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Surgical Outcomes of Arterial Switch Operations in
Southern Thailand: A 15-Year Experience from
a University Hospital
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of Medicine, Prince of Songkla University, Hat Yai, Songkhla, Thailand

Background: Transposition of the great vessels (TGA) is the second most common congenital cyanotic cardiac defect in infants. Fortunately,
correction via arterial switch operations (ASO) is possible.

Objective: To review the early experiences of a university hospital in Southern Thailand performing ASO. Factors associated with 90-day survival
were analyzed and compared with three anatomical subtypes of dextro-transposition for TGA, TGA with intact ventricular septum (TGA/IVS),
ventricular septal defects (TGA/VSD), and Taussig-Bing anomaly (DORV/TGA).

Materials and Methods: Patient electronic medical records with TGA having undergone ASO at Songklanagarind Hospital, Thailand, between
2010 and 2024 were retrospectively reviewed. The primary outcome measurement was 90-day survival. Survival outcomes, re-operation, and
complications were also analyzed. Data were compared between those with good and poor outcomes, and among types of TGA.

Results: Over the 15-year period, 78 consecutive cases were identified: TGA/IVS 48 (61.5%), TGA/VSD 20 (25.6%), and DORV/TGA 10 (12.8%).
Median age at operation was 15 days (interquartile range 9.25 to 26.25), with the DORV/TGA group being the highest (45 days). Overall, the
90-day survival rate was 65.4%: trending towards improved survival over time. Surgical complications, especially valvular complications and
pulmonary hypertension, were significantly associated with the 90-day mortality odds ratio. Pre-ASO balloon atrial septostomy was performed
in 42.3% of cases, with the TGA/IVS group having a significantly higher frequency. The Kaplan-Meier survival curves indicated poorer survival in
the DORV/TGA group, although the difference in survival probability among the three groups was not statistically significant. Patients receiving
pre-ASO interventions had significantly higher survival rates.

Conclusion: Patient survival for TGA having undergone ASO improved with the learning curve. Perioperative care, especially pre-ASO intervention
and early operation, may be the key to improving outcomes.
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Congenital cardiac anomalies represent a
significant burden on global healthcare systems,
with transposition of the great vessels (TGA)
having a particular impact"?. TGA occurs in 4.7
cases per 10,000 live births and is the second most
common cyanotic cardiac defect after tetralogy
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of Fallot®. In this condition, the aorta arises from
the right ventricle, and the pulmonary artery
arises from the left ventricle, resulting in parallel
circulation and inadequate oxygen delivery®.
There are two main types of TGA: dextro-transposition
(D-TGA), which accounts for more than 90% of
cases, and the rarer type, levo-transposition (L-TGA).
In D-TGA, the aorta is connected to the right
ventricle, and the pulmonary artery is connected to
the left ventricle. In this type, deoxygenated blood
from the body is pumped back into the body, and
oxygenated blood from the lungs is pumped back
into the lungs. Systemic oxygenation is maintained
through intracardiac shunting, such as through a
patent foramen ovale or ventricular septal defect
(VSD). The Taussig-Bing anomaly is a rare variant
of D-TGA. It is characterized by a double outlet
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right ventricle (DORV), subpulmonic VSD, and
malposition of the great arteries. The less common
type is L-TGA, also known as congenitally corrected
transposition, where the aorta is connected to the left
ventricle, and the pulmonary artery is connected to the
right ventricle®®. This critical condition necessitates
timely surgical intervention to ensure survival and
improve the quality of life of affected infants. In
general, the current survival rate of children with
TGA is more than 90% after corrective surgery”.
The arterial switch operation (ASO) has emerged
as the gold standard treatment for TGA, aiming
to restore normal anatomical and physiological
relationships. This complex procedure involves
transection and re-implantation of the great arteries,
coronary artery transfer, and reconstruction of the
ventricular outflow tracts®. A successful ASO
results in the aorta arising from the left ventricle and
pulmonary artery arising from the right ventricle;
therefore, establishing normal serial circulation®.
However, despite significant advancements in
surgical techniques and perioperative care, ASO
is associated with potential complications, such
as coronary artery insufficiency, supravalvular
pulmonary stenosis, and ventricular dysfunction®.
The outcomes of ASO can vary depending on
factors, including TGA type, anatomical variations,
pre-operative conditions, surgical expertise, and
institutional resources. While early mortality rates
have significantly decreased over the years, long-term
complications and the need for re-operation remain
of concern®!V. Understanding the determinants of
in-hospital mortality, identifying risk factors for
re-operation, and evaluating the overall surgical
outcomes are crucial for improving patient care
in addition to optimizing resource allocation.
The present study aimed to examine the determinants
of in-hospital mortality, the 90-day mortality, and the
subsequent need for re-operation at a single-center
institution in Southern Thailand. Additionally, the
authors reported on the overall surgical outcomes
of patients who underwent ASO over a 15-year time
period. By analyzing this comprehensive dataset,
the authors aimed to contribute to the existing
literature as well as to provide valuable insights into
the management of TGA within the authors’ region.

MATERIALS AND METHODS

Ethical approval for the present study was
obtained from the Human Research Ethics Committee,
Faculty of Medicine, Prince of Songkla University,
under protocol number REC.65-443-10-1.
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Electronic medical records of pediatric patients
aged less than 30 days who were diagnosed with
TGA and underwent ASO at Songklanagarind
Hospital were retrospectively reviewed. The analyses
focused on patient demographics, anomaly types,
preoperative conditions and interventions, surgery,
and postoperative complications. The main outcome
studied was the 90-day mortality, which indicated
the survival status of the patients on day 90 after the
operation. Operative death indicated death occurring
within 24 hours of the operation. Preoperative
interventions included prostaglandin therapy and
balloon atrial septostomy (BAS). Postoperative
complications and re-operation included those that
occurred within 90 days postoperatively.

From the hospital information system, the
extracted data were collected in a database file.
Data pre-processing was performed using Microsoft
Excel (Microsoft Inc.) and then imported into Stata,
version 14 (StataCorp LP, College Station, TX,
USA), for analysis. Continuous data were presented
as medians, with interquartile ranges (IQRs), or
means with standard deviations according to their
distribution patterns. Comparisons were made using
analysis of variance or the Wilcoxon rank-sum test.
Categorical data were presented as percentages and
were compared using the chi-squared or Fisher’s
exact test, as appropriate. The association between
postoperative complications and the 90-day mortality
was assessed using univariate logistic regression
analysis.

RESULTS

Seventy-eight infants, including 31 females
and 47 males, with TGA underwent surgery during
the study period. The median age at operation was
15 days (IQR 9.3, 26.3), and the median weight on
the operation date was 3,020 g (IQR 2,813, 3,492)
(Table 1). The median gestational age of the patients
was 39 weeks (IQR 38, 40). Sixty-one patients (79.2%)
experienced episodes of cyanosis (SaO: <85%)
preoperatively. On echocardiography, the median
preoperative ejection fraction was 75% (IQR 70, 78).

Before definitive surgery, 44 patients (56.4%)
received prostaglandin E2 (PGE2) therapy, and
33 (42.3%) underwent BAS, of which 21 (26.9%)
underwent both interventions. In most patients who
received PGE2 (41 out of 44), the therapy began
within the first day of life. Moreover, the mean
duration of BAS was 4.5 days (range 0 to 34).

There were six operative deaths (7.7%). The
90-day survival rate was 65.4%. The number of
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Table 1. Comparison of the preoperative clinical characteristics between cases with outcomes

All Operative survival p-value 90-day survival p-value
All; n (%) 78 (100) 72 (92.31) - 51 (65.38) -
Sex; n (%) 0.549 0.549
Female 31(39.74) 30 (96.77) 22 (43.14)
Male 47 (60.26) 42 (89.36) 29 (56.86)
Age at operation (days); median (IQR) 15.00 (9.25, 26.25) 15.00 (10.00, 26.00) 0.447 15.00 (12.50, 22.50) 0.274
Gestational age (week); median (IQR) 39.00 (38.00, 40.00) 39.00 (38.00, 40.00) 0.063 39.00 (38.00, 40.00) 0.133
Weight at operation (g); median (IQR) 3,020.00 (2,812.50, 3,491.75)  3,010.00 (2,795.00, 3,468.50)  0.344  3,000.00 (2,800.00, 3,515.00)  0.667
Length at operation (cm); median (IQR) 49.00 (47.00, 51.12) 49.00 (47.00, 51.00) 0.175 49.50 (47.25, 51.38) 0.602
TGA type; n (%) 0.443 0.582
TGA/IVS 48 (61.54) 45 (93.75) 33 (68.75)
TGA/VSD 20 (25.64) 17 (85.00) 13 (65.00)
DORV/TGA 10 (12.82) 10 (100.00) 5 (50.00)
Atrial septal defects; n (%) 0.041 1.000
No 34 (43.59) 29 (40.28) 22 (43.14)
Yes 44 (56.41) 43 (59.72) 29 (56.86)
VSDs; n (%) 0.670 0.470
No 48 (61.54) 45 (93.75) 33 (68.75)
Yes 30 (38.46) 27 (90.00) 18 (60.00)
Persistent foramen ovale; n (%) 0.235 0.631
No 33 (42.31) 32 (96.97) 23 (69.70)
Yes 45 (57.69) 40 (88.89) 28 (62.22)
Patent ductus arteriosus; n (%) 1.000 0.334
No 5(6.41) 5(100.00) 2 (40.00)
Yes 73 (93.59) 67 (91.78) 49 (67.12)
Coarctation of aorta; n (%) 1.000 1.000
No 75 (96.15) 69 (92.00) 49 (65.33)
Yes 3(3.85) 3 (100.00) 2 (66.67)
Right-sided aortic arch; n (%) 1.000 0.346
No 77 (98.72) 71(92.21) 51 (66.23)
Yes 1(1.28) 1 (100.00) 0 (0.00)
Coronary artery pattern; n (%) 0.422 0.154
1LCx-2R 60 (76.92) 56 (93.33) 39 (65.00)
1L-2RCx 9 (11.54) 8 (88.89) 4 (44.44)
Others 9 (11.54) 8 (88.89) 8 (88.89)
Preoperative Sa0, (%); median (IQR) 81.00 (75.00, 85.00) 81.00 (75.00, 85.00) 0.893 82.00 (75.25, 85.00) 0.531
Preoperative ejection fraction (%); median (IQR) 77.00 (70.00, 85.00) 75.00 (70.00, 80.00) 0.375 75.00 (65.00, 85.00) 0.152
Preoperative intervention; n (%) 0.592 0.150
None 20 (25.64) 17 (85.00) 9 (45.00)
PGE1 23 (29.49) 22 (95.65) 16 (69.57)
Balloon atrial septotomy + PGE1 32 (41.03) 30 (93.75) 24 (75.00)
Others 3(3.85) 3 (100.00) 2 (66.67)
Postoperative modified ultrafiltration; n (%) 1.000 0.086
No 67 (85.90) 62 (92.54) 41 (61.19)
Yes 11 (14.10) 10 (90.91) 10 (90.91)

TGA=transposition of the great vessels; IVS=intact ventricular septum; VSD=ventricular septal defect; DORV/TGA=Taussig-Bing anomaly; 1LCx-2R=one
left circumflex and two right coronary arteries; 1L-2RCx=one left and two right circumflex coronary arteries; PGE1=prostaglandin E1; IQR=interquartile
range

Continuous data are presented as median and IQR. Comparisons were performed using the Mann-Whitney U test, chi-squared test, or Fisher’s exact test,
as appropriate.
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Figure 1. Number of operations, percentage of cases involving preoperative interventions, modified ultrafiltration, and percentage of

cases with good outcomes according to the years of operation.

patients having undergone preoperative interventions
increased over time (Figure 1). Comparing the period
before and after 2016, TGA cases with at least one
intervention before surgery increased from 58.5%
to 86.5% (p<0.01), and the 90-day survival rate
increased from 53.7% to 78.4% (p=0.02). Notably,
preoperative interventions were performed more
frequently in the TGA, with the intact ventricular
septum (TGA/IVS) group having anomalies [87.5%
for TGA/IVS, 50.5% for TGA/VSD, and 60% for
Taussig-Bing anomaly (DORV/TGA), p<0.01].

All 78 patients had D-TGA, and among them, 48
(61.5%) had TGA/IVS, 20 (25.6%) had TGA/VSD,
and 10 (12.8%) had DORV/TGA. The most common
coronary artery pattern was one left circumflex and
two right coronary arteries (76.9%), followed by
one left coronary artery and two right circumflex
branches. Except for a significantly higher incidence
of ASD among the survivors, no preoperative factors
were significantly associated with operative death.

ASO was performed at a significantly lower
age in the TGA/IVS group than in the other groups
(Table 2). This group also had a significantly
higher proportion of patients who underwent BAS.
Considering operative data, when VSD closure was
performed in none of the cases in the TGA/IVS
group, the procedure was a part of the operation in
most patients in the TGA/VSD and DORV/TGA
groups. In contrast, ASD closure was performed
in a significantly higher proportion of patients in
the TGA/IVS group than in the other groups. A
trapdoor incision on both sides was the most common
approach used in all cases. However, the TGA/IVS
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group required only a right-sided approach. The total
operative duration was not significantly different
among the three groups. However, the duration of
cardiopulmonary bypass and aortic cross-clamping
was significantly longer in the DORV/TGA group
than in the other groups. In the present series, an
extracorporeal membrane oxygenator was used
intraoperatively in two cases (2.56%) in the TGA/
IVS group.

Postoperative complications occurred in 60
patients (77%). DORV/TGA was associated with
a higher incidence of complications (90.0%)
than TGA/IVS (75.0%) or TGA/VSD (75.0%)
(p=0.54). Common complications included cardiac
complications such as ventricular failure, pulmonary
artery stenosis, arrhythmia, superior vena cava
obstruction, coronary artery obstruction, and valvular
insufficiency, pulmonary hypertension, infectious
complications, which were most commonly hospital-
acquired pneumonia, hemorrhagic complications,
and chylothorax (Table 3). Persistent postoperative
hypertension was significantly associated with the
90-day mortality rate. Other complications included
laryngomalacia, bronchomalacia, pneumothorax,
atelectasis, small bowel complications, and
endotracheal tube dislodgement, leading to hypoxic
arrest. There were reoperations in 22 patients (28.6%).
Patients with complications had a significantly higher
mortality rate, with an odds ratio of 5.71 (95% CI 1.20
to 27.11). Two patients were lost to follow-up after
one year. In the survival analysis, DORV/TGA was
found to have the poorest survival among the three
types of D-TGA. However, the difference was not
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Table 2. Comparison of the operative data according to the anatomical variations of the transposition of great vessels

All TGA/IVS TGA/VSD DORV/TGA p-value
AlL; n (%) 78 (100) 48 (61.54) 20 (25.64) 10 (12.82)
Age at operation (days); median (IQR) 15.0 (9.3, 26.3) 13.0 (8.0, 16.0) 21.0 (11.5,50.5) 45.0 (30.0, 89.0) 0.032
Preoperative Sa0 (%); mean [SD] 81.0[10.2] 78.1[11.7] 80.4 [7.4] 83.7 [5.4] 0.244
Balloon atrial septostomy; n (%)
No 45 (57.69) 22 (45.83) 15 (75.00) 8 (80.00) 0.027
Yes 33 (42.31) 26 (54.17) 5(25.00) 2(20.00)
Closure of VSD; n (%)
No 46 (59.74) 48 (100) 1 (5.00) 0(0.00) <0.01
Yes 31 (40.26) 0(0.00) 19 (95.00) 10 (100)
Closure of ASD; n (%)
No 4 (5.13) 0(0.00) 2(10.00) 2(20.00) 0.02
Yes 74 (94.87) 48 (100) 18 (90.00) 8(80.00)
Pulmonary artery debanding; n (%)
No 77 (98.72) 47 (97.92) 20 (100) 10 (100) 1.00
Yes 1(1.28) 1(2.08) 0(0.00) 0(0.00)
Intraoperative ECMO; n (%)
No 76 (97.44) 46 (95.83) 20 (100) 10 (100) 0.66
Yes 2 (2.56) 2 (4.17) 0(0.00) 0(0.00)
Modified ultrafiltration; n (%)
No 67 (85.90) 40 (83.33) 19 (95.00) 8(80.00) 0.412
Yes 11 (14.10) 8(16.67) 1 (5.00) 2(20.00)
Operative duration (minutes); mean [SD] 454.7 [102.6] 451.0 [95.9] 446.8 [121.1] 488.8 [98.5] 0.53
CPB duration (minutes); mean [SD] 213.3 [58.1] 215.8[61.3] 186.5 [32.9] 252.8 [60.4] <0.01
AOX duration (minutes); mean [SD] 101.9 [50.0] 96.4 [39.0] 96.4 [53.0] 139.3 [43.9] 0.02

VSD=ventricular septal defects; ASD=atrial septal defects; ECMO=extracorporeal membrane oxygenator; CPB=cardiopulmonary bypass; AOX=aortic
cross-clamping; SD=standard deviation; IQR=interquartile range

Table 3. Postoperative complications and their impact on 90-day mortality

Complications Incidence 90-day mortality (%) 90-day mortality p-value*
n (%) 0dds ratio (95% CI)
Overall complications 60 (76.9) 41.7 5.71 (1.20 to 27.11) 0.03
Overall cardiac complications 24 (30.8) 50.0 2.60 (0.95 to 7.04) 0.06
Valvular complications** 10 (12.8) 70.0 5.60 (1.31 to 23.86) 0.03
Cardiac arrhythmia 5(6.41) 40.0 1.28 (0.20 t0 8.17) 1.00
Low cardiac output 5(6.41) 60.0 3.06 (0.47 to 19.56) 0.24
Pulmonary hypertension 14 (18.2) 50.0 2.15 (0.66 to 6.96) 0.20
Infection 12 (15.4) 50.0 2.14 (0.62 to 7.44) 0.23
Bleeding 10 (12.8) 60.0 3.35 (0.86 to 13.16) 0.08
Chylothorax 8(10.3) 25.0 0.60 (0.11 to 3.20) 0.55
Persisting hypotension 4(5.1) 100 NA <0.01
Diaphragmatic paralysis 4(5.1) 25.0 0.62 (0.06 to 6.22) 0.68
Others 14 (18.0) 21.4 0.45 (0.11 to 1.79) 0.26
Re-operation 22 (28.6) 36.4 1.09 (0.39 to 3.04) 0.88

Cl=confidence intervals; NA=not available
* p-value of univariable logistic regression, ** Valvular complications included major vessel thrombosis

statistically significant. Moreover, patients who had DiscussION
undergone a pre-ASO intervention had significantly The authors reviewed the early experience of a
better survival rates than those who did not (Figure 2). university hospital in Southern Thailand in performing
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TGA/IVS: TGA with intact ventricular septum; TGA/VSD: TGA with ventricular septal defects; DORV/TGA: Taussig-Bing anomaly

ASO and analyzed the factors associated with 90-day
survival. Additionally, the authors compared three
anatomical subtypes of dextro-transposition of TGA,
including TGA/IVS, TGA/VSD, and DORV/TGA.
It was found that the survival of patients with TGA
having undergone ASO improved with the learning
curve.

The goal of ASO is to restore normal circulation
by moving the aorta and pulmonary artery to the
left and right ventricles, respectively. This involves
re-implanting the coronary arteries into the new
aorta and ensuring proper alignment of the great
vessels®. Although ASO has significantly improved
outcomes in patients with TGA, it is a complex
surgery with potential risks. Timely surgery before
an infant develops right-sided cardiac failure is a
major challenge. Preparing for an operation requires
accurate anatomical evaluation and maintenance
of oxygenation of blood pumped from the right
ventricle to the aorta by keeping the congenital shunts
open. In the present study, patients with TGA/IVS
underwent surgery with greater urgency because the
ductus arteriosus was the only channel that allowed
oxygenated blood to be mixed. Although preoperative
oxygen saturation levels were not significantly
different among the three groups, the dispersion in
terms of standard deviation was the highest in the
TGA/IVS group. It was also found that pre-ASO
interventions, primarily BAS, were performed
more frequently in this group. Moreover, the
authors observed an increasing trend in performing
interventions and the 90-day survival rates over time.
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Recent studies have also reported the feasibility of
performing BAS under echocardiography in neonatal
intensive care units('>!?.

The present study’s survival outcome of 65%
remains poorer compared to that in a high-volume
center in Vietnam, which reported a survival rate
of approximately 90%"". However, survival rates
improved over time, reaching over 70% after 2019
and 90% after 2022. Currently, early mortality
rates after ASO in developed countries are less
than 5%"*'5. The present data showed that the
improvement in 90-day survival resulted from the
improvement in postoperative care, as operative
deaths did not change. The data suggest that collective
experience and the quality of perioperative intensive
care are essential parts of the learning curve for
ASO. Modified ultrafiltration after cardiopulmonary
bypass aims to reduce excess fluid and inflammatory
mediators released during surgery, thereby improving
hemostasis'®. The authors’ institute began employing
this technique after 2019, and the procedure has
become routine since 2022. Although the present
study did not demonstrate a statistically significant
difference in 90-day survival between patients having
undergone ultrafiltration and those who did not, there
was a higher percentage of survival (90.9%) in the
ultrafiltration group, compared with 61.1% in the
other group. Similar to previous studies, the present
study cohort had the highest survival among the three
groups, although their operative survival rates were
comparable-'”. The complexity of this anomaly
might explain this finding.
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In the present study, five out of ten patients
in the DORV/TGA group developed pulmonary
hypertension, and four patients did not survive. Older
age at the time of surgery in this group might have
led to pulmonary vascular remodeling and persistent
hypertension after definitive surgery'®. A recent
study emphasized that the timing of ASO significantly
affects patient outcomes, as an older surgical age has
been identified as an independent risk factor for late
right ventricular outflow tract obstruction as well
as late reintervention"”. Another study found that
the median age at surgery was eight days, and that
patients who underwent surgery beyond 28 days
had longer intensive care unit and hospital stays.
Although the present study did not find a direct
association between age at surgery and outcomes,
the poorer survival rate in the DORV/TGA group
suggests early surgery.

One limitation of the study was the lack of long-
term follow-up data in all cases. Although uncommon,
late complications can occur, particularly pulmonary
artery stenosis and aortic valve regurgitation,
secondary to aortic root dilatation®.

LIMITATIONS

1. The retrospective study design relies on the
completeness and accuracy of electronic medical
records, which may result in missing or misclassified
data.

2. The present study was conducted at a
single tertiary referral center, which may limit the
generalizability of the findings to other institutions or
healthcare systems with different resources or patient
populations.

3. The small sample size of neonates with
transposition of the great vessels may have reduced
the statistical power and precision of effect estimates,
particularly for subgroup analyses.

4. Potential confounding factors, including
variations in surgical techniques, surgeon experience,
and perioperative management strategies over time,
could not be fully adjusted for in the analysis.

5. The use of univariate logistic regression does
not account for interactions or the combined influence
of multiple risk factors on 90-day mortality.

6. Long-term outcomes beyond 90 days,
including neurodevelopmental status, functional
outcomes, and late reinterventions, were not
evaluated.

7. Changes in preoperative and postoperative
care protocols over the 15-year study period may
have influenced outcomes; however, they were not
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independently analyzed.

CONCLUSION

In the present study, the authors reviewed
the institutional experience of performing ASO in
infants with congenital TGA and found that the
early outcome was poor but improved with the
learning curve. Improvement in perioperative care,
especially pre-ASO intervention and postoperative
care of pulmonary hypertension, might be the key to
improving the survival outcomes in these patients.

WHAT IS ALREADY KNOWN ABOUT THIS TOPIC?

The d-TGA is the second most common cyanotic
congenital heart defect in infants and requires
surgical correction for survival. The ASO is the
standard treatment, achieving survival rates above
90% in high-volume centers. Surgical outcomes can
differ depending on the anatomical subtype, such as
TGA/IVS, TGA/VSD, or DORV/TGA, as well as
perioperative management and timing of surgery.
However, data from developing countries remains
scarce, and reported survival rates are lower than
those from high-resource settings.

WHAT DOES THIS STUDY ADD?

This study presents the first 15-year institutional
review of ASOs for TGA in Southern Thailand.
It shows a clear improvement in survival over
time, reflecting the impact of growing surgical
experience and advancements in perioperative care.
The findings identify valvular complications and
pulmonary hypertension as key predictors of early
mortality, while highlighting the survival benefits of
preoperative interventions, such as BAS. Overall, the
study underscores the importance of early surgery and
institutional learning in achieving better outcomes,
even within resource-limited healthcare settings.
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