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THE CLASSICAL OPTION FOR SURGICAL REPAIR IN

patients with congenitally corrected transpo-
sition takes advantage of the physiologic cor-

rection provided by nature. At the end of the surgical
procedures, however, the morphologically right ven-
tricle remains as the systemic ventricle. Surgical inter-
vention is essentially the correction of associated
lesions, including closure of ventricular septal defects,
pulmonary valvotomy, placement of a conduit from
the morphologically left ventricle to the pulmonary
arteries, replacement of the morphologically tricuspid
valve, and placement of pacemakers for third degree
atrioventricular block. For many years, the classical
approach was the “standard” surgical approach.1–4

More recently, newer alternatives have become avail-
able, including forms of anatomic repair, the “one-
and-a half” ventricular option, and conversion to the
Fontan circulation. The goal of anatomic repair is to
craft connections such that the morphologically left
ventricle becomes the systemic ventricle. Surgical
techniques that accomplish this are a Rastelli proce-
dure combined with an atrial baffle,5 and the combi-
nation of an arterial switch with an atrial baffle, be it
a Mustard or Senning procedure.6

The “one-and-a half” ventricular option is an inter-
mediate technique between the classical repair and
conversion to the Fontan circulation.7 It is primarily
indicated for patients with congenitally corrected
transposition and pulmonary stenosis, with or with-
out a ventricular septal defect. In this repair, the 

morphologically right ventricle remains the systemic
ventricle, and pulmonary valvotomy is performed.
Because in many of these patients pulmonary valvo-
tomy alone would not be sufficient to decrease the left
ventricular pressures to acceptable levels, a bidirec-
tional Glenn is incorporated and this partially
unloads the morphologically left ventricle. The goal,
however, is to keep the left ventricular pressure suffi-
ciently high to keep the septum in a normal location.
This position of the septum leads to an improvement
in morphologically right ventricular function, and
decreases any tricuspid valvar insufficiency. For the
properly selected patient, this also avoids placement
of a conduit, which can be problematic in this popu-
lation of patients. The alternative of conversion to the
Fontan circulation is particularly appealing for
patients with either complex intracardiac anatomy,
which makes septation difficult, or pulmonary atre-
sia, which requires placement of a conduit.8

Classical repair

There is indirect and direct evidence to support con-
tinued use of the classical repair. The indirect evidence
is the long follow-up available from patients who have
double discordance, but in the absence of associated
lesions requiring surgical intervention. The direct
evidence is the cumulative result of surgical series
using the classical repair, for which there is also a long
follow-up.

To cite some of the indirect evidence, Presbitero
et al.9 reported on 18 patients in whom the mean age
at presentation was 35 years! Symptoms 
in 7 of these patients were caused by third degree
atrioventricular block, in 9 by regurgitation across
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the morphologically tricuspid valve, and by
supraventricular tachycardia, which occurred in all
patients of age greater than 60 years. The patients
were followed and the prevalence of complications in
each decade of life was noted. Third degree atrioven-
tricular block was the earliest complication and was
observed in the first three decades of life in one-fifth
of patients. Morphologically tricuspid regurgitation
tended to begin occurring in the third to fourth
decades of life. Arrhythmias and congestive heart fail-
ure, however, did not occur until the fifth and sixth
decades of life. They concluded that patients with
isolated congenitally corrected transposition have a
good prognosis, especially for the first three to four
decades of life.

Another study, from Toronto,10 identified 52
patients greater than 18 years of age, and of these, 39
were surviving at an age of 32.7 years. Among those
who died, mean age at death was 38.5 plus or minus
12 years, with half of the deaths occurring in patients
less than 40 years of age. The most frequently noted
causes of death were congestive heart failure due to
morphologically right ventricular failure in 5 patients,
and sudden death in 4 patients. This survival curve,
although poor compared to a normal population, must
be considered in the context of survival after paediatric
cardiac surgery. Long-term survival has been analyzed
in Finland following surgical correction of multiple
different congenital cardiac procedures.11 The survival
curves for those with functionally univentricular
hearts, and simple transposition, are not dissimilar
from the survival curve noted for patients with con-
genitally corrected transposition in Toronto.

The direct evidence supporting ongoing use of the
classical option for repair lies in the surgical reviews
from several different centers that used this strategy
in the past. These centres now have extensive long-
term follow-up. Thus, 121 patients underwent sur-
gery at Texas Children’s Hospital between 1952 and
1999.4 Of these patients, 47 underwent classical
biventricular repair. The remaining patients had a
potpourri of operations, including construction of a
modified Blalock-Taussig shunt, banding of the pul-
monary trunk, conversion to the Fontan circulation,
placement of pacemakers, and so on. The operative
mortality in the recent era was 2.5 percent. Survival
at 10-years was 91 percent, and at 20-years was 
75 percent. Risk factors for death included the pres-
ence of a common atrioventricular junction, and poor
preoperative function of the morphologically right
ventricle. At the Mayo Clinic,3 surgical intervention
took place in 111 children between 1971 and 1996 at
a mean age of 9 years, with all patients undergoing a
classical biventricular repair. A ventricular septal defect
was closed in 101 patients, a conduit placed from 
the morphologically left ventricle to the pulmonary

arteries in 65 patients, and 21 patients had replace-
ment of the morphologically tricuspid valve. Early
mortality in the last 10 years of the series, from 1986
to 1996, was 3 percent. At 10 years, two-thirds of
the patients had survived.

A third large surgical experience was reviewed by
the group from Toronto,2 who performed surgery in
127 patients between 1959 and 1997. The majority
had closure of a ventricular septal defect, in 95
patients, and treatment of pulmonary stenosis, with
placement of conduits in 63 patients, and valvotomy
or subpulmonary resection in 7. Third degree atri-
oventricular block was present in 12 percent of the
patients, and 28 percent had significant atrioventricu-
lar valvar regurgitation, with the morphologically
tricuspid valve replaced in 27 patients. The operative
mortality for the first operative procedure was 6 
percent. Late deaths, when occurring, were due to
reoperation, sudden death, arrhythmia, and progres-
sive heart failure. Of those patients only requiring
closure of the ventricular septal defect, three quarters
remained alive 35 years after the initial repair. The
patients who had the poorest outcome were those
who required replacement of the tricuspid valve.
The investigators from Toronto also presented a
meta-analysis of known reports of classical repair,
accumulating 480 patients, with 13 percent opera-
tive mortality. Actuarial survival at 10 years for this
cohort was 70 percent. The overall operative mortal-
ity following classical repair, therefore, can be quite
low, varying from 2.5 to 4 percent. Late problems,
nonetheless, such as morphologically right ventricular
failure, atrioventricular valvar insufficiency, and third
degree atrioventricular block, are interrelated and lead
to a relatively poor survival in the long term. Thus,
actuarial survival at 10 years is 74 percent, but at 20
years is no more than 48 percent. It is these results that
must be compared to the results of other techniques
such as the “double switch,” the one-and-a-half ven-
tricular option, and conversion to the Fontan circula-
tion. A confounding issue, however, is that there is true
long-term follow-up for the classical option, whereas
follow-up for the other alternatives is relatively short.

Anatomic repair

It was these relatively poor outcomes over the long
term that promoted the search for surgical alternatives.
Anatomic repair has the goal of making the morpho-
logically left ventricle the systemic ventricle. As
already discussed, the two primary techniques are
either the Rastelli procedure or an arterial switch
combined with an atrial baffle.5,6 The double switch
is technically feasible in patients who have two func-
tional arterial valves. The Rastelli option is appro-
priate for patients with a solitary functional arterial
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valve. The primary issue with both options is that they
rely on operations already known to have significant
complications over the long tern when applied to
patients with simple transposition. The question is
“do two wrongs make a right?”

First, with regard to the published outcomes of the
anatomic repairs, in the Toronto experience with 127
patients with congenitally corrected transposition, 8
patients had the Rastelli operation, and one patient
had a double switch.2 One of the patients died, giving
a survival of 89 percent. The authors noted that the
double switch carried a higher operative risk than the
classical repair. The combined potential complica-
tions of these procedures are significant. Obstructions
and leaks are known potential complications of atrial
baffling procedures, and atrial arrhythmias occur in
essentially all patients if followed sufficiently long.
Thus, in another series from Toronto,12 the incidence
of atrial arrhythmias at 25 years was greater than 60
percent12 (Fig. 1). Late coronary arterial obstruction
secondary to complications of transfer is a potential
complication of the arterial switch operation, and
obstruction of the right ventricular outflow tract can
be the consequence of reconstruction of the pul-
monary arteries. The Rastelli operation, furthermore,
carries a risk of subaortic stenosis, which developed
early in 3 patients reported from Toronto.2 These
patients may have also suffer ventricular dysfunction
either from the baffle or from enlargement of the ven-
tricular septal defect. Complete atrioventricular block
can also be acquired in these patients. The meta-
analysis reported from Toronto included data on 10
patients who had undergone a double switch, and 48
receiving the Rastelli option. Actuarial survival at
10 years was not available, but overall mortality at
the most recent follow-up was 7 percent.

There are, nonetheless, several studies now of long-
term follow-up of the Rastelli operation for simple
transposition, all describing somewhat disappointing

results. Boston Children’s Hospital13 reported sur-
vival of only half their patients after 20 years. In this
series, sudden death, left ventricular dysfunction,
myocarditis, and complications of conduits were
reported as causes of death (Fig. 2). Of note, there
was no difference in survival for the three different
periods of 1973 to 1979, 1980 to 1989, and 1990 to
1998. Long term results are also reported from the
Mayo Clinic.14 Survival at 20 years was 59 percent.
Causes of late death were arrhythmia, congestive heart
failure, pulmonary hypertension, and myocardial
infarction. For corrected transposition, Ilbawi et al.15

have reported intermediate results in 12 patients
undergoing anatomic correction. Operative mortality
was 9 percent, the incidence of surgical atrioventricular
block requiring pacemaker was 9 percent, and superior
caval venous obstruction occurred in 9 percent of the
patients. It was necessary to replace the conduit in 5
patients (45 percent) at a mean of 5 years. The investi-
gators at Boston Children’s Hospital have also recently
summarized their experience with anatomic repair for
congenitally corrected transposition.16 They per-
formed surgery in 44 patients between 1992 and
2005, using the Rastelli option in 23 and the double
switch in 21. Early mortality was 4.5 percent. Left
ventricular function, however, had deteriorated in
almost one-fifth of the cohort after a median follow-up
of only 2.7 years. This was particularly associated with
the patients requiring a Rastelli procedure, and those
who required a pacemaker.

In summary, therefore, it would appear that the
operative mortality of anatomic repair is either slightly
higher or similar to that of classical repair. There will
be a need to replace conduits in all patients in whom
they have been inserted, and left ventricular dysfunc-
tion at intermediate follow-up is already seen in one-
fifth. Atrial arrhythmias must be anticipated in at least
half at 10 years, and the incidence of baffle obstruc-
tions may be from 10 percent to 15 percent after 10
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Figure 1.
Kaplan-Meier estimates of late survival free of loss of sinus rhythm
after the Mustard procedure. Top and bottom lines indicate 95%
confidence intervals. (Reprinted with permission from the American
College of Cardiology Foundation.)
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Figure 2.
Overall survival following Rastelli repair with 95% confidence
limits out to 20 years. (Reprinted with permission from the
American Association for Thoracic Surgery.)
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years. These patients are also at risk for coronary arte-
rial stenosis. Long-term follow-up of patients under-
going anatomic repair is just now becoming available,
and it will prove interesting to compare the results to
the known long term outcomes of classical repair.

One-and-a half ventricular repair

We initially began utilizing this option for repair
because neither the classical nor anatomic alterna-
tives seemed optimal for these patients.7 The idea
behind the repair is that, in many of these patients, a
pulmonary valvotomy alone is inadequate to provide
an acceptable pressure in the morphologically left
ventricle. The ideal left ventricular pressure in these
patients, however, is different than in, for example,
repair of tetralogy of Fallot, where one would aim for
a low pressure in the subpulmonary ventricle. The goal
in a patient with congenitally corrected transposition
is to keep the pressure sufficiently high to maintain
the septum in the midline. This midline location will
improve morphologically right ventricular function,
and decrease the amount of morphologically tricuspid
insufficiency. The bidirectional Glenn, or superior
cavopulmonary, anastomosis will unload the morpho-
logically left ventricle sufficiently so that, despite the
residual pulmonary stenosis, the left ventricular pres-
sure will be acceptable.

The importance of septal location has been known
for some time. Patients who have had a prior atrial
baffle procedure for simple transposition have been
treated by banding the pulmonary trunk in prepara-
tion for eventual conversion to an arterial switch. This
experience revealed that, in many cases, as the left
ventricle expanded in size with the increased afterload
from banding, the septum shifted back to the mid-
line.17,18 This was associated with a striking decrease
in the degree of tricuspid valvar insufficiency, and an
improvement in right ventricular function.

Another advantage of the one-and-a-half ventricular
option for the select patient is that it will avoid the
placement of a conduit from the left ventricle to the
pulmonary arteries. Placement of conduits frequently
means that the tube crosses the midline, with the
potential that it may be compressed by the sternum,
leading to early failure.19 It can also cause coronary
arterial compression, leading to myocardial ischaemia
and ventricular dysfunction. Changes of conduit are
particularly dangerous when they cross beneath the
sternotomy incision.20 Avoidance of a conduit, there-
fore, is a distinct advantage of the one-and-a half
ventricular approach. A further problem with the
conduit in classical repairs is that, since it unloads
completely the left ventricle, it allows the septum to
shift too far into the left ventricular cavity, splaying
open the morphologically right atrioventricular valve,

and leading to valvar insufficiency and a progressive
feedback loop of greater insufficiency and worsening
ventricular function. We have now employed the
one-and-a-half ventricular option in 7 patients.21 Their
mean age at the time of surgery was 5.8 plus or minus
4.5 years, with a range from 6 months to 11.5 years.
Of the patients, 3 had co-existing ventricular septal
defects and pulmonary stenosis, while 4 had isolated
pulmonary stenosis. Previous operations had included
construction of a modified Blalock-Taussig shunt in
2 patients, and pulmonary valvotomy and pulmonary
arterioplasty in 1 patient each. Our objective was to
close the ventricular septal defect, and relieve obstruc-
tion across the morphologically left ventricular 
outflow tract by subpulmonary resection and/or
valvotomy (Figs. 3 and 4). We unloaded the volume
on the morphologically left ventricle by the bidirec-
tional Glenn so as to lower the left ventricular pressure,
aiming to achieve a ratio to morphologically right ven-
tricular pressure of 0.5 to 0.75. There was no early or
late mortality, and there were no episodes of surgical
atrioventricular block. The systolic left ventricular
pressure measured preoperatively by cardiac catheteri-
zation was a mean of 98 millimetres of mercury.
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Figure 3.
Diagrammatic representation of a pulmonary valvotomy being per-
formed through the pulmonary trunk in a patient with congenitally
corrected transposition, ventricular septal defect, and pulmonary
stenosis. The bidirectional Glenn anastomosis has been completed,
and the ventricular septal defect closed through the right atrium.
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Following the one-and-a-half ventricular repair, this
had fallen to 60 millimetres of mercury, with the mean
pressure in the superior caval vein measured at 13 mil-
limetres of mercury. Reoperation was needed in one
patient for recurrent pulmonary stenosis. All patients
are currently doing well at a mean follow-up of 33
months, with a range from 4 to 66 months.

Conclusions

Classical repair of patients with congenitally cor-
rected transposition leaves the morphologically right
ventricle fulfilling a systemic role, and consists of
operative repair of the associated lesions, such as ven-
tricular septal defect, pulmonary stenosis, morpho-
logically tricuspid regurgitation, and third degree
atrioventricular block. The mortality of these inter-
ventions is quite low, albeit that there is a known
poor, but not completely unacceptable, long-term
outcome. When combined with a bidirectional Glenn
procedure to produce a one-and-a-half ventricular
option, classical repair can be very efficacious in suit-
ably selected patients, since not only does the proce-
dure maintain the septum in the midline, improving
right ventricular and tricuspid valvar function, but it
can also avoid placement of a conduit from the left ven-
tricle to the pulmonary arteries. Although anatomic
repair, with either a double switch procedure or an
atrial redirection combined with the Rastelli proce-
dure, is becoming increasingly popular, the long-term
complications remain unknown. These options
include two operations that are known to harbour

significant complications over the long term, leav-
ing the question “do two wrongs make a right?”
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The completed one-and-a half ventricle repair. Abbreviations:
Ao: aorta; IVC: inferior caval vein; LV: left ventricle; PA: pul-
monary trunk; RA: right atrium; RV: right ventricle; SVC: supe-
rior caval vein.
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