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INTRODUCTION: 
The arterial switch operation has been universally recognized 
as the therapy of choice for children born with transposition 
of the great arteries with ventricular septal defect (TGA – VSD) 
[1], intact ventricular septum (TGA- IVS) [2]  or variants with 
an excellent early outcome [3]. The arterial switch operation 
(ASO) ensures “anatomic correction” at the arterial level, has 
been lowered and is consistently below 10% in most contem-
porary series. Most children who have undergone the ASO 
have also enjoyed normal growth, development, and cardiac 
function [4,5,6]. 

Since a neopulmonary trunk needs to be reconstructed in a 
nonanatomical position, neopulmonary stenosis is a frequent 
finding, but it rarely has clinical consequences. Most obstruc-
tions of the neopulmonary trunk are located at the neopul-
monary anastomotic site and are clearly related to inadequate 
growth. 

Right ventricular outflow obstruction is the most frequent 
postoperative complication, occurring with sufficient severi-
ty to require re-intervention in up to 10% of cases.  Usually, 
the obstruction is either at the level of the pulmonary trunk 
or pulmonary bifurcation and, more uncommonly, in the right 
ventricular infundibulum [7]. Conversely, right ventricular out-
flow obstruction resulting from late onset pulmonary valve 
stenosis (previously aortic valve) is exceedingly rare. 

Congenital stenosis of branches pulmonary artery is an un-
common association in TGA, witch compromises the surgical 
outcome of the ASO and has indication for invasive proce-
dures to remodeling the pulmonary trunk and branches.

We report a neonate who had TGA– IVS and multiple pulmo-
nary stenosis,  summited  to surgical correction at Cardiovas-
cular Division of São Paulo Federal University. 

The purpose of this study is to review the long-term outcomes 
in late survivor of the ASO and analyzed  the different proce-
dures used for reconstruction of the pulmonary branches and 
relief gradient RV-PA.

CASE REPORTS
Neonate, M, 5 days old, were referred because of TGA-IVS. 
Significant left ventricle - pulmonary artery (LV-PA) pressure 
gradient was  found during echocardiography; the  cardi-
ac catheterization registered mild  gradient between LV-PA 
(40mmHg) and multiple right and left pulmonary  artery ste-
nosis. (Fig 1)

Figure 1

After successful ASO, employing  Lecompte’s maneuver and 
enlarged  of the right and left pulmonary artery (RPA, LPA) 
branches, in March, 1995,  the neonate underwent clinical 
follow up during which,  a progressive right ventricular out-
flow tract obstruction caused by stenosis of the pulmonary 
trunk (PT) to a lesser extent of the pulmonary branches, was 
diagnosed. 

Balloon  arterioplasty of PT, RPA and LPA, was performed, in 
December, 1998,  at 45 months of follow-up (3 years old), 
because of right ventricular hypertension (RV:LV ratio 0.6). 
After the procedure, the RV:LV ratio dropped to 0.3, and the 
RV–RPA, LPA peak pressure gradient decreased to 15 and 
20 mmHg, respectively. 

Symptoms of tiredness. dyspnea, cyanosis appeared after 72 
months of follow-up (6 years old),  caused by restenosis of the  
pulmonary branches and surgical reconstruction was indicat-
ed. 

Reoperation: Operative technique 
The operation  was performed under the conditions of mod-
erate hypothermic cardiopulmonary bypass (CPB) and beating 
heart. The pulmonary artery  approach was performed with 
vertical arteriotomy, from the supravalvar  area and extended 
through of the pulmonary trunk (PT)  to  distal right and left 
branches.

Multiple bilateral stenosis was detected and submitted to  re-
construction of the PT, RPA and LPA,  using a preserved corru-
gated bovine pericardium pantaloon  patch.

Postoperative  echocardiographic evaluations  showed satisfac-
tory flow form the RV to pulmonary branches.

Computed tomography angiography performed with 192 
months of follow-up (16 years old), detected important loca-
lized bilateral stenosis at the distal portion of the pulmonary 
branches. The PT and proximal RPA and LPA, were well deve-
loped. 
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Pulmonary stenosis is related  to the inadequate growth of the 
pulmonary anastomotic site, or  retraction of  the tissue at the 
junction between the enlarged area (bovine pericardium pa-
tch) and distal pulmonary arteries, induced localized  pulmo-
nary branches stenosis.(Fig 2 A, B, C) 

Figure 2

Endovascular stent implantation in the pulmonary arter-
ies
To endovascular stent implantation for pulmonary artery ste-
nosis, was used a long, large-bore vascular sheath to insure 
precise implantation without embolization or malposition. A 
long vascular sheath, has not difficult to position at distal pul-
monary branches.

A Palmaz  Genesis stent were delivered uncovered on  bal-
loon catheters via short sheaths (6-7 Fr); super-stiff guidewires  
were not necessary. These stents, with a maximal expanded 
diameter of 29 mm, were placed for peripheral pulmonary ar-
tery stenosis. The stents were initially implanted on 8 mm bal-
loon catheters and further expanded.

Stents were placed in the RPA and LPA (Fig 3 A, B, C). Both 
stents were implanted successfully in the desired location 
without stent malposition or embolization. Mean angiographic 
diameter increased from 5.5 to 29 mm and 4.5 to 29 mm, 
respectively. (Fig 3 D)

Figure 2

The peak systolic ejection gradients, between RV-PA, de-
creased from 60 to 40 mm Hg (Table 1). 

The uncovered delivery of the premounted Palmaz Geneis 
stent allowed for precise and safe endovascular stent implan-
tation without the hemodynamic and technical problems asso-
ciated with long vascular sheath usage. This technique is use-
ful for the palliation of pulmonary arteries stenosis and was an 
effective definitive treatment for peripheral pulmonary artery 
stenosis.

Discussion.
The development of pulmonary artery stenosis is a potential 
complication during the mid- to long-term follow-up after 
arterial switch operation (ASO) for transposition of the great 
arteries. Surgical results have been disappointing and con-
ventional balloon dilation yields a fairly important incidence 
of failures and recurrences [7]. Formigari et al [8] evaluated 
the results with implantation of balloon-expandable stents in 
5 out of 13 patients with a previously attempted unsuccess-
ful conventional balloon dilation of pulmonary artery branch 
stenosis after ASO. In two more cases, stents were used as a 
primary procedure. Balloon angioplasty achieved a 15% in-
crease in mean diameter of the stenosis vs. 124% with the 
use of stents (P < 0.01), a 10% decrease of the pressure gra-
dient across the stenosis vs. 71% of stents (P < 0.01), and a 
10% drop in RV/aorta pressure ratio vs. 43% of stents (P < 
0.01). Compared to conventional balloon angioplasty in this 
series, stents were more effective in the treatment of patients 
with peripheral pulmonary artery stenosis after ASO. Balloon 
dilation should be considered in selected cases unsuitable for 
treatment with endovascular stents.

In our experience, form 180 cases of ASO, operated between 
1993 to 2010, 5 (2.77%) patients  were submitted to invasi-
ve procedure for  correction of  supravalvular and pulmonary 
branches stenosis, between 1 month and 192 months, of 
follow-up.  There no death and in all cases the gradient,  be-
tween RV– PA, was alived.

It is possible that, the pulmonary stenosis is related either to 
the inadequate growth of the pulmonary anastomotic site or 
to the inadequate growth of the new right ventricular outflow 
tract in patients with associated aortic arch obstruction [9]. 
Nakanishi et al. [10] observed a small annulus or even growth 
failure of the neopulmonary annulus after the ASO in 18% of 
their series. The reported incidence of pulmonary stenosis var-
ies from 7 to 50% [11].

This case reports,  multiple stenosis of  pulmonary artery bran-
ches, after born. We just employing  combined invasive  treat-
ment,  for correction of pulmonary stenosis, in three step (45, 
72 and 192 months),  after ASO: Balloon  pulmonary  arte-
rioplasty (3 years old), surgical reconstruction of pulmonary 
artery (6 years old) and finally pulmonary stents implanted in 
both branches of pulmonary artery (17 years old).

Actually, the patient is 19 years of age, performs routine acti-
vities without restrictions and exercises with moderate effort, 
without   cardiac medication. In the stress test, He showed: 
good physical fitness in exercise test, there are not myocardial 
ischemia or cardiac arrhythmias    

Conclusion:
Over time, congenital stenosis branches pulmonary artery or 
after ASO, balloon angioplasty, could be the initial treatment 
of choice owing to the high success rate. Surgical interven-
tion is offered to those with pulmonary valve stenosis, having 
pressure gradients of >50 mmHg, and  re-stenosis, after in-
tervention/stent implantation. In this patient, implantation of 
balloon-expandable stents in the pulmonary branches,  with a  
previously attempted unsuccessful conventional balloon dila-
tion and pulmonary artery branches surgical  reconstructions, 
after ASO, had a successful results. 
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