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Abstract
Congenitally corrected transposition (ccTGA) is a rare cardiac malformation, 
characterized by the combination of discordant atrioventricular and ventriculo- 
arterial connections, accompanied by other cardiovascular malformations in the 
majority of cases. The clinical presentation and the age of onset of ccTGA largely 
depend on the presence and severity of associated malformations. Currently, 
most patients who underwent a surgical repair in childhood survive to reach 
adulthood with or without postoperative residual lesions or late complications to 
be repaired, while there is also a considerable population of unoperated patients 
in adulthood. The correct diagnosis is often made for the first time in adulthood, 
because of a symptom of heart failure or incidentally when an ECG, chest X-ray, 
or echocardiogram is performed for other reasons. With advancing age, ccTGA 
even in the setting of no associated malformations can often lead to progressive 
systemic atrioventricular (AV) valvar regurgitation and the systemic right ven-
tricular dysfunction late in adulthood, which might be the most important and 
common manifestation for adult ccTGA. The physiological repair, the anatomi-
cal repair, or the tricuspid valve replacement can be indicated to adult unoperated 
patients, as well as the redo operation for the late postoperative complication 
after the initial intracardiac repair. This chapter deals with the specific morpho-
logical features, which relates to the natural and unnatural history of this disease, 
and the indication and procedures of the interventional approaches for both 
unoperated and postoperative patients.
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11.1  Introduction: Overview of ccTGA in Adulthood

Congenitally corrected transposition (ccTGA) is a rare cardiac malformation 
accounting for approximately 0.5–1.0% of congenital heart disease, characterized 
by the combination of discordant atrioventricular (AV) and ventriculo-arterial (VA) 
connections, accompanied by other cardiovascular malformations in more than 
90% of cases [1]. The clinical presentation and the age of onset of ccTGA largely 
depend on the presence and severity of associated malformations.

Adults with ccTGA categorize to the unoperated and operated patients. Currently, 
most patients who underwent a surgical repair in childhood survive to reach adult-
hood with or without postoperative residual lesions or late complications to be 
repaired, while there is also a considerable population of unoperated patients in 
adulthood.

Some patients may be diagnosed in childhood but not require operation. In a 
majority of adult ccTGA, however, the correct diagnosis is made for the first time 
in adulthood, because of a symptom of heart failure or incidentally when an ECG, 
chest X-ray, or echocardiogram is performed for other reasons. With advancing 
age, ccTGA even in the setting of no associated malformations can often lead to 
progressive atrioventricular (AV) valvar regurgitation and the systemic right ven-
tricular dysfunction late in adulthood, which might be the most important and com-
mon manifestation for adult ccTGA. Therefore, ccTGA is a unique entity among 
a variety of complex congenital heart malformations, in which the initial surgical 
intervention (i.e., intracardiac repair for associated anomaly, tricuspid valve replace-
ment, and the cardiac resynchronization therapy: CRT) can be definitely indicated 
to adult unoperated patients, as well as the redo operation for the late postoperative 
complication.

This chapter deals with the specific morphological features, which relates to the 
natural and unnatural history of this disease, and the indication and procedures of 
the interventional approaches for both unoperated and postoperative adult ccTGA 
patients.

11.2  Anatomical Type and Associated Lesions

11.2.1  Definition and Anatomical Type

ccTGA is a complex congenital anomaly with a wide spectrum of morphological 
features and clinical profiles. The underlying malformation is the combination of 
discordant atrioventricular and ventriculo-arterial connections (“duplicated discor-
dance”) and results in normal physiology despite the presence of the transposition 
of the great arteries.
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Thus, the morphologically right atrium is connected to a morphologically left 
ventricle across the mitral valve, which gives rise to the pulmonary artery. The mor-
phologically left atrium is connected to the morphologically right ventricle across 
the tricuspid valve, which gives rise to the aorta (Fig. 11.1).

The most common anatomical arrangement is situs solitus with L-looping of the 
ventricles and the aorta anterior and leftward of the pulmonary artery (S,L,L) in 95 
percent of cases [2], while situs inversus with D-looping of the ventricles and the 
aorta anterior and rightward (I,D,D) is also seen in the other 5% of ccTGA cases.

The majority of cases of ccTGA have any associated anatomical abnormalities. 
The most common lesions include ventricular septal defect (VSD) in 60–80% of 
patients, the left ventricular outflow tract obstruction (LVOTO) or pulmonary ste-
nosis/atresia (PS/PA) in 40–50% of patients, and abnormalities of the morphologi-
cally tricuspid valve in up to 90% of patients with Ebstein’s anomaly in 50% [3–5]. 
The isolated ccTGA without associated malformation is seen only 1% of cases 
(Fig. 11.1).

11.2.2  Associated Malformations

11.2.2.1  Ventricular Septal Defect (VSD)
The majority of VSDs are perimembranous, located below the pulmonary valve, 
with the posterosuperior margin of the defect formed by an extensive area of fibrous 
continuity between the leaflets of the pulmonary, mitral, and tricuspid valves, most 
characteristically in this anomaly. Often the perimembranous defects become at 
least partially obstructed by aneurysmal membranous atrioventricular (AV) septum 
tissue or the straddling tricuspid valve tissue. Other types of defects are also 
described including doubly committed subarterial (conal) defects, muscular defects, 
and AV canal type defects.

VSDs 
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Fig. 11.1 Congenitally 
corrected transposition of 
the great arteries (ccTGA). 
Definition and associated 
malformations: the 
combination of discordant 
atrioventricular and 
ventriculo-arterial 
connections (“duplicated 
discordance”) results in 
normal physiology despite 
the presence of the 
transposition of the great 
arteries
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11.2.2.2  Left Ventricular Outflow Track Obstruction (LVOTO)
The LVOT obstruction may comprise subpulmonary stenosis and/or pulmonary 
valve stenosis. Pulmonary atresia (PA) can also be seen. The subpulmonary stenosis 
is often related to the presence of a fibromuscular shelf on the septum, muscular 
hypertrophy, tunnellike hypoplasia, or an aneurysmal dilation of fibrous tissue 
derived from the interventricular component of the membranous septum or an 
accessory mitral or tricuspid valve tissue.

11.2.2.3  Lesions of the Morphologically Tricuspid Valve
The tricuspid valve has been reported to be abnormal in the great majority of ccTGA 
patients. There is a wide spectrum of severity. Ebstein’s anomaly of the systemic AV 
valve also occurs but is different from the typical right-sided Ebstein’s anomaly, 
only characterized by the septal and posterior leaflets displaced inferiorly toward 
the cardiac apex [6]. It is rare to find the large “sail-like” deformity of the anterosu-
perior leaflet, as seen in the setting of concordant atrioventricular connections. And 
the atrialized portion of the RV inflow is also relatively small.

Another morphological variation is straddling of the tricuspid valve, with over-
riding the ventricular septum in the presence of VSD. The morphologically mitral 
valve also straddles and overrides, often in combination with double outlet right 
ventricle [7].

11.2.3  The Atrioventricular Conduction System in ccTGA: Clinical 
and Interventional Considerations [1, 8, 9]

With the arrangement of AV discordance, there is reversed offsetting of the attach-
ments of the leaflets of the atrioventricular (the morphological mitral and tricuspid) 
valves to the septum, with the mitral valve on the right side attached appreciably 
higher than the tricuspid valve on the left side at the crux of the heart. Almost always 
there is fibrous continuity between the leaflets of the pulmonary and mitral valves 
in the roof of the right-sided morphologically left ventricle. The pulmonary outflow 
tract is deeply wedged between the atrial septum and the mitral valve, thus deviating 
the atrial septum away from the ventricular inlet septum. Consequently, this gap of 
septal malalignment is occupied by an extensive membranous septum [1] (Fig. 11.2).

Due to this malalignment of the atrial and inlet ventricular septum, the regular 
atrioventricular node, which is located at the apex of the triangle of Koch in the base 
of the atrial septum, is anatomically impossible to connect to the atrioventricular 
bundle in ccTGA with situs solitus {SLL} arrangement. Instead, the anterior AV 
node is located beneath the ostium of the right atrial appendages at its junction with 
the anterior atrial wall and is positioned above the lateral margin of the area of pul-
monary to mitral fibrous continuity. The anterior AV node gives rise to a penetrating 
bundle (PB) through fibrous trigone, and the non-branching bundle (NBB) or the 
His bundle encircles pulmonary valve anteriorly and descends onto the anterior part 
of the trabecular septum on the right side (morphologic LV) surface of the septum. 
(with intimately close relationship to the anterosuperior edge of pm VSD, if pres-
ent). And then the NBB bifurcates into a cord-like right bundle branch (RBB), 
which extends leftward to reach the morphologically right ventricle. The fanlike left 
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bundle branch (LBB) cascades down the smooth surface of the morphologically left 
ventricle (Fig. 11.2). This abnormal course of the conduction system is of crucial 
significance to the surgeons in the presence of a ventricular septal defect or subpul-
monary obstruction (Fig. 11.3).

In contrast, the normal AV conduction bundle from regular posterior AV node is 
present in situs inversus, which arrangement of ccTGA is associated with better 
alignment of the atrial and inlet septum with less “wedging” of the pulmonary out-
flow tract. Furthermore ccTGA in situs inversus and the other variations may have 
the dual AV node with possible sling, resulting in the occurrence of reentrant supra-
ventricular tachycardia [10, 11].

11.2.3.1  Clinical Implications of Abnormal Conduction System
The long penetrating and non-branching bundle in ccTGA are vulnerable to fibrosis 
with advancing age. This makes the conduction system somewhat tenuous, with a 
progressive incidence of complete AV block.

Other conduction disturbances described include sick sinus syndrome, atrial flut-
ter, reentrant atrioventricular tachycardia due to a dual AV node, and an accessory 
pathway along the atrioventricular junctions.
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Fig. 11.2 The atrioventricular conduction system in ccTGA. (a) Normal heart and (b) ccTGA in 
situs solitus. AS the atrial septum, VS the ventricular septum, TV tricuspid valve, MV mitral valve, 
AVS the atrioventricular septum, POT the pulmonary outflow tract
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11.3  Overview of Surgical Intervention

11.3.1  Surgical Management Strategies

11.3.1.1  Physiological Repair vs Anatomical Repair
Figure 11.4 depicts the classification and modifications of surgical procedure for 
ccTGA: Physiological repair vs anatomical repair. Until recently, patients with 
associated abnormalities underwent conventional physiological repair. The goal of 
the operation is to repair the cardiac defects by closing VSD, repairing the tricuspid 
valve, and reliving LVOTO, while leaving the morphologically right ventricle as the 
systemic ventricle. The physiologic approach is straightforward but has the short-
comings over time. After this type of repair, the RV remains the systemic ventricle, 
and long-term results of this type of surgical repair are disappointing with the late 
occurrence of the right ventricular dysfunction, tricuspid valve regurgitation, and 
complete heart block. Because of this poor prognosis over the long term, there is an 
increasing trend toward achieving anatomical correction.

Ant AV node
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LBB
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MV
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Fig. 11.3 The relationship 
of the abnormal course of 
the AV conduction bundle 
to the pulmonary valve and 
a ventricular septal. From 
the left ventricular view
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The concept of the anatomical correction is the rerouting of the pulmonary 
venous return to the morphologically left ventricle and aorta and the systemic 
venous return to the morphologically right ventricle and pulmonary arteries, thus 
restoring a normal anatomic pattern of circulation. This can be achieved by the 
combination of atrial switch operation and either arterial or intraventricular switch 
operation. Anatomic correction for ccTGA is tailored to the patients’ specific anato-
mies: (1) the arterial–atrial switch procedure or the double switch operation (DSO) 
for patients with normal LVOTO regardless of the presence of VSD and (2) the 
Rastelli–atrial switch procedure [the Rastelli/Senning or the Rastelli/Mustard] for 
patients with an unrestrictive VSD and LVOTO (pulmonary atresia or severe sub-
pulmonary stenosis). Current surgical strategies for ccTGA in relation to the ana-
tomical types are shown in Fig. 11.5.

b

a

Fig. 11.4 The classification of surgical procedure for ccTGA: Physiological repair (a) vs ana-
tomical repair (b). (a) (1) VSD closure (2) LVOTO relief using LV-PA conduit (conventional 
Rastelli) with VSD closure (b) (1) The double switch operation (DSO) (2) The Rastelli–Senning/
Rastelli–Mustard Operation
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Despite anatomical repair may improve long-term prognosis, this operation rep-
resents major and technically challenging surgical procedures. The physiological 
repair may be still indicated to a certain group of patients with associated lesion 
who are contraindicated to anatomical repair.

11.3.1.2  Operative Indication for ccTGA
In general the diagnosis of ccTGA is not in itself an indication for surgical correc-
tion. The operative indication should be based on the hemodynamic impact of the 
associated lesions and the potential of the systemic RV to fail. Definitive indication 
includes the patients with heart failure due to a large VSD or a VSD with significant 
LVOTO/PS. When a VSD is present, the indications for operation will be deter-
mined by its hemodynamic impact (i.e., Qp/Qs, pulmonary arterial pressure, and 
pulmonary resistance), as well as the specific morphology of the defect itself. In the 
presence of pulmonary stenosis the indication for surgery is dictated by the severity 
of the obstruction (i.e., transpulmonary pressure gradient >50 mmHg) and the 
degree of cyanosis, hypoxemia, and polycythemia. Other major indications for sur-
gery include the severity and progression of tricuspid valve regurgitation (TR). 
Replacement of the morphologically tricuspid valve is usually recommended, if the 
regurgitation is more than grade 2/4 at the time of intracardiac repair of other lesions 
[12]. Systemic AV valve replacement is relatively common in the adult age.

If the decision is made to achieve the anatomic correction in order to retain ana-
tomically normal physiology to avoid the future deterioration of the systemic RV 
and TR, the timing and strategies of surgery are always difficult decision, especially 
in asymptomatic patients with the isolated ccTGA or with hemodynamically 

Isolated ccTGA VSD + LVOTOVSD without LVOTO

Congenitally corrected transposition of the great arteries 

Anatomical repair
Rastelli/senning

TVR

Physiological repair
(incl. Conventional Rastelli)

Observation

Anatomical repair
Double switch (DSO)

Reoperation for late complications

PAB (LV retraining) PAB (for PH)

Adulthood

Childhood

Fig. 11.5 Current surgical strategies for ccTGA in relation to the anatomical types

K. Morita



171

well- balanced lesions. Most centers would not recommend a prophylactic double 
switch operation for patients without associated abnormalities in whom the RV and 
tricuspid valve function are normal. Instead, pulmonary arterial banding (PAB) is 
indicated to the isolated ccTGA to retrain the LV for the subsequent anatomical cor-
rection in childhood, especially in patients with the presence of significant TR or RV 
dysfunction. Some centers consider the anatomical repair is their institutional first 
choice for the patients who have a balanced systemic and pulmonary blood flow due 
to VSD and pulmonary stenosis without clinically significant cyanosis to treat [13].

11.3.1.3  PAB for Retraining the Left Ventricle in Isolated ccTGA 
for DSO [14–16]

In the isolated ccTGA without associated abnormalities, LV pressure will be at pul-
monary artery pressure; thereby the LV should be retrained in younger children by 
the placement of a pulmonary artery band (PAB) to increase LV pressure for 
DSO. This strategy is thought to be particularly required in pediatric patients with 
significant tricuspid regurgitation. Some report proposed the early prophylactic pul-
monary artery banding in neonate with isolated ccTGA considering the future appli-
cation of DSO.

In childhood the LV can be successfully retrained using a strategy of progressive 
pulmonary artery banding in order to provide an increased pressure load on the LV 
and promote LV hypertrophy. The possible predictors for a successful LV retraining 
include an LV systolic pressure of at least 70–80% of systemic pressure in child-
hood or 100% in adolescence and an LV wall thickness or LV mass index that is 
equivalent to that in a systemic LV. One of the best predictors of failure of retraining 
is age, with most successfully retrained patients being <10 years of age [17].

11.3.1.4  Pulmonary Artery Banding as a Definitive Palliation
Pulmonary artery banding intended to train the LV has been shown simultaneously 
to reduce the tricuspid regurgitation and subsequently to improve the RV dysfunc-
tion [18]. As regards the mechanism of this phenomenon, it has been speculated that 
an increase in the LV to RV pressure ratio also may reduce the degree of TR by the 
shift of the interventricular septum toward the RV [18, 19]. Recently Cools et al. 
[20] proposed PAB as “open-end” palliation for systemic RV dysfunction and pro-
gressive tricuspid regurgitation in 14 patients aged 0.9–14.9 years. Whether this 
strategy will be applied to adults with isolated ccTGA remains to be seen.

11.4  Clinical Manifestation in Adulthood

11.4.1  Clinical Manifestation of Adult Unoperated ccTGA 
and the Timing of Diagnosis

The adult with ccTGA presents in various ways, and the clinical course is quite vari-
able depending on the presence and severity of associated lesions. If there are no 
associated defects, or well-balanced circulation due to the combination of the 
lesions, the patient will typically be asymptomatic early in life. Diagnosis can be 
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made later in adulthood, when patients present with complete heart block or conges-
tive heart failure, or incidentally when an ECG, chest X-ray, or echocardiogram is 
performed for other reasons.

According to the report from the Mayo Clinic adult congenital heart disease 
database from 1986 to 2000 of the unoperated adult (≧18 years old) with ccTGA, 
the correct diagnosis was first made at the age older than 18 years old in 66% of 
patients, 17% of whom were more than 60 years old at the time of diagnosis [21]. 
And more strikingly, adult patients with unoperated ccTGA are often misdiagnosed 
in adulthood and are referred late with the presence of symptomatic systemic AV 
valve (SAVV) regurgitation, significant right ventricular dysfunction, and AV block. 
Beauchesne et al. reported that 53% of adult unoperated patients had advanced 
systemic ventricular dysfunction at the time of referral, and, often, they have had 
severe SAVV regurgitation ≧3/4 in 59% of them [21] and therefore were deemed 
as “referred late.”

11.4.2  Natural History

The natural history of patients with ccTGA is largely dictated by the function of the 
systemic RV and by the presence or absence of associated abnormalities.

In general, ccTGA is known to have an unfavorable natural history. Most patients 
with lesions will develop progressive RV dysfunction, relatively early in life, and 
may not, in great majority, live over 50 years of age. A single center database review 
from the Toronto Congenital Cardiac Centre for Adults of 131 patients with ccTGA 
showed a mortality rate of 21% in patients >18 years of age, with a mean age at 
death of 33 years. Several studies documented an increasing incidence of cardiac 
failure with advancing age; this late consequence is extremely common by the 
fourth and fifth decades. A multicenter study conducted by the International Society 
for Adult Congenital Cardiac Disease of 182 patients with adult ccTGA (≧18 years 
old) has demonstrated that by the age of 45 years, 67% of patients with associated 
lesions and 25% of patients without significant associated lesions had congestive 
heart failure [22].

In contrast, in the setting of ccTGA without any other associated anomalies, the 
ventricular function is adequate to maintain a “normal” physical activity into adult-
hood [23, 24]. Some patients, but very rare, may survive to the seventh and eighth 
decades when no associated anomalies exist being discovered as a chance finding at 
autopsy [25, 26].

11.4.2.1  Mechanism of Systemic Right Ventricular Failure
The exact mechanism of SV failure is unknown but may relate to microscopic struc-
tural features and fiber orientation of the RV myocardium. The morphologically RV 
lacks the helical myocytic arrangement, essential to the twisting or torsion of the 
ventricle, and thus being unable to sustain the demands of a systemic ventricle, 
unlike LV [27].

Other possibilities include coronary perfusion mismatch, because the cardiac 
hypertrophy caused by the pressure overload on the morphological right ventricle 

K. Morita



173

may surpass the coronary artery oxygen supply, which comes mainly from the right 
coronary artery. A high incidence of myocardial perfusion defects with regional 
wall-motion abnormalities and impaired ventricular contractility has been reported 
[28]. Systemic ventricular dysfunction is also caused by volume overload due to AV 
valve regurgitation or complete AV block.

11.4.2.2  The Left-Sided Morphologically Tricuspid Valve
The natural history of the left-sided morphologically tricuspid valve is variable. The 
valve tends to remain competent during the first decade of life but slowly becomes 
progressively incompetent during the second to fifth decades of life. If there is an 
Ebsteinoid malformation of the valve, the regurgitation can be seen at birth. In the 
majority of patients, the SAVV is morphologically abnormal, and with time, there is 
increasing regurgitation. Beauchesne et al. [21] reported that adult unoperated 
ccTGA obtained prevalence of systemic valvar regurgitation of 59%, and 68% of 
them underwent systemic AV valve replacement.

11.4.2.3  Rhythm Abnormality: Complete Atrioventricular Block 
and Atrial Tachyarrhythmias

Approximately one-tenth of infants born with congenitally corrected transposition 
have complete heart block [29, 30]. In patients born with normal cardiac conduc-
tion, the risk of developing heart block over time increases by 2% per year until it 
reaches a prevalence of 10–15% by adolescence and 30% in adulthood [31].

Around two-fifths of adult patients, nonetheless, will have normal cardiac con-
duction throughout their lives. As time passes, the PR interval prolongs, until com-
plete heart block becomes manifest [2].

11.4.2.4  Impact of Atrial Situs on Natural History
Oliver et al. [32] reviewed the long-term outcome of 38 adult ccTGA patients 
(≧18 years old) to compare the natural history of two anatomic arrangements, situs 
inversus vs situs solitus, and concluded that the natural prognosis was significantly 
better in situs inversus than that in situs solitus. Ebstein-like anomaly or spontane-
ous complete atrioventricular block was rare, and late complications are uncommon 
in patients with ccTGA with situs inversus. It has been speculated that the good 
septal alignment in ccTGA with situs inversus might preclude of AV conduction 
disorders and tricuspid valve abnormalities.

11.4.3  Unnatural History of Operated Patients

11.4.3.1  Long-Term Outcome and Complications 
After the Physiological Repair

Long-term results of this type of surgical repair are disappointing [33, 34]. Hraska 
et al. [33] reported the outcomes of 123 patients with ccTGA who underwent a 
variety of surgical procedures. The 10-year survival after physiological repair was 
only 67%, and systemic RV dysfunction occurred in 44% of patients. Freedom from 
RV dysfunction was approximately 40% at 15 years with factors predicting RV 
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dysfunction being Ebstein’s anomaly, tricuspid valve replacement, and postopera-
tive complete heart block.

As regards the impact of the individual procedures, Bogers et al. [35] reviewed 
the long-term outcome of Rastelli-type and non-Rastelli-type physiological repairs 
for ccTGA. Actuarial survival at 20 years was 62% for the non-Rastelli group and 
67% for the Rastelli group. Freedom from reoperation was 47% at 20 years in the 
non-Rastelli group and 21% at 19 years for the Rastelli group. Tricuspid valve 
regurgitation was more often seen in the non-Rastelli group, whereas redo opera-
tions were performed predominantly in the Rastelli group mainly for conduit 
obstruction.

The impact of preoperative TR is crucial in the physiological repair, and it has 
been documented that when no tricuspid valve regurgitation is present preopera-
tively, a survival rate of 72% at 30 years can be reached with the physiological 
repair [36].

11.4.3.2  Long-Term Outcome and Complications 
After the Anatomical Repair: The DSO  
and the Rastelli/Senning Procedure

Series of the DSO and the Rastelli/Senning procedure have been published by sev-
eral groups in large centers with early mortality currently of 0–10% and long-term 
survival at 10 years of 80–95% [14, 36–41]. Another factor to be considered for 
interpreting the outcome of anatomical repair is the learning curve for such complex 
operations and the recent progress in technical modification.

As regards the type of anatomical repair (the DSO vs Rastelli/Senning), more 
recently it has been reported that the long-term outcome of the DSO was more favor-
able than the other with an excellent reoperation-free survival, and this procedure 
should be considered as the optimal procedure of choice [38, 39]. Hiramatsu et al. 
[38] reviewed 90 patients with ccTGA from 1983 to 2010 underwent the Rastelli–
Senning/Mustard procedure (group I) and the DSO (group II). Although survival, 
including hospital and late mortality at 20 years, was similar (75.7% in group I vs. 
83.3% in group II), freedom from reoperation was 77.6% in group I vs. 94.1% in 
group II. Similarly, Gaies et al. [39] demonstrated that the 10-year survival was 
superior in the patients who underwent the DSO compared to the Rastelli–Senning.

In contrast, the outcome of the Rastelli/Senning operation for ccTGA with 
LVOTO and VSD has been improved with the technical modification and the 
improvement in the materials for extracardiac conduit. For patients with pulmonary 
stenosis and restrictive VSD, additional DKS anastomosis seems to be an effective 
approach to avoid postoperative systemic ventricular outflow tract obstruction and 
surgical heart block, as reported by Hoashi et al. [13].

The Complication of the Anatomical Repair
There is a definite incidence of late occurrence of various complications relating to 
anatomical repair. The complications after the atrial switch include sinus nodal dys-
function, supraventricular arrhythmias, and problems with the atrial baffle obstruc-
tion. If the ventricular switch is used, the left ventricular outflow obstruction due to 
the stenosis of VSD or intracardiac rerouting baffle, aortic regurgitation, or RV-PA 
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conduit obstruction and regurgitation can occur. After the DSO, coronary arterial 
obstruction or stenosis, aortic valvar regurgitation, and pulmonary arterial stenosis 
may be evidenced.

Outcome of Retraining the Morphological Left Ventricle  
for Isolated ccTGA
In the isolated ccTGA, during childhood, the subpulmonary LV has been success-
fully retrained using a strategy of multi-staged PAB in order to provide an increased 
pressure load on the LV and promote LV hypertrophy. Recent studies documented 
that the failure rate of LV training before anatomical repair from 0 to 20% is mainly 
due to LV dysfunction. One of the best predictors of failure of retraining is age, with 
most successfully retrained patients being <10 years of age [14, 16, 17]. Devaney 
et al. [16] reported that the two oldest patients, aged 12 and 14 years, had LV failure 
necessitating removal of the band PAB among 15 patients who underwent PAB for 
the LV retraining. Poirier et al. demonstrated that the success rate was only 20% in 
patients older than 12 years old, whereas 62% of the patients less than 12 years old 
successfully completed LV retraining [17]. Therefore, surgical retraining of the LV 
is an option in children but not in adults due to unfavorable outcomes. LV retraining 
is even a challenging task in older children.

LV Dysfunction After DSO
Systolic dysfunction of the LV is relatively common after the double switch proce-
dure [15, 40, 41]. In a retrospective, single-institution study of a total of 113 ccTGA 
patients, Murtuza et al. [41] demonstrated that freedom from death, transplantation, 
or poor LV function at 10–14 years was significantly lower in the DSO compared to 
the Rastelli–Senning group, despite the better actuarial survivals at 10 years in the 
former group. Quinn et al. [15] reported that patients requiring LV retraining prior 
to the DSO may be more at risk of developing significant LV dysfunction (6 of 11 
patients: 55 %) than patients whose the left ventricle remains at systemic pressure at 
birth (6 of 33 patients 16 %).

LV dysfunction has been also noticed by several groups, regardless of the pro-
ceeded PAB to retrain LV, and is attributed to various factors including complete AV 
block, aortic regurgitation, and mitral regurgitation [41, 42]. LV function in patients 
who did not have a large left to right shunt preoperatively demonstrated to be better 
than in the group who had a large VSD or patent ductus arteriosus as a cause of LV 
preparedness [40].

The occurrence of LV dysfunction indicates that the DSO is still fraught with 
imperfections. The Rastelli group apparently more often required conduit revisions 
but has otherwise performed well.

11.4.3.3  Anatomical vs Physiological Repair
As regards the benefit of the anatomical repair in the actuarial survival rate, Shin’oka 
et al. [36] reported that there were no statistical differences in the long-term survival 
rates between the physiological and anatomic surgical repairs. Nevertheless, the 
outcome of the physiological repair was much worse in patients with significant 
preoperative TR (the survival at 30 years: 71.9% without TR vs 19.1% with TR). In 
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contrast, results of the anatomical repair were favorable even for patients with sig-
nificant TR (71.8% 30 years), and, therefore, the anatomical repair should be a 
procedure of choice for those patients with significant TR. Conversely, the physio-
logical repair still remains a viable option with an acceptable long-term survival 
when patients do not have significant TR before their operation.

In 2010 Lim et al. [43] analyzed 167 patients with ccTGA who underwent biven-
tricular repairs and demonstrated the superiority of anatomical repair compared to 
the physiological repair in the long-term outcome for systemic AV valve and ven-
tricular function.

Freedom from TR and RV dysfunction was significantly higher in the anatomical 
repair than in the physiological repair (74.5% at 18 year vs 7.4% at 22 year for free-
dom from TR and 86.3% at 18 years vs 19% at 23 years for freedom from RV dys-
function, respectively). The reoperation-free ratio was 10.1% at 22 years after the 
physiological repair and 46.2% at 15 years after the anatomical repair. Meta-analysis 
of individual patient data reported by Alghamdi et al. [44] including 11 studies 
revealed superiority of the anatomical repair for in-hospital mortality.

11.4.3.4  Long-Term Outcome and Fontan Operation for ccTGA
The Fontan operation has been shown to have a better late survival over the physi-
ological repair and comparable with anatomical repair in terms of freedom from 
reoperation and the late survival other than in the presence of preoperative signifi-
cant TR [33, 36, 45–47].

In 2005, Hraska et al. [33] demonstrated that among 123 cases there was a much 
better 5-year survival in the Fontan patient group than the physiological repair, 
despite the Fontan patients having lower cardiac output. In a recently published 
retrospective review of 56 ccTGA patients by Hsu et al. [48], early and late mortal-
ity were lower after the Fontan operation compared with the anatomical and con-
ventional repair after 6 and 25 years of follow-up. The 30-day in-hospital mortality 
rate was 13.3% after the physiological repair (group I), 22.2% after the anatomical 
repair (group II), and 0% after the Fontan (group III). The overall survival rate was 
80% at 16 years in group I, 53% at 13 years in group II, and 100% at 13 years in 
group III. Freedom from reintervention was 74% in group I, 53% in group II, and 
84% in group III. Despite these excellent clinical outcomes of Fontan for ccTGA, 
however, the advantages of the Fontan must be weighed against its potential disad-
vantages and long-term complications related to progressive cyanosis, liver cirrho-
sis, protein-losing enteropathy, and the development of plastic bronchitis.

11.5  Practice of Therapeutic Intervention and Indication

11.5.1  Medical Management

Medical treatment involves management of the failing systemic RV [25, 26] with 
diuretics, inhibitors of angiotensin-converting enzyme, and digoxin. Afterload 
reduction with ACE inhibitors or angiotensin II receptor blockers may be less suc-
cessful for systemic morphological right ventricle than when those used for a 
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morphological left ventricle [49]. Data are lacking to support the use of beta-block-
ers to improve ventricular function in ccTGA. For medical therapy of arrhythmias, 
it is prudent to start antiarrhythmic therapy relatively slowly because of the potential 
for complete AV block and the possible need for pacemaker implantation.

11.5.2  Intervention for Arrhythmia

Spontaneous complete heart block may be present from birth in approximately 4% 
of cases. In addition, progressive deterioration in AV conduction can occur through-
out life, with an estimated risk of spontaneous heart block of 2% per year [31]. If 
there are conduction abnormalities, the patient might require implantation of a pace-
maker. The status of AV conduction must be monitored regularly with ECG and 
periodic Holter monitor in adults with ccTGA. Catheter ablation may be indicated 
to reentrant supraventricular tachycardia due to the casual presence of the accessory 
pathways or the dual AV node in a variety type of ccTGA, particularly when there is 
Ebstein malformation of the left-sided tricuspid valve or a straddling AV valve [50].

11.5.3  Cardiac Resynchronization Therapy (CRT)

A substantial number of ccTGA patients will eventually require permanent pacing 
for complete heart block, with the ventricular lead being placed in the morphologic 
LV. This may negatively impact on the systemic RV due to the resulting interven-
tricular dyssynchrony. Resynchronization approaches to the systemic RV appear to 
be an attractive option for ccTGA patients, showing ventricular dyssynchrony. 
Although numbers are small, this approach appears to have produced a symptom-
atic improvement in some patients with class III and IV symptoms [51]. A coronary 
sinus lead is used to pace the RV in ccTGA, since the CS is situated adjacent to the 
systemic RV and drains into the systemic right atrium in ccTGA patients, which 
makes transvenous CRT feasible in this group of patients. Because of the heteroge-
neous anatomy of coronary sinus, visualization of the CS anatomy before attempt-
ing CRT implantation is strongly recommended, using different modalities such as 
CS venography, cardiac CT, and magnetic resonance imaging.

11.5.4  Surgical Management

The indication, procedure, pitfall, and complication of the intracardiac repair of 
ccTGA in adulthood.

11.5.4.1  Special Consideration for Indication in Adulthood
Initial operation for associated lesions or late consequences of ccTGA is not uncom-
mon even in the elderly patients (i.e., in the fortieth–fiftieth decade). The indications 
for surgery in adult patients are usually the onset of symptoms due to associated sys-
temic AV valve regurgitation and rarely due to pulmonary overcirculation (a large 
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VSD) or a significant cyanosis (a VSD with pulmonary stenosis). Nevertheless, 
even nowadays, the late presentation in presence of cyanosis is particularly common 
in developing countries due to delay in diagnosis and/or referral. Surgical inter-
vention in the adult, therefore, often consists of systemic AV valve replacement 
(tricuspid valve replacement: TVR) alone or with a concomitant procedure (i.e., 
VSD closure) and ideally should be performed before the SV ejection fraction has 
deteriorated (may be below 45%) [52].

In adult ccTGA, the physiological repair is predominantly adopted, since the 
morphological and physiological conditions are rarely appropriate to the anatomical 
repair, and the anatomical repair in adults is associated with a higher mortality. 
Despite the limitations of significant risk for the systemic right ventricle dysfunc-
tion, the physiologic operative approach may be useful in the appropriately selected 
cases with good right ventricular function and tricuspid valve function.

11.5.4.2  Tricuspid Valve Replacement (TVR) for Tricuspid 
Regurgitation

Indication procedure and outcome: Tricuspid valve replacement (TVR) for ccTGA 
is often indicated in adulthood in conjunction with intracardiac repair or the other 
procedures in unoperated patients or after the physiological repairs. Recently 
Mongeon et al. [53] reported 46 patients of TVR for ccTGA, 5–72 years of age with 
a mean age of 40.8 + 14.8 years, with concomitant procedures in approximately 
60% of the cases.

In patients with situs solitus, TVR is usually accomplished through a standard 
left atriotomy anterior to the right pulmonary veins and rarely through a right atri-
otomy and transseptal approach. In the patient with situs inversus, right-sided tri-
cuspid valve is approached transseptally through the left-sided morphologically 
right atrium. The selection of prosthetic valves may depend on the patient age. The 
modification of chordal preservation to retain the RV function is utilized in the high- 
risk patients [53].

Van Son et al. [52] reported the outcome of 40 patients who underwent TVR at 
the Mayo Clinic between 1964 and 1993, as the early mortality was 10% and late 
survival was 68% at 10 years. The survival in patients with RVEF < 44% was 20% 
at 10 years, whereas in patients with RVEF > 44% the survival was 100%. The 
authors concluded that surgery for significant TR should be considered at the earli-
est sign of progressive RV dysfunction before EF more than 44%. Scherptong et al. 
[54] recently published a multicenter Dutch experience of tricuspid valve surgery in 
16 patients with a systemic RV. Eight patients underwent the tricuspid repair, and 
eight underwent TVR. This study showed a decreased survival after valve repair 
compared to TVR, which supports the advantage in the approach of primary tricus-
pid valve replacement in ccTGA. Recent report from Mayo Clinic [53] has demon-
strated the 10-year survival or freedom from cardiac transplantation after TVR in 46 
patients was still 64.1%, despite the excellent surgical mortality of 0%. Therefore 
TVR may be only moderately successful at improving survival because it was per-
formed too late. In this report, preoperative variables associated with late mortality 
were an RVEF < 40%, an RV systolic pressure ≧50 mm Hg, atrial fibrillation, and 
New York Heart Association functional class III to IV. And also preoperative RVEF 
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was the only independent predictor of postoperative systemic RV function (RVEF% 
at >1 year postoperatively), as the postoperative EF was preserved in 63% of patients 
who underwent surgery with an SVEF ≧ 40% compared with 10.5% of patients 
who underwent surgery with an SVEF < 40%.

Lundstrom et al. [12] proposed operation for asymptomatic or barely symptom-
atic patients with ccTGA and cardiac enlargement due to systemic ventricular vol-
ume overload.

11.5.4.3  Conventional Repair
In adult ccTGA, a conventional physiological repair consists of closure of the VSD, 
relief of LVOTO if present, and replacement of the systemic tricuspid valve 
(Fig. 11.4).

VSD Closure: de Leval Operation (Fig. 11.6)
The VSD is usually well visualized and closed through the mitral valve. In this cir-
cumstance, the surgical injury to the long non-branching AV bundle (NBB) should 
be avoided since it runs immediately adjacent to the anterosuperior edge of the 
perimembranous VSD on the LV side of the septum. By the DeLaval method in 
order to avoid damage to the NBB, the interrupted horizontal mattress sutures, rein-
forced with pledgets, are placed through the septal defect and anchored approxi-
mately 4 mm from the edge of the defect within the left-sided anatomical RV 
surface, particularly along its superior and anterior rims. The remainder of the patch 
is sutured to the right-sided surface of the septum [55] (Fig. 11.6).

NBB

LBB

Fig. 11.6 VSD closure (The DeLaval method): in order to avoid damage to the His bundle (NBB), 
the interrupted horizontal mattress sutures, reinforced with pledgets, are placed through the septal 
defect within the left-sided anatomical RV surface, particularly along its superior and anterior 
rims. The remainder of the patch is sutured to the right-sided surface of the septum
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In older children or in adult, the VSD may be also approached from the aorta 
through the aortic valve by placing a patch on left-sided RV surface without a spe-
cial concern about the conduction disturbance. If the tricuspid valve is concomi-
tantly replaced, access from the LA gives excellent exposure both to the left AVV 
and to the VSD. Placement of stiches on the morphological RV side of the septum 
is very easy.

Left Ventricle–Pulmonary Artery Conduit (LV-PA Conduit): Conventional 
Rastelli (Fig. 11.7)
The placement of the left ventricle–pulmonary artery conduit is needed for subpul-
monary LVOTO stenosis, unless there is a resectable obstructing mass of endocar-
dial cushion tissue. Direct relief of muscular subpulmonary stenosis is contraindicated 
because of the risk of causing permanent AV block and inadequate relief of the 
obstruction. The placement of the LV-PA conduit is at risk of compression by the 
sternum, heart block, or injury to the mitral anterior papillary muscle.

The left ventriculotomy is made lower in the midportion to avoid the conduction 
system, and therefore possibility of injury to the papillary muscles must be consid-
ered. Explore the left ventricular free wall digitally through the mitral valve to allow 
a direct determination of location of the papillary muscles and selection of a safe 
area for ventriculotomy (Fig. 11.7). Apical placement of the left ventriculotomy for 
the inflow conduit rather than in the midportion or base placement may avoid these 
complications [56], although this results in a long and winding extracardiac conduit 
that may be short-lived because of the proliferation of pseudointima.

LV

RV

LV

RV

Papillary muscle attachment

Fig. 11.7 Conventional Rastelli operation: left ventricular to pulmonary artery (LV-PA) conduit
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Pitfall for Conventional Repair: Progression of TR After Relieving LVOTO
The physiological repair has been often demonstrated to worsen systemic AV valve 
regurgitation to significant extent [19, 57]. This may be attributed to the changes of 
the position of the ventricular septum after relief of pulmonary stenosis, leading to 
the remodeling of the tricuspid annular configuration and dilatation [12, 18].

Kollars et al. [18] demonstrated that the worsening of TR was presented in 16 
patients who underwent either the conventional Rastelli-type repair involving VSD 
closure or the replacement of a stenotic LV to the pulmonary artery conduit, both of 
which procedures would decrease the LV pressure postoperatively compared to 
prior to operation.

Recent studies have demonstrated that the positions of the ventricular septum 
and septal attachments of the tricuspid valve depend on the pressure gradient 
between the RV and LV in patients with a ccTGA. Thereby, LV to right ventricle 
(RV) pressure ratio also may affect the degree of TR [18, 19]. When the LV is 
exposed to pulmonary pressure, the ventricular septum protrudes into the LV and 
the septal attachments are pulled away from their annulus, causing coaptation zone 
deficiency and progressive TR [18, 19]. The study by Koh et al. [19] on 15 patients 
with discordant atrioventricular connection and pulmonary outflow tract obstruction 
who underwent the physiological repair using the LV to the pulmonary artery con-
duit indicated that the left ventricular pressure of <60% of the systemic right ven-
tricular pressure at the systolic phase could be among the deleterious factors in 
terms of TR and dilatation of the right ventricular cavity. They suggested that the 
surgeon can choose a smaller conduit than usually used so as to provide some pres-
sure gradient between the LV and the pulmonary artery remained.

Erek et al. [58] experienced an acute severe TR during conduit re-replacement, 
in a 17-year-old male after the physiological repair, and the degree of tricuspid 
regurgitation successfully decreased by the pulmonary conduit banding under trans-
esophageal echocardiography guidance, to increase the left ventricular to right ven-
tricular pressure ratio increased from 0.33 to 0.60.

Modification: The Physiological Repair with the One and a Half Ventricular 
Repair Strategy
Complete relief of LVOTO by pulmonary valvotomy in ccTGA is usually difficult 
without the use of an extracardiac conduit, due to the outflow tract anatomy and 
conduction system location. In this regard, the 1.5 ventricle physiological repair in 
conjunction with the bidirectional Glenn appears to be an effective solution for 
selected cases and does avoid the need for a valved conduit.

11.5.4.4  Anatomical Repair
Poor right ventricular function or tricuspid valve function would be compelling rea-
sons to choose the anatomic over physiological repair. In some adult ccTGA cir-
cumstances, consideration may be given to restoring the left ventricle to the SV, but 
careful evaluation of its function must be made. If the reroutable unrestrictive VSD 
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is present, then a Rastelli type of reconstruction for the LV outflow can be done by 
baffling the VSD to the aorta. Right ventricle-to-pulmonary artery continuity is 
achieved with a conduit. The DSO has not been considered in adulthood unless 
preceded PAB for retraining LV or as a palliation for a large VSD has been appro-
priately done sufficiently early in childhood. Surgical retraining of the LV is an 
option in children but not in adults due to unfavorable outcomes [59].

Atrial Switch Operation: Senning vs Mustard
The Senning operation utilizes the patients’ own tissue to create the venous baffles, 
while the Mustard operation excises the interatrial septum and uses a pantaloon- 
shaped baffle usually of heterogeneous materials to complete the inflow switch. In 
the past, Senning or Mustard procedures were selected as atrial switch procedures, 
depending on the size of the right atrium, and a large-sized right atrium was thought 
to be essential for Senning procedure. However, it has been shown that Senning 
atrial switch can be performed without postoperative caval obstruction for all types 
of anatomic features including the apicocaval juxtaposition [38]. Furthermore an 
augmented patch in Mustard has been demonstrated to be easily calcified without 
growth potential and result in late caval obstruction. Currently, the Senning proce-
dure has become the most widely used procedure as a part of anatomical repair for 
ccTGA, because of the lower incidence of pathway obstruction, baffle leak, and 
significant late arrhythmias.

The Senning Procedures: Pitfalls in ccTGA
The Senning procedure is feasible in all atrial switch procedures. When the free wall 
of the right atrium is relatively narrow, as in ccTGA with dextrocardia or mesocar-
dia, a large pericardial patch to augment a new functional left atrium is a useful 
option.

The suture line of the free wall of the RA for creating the systemic venous path-
way needs the care for the coronary sinus (CS) and conduction system. In the clas-
sical Senning, the inferior suture line would run along the tendon of Todaro, 
leaving the coronary sinus and the triangle of Koch anterior to the suture line, 
avoiding damaging the normally positioned posterior AV node. The modification 
of the cutback of orifice of CS to LA is useful. In contrast, in ccTGA, the suture 
line can be allowed to deviate anteriorly, incorporating the coronary sinus within 
the IVC pathway. However, the normal topology of the AV node in the triangle of 
Koch might be seen in the setting of situs inversus and the other varieties of the 
anatomical type.

Hemi-Mustard and the Bidirectional Glenn Operation
Malhotra et al. [60] propose a modified atrial switch procedure, consisting of a 
hemi-Mustard procedure to baffle inferior vena caval return to the tricuspid valve in 
conjunction with a bidirectional Glenn operation in order to avoid complications 
associated with the complete atrial switch and to reduce inflow volume load into RV.
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The hemi-Mustard modification obviates the need for the superior caval suture 
lines and, as a result, might result in a reduced incidence of these late complications 
of traditional atrial baffle procedures. Use of the BDG operation also decreases the 
systemic venous return into the failing RV and reduces volume load to both a dys-
plastic or Ebsteinoid tricuspid valve and the RV-PA conduit.

The implicated benefits include (1) reduction of atrial baffle related- complica-
tions (i.e., sinus node dysfunction and SVC obstruction), (2) prolonged extracardiac 
RV-PA conduit life, and (3) promoting better coaptation of tricuspid valve and (4) 
technical simplicity.

The septum primum is resected completely, and, if necessary, the limbus is cut in 
a superior direction to further enlarge the atrial septal opening. The polytetrafluoro-
ethylene patch is always circular in shape.

Arterial Switch Operation (ASO)
Double switch operation [Senning and arterial switch operation (ASO)] relies on suc-
cessful coronary translocation. The arterial switch operation was performed using the 
techniques generally utilized for D-transposition of the great arteries with trapdoor 
flaps method for coronary implantation and the LeCompte maneuver for neopulmo-
nary reconstruction. The LeCompte maneuver is generally performed if the vessels 
were in an anteroposterior relationship but not if the vessels were side by side.

In ccTGA, coronary anatomy other than the most frequently encountered 1LCx 
2R (according to the Leiden classification) may be associated with incremental 
operative risk [61].

During DSO, the ventricular septal defect is usually closed through the morpho-
logical RV or through the aorta without concern of damaging the conduction system 
unlike transmitral approach.

Anatomical Rastelli Operation: Intraventricular Rerouting and RVOTR 
with RV-PA Conduit
Through a right ventriculotomy, a piece of 0.6-mm Gore-Tex patch is placed to 
direct the left ventricular flow through the ventricular septal defect into the aorta 
using multiple interrupted sutures inferiorly and posteriorly and continuous sutures 
around the aortic annulus. The right ventricle and pulmonary artery were estab-
lished using a pulmonary homograft or other valved conduit (RV-PA conduit).

Previous study revealed that RV volume reduced approximately 20% after the 
Rastelli operation, because a part of the morphologic RV cavity is occupied by the 
intraventricular route. Thus, at least 120% of normal size seemed to be essential for 
better RV function after the anatomical repair [13, 38].

The degree of leftward rotation of the aorta and its relationship to the pulmonary 
artery dictate the position of the right ventriculo-pulmonary artery conduit. 
Placement of a conduit to the right side of the aorta results in compression of the 
conduit by the sternum, which may accelerate conduit dysfunction [62]. It can also 
result in compression of the right coronary artery by the conduit and myocardial 
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ischemia. Therefore, it is ideal to place the conduit on the left side of the aorta 
whenever possible. Positioning of the conduit to the right of the aorta might be nec-
essary in patients with an aorta to the extreme left (Fig. 11.8).

Additional DKS Anastomosis
Modification of Rastelli procedure for patients with pulmonary stenosis and restric-
tive VSD [13].

For patients with pulmonary atresia (PA), VSD size was theoretically large 
enough to create a nonobstructive intraventricular route. Nevertheless, for patients 
with pulmonary stenosis and restrictive VSD, it is required to create a nonobstruc-
tive systemic ventricular outflow tract usually by the VSD enlargement. Although 
the safe application of VSD enlargement needs the exact location of the conduction 
system, which may vary depending on the anatomical type. In this situation, addi-
tional DKS anastomosis without VSD enlargement has been demonstrated to be an 
effective approach to avoid postoperative systemic ventricular outflow tract obstruc-
tion and surgical heart block (Fig. 11.9).

PA

PA

LV

RV

LV

RV

Intra-ventricular Rerouting

Fig. 11.8 Anatomical Rastelli operation: intraventricular rerouting and the RVOT reconstruction 
with the right ventricular to pulmonary artery conduit (RV-PA conduit)
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Aortic Root Translocation with Atrial Switch in ccTGA [63, 64]
The ccTGA with isolated pulmonary stenosis is contraindication to the ana-
tomical repair. In some patients, the aortic root translocation (Nikaidoh opera-
tion) along with the Senning operation may be applied to achieve the anatomical  
repair.

The aortic root is harvested with the isolation of coronary bottom of both the 
right and left or left coronary artery. The harvested aortic root was turned 180, 
translocated posteriorly, and anastomosed to the original pulmonary root site. 
The detached coronary arteries were reimplanted in the aortic root. The VSD is 
closed using a 0.6-mm-thick expanded polytetrafluoroethylene (ePTFE) patch. 
The right ventricular outflow tract reconstruction was performed using extracar-
diac conduit.

11.5.4.5  Reparative Procedures and Indication for Late 
Complications for ccTGA

Indications for redo surgery in patients who have undergone the physiological repair 
include the initial or repeated TVR and the replacement of obstructive LV to PA 
conduit. As regards the anatomical repair, there is a definite incidence of late occur-
rence of various complications relating to each individual procedure in the anatomi-
cal repair. The indication of redo operation after the atrial switch includes the atrial 
baffle obstruction either systemic or pulmonary venous pathway. If the ventricular 
switch (Rastelli) is used, the left ventricular outflow obstruction due to the stenosis 
of VSD or intraventricular baffle obstruction, aortic regurgitation, or RV-PA conduit 
obstruction can be the reasons for reoperation. The indication of redo operation 
after the ASO as a part of the double switch may include coronary arterial obstruc-
tion or stenosis, aortic regurgitation, and pulmonary stenosis. Aortic valve regurgi-
tation is seen more commonly in patients who underwent pulmonary artery banding 
before ASO as part of staged anatomical repair.

Additional DKS anastomosis 

Restrictive VSD 

RV-PA Conduit

Fig. 11.9 Additional DKS 
anastomosis: modification 
of Rastelli procedure for 
patients with pulmonary 
stenosis and restrictive 
VSD
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