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Background: The arterial switch operation (ASO) has become the preferred method for surgical correction
of transposition of the great arteries (TGA) and Taussig-Bing anomaly. This study was aimed to analysis the
early and mid-term results of patients receiving ASO for TGA and Taussig-Bing anomaly in our institute.
Methods: A single-institution retrospective study was conducted to assess cardiovascular outcomes after
ASO between January 2007 and December 2013. A total of 119 consecutive patients were included in this
study. The median age at operation was 30 days (range, 1 day-8 years), the median weight was 3.8 kg (range,
2.0-23.0 kg). The ventricular septum was intact in 59 (49.6%) patients, 43 (36.1%) had ventricular septal
defect, and 17 (14.3%) had a Taussig-Bing anomaly. We followed up patients with echocardiography. Special
attention had been paid to the neo-aortic regurgitation and pulmonary stenosis.

Results: In hospital deaths occurred in 10 (8.4%) patients. The most cause of death was low cardiac output
due to deconditioning of the left ventricle and myocardial infarction. Echocardiographic data after ASO were
collected in 93 (85.3%) patients at a mean duration of 60.7+20.2 months. Among them, 4 (4.3%) patients had
moderate to severe neo-aortic regurgitation, 1 (1.1%) patient had moderate tricuspid regurgitation, 4 (4.3%)
patients had moderate pulmonary regurgitation; 1 (1.1%) patients had moderate pulmonary stenosis and no
patients had severe stenosis. Only two patients required a surgical reintervention.

Conclusions: The early mortality rate has decreased and the most cause of death was low cardiac output.
The outcomes of the ASO using our reconstruction and reimplantation techniques were excellent and the

reoperation rate was very low in the early and mid-term follow-up.
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Introduction the current operation mortality is low and the late results
are satisfactory (2,3), there are still some complications

Since its inception in 1975 by Jatene and colleagues (1), the influencing the outcomes of the procedure. The reported

arterial switch operation (ASO) has become the preferred common complications include neoaortic root dilation
method for surgical correction of transposition of the and regurgitation, neopulmonary stenosis and obstructive

great arteries (T'GA) and Taussig-Bing anomaly. Although coronary disease (4,5).
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Tablel Baseline characteristics
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TGA/VSD (n=43) Taussig-Bing (n=17)

Variables TGA/IVS (n=59)
Age* (days) 21 (14, 30)
Male sex, n (%) 50 (84.7)
Weight (kg) 3.60+0.67
Associated malformations, n (%)
Aortic arch anomaly** 0 (0.0)
LVOT gradient =50 mmHg 0(0.0)
Mirror-image dextrocardia 0 (0.0)
Pulmonary artery sling 0 (0.0)

60 (30, 120) 90 (35, 365)
36 (83.7) 13 (76.5)
5.71+3.96 6.30+4.02
1(2.9) 4 (23.5)
2 (4.7) 0(0.0)
1(2.3) 0(0.0)
0(0.0) 1(5.9)

*, non-normally distributed continuous variables are presented as median and interquartile range (25th, 75th percentile); **, aortic arch
anomaly includes aortic coarctation and interrupted aortic arch. TGA, transposition of the great arteries; IVS, intact ventricular septum;

VSD, ventricular septal defect; LVOT, left ventricular outflow tract.

Transfer of the coronary artery origins is key to a
successful ASO. Coronary artery reimplantation to the
neoaorta has been performed by different techniques
including various shaped button techniques and the trap
door technique (6). In our department of Wuhan Union
Hospital, we have employed split incision for coronary
reimplantation. This technique can alleviate the coronary
artery tension and avoid coronary artery distortion or
obstruction while it also enlarges the neoaortic root and
increases the risk of aortic regurgitation. The classical
technique for pulmonary artery reconstruction is
single pantaloon pericardial patch technique. Reported
augmentation techniques for the neopulmonary artery
include the direct anastomosis and extended pericardial
patch technique (7,8). We have employed extended fresh
pericardial patch for neopulmonary artery reconstruction.
The purpose of this study was to investigate early and mid-
term outcomes using our reconstruction and reimplantation
techniques.

Methods
Study population

We conducted a retrospective review of patients who
underwent ASO with the diagnosis of d-T'GA or Taussig-Bing
anomaly at Wuhan Union Hospital between January 2007
and December 2013. A total of 119 consecutive patients
were included in the study. Patients with various forms of
TGA undergoing palliative ASO, double-switch operation,

and Nikaidoh procedure were excluded from this study.
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The median age at operation was 30 days (range, 1 day—
8 years). Among them, 13 (10.9%) patients were older than
6 months. 8 (6.7%) patients were older than 12 months.
The median weight was 3.8 kg (range, 2.0-23.0 kg).
Patient characteristics are depicted in Table 1. The
ventricular septum was intact in 59 (49.6%) patients,
43 (36.1%) had ventricular septal defect, and 17 (14.3%)
had a Taussig-Bing anomaly, 5 (4.2%) patients had aortic
arch anomalies, 2 (1.7%) had a left ventricular outflow
tract gradient >50 mmHg, 1 (0.8%) had mirror-image
dextrocardia and 1 (0.8%) had pulmonary artery sling. The
study was conducted in accordance with guidelines from the
Committee on Clinical Investigation and approved by the
institutional review board.

According to the Leiden classification (9), the majority
of patients had 1LCx-2R pattern. Ten (8.4%) patients had
coronary arteries that originated from a single sinus and
4 (3.4%) patients had intramural coronary artery anatomy.
The coronary anatomy of the patients was shown in 7izble 2.

Surgical technique

Surgery was performed via a median sternotomy under
standard moderate hypothermic cardiopulmonary bypass
(CPB) with cold cardioplegic arrest. Before initiation of
CPB, the aorta was dissected from aortic root to aortic arch,
the main pulmonary artery and branch pulmonary arteries
were dissected free to the hilum of the lung, allowing
optimal mobility after the LeCompte maneuver. Mean
pulmonary artery pressure (nPAP) was measured by using
a needle inserted into the root of the pulmonary artery
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Table 2 Coronary anatomy (Leiden standard of classification)

Xiao et al. Single-center experience with ASO

Coronary anatomy TGA/IVS (n=59) TGA/VSD (n=43) T-B (n=17) Total (n=119), n (%)
1LAD, Cx; 2R 39 32 9 80 (67.2)
1LAD; 2R, Cx 6 3 4 13(10.9)
1LAD, R; 2Cx 1 2 0 3(2.5)
1R; 2LAD, Cx 2 3 2 7 (5.9)
1LAD, Cx, R 2 0 0 2(1.7)
2LAD, Cx, R 4 0 0 4 (3.4)
2LAD, Cx; 2R 1 0 0 1(0.8)
1LAD; 1R, CX 0 1 0 1(0.8)
1R, Cx; 2LAD 0 1 1 2(1.7)
1Cx; 2R, LAD 1 0 1 2(1.7)
1LAD, R; 2Cx (intramural RCA) 1 0 0 1(0.8)
1LAD, Cx, R (intramural RCA) 1 0 0 1(0.8)
2LAD, Cx, R (intramural LAD) 1 1 0 2(1.7)

TGA indicates transposition of the great arteries; IVS, intact ventricular septum; VSD, ventricular septal defect; T-B, Taussig-Bing anomaly;
LAD, left anterior descending; Cx, left circumflex artery; R, right coronary artery.

and connected to a pressure transmitter and piezometer.
After myocardial arrest with cold blood cardioplegia, the
ductus arteriosus was cut and sutured, the intracardiac
anomaly was corrected. For patients of T'GA/ventricular
septal defect (TGA/VSD) and Taussig-Bing anomaly with
severe pulmonary hypertension (PH), partial closure of
VSD with a fenestrated patch was applied with subsequent
closure of the remaining defect by surgical or interventional
methods. Then the aorta and pulmonary arteries were
divided, and the coronary arteries were removed to the
aorta using split incision. Specially, make a vertical incision
(not a button) in proximal pulmonary artery (neo-aortic
root), replant the coronary arteries directly. A LeCompte
maneuver was then performed. The distal ascending aorta
was anastomosed to the neo-aortic root. With the aortic
clamp off, the neopulmonary sinus defects were repaired
with two individual autologous pericardial patches,
extended posteriorly to lengthen the pulmonary artery. No
patients underwent a preliminary pulmonary artery banding
procedure in this study.

Postoperative management

Arterial blood pressure and central venous pressure
were continuously monitored on a routine basis, and
transcutaneous blood oxygen saturation and surface
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electrocardiogram were measured. Inotropic agents and
nitroglycerin were routinely used to maintain adequate
arterial blood pressure and prevent coronary artery spasm.
All infants were sedated with fentanyl, pipecuronium
bromide, and midazolam. Patients with PH were given
prolonged ventilation support (more than 48 hours) and
intravenous prostaglandin E1. Iloprost was also given by
atomization inhalation for severe PH. If mean pulmonary
arterial pressure estimated by echocardiography still
remains moderate or even severe, oral sildenafil or bosentan
was administered. A few patients with persistent PH
after discharge were administered with oral sildenafil or
bosentan for months or even years and followed up using
echocardiography to estimate PH.

Follow-up

Eligible candidates were identified by searching institutional
databases in the Departments of Cardiac Surgery. Inpatient
chart review allowed description of perioperative events.
Patient follow-up and need for reintervention were
determined from outpatient clinic charts. Our primary
end point was in-hospital deaths, secondary end points
were postoperative valve dysfunction, pulmonary artery
stenosis and need for reoperation. Patients were contacted
by telephone and echocardiography was performed.

7 Thorac Dis 2018;10(2):732-739



Journal of Thoracic Disease, Vol 10, No 2 February 2018

Postoperative echocardiograms were analyzed for the
valve function and neo-pulmonary artery, especially for the
incidence and severity of aortic insufficiency and pulmonary
stenosis. The gradient of aortic regurgitation was classified
as either trace, mild, moderate, or severe depending on
the ratio of the width of the regurgitant jet to the diameter
of the left ventricular outflow tract (10). The gradient of
tricuspid regurgitation and pulmonary regurgitation were
also classified as either trace, mild, moderate, or severe
depending on Doppler findings. In addition, neopulmonary
stenosis was classified depending on Doppler findings as
trivial (transpulmonary peak gradient <25 mmHg), mild
(25 to 49 mmHg), moderate (50 to 79 mmHg), or severe
(>79 mmHg) (11). Echocardiography were performed
perioperatively, before discharge, and then 3 or 6, and
12 months post-operatively, and annually thereafter.

Statistical analysis

Continuous variables are summarized by mean + standard
deviation or median and interquartile range (IQR: 25th,
75th percentile) depending on normality of distribution.
Categorical variables are represented by frequencies and
percentages. Baseline comparisons between patients with
D-TGA and intact ventricular septum, ventricular septal
defect, and Taussig-Bing anomaly were performed by one-
way analysis of variance (ANOVA), Kruskal-Wallis tests, or
Fisher-Freeman-Halton tests, where appropriate. All tests
used a significance level of P<0.05.

Results
In-hospital deaths

In hospital deaths occurred in 10 (8.4%) patients after ASO.
The mortality rate of TGA/IVS, TGA/VSD and Taussig-
Bing were 5.1%, 9.3% and 17.6%, respectively (P=0.288).
The in-hospital mortality rate decreased significantly
over time, from 25.0% (2 of 8) in the first year [2007] to
5.6% (1 of 18) in the final year [2013]. Almost patients
died within 24 hours after the operation. The most cause
of death was low cardiac output due to deconditioning of
the left ventricle and myocardial infarction. Seven patients
were applied with a fenestrated patch when VSD repaired
and 1 died of severe PH. The mortality rate of patients
with abnormal coronary anatomy was higher than those
with normal coronary anatomy (20.5% vs. 6.3%, P=0.04).
The patient with left ventricular outflow tract obstruction,
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mirror-image dextrocardia and the one with pulmonary
artery sling all died. The detailed information about early
deaths in hospital was shown in 7able 3.

Outcomes

Follow-up was available for 93 (85.3%) patients at a mean
duration of 60.7£20.2 months. The follow-up content
included valvular function and pulmonary artery stenosis.
From the most recent transthoracic echocardiogram, aortic
regurgitation was absent in 44.1% (n=41) of patients,
trace in 36.6% (n=34) of patients, mild in 15.1% (n=14)
of patients, moderate in 3.2% (n=3) of patients and severe
in 1.1% (n=1) of patients. Figure 1 showed that neoaortic
regurgitation (neoAR) increased progressively over time
after the ASO. Tricuspid regurgitation was absent in 40.9%
(n=38) of patients, trace in 54.8% (n=51) of patients, mild
in 3.2% (n=3) of patients and moderate in 1.1% (n=1) of
patients, no patients had severe tricuspid regurgitation. For
neopulmonary valve, a total of 61 (65.6%) patients had no
regurgitation, 21 (22.6%) patients had trace regurgitation,
7 (7.5%) patients had mild and 4 (4.3%) patients had
moderate pulmonary regurgitation, no patients had severe
pulmonary regurgitation. A total of 88 (94.6%) patients had
no or trivial pulmonary stenosis, 4 (4.3 %) had mild stenosis,
1 (1.1%) had moderate stenosis and no patients had severe
stenosis (Figure 2). The majority of patients had the highest
gradient at the origin of pulmonary branch artery, especially
right pulmonary branch artery.

There were 2 (2.2%) patients required a surgical
intervention. One patient was diagnosed as TGA/VSD with
PH, there was a mild aortic regurgitation after his ASO.
"Two years later he underwent an interventional closure for
residue VSD. The aortic regurgitation progressed to severe
and left ventricle enlarged, so he underwent an aortic valve
replacement operation 5 years later. The patient recovered
well and 3 months later after the second operation,
transthoracic echocardiogram showed left ventricle ejection
fraction was 60%, left ventricle end-diastolic diameter
shrinks from 4.9 to 3.6 cm. The other one was diagnosed
as TGA/VSD with coarctation of the aorta, underwent a
surgical intervention for residual coarctation of the aorta.

Discussion

Since Jatene performed the first successful ASO in 1975,
survival rates have improved with refinement of surgical
techniques and improved medical management. It was
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Table 3 Early deaths in hospital

Xiao et al. Single-center experience with ASO

. Aortic cross-
Number Group Age Coronary artery pattern Other anomalies clamping/CPB time Cause of death
1 TGA/IVS 4 days 1LAD, Cx, R No 70 min/2 h 15 min Myocardial infarction
2 TGA/IVS 25 days 1LAD, Cx; 2R No 50 min/2 h Deconditioning of the
Lv
3 TGA/IVS 32 days 1R; 2LAD, Cx No 1h/1 h 48 min Deconditioning of the
Lv
4 TGA/NSD 38 days 1LAD, Cx; 2R Mirror-image 1 h 29 min/5 h 36 min Difficult to wean from
dextrocardia CPB
5 TGA/NSD 24 days 1LAD; 1R, Cx No 1 h 55 min/3 h 5 min Myocardial infarction
6 TGA/NSD 3 months 1LAD, Cx; 2R LVOT gradient 2 h 20 min/3 h 20 min Low cardiac output
=50 mmHg syndrome
7 TGA/NSD 6 years 1LAD, Cx; 2R No 90 min/2 h 20 min Severe pulmonary
hypertension
8 T-B 48 days 1LAD; 2R, Cx Pulmonary artery 1 h 25 min/3 h 8 min Respiratory failure
sling
9 T-B 2 years 1LAD; 2R, Cx No 2 h 10 min/3 h 10 min Difficult to wean from
CPB
10 T-B 2.5 1R; 2LAD, Cx No 45 min/2 h 40 min Respiratory failure
months

TGA, transposition of the great arteries; IVS, intact ventricular septum; VSD, ventricular septal defect; T-B, Taussig-Bing anomaly; LAD, left
anterior descending; Cx, left circumflex artery; R, right coronary artery; LV, left ventricle; CBP, cardiopulmonary bypass.

60

- Postoperative

- The latest follow-up

Number of patients

Mild Severe
Different grades of aortic regurgitation

Trace Moderate

None

Figure 1 Change of neoaortic regurgitation from postoperative
to the latest follow-up echocardiography. The rate of moderate
to severe aortic valve regurgitation was low with our coronary

reimplantation techniques.

recently reported that mortality rate has decreased as low
as 1.4% (12). However, the ASO remains one of the most
complex neonatal operations. In this study, we reviewed
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Figure 2 Distribution of maximal transpulmonary continuous-
wave-Doppler gradient (mmHg) at the latest follow-up

echocardiographic examination.

early and mid-term results of patients receiving ASO in
our department. It included three groups of TGA/IVS,
TGA/VSD and Taussig-Bing anomaly, with a median age
older than previous reports (13,14). The overall in hospital
mortality rate is 8.4%, similar to the mortality rate reported
by Rudra et /. (13) and it has decreased to 5.6% in 2013.
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One cause of death is difficulty with coronary artery
transfer which resulting in myocardial ischemia after the
operation. Although recent reports suggested that coronary
artery pattern was not a predictor of mortality in early
postoperative period (15,16), we still thought that unusual
coronary artery anomaly (single coronary artery, intramural
coronary artery anatomy, etc.) could increase the difficulty
of coronary artery transfer and increase the mortality.

For TGA/IVS, the main reason for early mortality is
deconditioning of the left ventricle. The upper age limit
for a primary ASO for TGA/IVS is 3 weeks. Beyond
3 weeks, left ventricle becomes measurably thinner and left
ventricle pressure lower than two-thirds systemic pressure.
Consequently, either an atrial switch operation (Senning
or Mustard), or a two-stage procedure involving the use of
a pulmonary artery band to prepare the left ventricle for
a later ASO, should be advocated (17,18). However, late
referral of patients with TGA/IVS is common in China.
In early periods, we didn’t perform pulmonary artery band
procedure for some infants beyond the neonatal period,
which led them died of left ventricle failure. It should be
avoided in the future.

In infants with TGA plus VSD or TBA, ASO should
also be performed as early as possible (preferably within
3 months, but no later than 6 months after birth) to
avoid early and rapid development of pulmonary vascular
obstructive disease (19,20). For infants brought to the
hospital beyond the optimal surgical window, we performed
partial closure of VSD with a fenestrated patch, which
gave them a chance to a surgery. In our study, most of
them recovered well, but for patients with severe PH, it
is obviously a great risk for operation and need careful
monitoring. Right heart failure will occur slowly although
targeted PH therapies were given. In addition, accompanied
malformations and pulmonary infection also can increase
the mortality rate.

NeoAR is a common complication after ASO. The risk
factors for neoAR development are reported to be arterial
size discrepancy, previous pulmonary artery band, older age
at time of ASO, presence of VSD and the trap-door type
of coronary reimplantation (6,21-23). In our study, there
was a relatively high incidence of trivial or mild aortic valve
regurgitation, but the rate of moderate to severe aortic
valve regurgitation was low. Only one patient underwent
reoperation due to aortic valve regurgitation. This patient
had a moderate VSD and was one and a half years old
at the operation, a residue VSD was retained during the
ASO because of PH, all of these can be the risk factors for
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neoAR. Another suspicious factor may be the coronary
reimplantation technique. We employed split incision
for coronary reimplantation, which will decrease the risk
of coronary distortion on the one hand, but enlarge the
neoaortic root and increase the risk of aortic regurgitation
on the other hand. Lim ez /. showed that neoAR was
significantly correlated with the size of aortic sinus and
aortic sinotubular junction over time (14). Formigari et 4/. (6)
suggested the trap-door type of coronary reimplantation is
associated with an increased risk for valvular dysfunction,
possibly because of a distortion of the sinotubular junction
geometry. For this reason, they recommend the punch
technique for repair in all but the most complicated
coronary pattern. Our previous studies also suggested that
more consideration should be given to sinus diameter and
sinotubular junction diameter when we performed aorta
reconstruction (24,25). However, it should be mentioned
that our surgical reintervention rate for neoaorta wasn’t
higher than previous reports (13,22,26), therefore, our
technique for coronary reimplantation didn’t influence
aortic valve function actually in early and mid-term
although we still need long-term follow-up. It is probably
because of our control of sinotubular junction diameter.
In our study, there was also some incidence of tricuspid
regurgitation and pulmonary regurgitation occurred. It is
related to the older age at operation for some patients. This
part of patients always had PH, which will induce tricuspid
and pulmonary regurgitation. The only solution to avoid it
is to operate earlier.

Pulmonary artery stenosis is reported to be the most
frequent cause for reintervention (27,28). The obstruction
was commonly located in the main pulmonary artery or
proximal branches, but valvular and subvalvular stenoses
were also observed (28). In our study, most patients had
the transpulmonary gradient less than 25 mmHg, only one
patient had moderate pulmonary stenosis and no patients
need reinterventions. This probably related to the surgical
methods and material we used for pulmonary artery
reconstruction. Classic pulmonary artery reconstruction
is generally achieved by filling the defects after coronary
ostia explantation with a single inverted bifurcated
glutaraldehyde-treated pericardial patch (pantaloon) or with
two separate button-shaped pericardial patches. We used
two fresh pericardial patches and also extended the length
of pulmonary artery. Different with glutaraldehyde-treated
pericardial patch, the fresh pericardial patch has the feature
of elasticity, therefore, the pulmonary stenosis barely
occurred in pulmonary trunk.
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In conclusion, our study showed that the in-hospital
mortality rate decreased significantly over time, the most
causes of death were postoperative myocardial infarction
and deconditioning of the left ventricle. The outcomes of
the ASO were excellent and the reoperation rate was very
low in the early and mid-term follow-up for these relative
elder infants.
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