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Abstract 

 

The last few decades have seen great advances in the world of paediatric cardiac surgery. 

In particular, the arterial switch operation (ASO) is one of the specialty’s most impressive 

achievements. It is the procedure of choice for most children born with transposition of 

the great arteries (TGA). 

 

This project aimed to expand our understanding of the long-term outcomes and prognosis 

of patients who have had an ASO for TGA. The ultimate goal of this work was to not 

only increase clinicians’ knowledge of the long-term consequences of the ASO but also 

to allow cardiologists, cardiac surgeons and paediatricians to give the parents of patients, 

and patients themselves, more information about their future cardiac health.  

 

We aimed to achieve these goals by retrospectively reviewing patients who underwent an 

ASO at The Royal Children’s Hospital in Melbourne. This unit has performed the ASO 

for more than 30 years with a very low hospital mortality from the beginning. This allows 

for review of a large population of surviving patients from which long-term outcomes can 

be investigated, and makes possible the analysis of rarer subgroups of patients undergoing 

the ASO.  

 

We showed that the long-term outcomes of patients undergoing the ASO are generally 

good extending into young adulthood. However, reintervention is common and the 

incidence of clinically significant neo-aortic regurgitation or the need for neo-aortic root 

reoperation remains an issue for survivors with more than 25 years of follow-up. In 

regards to the subgroups examined, we showed that patients with intramural coronaries 

can be operated with excellent long-term outcomes using a simple, reproducible 

technique. Children who are less than 2.0 kilograms at time of ASO represent one of the 

highest mortality risk subgroups. Female adult survivors can undergo pregnancy with a 

low risk of maternal cardiac complications. Patients with associated aortic arch 

obstruction have a higher rate of reintervention for right sided obstruction and have a low 

rate of recurrent arch obstruction when avoiding the use of patch material. We also 

demonstrated that quality of life in adult ASO survivors was comparable to the general 

population using a validated quality of life questionnaire. 
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Chapter 1: Introduction and literature review 

 

1.1  Transposition of the great arteries and the arterial switch operation 

Surgical repair of transposition of the great arteries (TGA) is one of the successes of 

cardiac surgery. Fatal if untreated, TGA is a congenital heart malformation that affects 

approximately 4 in 10000 births in Australia (1) and constitutes approximately 5% of all 

congenital heart malformations (2-4). In patients with TGA, the right atrium connects to 

the right ventricle from which arises the aorta and the left atrium connects to the left 

ventricle from which arises the pulmonary artery (PA). This is described as 

atrioventricular concordance and ventriculoarterial discordance. As a result, the systemic 

and pulmonary circulations run in parallel. Survival of children with TGA depends on 

mixing of saturated and desaturated blood between the two parallel circulations. This 

occurs through a ventricular septal defect (VSD), atrial septal defect or patent ductus 

arteriosus (PDA). Affected children present markedly cyanosed, typically in the neonatal 

period. If untreated, 95% of children born with TGA will not survive their first year of 

life (5). 

 

The arterial switch operation (ASO) for TGA is the procedure of choice for all TGA 

patients, except those presenting with single ventricle physiology or severe semilunar 

valvular stenosis. It represents decades of research, failed attempts and, finally, the pursuit 

of perfection by paediatric cardiac surgeons.  

 

The ASO is performed at The Royal Children’s Hospital in Melbourne, Australia as 

described herein. Access to the mediastinum is achieved via a midline sternotomy. A 

pericardial patch is harvested from the anterior pericardium (two patches are harvested if 

a VSD requires closing). The ligamentum arteriosum (or PDA) is ligated and divided. 

Cardiopulmonary bypass is established with aortic and bicaval cannulation and the patient 

is cooled to 32°C. The aorta is cross clamped proximal to the cannulation site and 

cardioplegic heart arrest is achieved. The aorta and pulmonary artery are transected just 

above the semilunar valves. The two coronary arteries are excised and are translocated 

into medially based J-shaped cuts in the facing sinuses of the pulmonary artery. This is 

referred to as the trapdoor method of coronary translocation. The pulmonary artery is then 
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brought forward of the aorta to become the anterior great vessel (the Lecompte 

manoeuvre). The aorta, now the posterior great vessel, is anastomosed to the native 

pulmonary root (neo-aortic root). If a VSD is present, it is closed with a pericardial patch 

treated with glutaraldehyde. The defects in the neo-pulmonary root, where the coronaries 

were excised, are repaired using a pericardial patch. Once the pulmonary artery is 

reconstructed, the patient is rewarmed and cardiopulmonary bypass is weaned off and 

discontinued. 

 

Of particular interest is that the aorta and pulmonary artery are transected above the level 

of the aortic and pulmonary valves respectively. This means that the native aortic root 

becomes the new (neo) pulmonary root and the native pulmonary root becomes the new 

(neo) aortic root. As such, the native pulmonary valve becomes the neo-aortic valve and 

the native aortic valve becomes the neo-pulmonary valve. 

 

If an aortic arch repair is to be performed simultaneously, this is undertaken before the 

ASO. The arch repair is performed end-to-side with continuous aortic and cerebral 

perfusion, the patient is rewarmed to 32°C and the ASO is carried out as described above. 

 

Timing of the ASO is critical. The current policy at The Royal Children’s Hospital is to 

operate on TGA patients with an interventricular septum (TGA-IVS) children ideally 

within the first two weeks of life. Pulmonary vascular resistance falls after birth and the 

left ventricle in TGA-IVS patients does not have to eject against as high pressures. If an 

ASO is delayed much beyond two weeks, the deconditioned left ventricle (which 

becomes the systemic ventricle after the ASO) may not be able to cope with the increased 

pressures of the systemic circulation subsequent to the switch (4, 6). Conversely, TGA 

with a ventricular septal defect (TGA-VSD) children are operated on at two months of 

age since they do not experience the same decrease in pulmonary pressures because of 

blood flow through the VSD into the pulmonary circulation. 

 

For TGA-IVS patients presenting beyond eight weeks of age, two options remain. 

Traditionally a pulmonary artery band has been placed around the main pulmonary artery 

to increase pulmonary artery pressures. This forces the left ventricle to eject to higher 

pressure once again, resulting in rapid left ventricular hypertrophy. An ASO can then be 

performed as soon as 7-10 days later, such a strategy is called a two-stage ASO. More 
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recently however, the policy has been to perform an ASO and place a left ventricular 

assist device (LVAD) at the same time. The LVAD shares the burden of systemic 

pressures with the left ventricle and as soon as the left ventricle is deemed able to eject 

unaided, the LVAD is removed. Reports of the effectiveness of this strategy have been 

published by other centres (7, 8). 

 

While it is often referred to as an anatomical repair, problems after the ASO do arise. Late 

complications may be even more common in more complex subgroups such as patients 

with Taussig-Bing anomaly (TBA), associated aortic arch obstruction (AAO) or 

anomalous coronary anatomy. These subgroups are discussed later in this thesis. The 

long-term prognosis of patients after the ASO is considered favourable, however 

published long-term data are limited. 

 

1.2 Survival after the arterial switch operation  

The overall early mortality of the ASO for TGA has been reported in a range of 0-11% 

(9-26). Mortality for TGA-IVS varies from 0-6% compared to 4.7-13% for TGA-VSD 

(11-14, 18-20, 24, 27).  

 

Outcomes of the ASO in patients with AAO are limited to fewer studies. Early mortality 

in these patients has ranged from 1.9% to 24% (28-36). Likewise higher operative 

mortality rates have been reported in patients with TBA compared to TGA (18, 22, 23, 

37-39). Using the van Praagh definition, TBA is a form of true double-outlet right 

ventricle with the semilunar valves side-by-side and approximately at the same height, a 

bilateral conus in which both conal free walls are muscular and approximately equally 

developed, and a subpulmonary VSD (40, 41). Operative mortality of 5-6% has been 

reported in the 2 largest studies of TBA children (37, 42). 

 

Higher early mortality for TGA-VSD patients has led to the presence of a VSD being 

labelled the most important risk factor for operative death (20). However, anomalous 

coronary artery anatomy, in particular abnormal patterns such as single coronary arteries 

and intramural coronary arteries, has been the most intensely studied risk factor for 

mortality. This will be discussed in Chapter 1.5 (Coronary anatomy and the arterial switch 

operation).  
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Survival rates have been quite well characterised at 5 and 10 years postoperatively, with 

5 year survival quoted between 80-92% (12, 17, 22, 24, 38, 43, 44) and 10 year survival 

reported between 88-94.9% (12, 17-19, 24). Research into survival beyond 10 years 

postoperatively is now coming to the fore as the earlier survivors of the ASO reach 

adulthood, with 15 year survival described as ranging from 81-88% (19, 24, 43, 45). 

Studies focussing on late mortality have also showed that the risk of death after ASO falls 

dramatically after the first year of life. No deaths have been reported after 1 year (15, 38, 

46, 47), 2 years (12) or 5 years (19) postoperatively. Because late death is quite rare, 

differences in long-term survival between TGA-IVS, TGA-VSD and patients with AAO 

are due to the early higher mortalities of TGA-VSD and AAO patients. 

 

1.3 Reintervention after the arterial switch operation 

Most reoperations after the ASO occur after the first postoperative year. Freedom from 

reoperation has been reported in a range of 79-97% at 10 years (12, 15, 18, 25, 30, 48-

50), 76-87% at 15 years (15, 19, 25, 50) and 86% at 25 years (49). 

 

The most common cause of late reoperation is pulmonary stenosis (PS) (10, 12, 14, 16, 

18, 19, 22, 24, 25, 45, 48, 49, 51). The majority of the stenoses occur at the suture line in 

the neo-pulmonary artery and proximal pulmonary artery branches (22, 43, 48, 49, 52). 

The precise reason for PS post ASO is unclear, but may be related to inadequate growth 

of the pericardium used to reconstruct the pulmonary artery, narrowing at the suture line 

or flattening of the pulmonary artery due to the neo-aortic root pushing it anteriorly (43). 

 

Reintervention encompasses both reoperation and catheter reintervention. Freedom from 

catheter reintervention figures are rarely separated from freedom from reintervention 

figures. However, it is clear that PS is also the most common cause for catheter 

reintervention (25, 48). Catheter reintervention for PS after 17 years of follow-up has 

been reported in 19% of ASO survivors (25).  

 

Risk factors for reintervention are infrequently investigated because of low power to 

detect them. However, the presence of a VSD or AAO have both been confirmed as risk 

factors on multivariate analysis in selected studies (12, 22, 52). 



Introduction and literature review  5 

 

1.4 Neo-aortic valve dilation and regurgitation 

The exact mechanism of neo-aortic root dilation after ASO is unknown but it has been 

postulated that dedifferentiation of smooth muscle cells in the wall of the neo-aortic root, 

ultimately promoting dilatation, may be a contributing factor (53). Neo-aortic root 

dilation can be seen in up to 50% of ASO survivors by 10-15 years of age (54, 55). 

Likewise, the mechanism neo-aortic valve regurgitation (AR) is also unclear and is likely 

to be multifactorial. It has been suggested that AR in ASO survivors may be the result of 

altered geometry of the neo-aortic root or turbulence caused by the differences in size 

between the neo-aortic root and the distal aorta, both of which have the potential to inhibit 

coaptation of the valvular leaflets (56, 57). 

 

While the presence of mild neo-aortic root dilation and AR is common after ASO, the 

incidence of neo-aortic root or valve replacement appears low in the first 10 years after 

ASO. Reoperation for these reasons has been reported between 0-2.9% (16, 21, 25, 43, 

54, 56, 58, 59) for studies with a mean follow-up of 5-10 years. It appears that the 

incidence of clinically significant AR and neo-aortic root reoperation increases as follow-

up lengthens after the ASO (60, 61). For example, Koolbergen and colleagues (62) found 

a freedom from neo-aortic root or valve reoperation of 95% at 25 years. Likewise, van 

der Palen et al (63) demonstrated that the neo-aortic root increased in size with age 

without a stabilisation of dimension. The incidence of significant AR in their cohort of 

345 patients also increased over time with a freedom from at least moderate AR of 69% 

at 25 years after ASO. 

 

The long-term ability of the neo-aortic root, which is the native pulmonary root, to 

withstand systemic pressures is still yet to be determined. 

 

1.5 Coronary artery anatomy and the arterial switch operation 

Anomalous coronary arteries are common in patients undergoing the ASO, making up 

approximately one third of children operated (64, 65). The most common variant of 

coronary anatomy pattern is the left anterior descending artery arising from sinus 1 and 

right and left circumflex coronary arteries arising from sinus 2 when described using the 
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Leiden classification (49, 64, 65). Such variation occurs in approximately 17% of patients 

(28). The second most common abnormal anatomy is a single coronary artery which 

occurs in 6-7% of patients (49, 66).  

 

Whether abnormal coronary artery anatomy remains a risk factor for death is 

controversial with conflicting reports (12, 13, 28, 38, 64-71). A meta-analysis of 1942 

patients (67) reported that any variant of coronary artery anatomy doubled the risk of 

death compared to normal coronary anatomy. In particular, the risk of death in patients 

with a single coronary artery or intramural coronary artery increased almost 3-fold and 7-

fold, respectively. As the patients included in this meta-analysis were operated on 

between 1977 and 1999, this study may not have direct clinical relevance to today’s 

operative outcomes.  The largest study of outcomes of patients with single coronary 

arteries undergoing the ASO was published by Gerelli and colleagues (66). They found a 

significant mortality of 11% in 73 children with single coronaries. All deaths except 1 

occurred in patients operated before 2001, suggesting a technical learning curve which 

has been encountered by their institution early in its experience. 

 

In addition to single coronary arteries, patients with intramural coronary arteries also 

present a surgical challenge with conflicting results in the literature. An intramural 

coronary artery, unlike a normal coronary artery, does not exit from the aortic sinus wall 

immediately from its origin but runs in the aortic wall for some distance before exiting 

on to the epicardial surface of the heart. New techniques to translocate intramural 

coronaries are still being described today (72). The largest study on patients with 

intramural coronaries undergoing the ASO was reported by Metton and colleagues (68). 

Out of 919 patients, they reviewed 46 patients with intramural coronary arteries who 

underwent an ASO between 1987 and 2008. They found a mortality of 28%, including 

11 deaths before discharge. Nine of the 11 deaths were deemed secondary to coronary 

complications. Conversely, Thrupp and colleagues (71) reported one death in 18 patients 

with intramural coronary arteries out of 215 patients who underwent ASO between 1996 

and 2006.  
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1.6 Low operative weight children undergoing the arterial switch operation 

Low operative weight has been identified as a risk factor for mortality in paediatric 

cardiac surgery (73-75). These infants represent not only a technical challenge to the 

surgeon but also have immature organ systems which may suffer a variety of 

complications. These children are often premature and suffer from a higher risk of 

infection, renal failure, respiratory disease, cerebral haemorrhage and necrotizing 

enterocolitis (76). Cardiopulmonary bypass adds a significant insult to children with this 

type of physiology. However, there is observational data to suggest that delaying cardiac 

surgery in low operative weight children to allow them to gain weight can be deleterious 

(77-80). 

 

Only one study has specifically addressed low operative weight as a risk factor for 

mortality in TGA children undergoing surgery. This study, by Roussin et al (79), 

examined 25 infants with TGA who underwent surgery at a weight of less than 2.0 

kilograms. Of the 25, 20 underwent an ASO and the overall mortality was 16%. This is 

clearly a significant mortality but published data on the outcomes of these children 

remains scarce. 

 

1.7 Quality of life after the arterial switch operation 

Improvement in operative mortality and a low incidence of late mortality has resulted in 

an ever-growing number of ASO survivors reaching adulthood worldwide. As these 

patients begin to reach adulthood, focus is now placed on the general health of these 

individuals. Research into health-related quality of life in patients with repaired 

congenital heart disease increases our understanding of the overall effect the condition 

has on survivors reaching adulthood. This may allow the development of future 

interventions to improve physical and psychosocial issues. Quality of life outcomes 

studies in ASO survivors have indicated quality of life comparable to the general 

population but have been limited by small sample sizes (81, 82). The largest study of 

quality of life in ASO survivors was published by Kalfa and colleagues (83). They 

investigated quality of life outcomes in 67 adult ASO survivors aged 18-31 years. Part of 

their methodology involved using the Short Form-36 (SF-36). The SF-36 is a validated 

health-related quality of life questionnaire that contains 36 questions across 8 mental and 

physical health domains. Overall, they found that adult ASO survivors had a satisfying 
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quality of life but with poorer results in the physical domains of the SF-36. The summary 

SF-36 score, the Short Form-Six Dimension (SF-6D), was not reported. 

 

1.8 Pregnancy outcomes in arterial switch operation survivors 

An increasing number of women who have had an ASO are reaching child-bearing age. 

Pregnancy represents a significant physiological challenge (84, 85) and has been shown 

to contribute to worse outcomes in some cardiac diseases (86-89). In particular, it has 

been demonstrated that pregnancy may be higher risk for both mother and child in 

repaired congenital heart disease (90, 91). 

 

To date, reports of outcomes in ASO survivors undergoing pregnancy have been limited 

to one case report (92) and two series (93, 94). This paucity of data is recognised in the 

guidelines for managing patients with congenital heart disease undergoing pregnancy. 

The 2017 American Heart Association (AHA) guidelines (95) state that “women with an 

arterial switch repair are anticipated to do well in pregnancy” in the absence of significant 

residual haemodynamic lesions but acknowledge that outcomes in women undergoing 

pregnancy is limited to a single series (93). The modified World Health Organisation 

classification of maternal risk used in the AHA guidelines do not specifically mention 

ASO survivors. Likewise, the 2011 European Society of Cardiology guidelines (96) 

references the single study on ASO survivors undergoing pregnancy and advises that the 

risk of pregnancy in ASO survivors is low in patients with a good clinical condition pre-

pregnancy.  

 

The effect of pregnancy on female ASO survivors has not been extensively studied and it 

is unknown if women who have had an ASO are at a higher risk of cardiac and obstetric 

complications during and after pregnancy. 

 

1.9 Thesis outline 

This thesis, focussing on patients operated at The Royal Children’s Hospital in Australia, 

provides novel information on outcomes of patients undergoing the ASO, with a 

particular emphasis on subgroup populations. 
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Chapter objectives 

 

Chapter 2:  Determine the outcomes of the ASO in patients operated at The Royal 

Children’s Hospital with respect to mortality, reintervention, valvular 

function and functional status. 

 

Chapter 3: Report the outcomes of the ASO in patients with intramural coronary 

arteries. 

 

Chapter 4: Examine the outcomes of patients less than 2.5 kilograms undergoing the 

ASO. 

 

Chapter 5: Compare quality of life in adult ASO survivors with age-matched 

population data using the SF-36 questionnaire. 

 

Chapter 6: Report the long-term outcomes of patients undergoing the ASO with 

concomitant AAO. 

 

Chapter 7: Examine the outcomes of ASO survivors who have undergone pregnancy 

with respect to maternal obstetric, maternal cardiac and neonatal 

outcomes. 

 

Chapter 8: Determine the impact of coronary artery anatomy on mortality in more 

than 1000 children undergoing the ASO at both The Royal Children’s 

Hospital and Queensland Children’s Hospital. 
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Chapter 2: Long-term outcomes of the arterial switch operation 

 

2.1 Introduction 

The arterial switch operation (ASO) is one of the greatest success stories in surgery of the 

past century and is performed with excellent early outcomes in the modern era (9, 11, 28). 

With the expectation that a paediatric cardiac surgery unit can achieve a low operative 

mortality, focus has shifted to the long-term outcomes of adult ASO survivors. After the 

ASO, the patient’s native pulmonary root becomes their neo-aortic root and the coronaries 

are transferred to this newly constructed vessel. There has been concern about the ability 

of the neo-aortic root to withstand systemic pressures and the long-term patency of the 

translocated coronaries since the ASO was first performed. Indeed, neo-aortic root 

dilatation is a well-known feature after ASO. Although neo-aortic root reoperations has 

been a rare event in adolescents and young adults (15, 21, 61, 97), the fate of the neo-

aortic root remains unknown in older patients. An understanding of the long-term 

expectations after ASO is of particular importance, as there is a worldwide rapidly 

increasing population of adult survivors of the ASO. We now have sufficient data to 

assess the outcomes of patients with more than 25 years of follow-up after the ASO.  

 

2.2 Methods 

Patients 

This study was approved by The Royal Children’s Hospital Human Research Ethics 

Committee. Follow-up information was obtained from treating hospitals and physicians, 

including local and interstate adult congenital heart centres. Ethics approval was obtained 

from each participating hospital. Valvular function and qualitative assessment of left 

ventricular (LV) function was determined from echocardiography reports. 
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Patients with a biventricular circulation who underwent an ASO at The Royal Children’s 

Hospital, Melbourne, between May 1983 and January 2015 were identified from The 

Royal Children’s Hospital cardiac surgery database. 

 

Definitions 

Early death or reoperation was defined as death or reoperation occurring prior to hospital 

discharge or within 30 days of ASO. Reintervention was defined as reoperation or 

transcatheter procedure. Reoperation was defined as an operation on the heart or great 

vessels performed after the ASO excluding exploration for bleeding, wound debridement, 

mechanical circulatory support (MCS) and pacemaker replacement.  

Functional status was described according to the New York Heart Association (NYHA) 

classification.  

 

Surgical procedures 

The ASO was performed as previously described (28). Coronary translocation was 

undertaken using medially based trapdoors. Concomitant arch repair was via an end-to-

side repair where possible. 

 

Statistical Analysis 

Data were imported into Stata Version 12 (Stata Corp, College Station, Texas). 

Continuous variables were reported as a median with an accompanying interquartile 

range. Categorical variables were presented as frequencies and percentages. Kaplan-

Meier curves were constructed to display freedom from the study’s outcomes. The log 

rank test was used to detect differences in freedom from the study’s outcomes between 
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groups. Cox regression analysis was used to determine risk factors for an outcome. A p 

value of less than 0.05 was considered statistically significant. 

 

2.3 Results 

Eight hundred and forty-four patients with a biventricular circulation underwent an ASO 

during the study period. Table 2-1 summarizes the perioperative and operative data of the 

patients.  

 

Table 2-1. Perioperative and operative data 

 

 

Of the 844 patients, 489 (58%, 489/844) patients had TGA-IVS without aortic arch 

obstruction and 228 (27%, 228/844) had TGA-VSD without aortic arch obstruction. 

Twenty-eight (3.3%, 28.844) had Taussig-Bing anomaly without aortic arch obstruction 

(TBA). Eighty-four (10%, 84.844) patients had associated AAO. Fifteen (1.8%, 15/844) 

had takedown of an atrial switch and conversion to ASO.  

The median age at operation was 10 days (interquartile range 7-23 days) and the median 

weight was 3.5 kilograms (interquartile range 3.1-4.0 kilograms). Thirty-five (4.1%, 

35/844) patients had an operative weight less than 2.5 kilograms.  

 

 

Overall (n=844) TGA-IVS (n=489) TGA-VSD (n=228) TBA without AAO (n=28) All AAO (n=84) Atrial switch to ASO conversion (n=15)

COA 62 (7.3%) 0 (0%) 0 (0%) 0 (0%) 62 (74%) 0 (0%)

HAA 46 (5.5%) 0 (0%) 0 (0%) 0 (0%) 46 (55%) 0 (0%)

IAA 10 (1.2%) 0 (0%) 0 (0%) 0 (0%) 10 (12%) 0 (0%)

LVOTO 29 (3.4%) 0 (0%) 17 (7.5%) 3 (11%) 4 (4.8%) 5 (33%)

Previous cardiac surgery 59 (7.0%) 5 (1.0%) 11 (4.8%) 5 (18%) 23 (27%) 15 (100%)

Preoperative PAB 30 (3.6%) 4 (0.8%) 4 (1.8%) 4 (14%) 7 (8.3%) 11 (73%)

Median age at ASO (days) 10 (IQR 7-23) 8 (IQR 6-11) 22 (IQR 10-58) 103 (IQR 51-424) 9 (IQR 5-34) 3759 (IQR 2564-4454)

Median weight at ASO (kilograms) 3.5 (IQR 3.1-3.5) 3.4 (IQR 3.1-3.8) 3.7 (IQR 3.2-4.3) 4.6 (IQR 3.5-6.9) 3.5 (IQR 3.2-3.9) 34 (IQR 19-39)

Less than 2.5 kilograms 35 (4.1%) 19 (3.9%) 9 (3.9%) 1 (3.6%) 5 (6.0%) 1 (6.7%)

Anomalous coronary anatomy 290 (34%) 155 (32%) 87 (38%) 13 (46%) 34 (40%) 1 (6.7%)

Single coronary artery without intramural course 29 (3.4%) 15 (3.1%) 9 (3.9%) 2 (7.1%) 3 (3.6%) 0 (0%)

Intramural coronary artery 37 (4.4%) 26 (5.4%) 7 (3.1%) 0 (0%) 4 (4.8%) 0 (0%)

Circulatory arrest used 294 (35%) 187 (38%) 68 (30%) 5 (18%) 30 (36%) 4 (27%)

Median duration of CPB (mins) 170 (IQR 129-204) 160 (IQR 121-185) 181 (IQR 139-217) 178 (IQR 153-219) 227 (IQR 166-280) 238 (IQR 200-353)

Median duration of aortic cross clamp (mins) 92 (IQR 71-116) 85 (IQR 61-105) 107 (IQR 80-132) 105 (IQR 88-125) 120 (IQR 93-168) 83 (IQR 77-90)

Mechanical circulatory support 46 (5.5%) 28 (5.7%) 9 (3.9%) 0 (0%) 9 (11%) 0 (0%)

AAO= ao rtic  a rch o bs truc tio n, ASO= arte ria l s witch o pera tio n, COA= co arc ta tio n o f the  ao rta , CP B= cardio pulmo nary bypas s , HAA= hypo plas tic  ao rtic  a rch, IAA= interrupted ao rtic  a rch, IQR= interquartile  range , LVOTO= left ventricular o utflo w trac t o bs truc tio n, P AB= pulmo nary arte ry banding, 

TBA= Taus s ing-Bing ano maly, TGA-IVS= trans po s itio n with intac t inte rventricular s eptum witho ut ao rtic  a rch o bs truc tio n, TGA-VSD= trans po s itio n o f the  grea t a rte ries  with ventricular s epta l defec t witho ut ao rtic  a rch o bs truc tio n
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Mortality and functional status 

There were 28 (3.3%, 28/844) early deaths. Causes of early death were myocardial 

ischaemia (n=20), sepsis (n=5), cerebral infarction (n=1), respiratory failure (n=1) and 

ventricular arrhythmia (n=1).  

There was no evidence of an era effect with respect to survival. Early mortality for TGA-

IVS was 1.8% (9/489) compared to 3.9% (9/228) for TGA-VSD (p=0.09). Early mortality 

for TBA with or without AAO was 5.3% (3/57) and was 6.0% (5/83) in all patients with 

AAO. 

Early mortality was 3.4% (5/148) from 1983-1989, 3.7% (11/300) from 1990-1999, 2.7% 

(7/263) from 2000-2010 and 3.8% (5/133) from 2010-2014. 

Univariate risk factors for early death were the presence of a ventricular septal defect 

(VSD) (p=0.012, hazards ratio (HR) 2.7, 95%CI 1.2-5.8), left ventricular outflow tract 

obstruction (LVOTO) (p=0.047, HR 3.4, 95%CI 1.0-11.2), previous cardiac surgery 

(p=0.005, HR 3.6, 95%CI 1.5-9.0), intraoperative PA banding (p=0.016, HR 5.8, 95%CI 

1.4-24.5), duration of circulatory arrest (p=0.007, HR 1.03, 95%CI 1.01-1.06), duration 

of cardiopulmonary bypass (p<0.001, HR 1.01, 95%CI 1.007-1.012), duration of aortic 

cross clamp (p<0.001, HR 1.01, 95%CI 1.01-1.02) and concomitant arch repair (p=0.038, 

HR 2.8, 95%CI 1.1-7.3). Multivariate risk factors for early death were intraoperative PA 

banding (p=0.003, HR 7.6, 95%CI 2.0-29, duration of circulatory arrest (p=0.006, HR 

1.03, 95%CI 1.01-1.06) and duration of cardiopulmonary bypass (p<0.001, HR 1.01, 

95%CI 1.005-1.015). 

Of the 816 survivors, 42 (5.1%, 42/816) were overseas patients who returned to their 

native country for follow-up. Follow-up was available for 94% (729/774) of local patients 

after hospital discharge. Median follow-up was 15 years (interquartile range 8-20 years). 
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There were 187 (26%, 187/729) patients with more than 20 years of follow-up and 95 

(13%, 95/729) patients with more than 25 years of follow-up. 

Overall survival was 95% (95%CI 94-97%) at 10, 20 and 25 years after ASO. There were 

no deaths 14 months after ASO (Figure 2-1). 

 

Figure 2-1. Survival after ASO 

 

Functional status according to NYHA class was available in 708 (91%, 708/774) 

survivors with follow-up. Of these patients, 695 (98%, 695/708) were in NYHA class I. 

 

Reintervention  

There were 193 catheter or surgical reinterventions in 133 patients occurring at median 1 

year (interquartile range 1 month to 11 years, mean 5.3 years) after ASO. Tables 2-2 and 

2-3 list the reinterventions performed.  
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Table 2-2. Reoperation types 

 

  

Reoperation type Number of reoperations

Pulmonary artery surgery

Branch PA stenosis repair 24

MPA repair 12

Pulmonary valve repair 8

Pulmonary valve replacement 2

Aortic surgery

Aortic root replacement 18

Aortic valve repair 13

Aortic valve replacement 13

Aortic arch repair 8

Aortic-RA fistula repair 1

Other cardiac

Subvalvular pulmonary stenosis resection 11

Permanent pacemaker 11

Subvalvular aortic stenosis resection 10

VSD closure 8

MV repair 5

ASD closure 5

Revision of coronary anastomosis 5

Supravalvular aortic stenosis repair 4

Implantable cardiac defibrillator 2

PA banding 2

TV repair 2

Coronary artery bypass graft surgery 2

MV replacement 1

RV-PA conduit 1

Left SVC-RA conduit 1

Other non-cardiac

SVC stenosis repair 9

Plication of diaphragm 6

Thoracic duct ligation 4

ASD= a tria l s epta l defec t, MP A= main pulmo nary a rte ry, MV= mitra l va lve , P A= pulmo nary a rte ry, 

RA= right a trium, RV= right ventricule , SVC= s uperio r vena  cava , TV= tricus pid va lve , 

VSD= ventricula r s epta l defec t
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Table 2-3. Catheter reintervention types 

 

 

Freedom from any form of reintervention was 87% (95%CI 84-89%), 79% (95%CI 75-

82%) and 77% (95%CI 73-81%) at 10, 20 and 25 years after ASO (Figure 2-2).  

 

Figure 2-2. Freedom from reintervention 

 

Catheter reintervention type Number of patients

Branch PA angioplasty or stent 21

MPA angioplasty or stent 7

Pulmonary valve angioplasty 7

Angioplasty of coarctation 5

ASD closure 3

VSD closure 2

Coiling of aortopulmonary collaterals 2

Angioplasty of SVC 2

PA band angioplasty 1

Ablation for atrial flutter 1

ASD= a tria l s epta l defec t, MP A= main pulmo nary arte ry, P A= pulmo nary arte ry, SVC= s uperio r

vena  cava , VSD= ventricular s epta l defec t
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Freedom from reintervention at 20 years was 86% (95%CI 81-89%) for TGA-IVS 

patients and 70% (95%CI 62-78%) for TGA-VSD patients (p<0.001). 

Univariate risk factors for reintervention were the presence of a VSD (p<0.001, HR 2.4, 

95%CI 1.7-3.4), AAO (p<0.001, HR 2.2, 95%CI 1.4-3.4), LVOTO (p<0.001, HR 4.6, 

95%CI 2.7-8.0), duration of circulatory arrest (p<0.001, HR 1.02, 95%CI 1.01-.1.04), 

duration of CPB (p<0.001, HR 1.007, 95%CI 1.005-1.009), duration of aortic cross clamp 

(p<0.001, HR 1.01, 95%CI 1.006-1.014) and the need for MCS (p=0.004, HR 3.2, 95%CI 

1.5-7.1). There were no risk factors for reintervention on multivariate analysis. 

There were 146 reoperations in 109 patients occurring at median 1 year (interquartile 

range 1 month to 11 years, mean 5.6 years) after ASO. The most common reoperation 

was branch PA stenosis repair (n=24). Freedom from reoperation was 89% (95%CI 86-

91%, 82% (95%CI 78-86%) and 81% (95%CI 77-85%) at 10, 20 and 25 years after ASO. 

Freedom from reoperation at 20 years was 89% (95%CI 84-92%) for TGA-IVS patients 

and 76% (95%CI 68-82%) for TGA-VSD patients (p<0.001). 

Univariate risk factors for reoperation were the presence of a VSD (p<0.001, HR 2.7, 

95%CI 1.8-3.9), AAO (p<0.001, HR 2.5, 95%CI 1.6-3.9), LVOTO (p<0.001, HR 5.2, 

95%CI 3.0-9.2), duration of circulatory arrest (p=0.04, HR 1.02, 95%CI 1.0009-1.03), 

duration of CPB (p<0.001, HR 1.008, 95%CI 1.006-1.01), duration of aortic cross clamp 

(p<0.001, HR 1.01, 95%CI 1.008-1.02) and the need for mechanical circulatory support 

(p=0.003, HR 3.5, 95%CI 1.5-8.1). The only risk factor on multivariate analysis was 

duration of cardiopulmonary bypass (p=0.04, HR 1.009, 95%CI 1.0004-1.02). 

There were 44 reoperations on the neo-aortic root or neo-aortic valve in 34 patients 

occurring at a median 14.5 years (interquartile range 6-18 years). There was 1 (2.9%, 

1/34) death associated with reoperation in these patients. Freedom from reoperation on 

the neo-aortic root or neo-aortic valve was 96% (95%CI 97-99%), 94% (95%CI 91-96%) 
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and 92% (95%CI 88-95%) at 10, 20 and 25 years after ASO. Freedom from reoperation 

on the neo-aortic root or neo-aortic valve at 20 years was 96% (95%CI 92-98%) for TGA-

IVS patients and 94% (95%CI 88-97%) for TGA-VSD patients (p=0.19). Univariate risk 

factors for reoperation on the neo-aortic root or valve were the presence of a VSD 

(p=0.03, HR 2.2, 95%CI 1.1-4.3), LVOTO (p<0.001, HR 6.1, 95%CI 2.5-14.8) and 

previous cardiac surgery (p=0.04, HR 2.5, 95%CI 1.1-5.8). The only risk factor on 

multivariate analysis was anatomic LVOTO present prior to the ASO (p=0.001, HR 4.5, 

95%CI 1.8-11.5). 

There were 7 reoperations on the coronary arteries in 5 patients occurring at a median 12 

days (interquartile range 5.5 to 55 days, mean 1.3 years) after ASO. All coronary 

reoperations occurred within 3 months of ASO except in 1 patient who required coronary 

reoperation 9 years after ASO. Two (40%, 2/5) patients died after coronary reoperation. 

Freedom from coronary reoperation was 99% (95%CI 98-99.7%) at 10, 20 and 25 years 

after ASO. 

There were 47 catheter reinterventions in 38 patients occurring at a median 3 years 

(interquartile range 9 months to 12.5 years, mean 6.2 years) after ASO. The most common 

catheter reintervention was branch PA angioplasty or stent (n=21). Freedom from catheter 

reintervention was 96% (95%CI 94-97%), 94% (95%CI 91-95%) and 94% (95%CI 91-

95%) at 10, 20 and 25 years after ASO.  

  

Valvular function and left ventricular function 

Of the 774 patients with follow-up, 713 (92%, 713/774) patients had echocardiographic 

assessment of the neo-aortic valve at last follow-up. Two (0.3%, 2/774) patients had 

moderate or severe neo-aortic valve stenosis. Twenty-two (3.1%, 22/713) patients had 

moderate or severe neo-aortic valve regurgitation (AR). Of the 95 patients with more than 



Long-term outcomes of the arterial switch operation 19 

25 years of follow-up after ASO, 6 (6.3%) had at least moderate AR and 8 (8.4%) had 

undergone replacement of the neo-aortic valve. The function of the other valves last 

follow-up is summarized in Table 2-4. 

 

Table 2-4. Valvular function at last follow-up 

 

 

Six hundred and nine (79%, 609/774) patients had qualitative assessment of LV systolic 

function on echocardiography at last follow-up. Left ventricular systolic function was 

normal in 595 (98%, 595/609) patients. 

  

Arrhythmia 

Seven (0.9%, 7/774) patients had a known arrhythmia at last follow-up. Five of these 

patients had documented supraventricular tachycardia after hospital discharge and 2 

patients had atrial flutter. Eleven (1.4%, 11/774) patients had a permanent pacemaker, of 

which 10 had VSD closure at time of ASO. 

 

2.4 Discussion 

This study represents a large cohort of ASO survivors with long-term follow-up. A 

particular strength of this research is the number of survivors with long-term follow-up, 

with 95 patients having more than 25 years of follow-up after ASO. To the best of our 

Valvular lesion % patients at last follow-up

≥ moderate tricuspid regurgitation 0% (0/696)

≥ moderate tricuspid stenosis 1.4% (10/696)

≥ moderate pulmonary regurgitation 4.0% (28/688)

≥ moderate pulmonary stenosis 0.9% (6/688)

≥ moderate mitral regurgitation 0.7% (5/699)

≥ moderate mitral stenosis 0% (0/699)

≥ moderate neo-aortic regurgitation 3.1% (22/713)

≥ moderate neo-aortic stenosis 0% (0/713)
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knowledge, this paper has the largest number of such long-term survivors currently 

reported on.  

Similar to others (9, 11, 18), we have demonstrated a low early mortality, especially in 

patients with TGA-IVS. Early mortality remained low at our institution throughout the 

study period and allowed a large population of ASO survivors to reach adulthood. In 

further examining early mortality, the need for postoperative MCS was the only risk 

factor on multivariate analysis. Overall, late death was a rare outcome (1.2%) as has been 

reported by others (19, 49, 98, 99). 

Overall, reintervention was required in almost one quarter of ASO survivors by 25 years 

postoperatively. This finding agrees with the results of another large retrospective study 

by Khairy et al (49) who reported a freedom from reintervention of 75.5% at 25 years. 

There was a significant difference in reintervention and reoperation between patients with 

TGA-IVS and TGA-VSD. This difference is explained by the TGA-VSD patients 

undergoing reintervention for a broader scope of problems as well as more reintervention 

for pulmonary stenosis. Branch PA stenosis was the most common cause of both 

reoperation and catheter reintervention. The etiology of branch PA stenosis is not well 

understood but has been hypothesized to be caused by the stretched course of the arteries 

over a dilated neo-aortic root (100). 

In contrast to reintervention for branch PA stenosis, which was common and occurred 

early after ASO, reoperation on the neo-aortic root or valve occurred uncommonly, but 

increased as follow-up increased. Koolbergen and colleagues (62) found a freedom from 

neo-aortic root or valve reoperation of 95% at 25 years but acknowledged that these rates 

of reoperation are likely to increase as follow-up lengthens. Recently, van der Palen et al 

(63) demonstrated that the neo-aortic root increased in size with age without a 

stabilisation of dimensions and the incidence of significant AR also increased over time. 
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One would expect that the rate of reoperation on the neo-aortic root would be higher in 

TGA-VSD patients in whom the neo-aortic root is generally larger from birth. In fact, we 

have demonstrated no significant difference between TGA-IVS and TGA-VSD patients. 

In our 95 patients who were more than 25 years after ASO, 15% had either at least 

moderate AR or had undergone neo-aortic valve replacement with or without replacement 

of the neo-aortic root. This is an important finding and demonstrates the significant 

attrition of neo-aortic valve function over time and need for ongoing surveillance of ASO 

survivors throughout life. How well the neo-aortic root will withstand systemic pressures 

as patients reach middle age is a question that only ongoing surveillance will answer.  

Reoperation on the coronary arteries remained a rare event in our study. Although routine 

coronary angiography is not part of routine follow-up after the ASO in our hospital and 

the patency of individual coronary arteries could not be assessed, there were no patients 

with clinical or echocardiographic findings that required reintervention for coronary 

problems beyond 3 months after the ASO, excluding 1 patient who required late coronary 

reoperation. The findings from our study with regards to coronary and other 

reinterventions are similar to those of other late studies following the ASO (49, 98, 101).  

A recent meta-analysis of LV function after the ASO (102) found that LV function, as 

assessed by LV ejection fraction, was normal in the vast majority of ASO survivors. 

Similarly, qualitative assessment of LV function was normal in 98% of patients with 

follow-up data. 

The incidence of clinically significant arrhythmia and permanent pacemaker implantation 

was low in our cohort in the long-term. This agrees with the reports of others (49, 98, 99, 

103) and stands in contrast to late results following the atrial switch procedures for TGA 

(104). 
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A limitation of this study was its retrospective nature. We were unable to comment on the 

incidence of neo-aortic root dilation, outside the need for reoperation, due to lack of 

quantitative data on echocardiographic reports. 

 

2.5 Conclusion 

Overall long-term outcomes for ASO survivors are good with excellent late survival and 

functional status. However, reintervention is common particularly in patients with TGA-

VSD. In patients who were more than 25 years after ASO, 15% had either at least 

moderate AR or had undergone neo-aortic valve replacement with or without replacement 

of the neo-aortic root. These findings highlight the need for ongoing surveillance of ASO 

survivors throughout adult life. 
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 Chapter 3: Excellent long-term outcomes of the arterial switch 

operation in patients with intramural coronary arteries 

 

3.1 Introduction 

In this study, we reviewed outcomes of the ASO in patients with intramural coronary 

arteries. Over a study period from 1983-2009, there were 28 patients who underwent an 

ASO with intramural coronaries at The Royal Children’s Hospital. There were no deaths 

and no coronary reinterventions after a mean follow-up of 16.3 years. We described a 

simple, reproducible technique for coronary translocation in patients with intramural 

coronaries. The last 25 patients in the study underwent this technique of detachment of 

the posterior commissure with or without unroofing of the intramural coronary and 

translocation of 2 separate coronary buttons to medially based trapdoors in the neo-aorta. 

This study represents the longest follow-up of patients with intramural coronary arteries 

undergoing the ASO. 
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Chapter 4: Outcomes of the arterial switch operation in children less 

than 2.5 kilograms 

 

4.1 Introduction 

Children with a low operative weight represent one of the most challenging subgroups of 

patients undergoing the ASO. This is a particular subgroup for which data on outcomes 

is particularly scarce, with only one published study specifically looking at these patients. 

In this study, we examined the outcomes of the ASO in children with an operative weight 

of less than 2.5 kilograms. Thirty-one patients less than 2.5 kilograms who underwent an 

ASO were identified from The Royal Children’s Hospital database. There was a 

significant difference (p<0.001) in hospital mortality in patients less than 2.5 kilograms 

compared to those above 2.5 kilograms (19% versus 1.9%). However, the majority of 

deaths occurred in children less than 2.0 kilograms. Mortality for patients less than or 

equal to 2.0 kilograms was 50% (5/10) compared to a mortality of 2.8% (1/21) for 

children greater than 2.0kg but less than 2.5kg. Despite these differences in early 

mortality, long-term outcomes in survivors remained excellent. The study highlighted the 

challenging nature of these patients and the fact that operative weight less than 2.5 

kilograms is a significant risk factor for mortality. 
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Chapter 5:  Long-term quality of life in adult survivors after the 

arterial switch operation 

 

5.1 Introduction 

This study investigated quality of life in adult ASO survivors using the SF-36 quality of 

life questionnaire. Patients who were at least 18 years of age with a contact phone number 

living in the state of Victoria were included. One hundred and seven patients completed 

the SF-36 via phone interview.  Scores from the 8 domains of the SF-36 and the SF-6D 

summary scores for patients aged 18-24 years and 25-34 years of age were obtained. 

These were compared against published data from age matched controls from the 

Household, Income and Labour Dynamics in Australia survey. Interestingly, patients 

aged 18-24 ranked their health significantly higher in 3 of the 8 domains and there was 

no statistically significant difference in the other 5 domains. Likewise, patients aged 25-

34 scored significantly higher in 4 of the 8 domains and there was no statistically 

significant difference in the other 4 domains. Importantly, we found that there were no 

statistically significant differences in SF-6D summary scores in both age groups as 

compared to the population data. This suggests a similar quality of life in adult ASO 

survivors compared to the general population. Our study represented the largest cohort of 

adult ASO survivors to have quality of life examined. 
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Chapter 6: Outcomes of the arterial switch operation in patients with 

aortic arch obstruction 

 

6.1 Introduction 

Patients with TGA or TBA with associated AAO represent a challenging subgroup 

undergoing the ASO. However, there are few studies examining long-term outcomes in 

this group of patients despite the possibility of a higher reintervention rate of the neo-

aorta and the right ventricular outflow tract. As more and more of these patients are 

reaching adulthood, we decided to determine their long term-outcomes with an emphasis 

on reintervention for right sided obstruction and reintervention for recurrent AAO. In a 

cohort of 83 patients with a median follow-up of 13 years, we found that these patients 

had a higher operative mortality as well as a higher reintervention rate for right sided 

obstruction and a low reintervention rate for recurrent AAO. We concluded that 

avoidance of patch material in reconstructing the neo-aorta may lead to a lower risk of 

AAO recurrence. For the reasons stated above, patients who have undergone ASO and 

concomitant arch repair require close follow-up. 

 

To date, this study has the longest follow-up of ASO patients with concomitant AAO 

repair. 
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Chapter 7: Pregnancy outcomes in women after the arterial switch 

operation 

 

7.1 Introduction 

An increasing number of women who have had an ASO are reaching child-bearing age. 

Data on women who have had an ASO undergoing pregnancy are limited. This is reflected 

in American and European guidelines for managing congenital heart disease in pregnancy 

(95, 96). Considering that pregnancy represents a considerable physiological challenge 

and few studies exist, we sought to determine maternal cardiac, obstetric and fetal 

outcomes in ASO survivors undergoing pregnancy. 

 

In 11 women who underwent 17 pregnancies, there were 2 maternal cardiac 

complications. There were 15 maternal obstetric complications in 10 women. This was a 

relatively high and unexpected number of obstetric complications that we were unable to 

explain. There was 1 neonatal complication in a child who was premature and no child 

was born with congenital heart disease. As such, we concluded that pregnancy in female 

ASO survivors appears to be safe in the majority of women. 

 

This study represents only the third published series on pregnancy outcomes after the 

ASO and the first published in Australian patients. 
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Chapter 8: The impact of coronary artery anatomy on mortality after 

the arterial switch operation 

 

8.1 Introduction 

Patients with abnormal coronary artery patterns represent a challenging subgroup 

undergoing the ASO. In this study, we combined patients operated at The Royal 

Children’s Hospital with patients operated at The Queensland Children’s Hospital over 

the same time period of 1983-2013. This resulted in 1033 patients from which we 

retrospectively examined the effect of anomalous coronary anatomy on mortality and 

coronary reintervention after the ASO.  

 

There was a higher early mortality in patients with abnormal coronary anatomy compared 

to patients with normal coronary anatomy (3.9% vs 3.0%) but this was not statistically 

significant. Likewise, higher early mortalities were observed in TGA-IVS and TGA-VSD 

patients with abnormal coronary anatomy. Overall, the need for postoperative mechanical 

circulatory support was higher in patients with abnormal coronary anatomy and this 

difference was statistically significant. Coronary reoperation was necessary in only 6 

patients.  

 

We concluded that, while neither anomalous coronary anatomy or a specific coronary 

pattern was a statistically significant risk factor for mortality, these patients had higher 

early mortalities and a higher risk for postoperative mechanical circulatory support. 

Statistical significance may be difficult to achieve since mortality is an uncommon event 

and many anomalous coronary patterns are rare. 
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Chapter 9: Conclusions 

 

9.1 Overview 

Characterising the long-term outcomes of patients who undergo the ASO allows us to improve 

our understanding of the prognosis and treatment of this important patient group. This thesis 

detailed outcomes of patients undergoing the ASO as an entire cohort, as well as investigating 

outcomes in challenging subgroups. 

 

9.2 Key findings 

In Chapter 2, we determined the long-term outcomes of patients who underwent an ASO for 

TGA over a period of more than 30 years. We demonstrated excellent late survival, functional 

status and a very low rate of coronary reoperation. Despite this, reintervention was reasonably 

common overall and the incidence of clinically significant AR, particularly in patients with 

more than 25 years of follow-up, was significant. These findings highlight the need for ongoing 

follow-up of these patients as they reach their third and fourth decades of life. 

 

In Chapter 3, we showed that patients with intramural coronary arteries undergoing the ASO 

can be operated with excellent long-term outcomes. We reported no deaths and no coronary 

reinterventions in 28 patients. Of these 28, the last 25 consecutively operated patients 

underwent the same technique for coronary translocation which this study describes in detail. 

This demonstrates that patients with intramural coronary arteries can safely undergo the ASO 

using a simple, reproducible technique, with the longest follow-up reported in this patient 

group. 

 

In Chapter 4, we analysed the outcomes of children with an operative weight of less than 2.5 

kilograms undergoing the ASO. In only the second published and largest study to specifically 

examine this subgroup, we showed a significant difference in hospital mortality in patients less 

than 2.5 kilograms compared to those above 2.5 kilograms (19% versus 1.9%). In this chapter, 

we showed that the majority of mortality occurred in children less than 2.0 kilograms. 

However, long-term outcomes for these patients appear reasonable and comparable to normal 

operative weight children undergoing the ASO. 
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In Chapter 5, we investigated quality of life in adult ASO survivors. As assessed by the SF-36 

quality of life questionnaire, patients had similar health related quality of life compared to 

published population data from Australian age-matched controls. This is a powerful and 

hopeful message to patients and clinicians, particularly as the adult population of ASO 

survivors continues to grow. This study is the largest published quality of life study in ASO 

patients published to date. 

 

Chapter 6 detailed the long-term outcomes of a challenging subgroup of patients undergoing 

the ASO, those with associated AAO. We showed that these patients have a significantly higher 

reintervention rate, particularly for right sided obstruction. However, we were able to show a 

low rate of reintervention for recurrent AAO by avoiding the use of patch material in arch 

repair at the time of ASO. This study has the longest follow-up of such patients published in 

the literature to date. 

 

Pregnancy outcomes in female survivors of the ASO was investigated in Chapter 7. With little 

published data on women undergoing pregnancy after the ASO, we aimed to further add to the 

understanding and management of these women. We found that pregnancy was reasonably low 

risk in the majority of the 17 successful deliveries. There was a low rate of neonatal 

complications and maternal cardiac complications but, unexpectedly, a high rate of maternal 

obstetric complications. This study was the first to be published on Australia women 

undergoing pregnancy after the ASO. 

 

The impact of coronary anatomy on mortality after the ASO was examined in Chapter 8. Data 

from two institutions, The Royal Children’s Hospital and the Queensland Children’s Hospital, 

were combined in order to obtain a large number of patients for which abnormal coronary 

patterns could be analysed as risk factors for mortality. Despite higher early mortalities in 

patients with abnormal coronary anatomy as compared to those with normal coronary anatomy, 

abnormal coronary anatomy was not a statistically significant risk factor for mortality. The 

rarity of specific coronary patterns makes analysis of their contribution to mortality difficult, 

even in such a large patient population. Using the trapdoor technique for coronary translocation 

during the ASO results in a low rate of coronary reintervention.  
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9.3 Future directions 

The true long-term success of the ASO will be assessed by the ongoing follow-up of these 

patients into mid and late adulthood. While we have demonstrated good outcomes overall in 

patients entering adulthood, the fate of the neo-aortic root and of the translocated coronaries 

remains to be determined. One would expect that patients with clinically significant AR in their 

twenties would require neo-aortic valve replacement at some point in their lives. Likewise, 

while there are no reports in the literature of dissection or rupture, patients with large neo-aortic 

roots will need close surveillance. Similarly, it is yet unknown how atherosclerotic disease will 

affect the coronary arteries of these patients. As such, continuing data collection of ASO 

survivors followed at adult congenital centres is key in order to improve current and future 

management strategies. 
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