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Pulmonary artery banding in a
modified Mustard operation improves
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ABSTRACT
Patients with transposition of great arteries, with intact interventricular septum (TGA-IVS) and
deconditioned left ventricle, represent a considerable challenge in developing countries. The
modified Mustard operation was shown to provide a significant improvement for these patients,
particularly by enhancing atrial functions and left ventricular filling. Yet, the problems of the
systemic right ventricular dysfunction and the resulting secondary tricuspid regurgitation (TR)
remain to be of major concern. In addition, the deviation of the interventricular septum towards
the left side markedly impairs ventriculo-ventricular interaction and predisposes to dynamic
left ventricular outflow tract obstruction (LVOTO). We report that adding a moderately loose
pulmonary artery banding to the modified Mustard operation in a case of TGA-IVS results in
improvement of biventricular geometry and function, tricuspid and mitral valve functions and
disappearance of dynamic LVOTO.
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Figure 1. Theory for the establishment of a vicious circle secondary to septal shift.

INTRODUCTION
The modified Mustard operation is being increasingly used for patients with TGA
and intact interventricular septum (TGA-IVS) with encouraging results.1–4 One of the
main objectives of this operation is to improve left ventricular (LV) filling and volume
by enhancing the conduit, reservoir and contractile functions of the atrial channels.
However, the shift of the IVS is known to increase tricuspid regurgitation due to tethering
of the tricuspid septal attachments. The latter can establish a vicious circle producing
further dilatation of the right ventricle (RV) and tricuspid regurgitation (TR) (Figure 1).
The shift of the IVS interferes with the physiologic ventriculo-ventricular interaction.5,6 In
addition, in patients with dynamic left ventricular obstruction, LV filling and volume are
hampered by the bulge of the interventricular septum into the LV cavity. We hypothesized
that moderately loose banding of the pulmonary artery can interrupt this vicious circle
and abolish the dynamic LVOTO. In support of this hypothesis, we here report the
immediate hemodynamic effects of loose PA banding during modified Mustard, in a
patient with severe TR and dynamic LVOTO.

PATIENT AND METHODS
A 6-year-old male patient presented with long-standing cyanosis and clubbing. He had
a previous history of balloon atrial septostomy at the age of 5 days. Oxygen saturation
was 60% and hemoglobin level was 20.3 gm/dl. Echocardiogram showed complete
transposition of the great arteries with intact inter-ventricular septum and adequate-sized
ASD. The right ventricle was dilated with moderate impairment of systolic function and
severe tricuspid regurgitation (Figure 6A). The IVS was deviated towards the left with
systolic anterior motion of the anterior mitral leaflet, causing dynamic LVOTO with peak
gradient of 30 mmHg and moderate mitral regurgitation (Figures 6A and 7A).
The patient had modified Mustard operation 1 and tricuspid valve annuloplasty. After
discontinuing cardiopulmonary bypass, a moderately loose pulmonary artery banding
was applied under trans-esophageal echo guidance. The systolic pressure proximal to
the band (i.e., LV pressure) was 50 mmHg, with systolic aortic pressure of 90 mmHg. The
peak gradient across the band was 35 mmHg (Figure 4).
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Figure 2. A. Preoperative septal position was deviated towards the left side as shown in trans-
thoracic echo (subcostal short-axis view). B. Post-operatively, there was considerable deviation
of the septum towards the right side when compared to the pre-operative position.

Figure 3. A. Pre-banding ‘‘banana-shaped’’ LV as shown by per-operative trans-esophageal
echo. B. Increased LV inflow diameter with ‘‘normalization’’ of LV shape after banding.

HEMODYNAMIC, GEOMETRIC AND FUNCTIONAL EFFECTS OF PULMONARY ARTERY
BANDING
A. Position of interventricular septum
Before the operation, the IVS was shifted to the left side. After PAB, the septum was
central denoting increased LV pressure (Figure 2).

B. Left ventricular size and shape
The preoperative banana-shaped left ventricle was transformed to have a much better
volume after the operation. The increased volume was associated with preserved ejection
fraction (Figure 3).

C. Right ventricular size and shape
The pre-banding right ventricular globular geometry changed to a ‘‘normalized’’ triangular
shape (Figure 2).
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Figure 4. Early post-operative CT image showing the
degree of tightness of the pulmonary artery band.

Figure 5. A. Pre-operative color doppler showing severe TR. B. Post-banding image with trivial
TR (arrow). RV: Right ventricle, PV: Pulmonary venous channel.

D. Tricuspid valve function
There was severe tricuspid regurgitation pre-operatively. Post-operatively, the TR was
trivial. This is the combined effect of the annuloplasty and the decreased tethering due
to the effect of the septal shift towards the right (Figure 5).

E. Mitral valve function
Pre-operatively, there was systolic anterior motion of the anterior mitral leaflet causing
moderate mitral regurgitation. This has markedly diminished post-operatively without
any surgical intervention to the mitral valve itself. The septal shift abolished the systolic
anterior motion (Figures 6 and 7).

F. Left ventricular outflow tract
The dynamic LVOTO caused by the combined septal deviation and the systolic anterior
motion virtually disappeared with laminar flow across the LVOT (Figure 8).
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Figure 6. A. Diagram showing the mechanism of mitral regurgitation secondary to systolic ante-
rior motion of the anterior mitral leaflet. B. Post-banding higher LV pressure causes septal devia-
tion and restored competence of the mitral valve.

Figure 7. A. Pre-banding color flow mapping echocardiogram showing moderately severe, poste-
riorly directed mitral regurgitation. B. Post-banding image shows trivial residual mitral regurgita-
tion.

Figure 8. A. Pre-banding echo image showing the dynamic LVOTO with turbulent flow. B. Post-
banding image showing wide LVOT with laminar flow.

DISCUSSION
Late presenters with TGA-IVS and deconditioned LV continue to represent a major
challenge in developing countries.7 These patients are classically treated with atrial
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switch operation which is perceived as an inferior option to the arterial switch operation
(ASO) because of the reported continued deterioration in late survival and quality of life.8

Trying to improve outcome, we have recently described a modification of the Mustard
operation aiming to improve atrial functions and pattern of left ventricular filling.1 Yet,
the failing systemic RV and significant TR continue to be major problems .9,10,11 In an
attempt to solve these problems, we have used additional pulmonary artery banding
in the patient described in this communication. This was accompanied by significant
improvement of geometry and function of both ventricles.

Interestingly, similar changes have been reported when pulmonary artery banding
(PAB) was used to re-train the LV in patients who had previous atrial switch or have
congenitally corrected TGA (cc-TGA) and presented with failing systemic RV.12–15 This
was in line with studies reporting the natural history of cc-TGA, showing patients with
pulmonary stenosis developed symptoms later, were less handicapped and had a better
prognosis than those without pulmonary stenosis.16

In conclusion, the findings reported in a single patient strongly suggest that additional
PA banding should be considered in patients undergoing the modified Mustard opera-
tion, particularly those with impaired RV function, TR or dynamic LVOTO.
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