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 CURRENT
OPINION Congenitally corrected transposition: not correct

at all
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Purpose of review

Congenitally corrected transposition of the great arteries is a rare congenital defect with several
management options. Disagreement continues on strategies, such as anatomic repair, physiologic repair or
observation-only. This review discusses recent data that provide further guidance for clinical decision-
making.

Recent findings

New data provide greater insights into practice patterns and outcomes. Recent data from high-volume
centers show progressively high rates of systemic right ventricle dysfunction over time with lower rates of
systemic left ventricle dysfunction following anatomic repair; there is a statistical trend towards better
survival of anatomic repair patients. Data comparing anatomic repair to observation showed that anatomic
repair patients had a lower hazard of reaching a composite adverse outcome. These complex operations
are predominantly performed at a small subset of congenital heart surgery centers.

Summary

Anatomic repair compared with physiologic repair may have better outcomes, although there are relatively
high rates of morbidity for both approaches. In the patient without associated lesions, nonsurgical
management can have excellent outcomes but is complicated by right ventricular failure over time.
Multicenter research will help determine risk factors for bad outcomes; management at high volume,
experienced centers will probably be beneficial for this complex patient population.
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INTRODUCTION

Congenitally corrected transposition of the great
arteries (ccTGA) is a rare form of congenital heart
disease first described by Von Rokitanski in 1875 [1].
It is characterized by atrioventricular (AV) and ven-
triculoarterial discordance, resulting in themorpho-
logic right ventricle (mRV), supporting the systemic
circulation and the morphologic left ventricle
(mLV), supporting the pulmonary circulation.
ccTGA is rare, with an incidence of 1 of 33000 live
births, accounting for 0.05% of congenital heart
disease. It is associated with other abnormalities
in approximately 85–90% of cases [2]. Postmortem
studies of ccTGA described associated pulmonary
obstruction (30–79%), ventricular septal defect
(VSD) (70–88%), dextrocardia (20–37%), and sys-
temic AV valve abnormalities (20–38%), such as
Ebsteinoid tricuspid valve or straddling tricuspid
valve [2–4]. The conduction system varies in ccTGA
depending on atrial situs; development of complete
heart block is common.
rs Kluwer Health, Inc. All rights rese
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The ideal management of the patient with
ccTGA is controversial. Surgical management can
be dichotomized into ‘physiological repair’, in
which associated lesions such as VSDs and valve
abnormalities are addressed, leaving the mRV as
the systemic ventricle, or ‘anatomic repair’, in
which the circulation is rearranged so that the
mLV becomes the systemic ventricle. Some patients
with no associated lesions are managed expectantly
without surgery. Patients can also follow a single
ventricle pathway culminating in Fontan surgery,
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KEY POINTS

� Decision making for management of congenitally
corrected transposition of the great arteries is complex,
with risks of morbidity and mortality associated with
all options.

� The anatomic repair, which results in making the left
ventricle the systemic ventricle, has lower risk of
systemic ventricle dysfunction and trends toward lower
long-term mortality compared with the
physiological repair.

� Congenitally corrected transposition of the great
arteries has a high risk of complete heart block and of
pacemaker-induced ventricular dysfunction; newer
pacemaking strategies may lead to
fewer complications.

� Highly complex congenital heart surgery such as the
double switch operation or atrial switch/Rastelli
operation is best performed at high-volume congenital
heart centers with high levels of expertise in the
surgical and postoperative management of patients
with congenitally corrected transposition of the
great arteries.

Pediatrics

Cop

D
ow

nloaded from
 http://journals.lw

w
.com

/co-cardiology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 04/05/2023
which will not be treated at length in this review. In
a young child presenting with ccTGA without asso-
ciated lesions, the decision to operate versus expect-
ant management is difficult. The low incidence of
this lesion has limited the availability of outcome-
based data. However, recent publications have bet-
ter defined differential outcomes of these manage-
ment strategies. Pacemaker management in the
population that develops heart block is also com-
plex and complicated by pacemaker-induced ven-
tricular dysfunction, with newer strategies
emerging. Surgical and postoperative management
of this patient population is highly complex and
requires an expert and experienced team of sur-
geons, cardiologists and anesthesiologists typically
found at high-volume congenital heart centers.
NATURAL HISTORY

The natural history of unrepaired ccTGA is largely
determined by the function of the systemic mRV,
tricuspid valve regurgitation, and presence or
absence of associated lesions. Multiple studies have
demonstrated that associated defects in combina-
tion with poor systemic ventricular function and
systemic AV valve regurgitation are associated with
poorer outcomes [2–5]. Development of systemic
mRV dysfunction is common and often accompa-
nied by tricuspid regurgitation. Cui et al. [6

&&

] found
a 37% incidence of moderate or severe systemic
mRV dysfunction in follow-up of nonoperated
2 www.co-cardiology.com
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patients. An earlier study of 44 patients with unre-
paired ccTGA presenting after 18 years of age
showed moderate-to severe tricuspid valve regurgi-
tation in 59% of those with depressedmRV function
at the time of diagnosis [5]. Graham et al. [2] showed
that by 45years of age, 67% of patients with ccTGA
and associated lesions had heart failure symptoms,
concluding that mRV function was maintained in
childhood (<10years) but mRV dysfunction and
subsequent heart failure symptoms became more
common after 17 years of age, suggesting inability
of themRV to sustain systemic cardiac output over a
normal life span. Heart block is also common. A
multicenter, retrospective observational review of
30 fetuses with ccTGA showed the risk of congenital
complete heart block to be 5–7%, usually occurring
in the third trimester [3]. Progression to de novo AV
block is 1.3–2% per year [3,7], with recent data from
Barrios et al. [8

&&

] describing an incidence of non-
iatrogenic complete heart block of 29.8%.
SURGICAL MANAGEMENT

Options for surgical management of ccTGA include
physiologic repair procedures, anatomic repair pro-
cedures, pulmonary artery banding, or single ven-
tricle palliation. Discussion of single ventricle
palliation is outside the scope of this review.
Physiologic repair

Surgical management of ccTGA was historically
focused on correction of the physiologic abnormal-
ities occurring from associated cardiac defects,
most importantly VSDs, LVOT (subpulmonary)
obstruction, and tricuspid valve abnormalities. This
approach, first described by Anderson et al. [9] and
later refined by de Leval et al. [10], includes VSD
closure through either a right atrial (transmitral),
transaortic, or left ventriculotomy approach. The
suturing technique for VSD closure in this lesion
is unique, owing to the displacement of the atrio-
ventricular bundle to the right side (mLV side) of the
ventricular septum along the anterior and superior
border of the VSD. In this area, sutures are placed
into themRV side of the septum,working somewhat
blindly through the VSD. Placement of an LV to
pulmonary artery conduit is often used to address
LVOT obstruction, because the presence of the right-
sided coronary artery in the AV groove prohibits
transannular patch repair.
Anatomic repair

The surgical approach to ccTGA has evolved in
recent years towards anatomic repair procedures,
Volume 38 � Number 00 � Month 2023
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as initially described by Ilbawi in 1990 [11], whereby
the mRV is removed from the systemic circulation.
These repair procedures consist of either a Senning-
type or Mustard-type atrial switch with an arterial
switch with or without VSD closure (‘double
switch’), or in the presence of important LVOT
obstruction, an atrial switch with an RV to PA con-
duit and VSD closure (Senning with Rastelli, Nikai-
doh, or REV procedure). As these atrial-baffling
procedures are better performed after infancy, many
patients planned for anatomic repair undergo initial
pulmonary artery banding tomaintain or retrain the
mLV for systemic workloads [6

&&

,8
&&

].
Pulmonary artery banding

Pulmonary artery banding in ccTGAmay be used for
mLV maintenance or retraining prior to anatomic
repair, or as definitive palliation. Some centers sug-
gest prophylactic pulmonary artery banding at diag-
nosis, whereas others recommend banding for
patientswithmLVpressure below a certain threshold
(<70–75% systemic). Regardless of the approach, the
age at banding is associated with ultimate mLV dys-
function and late mortality, with the greatest preser-
vation of mLV function seen when banding is
performed prior to 2years of age [12,13]. Primarily
by affecting ventricular septal interactions, pulmo-
nary artery banding may also help to stabilize mRV,
tricuspid valve, and aortic valve function, and as a
result, some centers espouse banding as a definitive
palliation strategy, although long-term outcomes of
this approach have been mixed.
Challenges of surgical care

Ongoing surgical innovation is likely to benefit
patients with ccTGA. Three-dimensional modeling
is becoming increasingly utilized for preoperative
Table 1. Long-term outcomes by management strategy

Expectant
management

Surgical mortalitya N/A

Surgical complexity N/A

Need for future intervention þþþ
Late systemic ventricular dysfunction þþ
Late systemic atrioventricular valve

regurgitation
þþ

Risk of heart block þ

aPercentages from Chew et al. [18
&
].

bMortality rate of Atrial Switch/Rastelli significantly higher than physiologic repair o
double switch.

0268-4705 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese
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planning in congenital cardiac surgery, especially
for complex intracardiac baffling procedures as is
often required for ccTGA repair [14]. Intraoperative
conduction mapping allows real-time identification
of the conduction areas in complex cardiac anat-
omy, and may help to reduce the risk of iatrogenic
heart block [15

&

].
OUTCOMES

Optimal surgical management of ccTGA remains
controversial and is complicated by the diverse
spectrum of associated lesions in an already rare
disease state (Table 1). Recent data suggest that if
presenting at less than 10years of age, anatomic
repair may be associated with improved survival
[8

&&

] or with improved freedom from death, trans-
plant, systemic ventricular dysfunction or AV valve
regurgitation [6

&&

]. Although these studies are rela-
tively large, there are still power limitations for
detecting statistically significant differences in out-
comes between management groups.

A retrospective review of 240 patients diagnosed
with ccTGA by Barrios et al. [8

&&

] found that patients
with physiologic repair had equivalent early and
mid-term survival to those having anatomic repair,
but the transplant-free survival curves diverged
around 12years after repair (71 vs. 80% at 15years,
P¼0.09). This statistical trend towards worse long-
term survival with physiologic repair supports pre-
vious data that that the mRV is unable to sustain
systemic cardiac output in the long-term [2,4,5].
Furthermore, this patient population was found to
have significant risk for reoperations, most com-
monly on the tricuspid valve. Long-term survival
in anatomic repair was comparable to those patients
with expectant management in these data. How-
ever, only 27% of the expectant management
cohort remained classified that way at 20 years
Physiologic
repair

Double switch
operation

Atrial switch/
Rastelli

2.3%b 3.7%b 8.4%b

þ þþ þþ
þþ þ þ
þþþ þ þ
þþ þ þ

þþþ þþ þþþ

r double switch. No statistical significance between physiologic repair and
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follow-up, whereas the majority had progressed to
the need for physiological repair.

Another recent study of 128 patients diagnosed
with ccTGA with intact ventricular septum over
39 years by Cui et al. [6

&&

] found that double switch
operation with or without mLV training from pul-
monary artery banding was associated with
decreased hazard of reaching a composite endpoint
including death, requiring a transplant, having
severe systemic ventricular dysfunction or signifi-
cant systemic AV valve regurgitation (hazard ratio
0.29, P value¼0.039). In the subgroup of patients
who presented before the age of 5, there was a higher
magnitude difference between anatomic repair and
no anatomic repair with a hazard ratio of 0.16, P
value¼0.008.

Earlier anatomic repair may provide long-term
benefits towards preservation of mLV function
[6

&&

,8
&&

]. This suggests there is a window of oppor-
tunity to perform an anatomic repair in patients
who do not have systemic mLV pressure because of
LVmyocyte remodeling and inability for themLV to
be retrained adequately. Older age at the time of
repair has been associated with increased risk of
death or transplant [6

&&

,16
&

]. However, the absolute
age ceiling and optimal age for complete repair
are unknown.

These data suggest that if a patient undergoes
surgery at a young age, anatomic repair is superior to
FIGURE 1. Dilated systemic right ventricle with dysfunction. Sti
steady-state free precession imaging of a 37-year-old with ccTGA
Note the severely dilated and hypertrophied systemic, morpholog
change between diastole and systole compared with the right-side

4 www.co-cardiology.com
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physiologic repair. Practice patterns at large centers
have shifted towards anatomic repair, but this
remains controversial in practice because of per-
ceived higher levels of surgical morbidity and mor-
tality associated with this approach. The double
switch operation can be performed in experienced
centers with low operative mortality and encourag-
ing long-term survival [6

&&

,8
&&

,17]. In a recent anal-
ysis of the STS database by Chew et al. [18

&

], surgical
mortality was 3.7% for double switch operationwith
or without VSD repair, and 8.4% for atrial switch
plus Rastelli. The same database showed a 2.3%
surgical mortality rate for physiologic repair.
Ventricular dysfunction

Although the data from Cui et al. show that mRV
dysfunction at presentation is associated with worse
outcomes in nonintervention patients, surgical ver-
sus expectant management for the patient who
presents at a young age with ccTGA without signifi-
cant associated lesions and without systemic mRV
dysfunction remains challenging, without a clear
path delineated by available data. Ultimately, sys-
temic ventricular dysfunction is a problem with any
of these approaches but is more common with time
in the systemic mRV (Fig. 1). With expectant man-
agement, systemic mRV dysfunction has a reported
incidence of 50% by 30years of age in patients with
ll images at end diastole and end systole from cardiac MRI
with no associated lesions and no cardiac surgical history.
ic right ventricle on the left side of the chest, with little area
d, morphologic left ventricle.
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an intact ventricular septum, whereas systemic left
ventricular dysfunction following double switch at
last echo was 14% in the same study [6

&&

]. In addi-
tion, physiologic repair may result in a higher risk of
systemic mRV dysfunction compared with expect-
ant management [19]. In the Barrios study, 10 years
post physiological repair, 84% of patients had mRV
dysfunction versus 28% of patients with mLV
dysfunction 10 years post anatomic repair [8

&&

].
Heart center size

Complex repairs of congenital heart disease can be
performed with lower mortality at centers with high
surgical volume. This has been shown using the STS
database [20] and the European Congenital Heart
Surgeons Association database [21]. Although this
has not been demonstrated specifically for ccTGA, it
is reasonable to infer that anatomic repair fits this
pattern. Especially considering the decline in the use
of atrial switch procedures for d-looped TGA, many
centers and surgeons have unfamiliarity with the
complex atrial baffling required to effectively per-
form an anatomic repair. Postoperative physiology
is highly complex, with nearly ubiquitous ventric-
ular systolic and diastolic dysfunction and high risk
for complications requiring expert cardiac intensive
care management [22,23]. More recent data from
the STS database published on outcomes of 985
ccTGA patients at 101 centers showed the six high-
est volume centers accounted for 41% of all the
operations. Only 26 of the centers performed more
than 10 operations in this series [18

&

]. High-volume,
comprehensive congenital heart centers include sur-
gical expertise as well as experienced perfusionists,
pediatric cardiac anesthesiologists, cardiac critical
care and imaging teams, all of whom are essential in
a team approach for achieving the best outcomes.
Heart block and arrhythmia

In addition to the abnormal conduction system and
risk of de novo AV block, iatrogenic AV block is
common. A single-center evaluation of adults with
ccTGA describes high-grade AV block in 8% of
patients at presentation and that subsequent pace-
maker insertion was necessary in 48% of patients
after intervention [24]. The recent analysis of the
STS database found the rate of arrhythmia requiring
permanent pacemaker in both anatomic and phys-
iologic repairs of 12.7–19%, which was the highest
in the setting of VSD closure [18

&

].
Need for pacemaker is an important contributor

to morbidity in this population, with studies show-
ing that pacing can result in worse systemic ven-
tricular dysfunction [7,16

&

,25,26]. Primary cardiac
0268-4705 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese
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resynchronization therapy (CRT) or biventricular
pacing is associated with less systemic ventricular
dysfunction when compared with single subpulmo-
nary ventricular lead pacing [7,16

&

]. CRT in systemic
mRVpatientswithprevious traditional pacing results
in improvedQRS duration andNewYork Heart Asso-
ciation functional class [27

&

]. However, the response
to biventricular pacing is variable, and the benefit of
CRT in the setting of a narrow QRS is not yet estab-
lished. In a European multicenter study, CRT was
assessed in 109 pediatric and CHD patients that
included 30 patients with ccTGA and found that
patients with a systemic mLV were more likely to
have improved ventricular function or decreased
systemic AV valve regurgitation after CRT than
patients with a systemic mRV [25]. Conventional
CRT can be technically difficult because of the high
incidence of coronary sinus venous drainage abnor-
malities (�20%). His bundle, Purkinje or proximal
left bundle branch pacing is feasible because of the
unique location of the conduction system in ccTGA,
resulting in a narrowed paced QRS [26]. However,
additional studies of this pacing strategy and com-
parison with conventional CRT are needed.

Late development of atrial arrhythmias has not
been widely reported in the ccTGA population, but
this may reflect the relatively short follow-up. Late
development of both sinus node dysfunction and
atrial arrhythmias is a hallmark after atrial baffle
surgery in the atrial switch population with up to
48% incidence of sinus node dysfunction and up to
35% of intra-atrial re-entrant tachycardia at 20 year
follow-up [28,29]. One can surmise that the cause of
atrial arrhythmias secondary to atrial scarring would
infer an increased risk following the double switch
operation. Further investigation of atrial arrhythmia
burden in the ccTGA population is needed.
CONCLUSION

ccTGA is a complex lesion with no risk-free manage-
ment strategy. As such, the long-termmorbidity and
mortality of the anatomic repair should be consid-
ered in the context of high rates of systemic mRV
failure with expectantmanagement and physiologic
repair, rather than comparing with a hypothetical
ideal that is more realistic with simpler forms of
congenital heart disease. New data show that ana-
tomic repair, especially the double switch operation,
can be performed with relatively low short-term
risks, and compared with physiologic repair has
lower rates of systemic ventricular failure and at
least trends to better long-termmortality. In infants
presenting with ccTGA with no associated lesions,
anatomic repair is preferable to expectant manage-
ment in the context of systemic mRV dysfunction.
rved. www.co-cardiology.com 5
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In the absence of mRV dysfunction, available data
do not point to a clear management decision and
further research is needed, preferably from multi-
center, prospective databases. Large databases in the
United States and Europe show that complex CHD
outcomes are best at high-volume surgical centers,
and this is likely the case for the challenging surgical
and postoperative management necessary for this
specific population of patients.
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