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Background: This study was undertaken to evaluate 
the new method for the reconstruction of the pulmonary 
artery in arterial switch operation (ASO).

Methods: A total of 108 consecutive infants with 
congenital heart disease were treated with ASO in our 
department between January 2004 and June 2012. The 
new pulmonary arterial root was reconstructed with a 
fresh autologuos pericardium which was clipped pants-
like with continuous mattress suture of 6-0 Prolene 
thread. Patients were reexamined consecutively at 3 
and 6 months and 1, 2 and 6 years after discharge. 
The pulmonary arterial blood velocity was measured 
by continuous Doppler during systole. The pulmonary 
fl ow of healthy children of same age was also measured 
in the control group. Simplified Bernoulli formula 
was used to calculate the pressure gradient via the 
pulmonary artery for determining whether there was 
pulmonary stenosis.

Results: In this series, 96 infants survived after the 
surgery and 88 were followed up with a mean peirod of 
(22±4) months. No pulmonary stenosis was detected with 
the simplifi ed Bernoulli formula.

Conclusion: No pulmonary stenosis was detected with 
the simplifi ed Bernoulli formula.
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Introduction

Arterial switch operation (ASO) has become the 
operative procedure of choice for infants born 
with transposition of the great arteries (dTGA) 

and certain forms of double outlet right ventricle (DORV) 
with subpulmonary ventricular septal defect (VSD). 
Over the past three decades, the results of ASO have 
progressively improved. However, it is reported that 
pulmonary artery stenosis is still the most commonly 
encountered complication after ASO.[1-5] Pulmonary 
artery stenosis may occur in various ways. This study 
aimed to evaluate the new method for pulmonary artery 
reconstruction in arterial switch operation in a single 
center.

Methods
Patients
There were 108 consecutive infantal patients (95 were 
males and 13 females) who had undergone ASO for 
dTGA or DORV with subpulmonary VSD (Taussing-
Bing heart) between January 2004 and June 2012. In 
this series, 96 patients had dTGA and 12 had DORV 
with subpulmonary VSD. Their mean age and mean 
body weight at the time of ASO were 18±21 days and 
3.8±1.0 kg, respectively.

Operative techniques
Repair was performed with cardiopulmonary bypass 
(CPB) under moderate hypothermia (rectal temperature 
26ºC-30ºC).  Standard median sternotomy was 
performed. The pericardium was incised from the right 
side and lifted to the sternum, while the left portion 
was reserved for further use. The ductus arteriosus 
was ligated and severed at the beginning of CPB. 
The pulmonary arteries were dissected down to the 
pulmonary hilum to gain a sufficient length. The aorta 
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and main pulmonary artery were transected above the 
semilunar valves. The coronary arteries were translocated 
to the native pulmonary root. The Lecompte manoeuvre 
was performed. The neoaortic root was anastomosed 
to the ascending aorta.[1,4,5,6] The new pulmonary root 
was reconstructed with previously reserved left side 
fresh autologuos pericardium, which was clipped like 
pantaloon and with continuous mattress suture of 6-0 
Prolene thread (Fig.). After the reconstruction of the 
pulmonary root, the proximal and distal pulmonary 
anastomosis was fashioned using continuous suture of 
6-0 Prolene. Atrial septal defects or ventricular septal 
defects were closed. The aortic cross clamp was released 
after deaeration. CPB was discontinued once rewarming 
and resumption of heart function were adequate. Blood 
was ultrafiltered with a filter set in the cardiopulmonary 
circuit during CPB to reduce the amount of interstitial 
edema. The sternum was usually left open for two to 
three days because of hemodynamic instability between 
January 2004 and Decemeber 2010,[7] and routine 
primary chest closure from January 2011.

Echocardiographic measurements
Postoperative pulmonary flow velocity was measured 
with echocardiography by a single observer blinded to 
outcome. A continuous Doppler was used to measure the 

pulmonary flow velocity during systole. The pulmonary 
artery pressure gradient was calculated with the simplified 
Bernoulli formula. Pulmonary artery pressure gradient 
>30 mmHg indicates pulmonary stenosis at peak systole.

Statistical analysis
Statistical analysis was performed using SPSS 11.0 
software. All descriptive data were expressed as mean±SD. 
Student's t test was used to compare values in the present 
study with those of normal children matched for age and 
weight taken from the published normal values.[8] A 
P≤0.05 was considered statistically significant.

Results
Of the 108 infants, 96 survivors were included in 
the present study. A total of 220 echocardiogram 
examinations were performed in 88 (91.7%) of the 96 
survivors at the postoperative follow-up visits. Follow-
up time ranged from 3 to 72 months, with a mean of 
22±4 months. The number of patients who were tested 
with echocardiography during 3 months<age≤5 months, 
5 months<age≤9 months, 9 months<age≤1.5 year, 
1.5 year<age≤4 year, and 4 year<age were 88, 67, 45, 
20, and 10, respectively. The follow-up outcomes of 
the patients are shown in Table. The pulmonary flow 

Variables
Age at follow-up 
3 mon<age≤5 mon 5 mon<age≤9 mon 9 mon<age≤1.5 y 1.5 y<age≤4 y >4y

n 88 67 45 20 10
0.7<V≤1.3 79 52 33 15   6
1.3<V≤2.16   9 15 12   5   4
MPFV(m/s)   1.18±0.25   1.27±0.46   1.44±0.43   1.30±0.32   1.54±0.38
TPAP (mmHg)   4.80±3.40   6.50±3.60   9.20±3.30 11.30±4.20 12.80±5.40

Table. The follow-up outcome of patients 

MPFV: mean pulmonary fl ow velocity; TPAP: trans-pulmonary arterial pressure; V: velocity of fl ow.

Fig. A: Fresh autologuos pericardium was clipped like pantaloon and traction fours corner for fl at; B: Patch straddling sewn at the commissure of 
the sinus wall; C: The new pulmonary root was reconstructed.
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velocity was 0.70-2.16 m/s. The mean trans-pulmonary 
gradient increased with age, but no pulmonary stenosis 
was found using the simplified Bernoulli formula so far. 
Three patients showed insufficiency of mild pulmonary 
arterial valve but no patient had moderate or severe 
insufficiency.

Discussion
Pulmonary artery stenosis is widely recognized as the 
most frequent complication after ASO, and the reported 
incidence ranges considerably from 3% to 30%.[1-5] 
Different mechanisms of publmonary artery stenosis 
have been reported.

An important cause might be the employed 
technique for the reconstruction of the pulmonary 
artery. The tension at the anastomotic site has 
been recognized as a possible adjunctive factor for 
inadequate somatic growth at the suture line. Such a 
tension is higher when a direct anastomosis is made 
between the distal and proximal ends of the pulmonary 
artery.[2] Moreover, the size discrepancy between 
the aorta and the pulmonary artery before operation 
makes the reconstruction of the pulmonary artery more 
difficult and, it may cause troubles and do harm to 
the growth of the pulmonary artery.[1,8] Other possible 
mechanisms may be the presence of ductal tissue 
which may cause the so called "coarctation" of the 
left pulmonary artery and the "bowstring" of the left 
pulmonary artery over the aorta after the Lecompte 
manoeuvre, resulting in significant flow asymmetry 
especially when the distal pulmonary artery is not 
extensively mobilized.[3,4,9]

In our patients, the ductus arteriosus was severed 
at the beginning of CPB to avoid ductal tissue-caused 
"coarctation" of the pulmonary artery. We dissected 
the pulmonary arteries down to the pulmonary hilum 
to gain a sufficient and tension-free length after the 
Lecompte manoeuvre.

We reconstructed the pulmonary arterial root 
using a pantloon-like fresh autologuos pericardium 
with continuous suture of 6-0 Prolene thread to avoid 
pulmonary artery stenosis. The "pantaloon patch" 
has two characteristic advantages. First, it helps to 
maintain the support structure of the pulmonary artery. 
And the middle cut section of the patch riding on the 
junction of the sinus wall with cross-stitch acts as a 
pedicle that supplies blood and nutrition and promotes 
pulmonary artery endothelial cell growth and spread 
to patch formation. The fresh autologous pericardium 
patch was preferred in promoting pulmonary artery 
endothelial cell growth and spread to patch treated 
with 0.6% glutaraldehyde in the long run. Adachi 

et al[10] found that the autologous pericardium patch 
with a pedicle has the growth. Second, the "pantaloon 
patch" technique provides an additional length for a 
complete pulmonary circumferential anastomosis and 
tissue quantity to the proximal neopulmonary root, and 
reduces the tension at the anastomotic site. We also 
used continuous screwy suture of 6-0 Prolene thread 
between the distal and proximal ends of the pulmonary 
artery. The suture is actually spiral, and like a spring 
it stretches out of straight as the vessels enlarge under 
blood pressure, whether it is a fracture of fine 6/0 and 
7/0 polypropylene thread that permits the growth.[11,12]

The blood speed at pulmonary artery anastomosis 
was 0.70-2.16 m/s. At 22±4 months after ASO, the mean 
pulmonary flow velocity was 1.31±0.40 m/s, which 
implied the trans-pulmonary gradient was calculated 
12.8±5.4 mmHg using the simplified Bernoulli 
formula. The mean trans-pulmonary gradient increased 
significantly as in our series. The data of Yamaguchi 
et al[13] suggested that supravalvular obstruction after 
ASO is progressive with age. The fact that none of 
our patients had pulmonary artery stenosis so far was 
encouraging. However, as the follow-up time was 
relatively short, long-term follow up is needed for 
understanding more on pulmonary arteries after ASO.
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