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ABSTRACT 

 

 Truncus arteriosus is a rare congenital cardiac defect which results in a 

single common arterial trunk exiting the heart which supplies the systemic, 

pulmonary, and coronary circulations. The truncus itself is guarded by a single, 

often large common valve – the truncal valve – which separates the truncus from 

both the left and right ventricle. Truncus arteriosus has an incidence of 3 to 10 per 

100,000 live births. Although only 0.7% – 3% of all congenital cardiac anomalies 

are due to truncus arteriosus, it accounts for 4% of all critical congenital cardiac 

anomalies. Patients typically present early in life with symptoms of cyanosis and 

congestive cardiac failure. Nowadays, surgery is undertaken early in life prior to 

the development of irreversible pulmonary hypertension. Improvements in 

surgical techniques and perioperative management has drastically reduced early 

mortality to 3 – 20%. Therefore, many children who have undergone truncus 

arteriosus repair are living well into adulthood. Despite this, there are few large 

studies addressing the long-term outcomes of truncus arteriosus repair. 

Furthermore, the impact of concomitant anomalies and the truncal valve are 

insufficiently described.  

 This Doctor of Philosophy focuses on the long-term outcomes of truncus 

arteriosus repair in order to determine the current results and risk factors for 

poor outcomes. This research constitutes the largest single-institutional and 

multi-institutional experience assessing the long-term outcomes of truncus 

arteriosus repair with the longest follow-up time.  

 I demonstrated that the majority of mortality following truncus arteriosus 

repair occurs within the first year after repair, and survival beyond the first year 

is excellent. I found that the presence of a coronary artery anomaly was associated 

with both early and late mortality and suggest that the coronary anatomy be 

clearly identified intraoperatively. Furthermore, patients with DiGeorge 

syndrome are at risk of late mortality, most commonly due to infection.  
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 Interestingly, I found that patients with mild or less truncal valve 

insufficiency are free from truncal valve surgery for up to 25 years, despite their 

truncal valve anatomy. In contrast, most patients with moderate or greater truncal 

valve insufficiency – particularly those with a quadricuspid truncal valve – will 

require truncal valve surgery at some stage in their lifetime. Of note however, the 

durability of truncal valve repair as a whole is poor, with most patients requiring 

reoperation on the truncal valve. In those with a quadricuspid truncal valve, repair 

by tricuspidization appears to be the most durable option with good long-term 

outcomes. Tricuspidization provided better long-term outcomes even if the non-

tricuspidization group included younger children (less than 6 years of age), in 

whom truncal valve replacement was performed. This is an important finding as 

it suggests that younger children may benefit from truncal valve repair rather than 

a replacement with a smaller (non-adult sized) mechanical prosthesis which may 

require repeat replacement. Furthermore, if repair of the truncal valve is possible, 

this would avoid life-long anti-coagulation and the associated risks.  

 In the long-term, patients had an excellent functional status following 

truncus arteriosus repair but had a high rate of reoperation due to the use of a 

conduit for reconstruction of the right ventricular outflow tract. Despite the high 

reoperation rate, patients have similar quality of life compared to age-matched 

Australian controls.  

 This Doctor of Philosophy has redefined our understanding of the long-

term outcomes of truncus arteriosus repair. The findings presented will impact 

clinical decision making, and I envision an improvement in the outcomes of these 

rare and complex patients.  
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  Background and literature review 

1 

Chapter 1: Background and literature review 

 

The incidence of congenital cardiac anomalies range from 4 to 50 out of 

every 1000 live births (1). They are 6 times more common than chromosomal 

abnormalities, and 4 times more common than neural tube defects (2). Truncal 

anomalies occur due to malformation of the aortopulmonary septum. Although 

rare, truncal anomalies are responsible for significant morbidity and mortality if 

not repaired early in life. As with many cardiac anomalies, there is a spectrum of 

disease with truncal anomalies due to variable development of the 

aortopulmonary septum. A partial defect in aortopulmonary septation may result 

in an aortopulmonary window, while total defects can result in a common arterial 

trunk, or truncus arteriosus.  

Truncus arteriosus is a rare congenital cardiac defect which results in a 

single common arterial trunk exiting the heart which supplies the systemic, 

pulmonary, and coronary circulations. Additionally, patients with truncus 

arteriosus have a single, often large, common valve – the truncal valve – which 

separates the truncus itself from both the left and right ventricles. Truncus 

arteriosus has an incidence of 3 to 10 per 100,000 live births (3, 4). Although only 

0.7% – 3% of all congenital cardiac anomalies are due to truncus arteriosus, it 

accounts for 4% of all critical congenital cardiac anomalies (3, 5, 6). Truncus 

arteriosus was first reported in an autopsy case by Wilson  in 1798 (7), and later 

the anatomical details were described by Buchanan  in a six-month-old infant in 

1864 (8). Patients typically present early in life with symptoms of cyanosis and 

congestive cardiac failure. If left untreated, patients will develop progressive 

pulmonary vascular obstructive disease and clinically significant truncal valve 

insufficiency, and will often die within the first year of life (9). There has been 

remarkable improvement in perioperative and surgical management of truncus 

arteriosus, which now means an early mortality of 3 – 20% (10-21). Thus, many 

children who have undergone truncus arteriosus repair are now living well into 

adulthood, albeit with several reoperations. Despite this, little is known about the 
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long-term outcomes of truncus arteriosus repair, and this is the focus of this 

Doctor of Philosophy.  

 

1.1  Anatomy and embryology of the truncal region 

From the third week of gestation, the tubular heart elongates and develops 

alternate dilations and constrictions forming the sinus venosus, an atrium, a 

ventricle, and the bulbus cordis. The bulbus cordis will subsequently flow into a 

common outflow tract – the truncus arteriosus (22). Embryonically, the truncus 

arteriosus – common arterial trunk or truncus arteriosus communis – exits the 

developing heart. Together, the bulbus cordis and the truncus arteriosus form the 

conotruncus collectively. The truncus arteriosus itself extends distally to the 

margins of the pericardial cavity, where it becomes continuous with the aortic sac 

(22). The eventual fate of the embryonic truncus arteriosus is that it will be 

divided to form the proximal portions of the main pulmonary artery and 

ascending aorta; while the bulbus cordis will be incorporated as the infundibulum 

of the right ventricle (22). However, at this stage in embryonic life, the truncus 

arteriosus is unpartitioned, and thus supports the entire circulation of the embryo.  

During the fifth week of gestation, active proliferation of mesenchymal 

cells within the truncus arteriosus and aortic arches cause a variety of swellings 

to develop within the vessel wall (23). Initially, a mesenchymal wedge of tissue 

develops between the fourth and sixth aortic arches and begins projecting 

inferiorly towards the heart (23). Additional swellings develop in both the walls 

of the bulbus cordis and truncus arteriosus, resulting in the formation of bulbar 

and truncal ridges, respectively (collectively named conotruncal ridges) (Figure 

1.1A). The bulbar and truncal ridges, which are just beginning to separate the 

outflow tract, run in a spiral course along the walls of the bulbus cordis and 

truncus arteriosus. The spiral course is paramount for the right ventricle to 

connect to the future pulmonary circulation and the left ventricle to connect to the 

systemic circulation (22-24). As the truncal ridges continue to grow, they meet 

and fuse with the mesenchymal wedge of tissue between the fourth and sixth 

aortic arch (23). Following this, fusion of the spiraled bulbar and truncal ridges 
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occurs, commencing distally and progressing proximally (Figure 1.1B). Once 

fused, the now aortopulmonary septum divides both the bulbus cordis and 

truncus arteriosus into two separate arterial channels – the main pulmonary 

artery and the ascending aorta (22, 23). Meanwhile, the atrioventricular cushions 

and septa continue to develop within the heart itself. Complete segregation of the 

right and left ventricles and their respective outflow tracts is only complete when 

the interventricular septum fuses with the aortopulmonary septum and the 

ventricular side of the atrioventricular septum (24). 

 

 

Figure 1.1 Embryological development of the conotruncal region. (A) Development and 

approximation of the bulbar and truncal ridges. (B) Rotational arrangement of the fused bulbar 

and truncal ridges. (C) Final anatomical relationship between the ascending aorta and main 

pulmonary artery. 

 

As a result of the spiral course of the bulbar and truncal ridges, the left and 

right ventricular outflow tracts and, eventually, the main pulmonary artery and 

ascending aorta, form a helical arrangement. The cause of and ultimate reason for 

this spiraling is unknown. Several theories have been proposed, including 

rotational and torsional forces on the outflow tract generated as a consequence of 

cardiac looping, and the forces caused by streaming of blood from the ventricles 

(23-25). The eventual helical arrangement results in the great arteries almost 

perpendicular to each other (Figure 1.1C).  
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When partitioning of the bulbus cordis and truncus arteriosus is nearly 

complete, the semilunar valves begin to develop from three swellings around the 

orifices of the soon to be main pulmonary artery and ascending aorta, respectively. 

These swellings are reshaped to form three, thin-walled cusps on each outflow 

tract, which are completed by the ninth week of gestation (23). These will be the 

pulmonary and aortic valves, respectively. 

Truncal anomalies result from a failure of the truncal and bulbar ridges 

developing normally. Without complete fusion of these ridges, and subsequent 

aortopulmonary septum, the main pulmonary artery and ascending aorta are in 

communication with one another. Partial fusion results in an aortopulmonary 

window, while a total defect of fusion results in persistent truncus arteriosus (or 

truncus arteriosus). The discriminating factor separating these two conditions 

clinically is that an aortopulmonary window will have two separately formed 

semilunar valves. As malformations in the conotruncal ridges can cause disruption 

in the development of the semilunar valves, truncus arteriosus will result in a 

single truncal valve separating the truncus arteriosus from both the right and left 

ventricles (26).  

 

1.2  Classification 

Classification of truncus arteriosus has been based around the branching 

of the pulmonary arteries from the truncus itself. Collett and Edwards (27) 

described four types of truncus arteriosus in 1949: type I, truncus arteriosus with 

a main pulmonary artery arising from the truncus; type II, truncus arteriosus with 

separate right and left pulmonary arteries arising adjacent to each other on the 

posterior aspect of the truncus; type III, truncus arteriosus with right and left 

pulmonary arteries taking origin from the posterolateral aspect of the truncus; 

and type IV, truncus arteriosus with no pulmonary artery arising from the truncus 

itself, rather arising from the thoracic aorta or ductus. The type IV of the Collett 

and Edwards classification system has often been referred to as ‘pseudo-truncus 

arteriosus’; however, it is no longer considered to be a part of the truncus 
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arteriosus complex, rather it is a form of pulmonary atresia with a ventricular 

septal defect (26, 28).  

In 1965, the truncus arteriosus classification was revised by Van Praagh & 

Van Praagh (29) who specified the presence (A) or absence (B) of a ventricular 

septal defect, as well as describing an associated interrupted aortic arch, if 

present. Van Praagh and Van Praagh described four types of truncus arteriosus 

(29): type 1, was the same as Collett and Edwards type I in that the main 

pulmonary artery arises from the truncus; type 2 included Collett and Edwards 

type II and type III with separate orifices of the pulmonary arteries; type 3, was an 

absence of one branch pulmonary artery branch from the truncus and a ductal or 

aortic origin of the second branch pulmonary artery; and type 4 was a truncus 

arteriosus with an interrupted aortic arch. The Van Praagh classification is most 

commonly used when describing truncus arteriosus. 

 

1.3  Concomitant anomalies 

Truncus arteriosus is associated with concomitant cardiovascular 

anomalies in up to 50% of patients (13, 20, 30-32). While patients with truncus 

arteriosus may present with any number of concomitant anomalies, two 

important concomitant anomalies are an interrupted aortic arch and a coronary 

artery anomaly. Both concomitant anomalies have been associated with an 

increased risk of mortality (32-36).  

One of the most significant concomitant anomalies in patients with truncus 

arteriosus is an interrupted aortic arch. An interrupted aortic arch is present in 

approximately 10 – 20% of patients with truncus arteriosus, and is commonly 

type B (13, 28, 32, 37-40) interruption of the Celoria and Patton classification (41). 

Several previous studies have shown an interrupted aortic arch to be a risk factor 

for mortality (11, 13, 20, 30, 32, 42, 43). The largest multi-institutional study to 

date, which was published by the Congenital Heart Surgeon’s Society (32), 

described 50 patients with truncus arteriosus and interrupted aortic arch 

between 1987 and 1997, with 34 deaths and an overall survival of 31% at 10 

years. McCrindle and colleagues  reported the outcomes of truncus arteriosus and 
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concomitant interrupted aortic arch to be worse than interrupted aortic arch 

alone (43). Furthermore, it appears that truncus arteriosus with interrupted 

aortic arch and clinically significant truncal valve insufficiency have very poor 

surgical outcomes. The Congenital Heart Surgeon’s Society study (32) 

demonstrated that patients with an interrupted aortic arch and truncal valve 

insufficiency had a mortality of 75% (18/24). While concomitant interrupted 

aortic arch adds significant complexity to patients with truncus arteriosus, many 

single centre studies associating concomitant interrupted aortic arch and 

mortality have been from the 1990s. More contemporary studies may have 

mitigated the risk of mortality likely due to improved surgical techniques and 

perioperative management of these complex patients. However, the overall 

experience with truncus arteriosus and interrupted aortic arch is limited. Within 

the confines of the current literature, it is difficult to ascertain the appropriate 

surgical management and the long-term outcomes of these complex patients.  

Coronary artery anomalies have been reported in 10 – 20% of patients with 

truncus arteriosus (33, 44-50). Lenox and colleagues (47) reviewed 30 

pathological specimens of truncus arteriosus and noted that all hearts had some 

form of coronary anomaly. Coronary artery anomalies mostly consist of an 

abnormal origin of a coronary artery, a single coronary artery giving rise to the 

entire coronary circulation, or a variable epicardial course (48). de la Cruz and 

colleagues (50) in 1990 described 17 distinct epicardial coronary artery patterns 

in 39 hearts, though there was no particular association with truncus arteriosus. 

It has been demonstrated that the presence of a coronary artery anomaly is a risk 

factor for mortality in patients with truncus arteriosus (13, 34-36). However, 

given that many studies have small numbers of patients with coronary artery 

anomalies, it is difficult to determine the best surgical approach. Furthermore, 

little is known about the long-term outcomes of these patients. 

 

1.4  Genetics 

The specific aetiology of truncus arteriosus is unknown. Limited data has 

suggested both environmental and genetic factors contribute to its development. 
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The Baltimore-Washington Infant Study assessed that self-reported first-

trimester maternal cigarette smoking was associated with an almost two-fold 

increased risk of truncus arteriosus (51). Additionally, Long and colleagues 

reported an association between advancing maternal age and truncus arteriosus 

(52). On a genetic level, associations have been found between truncus arteriosus 

and deletions in chromosome 22q11.2 (53-56). Approximately 20 – 40% of 

patients with truncus arteriosus have deletions of 22q11.2 (31, 55-57). Complete 

deletion of 22q11.2, known as DiGeorge syndrome, results in cardiac defects – 

often conotruncal anomalies – hypocalcaemia secondary to parathyroid 

hypoplasia, midline facial clefts, and immunodeficiency secondary to thymic 

hypoplasia.  

Deletions of 22q11.2 are also associated with a dysplastic truncal valve in 

up to 30% of patients (30, 58), interrupted aortic arch in up to 20% (32, 59), and 

coronary anomalies in up to 20% (50). Furthermore, truncus arteriosus patients 

with 22q11.2 deletions have a higher incidence of discontinuity of the pulmonary 

arteries (53, 58). Deletions of 22q11.2 do not appear to be associated with 

mortality, but require longer mechanical ventilation, intensive care time, and 

hospital stay (60-62). Furthermore, these patients are at higher risk of 

postoperative complications, particularly infections likely due to their 

immunodeficiency (55, 62).  

 

1.5  Surgical management 

Early era surgical management of truncus arteriosus involved palliation 

with pulmonary artery banding which had suboptimal results (63, 64). The first 

successful intracardiac repair of truncus arteriosus was performed in 1963 

(reported in 1974) by Herbert Sloan using a non-valved polytetrafluoroethylene 

conduit (65). Meanwhile, Giancarlo Rastelli in 1967 described the use of a 

homograft to connect the right ventricle to the pulmonary arteries – which were 

detached from the truncus – closing the ventricular septal defect, leaving the 

original truncus to function as the neo-aorta (66). Dwight McGoon performed the 

first truncus arteriosus repair using this technique with a valved conduit in 1967 
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(67). Common practice at the time was for staged repair using pulmonary artery 

banding early in life, followed by repair of truncus arteriosus when the child was 

1 to 3 years of age. This changed in 1976 when Paul Ebert described using a 12mm 

Hancock (Medtronic, Minneapolis, MN) porcine aortic valve conduit in infants 

under 6 months of age (68). Though these were pioneering surgical techniques, 

the policy of the time was to delay repair until patients were a few months of age, 

which produced mixed results. It was not uncommon for patients to worsen – or 

even die – whilst awaiting complete repair. This saw a shift to truncus arteriosus 

repair within the first days of life with positive results as reported by Edward Bove 

in the early 1990s (69). Pulmonary hypertensive crises became a thing of the past 

once this approach was adopted for truncus arteriosus and many other forms of 

congenital heart disease. Nowadays it is well accepted that complete surgical 

repair of truncus arteriosus is done within the first weeks of life (10, 20, 28, 31, 

32, 70, 71). Furthermore, single-staged repair of all concomitant cardiac 

anomalies is now advocated for, despite the procedure being more time 

consuming and carrying a greater perioperative risk (13, 32). The basis of 

reparative surgery is to re-establish continuity between the right ventricle and 

pulmonary artery and close the ventricular septal defect (Figure 1.2). 

During surgery, the truncus arteriosus itself is transected and separated 

from the pulmonary arteries. Transection of the truncus arteriosus allows a 

symmetrical reconstruction, as there is often a significant size mismatch from the 

truncal root to the ascending aorta (28). A ventriculotomy is then performed to 

close the ventricular septal defect and establish a connection between the right 

ventricle and the pulmonary artery. Reconstruction of the right ventricular 

outflow tract can be established with a conduit or direct anastomosis of the 

pulmonary artery to the right ventricle. The best method of right ventricular 

outflow tract reconstruction is unknown and is usually centre specific. The use of 

a conduit to reconstruct the right ventricular outflow tract is the most common. 

However, conduits have limited durability as they cannot grow or regenerate, and 

therefore inevitably require reoperation (6, 72, 73). Additionally, like any foreign 

material, they are prone to infection, immunological reactions, and thrombosis 

(72). 
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Figure 1.2. Complete repair of truncus arteriosus. The pulmonary artery is separated from the 

truncus itself, the defect closed, and the pulmonary artery connected to the right ventricle with use 

of a conduit. The ventricular septal defect is closed. Ao, aorta; LA, left atrium; LV, left ventricle; PA, 

pulmonary artery; RA, right atrium; RV, right ventricle; VSD, ventricular septal defect. 

Reproduced with permission from The Royal Children’s Hospital, Melbourne. 

 

Bioprosthetic conduits 

The choice of conduit depends on several factors, not limited to homograft 

availability, patient size and haemodynamics, availability and success of 

xenografts, and surgeon preference. The Contegra (Medtronic, Minneapolis, MN) 

bovine jugular vein conduit is predictable in performance and lacks immunogenic 

properties (74). Dave and colleagues in 2011 reported their experience with 

Contegra conduits in a variety of patient cohorts, which included 13 patients with 

truncus arteriosus (75). The overall survival in their study was 92% at 8 years, 

and freedom from conduit replacement of conduits less than 16mm of 48%, while 

over 16mm was 98% (75) at 8 years. Similarly, Prior and colleagues noted that 

conduits over 16mm had fewer deaths and lower rates of conduit failure (76). An 

issue with oversized conduits however, is that there is an increased risk for 

coronary artery compression, truncal valve or pulmonary artery distortion, and 
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they require a larger ventriculotomy (77). An alternative is the Hancock porcine 

aortic valve conduit which is a bioprosthetic conduit made of a Dacron – woven 

fabric – tube. The Hancock conduit may be used for patients with high pulmonary 

artery pressures (78). Belli and colleagues (79) assessed the Hancock conduit for 

right ventricular outflow tract reconstruction in 268 patients, including 62 

truncus arteriosus patients  with freedom from conduit reoperation of 32% at 10 

years. Its main disadvantage is the rigidity of the Dacron tube, which may cause 

compression of adjacent structures, particularly the coronary artery (79).  

 

Homografts 

An alternative to the bioprosthetic conduits above are the pulmonary and 

aortic homografts. Homografts have been the conduit of choice in recent decades, 

but have been limited due to smaller sizes, availability, and potential for 

obstruction. Homografts reportedly have better haemodynamic properties and 

increased longevity (80). Vohra and colleagues (81) in 2010 reported on 32 

patients who underwent truncus arteriosus repair with 24 aortic homograft and 

8 pulmonary homograft reconstructions, resulting in a freedom from reoperation 

of 68% at 10 years, 37% at 20 years, and 27% at 30 years. As with bioprosthetic 

conduits, larger homograft sizes increase longevity and improve freedom from 

reoperation. Vohra and colleagues (81) showed that oversizing the homograft 

increased longevity of the graft to up to 12 years. Several studies have suggested 

homografts less than 12mm in diameter fail earlier, requiring earlier replacement 

(5, 20, 30, 31, 75, 82).  

 

Direct right ventricle to pulmonary artery anastomosis 

The biggest hindrance to long-term freedom from conduit reoperation is 

the lack of living material with the capacity for growth or regeneration. Any child 

who requires a conduit as part of their truncus arteriosus repair will invariably 

require reoperation. In an attempt to circumvent this issue, direct anastomosis of 

the pulmonary artery to the right ventricle, with or without the use of autologous 

tissues, has been explored (14, 18, 21, 83). In the case of truncus arteriosus type 
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1, the main pulmonary artery can be sutured to the right ventriculotomy with the 

anterior portion of the right ventricular outflow tract being reconstructed with a 

pericardial patch and a monocusp valve created of autologous pericardium. This 

method has been shown to have comparable mortality to conduit repair, with 

observed interval growth of the right ventricular outflow tract, and subsequent 

delayed reoperation (14, 18). Danton and colleagues (14) reported a freedom 

from right ventricular outflow tract reoperation of 89% at 4 years in patients who 

underwent direct anastomosis of the main pulmonary artery to the right ventricle 

compared to 58% at 4 years in patients who underwent conduit repair. An issue 

with direct anastomosis of the pulmonary artery to the right ventricle is that 

without favourable anatomy, it often leads to pulmonary artery distortion which 

necessitates early reoperation (84). Another draw-back to this method is the 

potential for severe pulmonary regurgitation, which has not yet been observed 

likely due to short follow-up (14, 18, 21, 83). Augmentation of the anastomosis 

with a patch anteriorly has been suggested to avoid pulmonary artery distortion, 

which would also allow for interval growth and avoid or delay obstruction to the 

right ventricular outflow tract or the branch pulmonary arteries (14). While early 

mortality is similar between direct anastomosis and using a conduit, there is 

limited long-term data (14, 18, 21).  

 

1.6  Truncal valve 

Truncal valve insufficiency occurs in approximately 25% of patients (42, 

81, 85). The truncal valve is bicuspid in 7 – 22% of patients; tricuspid in 55 – 70%; 

quadricuspid in 9 – 25%; and pentacuspid in less than 2% (71, 86-88). Some have 

suggested that truncal valve insufficiency was one of the most important factor 

influencing early outcomes (15, 20, 32, 42, 89, 90). It seems that mild truncal valve 

insufficiency is often well tolerated and often does not require intervention (71), 

while moderate or greater truncal valve insufficiency is associated with mortality 

(30, 34, 35, 42, 71, 85, 91).  

There is no uniform approach in managing truncal valve insufficiency. 

Various techniques for truncal valve repair have been described, including 
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suturing partially developed commissures, resuspension of leaflets, resection of 

redundant portion of leaflets, annuloplasty of commissures and pericardial leaflet 

extension, tricuspidization of a quadricuspid valve, or repair of the bicuspid valve. 

Each of these techniques have been reported with varying success with 

concomitant truncal valve surgery having an early mortality rate as high as 30% 

(42). As such, there are varying opinions as to when truncal valve repair should 

be undertaken. Most surgeons tend to agree that mild or less truncal valve 

insufficiency will be well tolerated and does not require surgical intervention. 

Similarly, most agree that severe truncal valve insufficiency is problematic and 

often requires attention. However, contention arises when discussing moderate 

truncal valve insufficiency. Several studies have shown that moderate to severe 

truncal valve insufficiency was a risk factor for early reoperation for truncal valve 

replacement (20), early mortality, and generally poorer long-term outcomes if not 

adequately addressed during the initial operation (30, 34, 35, 42, 85, 91). 

Conversely, Tlaskal and colleagues (20) determined that persistent moderate 

insufficiency is usually well tolerated and does not lead to an increase in early 

mortality, although was associated with the need for eventual truncal valve 

replacement.  

Furthermore, little is known about how the truncal valve function is in the 

long-term. In particular, it is unclear whether addressing moderate truncal valve 

insufficiency at initial truncus arteriosus repair is beneficial in the long-term, or if 

leaving the truncal valve untouched leads to progressive insufficiency and 

eventual surgical intervention.  

 

1.7  Quality of life  

As the previous sub-chapters have identified, there is a reasonable 

understanding of the short term outcomes following truncus arteriosus repair. 

However, the long-term outcomes are not well understood. There is an ever 

growing population of truncus arteriosus patients reaching adulthood, yet there 

is no information about their quality of life. As most patients who undergo truncus 
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arteriosus repair require reoperation throughout their lifetime, it is unclear 

whether this negatively impacts their quality of life.  

O’Bryne and colleagues (92) reported on 25 patients with a median age of 

11.8 years who underwent truncus arteriosus repair and assessed their health 

status. Factors such as exercise tolerance, VO2 max, maximal work, and forced vital 

capacity were all lower than normal for age and sex (92). Additionally, health-

related quality of life was diminished and comparable with that of children with 

severe heart disease, represented by the Fontan population (92). However, 

psychosocial functional status was not significantly diminished. These findings 

collectively represent moderate morbidity and disability (92). Of note, patients 

with DiGeorge syndrome have significantly worse neurodevelopmental and 

functional outcomes than do those without 22q11.2 deletions (62).  

By understanding the health-related quality of life following truncus 

arteriosus repair, we may be able to assess the overall impact of this condition on 

the individual, and potentially provide a reference for management to address 

physical or psychosocial issues that may arise. 

 

1.8  Current outcomes 

 Early mortality for truncus arteriosus is 3 – 20%, depending on 

perioperative status and the presence of concomitant anomalies (10-21, 31, 71). 

Long-term survival after truncus arteriosus repair has been reported to be 

approximately 75% at 20 years (10-21, 31, 71). As the previous sub-chapters of 

this thesis have demonstrated, there are several factors which may determine the 

success of truncus arteriosus repair, including but not limited to, truncal valve 

insufficiency, an interrupted aortic arch, a coronary artery anomaly, or the 

presence of DiGeorge syndrome. The current mortality following truncus 

arteriosus repair are summarised in Table 1.1.  

Many of the current studies on truncus arteriosus have several limitations. 

Firstly, most are single centre reports with patient cohorts of less than 100 

patients. This makes assessment of risk factors for mortality and reoperation 
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limited due to the small number of patients and outcomes. Secondly, follow-up 

time of patients seldom exceeds 10 years. A large proportion of patients who have 

had truncus arteriosus repair as children are now well into adulthood. Therefore, 

there is little known about the long-term implications of truncus arteriosus in the 

current literature. Importantly, there is limited understanding on the long-term 

cardiac function, frequency of reoperation, and the quality, durability, and 

function of the truncal valve. Lastly, though there has been recent focus on quality 

of life following congenital heart surgery, there are no studies assessing the long-

term quality of life of patients with repaired truncus arteriosus.  
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Table 1.1 Reported outcomes of truncus arteriosus repair 
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1.9  Thesis outline 

Aims and scope of this thesis 

Truncus arteriosus is a rare condition with high morbidity and mortality. 

As I have demonstrated in the previous subchapter, there is a limited cumulative 

experience with this condition, particularly the surgical techniques, risk, and long-

term management. This Doctor of Philosophy primarily aimed to determine the 

long-term outcomes after surgical repair of truncus arteriosus. A broad range of 

factors were explored including surgical technique, additional cardiac conditions, 

and quality of life. Each of these factors is the subject of a large retrospective 

review.  

This thesis has refined our understanding and management of truncus 

arteriosus and will ultimately improve the short- and long-term outcomes of many 

patients with this rare condition.  

The aims of this thesis were therefore: 

 

-  To assess the risk factors for poor outcomes following repair of 

truncus arteriosus, with particular focus on concomitant anomalies; 

 

-  To determine the impact and management of the truncal valve, with 

a focus on the long-term outcomes and function of the truncal valve; 

and  

 

-  To examine the quality of life of patients following truncus 

arteriosus repair. 
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Chapter objectives 

Chapter 2: Determine the short and long-term single centre outcomes 

of truncus arteriosus repair, with a focus on risk factors for 

poor outcomes.  

 

Chapter 3: Evaluate the short and long-term outcomes of truncus 

arteriosus repair from a multi-centre perspective. A focus 

was placed on the impact of concomitant anomalies and age 

of repair. 

 

Chapter 4: Evaluate the long-term outcomes of truncus arteriosus and a 

concomitant intramural coronary artery. 

 

Chapter 5: Evaluate the long-term outcomes of truncus arteriosus and 

concomitant interrupted aortic arch, with particular focus on 

reoperation on the aortic arch. 

 

Chapter 6: Investigate the impact of truncal valve insufficiency on 

truncus arteriosus repair and determine the optimal 

management of truncal valve. 

 

Chapter 7: Evaluate the surgical management and outcomes of patients 

with a quadricuspid truncal valve. 

 

Chapter 8: Investigate the long-term quality of life in adult survivors of 

truncus arteriosus repair, with comparison to an age-

matched Australian control population and comparable 

complex cardiac defects with low reoperation rates. 
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Chapter 2: Outcomes of truncus arteriosus repair in 

children: 35 years of experience from a single institution 

 

2.1  Introduction 

Truncus arteriosus is rare congenital cardiac defect which is often repaired 

in the first few weeks of life. Over time, there has been remarkable improvement 

in perioperative and surgical management of truncus arteriosus. Nowadays, early 

mortality has been reported to be between 3 to 20%, with overall survival of 65 – 

90% at 10 years (10-21). Many children who have undergone truncus arteriosus 

repair are now living well into adulthood, albeit with several reoperations.  

However, most literature on truncus arteriosus is comprised of small 

studies of less than 100 patients and lack significant long-term follow up. Previous 

reports on risk factors for mortality and reoperation are conflicting, likely due to 

the low number of patients and events. The Royal Children’s Hospital, Melbourne, 

has one of the largest single centre experiences with truncus arteriosus with the 

longest reported follow-up time.  

The following two chapters aim to address the current mortality and risk 

factors for poor outcomes following truncus arteriosus repair, as well as the 

impact of associated cardiac anomalies. In order to establish the local outcomes 

and predictors of survival and reoperation, a review was conducted of all patients 

who underwent truncus arteriosus repair at The Royal Children’s Hospital 

between 1979 and 2015. During this period, there were 171 consecutive patients 

with truncus arteriosus who underwent surgical repair at The Royal Children’s 

Hospital. There were no deaths whilst awaiting truncus arteriosus repair. 

This study demonstrated an early mortality of 11.7% (20/171) and overall 

survival of 73.6% at 30 years. Over half of all deaths occurred within the first year 

following truncus arteriosus repair. Low operative weight (less than 2.5kg) and 

the presence of a coronary artery anomaly were identified as risk factors for early 

mortality. Interestingly, 3 of 6 patients who had a coronary artery anomaly and 
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died had a major branch coronary artery crossing the right ventricular outflow 

tract. DiGeorge syndrome was identified as a risk factor for late mortality, with a 

high proportion of these deaths being attributed to infection.  

It was also found that freedom from right ventricular outflow tract 

reoperation was only 4.6% at 20 years. Despite this, all surviving patients were in 

New York Heart Association Class I/II after a median follow-up time of 19 years. 

Most patients had normal or mildly reduced right ventricular function. 

Another important finding in this study was that both concomitant 

interrupted aortic arch and truncal valve insufficiency, which have been 

previously been reported as risk factors for mortality (20, 32, 42), appear to have 

been ameliorated at The Royal Children’s Hospital.  

Overall, this study suggested that the long-term outcomes following 

truncus arteriosus repair are excellent following the first year after repair, albeit 

with a high rate of reoperation.   
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2.2  Naimo PS, et al. Semin Thoracic Surg. 2016;28:500-11 
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Chapter 3: Truncus arteriosus repair: a 40-year multi-

centre perspective 

 

3.1  Introduction 

In the previous Chapter, it was shown that the long-term outcomes of 

truncus arteriosus repair at The Royal Children’s Hospital are good. However, 

given the small number of outcomes it is difficult to completely elucidate risk 

factors for mortality and reoperation. I therefore extended the scope of review to 

include paediatric centres in Queensland, Australia. An additional 66 patients 

underwent truncus arteriosus repair at the Queensland Children’s Hospital 

(formerly Lady Cilento Children’s Hospital), and The Prince Charles Hospital. To 

our knowledge, this is the largest experience assessing the long-term outcomes of 

truncus arteriosus repair. 

During the study period of 1979 to 2018, 255 patients underwent truncus 

arteriosus repair across the three centres in Australia. Early mortality was 13.3% 

(34/255) and overall survival was 76.8% at 20 years. Consistent with our single 

centre results, neither truncal valve insufficiency nor the presence of an 

interrupted aortic arch were identified as risk factors for mortality. However, 

neonatal surgery and low operative weight (less than 2.5kg) were found to be risk 

factors for early mortality. This was an interesting finding given that worldwide 

common practice nowadays is to operate early in the neonatal period. When 

examining neonatal deaths closely, it was found that many of these patients had 

significant concomitant defects or presented in a more critical state.  

The presence of a coronary artery anomaly and the need for early 

reoperation were both identified as risk factors for late mortality. Taken in 

combination with our single centre report which found coronary artery anomalies 

to be a significant risk factor for early mortality, I suggest that it is paramount the 

ostia and epicardial course of the coronary arteries are clearly identified. It is clear 

that coronary artery anomalies play a significant role in the successful outcome of 

truncus arteriosus repair.  



Truncus arteriosus repair: a 40-year multi-center perspective 

33 

Interestingly, this study demonstrated that most deaths – 82.5% (47/57) – 

in fact occurred within the first year following repair. If a patient survives to 1 year 

after repair, survival thereafter is excellent, with an estimated survival of 93.5% 

at 20 years. This is an important prognostic factor and important information for 

the patient’s family.  
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3.2  Naimo PS, et al. J Thorac Cardiovasc Surg. 2020 

 

The following study has been accepted for publication in the Journal of 

Thoracic and Cardiovascular Surgery. 

 

3.2.1 Background 

 Truncus arteriosus is a rare and complex congenital cardiac anomaly 

associated with significant morbidity and mortality. Previous studies have 

reported an early mortality of 4 – 20%, depending on perioperative status and the 

presence of concomitant anomalies (10-21, 31, 71). Long-term survival after 

truncus arteriosus repair has been reported to be approximately 75% at 20 years 

(10-21, 31, 71). While long-term functional outcomes are reportedly good, there 

is a significant reoperation rate (10-21, 31, 71). There are few large cohort studies 

adequately assessing the long-term outcomes of these complex patients. We 

therefore sought to determine the long-term surgical outcomes of patients who 

underwent truncus arteriosus repair at 3 Australian institutions with a similar 

approach to truncus arteriosus repair.  

 

3.2.2 Methods 

Data were obtained by review of medical records from initial admission 

until last cardiology follow-up at The Royal Children’s Hospital, Melbourne; 

Queensland Children’s Hospital, Brisbane; and The Prince Charles Hospital, 

Brisbane. The Royal Children’s Hospital Human Research Ethics Committee and 

the Children’s Health Queensland Hospital and Health Service Research 

Governance approved the current study. 

Between 1979 and 2018, 255 consecutive patients underwent truncus 

arteriosus repair and were included in the study. Patient characteristics are 

summarised in Table 3.1. Twenty patients underwent surgical procedures prior 

to truncus arteriosus repair. This included pulmonary artery banding (n=12), 
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pulmonary artery reconstruction (n=4), major aortopulmonary collateral artery 

ligation (n=3), modified Blalock-Taussig shunt (n=2), interrupted aortic arch 

repair (n=2), and tracheoesophageal fistula repair (n=2). Most patients (16/20, 

80%) who had prior surgical procedures presented before 1998. There were 78 

patients who required admission to the intensive care unit prior to truncus 

arteriosus repair, 2 of whom required extracorporeal membrane oxygenation 

(ECMO).  

 

Definitions 

Early mortality and reoperation were defined as those occurring within 30 

days of surgery, or prior to hospital discharge. All other deaths and reoperations 

were considered late. A modified Van Praagh classification for truncus arteriosus 

was used (29).  

 

Data analysis 

Data was analysed using STATA 14 (StataCorp LP, College Station, TX). 

Continuous data are expressed as mean ± standard deviation (range), whilst 

skewed continuous data are expressed as median (range). Categorical data are 

summarised as frequencies and percentages. Chi-squared, Student’s t-test, and 

Mann-Whitney U test were used as appropriate. Univariable and multivariable 

logistic regression, and Cox-proportional hazard modelling were used to 

determine risk factors for mortality and reoperation. A step-wise forward 

selection model was used to create the multivariable model. Variables were 

selected based on significance in the univariable model to a threshold of p = 0.2, 

and variables previously known to impact the outcome of interest. The likelihood 

ratio test was used upon addition and subtraction of variables to assess benefit to 

the model. With regard to Cox-proportional hazard modelling, the proportional 

hazard assumption was tested and valid for the outcomes described. Kaplan-Meier 

survival curves were used to analyse and plot time-related endpoints. Log-rank 

test was used to compare survivor functions. Statistical significance was set at p < 

0.05.  
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Table 3.1. Characteristics of patients who underwent truncus 

arteriosus repair (n=255) 

Variable % (N) 

Neonates 36.5% (93/255) 

Male 54.5% (139/255) 

Median age at repair 44 days (range 1 day to 8.7 years) 

Median weight at repair 3.5kg (range 1.2kg to 23.0kg) 

  

Classification  

     Type 1 61.6% (157/255) 

     Type 2 26.7% (68/255) 

     Type 3 11.0% (28/255) 

     Unspecified 0.8% (2/255) 

Truncal valve anatomy  

     Bicuspid 10.6% (27/255) 

     Tricuspid 58.0% (148/255) 

     Quadricuspid 30.2% (77/255) 

Truncal valve insufficiency  

     None 54.9% (140/255) 

     Mild 29.8% (76/255) 

     Moderate 11.8% (30/255) 

     Severe 2.4% (6/255) 

  

Syndromes 21.2% (54/255) 

     DiGeorge Syndrome 15.3% (39/255) 

     Other Syndromes 4.7% (12/255) 

Concomitant anomalies  

     ASD 32.5% (83/255) 

     PDA 21.2% (54/255) 

     Aortic arch obstruction 14.1% (36/255) 

          IAA 12.9% (33/255) 

               Type A 21.2% (7/33) 

               Type B 72.7% (24/33) 

               Type C 6.1% (2/33) 

          CoA 1.2% (3/255) 

     Coronary artery anomaly 10.6% (27/255) 

     MAPCA 3.1% (8/255) 

     AVSD 0.4% (1/255) 

     TAPVD 0.4% (1/255) 

ASD, atrial septal defect; AVSD, atrioventricular septal defect; CoA, 

coarctation of aorta; IAA, interrupted aortic arch; MAPCA, major 

aortopulmonary collateral artery; PDA, patent ductus arteriosus; TAPVD, 

total anomalous pulmonary venous drainage.   
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3.2.3 Results 

Median age at repair was 44 days (range 1 day to 8.7 years) and median 

weight at repair was 3.5kg (range 1.2kg to 23.0kg). Median age at repair was 81.5 

days (range 1 day to 8.7 years) between 1979 and 1988; 68.5 days (range 3 days 

to 1.9 years) between 1989 and 1998; 31 days (range 2 days to 2.0 years) between 

1999 and 2008; and 21 days (range 1 day to 3.1 years) between 2009 and 2018 (p 

< 0.001). Surgery was performed via midline sternotomy with cardiopulmonary 

bypass in all patients. The pulmonary arteries were detached from the truncus 

arteriosus and continuity between the right ventricle and pulmonary artery was 

established via a conduit (n=239) or direct anastomosis (n=16) of the main 

pulmonary artery to the right ventricle, with or without a monocusp valve. 

Concomitant cardiovascular surgery at truncus arteriosus repair included: atrial 

septal defect closure in 93 patients; aortic arch reconstruction in 34 patients; 

pulmonary artery reconstruction in 23 patients; coronary artery repair in 5 

patients; major aortopulmonary collateral artery ligation in 4 patients; placement  

of an aortopulmonary shunt in 1 patient; and total anomalous pulmonary venous 

drainage repair in 1 patient; Median cardiopulmonary bypass time was 133min 

(range 33min to 439min) and median aortic cross clamp time was 75min (range 

31min to 263min).  

 

Mortality 

Early mortality was 13.3% (34/255). In the last 20 years, median age at 

surgery decreased from 70.5 days (range 1 day to 8.7 years) between 1979 and 

1998, to 26 days (range 2 days to 3.1 years) between 1999 and 2018 (p < 0.001). 

Early mortality between 1979 and 1998 was 11.9% (15/126); and 14.7% 

(19/129) between 1999 and 2018 (p = 0.507). Risk factors for early mortality are 

summarised in Table 3.2. There was no difference in early mortality between 

centres (18%, 12/67 vs. 12%, 22.188; p = 0.199).  

There were 23 late deaths (10.4%, 23/221) and overall survival was 76.8 

± 2.9% (95% CI: 70.4, 81.9) at 20 years. Most deaths (82.5%, 47/57) occurred 

within the first year following repair. If a patient survived to 1 year, survival 
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thereafter was excellent with Kaplan-Meier survival of 93.5 ± 2.2% (95% CI: 87.6, 

96.7) at 20 years (Figure 3.1). Causes of death are presented in Table 3.3. The 

rate of late deaths was not impacted by era of surgery, with 13 late deaths between 

1979 and 1998, and 10 late deaths between 1999 and 2018 (p = 0.524). Risk 

factors for overall mortality are summarised in Table 3.2.   

 

Table 3.2. Risk factors for mortality following truncus arteriosus repair 

Early Mortality 

Variable Early Mortality (%) Univariable Multivariable-regression 

  OR (95% CI) p-value OR (95% CI) p-value 

Moderate TVI 20.0% (6/30) 1.8 (0.7, 4.8) 0.238   

Severe TVI 33.3% (2/6) 3.5 (0.6, 19.7) 0.161   

AA obstruction 27.8% (10/36) 3.1 (1.3, 7.3) 0.008 1.7 (0.6, 4.3) 0.299 

Coronary anomaly 22.2% (6/27) 2.0 (0.8, 5.5) 0.158   

Preoperative ICU 20.5% (16/78) 2.3 (1.1, 4.7) 0.028   

Neonate 23.7% (22/93) 3.9 (1.8, 8.3) <0.001 2.9 (1.3, 6.8) 0.012 

Low weight (< 2.5kg) 41.2% (7/17) 5.5 (1.9, 15.6) 0.001 4.0 (1.3, 12.1) 0.013 

TV surgery 18.2% (6/33) 1.5 (0.6, 4.1) 0.383   

Overall Mortality 

Variable  Univariable Cox-proportional hazard 

  HR (95% CI) p-value HR (95% CI) p-value 

AA obstruction  1.7 (0.8, 3.3) 0.142   

Coronary anomaly  2.7 (1.3, 5.4) 0.005 2.4 (1.2, 4.9) 0.013 

DiGeorge syndrome  1.1 (0.5, 2.1) 0.870   

Neonate  2.4 (1.3, 4.1) 0.002   

Low weight (< 2.5kg)  3.9 (1.8, 8.3) < 0.001 3.5 (1.6, 7.6) 0.001 

TV surgery  1.3 (0.6, 2.8) 0.468   

Early reoperation  1.7 (0.9, 3.4) 0.103   

AA, aortic arch; CI, confidence interval; HR, hazard ratio; ICU, intensive care unit; OR, odds ratio; TV, truncal 

valve; TVI, truncal valve insufficiency 
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CPB, cardiopulmonary bypass 

  

Table 3.3. Causes of death following truncus arteriosus repair 

Cause of death Number of patients 

Early deaths 13.3% (34/255) 

     Cardiac failure 4.7% (12/255) 

     Myocardial ischaemia 1.6% (4/255) 

     Respiratory failure 1.6% (4/255) 

     Sepsis 1.2% (3/255) 

     Sudden cardiac arrest 1.2% (3/255) 

     Unable to wean from CPB 1.2% (3/255) 

     Unknown 0.8% (2/255) 

     Brain haemorrhage and respiratory failure 0.4% (1/255) 

     Exsanguination from conduit 0.4% (1/255) 

     Seizure disorder 0.4% (1/255) 

 

Within one year 6.3% (14/221) 

     Unknown 2.3% (5/221) 

     Respiratory failure 1.4% (3/221) 

     Respiratory tract infection 0.9% (2/221) 

     Cardiac failure 0.5% (1/221) 

     Progressive pulmonary hypertension 0.5% (1/221) 

     Sudden cardiac arrest 0.5% (1/221) 

     Unknown infection 0.5% (1/221) 

  

After one year 4.8% (10/207) 

     Acute respiratory failure secondary to infection 1.4% (3/207) 

     Unknown 0.9% (2/207) 

     Candida sepsis with T-cell lymphoma 0.5% (1/207) 

     Cardiac failure 0.5% (1/207) 

     Sudden cardiac arrest 0.5% (1/207) 

     Thromboembolism following catheterisation 0.5% (1/207) 
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Neonatal Surgery 

There were 93 neonates who underwent truncus arteriosus repair. The 

proportion of neonates increased over time from 19% (24/126 – 23/110 from 

Melbourne, 1/16 from Queensland) between 1979 and 1998, to 53% (68/128 – 

40/77 from Melbourne, 28/51 from Queensland) between 1999 and 2018 (p < 

0.001). There were no significant differences in neonatal volume between centres 

over time (p = 0.163 between 1979 and 1988; p = 0.74 between 1999 and 2018). 

The median age of neonates was 13 days (range 1 day to 28 days), while the 

median age of older patients was 70.5 days (range 30 days to 8.7 years). Early 

mortality in neonates was 23.7% (22/93) compared to 7.4% (12/162) in older 

patients (p < 0.001). Neonatal surgery was a risk factor for early mortality on 

multivariable analysis (OR 2.9, 95% CI: 1.3, 6.8, p = 0.012). The proportion of 

neonates increased over the study period (Figure 3.2A) from 21% between 

1979–1988, to 63% between 2009–2018 (p < 0.001), however the proportion of 

neonatal early deaths (25%, 6/24 between 1979 and 1998 vs. 23%, 16/69 

between 1999 to 2018) did not significantly change over time (p = 0.322). Overall 

survival in neonates was 68.9 ± 4.9% (95% CI: 58.2, 77.4) at 20 years, compared 

to 82.2 ± 3.4% (95% CI: 74.4, 87.8) at 20 years in older patients (p = 0.002, Figure 

3.2B).  

Total deaths within one year was 38% (9/24) in neonates who underwent 

truncus arteriosus repair in week one, 21% (6/29) in week two, 19% (5/27) in 

week three, and 46% (6/13) in week four (Figure 3.3A). The highest proportion 

of total deaths within one year occurred in neonates in week one and four, though 

these did not reach statistical significance. A 10-year survival of neonates who 

underwent surgery in the first week of life (n=24) was 60.9 ± 10.2% (95% CI: 38.3, 

77.4); in the second week of life (n=29) was 71.8 ± 8.5% (95% CI: 51.5, 84.8); in 

the third week of life (n=27) was 81.3 ± 7.5% (95% CI: 60.8, 91.8); and in the 

fourth week of life (n=13) was 53.9 ± 13.8% (95% CI: 24.8, 76.0) (Figure 3.3B). 

Both neonates in the first week (log-rank p =0.007), and fourth week (log-rank p 

= 0.002) had worse survival than those operated in weeks two and three. 

Neonates had a higher proportion of significant comorbidities, i.e., 1) 

significant concomitant anomalies (moderate or greater truncal valve 
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insufficiency, interrupted aortic arch, coronary artery anomaly, low operative 

weight) and/or 2) requiring preoperative intensive care, when compared to older 

patients (78%, 73/93 vs. 39%, 63/162, p < 0.001). Within the neonatal group, 

significant comorbidities were present in 96% (23/24) who were underwent TA 

repair in the first week of life, 76% (22/29) in the second week; 67% (18/27) in 

the third week; and 77% (10/13) in the fourth week. Neonates in the first week 

had a higher proportion of significant comorbidities as compared to weeks two to 

four combined (96%, 23/24 vs. 72%, 50/69, p = 0.019). When including only 

patients who only had significant concomitant anomalies (i.e. excluding those who 

solely required intensive care and did not have concomitant anomalies), we 

observed that significant concomitant anomalies were present in 92% (22/24) of 

neonates in the first week; 62% (18/29) in the second week; 41% (11/27) in the 

third week; and 31% (4/13) in the fourth week. Neonates who required TA repair 

in the first week of life had a higher proportion of significant concomitant 

anomalies than those who had repair in week two (p = 0.001), week three (p < 

0.001), and week four (p < 0.001). Furthermore, neonates in week four had the 

highest proportion of patients solely requiring intensive care for management of 

heart failure (46%, 6/13) which was statistically significant compared to week 

one (4%, 1/24; p = 0.004) and week two (14%, 4/29; p = 0.045), but not 

statistically different to week three (26%, 7/27; p = 0.28). Additionally, neonates 

in week four appeared to have more intensive care admissions for the 

management of heart failure than the following 8 weeks of life (46%, 6/13 vs. 

20%, 19/93; p = 0.074). 
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Figure 3.1. Outcomes following truncus arteriosus repair. Risk factors for mortality and 

Kaplan-Meier survival given survival to the first year after repair. 
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Figure 3.2. Early mortality over time and Kaplan-Meier overall survival in neonates versus 

older patients following truncus arteriosus repair. Proportion (blue) of neonates and older 

patients and associated early mortality (red) by era (A). Kaplan-Meier overall survival in neonates 

(red) versus non-neonates (blue) (B). Solid lines represents overall survival, dashed lines 

represents 95% confidence interval. P-valve represents log-rank testing.  
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Figure 3.3. Kaplan-Meier overall survival in neonates by week of truncus arteriosus repair. 

A) Age in weeks at the time of truncus arteriosus repair (total patients, blue) with the number of 

early deaths (red) and one-year deaths (yellow) on the primary axis. Percentage of one-year deaths 

(yellow line) on secondary axis. B) Kaplan-Meier overall survival of neonates by week of truncus 

arteriosus repair. Neonates aged 0 to 7 days (blue), survival 60.9 ± 10.2% (95% CI: 38.3, 77.4) at 

10 years; neonates aged 8 to 14 days (green), survival 71.8 ± 8.5% (95% CI: 51.5, 84.8) at 10 years; 
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neonates aged 15 to 21 days (red), survival 81.3 ± 7.5% (95% CI: 60.8, 91.8); and neonates aged 

22 to 28 days (purple) survival 53.9 ± 13.8% (95% CI: 24.8, 76.0) at 10 years. 

 

Coronary artery anomalies 

There were 27 patients identified with a coronary artery anomaly. The 

most common coronary artery anomaly was a single coronary artery in 14 

patients (single left coronary artery, n=8; single right coronary artery, n=6), of 

whom 7 had a major branch crossing the right ventricular outflow tract. Five 

patients had an intramural coronary artery, 3 had slit-like coronary ostia, and 2 

had a coronary artery arising from the pulmonary artery. Of the 27 patients 

identified with a coronary artery anomaly, only 12 were noted on preoperative 

transthoracic echocardiogram. Five patients underwent repair of their anomalous 

coronary artery which included unroofing of an intramural coronary artery in 4 

patients, and reimplantation of a coronary artery from the pulmonary artery in 1 

patient. Three patients required early reoperation for unroofing of an anomalous 

coronary artery. In patients with a coronary artery anomaly, there were 6 early 

deaths (22.2%, 6/27) and 4 late deaths (19.0%, 4/21). Overall survival was 39.6 

± 15.6% (95% CI: 11.8, 66.9) at 20 years in patients with a coronary artery 

anomaly, compared to 78.4 ± 3.1% (95% CI: 71.6, 83.8) at 20 years in patients 

without a coronary artery anomaly (p = 0.004) (Figure 3.4). Of the 10 deaths, 40% 

(4/10) had a major coronary artery branch crossing the right ventricular outflow 

tract. The presence of a coronary artery anomaly was identified as a risk factor for 

late mortality on Cox regression (HR 3.7, 95% CI: 1.2, 11.2, p = 0.019). Fourteen 

neonates had a coronary artery anomaly with 4 deaths (all early).  
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Figure 3.4. Kaplan-Meier overall survival in patients with (red) and without (blue) a 

coronary artery anomaly. Coronary artery anomalies include a single coronary artery, major 

coronary artery crossing the right ventricular outflow tract, intramural coronary artery, slit-like 

coronary ostia, or a coronary artery arising from the pulmonary artery. Solid line represents 

overall survival, dashed lines represents 95% confidence interval. P-valve represents log-rank 

testing. 
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Reoperation 

A total of 175 patients have required at least 1 reoperation with overall 

freedom of reoperation of 2.9 ± 1.5% (95% CI: 0.9, 7.1) at 20 years. Early 

reoperation was required in 34 patients (13.3%, 34/255). Early reoperative 

procedures are summarised in Table 3.4. Risk factors for reoperation are 

summarised in Table 3.5. Neonatal surgery was a risk factor for early reoperation 

on multivariable analysis (OR 4.2, 95% CI: 1.9, 9.1, p < 0.001). Freedom from any 

reoperation in neonates was 39.9 ± 6.2% (95% CI: 27.7, 51.8) at 5 years and 21.2 

± 6.0% (95% CI: 10.9, 33.7) at 10 years, compared to 50.8 ± 4.4% (95% CI: 41.9, 

59.0) at 5 years, and 22.2 ± 3.8% (95% CI: 15.2, 29.9) at 10 years in older patients. 

There was no significant difference in freedom from reoperation between 

neonates and older patients (p = 0.087). 

During the follow-up period, 45 patients had percutaneous transcatheter 

reinterventions including pulmonary artery dilation in 36 patients, Melody 

(Medtronic, Minneapolis, MN) pulmonary valve insertion in 4 patients, aortic arch 

dilation in 2 patients, coiling of major aorticopulmonary collateral arteries in 1 

patient, PFO closure in 1 patient, and superior vena cava dilation in 1 patient. 

 

Right ventricular outflow tract 

Continuity between the right ventricle and pulmonary artery was 

established using a conduit in 239 patients and direct right ventricle to pulmonary 

artery anastomosis in 16 patients. The median conduit size was 12mm (range 

5mm to 20mm). 

There have been 231 right ventricular outflow tract reoperations in 159 

patients. Of these reoperations, 64 patients have had at least 2 conduit 

replacements, and 8 have had 3 conduit replacements. Median time to right 

ventricular outflow tract reoperation was 4.3 years (range 7 days to 18.3 years). 

Freedom from right ventricular outflow tract reoperation was 25.4 ± 3.4% (95% 

CI: 19.0, 32.3) at 10 years, and 3.4 ± 1.8% (95% CI: 3.1, 11.8) at 20 years. Freedom 

from right ventricular outflow tract reoperation was 54.2 ± 6.6% at 5 years, and 

28.5 ± 6.7% at 10 years compared to 55.5 ± 4.4% at 5 years, 23.7 ± 3.9% at 10 
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years in older patients. There was no significant difference in freedom from right 

ventricular outflow tract reoperation between neonates and older patients (log-

rank p = 0.98). There was no early mortality following right ventricular outflow 

tract reoperation. DiGeorge syndrome (HR 1.9, 95% CI: 1.2, 2.8, p = 0.005), use of 

a Hancock conduit (HR 2.3, 95% CI: 1.6, 3.4, p < 0.001), and conduit size (HR 0.91, 

95% CI: 0.85, 0.97, p = 0.006) were identified as a risk factor for right ventricular 

outflow tract reoperation on Cox regression analysis. Seven patients who 

underwent direct right ventricle to pulmonary artery anastomosis required 

reoperation with conduit placement at a median time of 1.4 years (range 8 days to 

8.8 years). There was no difference in median time to reoperation between direct 

anastomosis and conduit placement (p = 0.116). Freedom from right ventricular 

outflow tract reoperation in patients who underwent direct anastomosis was 35.2 

± 15.4% (95% CI: 9.3, 63.3) at 10 years (p = 0.274, when compared to conduit 

patients).  

  

 

Truncal valve 

The truncal valve anatomy is summarised in Table 3.1. Overall mortality 

at 20 years was 79.5 ± 3.7% (95% CI: 71.2, 85.7) in patients with no truncal valve 

insufficiency; 76.8 ± 5.4% (95% CI: 64.1, 85.6) with mild insufficiency; 76.9 ± 8.3% 

(95% CI: 55.4, 88.9) with moderate insufficiency; and 22.2 ± 19.3 % (95% CI: 1.0, 

61.5) at 10 years with severe insufficiency. The degree of truncal valve 

insufficiency was not associated with mortality (Table 3.2).  

Concomitant truncal valve surgery was undertaken in 33 patients (truncal 

valve repair, n=31; truncal valve replacement, n=2) – including 20 neonates. 

Concomitant truncal valve surgery was undertaken in 3 patients with no 

insufficiency, 7 with mild insufficiency, 17 with moderate insufficiency, and 6 with 

severe insufficiency. Of the 3 patients with no truncal insufficiency on initial 

preoperative transthoracic echocardiogram: 2 had moderate-severe truncal valve 

stenosis which was addressed at the time of truncus repair, while 1 patient 

required resuspension of truncal commissures to facilitate unroofing of an 
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intramural coronary artery. Of the 7 patients with mild insufficiency on initial 

preoperative transthoracic echocardiogram: 4 were deemed to have at least 

moderate insufficiency on subsequent imaging, 2 had large myxoid nodules on the 

valve leaflets which were deemed problematic, and 1 had moderate truncal valve 

stenosis. Overall survival at 20 years in patients who underwent concomitant 

truncal valve surgery was 74.3 ± 7.9% (95% CI: 55.0, 86.2) compared to 77.4 ± 

3.1% (95% CI: 70.6, 82.8) without concomitant truncal valve surgery (p = 0.467).  

Overall freedom from late truncal valve surgery (including truncal valve 

reoperation) was 79.3 ± 3.3% (95% CI: 71.9, 85.0) at 20 years. Concomitant 

truncal valve surgery was identified as a risk factor for late truncal valve surgery 

(HR 6.5, 95% CI: 3.1, 13.3, p < 0.001). Sixteen patients underwent truncal valve 

reoperation at median time of 2.6 years (range 1 day to 17.8 years). Freedom from 

truncal valve reoperation was 27.5 ± 11.2% (95% CI: 9.0, 49.9) at 20 years.  

Of the 222 patients who did not require concomitant truncal valve surgery, 

20 have required late truncal valve surgery. Freedom from late truncal valve 

surgery was 86.3 ± 3.0% (95% CI: 79.1%, 91.2) at 20 years. Of these 20 patients, 

9 had a quadricuspid truncal valve, 6 of whom initially had mild insufficiency, and 

3 had moderate insufficiency. Interestingly, freedom from late truncal valve 

surgery at 20 years in patients with a quadricuspid truncal valve was 73.9 ± 7.8% 

(95% CI: 55.1, 85.8) compared to 90.3 ± 3.0% (95% CI: 82.3, 94.8) without a 

quadricuspid valve (p = 0.023) (Figure 3.5). At last follow-up 89.5% (171/191) of 

surviving patients had none or mild truncal insufficiency, while 6.3% (12/191) 

had moderate or severe truncal insufficiency. Follow-up truncal valve data was 

unavailable in 8 patients. There were no patients who had an aortic dissection or 

aortic rupture over the study period, however 2 patients had a dilated truncal root 

requiring repair.  
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Table 3.4. Reoperative procedures 

Reoperative procedure Number of patients* 

Early reoperations  

     Right ventricular outflow tract reconstruction 12 
     Residual ventricular septal defect closure 4 
     Aortic arch reconstruction 3 
     Branch pulmonary artery reconstruction 3 
     Coronary artery unroofing 3 
     Truncal valve replacement 3 
     Bidirectional cavopulmonary shunt  2 
     Interposition graft to aorta to relieve bronchial obstruction 2 
     Laparotomy 2 
     Aortic root repair 1 
     Pulmonary embolectomy 1 
     Replacement of superior vena cava and innominate vein due to 
obstruction 

1 

     Vascular ring division 1 
  
All reoperations  
     Right ventricular outflow tract reconstruction 159 
     Branch PA reconstruction 48 
     Truncal valve reoperation 36 
          Truncal valve repair 19 
          Truncal valve replacement 17 
     Right ventricular outflow tract myectomy 10 
     Residual ventricular septal defect closure 6 
     Aortic arch reconstruction 6 
     Left ventricular outflow tract repair 5 
     Aortic root repair 3 
     Coronary artery unroofing 4 
     Laparotomy 3 
     Bidirectional cavopulmonary shunt 2 
     ASD closure 1 
     Cardiac transplant 1 
     Excision of supra-mitral ring 1 
     PAPVC repair 1 
     Pulmonary embolectomy 1 
     Replacement of superior vena cava and innominate vein due to 
obstruction 

1 

     Tricuspid annuloplasty 1 
     Vascular ring division 1 

*patients may have undergone a combination of procedures outlined 
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Table 3.5. Risk factors for reoperation following truncus arteriosus repair 

Early Reoperation 

Variable  Univariate Multivariate-regression 

  OR (95% CI) p-value OR (95% CI) p-value 

Severe TVI  6.9 (1.3, 35.9) 0.021 4.1 (0.7, 22.6) 0.105 

AA obstruction  2.1 (0.9, 5.1) 0.096   

Neonate  4.5 (2.1, 9.8) <0.001 4.2 (1.9, 9.1) <0.001 

Preoperative ICU  1.1 (0.5, 2.4) 0.810   

TV surgery  0.9 (0.3, 2.7) 0.826   

Right ventricular outflow tract reoperation 

Variable  Univariate Cox-proportional hazard 

  HR (95% CI) p-value HR (95% CI) p-value 

Neonate  1.0 (0.7, 1.4) 0.906   

DiGeorge syndrome  1.5 (1.0, 2.2) 0.067 1.9 (1.2, 2.8) 0.005 

Direct anastomosis  0.7 (0.3, 1.4) 0.277   

Hancock conduit  1.9 (1.4, 2.8) <0.001 2.3 (1.6, 3.4) <0.001 

Conduit size  0.9 (0.9, 1.0) 0.044 0.9 (0.9, 1.0) 0.006 

Truncal valve reoperation 

Variable  Univariate Cox-proportional hazard 

  HR (95% CI) p-value HR (95% CI) p-value 

Tricuspid TV  0.3 (0.1, 0.6) <0.001   

Quadricuspid TV  3.4 (1.7, 6.5) <0.001   

Quadricuspid TV and 

greater than moderate TVI 

 
10.4 (5.0, 21.4) <0.001 2.4 (0.9, 6.8) 0.088 

No TVR  0.2 (0.1, 0.4) <0.001 0.3 (0.1, 0.7) 0.009 

Moderate TVI  9.9 (4.5, 20.3) <0.001   

Severe TVI  33.9 (9.0, 127.9) <0.001   

Neonate  2.5 (1.3, 4.9) 0.007   

TV surgery  8.5 (4.3, 16.8) <0.001 2.9 (1.1, 7.7) 0.037 

AA, aortic arch; CI, confidence interval; HR, hazard ratio; ICU, intensive care unit; OR, odds ratio; TV, truncal 

valve; TVI, truncal valve insufficiency 
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Follow-up status 

Follow-up was 96% (191/198) complete for survivors. Seven patients 

were lost to any follow-up. Median follow-up time was 16.4 years (range 6 months 

to 38.1 years). At last follow-up, 190 patients were in New York Heart Association 

Class I/II, while 1 patient was in Class III. Right ventricular function was normal 

in 59.7% (114/191) of patients, mildly reduced in 12.0% (23/191), and 

moderately reduced in 1.6% (3/191).  

 

Figure 3.5. Freedom from late truncal valve surgery in patients with and without a 

quadricuspid truncal valve. Solid lines represents freedom from truncal valve surgery, dashed 

lines represents 95% confidence interval. P-valve represents log-rank testing. 

 

3.2.4 Discussion 

Herein, we present our experience of truncus arteriosus repair spanning 4 

decades. Despite a 40-year period, there was no impact of era on mortality or 

reoperation. Neonatal surgery was identified as risk factor for early mortality with 

a neonatal mortality of 23.7% compared to 7.4% in older patients. There was a 

total of 93 neonates who underwent truncus arteriosus repair, and while the 
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proportion of neonates increased over the study period, their early mortality 

remained unchanged. Neonatal surgery has become common practice in patients 

with truncus arteriosus. However, neonatal surgery is not without its challenges, 

particularly in patients with complex concomitant cardiac anomalies. When 

closely examining the 22 early deaths amongst neonates in this study, 6 patients 

had moderate or severe truncal insufficiency (2 patients < 2.5kg); 6 had aortic arch 

obstruction (2 patients < 2.5kg); and 4 had a coronary artery anomaly. 

Interestingly, when analysing neonates with respect to their week of operation, 

we found that neonates operated in the first and fourth week of life had 

significantly worse survival than those operated in weeks two or three. Neonates 

in the first week tended to present in a more critical state, often requiring 

admission to the intensive care unit for support, or had significant comorbidities 

including moderate to severe truncal valve insufficiency, aortic arch obstruction, 

coronary artery anomalies, or were low in weight. In fact, 92% - all but 2 of the 24 

neonates –  who were operated in the first week of life had  significant concomitant 

anomaly, whereas significant concomitant anomalies were present in 62% 

(18/29) of neonates in the second week; 41% (11/27) in the third week; and 31% 

(4/13) in the fourth week This is an interesting finding given that these 

concomitant anomalies taken in isolation were not found to be risk factors for 

mortality, however, when combined in the ‘neonatal’ sub-group of patients, 

neonatal surgery per se became a risk factor for mortality. Thus, neonatal surgery 

may be a surrogate risk factor for these previously reported higher risk patients. 

Clearly, neonates emergently requiring surgery in the first days of life are in a 

more critical state that places them at higher risk of a poor outcome. Furthermore, 

neonates who underwent repair during the fourth week of life had the highest 

proportion of patients who solely required admission to the intensive care unit for 

management of heart failure and did not have any significant concomitant 

anomalies. This suggests that  those neonates who were operated in week four 

had over-circulation and worsening heart failure over time. The neonates 

operated during the fourth week of life had the highest mortality during the first 

year of life (Figure 3.3B). Importantly, there also appeared to be fewer 

admissions to the intensive care unit solely for the management of heart failure 

beyond the fourth week. Although the number of admissions to the intensive care 
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unit solely for heart failure management in weeks three and four did not reach 

statistical significance, likely due to the relatively small amount of patients, almost 

twice as many neonates were admitted to intensive care for heart failure 

management in week four as compared to week three. Collectively, this indicates 

that any neonate with signs of over circulation be operated on as soon as possible. 

Those who have survived beyond the neonatal period and have presented late in 

their clinical course, may have been ‘naturally selected’ to survive (in some cases 

up to 8 years). 

Most deaths (14 of 23 late deaths) in our cohort occurred within the first 

year following repair, which is similar to previous studies (20, 30, 31, 69, 77, 94, 

98). Rajasinghe and colleagues (30) reported that 57% (13/23) of their late deaths 

occurred within the first year after repair. Similarly, Tlaskal and colleagues (20) 

reported that 88% (7/8) of late deaths occurred within the first year. 

Unfortunately, there were no salient features in these patients that we have 

observed that may indicate risk of one-year mortality. Given the high proportion 

of deaths within the first year, truncus arteriosus patients should have more 

intensive follow-up during this time period. Survival beyond the first year is 

associated with excellent outcomes. 

Of the 10 deaths in patients with a coronary artery anomaly, 4 occurred in 

patients with a major branch coronary artery crossing the right ventricular 

outflow tract which may have resulted from compression of the coronary artery. 

While the reason for these deaths cannot be definitively explored, it could 

potentially have results from compression of the branch coronary artery by the 

overlying conduit. The presence of a coronary artery anomaly has been reported 

to be a risk factor for mortality (13, 14, 31, 47, 49, 50, 96). Schreiber and colleagues 

(96) reported on 13 patients with a coronary artery anomaly and concluded that 

the presence of a coronary artery anomaly was associated with poorer surgical 

outcomes related to compression or distortion of the anomalous coronary artery. 

While coronary artery anomalies have been reported to be present in 5 – 20% of 

patients with truncus arteriosus it is difficult to ascertain the precise incidence of 

this anomaly. It is not uncommon for a coronary artery anomaly to be missed on 

preoperative echocardiogram in patients with truncus arteriosus. In fact, of the 27 
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patients in the current study with a coronary artery anomaly, only 12 were 

identified on preoperative echocardiogram. The remaining coronary artery 

anomalies were discovered intraoperatively. Thus, without clear delineation of 

both the coronary ostia, and epicardial course, many of these anomalies may well 

be missed entirely. Due to the importance of the coronary arteries, it is imperative 

that the  coronary anatomy be clearly noted both with respect to its origin and 

epicardial course, as a major branch crossing the right ventricular outflow tract 

may become compromised at right ventriculotomy; due to compression by an 

overlying conduit; or distorted by a large truncal root (47, 49).  

Truncal valve insufficiency was present in 43.9% of patients. Mild 

insufficiency is often well tolerated and not associated with mortality, while 

moderate or severe insufficiency has been reported to be a risk factor for death 

(15, 20, 71, 85, 90, 95). Neither the degree of insufficiency nor concomitant truncal 

valve surgery was risk factors for death in our cohort.  Russell and colleagues (42), 

reported on 23 truncal valve operations in 572 patients operated between 2000 

and 2009, concluding that failure to address significant truncal valve insufficiency 

was associated with poor outcomes. We report 30 patients with moderate 

insufficiency, and 6 with severe insufficiency, with a total of 33 patients 

undergoing concomitant truncal valve surgery. Of 6 patients with severe 

insufficiency, all underwent concomitant truncal valve surgery, with 4 deaths (2 

early, 2 late), and 4 truncal valve reoperations at median time 50 days. Of the 

patients with moderate insufficiency, 17 underwent concomitant truncal valve 

surgery, with 2 deaths (early), and 8 truncal valve reoperations at median time 2.6 

years. In the remaining 13 patients with moderate insufficiency who did not have 

concomitant truncal valve surgery, 5 have required late truncal valve surgery, 

while 5 have died before any intervention. Thus, only 3 patients with initial 

moderate insufficiency are currently alive without any intervention. Therefore, 

we would recommend that patients with moderate or greater insufficiency 

undergo truncal valve surgery at the time of truncus arteriosus repair. While the 

durability of repair remains questionable, it is preferable over replacement during 

the neonatal period.  
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Despite the high – albeit expected – reoperation rates, the long-term 

outcomes of truncus arteriosus patients are good for those who survived beyond 

1 year after initial surgery. Importantly, all but one patient was in New York Heart 

Association Class I/II. The fate of the truncal valve is good in patients with mild 

insufficiency, while those with moderate or greater insufficiency often required 

valve repair, particularly those with a quadricuspid truncal valve. 

 

Limitations 

This study was limited by its retrospective nature. Perioperative 

techniques have varied during the study period. Some outcome variables 

contained a relatively small number of patients, thus limiting multivariate 

analysis. Syndrome diagnoses early in the study period were limited due to lack of 

definitive testing at the time. Coronary artery anomalies may be under-

represented as many are only noted on intraoperative reports.  

 

Conclusion 

Truncus arteriosus repair in the neonatal period still presents significant 

surgical challenges. Neonates with signs of over-circulation should be operated on 

promptly. The presence of a coronary artery anomaly is a risk factor for late death. 

Survival beyond the first year following repair is associated with excellent 

outcomes.  
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Chapter 4: Rare association of an intramural coronary 

artery and truncus arteriosus 

 

4.1  Introduction 

In the previous Chapters, I have shown that coronary artery anomalies play 

an important role in the outcomes of truncus arteriosus. It was shown that an 

anomalous coronary artery – be it either abnormal origin, or epicardial course – 

can impact both early and late mortality. While it has been postulated that patients 

with an anomalous coronary artery crossing the right ventricular outflow tract are 

most at risk by compression of the overlying conduit, it is difficult to definitively 

attribute risk due to the small number of overall patients.  

An often-overlooked coronary artery anomaly in patients with truncus 

arteriosus is an intramural coronary artery. The incidence of an intramural 

coronary artery has been reported to be up to 15% (99). However, many of these 

anomalies are initially missed on preoperative imaging and are often diagnosed 

intraoperatively. Taken in combination with the retrospective nature of many 

studies on truncus arteriosus, many intramural coronary arteries may in fact be 

missed entirely. Proper identification of this concomitant anomaly is important 

given the risk for myocardial ischaemia and death. The following Chapter aims to 

assess the documented incidence of truncus arteriosus and an intramural 

coronary artery at The Royal Children’s Hospital, and review its surgical 

management. 

Between 1996 and 2018, there were 99 patients with truncus arteriosus at 

The Royal Children’s Hospital. Seven patients had a concomitant intramural 

coronary artery. Interestingly, only 3 patients had their intramural coronary 

artery identified on preoperative transthoracic echocardiogram, while the 

remaining 4 patients were identified intraoperatively.  

Given the small number of patients and outcomes, no definitive 

recommendations can be draw from this review. However, given the potential for 
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serious complications patients with truncus arteriosus and an intramural 

coronary artery may benefit from a coronary unroofing procedure.  
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4.2   Naimo PS, et al. Heart Lung Circ. 2020 

 

The following study has been submitted to Heart, Lung & Circulation and is 

currently under review. 

 

4.2.1 Background 

Truncus arteriosus with an anomalous coronary artery has previously 

been shown to be a risk factor for death (13, 14, 31, 96). However, the true 

incidence of concomitant coronary artery anomalies is unknown. Rarely, patients 

with truncus arteriosus may have an intramural coronary artery, which may 

increase the risk of myocardial ischaemia. Herein, we describe our experience 

with truncus arteriosus and a concomitant intramural coronary artery. 

 

4.2.2 Methods 

 The Human Research Ethics Committee at The Royal Children’s Hospital 

approved the current study. Between 1996 and 2018 there were 99 patients with 

truncus arteriosus. Seven patients (7%,7/99) had truncus arteriosus and an 

intramural coronary artery and are the focus of this report. Patient characteristics 

and outcomes are summarized in Table 4.1. Three patients had their intramural 

coronary artery identified on preoperative transthoracic echocardiogram. The 

remaining 4 patients were diagnosed intraoperatively. 

 

4.2.3 Case Series 

 There were 4 patients who underwent concomitant unroofing of their 

intramural coronary artery. In 2015, a 39-day old female weighing 1.9kg 

underwent truncus arteriosus repair and concomitant left coronary artery (LCA) 

unroofing and truncal valve commissurotomy to facilitate the unroofing. On 

postoperative day (POD) 7, she suffered a cardiac arrest and was emergently 
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placed on ECMO. She subsequently underwent reoperation, and it was found that 

there was no flow in her left coronary artery (Figure 4.1A and 4.1B) and had redo 

unroofing and reimplantation of the LCA, as well as thrombectomy from the LCA 

neo-ostium (Figure 4.2A and 4.2B). She recovered well and was discharged from 

hospital. Unfortunately, she had persistent severe LV hypertrophy. Approximately 

5 months later, she had a sudden cardiac arrest and died. In 2016, a 27-day old 

male weighing 3.1kg underwent truncus arteriosus repair and concomitant LCA 

unroofing. During the postoperative period he developed thrombus and 

subsequent obstruction of his SVC and innominate vein. He subsequently 

underwent replacement of his SVC and innominate vein 1 month after truncus 

repair. He is alive and well at 2.7 years. In 2017, a 12-day old male weighing 3.2kg 

underwent truncus arteriosus repair and concomitant LCA unroofing. The patient 

is alive and well at 1.3 years. In 2018, a 4-day old female weighing 3.0kg 

underwent truncus arteriosus repair and concomitant LCA unroofing and 

tricuspidization of a quadricuspid truncal valve with resection of a rudimentary 

cusp and reduction of the truncal annulus. She recovered well, was discharged 

from the hospital and is currently well at 1 year.  

Three patients (in 1996, 1998, and 2012) with an intramural coronary 

artery underwent truncus arteriosus repair without any coronary intervention. In 

2012, a 28-day old male weighing 3.7kg underwent truncus arteriosus repair. On 

POD 1 he suffered a cardiac arrest and was emergently placed on ECMO. He 

subsequently underwent reoperation for unroofing of his intramural coronary 

artery. He recovered well, was discharged from the hospital, and is currently well 

at 6.6 years. The remaining 2 patients are currently well, without requiring any 

coronary artery interventions at 17.9 and 20.1 years.  
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Table 4.1. Patient characteristics of patients with truncus arteriosus and an intramural coronary 

artery 
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Figure 4.1. Epicardial echocardiogram of a 45-day old girl weighing 1.9kg with an intramural left 

coronary artery at reoperation before coronary artery unroofing following previous truncus 

arteriosus repair. A and B: occluded left coronary artery with no flow seen in the proximal left anterior 

descending artery.   



 Truncus arteriosus and an intramural coronary artery 

63 

 

Figure 4.2. Epicardial echocardiogram of a 45-day old girl weighing 1.9kg with an intramural 

coronary artery at reoperation after coronary artery unroofing following previous truncus 

arteriosus repair. A: widely patent neo-ostium of the left main coronary artery following unroofing. B: 

excellent flow into the proximal left main coronary artery following large segment of unroofing and 

removal of thrombus.  
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4.2.4 Discussion 

 The true incidence of an intramural coronary artery in truncus arteriosus is 

unknown. Coronary artery anomalies in truncus arteriosus have been reported to range 

between 10 – 20% (13, 14, 31, 49, 50, 96, 99). A recent study by Patrick and colleagues 

(99) reported an intramural coronary artery was present in 15% of their patients. An 

abnormal coronary artery may not necessarily be visualised on preoperative 

echocardiography; thus, it is important for both coronary arteries to be visualized and 

inspected intraoperatively. Although rare, a truncus arteriosus with an intramural 

coronary artery may increase the risk of myocardial ischemia and sudden death. In 

neonates or infants, signs and symptoms of ischemia may be difficult to appreciate. 

Myocardial ischaemia may be caused by compression of the intramural segment; the 

acute angle of take-off, leaving it vulnerable to kinking; or the presence of an ostial ridge. 

Surgical management of an intramural coronary artery in patients with truncus 

arteriosus involves unroofing of the intramural segment and forming a neo-ostium. 

However, the intramural segment may course behind the truncal valve commissure and 

thus may need to be reconstructed or resuspended to facilitate unroofing (100). One 

patient who did not undergo unroofing of the intramural segment suffered a cardiac 

arrest on postoperative day 1 and was emergently placed on ECMO and required 

reoperation for coronary unroofing.  

Given the potential for serious postoperative complications, patients with 

truncus arteriosus and an intramural coronary artery may benefit from coronary 

unroofing with creation of a generous neo-ostium.  
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Chapter 5. Long-term outcomes following repair of 

truncus arteriosus and interrupted aortic arch 

 

5.1  Introduction 

Concomitant interrupted aortic arch has previously been reported to be a 

risk factor for death (32, 37, 70, 101). McCrindle and colleagues (43) reported that 

the outcomes of truncus arteriosus and concomitant interrupted aortic arch are 

worse than interrupted aortic arch alone. The largest multi-institutional study to 

date, which was published by the Congenital Heart Surgeons’ Society (32), 

described 50 patients with truncus arteriosus and interrupted aortic arch 

between 1987 and 1997 with 34 deaths, and an overall survival in truncus 

arteriosus and interrupted aortic arch patients of 31% at 10 years (32). While 

concomitant interrupted aortic arch adds significant complexity, many single 

centre studies associating interrupted aortic arch and mortality have been from 

the 1990s. More contemporary studies may have mitigated the risk of mortality 

likely due to improved operative techniques and perioperative management of 

these complex patients.  

To evaluate the surgical management and long-term outcomes of patients 

with truncus arteriosus and concomitant interrupted aortic arch, I conducted a 

review of all patients at The Royal Children’s Hospital between 1979 and 2018. 

During this period, there were 24 patients with truncus arteriosus and 

concomitant interrupted aortic arch.  

I found that despite the increased complexity of surgical repair, there was 

no increase in mortality. Most patients underwent end-to-side repair of their 

aortic arch via direct anastomosis without the use of a patch. Reoperation rates on 

the aortic arch are high, with 25% (6/24) of patients requiring reoperation. 

Freedom from aortic reoperation was 69% at 20 years.  
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Chapter 6: Impact of truncal valve surgery on the 

outcomes of truncus arteriosus repair 

 

6.1 Introduction 

Truncal valve insufficiency occurs in approximately 25% of patients with 

truncus arteriosus (42, 81, 85). Some have suggested that truncal valve 

insufficiency was the most important factor influencing early outcomes (15, 20, 

32, 42, 89, 90). However, the decision to operate on the truncal valve is often at 

the discretion of the surgeon as the indications for truncal valve repair remain 

contentious.  

There is no uniform approach in managing truncal valve insufficiency. 

Various techniques for truncal valve repair have been described, including 

suturing partially developed commissures, suspension of leaflets, resection of the 

redundant portion of leaflets, annuloplasty of commissures and pericardial leaflet 

extension, tricuspidization of a quadricuspid valve, or repair of the bicuspid valve. 

Concomitant truncal valve surgery can have a mortality rate as high as 30% (42, 

71), likely due to these – often neonates – presenting in a more critical state. 

Unsurprisingly, concomitant truncal valve surgery is more challenging due to it 

often being required in younger and critically ill patients. It is often prudent to 

intervene on the truncal valve at this stage, as not addressing severe truncal valve 

insufficiency has been associated with poor outcomes (30, 34, 35, 42, 71, 85, 91).  

Though concomitant truncal valve surgery could be lifesaving, it has 

limited durability. Kaza and colleagues in 2010 showed that in 14 patients who 

underwent truncal valve repair, freedom from truncal valve reintervention was 

70% at 5 years and 50% at 7 years (90).  

To address these deficiencies in the literature, I focused on the surgical 

management of the truncal valve, and the progression of truncal valve 

insufficiency. Between 1979 and 2016, 180 patients underwent truncus arteriosus 
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repair at The Royal Children’s Hospital. Of these 180 patients, 80 had some degree 

of truncal valve insufficiency.  

I show that mild truncal valve insufficiency is often well tolerated and does 

not require intervention (71). However, most patients with moderate or greater 

truncal valve will require truncal valve surgery at some stage. Importantly, neither 

concomitant truncal valve surgery, nor the degree of truncal valve insufficiency 

was associated with mortality. In keeping with Kaza and colleagues (90), 

durability of truncal valve repair is poor with a freedom from reoperation of 

19.2% at 20 years (71).  

Additionally, I demonstrate that patients with a quadricuspid truncal valve 

and moderate or greater truncal insufficiency are more likely to require truncal 

valve surgery at some stage. Conversely, patients with a quadricuspid truncal 

valve and mild or less truncal insufficiency are unlikely to have progression of 

their truncal insufficiency.  
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Chapter 7. The quadricuspid truncal valve: surgical 

management and outcomes 

 

7.1   Introduction 

There is little dispute about the importance of truncal valve competency. 

The previous Chapter illustrates that most patients with moderate or greater 

truncal valve insufficiency will require truncal valve surgery at some stage, 

particularly those with a quadricuspid truncal valve. Furthermore, most patients 

who required truncal valve surgery had a quadricuspid truncal valve. Likewise, 

Russell and colleagues (102) reported that most patients who underwent truncal 

valve surgery had a quadricuspid truncal valve. 

While I have established that patients with moderate or greater truncal 

valve insufficiency should undergo truncal valve surgery, it is unclear which repair 

technique is the most durable. The following study addressed the durability of the 

various surgical techniques employed to repair the quadricuspid truncal valve. 

Between 1979 and 2018, there were 56 patients with truncus arteriosus and a 

quadricuspid truncal valve at The Royal Children’s Hospital. Of these patients, 14 

patients had concomitant truncal valve surgery, 8 of whom required truncal valve 

reoperation. Progression of truncal valve insufficiency requiring truncal valve 

surgery occurred in 7 patients.  

The most common method of repair was tricuspidization of the truncal 

valve. Interestingly, I found that freedom from truncal valve reoperation was 64% 

at 10 years after tricuspidization compared to 0% at 6 years for any other repair 

method. These results signify two important findings. Firstly, tricuspidization 

appears to be the most durable repair method for the quadricuspid truncal valve. 

Secondly, in younger children, tricuspidization may avoid the need for mechanical 

prosthesis and necessitating life-long anti-coagulation.  
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Chapter 8: Long-term quality of life in adults following 

truncus arteriosus repair 

 

8.1   Introduction 

There are an increasing number of adults who underwent truncus 

arteriosus repair as children. Despite this, there is little known about their long-

term quality of life. Most patients have undergone repair of truncus arteriosus 

with the use of a conduit, which invariably requires reoperation for replacement 

as the individual grows due to progressive stenosis and obstruction. Therefore, it 

is probable that progressive symptomology of the underlying stenosis, and 

awareness of eventual reoperation, may affect patient’s quality of life.  

The following study aimed to assess the long-term quality of life in adults 

who underwent truncus arteriosus repair at The Royal Children’s Hospital using 

the Short Form 36 (SF-36) questionnaire. There were 42 patients who agreed to 

participate in the study. 

It was found that while there were some discrepancies in the self-reported 

physical domains, the overall single measure of quality of life – the SF-6D score – 

was similar between patients with truncus arteriosus, and an age-matched 

Australian population. There were only 2 patients with DiGeorge syndrome who 

participated in the study who were independent. This limited comparative 

analysis between those with and without DiGeorge syndrome.  

Furthermore, patients with truncus arteriosus, a condition with a typically 

high reoperation rate, had similar quality of life to patients who underwent the 

arterial switch operation, a condition with a typically low reoperation rate.  
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Chapter 9: Conclusions 

 

9.1  Overview 

 In order to improve the lives of children with truncus arteriosus, it is 

imperative to understand our current management strategies and risk factors 

associated with poor outcomes. This Doctor of Philosophy has focused on the 

short and long-term outcomes of truncus arteriosus repair, with particular 

attention to risk factors for poor outcomes and long-term quality of life. Many 

previous studies on truncus arteriosus have either focused on the immediate 

outcomes of surgery or have lacked patient numbers and sufficient follow-up time 

to allow for adequate assessment in the long-term.  

 

9.2   Findings 

 The early outcomes of truncus arteriosus repair have been thoroughly 

documented. However, these reports contain conflicting results, likely due to the 

low overall number of patients in the studies, and a small number of events of 

interest. Thus, the true impact of important anatomical and surgical factors is 

debatable. Furthermore, many previous reports have limited long-term follow-up 

of truncus arteriosus patients beyond childhood. Little is known about this ever-

growing adult population of repaired truncus arteriosus.  

 In Chapter 2 I reported the largest single institutional experience with 

truncus arteriosus repair with the longest median follow-up time of 19 years. I 

found that following truncus arteriosus repair, patients had a good long-term 

functional status, but had a high rate of reoperation owing to the right ventricular 

outflow tract. Importantly, neither truncal valve insufficiency nor the presence of 

an interrupted aortic arch were found to be risk factors for mortality. However, as 

further discussed in Chapters 3 and 4, the presence of a coronary artery anomaly 

was found to be a risk factor for mortality. Furthermore, those with DiGeorge 

syndrome warrant ongoing follow-up due to the risk of late death, most commonly 
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from infection, which may be a consequence of the lymphopaenia associated with 

DiGeorge syndrome.  

 In Chapter 3 I combined results from The Royal Children’s Hospital with 

two centres in Queensland – The Prince Charles Hospital and the Queensland 

Children’s Hospital (formerly Lady Cilento Children’s Hospital). Despite 

differences in the volume of truncus arteriosus cases, there was little variability in 

surgical technique and outcomes. This series of patients provided the largest 

multi-centre study on truncus arteriosus assessing long-term outcomes. Firstly, I 

found that most deaths – over 80% in fact – occurred within the first year 

following truncus arteriosus repair. If a patient was to survive to one year 

following repair, their overall survival would be 93.5% at 20 years. Secondly, I also 

found that neonatal surgery and low operative weight were risk factors for early 

mortality. Most truncus arteriosus repair is now performed during the neonatal 

period. Delving into the neonatal deaths, most were of low operative weight with 

significant concomitant anomalies. Thus, neonatal surgery per se may not be a 

true risk factor for mortality, rather it comprised several traditionally higher risk 

groups and those who were in more of a critical state at the time of surgery. Lastly, 

coronary artery anomalies were found to be a risk factor for overall mortality. The 

need to correctly identify the coronary artery ostia and epicardial course cannot 

be overstated.  

 Having shown in both Chapters 2 and 3 that coronary artery anomalies 

were a risk factor for death, I explored truncus arteriosus patients with an 

intramural coronary artery in Chapter 4. Herein, I observed again that many 

intramural coronary artery diagnoses are in fact made intraoperatively. Thus, the 

true incidence of an intramural coronary artery in the truncus arteriosus 

population is unknown. Of our patients with an intramural coronary artery, 4 had 

undergone concomitant coronary artery unroofing procedures. Of the remaining 

3 patients, 1 suffered a cardiac arrest on postoperative day 1 and required 

emergency coronary artery unroofing. While the patient numbers are low, given 

the potential for serious postoperative complications, patients with truncus 

arteriosus and an intramural coronary artery may benefit from coronary artery 

unroofing with creation of a generous neo-ostium. As previously stated, the 
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coronary anatomy should be clearly visualised and documented, both with respect 

to the coronary ostia and epicardial course. Further research into the coronary 

ostia is required to elucidate the true incidence and impact of an intramural 

coronary artery in patients with truncus arteriosus.  

 As discovered in Chapters 2 and 3, the presence of an interrupted aortic 

arch was not found to be a risk factor for mortality. This is in contrast to many 

previous reports in the literature. In Chapter 5, I therefore aimed to assess our 

outcomes with truncus arteriosus and interrupted aortic arch to determine the 

long-term results and methods of repair. I found that truncus arteriosus and 

concomitant interrupted aortic arch repair with direct end-to-side anastomosis 

results in good survival beyond hospital discharge. Although this is the preferred 

method of aortic arch repair at The Royal Children’s Hospital, if the descending 

aorta cannot be adequately mobilised for advancement to the ascending aorta, a 

patch should be used to augment the anastomosis. As I discovered, patients who 

underwent direct end-to-side repair of their aortic arch had a higher rate of left 

bronchial compression resulting in reoperation for placement of either a 

pericardial patch to augment the aortic arch anastomosis, or placement of an 

interposition graft to the descending aorta. The long-term outcomes of patients 

with truncus arteriosus and an interrupted aortic arch are good, although 

reoperation rates are high.  

 In Chapters 6 and 7 I assessed the impact of the truncal valve on the 

outcomes of truncus arteriosus. It had previously been suggested that truncal 

valve competence is the single most important factor in determining the 

successful outcome of truncus arteriosus repair. When first examining the impact 

of truncal valve insufficiency, I found that most patients with mild truncal valve 

insufficiency are free from truncal valve surgery up to 25 years, despite their 

truncal valve anatomy. In contrast, most patients with moderate or greater truncal 

valve insufficiency – particularly those with a quadricuspid truncal valve – will 

require truncal valve surgery at some stage in their lives. Of note, concomitant 

truncal valve surgery was not associated with mortality, however, those who 

underwent truncal valve surgery were at higher risk of truncal valve reoperation 

later in life. The durability of truncal valve repair was found to be poor. In Chapter 
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6, I suggested that all patients with moderate or greater truncal valve insufficiency 

may benefit from concomitant truncal valve surgery.  

 Upon closer investigation of patients with a quadricuspid truncal valve in 

Chapter 7, I determined that over one-third of these patients require truncal valve 

surgery throughout their lives. Of the various repair methods used on a 

quadricuspid truncal valve, it seems that tricuspidization of the quadricuspid 

valve appears to be the most durable repair option with good long-term outcomes. 

In fact, only 3 of 11 patients who underwent tricuspidization required 

reoperation, compared to 4 of 6 patients who underwent non-tricuspidization 

techniques. Additionally, tricuspidization provided better long-term outcomes 

even if the non-tricuspidization group included younger children (less than 6 

years of age), in whom truncal valve replacement was performed. This is an 

important finding as it suggests that younger children may benefit from truncal 

valve repair rather than a replacement with a smaller (non-adult sized) 

mechanical prosthesis which may require repeat replacement. Additionally, 

avoiding a mechanical prosthesis also avoids life-long anti-coagulation and the 

associated risks. Thus, I suggest that tricuspidization of the quadricuspid truncal 

valve is a desirable option, whenever possible.  

 Lastly, in Chapter 8 I explored the quality of life in adult survivors of 

childhood truncus arteriosus repair. There are no studies currently in the 

literature exploring the quality of life in adults with truncus arteriosus. Using the 

SF-36 questionnaire I discovered that adults with truncus arteriosus had a similar 

quality of life compared with age-matched Australian controls. Furthermore, as 

we know from Chapters 2 and 3, patients with truncus arteriosus can expect 

several reoperations throughout their lifetime. It is unknown what impact 

multiple reoperations would have on one’s quality of life. I therefore compared the 

quality of life in patients with truncus arteriosus, to a patient cohort of similar 

complexity, but traditionally low reoperation rates – patients who had the arterial 

switch operation. Despite a higher reoperation rate in truncus arteriosus patients, 

they have a similar quality of life to patients who underwent the arterial switch. 

There were 2 patients who had DiGeorge syndrome who participated in the study 

who were both independent. This clearly limited comparison between those with 
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and without DiGeorge syndrome. Larger cohort studies of those with truncus 

arteriosus and DiGeorge syndrome are required to fully elucidate its long-term 

impact. Interestingly, when assessing each of the domains of the SF-36 

questionnaire, physical function was consistently lower than age-matched 

controls in all age groups. While the SF-36 questionnaire does not assess one’s 

level of physical function, it is difficult to ascertain if there are limitations due to a 

sedentary lifestyle, or whether despite physical activity, adults with truncus 

arteriosus have physical limitations. Further quantitative assessment of physical 

functioning through exercise testing is required to elucidate potential underlying 

cardiac limitations of physical activity.  

 

9.3  Future directions 

 While the long-term outcomes of truncus arteriosus repair have been 

explored, high risk sub-groups of patients require additional large multi-centre 

studies. Firstly, there is ongoing concern with respect to the incidence and optimal 

management of coronary artery anomalies in truncus arteriosus. Secondly, the 

optimal management of the truncal valve has not yet been established. While this 

Doctor of Philosophy suggests that (i) moderate or greater truncal valve 

insufficiency should undergo truncal valve surgery; and (ii) tricuspidization of the 

quadricuspid truncal valve is the most desirable outcome, there are a limited 

number of patients to draw statistically meaningful conclusions. Lastly, 

quantitative measures of physical limitations would be beneficial to completely 

characterise the long-term state of adults with truncus arteriosus. This could be 

accomplished through exercise testing and determining maximal oxygen uptake. 

It has previously been shown that exercise post congenital heart surgery can be 

incredibly beneficial. If an exercise program can be prescribed, we may see further 

improvements in quality of life, and potentially, improvement in long-term cardiac 

function.  
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9.4  Conclusions 

 Repair of truncus arteriosus is associated with excellent survival following 

the first year of repair. However, reoperation rates remain high due to the use of 

a conduit for the right ventricular outflow tract. Neonatal surgery, coronary artery 

anomalies, and DiGeorge syndrome are associated with mortality. The long-term 

functional state of survivors is excellent, and their quality of life similar to the age-

matched control. 

 Patients with mild truncal valve insufficiency are free from truncal valve 

surgery up to 25 years. Patients with moderate or greater truncal valve 

insufficiency, particularly those with a quadricuspid truncal valve, will likely 

require truncal valve surgery throughout their lifetime. Tricuspidization of the 

quadricuspid truncal valve appears to be the most durable method of repair and 

may avoid the need for life-long anti-coagulation in younger children. 
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Abstract  

 Surgery for truncus arteriosus has an early mortality of 3 to 20% with a 

long-term survival of approximately 75% at 20 years. Nowadays, truncus 

arteriosus repair is mostly done in the neonatal period together with a single-

staged repair of concomitant cardiovascular anomalies. There are many 

challenging subgroups of patients with truncus arteriosus including those with 

clinically significant truncal valve insufficiency, an interrupted aortic arch, or a 

coronary artery anomaly. In fact, truncal valve competency appears to be the most 

important factor influencing the outcomes after the truncus arteriosus repair. The 

use of a conduit during the neonatal period invariably requires reoperation on the 

right ventricular outflow tract. Through improvements in perioperative 

techniques over time, many children are now living well into adulthood following 
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repair of truncus arteriosus, albeit with a high rate of reoperation. Despite this, 

the long-term outcomes of truncus arteriosus repair are good, with many patients 

being asymptomatic and with a quality of life comparable to the general 

population. 

 

Introduction 

Truncus arteriosus (TA) was first reported in an autopsy case by Wilson 

(1) in 1798, and later the anatomical details were described by Buchanan (2) in a 

six-month-old infant. Although TA has an incidence of 3 to 10 per 100,000 live 

births, it accounts for 4% of all critical congenital cardiac anomalies (3, 4). 

Although there has been improvement in perioperative management of TA, the 

reported operative mortality during the last decade remains between 3 and 20% 

(5-16). The challenging patients with TA are those with truncal valve insufficiency, 

concomitant interrupted aortic arch (IAA), or anomalous coronary anatomy. The 

optimal methods of reconstruction of the right ventricular-to-pulmonary artery 

connection that could minimize the operation rate is yet to be found. We reviewed 

current outcomes of TA repair focusing on evolving strategies to decrease 

mortality and reoperation rate. 

 

Methods 

A structured review of the literature was performed using PubMed and MEDLINE 

databases. The search strategy involved the terms “truncus arteriosus” or 

“common arterial trunk” or “truncal valve” in the title or keywords. We mostly 

selected publications from the last 20 years; however, we did not exclude 

commonly referenced and highly regarded older publications. We also searched 

the reference list of articles identified by this search strategy and selected those 

we judged relevant. The last search was conducted in January 2020. 
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Current outcomes of truncus arteriosus repair 

Early mortality for TA is 3–20%, depending on the perioperative status and 

the presence of concomitant anomalies (5-16). Long-term survival after TA repair 

has been reported to be approximately 75% at 20 years (5-18). Most deaths 

appear to occur within the first year following repair (13, 16, 19-23). Rajasinghe 

and colleagues (21) reported that 57% (13/23) of their late deaths occurred 

within the first year after repair. Similarly, Tlaskal and colleagues (13) reported 

that 88% (7/8) of late deaths occurred within the first year. We have recently 

demonstrated that patients who survive to one year following TA repair have 

excellent outcomes with 92.5% survival at 20 years. The mortality following TA 

repair is summarized in Table A.1.1 (5-16, 20-22, 24-28). Nowadays it is well 

accepted that complete surgical repair of TA is done within the first weeks of life 

(5, 13, 15, 16, 29-31). While it is not uncommon to operate within the first days of 

life, these neonates may be at higher individual risk as they may require emergent 

surgery due to clinically significant truncal valve (TV) insufficiency or 

concomitant anomalies and thus being in a critical state. 

Most patients require reoperation throughout their lives as a conduit is 

often used to reconstruct their right ventricular outflow tract (RVOT). We have 

previously a freedom from reoperation of 3% at 20 years (16). Of our 171 patients, 

62% (106/171) have required at least 1 RVOT reoperation. The optimal method 

of RVOT reconstruction has yet to be found, as is discussed in more detail below. 

Despite a high rate of reoperation, the long-term functional state of 

patients following TA repair is good. Most patients are in NYHA Class I/II, and 

most patients are reported to have mild or less TV insufficiency.  
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Table A.1.1. Outcomes of truncus arteriosus repair 
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Truncal valve surgery 

TV insufficiency is one of the most important factors influencing outcomes 

of patients with TA (11, 15, 32-34). Mild TV insufficiency is often well tolerated 

and often does not require surgical intervention at the time of TA repair. However, 

a small proportion of patients with mild TV insufficiency may progress to 

moderate or greater insufficiency, requiring surgical intervention on the valve. We 

have previously reported 7.2% (11/159) of patients with mild or less TV 

insufficiency who have progressed to moderate or greater insufficiency with a 

freedom from TV surgery of 85% at 20 years (15).  

One of the most challenge patient cohorts are neonates with clinically 

significant TV insufficiency. Unfortunately, the proportion of neonates with TV 

insufficiency and their associated outcomes are seldom reported in the literature. 

Neonates with a higher degree of TV insufficiency often present earlier, with more 

overt signs of heart failure necessitating urgent surgical intervention. Clearly, 

operating on neonates in this critical state would increase the risk of early 

mortality. We have previously reported on 11 neonates who underwent 

concomitant TV surgery, with an early mortality of 27% (3/11), compared to 10% 

(1/10) in older patients. Similarly, Russell and colleagues (33) reported 5 

neonates who underwent concomitant TV repair between 1979 and 2012 with an 

early mortality of 40% (2/5). This illustrates that management of neonates 

becomes much more complicated when concomitant TV surgery is required as 

they are often in a critical condition. However, given the poor quality of the TV and 

overt signs of heart failure, there is often no choice but to operate on the TV.  

Several studies have shown that moderate or greater TV insufficiency was 

a risk factor for early reoperation for TV replacement (13), early mortality, and 

generally poorer long-term outcomes if not adequately addressed during the 

initial operation (21, 32, 35-38). However, Tlaskal and colleagues (13) determined 

that persistent moderate insufficiency is usually well tolerated and does not lead 

to an increase in early mortality, although was associated with the need for 

eventual TV replacement. Despite a number of different techniques in a surgeon’s 

armamentarium, it is often difficult to decide when to address TV insufficiency. 

When there is severe TV insufficiency, the decision is obvious. However, 
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contention arises when discussing moderate TV insufficiency. At The Royal 

Children’s Hospital Melbourne, we routinely aim to repair the TV in the setting of 

moderate or greater insufficiency. Furthermore, we have previously reported no 

apparent association between the degree of TV insufficiency or concomitant TV 

surgery and mortality (15, 16), perhaps owing to our approach to the TV. We have 

previously reported in 17 patients with moderate TV insufficiency, of whom 13 

underwent TV surgery. In the remaining 4 patients, 2 have died, and only 2 are 

alive without TV intervention (15).  

Unfortunately, though concomitant TV surgery may be necessary, it has 

limited long term durability. We have previously reported that freedom from TV 

reoperation was 19.2% at 20 years following concomitant TV surgery (15). Kaza 

and colleagues (34) reported 29% (5/14) of patients who concomitant TV repair 

required TV reoperation with a freedom from TV reoperation of 50% at 7 years. 

Like others, we employed several surgical techniques to for TV repair (Figure 

A.1.1 A to D). These include suturing partially developed commissures, 

resuspension of leaflets, resection of redundant portion of leaflets, pericardial 

leaflet extension, tricuspidization of a quadricuspid valve (Figure A.1.1A and B) , 

or reduction of the annulus (Figure A.1.1C and D). The outcomes of these 

methods are varied with early mortality as high as 30% (32). There is now an 

evolving appreciation for the need of reduction of the diameter of the truncal 

annulus that may be a key for successful repair. 

The quadricuspid truncal valve 

Interestingly, it appears that the most common subgroup of patients 

requiring TV surgery were those with a quadricuspid TV. Russell and colleagues 

(33) reported that most patients who underwent TV surgery had a quadricuspid 

TV. Of our patient cohort who required TV surgery 57% (12/21) had a 

quadricuspid TV. Furthermore, most patients with moderate or greater 

insufficiency had a quadricuspid TV (79%, 15/19) (15, 39). In contrast, most 

patients with a quadricuspid TV and mild or less insufficiency did not require TV 

surgery. In fact, only 16.7% (7/42) of patients who had a quadricuspid TV had 

progression of insufficiency requiring surgery, of whom 5 had mild or less TV 

insufficiency (15, 40).  
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Our preferred method of TV repair, that appears to give best long-term 

results, is tricuspidization with reduction of the annulus (Figure A.1.1 A and B) 

(40). This can be achieved by either resection of a leaflet and annulus reduction, 

which was first described by Imamura and colleagues in 1999 (41), cusp 

reconstruction and annulus reduction, or cusp reconstruction. Interestingly, we 

have shown durability of tricuspidization to be superior to non-tricuspidization 

techniques. In our recent study, there were only 3 reoperations in 11 patients who 

underwent tricuspidization, compared to 4 reoperations in 6 patients who 

underwent repair by non-tricuspidization (40). Freedom from reoperation in 

patients who underwent concomitant tricuspidization was 64% at 10 years 

compared to 0% at 6 years in patients who underwent concomitant TV repair by 

non-tricuspidization (40). Furthermore, tricuspidization provided better long-

term outcomes even if the non-tricuspidization group included younger children 

(less than 6 years of age), in whom TV replacement was performed (40). Similarly, 

Myers and colleagues reported tricuspidization methods of TV repair tended to 

improve freedom from reoperation on the TV (42). 
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Figure A.1.1. Surgical approaches to addressing significant truncal valve 

insufficiency in patients with truncus arteriosus. A. Tricuspidization of the TV with 

resection of the smallest or most redundant leaflet and reduction of the annulus. B. In the 

case of an intramural coronary artery crossing underneath the commissure, the 

redundant leaflet is resected along with the commissure and the remaining valve leaflet 

reconstructed and coronary artery unroofed. C and D. A large tricuspid TV can be 

addressed through reduction of the annulus allowing for a larger surface for coaptation.   
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Interrupted aortic arch  

Another significant issue in patients with TA is an interrupted aortic arch. 

An IAA occurs in approximately 10 – 20% of patients with TA, and is commonly 

type B (8, 29, 31, 43-46). Several previous studies have shown an IAA to be a risk 

factor for mortality (6, 8, 13, 21, 29, 32, 47), however, many of these studies were 

assessing patients who underwent surgery in the 1980s and 1990s. McCrindle and 

colleagues reported that outcomes of TA with IAA were worse than IAA alone (47). 

More contemporary studies have mitigated the risk of mortality likely due to 

improved surgical techniques and perioperative management of these complex 

patients. However, many of these patients present early in the neonatal period and 

still pose a significant surgical challenge. We have previously reported no 

association between mortality in TA with IAA and TA alone (16). In fact, overall 

survival in patients with TA with IAA was 83% at 20 years compared to 74% at 20 

years in patients with TA without IAA. Thus, it would appear that IAA per se does 

no longer increase risk of mortality in patients with TA operated in the modern 

era (48). Rather, the competence of the TV may be the most important factor 

influencing outcomes.  

Our centre has been using end-to-side repair since the early 1980s, and we 

aim for end-to-side anastomosis of the aortic arch when possible (23, 48, 49). 

Repair can be undertaken with the use of deep hypothermic circulatory arrest or 

isolated cerebral perfusion. Anastomosis of the ascending and descending aorta is 

then performed with or without the use of a patch or interposition graft. If, after 

mobilisation and approximation there appears to be undue distortion of the aortic 

arch, or potential for compression of the left pulmonary artery (Figure A.1.2), a 

patch can be used to augment the anastomosis (23, 48, 50).  

It is not uncommon that patients with concomitant IAA require reoperation 

for aortic arch obstruction. The Congenital Heart Surgeon’s Society (29) reported 

an aortic arch reoperation rate of 13.2% (5/38), with a Kaplan Meier survival of 

only 28% at 5 years without reoperation. McCrindle and associates (47) reported 

that aortic arch reoperation was more likely for those who had IAA repair by a 

method other than direct anastomosis with patch augmentation. A previous 

review of IAA repairs either in isolation, or with TA repair at our centre 
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demonstrated a low aortic arch reoperation rate using the end-to-side technique 

(23, 43, 49). Of note however, 5 out of 6 patients who required aortic arch 

reoperation in our series on TA and IAA had initial repair without the use of a 

patch (48). In those patients with TA and an IAA, we reported an overall freedom 

from aortic reoperation of 68% at 10 years, with 3 patients requiring reoperation 

within 30 days of initial repair (48).  

 

Figure A.1.2. Surgical repair of truncus arteriosus and interrupted aortic arch. A. 

Schematic of TA with IAA. B. Surgical repair of TA with IAA. The descending aorta is 

extensively dissected and mobilized, advanced, and directly anastomosed end-to-side to 

the ascending aorta. The PDA is ligated and all ductal tissues resected. When the 

descending aorta cannot be adequately mobilized for the advancement procedure as 

described above, the aortic arch can be repaired using patch augmentation of the arch or 

interposition graft to the descending aorta. Care should be taken to avoid compression of 

the right pulmonary artery. 

 

Coronary artery anomalies  

The concomitant coronary artery anomaly has been reported to be a risk 

factor for mortality (8, 9, 16, 27, 51-53). Schreiber and colleagues (27) reported 

on 13 patients with a coronary artery anomaly and concluded that the coronary 

artery anomaly was associated with poorer surgical outcomes related to 

compression or distortion of the anomalous coronary artery. While coronary 
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artery anomalies have been reported in 5 – 20% of patients with TA it is difficult 

to ascertain the precise incidence of this anomaly. It is not uncommon for a 

coronary artery anomaly to be missed on preoperative echocardiogram in 

patients with TA and, subsequently, diagnosed intraoperatively. Abnormalities of 

the coronary arteries mostly consist of abnormal origin of a coronary artery with 

or without intramural course, a single coronary artery giving rise to the entire 

coronary circulation, or variable epicardial courses of these arteries (54).  

While there is a limited cumulative experience with coronary artery 

anomalies and TA, it appears that many deaths occurred in patients with a major 

branch coronary artery was crossing the RVOT (16). While the reason for these 

deaths cannot be definitively explored, it could potentially have resulted from 

compression of the branch coronary artery by the overlying conduit. This is a 

difficult predicament as the overlying conduit would require sufficient spacing 

from the underlying coronary artery to avoid compression as well as compact 

enough to avoid kinking or distortion when the sternum is closed.  

Rarely, patients with TA may have an intramural coronary artery (Figure 

3A), which may increase the risk of myocardial ischemia. A recent study by Patrick 

and colleagues (55) reported that an intramural coronary artery occurred in 15% 

of their patients. Myocardial ischaemia may be caused by compression of the 

intramural segment, kinking due to an acute take-off angle, or the compression by 

an ostial ridge. Surgical management of TA and an intramural coronary artery 

involves unroofing the intramural segment and formation of an unobstructed neo-

ostium (Figure 3B and 3C). The intramural segment may course behind the truncal 

valve commissure and may need to be reconstructed or resuspended to facilitate 

unroofing (39). We have previously described our technique for coronary artery 

unroofing in detail and provided a video of the unroofing technique (39).  
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Figure A.1.3. Truncus arteriosus with concomitant intramural coronary artery. A.  

TA with an intramural coronary artery, often with an acute angle and ridge of tissue. B. 

The coronary artery should be unroofed with the creation of a generous neo-ostium. C. If 

a small defect occurs after the unroofing procedure the vascular wall is re-approximated 

by running suture.  

 

Right ventricular outflow tract reconstruction 

Reconstruction of the RVOT can be established with a conduit or direct 

anastomosis of the pulmonary artery to the right ventricle. The best method of 

RVOT reconstruction is yet to be determined. The use of a conduit to reconstruct 

the RVOT is the most common method. However, conduits have limited durability 

as they cannot grow or regenerate, and therefore inevitably require reoperation 

(56-58). Additionally, like any foreign material, they are prone to infection and 

thrombosis (57). 

Bioprosthetic conduits 

The choice of conduit depends on several factors including but not limited 

to availability, patient size and haemodynamics, and surgeon preference. The 

Contegra (Medtronic, Minneapolis, MN) bovine jugular vein conduit is predictable 

in performance and lacks immunogenic properties (59). Herrmann and colleagues 

(60) reported on 100 TA patients between 1981 and 2018 with a median follow-

up time of 15.6 years. They demonstrated longer freedom from reoperation with 

the bovine jugular vein conduit compared to an aortic homograft, but no 
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difference to a pulmonary homograft (60). Furthermore, they showed that larger 

conduit size was associated with longer freedom from reoperation. Interestingly, 

Vitanova and colleagues (61) reported on RVOT reconstruction in 145 patients 

and found that the overall durability of homograft, bovine jugular vein conduits, 

and porcine-valved conduits to be similar, however, the bovine jugular vein 

conduit appeared to develop insufficiency and stenosis earlier than other types . 

In contrast to these more favourable results, Buckley and colleagues (20) reported 

on 216 neonates which showed a two-fold increase risk of reintervention when 

the Contegra conduit was used compared to a homograft, regardless of size. 

Furthermore, several studies have reported an increased rate of endocarditis in 

patients with a Contegra conduit (60, 62, 63). 

Homografts 

An alternative to the bioprosthetic conduits above are the pulmonary and 

aortic homografts. Homografts have been the conduit of choice in recent decades, 

but have been limited due to smaller sizes, availability, and potential for 

obstruction. Homografts reportedly have better haemodynamic properties and 

increased longevity (64). Vohra and colleagues (28) in 2010 reported on 32 

patients who underwent TA repair with 24 aortic homograft and 8 pulmonary 

homograft reconstructions, resulting in a freedom from reoperation of 68% at 10 

years, and 37% at 20 years. As with bioprosthetic conduits, larger homograft sizes 

increase longevity and improve freedom from reoperation. Several studies have 

suggested homografts less than 12mm in diameter fail earlier, requiring earlier 

replacement (13, 16, 21, 65, 66). Vohra and colleagues (28) showed that 

oversizing the homograft increased longevity of the graft for up to 12 years. 

However, care must be taken to not excessively oversize the conduit. Mastropietro 

and colleagues (67) reported on 216 neonates in a multicentre study and showed 

that conduit type did not impact reoperation rates, while a conduit size 

>50mm/m2 had a five-fold increase in mortality. Furthermore, larger sized 

conduits appear to have an increased risk for coronary artery compression, TV or 

pulmonary artery distortion, and they require a larger ventriculotomy (22).  

Polytetrafluoroethylene conduit 
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 More recently, polytetrafluoroethylene (PTFE) conduits have become 

increasingly used due to their availability, ease of construction, lower cost, being 

immunologically inert, and having comparable results to other conduits (68, 69). 

Seese and colleagues (68) reported on 28 neonates between 2004 and 2016 who 

underwent RVOT reconstruction with either a homograft (n=7) or a PTFE conduit 

(n=18). They reported that the rates of reintervention and time to reintervention 

on the RVOT were similar between PTFE conduits and homografts. Interestingly, 

Seese and colleagues reported that at both 5 and 10 year follow-up, patients who 

had a PTFE conduit had better survival than those who had a homograft. Similarly, 

Mercer and colleagues (69) reported on RVOT reconstruction in 55 patients less 

than 2 years old between 2004 and 2015, and found that reintervention rates and 

time to reintervention were similar between patients who received a homograft 

and those who had a PTFE conduit. Furthermore, as with other conduits, larger 

conduit size resulted in longer freedom from reintervention on the RVOT. 

Interestingly, it appears that the primary mode of failure with the PTFE conduits 

may be  fibrosis or narrowing at the distal anastomosis over time rather than 

fibrous tissue formation within the conduit (69).  

Direct right ventricle to pulmonary artery anastomosis 

The biggest hindrance to long-term freedom from conduit reoperation is 

the lack of living material with the capacity for growth or regeneration. Any child 

who requires a conduit as part of their truncus arteriosus repair will invariably 

require reoperation. In an attempt to circumvent this issue, direct anastomosis of 

the pulmonary artery to the right ventricle, with or without the use of autologous 

tissues, has been explored (9, 12, 14, 26). In the case of TA type 1, the main 

pulmonary artery can be sutured to the right ventriculotomy with the anterior 

portion of the RVOT being reconstructed with a pericardial patch and a monocusp 

valve created of autologous pericardium. Danton and colleagues (9) reported a 

freedom from right ventricular outflow tract reoperation of 89% at 4 years in 

patients who underwent direct anastomosis of the main pulmonary artery to the 

right ventricle compared to 58% at 4 years in patients who underwent conduit 

repair. An issue with direct anastomosis of the RVOT is that without favourable 

anatomy, it often leads to pulmonary artery distortion which necessitates early 
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reoperation (70). Another draw-back to this method is the potential for severe 

pulmonary regurgitation, which has not yet been observed likely due to short 

follow-up (9, 12, 14, 26). Augmentation of the anastomosis with a patch anteriorly 

has been suggested to avoid pulmonary artery distortion, which would also allow 

for interval growth and avoid or delay obstruction to the RVOT or the branch 

pulmonary arteries (9). While early mortality is similar between direct 

anastomosis and using a conduit, there is limited long-term data (9, 12, 14).  

 

Long-term Quality of Life after Truncus Arteriosus Repair 

There is an ever-growing population of TA patients reaching adulthood, yet 

there is little information about their quality of life. As most patients who undergo 

TA repair require reoperation throughout their lifetime, it is unclear whether this 

negatively impacts their quality of life. O’Bryne and colleagues (71) reported on 

25 patients with a median age of 11.8 years who underwent TA repair and 

assessed their health status. Factors such as exercise tolerance, VO2 max, maximal 

work, and forced vital capacity were all lower than normal for age and sex (71). 

Additionally, health-related quality of life was diminished and comparable with 

that of children with severe heart disease, represented by the Fontan population 

(71). However, psychosocial functional status was not significantly diminished. 

These findings collectively represent moderate morbidity and disability (71). By 

understanding the health-related quality of life following TA repair, we may be 

able to assess the overall impact of this condition on the individual, and potentially 

provide a reference for management to address physical or psychosocial issues 

that may arise. 

We have recently reported on the quality of life in adult survivors of 

childhood TA repair (72). Using the SF-36 questionnaire we observed that adults 

with TA had a similar quality of life compared with age-matched controls. 

Furthermore, we compared the quality of life in patients with TA, to a patient’s 

who underwent the arterial switch operation, neonatal procedure with 

traditionally low reoperation rates. Despite a higher reoperation rate in TA 

patients, they have a similar quality of life to patients who underwent the arterial 
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switch. Interestingly, when assessing each of the domains of the SF-36 

questionnaire, physical function was consistently lower than age-matched 

controls in all age groups. While the SF-36 questionnaire does not assess one’s 

level of physical function, it is difficult to ascertain if there are limitations due to a 

sedentary lifestyle, or whether despite physical activity, adults with TA have 

physical limitations. Further quantitative assessment of physical functioning 

through exercise testing is required to elucidate potential underlying cardiac 

limitations of physical activity.  

 

Conclusion 

Repair of TA is associated with excellent survival beyond the first year after 

repair. However, reoperation rates remain high due to the use of a conduit for the 

RVOT. The long-term functional state of survivors is excellent, and their quality of 

life similar to the age-matched control. 

The competence of the TV appears to be the most important factor 

influencing early outcomes. Children with mild TV insufficiency are free from TV 

surgery up to 25 years. However, children with moderate or greater TV 

insufficiency, particularly those with a quadricuspid TV, will likely require TV 

surgery throughout their lifetime.   
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What is an aortopulmonary window? 

Aortopulmonary window is a communication between the ascending aorta 

and the main pulmonary artery in the presence of two distinct semilunar valves. 

The presence of two separate semilunar valves distinguishes aortopulmonary 

window from persistent truncus arteriosus.  

 

How is the conotruncus formed embryologically?  

From the 3rd week of gestation, the tubular heart elongates and develops 

alternate dilations and constrictions forming the sinus venosus, an atrium, a 

ventricle and the bulbus cordis. The bulbus cordis subsequently forms a common 

outflow tract, the truncus arteriosus. Together, the bulbus cordis and the truncus 

arteriosus form the conotruncus. The truncus arteriosus extends distally to the 

margins of the pericardial cavity, where it becomes continuous with the aortic sac. 

As truncal and bulbar ridges develop (Figure B.1-1A), separation of the truncus 

arteriosus and the ventricles occurs and involves rotation (Figure B.1-1B) of the 

truncus arteriosus relative to the ventricles (1). This rotation results in formation 

of great arteries with blood flow direction in each vessel almost perpendicular to 

each other (Figure B.1-1C).  

Formation of the conotruncal region is complex. During the 5th week of 

gestation, active proliferation of a number of mesenchymal cells causes a variety 

of swellings to develop (2). Initially, a mesenchymal wedge of tissue develops 

between the 4th and 6th aortic arches in the roof of the aortic sac. Additional 

swellings develop in the walls of the bulbus cordis resulting in the formation of 

bulbar ridges, as well as ridges in the truncus arteriosus (collectively called 

conotruncal ridges). The conotruncal ridges separating the outflow tract run in a 

spiral course along the walls of the bulbus cordis and truncus arteriosus rather 

than running in a straight line. This is required for the right ventricle to connect to 

the future pulmonary circulation and the left ventricle to connect to the systemic 

circulation (2, 3). The wedge of tissue between the 4th and 6th aortic arch projects 

inferiorly towards the conotruncal ridges and fuses with them (2). Following this, 

fusion of the spiraled conotruncal ridges occur, commencing distally and 
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progressing proximally. Once fused, this forms the aortopulmonary septum which 

divides both the bulbus cordis and truncus arteriosus into two separate arterial 

channels – the pulmonary trunk and the ascending aorta (1, 2). Complete 

segregation of the right and left ventricles and their respective outflow tracts is 

only complete when the muscular interventricular septum fuses with the 

conotruncal septum and the ventricular side of the atrioventricular septum (3).  

 

 

Figure B.1-1. Embryological development of the conotruncal region. A: Development and 

approximation of the bulbar and truncal ridges. B: Rotational arrangement of the fused bulbar and 

truncal ridges. C: Final anatomical relationship between the ascending aorta and main pulmonary 

artery 

 

As a result of the spiral course of the ridges, the left and right ventricular 

outflow tracts and, eventually, the aorta and pulmonary trunk twist around each 

other in a helical arrangement. The reason for this spiraling is not yet known. 

Several reasons have been proposed including rotational and torsional forces on 

the outflow tract generated as a consequence of cardiac looping and the forces 

caused by streaming of blood from the ventricles (2–4).  

The eventual fate of the embryological truncus arteriosus is that it will be 

divided to form the proximal portions of the ascending aorta and the pulmonary 

trunk; while the bulbus cordis will be incorporated as the infundibulum in the 

right ventricle (1). 
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When partitioning of the truncus arteriosus is nearly complete, the 

semilunar valves begin to develop from three swellings around the orifices of the 

pulmonary artery and the ascending aorta respectively. These swellings are 

reshaped to form three thin walled cusps which are completed by the 9th week of 

gestation (2). 

 

How are aortopulmonary windows classified? 

Initial classification of aortopulmonary window came from Mori et al (5) in 

1978, who described three distinct types of aortopulmonary window – proximal, 

distal and total (Figure B.1-2A, 2B and 2C). Proximal defects were determined to 

be the most common and were located a few millimeters above the sinus of 

Valsalva. Distal defects were described as a communication between the 

posterolateral wall of the ascending aorta and the junctional portion of the right 

pulmonary artery and pulmonary trunk. Total defects involved the entire length 

of the pulmonary trunk from just above the semilunar valves to the bifurcation of 

the pulmonary trunk and, occasionally, included part of the right pulmonary 

artery (5). 

This system of classification was slightly amended by Ho et al (6) in 1994, 

who included a fourth type of aortopulmonary window – an intermediate defect 

(Figure B.1-2D). Additionally, they further defined each type of aortopulmonary 

window as follows: 

- Type I (proximal defect) – a communicating window located just above the 

sinus of Valsalva (aortic sinus), a few millimeters above the semilunar 

valve, with a superior rim but little inferior rim separating the 

aortopulmonary window from the semilunar valve. 

- Type II (distal defect) – a communicating window located in the uppermost 

portion of the ascending aorta, with a well-formed inferior rim but little 

superior rim. 

- Type III (total defect) – a communicating window involving the majority of 

the ascending aorta, with little superior or inferior rims 
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- Type IV (intermediate defect) – a communicating window similar to a total 

defect but with well-formed superior and inferior rims  

It is this classification system, combining works from Mori et al and Ho et al which 

is currently used by The Society of Thoracic Surgeons (7). 

An alternative classification system was proposed by Richardson et al (8) 

in 1979, who again described three distinct types of aortopulmonary windows. 

Type I of the Richardson classification was described as a ‘typical’ aortopulmonary 

window between the posteromedial wall of the ascending aorta – just above the 

sinus of Valsalva – and the main pulmonary artery (Figure B.1-3A). Type II defects 

were located between the posterior wall of the ascending aorta and the origin of 

the right pulmonary artery (Figure B.1-3B). Thus, Types I and II were similar in 

all 3 classifications. However, Type III defects in Richardson classification were 

defined as having an anomalous origin of the right pulmonary artery from the 

posterolateral wall of the ascending aorta (Figure B.1-3C). This became a source 

of confusion as this anomaly was often referred to as ‘hemitruncus arteriosus’. The 

term ‘hemitruncus’ is a misnomer as it implies that the anomalous vessel arises 

from a common arterial trunk, whereas it arises from the ascending aorta (9). We 

believe that the term ‘hemitruncus’ should not be used. Instead, this anomaly 

should be referred to as an anomalous origin of the right pulmonary artery from 

the ascending aorta with (Figure B.1-4A) or without (Figure B.1-4B) 

concomitant aortopulmonary window. 

Richardson and colleagues described their type III defects as severe 

unequal partitioning of the aortopulmonary trunk by severe malalignment of the 

conotruncal ridges, resulting in more dorsal development of the aorta (8). 

However, it has been argued that Type III defect of the Richardson classification is 

not aortopulmonary window as it does not result from a defect in aortopulmonary 

septation (7). Thus, for all practical reasons, to avoid confusion the 

aortopulmonary should be referred to a defect between the ascending aorta and 

the main pulmonary artery. 

  



Book chapters authored during candidature 

201 

 

Figure B.1-2. Classification of aortopulmonary window used by The Society of Thoracic 

Surgeons adapted after Mori et al (5). A: Type I - proximal defect; B: Type - II being distal defect; 

C: Type III - total defect and modified by Ho et al (6) by adding D: Type IV - intermediate defect.  
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Figure B.1-3. Classification of aortopulmonary window as proposed by Richardson and 

colleagues. A: Type I is a ‘typical’ aortopulmonary window between the posteromedial wall of the 

ascending aorta and the main pulmonary artery. B: Type II located between the posterior wall of 

the ascending aorta and the origin of the right pulmonary artery. C: Type III defects are defined as 

an anomalous origin of the right pulmonary artery from the posterolateral wall of the ascending 

aorta. RPA, right pulmonary artery. 

 

 

Figure B.1-4. Anomalous origin of right pulmonary artery from ascending aorta. A: 

Anomalous origin of the right pulmonary artery from the ascending aorta with concomitant 

aortopulmonary window. B: Anomalous origin of the right pulmonary artery from the ascending 

aorta without concomitant aortopulmonary window 
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What cardiovascular abnormalities are associated with an aortopulmonary 

window? 

Approximately 25 – 60% of patients with the aortopulmonary window 

have at least one concomitant cardiovascular anomaly (10 – 25). The frequency of 

concomitant cardiovascular anomalies described in the previous studies (10 – 25) 

are summarised in Table B.1-1. Of interest, frequent association with patent 

ductus arteriosus is a likely consequence of the similar frequent association with 

an interrupted aortic arch. However, 6 - 25% of patients may have 

aortopulmonary window with concurrent patent ductus arteriosus without an 

interrupted aortic arch (11, 12, 17, 18, 22). Interestingly, Bhan and colleagues 

reported aortopulmonary window and patent ductus arteriosus with an incidence 

of 36% (20). We observed that aortopulmonary window was associated with 

patent ductus arteriosus in 7% of patients that did not have a concomitant 

interrupted aortic arch and were operated at the Royal Children’s Hospital in 

Melbourne.  

One of the most common anomalies for patients with aortopulmonary 

window is an interrupted aortic arch, with an average prevalence of 20.8% and 

range of 0 and 50% (10 – 25). Of patients with aortopulmonary window and 

concomitant interrupted aortic arch, it has been shown that 85% (17/20) of 

interrupted aortic arches were of type A whilst 15% (3/20) were of type B (26) 

(Figure B.1-5). Interestingly, however, patients with interrupted aortic arch have 

a concomitant aortopulmonary window in only 3.5 – 4.2% of cases (26 – 28). 

About 20% of patients with aortopulmonary window have a concomitant 

ventricular septal defect (10-25). It appears that ventricular septal defects occur 

most commonly in a perimembranous location (12, 22). In our experience 20.8% 

(9/43) of children with aortopulmonary window had concomitant ventricular 

septal defects and 77.8% (7/9) of those were perimembranous and 22.2% (2/9) 

were muscular.  

Occasionally aortopulmonary window may have concomitant anomalous 

coronary artery. Although this is a rare anomaly, delineation of the coronary 

anatomy is vital for successful correction of aortopulmonary window. A few case 
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reports (8, 15, 19, 29–45) indicate that the anomalous coronary vessel is often the 

right coronary artery arising from the main pulmonary artery or from the 

aortopulmonary window itself (Table B.1-2). Although this is a very rare 

anomaly, the right coronary artery is most commonly involved (Figure B.1-6). 

Only one of our 43 patients had an anomalous right coronary artery arising from 

the main pulmonary artery (Figure B.1-6B).  

Less frequent concomitant cardiovascular anomalies include tricuspid 

atresia, subaortic stenosis, pulmonary artery stenosis, aberrant right or left 

subclavian artery and absent left pulmonary artery (15, 16, 19. 21).  

 

Table B.1-1. Mean incidence of concomitant cardiovascular anomalies associated with 

aortopulmonary window in the literature and The Royal Children’s Hospital. 

Cardiovascular Anomaly 

Mean reported in the 

literature (n=296) (mean, 

range, %) 

Mean from The Royal 

Children’s Hospital (n=43) 

(mean, %) 

PDA  21.3 (0 – 50) 27.9 

IAA (nearly always type A) / CoA 20.8 (0 – 50) 20.9 

VSD 19.4 (0 – 70) 20.8 

ASD / PFO  19.3 (0 – 53) 34.9 

TOF  5.0 (0 – 20) 4.7 

RAA 5.0 (0 – 21.5) 4.7 

Persistent LSVC 3.7 (0 – 18) 9.3 

Anomalous origin of coronary 

artery 

2.0 (0 – 15.5) 2.3 

Origin of the RPA from ascending 

aorta 

2.0 (0 – 18) 2.3 

TGA 1.9 (0 – 9) 0 

Aortic valvular stenosis 1.7 (0 – 20) 0 

Pulmonary atresia 1.6 (0 – 9) 0 

Pulmonary valvular stenosis 1.3 (0 – 10) 4.7 

ASD, atrial septal defect; CoA, coarctation of the aorta; IAA, interrupted aortic arch; LSVC, left superior 

vena cava; PDA, patent ductus arteriosus; PFO, patent foramen ovale; RAA, right aortic arch; RPA, right 

pulmonary artery; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; VSD, ventricular 

septal defect 
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Figure B.1-5. Aortopulmonary window with concomitant interrupted aortic arch. 

Appearance of aortopulmonary window (using Richardson’s classification) with concomitant 

types A or B interrupted aortic arch.  

 

 

Figure B.1-6. Anomalous origin of the right coronary artery from the main pulmonary artery 

with (A) and without (B) aortopulmonary window. APW, aortopulmonary window; LCA, left 

coronary artery; RCA, right coronary artery. 
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Table B.1-2. Anomalous origin of coronary arteries in aortopulmonary window. Summary of case 

reports of anomalous right and left coronary arteries with their sites of origin. Of these patients, there were 

4 deaths from 25 patients (16%). 

Study Year Number 

of cases 

Coronary artery Site of 

origin 

Survived 

Richardson et al (8) 1979 2 Left 

Single coronary artery 

AP window 

MPA 

Yes 

Yes 

Luisi et al (29) 1980 1 Right MPA Yes 

Bourlon et al (30) 1981 1 Left AP window Yes 

Doty et al (31) 1981 1 Left MPA No 

Shore et al (32) 1983 1 Single coronary artery AP window Yes 

Kutsche et al (15) 1987 1 Right MPA No 

Lloyd et al (33) 1987 1 Both coronaries MPA No 

Corno et al (34) 1988 1 Right AP window Yes 

Brouwer et al (35) 1990 1 Right MPA Yes 

Chopra et al (36) 1994 1 Left circumflex MPA Yes 

D’Souza et al (37) 1996 2 Right 

Right 

MPA 

AP window 

Yes 

Yes 

Gruenfelder et al (38) 1999 1 Right MPA Yes 

Izumoto et al (39) 1999 1 Right AP window Yes 

Hew et al (25) 2001 1 Right MPA No 

McMahon et al (40) 2002 1 Left RPA Yes 

Bagtharia et al (19) 2004 1 Right MPA Unknown 

Greenway et al (41) 2006 2 Right 

Right 

MPA 

MPA 

Yes 

Yes 

Gabbieri et al (42) 2008 1 Right MPA Yes 

Bockeria et al (43) 2010 1 Right MPA Yes 

Napoleone et al (44) 2011 2 Right 

Right 

MPA 

MPA 

Yes 

Yes 

McMahon et al (45) 2013 1 Left MPA Yes 

AP window, aortopulmonary; MPA, main pulmonary artery; RPA, right pulmonary artery 
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What extra-cardiac anomalies are associated with aortopulmonary 

window? 

Extracardiac anomalies may also be present. There have been associations 

of aortopulmonary window to VATER complex (or VACTERL) which involves the 

following features: vertebral anomalies, imperforate anus, tracheoesophageal 

fistula with oesophageal atresia, cardiac anomalies, renal dysplasia, and limb 

defects. The incidence of this condition in association with aortopulmonary 

window varies but has been reported between 2 – 10% (15, 19, 22) and 2.3% 

(1/43) in our patients.  

Unlike other conotruncal malformations, aortopulmonary window does 

not seem to be associated with DiGeorge syndrome and other chromosomal 

defects involving chromosome 22q11 (12).  

 

What is the epidemiology of an aortopulmonary window? 

Aortopulmonary window is a rare congenital cardiac anomaly, accounting 

for 0.1 – 0.2% of all cardiac malformations; with a male-to-female prevalence of 

approximately 2:1 (6 – 8, 10 – 25). 

 

What is the pathophysiology of an aortopulmonary window? 

Due to the difference in pressure between the pulmonary artery and the 

ascending aorta, an aortopulmonary window usually results in an unrestricted 

left-to-right shunt. During the foetal period, however, there is high pulmonary 

vascular resistance with equal pressures within the aorta and pulmonary artery. 

Therefore, during this time there is minimal flow across the aortopulmonary 

window.  

Following birth, pulmonary vascular resistance decreases as the newborn 

starts to breath. This drop in pulmonary arterial resistance increases the left-to-

right shunt. The sustained increase in blood flow within the pulmonary circulation 

may lead to pulmonary hypertension and to significant pulmonary vascular 
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changes. If not reverted early, the latter may develop into pulmonary vascular 

obstructive disease. In its turn pulmonary hypertension will lead to increase work 

for the right ventricle, leading to right ventricular hypertrophy and eventual 

dysfunction. Similarly, due to the left-to-right shunt, to maintain adequate cardiac 

output the work of the left ventricle also increases. Over time this leads to left 

ventricular hypertrophy and eventual dysfunction.  

 

What is the natural history of an aortopulmonary window? 

The outcome of an unrepaired aortopulmonary window is poor with 

approximately 40% mortality within the first year of life that often results from 

the sequelae of congestive cardiac failure (17). Small defects may not manifest 

clinically. However, aortopulmonary windows do not close or contract over time, 

therefore progression of disease is likely (19). Progression of the symptoms and 

the timing of patient’s deterioration depend on the size of the defect (10, 17, 19, 

46) and subsequent development of cardiac failure or Eisenmenger’s syndrome 

(48).  

 

What are the symptoms of an aortopulmonary window? 

The symptoms of aortopulmonary window depend on the extent of the left-

to-right shunt and the degree of cardiac failure. Patients with small 

aortopulmonary windows and a small left-to-right shunt may have minimal or no 

symptoms. However, the defect is often large, and patients will typically present 

within the first weeks of life with symptoms consistent with congestive cardiac 

failure. These include dyspnoea, diaphoresis, poor feeding and failure to thrive 

(10, 17, 22). Frequent respiratory infections are common (10, 22).  

 

What are the signs of an aortopulmonary window? 

The physical signs again are determined by the size of the defect and the 

magnitude of the left-to-right shunt. Physical examination usually reveals a 
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tachypnoeic infant using accessory muscle to facilitate respiratory effort and chest 

wall retraction. Additionally, cardiac examination may reveal an enlarged heart 

with a systolic murmur best heard along the left sternal border and a loud S2 may 

be heard as a result of pulmonary hypertension (10). Cyanosis is usually absent 

unless there is severe pulmonary vascular disease. 

 

What are the differential diagnoses? 

The differential diagnosis of aortopulmonary window includes (46): 

- Patent ductus arteriosus 

- Ventricular septal defect 

- Persistent truncus arteriosus 

- Ruptured aneurysm of the sinus of Valsalva 

 

What are the electrocardiographic features of aortopulmonary windows? 

There are no specific findings on electrocardiogram (ECG) to suggest 

aortopulmonary window. ECG findings may vary depending on the extent of 

disease progression, but generally may demonstrate tachycardia, univentricular 

or biventricular hypertrophy and/or signs of atrial enlargement.  

 

What are the features of an aortopulmonary window on chest X-ray? 

There are no specific findings on chest x-ray which suggest 

aortopulmonary window. However, patients with aortopulmonary window may 

demonstrate cardiomegaly, prominent main pulmonary artery as well as 

increased pulmonary vascular markings due to increased pulmonary blood flow 

(10).  
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What are the echocardiographic features of an aortopulmonary window? 

Foetal echocardiography has become the principal diagnostic tool for 

aortopulmonary window (48). However, it is not uncommon for this anomaly to 

be overlooked in the presence of other malformations or missed entirely. One 

reason for this an over-reliance on Doppler imaging which can be ineffective in 

foetal life as there are relatively equal pressures within the aorta and pulmonary 

trunk allowing for minimal flow between the two vessels (10, 13, 48, 49). A 

combination of multiple echocardiographic views including precordial, subcostal 

and suprasternal can help to confirm the diagnosis and minimise inter-technician 

errors. Diagnosis of aortopulmonary window relies upon recognition of a 

deficiency between the adjacent walls of the aorta and pulmonary trunk through 

cross-sectional imaging of the area (Figure 7). 

Other common findings on echocardiography include (48, 49): 

- Enlargement of the left and/or right heart chambers 

- Increased pulmonary venous return 

- Increased flow across the mitral and aortic valves 

- Enlarged pulmonary arteries 

- Reversal of diastolic flow in the descending aorta 

- Prominent pulsatility of the thoracic aorta 

The distance between the semi-lunar valves and coronary arteries from the 

proximal end of the defect should be ascertained, as well as the distance between 

the branch pulmonary artery and the distal end of the aortopulmonary window.  
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Figure B.1-7. Echocardiogram of 5-month-old child with aortopulmonary window 

demonstrating communication between ascending aorta and main pulmonary artery with 

left-to-right shunt.  

 

Are other imaging modalities of value in assessing aortopulmonary 

window? 

Alternative methods for diagnosis include computed tomography (CT) 

which has a better ability to delineate the great arteries and coronary anatomy 

than echocardiography (50). This does provide clear delineation of the anatomy 

in the chest. However, CT scan is not required in diagnosis of aortopulmonary 

window and usually performed to assess other concomitant anomalies. 

 

Is cardiac catheterisation required in patients with an aortopulmonary 

window? 

Cardiac catheterisation is not often performed in cases of aortopulmonary 

window. However, in patients older than 6 months, some reports recommended 

cardiac catheterisation to evaluate the degree of pulmonary hypertension (10, 
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51). If significant pulmonary hypertension is present, a trial of pulmonary 

vasodilators can used to demonstrate reversibility (51). In the past, cardiac 

catheterisation was performed to confirm diagnoses and further delineate 

adjacent anatomy. Today, cardiac catheterisation is rarely required.  

 

What are the therapeutic options for a patient with an aortopulmonary 

window? 

Closure of aortopulmonary window is indicated for all patients. For most 

patients, repair should be undertaken early in infancy when the diagnosis is made 

to prevent development of heart failure or irreversible pulmonary hypertension.  

Patients often present with congestive cardiac failure which may require 

stabilisation with diuretics, inotropes and other anti-failure medications (10). All 

efforts are aimed at improving systemic circulation and limiting pulmonary blood 

flow. Intubation may be used as mechanical ventilation allows for a degree of 

hypercapnoea, which will increase the pulmonary vascular resistance thereby 

decreasing the left-to-right shunt and improving systemic circulation (10). 

Additionally, for patients with a concomitant interrupted aortic arch, 

prostaglandin infusion may be required to maintain patency of the ductus 

arteriosus.  

These measures should ensure adequate systemic circulation and 

oxygenation prior to prompt closure of the defect. The defect is nearly always 

closed by surgical intervention. Rarely, the defect may be closed via a trans-

catheter approach. 

 

What are the contraindications to closure? 

The only contraindication to surgical closure of an aortopulmonary 

window is demonstrated irreversible pulmonary hypertension. 
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What are the risk factors for operative mortality? 

Surgical repair of simple aortopulmonary window has a very good outcome 

with mortality rates approaching zero (10). Operative mortality is often due to 

repair of concomitant anomalies or general poor preoperative state, rather than 

repair of the aortopulmonary window per se. Interrupted aortic arch has been 

reported to be an independent risk factor for mortality in patients undergoing 

repair of aortopulmonary window (18, 19, 25, 26) with mortality rates from 0% 

to 15% (26). Though, a recent review of 5 patients with aortopulmonary window 

and interrupted aortic arch from our centre had mortality of 0% (52). 

 

What are the surgical approaches to aortopulmonary window? 

Aortopulmonary windows are approached through a median sternotomy 

and cardiopulmonary bypass with a subsequent incision through the pulmonary 

trunk, ascending aorta or the aortopulmonary window itself. It seems logical to 

open aorta first and properly assess the location of the aortopulmonary window 

and coronary orifices. If only one coronary orifice is found, then inspection of the 

pulmonary artery is performed either via the aortopulmonary window or a 

separate incision. 

 

What structures are at risk during repair? 

The most important structures at risk during repair of aortopulmonary 

window are the coronary arteries – particularly for proximal aortopulmonary 

defects (Figure B.1-8). Anomalous coronary artery arising from the pulmonary 

artery in association with aortopulmonary window often does not pose a problem 

pre-operatively due to the pulmonary pressures being high enough to allow 

adequate perfusion (43). Post-operatively, if the coronary artery remains on the 

pulmonary side of repair, sudden decreases in perfusion pressure may lead to 

myocardial ischaemia (44). Additionally, normal coronary arteries may also be at 

risk from direct suturing of proximal defects if tension from suturing disrupts the 

course of the coronary arteries.  
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Further structures at risk during repair of aortopulmonary windows 

include the pulmonary and aortic valve leaflets as well as the right and left 

pulmonary arteries. Other structures at risk are dependent on the concomitant 

malformations undergoing single-staged repair. For example, patients undergoing 

concurrent aortic arch repair are at risk of damage to the thoracic duct, phrenic 

nerve or the recurrent laryngeal nerve. 

 

 

Figure 10. Proximity of coronary orifice to aortopulmonary window. Aortopulmonary 

window in close proximity to either left (A) or right (B) coronary artery orifice must be identified 

prior to closure of the window to ensure that the coronary blood flow is not compromised 

following the repair. APW, aortopulmonary window; LCA, left coronary artery; RCA, right coronary 

artery. 

 

What are the principles of surgery of an aortopulmonary window? 

In general, division of the aortopulmonary window and subsequent closure 

of the aorta and pulmonary artery is performed. Defects in the aorta and 

pulmonary artery are closed either by directly suturing the defect, or by patch 

repair when appropriate. Recent studies have shown little to no mortality with 

transaortic patch closure of the aortopulmonary window (11). In patients with 

concurrent cardiovascular anomalies, single-stage repair of all defects should be 

performed as this has been shown to reduce overall mortality (10, 11, 14, 26).  
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Closure of the defect is performed via median sternotomy with 

cardiopulmonary bypass. In preparation, an aortic cannula should be inserted as 

distally as possible from the defect in the ascending aorta so that cross-clamping 

of the aorta does not interfere with repair. The pulmonary arteries are occluded 

with tourniquets and occluded when cardiopulmonary bypass commences. 

Cardioplegic solution is infused while the pulmonary arteries are snared, and the 

procedure performed under mild hypothermia. The defect can be repaired via an 

incision through the window itself, through the aorta, or through the pulmonary 

artery. Most importantly, whatever approach is undertaken, it must provide good 

visualisation and assessment of the origin of both coronary arteries and the right 

pulmonary artery. We believe that ligation of aortopulmonary window is obsolete 

and should not be performed. 

The defects in the aorta and pulmonary artery are closed with a patch or 

directly to ensure that the closure do not compromise coronary arteries or 

semilunar valves. 

If the coronary artery originates from the pulmonary artery or 

aortopulmonary window, repair should include the coronary artery on the aortic 

side of repair. If this is via patch repair, placement should be such that the 

coronary artery is included on the aortic side of the patch, provided that the patch 

would not obstruct pulmonary blood flow. Alternatively, the coronary artery can 

be re-implanted directly to aorta (Figure B.1-9).  

 

What are the principles of device closure? 

In rare selected patients, the aortopulmonary window can be closed using 

a trans-catheter approach (53 – 58). The procedure is limited by a number of 

factors that include the large size of the defect, the small size of the femoral vessels 

for access, associated cardiovascular anomalies and the fact that the coronary 

anatomy may be difficult to appreciate prior to closure based solely on 

echocardiography (53 – 58).  

In a few carefully selected patients, the aortopulmonary windows has been 

successfully using double umbrella occluder system, button device closure or 
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Amplatzer device closure (53 – 58). Echocardiography was used in all of these 

patients to size the defects prior to intervention. The defects mostly ranged in size 

between 3 – 6mm in diameter (53 – 58), while one particularly large window of 

8.7mm (58). Though these defects were successfully closed with no residual leaks, 

there was limited follow-up beyond 12 months.   

 

 

Figure B.1-9. Surgical correction of the anomalous origin of the coronary artery from 

aortopulmonary window (A) or pulmonary artery (B). The patched on the aorta is fashioned 

to ensure unobstructed blood flow into the coronary artery. Ao, aorta; AP window, aortopulmonary 

window; LCA, left coronary artery; PA, pulmonary artery; RCA, right coronary artery. 

 

What are the complications of surgery following repair of an 

aortopulmonary window? 

Specific complications following surgical repair of aortopulmonary 

window are mostly centred on a residual defect following repair or disruption of 

normal coronary blood flow. Residual lesions may cause a similar picture to first 
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presentation in which symptoms of pulmonary hypertension and congestive 

cardiac failure are prominent. Management for such situations after identification 

of the residual lesion often prompts early reintervention for these patients.  

If there is distortion to the coronary arteries, either due to tension imposed 

by local suturing or due to its misplacement on the pulmonary side of the patch, 

the patient may undergo myocardial ischaemia. This can be life threatening. Thus, 

the importance of the intra-operative visualization of the coronary anatomy 

cannot be over-emphasised.   

Additionally, direct suturing of the defect in the aorta or pulmonary artery 

may lead to aortic or pulmonary artery stenosis, respectively. Long term follow up 

of patients is required to monitor for development of branch pulmonary artery 

stenosis (10). 

 

What are the long-term outcomes of surgery? 

Currently, a number of studies report no early or late deaths, if intervention 

were to take place in infancy and with isolated aortopulmonary window repair 

(10 – 14, 16, 17, 19, 20, 22).  

Mortality of approximately 10 – 15% was reported (10 – 25) for patients 

with concomitant cardiovascular anomalies, particularly, interrupted aortic arch, 

which increased mortality to 15% (26).  

Over time, mortality after repair of aortopulmonary window and 

concomitant cardiovascular anomalies has decreased. Prior to 2000 the average 

mortality was approximately 14% with a range of 0 – 54% (11, 13, 15, 17 – 19, 21, 

23 – 25), while after 2000 average mortality decreased to approximately 8% with 

range of 0 – 20% (10 – 12, 16, 22). Earlier studies demonstrated higher mortality 

rates – some as high as 54% (15) – mainly due to interventions taking place later 

in infancy and, thus, often in patients with irreversible pulmonary hypertension 

or congestive cardiac failure (15, 18).  

Late mortality is generally excellent with most studies reporting no late 

deaths after median follow-up of 2 to 11 years (11 – 14, 16 – 23). Isolated reports 
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of late mortality have occurred in the setting of persistent pulmonary 

hypertension (11, 19). Patients with concomitant interrupted aortic arch have 

increased long term mortality with survival of 91%, 86% and 84% at 1, 5, and 10 

years respectively (26). Interestingly, review of patients with aortopulmonary 

window and concomitant interrupted aortic arch at our centre yielded no late 

deaths (52).  

A number of studies reported no reinterventions for simple 

aortopulmonary window after a median follow-up of up to 7 years with range of 3 

months to 25 years (11, 13, 14, 16 – 20, 22).  

Patients with concomitant cardiovascular anomalies have higher rates of 

reintervention between 15 – 20%, when compared to simple aortopulmonary 

window (12, 14, 17, 18, 25, 26). Often these are for aortic arch reinterventions 

following concurrent repair of an interrupted aortic arch. About 57% of patients 

with concurrent interrupted aortic arch may require reintervention at 5 years 

(26). Of these, 51% required aortic arch reintervention, 6% had pulmonary artery 

reintervention, and only 43% were alive without any reintervention (26). 

Experience at our centre with these patients has required only 1 reintervention 

from 5 patients after follow-up of 3 to 24 years (52).   
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