ the atria rather than the 
great arteries such that systemic and pulmonary venous 
blood was baffled to the contralateral ventricle to allow 
for a circulation in series rather than parallel (9, 10). 
This procedure resulted in the RV and tricuspid valve 
functioning in the systemic position.

Figure 3
Relationship between great arteries. Parasternal short-axis view 
demonstrating the aorta (Ao) is positional anterior and rightward relative 
to the pulmonary artery (PA). The arrow demonstrates the alignment 
between the commissures of both semilunar valves.

Figure 4
Role of balloon atrial septostomy. Newborn with 
TGA born with very restrictive ASD with very 
limited L-R shunting shown in subxiphoid 
long-axis view. Preductal saturation in this patient 
was 40%. Balloon atrial septostomy was urgently 
performed with creation of good sized 
unrestrictive atrial communication with preductal 
saturation improving to 85%. LA, left atrium; RA 
right atrium.
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TGA with intact ventricular septum

In TGA without a VSD, cyanotic presentation at birth 
typically leads to immediate recognition in the delivery 
room or newborn nursery. Because the circulations are 
in parallel, mixing of deoxygenated and oxygenated 
blood must occur for survival. Generally, an arterial duct 
is inadequate as the only source of mixing, and thus an 
adequate atrial communication is essential. In those with 
an intact or nearly intact atrial septum, extreme cyanosis 
may occur (Fig. 4). In these cases, an urgent intervention 
is required, namely a balloon atrial septostomy. This 
procedure, first described by Dr William Rashkind in 1966, 
utilizes a balloon catheter to tear a hole in the septum 
primum portion of the atrial septum (11). This procedure 
can be life-saving for infants with TGA.

Transposition with associated ventricular 
septal defect

The anatomy of TGA in association with a VSD is quite 
variable. As with patients that have normally related 
great arteries, any anatomic type of VSD may be present 
in association with TGA. The nomenclature of VSDs 
was recently reported by the International Society for 
Nomenclature of Paediatric and Congenital Heart Disease 
(12). Those with a simple type of VSD, typically have a 
perimembranous central or muscular defect (Fig. 5).  

If the VSD is small, it may be left alone during the arterial 
switch operation. If large, it is typically repaired at the 
time of the procedure.

There are several more complex types of VSDs that 
may be present. An outlet (doubly committed) VSD is an 
unusual defect that occurs when there is absence of the 
conal (outlet) septum such that the aortic and pulmonary 
valves are in fibrous continuity (12). In these cases, closure 
of the VSD may result in distortion of the semilunar valve 
leaflets and subsequent semilunar valve regurgitation. 
Malalignment type VSDs are outlet defects where the 
conal (outlet) septum is out of its normal alignment 
with the muscular ventricular septum (12). These type of 
VSDs are more common than the outlet defects without 
malalignment and result in outflow tract obstruction. 
Posterior malalignment of the conal septum with resultant 
VSD is typically associated with subpulmonary outflow 
tract obstruction. In TGA with significant posterior 
malalignment type VSD, an arterial switch procedure 
cannot be performed because the aortic outflow would be 
obstructed after surgery. In these cases, the Rastelli operation 
is typically performed, whereby the VSD is baffled through 
the VSD to the aorta and a pathway (typically a conduit) 
is made between the RV and the pulmonary artery. 
Another option for this anatomic substrate is the Nikaidoh 
operation whereby the aorta is translocated closer to the 
LV (through the pulmonary annulus) in order to avoid LV 

Figure 5
TGA with perimembranous VSD. In the 
subxiphoidleft anterior oblique view the arrow 
indicates the location of the VSD in the 
perimembranous part of the septum. There is 
fibrous continuity between the tricuspid valve and 
the pulmonary valve. The image on the right 
shows a tilted parasternal long-axis view with 
shunting from the RV to the LV through the VSD.

Figure 6
Patient with TGA and single coronary artery. In 
this high parasternal view, a single coronary 
artery that comes from the left sinus (sinus 1) is 
seen trifurcating into the anteriorly looped right 
coronary artery (RCA) and left coronary artery 
(LCA) which immediately bifurcates into the left 
anterior descending and circumflex arteries.
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outflow tract obstruction postoperatively. Anterior and/or  
rightward malalignment of the conal septum typically 
results in RV outflow tract obstruction. Since the aorta 
arises from the RV, the annulus of the aortic valve may be 
small and distal obstruction (coarctation of the aorta or 
interruption of the aortic arch) may be present. In these 
cases, a more complex arterial switch operation is required 
that often includes VSD closure, aortic arch repair and in 
some cases, enlargement of the RV outflow tract (similar to 
what is performed in tetralogy of Fallot repair).

Inlet (canal) type VSDs are unusual in TGA but can be 
seen most typically in patients with isomerism (heterotaxy 
syndrome). They are typically large defects that require 
repair at the time of arterial switch operation. They can 
also be seen in association with straddling tricuspid valve 
which may preclude a two ventricle repair (13).

Echocardiographic assessment of preoperative TGA

•• Assess the position of the great arteries from subxiphoid 
frontal and sagittal views or from parasternal long-axis 
view (Figs 1 and 2).

•• If cyanosis is present, examine the presence and size of 
the atrial septal defect in subxiphoid views to determine 
if balloon atrial septostomy is required (Fig. 4).

•• Identify presence, type, number and size of VSD using 
multiple views (Fig. 5).

•• Identify presence and type of LV outflow tract 
obstruction using subxiphoid, apical five-chamber and 
parasternal long-axis views.

•• If malalignment of the conal (infundibular) septum is 
present, assess severity of outflow tract obstruction and 
more distal obstruction in multiple views.

•• Assess aortic arch in cases of anterior/rightward 
malalignment of the conal septum in suprasternal 
sagittal view.

•• Assess in multiple views for coronary artery anatomy 
including:
–	 Assessment for coronary arteries passing posterior to 

the pulmonary artery (circumflex artery from right 
coronary artery).

–	 Assessment for coronary arteries passing anterior 
to the aorta (right coronary artery arising from left 
facing coronary cusp) (Fig. 6).

–	 Assessment for coronary arteries passing between 
the great arteries (intramural course).

Arterial switch operation

The outcome for the arterial switch operation is generally 
excellent in the modern era (14). However, there are 

some issues that must be assessed over the short term and 
long term after this procedure. Ideally, this procedure is 
performed in the first few days of life to obviate the cyanosis. 
The other reason to perform the operation early in the 
neonatal period is the high pulmonary blood flow that 
occurs (despite the cyanosis). Over a relatively short period 
of time, these patients can develop pulmonary vascular 
disease (15). Furthermore with decrease in pulmonary 
vascular resistance, the LV becomes deconditioned 
and may fail after the switch procedure when exposed 
to the much higher systemic vascular resistance. In 
patients with a large VSD the surgery can be postponed 
for a few weeks or months based on surgical preference. 
Recent data however suggested that postponing surgery 
beyond 2 weeks of life may affect neurodevelopmental  
outcomes (16).

There are several short-term and long-term concerns 
after the arterial switch operation. The most concerning 
issue immediately after surgery is whether the translocation 
of the coronary arteries is successful (17). Coronary artery 
problems typically present as ventricular dysfunction, 
difficulty with separation from cardiopulmonary bypass 
and ventricular tachyarrhythmias. This can be assessed in 
the operating room by transesophageal echocardiography 
or by epicardial imaging (18). Other short-term concerns 
after the arterial switch include narrowing at the 
anastomotic sites above the neopulmonary valve and 
neoaortic valves (14) (Fig. 7). Finally, the Lecompte 
maneuver is usually performed with the arterial switch 
operation to assure that the branch pulmonary arteries 
lie without obstruction (Fig. 8). The maneuver entails 
tucking the aorta behind both pulmonary arteries. Branch 
pulmonary artery narrowing is a potential complication of 
this procedure typically because of stretching or kinking 
of the proximal pulmonary artery branches (19).

In the long term, other concerns may emerge. The 
coronary arteries may become narrowed over time or in 
rare cases may become atretic (20, 21). Coronary artery 
problems are more common with more unusual pre-
operative coronary artery patterns (6, 20, 21). Coronary 
artery imaging may be needed by CT, MRI or angiography. 
Coronary artery problems may present with regional wall 
motion abnormalities of the ventricle. The neoaortic root 
often becomes enlarged over time after the procedure. 
Though many risk factors for root dilation have been 
reported, it is likely a consequence of the procedure and 
the suture line that is required for the anastomosis (22, 23). 
In rare cases, aortic root replacement has been reported 
(24). Neoaortic valve regurgitation is also common but 
does not usually require aortic valve surgery (22, 23).
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Echocardiographic assessment of arterial 
switch operation

•• Assess the outflow tracts for supravalvar narrowing and 
neovalvar regurgitation from subxiphoid, apical and 
parasternal views (Fig. 7).

•• Assess for regional wall motion abnormalities from 
apical and parasternal views.

•• Try to identify color flow in the translocated coronary 
arteries in parasternal short-axis view with very low 
color scale.

•• Assessment of the branch pulmonary arteries with 
Doppler interrogation using the high parasternal view 
(Fig. 8).

•• In longer term assessment, measure the neoaortic 
root in the parasternal long axis view and assess for 
neoaortic and neopulmonary valve regurgitation in 
multiple views.

Especially in adults after the arterial switch operation, 
echocardiographic images may be limited and additional 
cross-sectional imaging by CT scan or MRI may be 

required to image the pulmonary artery branches and 
coronary arteries.

Atrial switch operation

Most patients who have undergone the atrial switch 
operation are now adults as the arterial switch operation 
has replaced this procedure in almost all cases. In the 
current era, the atrial switch operation is reserved for 
patients with a late presentation of TGA in whom the 
LV pressure and mass are inadequate to function in the 
systemic circulation. The concerns for the atrial switch 
operation are completely different than the concerns 
regarding the arterial switch operation.

The most common complications of the atrial switch 
operation include systemic venous baffle obstruction, 
pulmonary venous baffle obstruction and baffle leak 
(25, 26, 27, 28). The superior vena cava portion of the 
systemic venous pathway is particularly vulnerable to 
narrowing because it is a smaller structure and because 
some of these patients have transvenous pacing wires (25).  

Figure 7
Position of the outflow tracts after the arterial 
switch operation. Subxiphoid left anterior oblique 
view demonstrates the parallel orientation of the 
outflow tracts after the arterial switch procedure 
with the aorta coming off the LV and the 
pulmonary artery from the RV. Note the 
acceleration of flow distal to the pulmonary valve 
from mild supravalvar pulmonary narrowing. Also 
note the branch pulmonary arteries seen on 
either side of the aorta (Ao).

Figure 8
Position of the branch pulmonary arteries after the 
Lecompte maneuver. In this high parasternal view, 
the pulmonary artery bifurcation is positioned 
anterior to the aorta with both pulmonary arteries 
draped over the ascending aorta.
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Pulmonary venous baffle obstruction is less common and 
typically occurs immediately after surgery (26). Elevated 
left ventricular pressure estimate (the pulmonary ventricle) 
is often a sign of progressive pulmonary venous baffle 
obstruction. Baffle leaks can occur anywhere between 
the two atrial chambers but most typically occurs near 
the inferior vena cava. From a physiologic standpoint, 
these leaks act as atrial septal defects with a left-to-right 
shunt and can result in LV dilation (28). They are usually 
amenable to device closure in the cardiac catheterization 
laboratory. Transesophageal echocardiography may be 
required to assess for complications of the atrial switch 
operation because of poor acoustic windows in adulthood.

Though not a complication of the surgery itself, 
many patients who undergo the atrial switch operation 
develop RV dysfunction and tricuspid valve regurgitation 
because these structures are in the systemic position 
(29). Atrial arrhythmias are also common and often 
require pacemakers. Assessment of RV systolic function is 
challenging but methods like measurement of fractional 
area change, tissue Doppler velocities, and strain imaging 
can be used in longitudinal follow-up. Progressive 
tricuspid regurgitation occurs in the context of RV failure. 
Finally more recently late occurrence of pulmonary 
arterial hypertension has been recognized as an important 
long-term problem in patients after the atrial switch (30). 
Monitoring LV systolic pressures is essential part of the 
follow-up.

Echocardiographic assessment of atrial 
switch operation

•• Assessment of the systemic and pulmonary venous 
pathways for obstruction using subxiphoid, apical and 
parasternal views (Fig. 9).

•• Color assessment or contrast injection to assess for 
baffle leaks.

•• Spectral Doppler assessment of mitral regurgitation 
to estimate pulmonary artery pressure using modified 
Bernoulli equation.

•• Assessment of mechanism and severity of tricuspid 
regurgitation using apical and parasternal views as well 
as 3D imaging.

•• Assessment of RV performance using various techniques 
including tissue Doppler velocities, fractional area 
change, speckle tracking imaging to measure RV 
longitudinal strain.

In case of poor imaging windows, cardiac MRI or CT may 
be required to image the pathways and monitoring right 
ventricular function.

Congenitally corrected transposition of the 
great arteries

CCTGA is characterized by the presence of discordant 
connections at the atrioventricular and ventriculo-
arterial junctions (31). In the presence of usual atrial 
arrangement (situs solitus), this implies that the right-
sided morphologically right atrium is connected to 
the right-sided morphologically LV, while the left-
sided morphologically left atrium aligns with the left-
sided morphologically RV (Fig. 10). The LV gives rise to 
the pulmonary trunk and the RV empties in the aorta. 
Typically the aorta is positioned anterior and to the left 
of the pulmonary trunk. In about 10% of patients with 
CCTGA there is mirror-image atrial arrangement (situs 
inversus) resulting in a right-sided left atrium connecting 
to a right-sided RV that empties in the aorta, while a left-
sided right atrium connects to a left-sided LV aligned 
with the pulmonary trunk. In this configuration the 
aorta is rightward and anterior to the pulmonary trunk. 
In CCTGA and similar to TGA, the outflow tracts are 
parallel to each other. Often there is an abnormality 
of the position of the interventricular septum which 
results in the ventricles aligning side-by-side with an 
added superior-inferior rotation. The coronary arteries 
typically follow the ventricular morphology. Because of 
malalignment between the atrial septum and the inlet 
ventricular septum related to the wedged position of the 

Figure 9
Venous pathways after the atrial switch procedure. Apical four-chamber 
view from transesophageal echocardiogram demonstrates the pulmonary 
venous baffle connecting the pulmonary venous return to the RV and the 
superior vena cava (SVC) limb of the systemic venous return baffle 
connecting to the LV.
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pulmonary outflow tract, the conduction tissue typical 
runs abnormally which is important when performing 
surgery or interventions as there is increased risk for 
complete heart block, which can also occur spontaneously 
in the follow-up of patients with CCTGA.

CCTGA can occur as isolated lesion but most 
patients (>90%) have associated congenital defects. VSDs 
occur in more than half of the patients and are usually 
perimembranous central. This type of VSD is characterized 
by fibrous continuity between the pulmonary and 
the tricuspid valves. All other types of VSD has been 
described in patients with CCTGA (muscular, inlet, 
doubly committed, malalignment). LV outflow tract 
obstruction also occurs in about 50% of patients with 
usual atrial arrangement and can be subvalvar or valvar, 
most commonly combined. Subvalvar stenosis can be 
muscular or fibrous, or can be caused by the subvalvar 
mitral valve apparatus. Tricuspid valve dysplasia is a very 
common feature of CCTGA with apical displacement 
of the septal and inferior leaflets resembling Ebstein 
malformation seen in normally connected hearts. In 
contrast to Ebstein, however, the leaflet displacement 
does not result in a rotational abnormality of the 
inflow and is not associated with myocardial RV 
thinning. The tricuspid valve leaflets can be dysplastic 
adding to variable degree of tricuspid regurgitation. 
Often this is progressive as RV dilatation caused by  

tricuspid regurgitation will cause further tethering of 
the septal leaflet and due to septal displacement this 
results in more severe regurgitation of the valve. Severe 
tricuspid regurgitation adds volume loading to a pressure 
loaded RV and is associated with progressive RV dilation  
and dysfunction. Mitral valve anomalies like the presence 
of an isolated mitral valve cleft or parachute mitral valve 
can also be associated with CCTGA.

Echocardiographic assessment of  
pre-operative CCTGA

The initial echocardiographic evaluation of a patient 
with CCTGA requires a full segmental echocardiographic 
evaluation. Dynamic ‘sweeps’ from different views, 
especially from subxiphoid windows, are extremely helpful 
for describing the connections and the associated lesions.

Important components of the echocardiographic 
assessment are:

•• Describe the atrial arrangement by determining the 
veno-atrial connections. This is most commonly done 
from subxiphoid or apical imaging (Fig. 10).

•• Determine the cardiac orientation from subxiphoid 
imaging. This describes the position of the 
heart within the chest (levocardia, mesocardia, 
dextrocardia). Abnormal cardiac orientation is 
common in CCTGA.

•• Determine the ventricular morphology based on typical 
ventricular features like offset of the tricuspid valve, 
moderator band and coarse trabeculations for the RV. 
Once atrial arrangement and ventricular morphology 
are determined, the atrioventricular connection can 
be identified as discordant. Typically different imaging 
planes are combined including subxiphoid and  
apical views.

•• Determine the morphology of the great arteries. This 
can be based on different views, most commonly from 
subxiphoid and parasternal views. The great arteries 
are parallel. Once the great arteries are described, 
the ventriculo-arterial connections are established  
as discordant.

•• Determine the relationship of the aorta and the 
pulmonary artery. This is most often accomplished in 
subxiphoid cross-sectional imaging and high parasternal 
views (Fig. 11).

•• Assess for the presence of associated lesions including:
◦	 Tricuspid valve anomalies and degree of tricuspid 

regurgitation. Different views are combined. The 
apical views are the most commonly used (Fig. 12).

Figure 10
CCTGA. In this apical four-chamber view, the atrioventricular connections 
are demonstrated with the right atrium (RA) connected to the LV and the 
left atrium (LA) to the RV. The mildly lower insertion of the septal leaflet of 
the tricuspid valve can be appreciated.
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◦	 The presence of a VSD: determine location, size, 
shunting. If inlet VSD, look for straddling of the 
atrioventricular valves. This combines different 
views typically subxiphoid and parasternal (Fig. 13).

◦	 LV outflow tract obstruction: describe mechanism 
(subvalvar and valvar pulmonary stenosis) and 
severity (gradient). All views can be used Alignment 
with the outflow tract is typically determined from 
subxiphoid or apical views.

•• Look for any other lesion like atrial septal defect, patent 
ductus arteriosus, arch anomalies, or left superior vena 
cava.

•• Determine the coronary artery origins typically from 
parasternal short-axis view of the great arteries. This is 
particularly important if a double-switch operation is 
to be considered.

Once the morphology has been described in detail, 
follow-up echocardiograms will mainly focus on the 
assessment of tricuspid regurgitation, RV function and 
hemodynamic impact of associated lesions like LV outflow 
tract obstruction, VSD or any other shunts. Tricuspid 
regurgitation assessment is largely qualitative as there can 
be multiple jets. RV function assessment is challenging 
related to the complex morphology but also related to the 
associated lesions, particularly the presence of tricuspid 
regurgitation. Quantitative techniques like fractional area 
change, tricuspid annular excursion (TAPSE), tissue Doppler 
and strain imaging can be useful in serial follow-up but all 
these measurements are influenced by changes in volume 
and pressure loading. In the follow-up comparison between 
current and previous studies is crucial and longitudinal 
changes over time should be monitored. In case of poor 
imaging windows cardiac MRI or gated CT scan can be 
considered for assessment of ventricular function. Surgical 
management of CCTGA is highly variable and is influenced 
by the associated defects. Two approaches are used (32). 
The first approach is based on correcting physiologic 
abnormalities while leaving the anatomic connections 
unchanged. This can involve VSD closure, tricuspid valve 
repair or replacement, surgery on the LV outflow tract, and 
so forth. In recent years pulmonary artery banding has 
been used in patients with moderate to severe tricuspid 
regurgitation as higher LV pressure shifts the ventricular 
septum and can reduce septal leaflet tethering. In younger 
patients, pulmonary artery banding can ‘retrain’ the LV if 
functioning at lower pressures and prepare the patient for 
an anatomic correction (double-switch procedure). When 
a physiologic repair is used, the RV remains the systemic 
ventricle which is a concern long-term because progressive 
RV failure can develop.

Figure 11
CCTGA relative position of great arteries. High parasternal short-axis view 
demonstrates the leftward and anterior position of the aorta (Ao) relative 
to the pulmonary artery (PA).

Figure 12
Ebstein-like malformation of the tricuspid valve 
with severe tricuspid regurgitation. In this apical 
four-chamber view, the severe tricuspid 
regurgitation can be appreciated by color 
Doppler. Note the more apically displaced septal 
leaflet of the tricuspid valve in contrast to Fig. 10.
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The second approach involves correcting the anatomic 
connections by rerouting the atrial connections by a 
Mustard or Senning procedure and reconnecting the 
ventriculo-arterial connections by doing an arterial switch 
procedure or a Rastelli procedure (connecting the LV to 
the aorta through the VSD and inserting RV to pulmonary 
artery conduit). This results in the LV becoming the 
systemic ventricle at the expense of extensive surgery. When 
performing a double switch procedure, the LV should be 
sufficiently trained to become the systemic ventricle after 
the procedure. This can be done by banding the pulmonary 
artery (33) but retraining the LV has been associated with 
long-term failure (34). In some cases the morphology 
precludes surgical repair and palliation is provided by 
performing the Fontan operation. Occasionally, heart 
transplantation is the most viable option.

Echocardiographic assessment of 
postoperative CCTGA

Echocardiographic assessment of postoperative CCTGA 
requires first knowing which type of surgical procedure 
has been performed. Before scanning, the surgical history 
must be reviewed.

Assessment of patients who underwent a physiologic 
type of repair or palliation always includes:

•• Assessment of severity of tricuspid regurgitation.
•• Assessment of RV function.
•• Assessment of residual lesions: VSD, LV outflow 

obstruction; valvar stenosis and/or regurgitation.
•• Assessment of pulmonary artery band position and 

gradient, if present and estimate of LV pressure based 
on mitral regurgitation jet.

For patients after anatomical repair, the assessment will 
include evaluating the surgical pathways:

•• Atrial pathways looking for pathway obstruction or 
baffle leaks (similar to TGA after atrial switch operation).

•• If Rastelli-type repair, assessment of the LV outflow 
tract to the aorta and the RV to pulmonary artery 
conduit function.

•• If arterial switch, the assessment includes all the 
elements mentioned above for patients with TGA.

•• Biventricular size and function needs to be monitored 
after anatomic repair as both LV and RV failure have 
been described over time, especially after late anatomic 
correction involving LV retraining.

In case of poor imaging windows, additional cross-
sectional imaging using MRI or CT scan can be considered.

Conclusion

Echocardiographic assessment of patients with TGA and 
CCTGA requires a full segmental analysis with knowledge 
of the basic morphology and the associated lesions. 
Follow-up requires awareness of the type of surgery 
performed for assessment of the surgical repair and always 
includes a ventricular function evaluation and assessment 
of valve function. Additional imaging techniques 
including MRI, CT scan or angiography may be indicated 
for selected patients.
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Figure 13
CCTGA with VSD and pulmonary stenosis. The 
subxiphoid image (left) shows that this patient 
has dextrocardia with the ventricular septum 
aligned perpendicular to the diaphragm. There is 
a VSD (white arrows) extending to the inlet and 
outlet portions of the ventricular septum. There is 
pulmonary valve stenosis with doming of the 
leaflets (orange arrow).

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International 
License.

https://erp.bioscientifica.com� © 2019 The authors
� Published by Bioscientifica Ltdhttps://doi.org/10.1530/ERP-19-0047

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://erp.bioscientifica.com
https://doi.org/10.1530/ERP-19-0047


M S Cohen and L L Mertens Transposition of the great 
arteries

R1186:4

References

	 1	Mertens LL, Vogt MO, Marek J & Cohen MS. Transposition of the great 
arteries. In Echocardiography in Pediatric and Congenital Heart Disease: 
From Fetus to Adult, 2nd ed., pp 398–416. Eds WW Lai, LL Mertens, MS 
Cohen & T Geva. Hokoken, NJ, USA: Wiley-Blackwell, 2015.

	 2	Lisowski LA, Verheijen PM, Copel JA, Kleinman CS, Wassink S, 
Visser GH & Meijboom EJ. Congenital heart disease in pregnancies 
complicated by maternal diabetes mellitus. An international clinical 
collaboration, literature review, and meta-analysis. Herz 2010 35 
19–26. (https://doi.org/10.1007/s00059-010-3244-3)

	 3	Pasquini L, Sanders SP, Parness IA, Colan SD, Van Praagh S, 
Mayer Jr JE & Van Praagh R. Conal anatomy in 119 patients with 
d-loop transposition of the great arteries and ventricular septal 
defect: an echocardiographic and pathologic study. Journal of the 
American College of Cardiology 1993 21 1712–1721. (https://doi.
org/10.1016/0735-1097(93)90392-e)

	 4	Rudolph AM. Transposition of the Great Arteries (Aortopulmonary 
Transposition). Congenital Diseases of the Heart: Clinical-Physiological 
Considerations, Fully Revised and Updated, 2nd ed., pp 675–736. 
Armonk, NY, USA: Futura Publishing Company, 2001.

	 5	Day RW, Laks H & Drinkwater DC. The influence of coronary 
anatomy on the arterial switch operation in neonates. Journal of 
Thoracic and Cardiovascular Surgery 1992 104 706–712.

	 6	Pasquali SK, Hasselblad V, Li JS, Kong DF & Sanders SP. Coronary artery 
pattern and outcome of arterial switch operation for transposition of 
the great arteries: a meta-analysis. Circulation 2002 106 2575–2580. 
(https://doi.org/10.1161/01.cir.0000036745.19310.bb)

	 7	Jatene AD, Fontes VF, Paulista PP, de Souza LC, Neger F, Galantier M 
& Sousa JE. Successful anatomic correction of transposition of the 
great vessels. A preliminary report. Arquivos Brasileiros de Cardiologia 
1975 28 461–464.

	 8	Lecompte Y, Zannini L, Hazan E, Jarreau MM, Bex JP, Tu TV & 
Neveux JY. Anatomic correction of transposition of the great arteries. 
Journal of Thoracic and Cardiovascular Surgery 1981 82 629–631.

	 9	Senning A. Surgical correction of transposition of the great vessels. 
Surgery 1959 45 966–980.

	 10	Mustard WT, Keith JD, Trusler GA, Fowler R & Kidd L. The surgical 
management of transposition of the great vessels. Journal of Thoracic 
and Cardiovascular Surgery 1964 48 953–958.

	 11	Rashkind WJ & Miller WW. Creation of an atrial septal defect 
without thoracotomy. A palliative approach to complete 
transposition of the great arteries. JAMA 1966 196 991–992.

	 12	Lopez L, Houyel L, Colan SD, Anderson RH, Beland MJ, Aiello VD, 
Bailliard F, Cohen MS, Jacobs JP, Kurosawa H, et al. Classification 
of ventricular septal defects for the eleventh iteration of the 
international classification of diseases – striving for consensus: a 
report from the International Society for nomenclature of paediatric 
and congenital heart disease. Annals of Thoracic Surgery 2018 106 
1578–1589.

	 13	Kumar B, Jayant A, Munirathinam GK & Mahajan S. Tricuspid valve 
straddling: an uncommon cause of left ventricular outflow tract 
obstruction in transposition of great artery with ventricular septal 
defect. Annals of Cardiac Anaesthesia 2018 21 61–64. (https://doi.
org/10.4103/aca.ACA_131_17)

	 14	Pretre R, Tamisier D, Bonhoeffer P, Mauriat P, Pouard P, Sidi D & 
Vouhé P. Results of the arterial switch operation in neonates with 
transposed great arteries. Lancet 2001 357 1826–1830. (https://doi.
org/10.1016/S0140-6736(00)04957-6)

	 15	Rivenes SM, Grifka RG & Feltes TF. Development of advanced 
pulmonary vascular disease in D-transposition of the great arteries 
after the neonatal arterial switch operation. Texas Heart Institute 
Journal 1998 25 201–205.

	 16	Lim JM, Porayette P, Marini D, Chau V, Au-Young SH, Saini A, Ly LG, 
Blaser S, Shroff M, Branson HM et al. Associations between age at 
arterial switch operation, brain growth, and development in infants 
with transposition of the great arteries. Circulation 2019 139 2728–
2738. (https://doi.org/10.1161/CIRCULATIONAHA.118.037495)

	 17	Legendre A, Losay J, Touchot-Kone A, Serraf A, Belli E, Piot JD, 
Lambert V, Capderou A & Planche C. Coronary events after arterial 
switch operation for transposition of the great arteries. Circulation 
2003 108 (Supplement 1) II186–II190. (https://doi.org/10.1161/01.
cir.0000087902.67220.2b)

	 18	Nield LE, Dragulescu A, MacColl C, Manlhiot C, Brun H, 
McCrindle BW, Kuipers B, Caldarone CA, Miner SES & Mertens L. 
Coronary artery Doppler patterns are associated with clinical 
outcomes post-arterial switch operation for transposition of the 
great arteries. European Heart Journal: Cardiovascular Imaging 2018 19 
461–468. (https://doi.org/10.1093/ehjci/jex050)

	 19	Qamar ZA, Goldberg CS, Devaney EJ, Bove EL & Ohye RG. Current 
risk factors and outcomes for the arterial switch operation. Annals 
of Thoracic Surgery 2007 84 871–878; discussion 8–9. (https://doi.
org/10.1016/j.athoracsur.2007.04.102)

	 20	Bonhoeffer P, Bonnet D, Piéchaud JF, Stümper O, Aggoun Y, Villain E, 
Kachaner J & Sidi D. Coronary artery obstruction after the arterial 
switch operation for transposition of the great arteries in newborns. 
Journal of the American College of Cardiology 1997 29 202–206. 
(https://doi.org/10.1016/s0735-1097(96)00433-0)

	 21	Tsuda T, Bhat AM, Robinson BW, Baffa JM & Radtke W. Coronary 
artery problems late after arterial switch operation for transposition 
of the great arteries. Circulation Journal 2015 79 2372–2379. (https://
doi.org/10.1253/circj.CJ-15-0485)

	 22	Marino BS, Wernovsky G, McElhinney DB, Jawad A, Kreb DL, 
Mantel SF, van der Woerd WL, Robbers-Visser D, Novello R, 
Gaynor JW, et al. Neo-aortic valvar function after the arterial switch. 
Cardiology in the Young 2006 16 481–489. (https://doi.org/10.1017/
S1047951106000953)

	 23	Schwartz ML, Gauvreau K, del Nido P, Mayer JE & Colan SD. Long-
term predictors of aortic root dilation and aortic regurgitation after 
arterial switch operation. Circulation 2004 110 II128–II132. (https://
doi.org/10.1161/01.CIR.0000138392.68841.d3)

	 24	Koolbergen DR, Manshanden JS, Yazdanbakhsh AP, Bouma BJ, 
Blom NA, de Mol BA, Mulder BJ & Hazekamp MG. Reoperation for 
neoaortic root pathology after the arterial switch operation. European 
Journal of Cardio-Thoracic Surgery 2014 46 474–479; discussion 479. 
(https://doi.org/10.1093/ejcts/ezu026)

	 25	Sampson C, Kilner PJ, Hirsch R, Rees RS, Somerville J & 
Underwood SR. Venoatrial pathways after the Mustard operation 
for transposition of the great arteries: anatomic and functional MR 
imaging. Radiology 1994 193 211–217. (https://doi.org/10.1148/
radiology.193.1.8090893)

	 26	Horer J, Karl E, Theodoratou G, Schreiber C, Cleuziou J, Prodan Z, 
Vogt M & Lange R. Incidence and results of reoperations following the 
Senning operation: 27 years of follow-up in 314 patients at a single 
center. European Journal of Cardio-Thoracic Surgery 2008 33 1061–1067; 
discussion 7–8. (https://doi.org/10.1016/j.ejcts.2007.11.012)

	 27	Patel S, Shah D, Chintala K & Karpawich PP. Atrial baffle problems 
following the Mustard operation in children and young adults with 
dextro-transposition of the great arteries: the need for improved 
clinical detection in the current era. Congenital Heart Disease 2011 6 
466–474. (https://doi.org/10.1111/j.1747-0803.2011.00532.x)

	 28	De Pasquale G, Bonassin Tempesta F, Lopes BS, Babic D, Oxenius A, 
Seeliger T, Gruner C, Tanner FC, Biaggi P, Attenhofer Jost C, 
et al. High prevalence of baffle leaks after atrial switch operation 
for transposition of the great arteries. European Heart Journal: 
Cardiovascular Imaging 2017 18 531–535. (https://doi.org/10.1093/
ehjci/jew276)

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International 
License.

https://erp.bioscientifica.com� © 2019 The authors
� Published by Bioscientifica Ltdhttps://doi.org/10.1530/ERP-19-0047

https://doi.org/10.1007/s00059-010-3244-3
https://doi.org/10.1016/0735-1097(93)90392-e
https://doi.org/10.1016/0735-1097(93)90392-e
https://doi.org/10.1161/01.cir.0000036745.19310.bb
https://doi.org/10.4103/aca.ACA_131_17
https://doi.org/10.4103/aca.ACA_131_17
https://doi.org/10.1016/S0140-6736(00)04957-6
https://doi.org/10.1016/S0140-6736(00)04957-6
https://doi.org/10.1161/CIRCULATIONAHA.118.037495
https://doi.org/10.1161/01.cir.0000087902.67220.2b
https://doi.org/10.1161/01.cir.0000087902.67220.2b
https://doi.org/10.1093/ehjci/jex050
https://doi.org/10.1016/j.athoracsur.2007.04.102
https://doi.org/10.1016/j.athoracsur.2007.04.102
https://doi.org/10.1016/s0735-1097(96)00433-0
https://doi.org/10.1253/circj.CJ-15-0485
https://doi.org/10.1253/circj.CJ-15-0485
https://doi.org/10.1017/S1047951106000953
https://doi.org/10.1017/S1047951106000953
https://doi.org/10.1161/01.CIR.0000138392.68841.d3
https://doi.org/10.1161/01.CIR.0000138392.68841.d3
https://doi.org/10.1093/ejcts/ezu026
https://doi.org/10.1148/radiology.193.1.8090893
https://doi.org/10.1148/radiology.193.1.8090893
https://doi.org/10.1016/j.ejcts.2007.11.012
https://doi.org/10.1111/j.1747-0803.2011.00532.x
https://doi.org/10.1093/ehjci/jew276
https://doi.org/10.1093/ehjci/jew276
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://erp.bioscientifica.com
https://doi.org/10.1530/ERP-19-0047


M S Cohen and L L Mertens Transposition of the great 
arteries

R1196:4

	 29	Lubiszewska B, Gosiewska E, Hoffman P, Teresińska A, Rózański J, 
Piotrowski W, Rydlewska-Sadowska W, Kubicka K & Ruzyłło W. 
Myocardial perfusion and function of the systemic right ventricle 
in patients after atrial switch procedure for complete transposition: 
long term follow-up. Journal of the American College of Cardiology 2000 
36 1365–1370. (https://doi.org/10.1016/s0735-1097(00)00864-0)

	 30	Chaix MA, Dore A, Mercier LA, Mongeon FP, Marcotte F, Ibrahim R, 
Asgar AW, Shohoudi A, Labombarda F, Mondésert B, et al. Late onset 
postcapillary pulmonary hypertension in patients with transposition 
of the great arteries and mustard or senning baffles. Journal of the 
American Heart Association 2017 6 1–9. (https://doi.org/10.1161/
JAHA.117.006481) 

	 31	Wallis GA, Debich-Spicer D & Anderson RH. Congenitally corrected 
transposition. Orphanet Journal of Rare Diseases 2011 6 22. (https://
doi.org/10.1186/1750-1172-6-22) 

	 32	Spigel Z, Binsalamah ZM & Caldarone C. Congenitally corrected 
transposition of the great arteries: anatomic, physiologic repair, and 

palliation. Seminars in Thoracic and Cardiovascular Surgery: Pediatric 
Cardiac Surgery Annual 2019 22 32–42. (https://doi.org/10.1053/j.
pcsu.2019.02.008)

	 33	Winlaw DS, McGuirk SP, Balmer C, Langley SM, Griselli M, 
Stümper O, De Giovanni JV, Wright JG, Thorne S, Barron DJ, 
et al. Intention-to-treat analysis of pulmonary artery banding 
in conditions with a morphological right ventricle in the 
systemic circulation with a view to anatomic biventricular repair. 
Circulation 2005 111 405–411. (https://doi.org/10.1161/01.
CIR.0000153355.92687.FA)

	 34	Langley SM, Winlaw DS, Stumper O, Dhillon R, De Giovanni JV, 
Wright JG, Miller P, Sethia B, Barron DJ & Brawn WJ. Midterm  
results after restoration of the morphologically left ventricle to 
the systemic circulation in patients with congenitally corrected 
transposition of the great arteries. Journal of Thoracic and 
Cardiovascular Surgery 2003 125 1229–1241. (https://doi.org/10.1016/
s0022-5223(02)73246-7)

Received in final form 13 October 2019
Accepted 23 October 2019
Accepted Manuscript published online 23 October 2019

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International 
License.

https://erp.bioscientifica.com� © 2019 The authors
� Published by Bioscientifica Ltdhttps://doi.org/10.1530/ERP-19-0047

https://doi.org/10.1016/s0735-1097(00)00864-0
https://doi.org/10.1161/JAHA.117.006481
https://doi.org/10.1161/JAHA.117.006481
https://doi.org/10.1186/1750-1172-6-22
https://doi.org/10.1186/1750-1172-6-22
https://doi.org/10.1053/j.pcsu.2019.02.008
https://doi.org/10.1053/j.pcsu.2019.02.008
https://doi.org/10.1161/01.CIR.0000153355.92687.FA
https://doi.org/10.1161/01.CIR.0000153355.92687.FA
https://doi.org/10.1016/s0022-5223(02)73246-7
https://doi.org/10.1016/s0022-5223(02)73246-7
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://erp.bioscientifica.com
https://doi.org/10.1530/ERP-19-0047

	Abstract
	Introduction
	Transposition of the great arteries
	TGA with intact ventricular septum
	Transposition with associated ventricular septal defect
	Echocardiographic assessment of preoperative TGA

	Arterial switch operation
	Echocardiographic assessment of arterial switch operation

	Atrial switch operation
	Echocardiographic assessment of atrial switch operation


	Congenitally corrected transposition of the great arteries
	Echocardiographic assessment of 
pre-operative CCTGA
	Echocardiographic assessment of postoperative CCTGA

	Conclusion
	Declaration of interest
	Funding
	References

