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ABSTRACT

Congenitally corrected transposition of the great arteries (ccTGA) is a complex cardiac anomaly with an

unfavorable natural history. Surgical treatment has been available for over 50 years. Initial procedures used

for ccTGA did not correct atrio-ventricular discordance, leaving the right ventricle in systemic position. In the

past two decades anatomic repair has been considered to be a better option. Many cases subjected to anatomic

repairs would also be suitable for the Fontan strategy, which probably has alower initial risk. The rationale for

use of the Fontan operation in management of congenitally corrected transposition is discussed in this review,

with comparisons to other strategies.
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INTRODUCTION

Congenitally corrected transposition of the great arteries
(ccTGA) is a cardiac lesion that has generated much
interest and also some controversy over the past three
decades. This point is illustrated in a plot of the annual
number of indexed publications (PubMed) regarding
ccTGA over this time period [Figure 1]. Although it is a
highly variable lesion, cCTGA is known to have a generally
unfavorable natural history. Unoperated patients have
a 32% prevalence of congestive heart failure and a 25%
mortality probability by the fourth decade of life. The
time course for the development of these problems is
shown in Figure 2. The best surgical solution for ccTGA
remains debatable, and could probably be considered to
be patient as well as surgeon and team dependent. The
specific techniques employed will depend to a large extent
on the anatomic features, which are highly variable, but
team experience and philosophy are also important
[Table 1]. The various strategies currently in use are
summarized in Table 2. The options vary on the one hand
from no surgical treatment, to highly complex operations
such as the double switch and Senning-Rastelli. The
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advent of these latter anatomic corrections has provided
some of the impetus for a renewed and intense interest
in ccTGA, as has the availability of unfavorable longer
term outcome data for the physiologic repairs used
previously (see below). The Fontan operation, a time
honored and universally accepted strategy for many
types of univentricular hearts is another (albeit less
frequently) employed option for ccTGA, and its role in
the treatment of potentially septatable ccTGA hearts is
examined herein. It should be stated at this point that
the author, having personal experience with all of the
options presented in this discussion, is a proponent of
anatomic repair of ccTGA for reasonable candidates,
accepting that the Fontan strategy may be equally good
or better under certain circumstances.

BACKGROUND

In brief, the term “corrected transposition” was coined
by Rokitansky in 1875.1 Monckeberg subsequently
noted the anterior position of the atrioventricular node
in ccTGA hearts in his 1913 publication.l?) Walmsley
described the mirror image coronary anatomy and
the position of the central fibrous body in hearts
with ccTGA in 1931.8! Schiebler et al. in 1961 first
applied the modern term “congenitally corrected
transposition”, which remains in common usage.* Most
surgeons currently use “corrected” and “discordant”
transposition interchangeably in view of the discordant
atrioventricular (AV) and ventriculaoatrial (VA)
connections that define ccTGA.5>% Alternate (but
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Figure 1: Annual number of indexed PubMed articles (verticle axis)
coded as “corrected transposition of the great arteries,” for the
period 1970-2010 (horizontal axis)

Table 1: Anatomic features (in addition to AV and
VA discordance) that complicate ccTGA

¢ Dextrocardia (25%) +/- situs abnormalities

e Malalignment of atrial and ventricular septa

e Mitral-pulmonary continuity (usually) with subaortic conus, parallel
outflow tracts

LVOTO > 50% (multilevel)

VSD perimembranous-malalignment (50 - 80%)

Multiple or remote VSDs

TV anomalies (25% - 90%)

Straddling AV valves

Over-riding AV valves (ventricular hypoplasia)
Ventricular hypoplasia

Coronary anomalies

Interruption of abnormally situated conduction pathway (—
spontaneous or surgical AV block)

Associated cardiac anomalies occur in nearly all cases, although

there is a wide spectrum of severity. Features in bold type may have
particular bearing on the potential for biventricular septation (anatomic or
physiologic)

perhaps less specific and less well understood) terms
in use include L-transposition, ventricular inversion,
AV-VA discordance, and others. The nomenclature
issues relating to ccTGA have been discussed in detail in
publications from the CHSS Nomenclature and Database
Project and elsewhere. 50

The first surgical repairs for ccTGA were performed by
Anderson and Lillehei in 1957. The operative technique
employed at the time left the right ventricle in the
systemic circuit and the left ventricle in the pulmonary
circuit, a strategy that has come to be known as
“physiologic repair.”[”!

Anatomic repairs which actually correct AV and VA
discordance (Senning and arterial switch or double
switch) were first performed in the late 1980s by Imai,
Yagihara, Mee, and others.#19 In 1990, Ilbawi described
an atrial repair in combination with the Rastelli
procedure for cases of ccTGA with the frequently
occurring left ventricular outflow tract obstruction
(LVOTO).'Y Since that time, anatomic repairs of both
varieties (double switch, Senning-Rastelli) for corrected
transposition have ascended to a prominent place
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Figure 2: Time course for development of adverse events in
unoperated patients with ccTGA (see text for further characterization)

Table 2: Surgical options available for various
anatomic situations involving ccTGA, and classified
by postrepair systemic ventricle (right, left, or both)

PA band as definitive therapy for TI*
Neonatal PA band*

Classical (physiologic) repair*
Senning-ASO**

Senning-Rastelli**

Patrick McGoon + atrial switch**

1 Y2 ventricle physiologic repair*

1 V2 ventricle anatomic repair**

Modified Nikaidoh + atrial switch**

Fontan operation***

Tricuspid valve repair-replacement (isolated)*
Multi site pacing (resynchronisation therapy)*
No surgical treatment*

*Systemic RV, **Systemic LV, ***Systemic LV + RV. Relative advantages
and disadvantages are discussed in the text, with explanations of strategies.

in our armamentarium for children with discordant
AV and VA connections, perhaps even predating the
availability of long term outcome data for significant
numbers of patients as one might expect there may
be some disadvantages with operations that combine
two strategies known to generate late problems in
concordant TGA (Senning, Rastelli). However, on
balance the anatomic repair strategy which restores
concordant AV and VA connections, is superior to
physiologic repair strategies in a number of ways.

Anatomic aspects of surgical relevance

There has been an enormous amount of published
information regarding the anatomic details of hearts
with ccTGA, most of which is no longer in dispute. The
basic abnormality is AV and VA discordance, which in
isolation creates neither severe physiologic derangement
nor cyanosis. The main problem relates to the systemic
position of the right ventricle and tricuspid valve. Neither
structure is “designed” for a long-term function in a
high-pressure circuit, based on blood supply, tensor
apparatus, muscle fiber array, conduction system, and
other factors. In practice, some type of additional cardiac
anomaly is present in nearly every case of cCTGA, with a
broad spectrum of severity. Table 1 shows the associated
anomalies typically encountered in ccTGA, highlighting
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those which could specifically create problems for
operations that employ ventricular septation [ventricular
septal defect (VSD) closure or left ventricle (LV) to
aortic baffling], be it anatomic or physiologic. The
other problems are generic and potentially complicate
other types of operation as well. Of particular note are
abnormalities in ventricular balance, LVOTO, straddling
AV valve tensor apparatus, and multiple VSDs.

Most surgeons will agree that the double switch operation
[Senning and arterial switch operation (ASO)] relies on
successful coronary translocation. From the huge
experience with ASO for concordant TGA, we know
that coronary anatomy other than the most frequently
encountered 1LCx,2R (according to the Leiden
classification) may be associated with incremental
operative risk. We noted in our original cohort of ccTGA
patients undergoing Senning and ASO at the Royal
Children’s Hospital (Melbourne), that 12 of 14 patients
had a IR, 2LCx coronary pattern, which is most typical
for ccTGA. However, 2 of the 14 had a single coronary
arising from a non-facing sinus, a pattern that we had
not seen in the first 400 cases undergoing arterial
switch for concordant TGA [Figure 3].'°! An anatomic
study that we subsequently performed at the Children’s
Hospital of Philadelphia, examining 20 potentially
septatable SLL hearts from the anatomic collection,
showed that 45% of the specimens had coronary artery
abnormalities that might complicate an anatomic
surgical repair.['? The patterns noted in this study are
reproduced in Figure 4. Although in practice these
anomalies do not necessarily preclude a successful
Senning and arterial switch operation or Senning and
Rastelli, they may increase the technical complexity and
operative time, with possible implications for short- and
long-term outcome.

F 4

Figure 3: Coronary pattern encountered in two patient with ccTGA
undergoing Senning plus ASO. All coronary branches arise from
a single trunk (arrow) in a non-facing sinus, an extremely rare
pattern in concordant TGA

Annals of Pediatric Cardiology 2011 Vol 4 Issue 2

Karl: Fontan operation in the treatment of ccTGA

PHYSIOLOGIC REPAIRS

The problems with physiologic repairs for ccTGA are
well known and to some extent relate to the natural
history. Essentially, the physiologic repair creates a
situation similar to that of ccTGA with intact ventricular
septum without LVOTO, but with the added potential
burden of myocardial or conduction tissue injury and
prosthetic material (large VSD patch, prosthetic valved
conduit). A major factor in the unfavorable postoperative
evolution is the structure of the tricuspid valve (TV),
which resembles, but does not completely reproduce
Ebstein’s malformation. This abnormality tends to
limit the long-term functional reliability of the TV in
the systemic circulation. Dilation of the TV anulus,
adherence of chordal or leaflet tissue to a VSD patch,
asynchronous contraction relating to right bundle branch
(or more severe degrees) of heart block, arrhythmias, and
distraction of papillary muscles through pressure induced
septal shift also contribute to the evolution of tricuspid
insufficiency after physiologic repair. The vulnerable
anteriorly located conduction tissue in ccCTGA creates a
risk for heart block in the short and long term, with or
without surgery, and has important implications for TV
and RV. The unfavorable outcome for physiologic repairs
(including simple VSD closure, conduit insertion, TV
repair-replacement, etc.) has been well documented.!*3!

,:\\
w
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Figure 4: Coronary patterns encountered in 20 ccTGA anatomic
specimens, some of which might have created difficulties for (but
not necessarily precluded) anatomic repair. These included a
single coronary from sinus 2, LAD from RCA with paracommissural
circumflex branch, and eccentric or intramural/paracommissural
coronary origin
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The significant early and late morbidity and mortality
have been the main factors in adoption of anatomic
strategies, despite their more complex nature. However,
despite these limitations, the physiologic operative
approach may still be useful in highly selected cases.
Patients with good right ventricular function and
good tricuspid valve function, balanced ventricles and
favorable septation anatomy may be suitable candidates,
especially if a relative contraindication to anatomic repair
exists. Under some conditions the physiologic repair
option may be the best option in patients with poor
mitral valve function, coronary anomalies, small atrium,
dextrocardia, or inlet ventricular septal defect features
which may complicate anatomic repairs.+

ANATOMIC REPAIRS

It would be fair to say that most experienced cardiac
surgeons prefer anatomic repair for the majority of
ccTGA patients. Anatomic repair is a generic term for
either a double switch or Senning/Mustard and Rastelli
operation, and is clearly the preferred approach for
patients with good mitral valve function, balanced
ventricles, a septatable heart, and reasonable coronary
anatomy. Poor right ventricular function or tricuspid
valve function would be compelling reasons to choose
anatomic over physiologic repair, as one can almost
always expect an unfavorable outcome with physiological
repairs in such cases.

The concept of anatomic repair of TGA patients with failing
Mustard or Senning operations was originally extended
to primary repair of cCTGA by Mee et all'®! Pulmonary
artery (PA) banding for left ventricular retraining in both
concordant and discordant TGA was first employed by
the same group (Melbourne) in the late 1980s.5! It was
theorized that anatomic repair of ccTGA, in restoring a
physiologic ventricular pressure ratio, would result in
better right ventricular and tricuspid valve function in the
long term. It was noted at the time that patients who had
undergone PA banding alone often had a favorable septal
shift which in itself could reduce tricuspid insufficiency
without performing additional surgical procedures,
further supporting the authors’ concept.

Many of the theoretical advantages of restoring AV and
VA concordance have been proven correct. However,
while there is little question in the mind of most surgeons
today that anatomic repair is a more attractive option in
principle, the learning curve for such complex operations
is an important consideration. Furthermore, ccTGA is a
relatively rare lesion and most surgeons will never have
the opportunity to operate on large numbers of patients.
What has been achieved in selected large referral centers
may not be predictive of results in units which see
patients with ccTGA on an infrequent basis.

The best outcome data for anatomic repairs in ccTGA
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have been reported from the Cleveland Clinic.'"®' A 1.5%
operative mortality was achieved in a large series, of
consecutive cases, some presenting in compromised
condition. The senior author (Dr. Roger B.B. Mee) is a
pioneer of the anatomic surgical strategy, and also an
extraordinary all around pediatric cardiac surgeon. His
results with ccTGA (and many other lesions) have been
difficult to match even in some of the best units worldwide.
Table 3 shows a meta-analysis of the results of surgery
for ccTGA for patients undergoing anatomic repairs.
The operative mortality remains important, even within
experienced centers having excellent results for pediatric
cardiac surgery for a variety of other challenging lesions.
Having been reported, these results are probably biased
toward the better outcomes worldwide. Gaies et al. (Ann
Arbor), analyzed the long-term outcome for the Senning
and ASO as well as Senning Rastelli operations, noting that
the survival for the latter was 72%, 55%, and 55% at 1, 5,
and 10 years. Survival for the Senning plus ASO operations
was better, 91% at 10 years, respectively.'”! Brawn et al.
(Birmingham) analyzed freedom from LV dysfunction or
cardiac transplantation after various types of anatomic
repairs for ccTGA. A notable finding was that patients
who required preliminary left ventricular retraining did
significantly worse than those who did not, but actuarial
survival at 10 years was below 85% in both groups.!#!

Lim et al., in a Korean multi institutional study
published in 2010 reported late survival and freedom
from reoperation for physiologic and anatomic repairs,
excluding operative mortality, for ccTGA."” The authors
could not demonstrate significant differences between
the two strategies. Bove et al. (Ann Arbor) in 2009
noted that the enthusiasm for anatomic repair of ccTGA
has largely been based on literature demonstrating
poor long-term survival for (usually associated with)
significant systemic artery dysfunction especially in
patients with tricuspid insufficiency.? It was stressed
in this report that although anatomic repair can be
performed with short-term outcome similar to that
achieved with physiologic repair, the long-term risks
and benefits of anatomic repair are not yet completely
characterized. So although anatomic repairs seem to have

Table 3: Meta-analysis of outcome data for
anatomic repair of ccTGA

Publication Origin N Hospital mortality
(95% ClI)
Karl et al 1997 Melbourne 14 7% (1.6-32)
Gaies et al 2009 Ann Arbor 65 13.8% (8-24)
Mohamedou et al 2009  Paris 20 0% (0-16)
Imai et al 1997 Tokyo 44 9% (3-21)
Langley et al 2003 Birmingham 54 5.6% (2-15)
Bautista-Hernandez 2006 Boston 44 4.5% (2-15)
Alghamdi et al 2006 Toronto 94 6.4% (3-13)
(meta-analysis)
Duncan et al 2005 Cleveland 73 1.5% (0.3-7)
Sharma et al 2009 Bangalore 68 15% (8-25)
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a favorable impact on the natural history of ccTGA, a
universally reliable strategy eludes us.

OTHER REPAIRS INVOLVING SEPTATION

Between the extremes of the anatomic and physiologic
repairs lies the 1.5 ventricular repair strategy proposed
by Mavroudis et al. for cases of ccTGA with a VSD and
LVOTO.?1221 In this strategy, physiologic type septation
is performed in conjunction with pulmonary valvotomy
and bidirectional cavopulmonary shunt. Complete relief
of LVOTO 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 repair appears to be an effective solution
for selected cases, and does avoid the need for a valved
conduit. The LV volume load is reduced by the use of
the bidirectional cavopulmonary shunt, limiting the LV
to PA pressure gradient. The right ventricle remains in
the systemic circuit, so technically this constitutes a
physiologic repair.

Another operative strategy for ccTGA with VSD and
LVOTO was reported by DiBardino et al. (Houston) in
2004.12% The strategy involves a 1.5 ventricle anatomic
repair using a hemi-Mustard atrial rearrangement
plus a Rastelli. Results with this strategy incompletely
characterized due to a lack of multi institutional
experience, but it appears to be useful in selected
anatomic situations, especially for cases with a small
right ventricle (RV) following septation.

Lim et al. (Seoul) published a multi institutional
study of 167 biventricular repair for ccTGA corrected
transposition, and the group included 5 physiologic
1.5 ventricular repairs and 14 anatomic 1.5 ventricular
repairs.l’”! There was no mortality in either of the
1.5 ventricle repair groups, and the authors concluded
that the strategy is a useful option for Rastelli unsuitable
cases with hypoplasia or dysfunction of the right
ventricle. There are some possible benefits of the
1.5 ventricle repair, which are summarized in Table 4.

Table 4: Possible advantages and disadvantages

of a 1.5 ventricular strategy for ccTGA patients

undergoing anatomic or physiologic repair (see

text for further explanation)

Anatomic repair Physiologic repair

* Rastelli adjunct in borderline * May avoid need for a conduit
septation cases (unfavorable e LV pressure limited by BCPS
VSD location) unloading, but remains

¢ Unloading of hypoplastic- elevated
dysfunctional RV * Maintains septum midline by

* Avoidance of SVC obstruction retaining some LVOTO

¢ Reduced risk of pulmonary vein ¢ Avoidance of distraction of
obstruction (larger LA) TV tensor apparatus and

* Reduced atrial suture lines + reduced TI potential
arrhythmia potential

* Reduced ischemic time

Annals of Pediatric Cardiology 2011 Vol 4 Issue 2
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The importance of these benefits will of course vary from
patient to patient.

FONTAN OPERATION FOR CCTGA

The Fontan operation is another way to deal with the
general problem of AV and VA discordance, committing
both RV and LV to the systemic circuit. There has not
been as much enthusiasm for this logical and simple
solution as one might expect. This is undoubtedly due
to the wave of enthusiasm for anatomic repairs that has
characterized the past two decades, as well as concerns
about the possibly unfavorable long-term outcome of the
Fontan operation in other anatomic situations.

The most accepted use of the Fontan in ccTGA is for
patients with a large VSD felt to be unsuitable (or at
high risk) for ventricular septation. Many such patients
have a protected pulmonary circulation by virtue of
naturally occurring complex LVOTO as well as good PA
aborization. Others may have had pulmonary artery
banding in the neonatal period, maintaining Fontan
suitability later in life.

The general concept of a Fontan operation in potentially
septatable biventricular hearts may seem at odds with
basic surgical principles for children with congenital
heart disease, but there is some precedent. Historically,
the Fontan strategy has been employed in patients with a
small left ventricular outlet, inadequate atrioventricular
valve size and/or function, unbalanced AV septal defect,
double outlet right ventricle with remote or multiple
VSDs, heterotaxy with complex connections, straddling
AV valves, or other complex cases in which the risk
of septation potentially outweighs the benefits. The
limits for this strategy are not well characterized in
the literature, as most surgical teams have pushed to
extend the limits of biventricular repair. Delius et al.
(London) published a paper in 1996 summarizing the
great ormond street experience for patients with complex
biventricular hearts with VSD and pulmonary stenosis or
atresia.?* Thirty-four of 50 cases had a Rastelli operation
while 36 had a Fontan procedure for straddling AV valve
or remote VSD. Ventricular volumes were adequate,
and importantly all hearts would have been potentially
septatable. It was noted that the survival was significantly
better for patients who had undergone a Fontan
operation, out to eight years’ follow-up. We performed
a similar retrospective study in Melbourne, with the
finding that patients with complex double outlet RV
had a significantly lower operative mortality risk when
subjected to Fontan rather than biventricular repair.?%!
Bradley et al. (Toronto) reported that biventricular
repairs for complex double outlet RV, especially those
involving the Rastelli type connection, had a higher
late mortality and reintervention probability than did
univentricular repairs for similar types of cases.?®
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The type of ventricular septal defect present in ccTGA
certainly has some bearing on the suitability of a child for
either physiologic or anatomic correction, and therefore,
on the decision to employ a Fontan type repair. It was
noted by Gaies et al. (Ann Arbour) that enlargement
of the VSD is a risk factor for both heart block and
early and late mortality in ccTGA patients undergoing
Senning-Rastelli operations.'” Fujii et al. (Osaka) noted
that for complex DORV (double outlet right ventricle) in
general, including cases with a discordant AV connection,
the distance from the crest of the ventricular septum
to the aortic valve (normalized to left ventricular end
diastolic dimension) was predictive of success with
biventricular repair.l?”l Using stratification at the 80%
level, the risk for septation could be predicted with
this measurement, and the authors (a well-experienced
surgical team) concluded that patients failing the test
might be better palliated with a Fontan approach.

In this same regard, a modified Nikaidoh aortic root
translocation plus Senning and RV outflow tract
augmentation might be useful in selected cases of ccTGA
plus VSD with LVOTO and “Rastelli unsuitable” VSD.
Reports are starting to appear in the literature regarding
the modified Nikaidoh strategy in ccTGA hearts, although
at this time the experience is somewhat limited.?82°! In
any case, in spite of its potential utility in selected cases
of ccTGA, the modified Nikaidoh operation shares some
of the problems of other types of anatomic corrections,
and introduces a new variable for case selection as well.

Thus, there are a number of factors to weigh in
decision-making and one must consider the overall
long-term Fontan outcome in comparison to the overall
biventricular repair outcome. One must also consider
the specific suitability of a particular patient for the
Fontan strategy verses suitability for biventricular repair.
Obviously, there will be many patients who straddle the
two groups, and who present the greatest dilemma.

Fontan outcome in more recent era

Critical to the discussion of discussion of suitability of
ccTGA patients for the Fontan strategy is the Fontan
outcome in the current era for non-ccTGA hearts, for which
there is a huge clinical experience. We analyzed Fontan
mortality at the Royal Children’s Hospital (Melbourne)
over the period 1980-1998.3% It was noted that there was
no mortality during the last 6 years of this experience,
and also that there had been a significant improvement
in results at the time of conversion to a strategy using the
bidirectional cavopulmonary shunt as a staging procedure.
In the current era, Fontan operative risk approaches zero
in many experienced centers, owing to refinement of case
selection as well as technical modifications. Longer term
outcome data are also encouraging. The Fontan outcome
for 220 lateral tunnel operations in Boston was summarized
in a 2001 publication by Stamm et al.3" It was noted that
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there was a 91% actuarial survival at 10 years, with an
87% freedom from reoperation. Similarly there was a 91%
freedom from new supraventricular tachyarrhythmia, and
an 87% freedom from new bradyarrhythmia at 10 years.
The sole risk factor for Fontan failure was coarctation
repair prior to Fontan.

In an interesting publication for the Royal Children’s
Hospital (Melbourne) in 2009, it was noted that the
anaerobic exercise threshold for arrhythmia free Fontan
patients operated with the lateral tunnel technique was
relatively well preserved despite a somewhat overall
restricted exercise capacity.’®?! Surprisingly this applied
to patients with all types of ventricular morphologies. As
has been noted in other publications, patients with the
lateral tunnel procedure did better than those with an
atriopulmonary connection. In this report Fontan patients,
provided that they were free of arrhythmias, appear to
have a normal quality of life, as reflected by various
psychosocial assessment instruments used for the study.
These findings may be at odds with commonly accepted
thinking about the Fontan operation and its late outcome.

Comparative data for Fontan and other strategies

Specific data regarding Fontan outcome in ccTGA
compared to that of other repairs is limited to date.
There are no formal prospective studies reported in
the literature. Shin’oka et al. (Tokyo) analyzed the
outcome of definitive surgical repair for ccTGA or double
outlet right ventricle with discordant AV connection in
189 patients.?3¥ Those submitted to a Fontan operation
did at least as well as patients undergoing anatomic repair
in terms of late survival and freedom of reoperation,
with some patients followed beyond 20 years. This
study, according to the authors, failed to demonstrate
the superiority of anatomic over classical repair unless
patients had significant tricuspid insufficiency (TI)
(tricuspid insufficiency) preoperatively. Horer et al.
(Munich) noted that univentricular palliation in ccTGA
resulted in the same or better 10-year survival as did
physiologic and anatomic repairs. Only the presence of TI
was an important predictor for late death.** Hraska et al.
(Boston) noted that among 123 cases of repair of ccTGA,
Fontan patients had a better 5-year survival than those
undergoing physiologic biventricular repair for ccTGA.5%!
Yasuda and associates (Osaka), in their 2007 publication,
noted that exercise test results (notably data concerning
maximum oxygen consumption), were similar for Fontan
patients and those undergoing anatomic repairs for ccTGA
(as compared to physiologic data from other studies).3¢!

This information leads to the inevitable conclusion that
(at least in selected cases) a Fontan operation might be
a better option for some patients with ccTGA, even if
their hearts are potentially septatable. This is a difficult
judgement call, as it has become clear over the years
that the Fontan operation itself certainly does generate
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some late problems, but not in every case, and factors
such as underlying anatomy, initial pre-Fontan palliation
sequence, and other factors are important.

CONCLUSIONS

There are always problems in a complex analysis of this
type. Historically most ccTGA patients having a Fontan
approach have been unsuitable for a biventricular repair
strategy based on anatomic considerations. Most good
Senning Rastelli candidates would also be Fontan suitable
based on accepted criteria, but Fontan data in this group
is actually quite limited due to the enthusiasm over
anatomic repair. Also, Fontan survival in ccTGA patients
might drop off after 20 years as it has for univentricular
hearts in some reports, and this very late outcome data is
not well characterized in the studies cited in the present
analysis. The comparisons are, therefore, complicated
to interpret and somewhat inferential. Table 5 is a
summary of what might be considered the advantages
and disadvantages of the various strategies available to
us. Tricuspid insufficiency could limit Fontan function
in the long term as it has in the physiologic strategies as
the valve is still subjected to systemic pressure (albeit
at reduced volume load). Fontan timing and technique
might have different outcome influence for ccTGA
patients than for other true univentricular variants. One
also wonders if a failing Fontan operation might ever be
converted to a biventricular repair as a salvage option (for
example a Senning Rastelli operation). These questions
will not be answered in the short term, and would require
application of the Fontan strategy to large numbers of
patients of the type currently referred routinely for
anatomic repair, making it an unlikely scenario.

Table 5: Comparison of theoretical advantages
and disadvantages of physiologic, anatomic, and
Fontan repair strategy for patients with ccTGA

Physiologic Anatomic Fontan
Technical ++ ++++ +
complexity
Operative ++ ++ +
mortality
Late atrial baffle n/a + n/a
problems
Late tricuspid +++ + ??
insufficiency
Heart block +++ ++ +
Systemic Right Left Both
ventricle
Ventricular n/a Selected cases with n/a
retraining intact ventricular septum
Septation + +++ (for Rastelli) n/a
complexity
Late morbidity or ++++ ++ +
mortality
Late functional ++++ + +
disability
Reoperation ++++ (for LV-PA ++++ +
probability conduit) (for RV-PA conduit)
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In conclusion, the Fontan sequence may be a reasonable
alternative for selected patients with ccTGA. Certainly,
the Fontan option compares favorably to physiologic
biventricular repair in many patients, but it is not
possible at this to time to definitively argue for or against
the routine use of the Fontan for candidates who are also
suitable for anatomic biventricular repairs.
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