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Abstract: Introduction: The transposition of great arteries (TGA) is one of the main causes of neonatal or early infancy open 

heart surgeries in pediatric cardiology. The ASO is preferred over the Atrial switch when suitable as the left ventricle remains 

the systemic ventricle and there are fewer incidences of postoperative arrhythmias. Method: It’s a retrospective review of the 

early surgical outcomes of arterial switch operation performed at the department of pediatric cardiology at Wockhardt Hospital, 

Mumbai Central, Mumbai from August 2014 to August 2017. Results: During the specified period, a total of 22 children were 

admitted to the hospital for ASO for TGA. The average age of the patient was 78 days. The mean weight of the children was 

3.35 kg and height was 52.5 cm. Discussion: The early outcome of arterial switch operation at our center is as good as the other 

well-established centers. The surgical outcome of ASO remained consistent over the last two and a half year. The policy of our 

institution is to optimize the patients prior to the surgery, may need BAS if the children are of TGA with intact ventricular 

septum with restricted atrial level shunt group. Conclusion: The review shows the early results of postoperative cases of 

arterial switch operation from a new center are as encouraging as from the other high volume centers. 
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1. Introduction 

The transposition of great arteries (TGA) is one of the 

main cause for neonatal or early infancy open heart surgeries 

in pediatric cardiology. The atrial switch operation – 

Sennings or Mustard – were the options available before 

Arterial Switch Operation (ASO). The arterial switch 

operation by Jatene has been the choice of repair for trans 

position of great arteries with or without the ventricular 

septal defect since the time of its inception. He first described 

the surgery in 1975 [1]. The ASO is preferred over the Atrial 

switch when suitable as the left ventricle remains the 

systemic ventricle and there are fewer incidences of post-

operative arrhythmias [2]. The Lecompte’s technique for 

reconstruction of the right ventricular outflow tract has been 

accepted as a part of the ASO [3]. ASO is a complex surgery 

usually performed at a very young age. The surgical results 

have improved significantly over the last three decades, 

mainly attributed to improved surgical skills, better intensive 

care support, and accurate diagnostic capabilities. The 

accepted early mortality has been as low as 0% - 5% [4, 5]. 

There are studies in the past suggestive of higher mortality of 

arterial switch operation at a small volume center or surgeon 

[6]. The recent study published in 2016 refutes the result and 

shows that the ASO performed at a new center can have early 

and midterm results comparable to that of the well-

established centers [7, 8]. The objective of this review is to 

analyze early surgical results of the arterial switch operations 

performed at our center. 
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2. Method 

It’s a retrospective review of the early surgical outcomes of 

arterial switch operation performed at the department of 

pediatric cardiology at Wockhardt Hospital, Mumbai Central, 

Mumbai between August 2014 to August 2017. The medical 

records were recovered from hospital records. The surgical 

details were obtained from operation notes. The necessary 

approval for the retrospective review was obtained from the 

institutional review board. 

3. Results 

During the specified period, a total of 22 children were 

admitted to the hospital for ASO for TGA. Out of those, 18 

had undergone arterial switch-operation, and one child had 

undergone Senning’s atrial switch operations as the left 

ventricle was regressed by the time of the surgery. Three 

children died in the course of treatment. The first child had 

presented with a diagnosis of d-TGA with cardio-respiratory 

arrest in the emergency department, which could not be 

revived. The second child got admitted with d-TGA with 

intact ventricular septum with small atrial septal defect 

presented with severe sepsis. The emergency balloon atrial 

septostomy (BAS) was performed as a life-saving procedure 

for the same child. The child succumbed to disseminated 

intravascular coagulation secondary to severe sepsis. The 

third child was a one-month-old child who had coarctation of 

aorta along with d-TGA. After sternotomy for corrective 

surgery for the child, pus discharge from multiple sites was 

found. The surgery was deferred. The child succumbed to 

severe sepsis. One child was transferred in from another 

hospital with a diagnosis of intact septum TGA with a small 

atrial septal defect with fungal sepsis at the age of 22 days. 

The BAS was performed, and the child was treated with 

appropriate antifungal medications for three weeks. The 

arterial switch operation was performed after the completion 

of the ant-fungal treatment. Another child required 

extracorporeal membrane oxygenation (ECMO) support for 

91 hours immediately postoperatively in ICU as the left 

ventricle was failing immediately after the corrective surgery. 

Table 1. Demographic details of the study population. 

Demographic profiles of the patients 

No 
Age 

(days) 

Weight 

(kg) 

Height 

(cm) 

spo2 

(%) 
gender Diagnosis (#) 

Great Arteries 

Relationship (*) 

Coronaries 

Anatomy (@) 
Surgery (##) 

1 39 3.30 54 70 m d-TGA, Mild PS Ar-RtAn 1LCxR ASO 

2 39 2.20 48 72 m d-TGA, Large VSD, ASD, CoA AP 1LCx2R 
ASO + Closure of VSD + ASD, 

Repair of CoA 

3 5 2.80 47 90 m d-TGA, Small PDA Ar-RtAn 1LCx2R ASO + Ligation and division of PDA 

4 23 2.90 51 
 

f d-TGA, Large VSD AP 1LCx2R ASO + VSD Closure 

5 119 3.30 53 89 f 
DORV, Sub-Arterial VSD, Large 

ASD, Small PDA 

Side by side. 

Aorta right 
1LCx2R 

ASO, Closure of VSD + ASD, 

Ligation and division of PDA 

6 61 2.70 44 76 m d-TGA, Large VSD + ASD Ar-RtAn 1LCxR ASO, Closure of VSD + ASD 

7 48 2.90 50 80 m d-TGA, Large VSD, ASD 
side by side. Aorta 

right 
1LCx2R ASO, Closure of VSD + ASD 

8 25 3.10 51 57 f d-TGA, Small ASD, SP BAS Ar-RtAn 1LCxR ASO, SP BAS 

9 22 2.60 48 74 m d-TGA, Small ASD, SP BAS AP 1LCx2R ASO, SP BAS 

10 18 2.90 49 65 m d-TGA, Small PDA AP 1L2RCx ASO 

11 72 3.10 54 80 f d-TGA, large VSD Ar-RtAn 1LCx2R ASO, VSD closure 

12 15 3.50 
 

55 f d-TGA, Small ASD Ar-RtAn 1LCx2R 
Admitted with unstable vitals, Death 

pre-op 

13 36 3.00 52 94 f 
DORV, Sub-Arterial VSD, Small 

ASD 
Ar-RtAn 1LCxR 

Intra-op evaluation - Severe Sepsis, 

Corrective surgery deferred. Death 

14 31 2.50 46 72 m d-TGA, small ASD, Sepsis Ar-RtAn 1LCx2R 
Admitted with sepsis, BAS done, 

Died of sepsis 

15 8 2.90 52 66 f d-TGA, Large PDA AP 1LCx2R ASO, Ligation and division of PDA 

16 78 5.30 52 65 m d-TGA, Small ASD Ar-RtAn 1LCx2R ASO 

17 217 4.30 61 60 m d-TGA, Regressed LV Ar-RtAn 1LCxR Senning's Atrial Switch Operation 

18 56 2.90 50 65 m d-TGA, SP BAS AP 1LCxR ASO + ECMO for 91 hours 

19 62 3.00 54 45 m d-TGA, small ASD Ar-RtAn 1LR2Cx ASO 

20 600 7.50 75 98 f d-TGA, Large VSD, PAH AP 1LCx2R ASO, VSD closure 

21 21 2.80 52 72 f d-TGA, Small ASD Ar-RtAn 1LCX2R ASO, ASD closure 

22 129 4.30 59 68 m d-TGA, Large VSD, Large ASD AP 1L2RCx ASO, Closure of VSD and ASD 

(#) Diagnosis - d-TGA – d-Transposition of the great arteries; PS-pulmonary stenosis, VSD – Ventricular septal defect, ASD- Atrial septal defect, PDA-Patent 

ductus arteriosus, DORV-Double outlet right ventricle, LV – Left ventricle, BAS – Balloon Atrial Septostomy 

(*) Great Arterial Relationship – Position of the aorta in reference to the pulmonary artery. Ar-Aorta, Rt-Right, An-Anterior, AP – Anterior Posterior 

(@) Coronary Anatomy – 1-Facing Sinus 1 and 2-Facing Sinus 2. L-Left main coronary artery, Cx-Circumflex artery, R-Right main coronary artery 

(##) Surgery – ASO –Arterial Switch Operation, VSD – a ventricular septal defect, ASD – Atrial septal defect, PDA – Patent ductus arteriosus, ECMO – Extra-

corporeal Membrane Oxygenator 

 



14 Bhadra Trivedi et al.:  Early Outcomes of Arterial Switch Operation Performed at a New Pediatric Cardiology Center in Mumbai  

 

Table 2. Echocardiogram Diagnosis of the study population. 

Cardiac Diagnosis  

No Diagnosis Frequency 

1 d-TGA with IVS 8 

2 d-TGA with IVS with SP BAS 3 

3 d-TGA with Large VSD and/or PDA 7 

4 d-TGA with Large VSD with CoA 1 

5 DORV with large sub-pulmonic VSD 2 

6 d-TGA with regressed LV 1 

d-TGA – d-transposition of the great arteries, IVS-Intact ventricular septum, 

SP BAS – Status Post Balloon Atrial Septostomy, VSD – Ventricular septal 

defect, PDA – Patent ductus arteriosus, CoA – Coarctation of Aorta 

 

Figure 1. Graph showing the distribution of great arterial relationship in the 

study population. 

 

Figure 2. Graph is showing a distribution of coronary anatomy. 

The age of children being managed at the hospital 

presenting with TGA was ranging between 5 days to 600 

days with a mean age of 78 days. The mean weight of the 

children was 3.35 kg (SD 1.15), and height was 52.5 cm (SD 

6.5 cm). The body surface area of the studied population 

ranged from 0.07 to 0.20 with a mean value is 0.09 with SD 

of 0.03. Out of these 22 children 9  were female and 13 were 

males. Two children presented with severe sepsis had 

undergone BAS and were being treated by appropriate 

antibiotics. One of them had undergone a corrective ASO 

after treatment of sepsis, while the other child succumbed to 

sepsis. 

Surgical details:  

All the surgeries were performed by a single senior 

pediatric cardiothoracic surgeon. The surgeries were 

performed using standard median sternotomy. The 

cardiopulmonary bypass (CPB) was instituted using bi-caval 

cannulation. The temperature was maintained between 22’C 

to 25’C during the operation. The branch pulmonary arteries 

and aorta were dissected before the aortic cross-clamp. The 

Del Nido cardioplegia was used for myocardium protection. 

The neo-aorta was reconstructed first; then the coronaries 

were trans-located followed by neo pulmonary reconstruction 

using LeCompte maneuver. The average cardiopulmonary 

bypass time was 215 minutes, with a minimum of 144 

minutes and maximum of 312 minutes with SD of 41 

minutes. One child required ECMO support, so the CPB time 

increased to 312 minutes. The mean cross-clamp time is 139 

minutes with SD of 28 minutes. The modified ultrafiltration 

was done in 6 children. It ranged from 10 to 25 minutes. 

Total 11 children were shifted to ICU with an open chest, 

which was closed during next 1 or 2 days. A 56 days old 

child with d-TGA with intact ventricular septum with a small 

atrial septal defect, who had undergone BAS, had dilatation 

and poor functioning of the left ventricle immediately after 

the corrective surgery in operation theatre. It was decided to 

provide ECMO support. The ECMO support was continued 

for 91 hours postoperatively in ICU before it was gradually 

weaned off. The average hours of intubation are 114 hours, 

ranging from 23 hours to 300 hours. The average stay in ICU 

was days, ranging from 2 days to 43 days. Three children 

developed sepsis during the postoperative course in ICU. The 

children were treated with appropriate antibiotics based on 

culture and sensitivity pattern of the blood culture report. 

Total 18 children needed peritoneal dialysis catheter. Ten had 

left atrial line secured for monitoring of left atrial pressure. 

The lines were removed between 3-5 days. The total post-

operative ward stays averaged at 6 days with a maximum 

stay of 15 days. 

Table 3. Summary of results of the review. 

Analysis mean Median SD minimum max 

Weight (kg) 3.35 2.95 1.15 2.2 7.5 

Height (cm) 52.48 52 6.49 44 75 

BSA 0.09 0.08 0.03 0.07 0.19 

Age in day 78.36 39 126.32 5 600 

HOI* (Hours) 114.11 112 74.58 23 300 

CPB** (Minutes) 215.11 214 42.68 144 312 

XCL# (Minutes) 139.58 136 28.22 93 197 

MUF## (Mintues) 16.71 15 5.22 10 25 

ICU stay (days) 10.71 9 8.61 2 43 

Ward stay (days) 6.28 6 2.91 3 15 

*HOI – Hours of intubation. ** CPB – Cardio-Pulmonary Bypass. # XCL – Cross-Clamp Time. ## MUF – Modified Ultrafiltration 
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4. Discussion 

The newly established pediatric cardiology program in 

reference was started in August 2014. During the specified 

period of August 2014 to August 2017, there was no reported 

early death associated with arterial switch operation. The 

three deaths occurred, were in the pre-operative patients; 

among them, two had severe sepsis. One child presented with 

cardio-respiratory arrest in the emergency department and 

could not be revived. The early mortality of 0% is matching 

the expected mortality of up to 5% [9]. The early outcome of 

arterial switch operation at the center was found comparable 

to the other well-established centers, which is contrary to 

what was observed in the literature review. The 

contemporary literature showed that the surgical outcome of 

arterial switch operation performed at the new centers is 

associated with higher morbidity and mortality [10-12]. The 

surgical outcome of ASO at the current center remained 

consistent over the last two and a half year. The study 

published in 2012 suggested that the arterial switch operation 

was a complex procedure` and the morbidity and mortality 

could be minimized by continuous learning and adapting 

improved peri-operative management of children. The article 

also mentioned about the effect the years of surgical 

experience of the surgeon had on the overall outcome of the 

surgery, where the center did not report any morality on ASO 

after 1994 to 1999, compared to 15% mortality before 1994 

[13]. A similar experience was also documented by Shim et 

al. in 2016, where the center did not report any cardiac death 

since 1998 [7]. 

As a policy of the current unit the children with an intact 

septum, presented with a severe form of sepsis underwent 

BAS and were treated with optimum antibiotics prior to the 

surgery. The smallest child among the study group weighed 

2.2 kg and was 22 days old with severe cyanosis. He 

underwent BAS and was stabilized for 8 days before ASO. 

This approach helped in achieving better results in borderline 

cases where the infection was a concern. A lot of children get 

referred to the pediatric cardiac center in review from the 

other peripheral centers in sub-optimum conditions. Other 

centers have reported higher mortality- up-to 10% in children 

being operated as soon as possible [14]. The youngest child 

operated for arterial switch operation at the current pediatric 

cardiology center was 5 days who had TGA with an intact 

septum. The policy of the current institution was to optimize 

the patients prior to the surgery, may need BAS if the 

children are of TGA with intact ventricular septum with 

restricted atrial level shunt group. The contemporary 

literature review suggests that the youngest child operated for 

the arterial switch was of 6 hours of life, where the surgery 

was performed under deep hypothermic circulatory arrest and 

low-flow perfusion [15]. A review of 400 children by Khairy 

showed that the median age for arterial switch operation was 

5 days [9]. The average age of the child undergoing arterial 

switch operation with the intact ventricular septum in the 

existing study group was 31 days. This can be attributed to 

the delayed diagnosis and referral of the children to our 

center. The review does not report any adverse outcome 

among the group with TGA with intact ventricular septum. 

There were concerns about left ventricular preparedness in 

TGA with intact septum beyond the age of 3 weeks [16]. The 

surgical decision for a child with d-TGA with an intact 

septum, presenting beyond 3-4 weeks is widely debated 

between Atrial and Arterial Switch for the doubt of 

borderline left ventricle preparedness [17, 18]. Ismail et al. 

showed encouraging result for the arterial switch operation 

performed for TGA with intact septum with good early 

outcome [19]. There was no incidence of arrhythmias in the 

postoperative arterial switch operation found in the existing 

review. The reported incidence of junctional ectopic 

arrhythmias and other arrhythmias as high as 62% [20]. The 

cross-clamp time and the total cardiopulmonary bypass 

(CPB) times were found to be significantly higher in the 

study population compared to other large centers [21, 22]. 

The average CPB time was 200 minutes in the current 

review, Qamar reported that the mean CPB time at their 

center was 121 minutes for TGA with an intact septum and 

139 minutes for TGA with ventricular septal defect [23]. 

Another study from India reported mean CPB time of 94.7 

min +/- 21.3 minutes and cross-clamp time of 53.2 minutes 

+/- 8.1 minutes [24]. Ahmed et all reported median CPB time 

of 202 minutes in their series [25]. The cross-clamp time has 

been recognized as an independent predictor of the 

postoperative outcome of ASO [26]. The average cross-

clamp time for the current group was 139 minutes. The cross-

clamp time was higher than the reported 78 minutes for the 

hypothermic group and 79 minutes for the normothermic 

group by Philippe Pouard [27]. Anderson Also reported 

average cross-clamp time of 77 minutes [28]. Though the 

average CPB time and cross-clamp times reported in this 

review were higher than the other series, there was no 

immediate morbidity associated with it. 

Dibardino et al reported 1.6% of early mortality of arterial 

switch operation in neonate [29]. The study did not reveal 

any mortality during the arterial switch operation. 

There were no adverse events associated with coronary 

insufficiency reported in this review. The coronary transfer 

was done without any complications. The similar result was 

found during the study by Zuhab et al who showed that the 

coronary anatomy did not affect the surgical outcome [23]. 

5. Conclusion 

The review shows the early results of postoperative cases 

of arterial switch operation from a newly established center 

were as encouraging as from the other well-established 

centers. The results were heavily dependent on the surgical 

experience, technique, post-operative ICU support, and case 

selection, including pre-operative stabilization with BAS. 

Continues assessment of the existing surgical outcome has 

led to the significant improvement in peri-operative 

management of Arterial Switch Operation. The current 
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review shows that the newly established Pediatric cardiac 

centers can have excellent surgical outcomes of arterial 

switch operations even in limited resources with a proper 

surgical plan and peri-operative care 
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