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Dextro-transposition of the great arteries: switching the switch
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Dextro-transposition of the great arteries (D-TGA),
whether isolated (simple) or associated with other
congenital cardiac lesions (complex), is prevalent in 0.2 per
1,000 live births and accounts for 5% to 7% of congenital
heart defects (1,2). Management of D-TGA epitomizes the
remarkable strides achieved in medical and surgical therapy
over time in the broader field of congenital heart disease.
From the original palliative Blalock-Hanlon septectomy to
the modern-day arterial switch operation (ASO), the step-
wise progress reflects an international success story marked
by 65 years of ingenuity, innovation, and collaboration (3).
D-TGA was initially described by Baillie in 1797 (4). In
1950, Blalock and Hanlon reported an atrial septectomy
approach to palliation after Blalock’s assistant had creatively
developed an atrial septal defect model in a mouse (5).
Surgical atrial septectomy was subsequently replaced by
balloon atrioseptostomy, as described by Rashkind and
Miller in 1966 (6). Meanwhile, in Chicago in the 1950s,
Baffes pioneered a surgical procedure with an aortic
homograft to direct flow from the inferior vena cava to the
left atrium, while anastomosing the right pulmonary veins
to the right atrium (7). The first successful atrial switch
procedure was performed in Sweden by Senning in 1957
using atrial flaps (8). In 1963, Mustard in Toronto pioneered
an atrial switch surgery using pericardium (9). The next
surgical milestone was in 1975 by Jatene in Sao Paulo,
Brazil. The ASO was performed in 7 patients, 5 of whom
died during the index hospitalization (10). The major issue
consisted of optimally transferring coronary arteries, which
subsequently inspired the Leiden classification of coronary
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anomalies (11). In 1981, Lecompte in Paris described an
important technical modification that was later adopted
world-wide, the “Lecompte maneuver”, in which the
pulmonary trunk was transferred anterior to the aorta while
avoiding a prosthetic conduit (12). In a case series published
in 1984 by the Boston team, ASO was performed during
the first month of age thereby demonstrating the ability of a
neonatal left ventricle to sustain a systemic circulation (13).

Prior to the Blalock-Hanlon septectomy (5), most
children with D-TGA died during the first month of life.
Survival was somewhat better in patients with an associated
ventricular septal defect (14). Atrial switch surgery
became the procedure of choice for D-TGA until it was
progressively supplanted by the ASO in the 1980s to early
1990s. Today, >60% of patients with D-TGA and Senning
or Mustard baffles remain alive at 30 years of follow-up (15).
In the Annals of Thoracic Surgery, Kiener and colleagues
compared survival with ASO versus atrial switch surgery for
D-TGA that was undertaken between 1982 and 1991 (16).
The initial study period involved only the atrial switch,
whereas at the end of the study period, 90% of surgeries
were ASO. The retrospective study relied on the Pediatric
Cardiac Care Consortium database, which regrouped 47
US centers. Follow-up data on transplantation-free survival
were obtained from the National Death Index (NDI) and
the Organ Procurement and Transplant Network.

The clever methodology allowed outcomes to be
ascertained in a large number of patients decades after
surgery. Additional strengths include the collection of
detailed surgical variables and follow-up durations that
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compare favorably to single center reports (17,18), with
54 of 132 (40.9%) patients with ASO and 150 of 204
(73.5%) with atrial switch surgery followed for >25 years.
Limitations acknowledged by the authors include the lack
of follow-up data beyond deaths and transplantations.
Moreover, 27% of patients had inadequate identifiers to
track deaths, with differential exclusion of younger patients.
The coronary anatomy, a potentially important predictor
of outcomes, was missing in nearly 80% of patients.
Finally, a truly contemporaneous comparison of the two
surgical approaches is not feasible, since one replaced the
other. Spanning a timeframe that includes the transition
period between surgical approaches represents the closest
approximation possible. However, doing so conservatively
favors atrial switch surgery owing to years of experience in
contrast to the newer ASO intervention that is subject to a
learning curve.

Opverall, the proportion of patients with simple (~70%)
versus complex (~30%) D-TGA was similar between ASO
(N=259) and atrial switch (N=295) groups. However,
the prevalence of an atrial septal defect was higher and
pulmonary outflow tract obstruction lower in patients with
ASO. Among patients with known coronary anatomy, an
abnormal pattern was noted in 16%. This rate is lower than
prior reports and should be interpreted within the context
of a high proportion of missing data (18). Differences in
age and weight at surgery, and in the proportion of patients
with a prior balloon septostomy, likely reflect the non-
randomized design with an evolving timing of surgery.
Transplantation-free survival in the ASO population was
consistent with prior reports (2,17,18). Interestingly, it was
not significantly different from atrial switch surgery during
the first 10 years (82.1% vs. 76.3%, P=0.14). Thereafter,
transplant-free survival favored ASO, with an adjusted
hazard ratio of 0.27 (95% confidence interval: 0.09 to 0.81,
P=0.02). Late deaths occurred in 4 of 132 (3.0%) patients
with ASO, with two deemed cardiac related. In contrast,
34 of 204 (16.7%) patients with atrial switch died, 23 from
cardiac causes. Perioperative mortality associated with
ASO was higher than atrial switch (21.6% vs. 12.9%).
Excess mortality in the early adoption phase of ASO
was previously well characterized, and reached 71.4% in
Jatene’s initial reports (19). In a series of 400 patients with
ASO performed at Boston Children’s Hospital between
1983 and 1999, the perioperative mortality rate was
15.1% during the initial 4 years and 3.9% during the last
4 years (18).
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The relatively slow uptake of ASO over a decade of
time reflects concerns about early mortality linked to the
coronary anatomy and transfer. Some experienced surgeons
still recommended atrial switch for patients with complex
D-TGA into the mid-1980s in the absence of long-
term follow-up data (20). The Lecompte maneuver, shift
towards neonatal surgery, and refinement of the coronary
transfer procedure contributed importantly to the success
of ASO. In 2006, the European Congenital Heart Surgeons
Association reported a 6% operative mortality rate, which
was higher in patients with an associated ventricular septal
defect (13%) than simple D-TGA (3%) (21). Villafane et al.
noted 2.9% perioperative mortality with ASO from 2003
to 2007 (2). In the current era, the 20-year survival rate
exceeds 90% (2,18).

In some respects, switching the switch from atrial to
arterial resulted in diametrically opposed patient populations
with D-TGA (Figure I). One has a morphologic right and the
other left systemic ventricle. In one, extensive atrial suture
lines predispose to a high prevalence of atrial arrhythmias,
whereas the other does not involve atrial surgery. Although
the atrial switch has largely been relegated to a historical
note in the pediatric world, adult congenital heart disease
teams face unique challenges encountered in this aging
population. Common complications include sinus node
dysfunction, complex arrhythmias, systemic right ventricular
dysfunction, tricuspid regurgitation, subvalvular pulmonary
stenosis, and baffle obstructions and leaks (15,22-24).
Sixty years later, under-appreciated complications such as
pulmonary hypertension are being characterized (25) and
research forges ahead regarding the pathophysiology and
prevention of sudden cardiac death (26). With regards to
ASO, despite reassuring mid-term outcomes (2,16,18),
it is not impervious to late complications. These include
neopulmonary stenosis, neoaortic regurgitation, neoaortic
root dilatation, supravalvular aortic and pulmonary stenosis,
coronary artery disease, neurodevelopmental abnormalities,
and chronotropic incompetence (18). Follow-up beyond
the 5" decade of life remains unknown. Early screening
and lifelong management of coronary risks factors is
recommended. However, the future will reveal whether
this strategy effectively protects against coronary events.
Although the wisdom in transitioning to ASO is no longer
questioned, caregivers must not cease to learn from this
first cohort of survivors and adapt management strategies
accordingly, as continues to be the case for the atrial switch
population.
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Figure 1 Challenges and outcomes over the lifespan in patients with D-T'GA.
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