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Abstract

The rapid two-stage arterial switch operation is an alternative therapy for patients with
simple transposition of the great arteries who present beyond the neonatal period and have
low left ventricular pressure. It provides normal ventricular function compared to the atrial
switch operation. Between July 1994 and February 1997, there were 13 such infants who had
rapid two- stage arterial switch operation performed at Siriraj Hospital. There was 1 late death
(11 months after the operation). All 12 survivors (mean age 22.4+5.7 months) were clinically
evaluated and had echocardiography performed at 14.8+4.9 months after the operation. All
were asymptomatic. Echocardiogram revealed a residual small atrial septal defect (1 case), small
ventricular septal defect (1 case), mild supravalvar neopulmonary stenosis (2 cases), bicuspid
neoaortic valve without stenosis (2 cases), dilated neoaortic sinus of Valsalva (6 cases, 50%)
and mild neoaortic insufficiency (11 cases, 91.7%). The left ventricular function was hyper-
dynamic after pulmonary artery banding and significantly decreased to normal level at the time
of study (shortening fraction of 43.8+10.7 vs 29.2+3.8%, respectively, p = 0.0005). The wall
thickness was significantly increased after pulmonary artery banding and decreased overtime
(0.48+0.08 vs 0.32+0.05 cm, respectively, p < 0.0005). The left ventricular dimension was
significantly increased both after pulmonary artery banding and at the time of study (2.06x0.42
vs 3.32+0.30 cm, respectively, p < 0.0005). The left ventricular mass was significantly
increased after pulmonary artery banding and at the time of study (21.79+7.79 vs 33.08+7.40
g/m2, respectively, p = 0.0005). The mortality and morbidity of rapid two-stage arterial switch
operation are low. However, long-term follow-up should be monitored.
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The rapid two-stage arterial switch opera-
tion (ASO) is an attractive therapy for developing
countries, lacking of centers offering ASO, where
a number of infants with simple transposition of
the great arteries (TGA) are referred beyond the
first month of life. Preservation of systemic ven-
tricular function is expected with the ASO com-
pared with atrial switch operation(1). There are an
increasing number of reports that show good early
and late results of ASO for simple TGA by either
a primary or two-stage ASO(2-4). At Siriraj Hos-
pital, we started to perform rapid two-stage ASO
in patients with simple TGA who presented late
and had low left ventricular pressure in July 1994.
The purposes of the present study were to evaluate
the results (approximately 1 year after the opera-
tion) including 1) the parameters obtained by echo-
cardiography: the left ventricular wall thickness,
dimension, mass, function and interventricular sep-
tal thickness compared to the parameters obtained
after the first stage operation (pulmonary artery
banding, PAB). 2) the outcome, residual lesion and
complication of the rapid two-stage ASO, such as
supravalvar stenosis and neoaortic regurgitation.

PATIENTS AND METHOD

All 13 patients who had undergone the
rapid two-stage ASO for simple TGA (with intact
ventricular septum or insignificant left-to-right
shunt of ventricular septal defect) at Siriraj Hospital
between July 1994 and February 1997 were enrolled
in the present study. The specifics of this patient
population including anatomic variations, preopera-
tive clinical data, operative procedure, serially echo-
cardiographic evaluation before and after the first
stage operation and the immediate results of the
operation have been reported in detail elsewhere(5).
Every patient was clinically evaluated and per-
formed echocardiographic examination at approxi-
mately 1 year after the ASO.

Echocardiographic assessment: All patients
were sedated with chloral hydrate 50-75 mg/kg.
The echocardiographic examination was performed
with a Hewlett-Packard Sonos 1000 (Hewlett-
Packard Co., Palo Alto, Calif). The examination
included two-dimensional, Doppler, color-flow
mapping and M-mode echocardiographic imaging
in parasternal long and short axis, apical and sub-
costal views. The basic studies included assessment
of residual anatomic defects, and valvular function.
The presence and severity of neoaortic insuffi-
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ciency were assessed by color Doppler echocardio-
graphy and graded on a four-point scale by measur-
ing the size of the proximal regurgitant jet width
(absent; upto 4 mm, mild; 4 to 6 mm, moderate;
> 6 mm, severe)(6). M-mode echocardiography of
circular short axis left ventricle was obtained in
parasternal short axis view. Measurements were
obtained by averaging data from three cardiac
cycles at the end of diastole included left ventricu-
lar short-axis dimension, posterior wall thickness,
interventricular septal thickness. The left ventri-
cular mass was calculated by the formula of Deve-
reux and associations(7). The shortening fraction
was also calculated. All these parameters were
compared to those obtained after the PAB and the
last parameter was compared to those obtained
initially before the operation.

Statistical analysis

The categorical variables were presented
as count. The continuous variables were presented
as mean + SD and compared by using the Student's
t-test for paired samples. The left ventricular mass
of 3 values; initial before the operation, after pul-
monary artery banding and at the time of the study,
were compared by using ANOVA analysis for
repeated measurements. P value of less than 0.05
was considered significant.

RESULTS

During the study period, 13 patients under-
went rapid two-stage ASO. There was 1 late death
at 11 months after the surgery because of persis-
tent pulmonary hypertension and intractable right
heart failure. Therefore, only 12 cases of survivors,
comprising of 5 females (41.7%) and 7 males
(58.3%) were evaluated. The mean age was 22.4
+ 5.7 months with the range from 16 to 35 months.
The mean duration between the second stage, ASO
and the time of the present study was 14.8 + 4.9
months with the range from 11 to 25 months. All
were asymptomatic. One case had improved, his
hemiparesis had not fully recovered, however, he
can walk and has normal intelligence. Systolic
murmur, not greater than grade II, was heard over
the left sternal border in 4 cases. Other physical
examination was normal.

Echocardiographic evaluation: The abnor-
mal findings of two-dimensional and Doppler
echocardiography are shown in Table 1. Every case
has normal atrioventricular valvar function. All
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Table 1. Summary of two-dimensional and Doppler echocardiographic findings in our patients.

Findings n %

Small atrial septal defect (5 mm) 1 8.3
Small ventricular septal defect (2 mm) 1 8.3
Supravalvar neopulmonary stenosis* 2 16.7
Bicuspid neoaortic valve** 2 16.7
Dilated sinus of Valsalva of neoaortic valve 6 50.0
Aortic insufficiency, mild 11 91.7

* Mild pressure gradients were obtained (16 and 30 mmHg, respectively) at anastomotic site.

** no stenosis

Table 2. The comparison of echocardiographic parameters obtained after the first stage, pulmonary
artery banding (PAB), and at the present study (post ASO) of our patients (n=12).

Variables Post PAB Post ASO P value
Shortening fraction (%) 27.80-63.2 (43.8+10.7) 26.10-39.0 (29.2+3.8) 0.0005
LVPW (cm) 0.40-0.67 (0.48+0.08) 0.24-0.41 (0.32+0.05) < 0.0005
LVID (cm) 1.00-2.67 (2.06£0.42) 2.98-4.07 (3.32+0.30) < 0.0005
IVT (cm) 0.44-0.62 (0.5120.07) 0.24-0.57 (0.44£0.10) 0.077
LV mass (g/m2) 7.30-36.37 (21.79+7.79) 21.05-44.71 (33.08+7.40) 0.0005

LVPW, left ventricular posterior wall thickness; LVID, left ventricular internal dimension; IVT, interventricular septal thickness

cases except one have mild neoaortic (native pul-
monary valve) regurgitation by color-flow mapping.
Focusing on native pulmonary valve by retrospec-
tive reviews of initially echocardiographic studies
(before the surgery), there was only 1 case with
mild regurgitation, 1 case with asymmetric (eccen-
tric) valvar closure and 2 cases with bicuspid valve.

The left ventricular function was near
normal or normal in every case with the mean
shortening fraction of 29.2+3.8 per cent. The wall
thickness was significantly increased after the
PAB(5) and significantly decreased at the time of
the study (p < 0.0005, Table 2). The internal dimen-
sion was significantly increased both after the
PAB(S) and at the present study (p < 0.0005), as
shown in Table 2. The left ventricular mass was
significantly increased after the PAB(S) and at the
present study (p = 0.0005). The interventricular
septal thickness was not significantly increased
after the PAB(S) and decreased overtime (p =
0.077).

DISCUSSION

Arterial switch operation has recently been
the treatment of choice for simple transposition of
the great arteries either by a primary or two-stage
approach(2.8.9). Banding of the pulmonary artery
(the first stage) to induce left ventricular hyper-
trophy followed by ASO (the second stage) within
1-2 weeks has been performed when a primary
ASO was considered high risk because of inade-
quate left ventricular hypertrophy(10.11), In the
present study, the left ventricular mass, reflecting
the hypertrophy, was significantly increased after
pulmonary artery banding(3) and at follow-up. The
banding interval should be minimized as soon as
possible as previously reported to reduce risk fac-
tors for late dysfunction(l11). Ventricular hyper-
trophy secondary to an acute pressure stimulus may
also be associated with focal areas of necrosis,(12)
and limitations of coronary vascular reserve(13).
However, the immature myocardium is relatively
resistant to the adverse effects of hypertrophy that
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have been described in mature animals(14,15),
Ventricular function may be adversely affected in
some individuals by a two-stage approach com-
pared with a primary approach(16,17). Higher rate
of acquisition of ventricular mass after pulmonary
artery banding, a higher ratio of left ventricular to
right ventricular pressure before ASO and a lower
ejection fraction after pulmonary artery banding
were found to be associated with lower ventricular
contractility at late follow-up(10). Later age of
pulmonary artery banding and longer duration of
the left ventricular preparatory period were iden-
tified as factors that might adversely affect late left
ventricular function(16-18), In the present study,
taken as a group, the left ventricular function was
supranormal after the pulmonary artery banding(5)
and significantly reduced to normal level at the
time of the study, as in previous reports(10,19).,
The left ventricular dimension was also signifi-
cantly increased and the posterior wall thickness
correlated inversely with follow-up, as in the pre-
vious report(lo).

The frequency of mild versus no neoaortic
regurgitation was significantly higher in the rapid
two-stage ASO group than one-stage ASO(1,19).
The cause is uncertain, however, the possibilities
are 1) intrinsic difference between the native aortic
and pulmonary valves, which might lead to intole-
rance of the anatomic pulmonary valve to the force
of the systemic circulation as shown in patients
with other congenital heart diseases up to 60 per
cent of cases(6). Observations of pathologic speci-
mens from patients with dTGA have suggested
that the pulmonary valve cusps are not equal in
size, leading to eccentric closure(20). 2) the sur-
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gical procedure itself could contribute because the
neoaortic root is abnormal as a result of the coro-
nary reimplantation sites and the aortic circum-
ferential suture line. 3) the pulmonary artery band-
ing may directly damage the valve mechanism(1).
However, the degree of dysfunction was mild and
did not progress on serial evaluation(1). In the
present study, although the majority of our patients
(91.7%) had neoaortic regurgitation, not greater
than mild degree by color-flow mapping echocar-
diography, the auscultatory findings and clinical
were normal.

All of our survivors were asymptomatic
after the second stage ASO. There was 1 case of
late death, and 1 case of residual hemiparesis which
may have been caused by clot embolization during
the operation, as described elsewhere(5).

SUMMARY

Presently, the rapid two-stage arterial
switch operation is an attractive therapy in deve-
loping countries for patients with simple transpo-
sition of the great arteries who present late and
have low left ventricular pressure. It preserves
ventricular function. The complication is low;
such as supravalvar neopulmonary stenosis.
Although the neoaortic regurgitation is frequently
demonstrated by color-flow echocardiography, the
clinical finding is insignificant. However, long-
term follow-up should be monitored.
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