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Abstract

We utilised a cast preoperatively prepared on the basis of the patient’s computed tomography
data to clarify unusual orientation of the great arteries (transposition of great arteries,
coarctation of the aorta, and abnormally branching central pulmonary arteries) in a 2.2-kg
neonate. The three-dimensional model was very useful for designing the surgical procedure –
being easy to handle for real and precise simulation of the reparative manoeuvres.

We herein report a surgical case in which precise preoperative simulation was very useful
using a three-dimensional model in a small neonate having transposition of the great
arteries (TGA), coarctation of the aorta (CoA), and low take-off of the right pulmonary
artery (PA).

Clinical summary

A female infant was born at a local hospital (gestational age 38 weeks and 1 day, the
Caesarean section, body weight 2.2 kg) without antenatal diagnosis. She was blue, and even-
tually diagnosed as having TGA associated with severe CoA on echocardiography. She was in
a mild shock status because of restrictive persistent ductus arteriosus on arrival to our insti-
tution. Prostaglandin infusion was started immediately and her circulation could be stabi-
lised. A laid-back coronary arteriography illustrated the right-hand facing sinus of the
aorta giving rise to the right coronary artery together with the left anterior descending artery
while the left circumflex artery coming off from the left-hand facing sinus. Furthermore,
three-dimensional computed tomography (CT) demonstrated low take-off of the right PA
and counter-clockwise rotation around the PA bifurcation (Fig 1a). Precise assessment
was established using a patient-specific three-dimensional model created on the basis of
her data set (Fig 2). Because of those combined anatomical features, we considered that pri-
mary repair should be pertinent, rather than initial palliative surgery such as CoA repair or
bilateral PA banding, even in a neonate less than 2.5 kg.

Surgical technique

Surgical repair was carried out at the age of 16 days. The aortic arch was reconstructed by
means of the extended end-to-end anastomosis in a standard fashion. The ascending aorta
was transected 6 mm above the aortic valve. The orifice for the left circumflex artery was
extremely small – far smaller than considered prior to surgery. The PA trunk was divided
at the bifurcation level, leaving a triangular sleeve of the posterior wall tissue of the right
PA to the pulmonary trunk as a flap. This flap was fixed so as to augment the defect related
to the right PA originating just above the sinus of the pulmonary valve. Thus, the neo-aortic
root provided an unobstructed channel with the pulmonary valve intact.1 A pair of the coro-
nary arterial (CA) cuffs was translocated into the left-hand facing sinus when viewed from
the neo-aortic root because commissural mismatch was obvious between the aortic and pul-
monary valves. The cuff for the greater CA orifice was implanted in a trap-door fashion, and
the other by simple translocation anastomosis. The defects where the CA cuffs were harvested
were reconstructed using a glutaraldehyde-treated autologous pericardium. The central PA
was placed anteriorly (the so-called Lecompte manoeuvre); initial counter-clockwise twist
around the PA bifurcation was naturally relieved. An unobstructed neo-pulmonary tract
was readily reconstructed using a fresh autologous pericardial patch.

Three-dimensional CT performed at 1 month subsequent to repair showed an excellent
result (Fig 1b). Transthoracic echocardiography showed no stenosis at each orifice of trans-
planted CA, and no flow acceleration across the distal arch or the bifurcation of the PA.
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Figure 1. (a) Preoperative three-dimensional computed
tomography. (b) Postoperative three-dimensional computed
tomography.

Figure 2. A patient-specific three-dimensional model was
developed using data based on routine preoperative scan-
ning of computed tomography (1 mm-thick slices). RPAO;
right pulmonary arterial orifice.
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Discussion

When TGA is complicated with co-existing CoA and unusual PA
orientation, surgical strategy and reparative techniques become
somehow challenging.2,3 In particular, residua or sequelas would
be more frequent in small infants weighting less than 2.5 kg.4 In
our patient, preoperative simulation using a model appeared
greatly helpful to design incision lines.5 The chosen method turned
out to be appropriate for reconstruction of the pathways across the
great arteries.

On the contrary, resolution was not adequately fine for the CA in
this size of the heart. Preoperative CTwas carried out by the paediatric
cardiologist purposing to visualise the aortic arch and the site ofCoA in
a routineway. Accordingly, CT sliceswere set at 1mm thick.We could
have obtained a finer image if we had arranged scanning width as thin
as 0.5mm or even thinner aiming at construction of a more detailed
three-dimensional model from the beginning. Even with 1-mm-thick
slices, however, the data set became rather large – to say nothing of
finer resolution. Furthermore, total irradiation for ultra-thin slices
should have been greater than that for ordinary diagnosing purpose.
Resolution and irradiation issue need to be considered sensibly.

The heart cast created in the present study was made of flexible
urethane – sufficiently soft to manipulate. The structural features
can be examined precisely. The surgeon is actually able to put inci-
sions for surgical simulation. These are benefits. It costed 200,000
JPY. According to the company, the cast can be created within
100 hours. Technology might make these conditions more reason-
able in the future.
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