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ABSTRACT 

 
Objective: To describe the demographics, nutritional status, clinical features and 

assess the outcomes of patients diagnosed with AOPA (anomalous origin of the 

pulmonary artery from the aorta) in a developing country. 

 

Methods: Retrospective cross-sectional review of all children and adults with 

AOPA seen between April 1990 and April 2015 at the Chris Hani Baragwanath 

Academic Hospital, a tertiary care institution. All available clinical, radiographic, 

electrocardiographic, echocardiographic, computed tomography scan, cardiac 

catheterization and angiography, operative and follow-up data was reviewed from 

the case files and database. 

 

Results: Seventeen patients (infants, n = 15) were diagnosed with AOPA and ten 

(59%) were male. The median age was 81 days (2 days-36 years). Two thirds 

(77%,10/13) of the patients were malnourished and 46% (6/13) had severe 

malnutrition. The most common presentation was congestive cardiac failure and 

severe pulmonary hypertension was present in all the patients.The diagnosis was 

made on echocardiography in ten patients (59%) and on catheterization 

angiography in six patients (35%). Fourteen patients (82%) had anomalous origin 

of the right pulmonary artery (AORPA). The most common associated cardiac 

defect was patent ductus arteriosus (PDA). Surgery was undertaken in three 

patients and three patients were deemed inoperable. The overall mortality was 

82% (14/17). 

 

Conclusion: High morbidity and mortality is associated with AOPA if early 

diagnosis and surgery is not achieved. Mortality is related to early development of 

pulmonary hypertension and progressive congestive cardiac failure. Late 

presentation and lack of adequate resources may be contributing factors to the 

mortality in a developing country. 
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PART 1: PROTOCOL 

Background 

Anomalous origin of the pulmonary artery from the aorta (AOPA) is a rare 

congenital anomaly, characterized by the anomalous origin of one of the branch 

pulmonary arteries from the ascending aorta and a normal origin of the other 

pulmonary artery from the right ventricular outflow tract in the presence of two 

semilunar valves.
1 

It should be distinguished from discontinuous pulmonary 

arteries whereby pulmonary arteries receive blood supply to the lung from a 

patent ductus arteriosus-like structure or major aortopulmonary collaterals.
2
 

AOPA was first described in 1868 at an autopsy of an adult 25 year old female 

with anomalous origin of the right pulmonary artery from the ascending aorta 

(AORPA) and aortopulmonary window (APW).
3 

Surgical correction should be 

performed as early as possible once diagnosis is confirmed as without surgery, 

congestive cardiac failure and early onset pulmonary arterial hypertension are 

associated with a first year mortality of 70%.
4 

The first successful surgical 

correction of AOPA by graft repair was reported in 1961 but the surgical 

procedure of choice whenever feasible is direct implantation of the anomalous 

pulmonary artery to the main pulmonary artery (MPA), which was first described 

by Kilpatrick et al in 1967.
5-6

 

 

The incidence of AOPA is estimated at 0.12% of all congenital heart diseases.
7-8 

Kutsche et al reported in the literature the largest case series of 108 cases with 

AOPA in 1988.
8 

Anomalous origin of the right pulmonary artery (AORPA) occurs 

four to eight times more often than anomalous origin of the left pulmonary artery 

(AOLPA).
8
 Single institutional surgical experiences of between 11 to 17 patients 

have been reported with an early mortality of between 0% and 21%.
1-2,9-12 

The development of AOPA is due to abnormal migration of the pleuripotent 

neural crest cells leading to the abnormal formation of the aortic arches. AORPA 

development is embryologically distinct from AOLPA.
2,13 

AORPA occurs due to 

persistent presence of the right sixth aortic arch and failure of resorption of the 

right fifth aortic arch.
8,13 

Incomplete migration of the right sixth aortic arch to the 

left side leads to the development of proximal AORPA.
8,13 

The distal component 

of  AORPA is due to the resorption of the proximal (close to the aortic valve) 

right pulmonary artery (RPA) and distal (close to the innominate artery) sixth 

aortic arch and failure of resorption of the fifth aortic arch.
8,13 

The formation of 

AOLPA is different and follows failure of development of the left sixth aortic 

arch and left fifth aortic arch.
8,13 

The persistence of the aortic sac from which the 

anomalous  LPA arises and failure of fusion of the left pulmonary artery (LPA) to 

main pulmonary artery (MPA) occurs due to the absence of the left sixth aortic 

arch.
8,13  

 

AOPA should be distinguished from discontinuos pulmonary arteries where blood 

supply to the lungs is via patent ductus arterious (PDA) or patent ductus 

arteriosus-like structure from the aortic arch or other major aortopumonary 
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collaterals.
2 

In AOPA, the origin of the anomalous pulmonary artery is either from 

the lateral, posterior or posteriolateral aspects of the ascending aorta while the 

other pulmonary artery arises from the right ventricle in the presence of two 

semilunar valves unlike truncus arteriosus which is associated with a single 

truncal valve.
1,8-9 

Origin of the anomalous pulmonary artery may either be 

proximal close to the aortic valve or more distally close to the innominate artery 

or from the base of the innominate artery.
8 

The proximal form of AOPA is more 

common than the distal type of AOPA which is associated with narrowing of the 

pulmonary arteries in about 50% of cases.
8 

AOPA may occur in isolation or 

maybe associated with other cardiac defects and non-cardiac or extra-cardiac 

conditions. (Table 1) AORPA is reportedly more commonly associated with PDA 

and left aortic arch while AOLPA is commonly associated with Tetralogy of 

Fallot (TOF) and a right aortic arch.
1,8 

 

AOPA has been divided into groups according to their clinical presentation, 

associated left to right cardiac lesions and the presence of right ventricular 

outflow tract obstruction (RVOTO) by various authors.
1,26 

Peng et al
26 

classifies 

AOPA into the following groups: Group 1 have simple associated cardiac lesions 

such as PDA, patent foramen ovale (PFO) and right aortic arch coupled with 

congestive cardiac failure. Group 2 have complex cardiac lesions associated with 

RVOTO and tend to be asymptomatic or present with cyanosis. Garg et al
1
 

classifies AOPA into the following groups: Group 1 are either isolated or 

associated with left to right shunt cardiac lesions but without RVOTO and tend to 

present with congestive cardiac failure (CCF), recurrent respiratory infections and 

failure to thrive within the first year of life. Group 2 are associated with RVOTO 

and tend to present late with cyanosis or failure to thrive. 

 

AOPA with isolated or associated left to right cardiac lesions tend to present early 

within the first six months of life with CCF and may develop early pulmonary 

arterial hypertension.
1,4 

One lung connected to the anomalous origin of the 

pulmonary artery from the aorta is exposed to systemic pressures and large left to 

right shunt while the other lung connected to the pulmonary artery arising from 

the right ventricle receives entire cardiac output from the right ventricle.
1-2 

Table 1:  Cardiac and non-Cardiac associations with AOPA 

Cardiac  Extra-Cardiac 

Left to Right 

shunts 

RVOTO LVOTO Other Cardiac
 

Syndromes 

PDA
2,5,7-8 

TOF
1,7-9,14 

CoA
9,22

 Ebstein’s 

anomaly
23 

CATCH 22
25 

VSD
1-2,8-9 

PA/VSD with or 

without MAPCAs
15-16

 

IAA
8 

DORV
24  

APW
3,8 

TOF with APV 

syndrome
17-18 

 
 

 

 

  

ASD
1 

Tricuspid atresia
19 

     

 PS
20-21
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Complex cardiac lesions associated with RVOTO have reduced pulmonary blood 

flow and tend to present with cyanosis and may survive late into childhood and 

adulthood.
1,27 

Echocardiography is an important accurate diagnostic tool 

prenatally and postnatally. Careful imaging allows confirmation of the anomalous 

origin of the pulmonary artery and associated cardiac lesions.
14,28 

Other imaging 

modalities that can be used when diagnosis is uncertain are computerized 

tomography scan, angiography or magnetic resonance angiography.
29-31

 

 

Early surgical correction as soon as diagnosis is confirmed is the treatment of 

choice including in the neonatal period and also applies to premature babies to 

avoid development of irreversible pulmonary arterial hypertension.
2,4 

Survival into 

adulthood in unoperated cases has been reported mostly in association with TOF 

or proximal pulmonary branch stenosis protecting the lungs or as isolated AOPA 

which in some cases are inoperable due to irreversible pulmonary 

hypertension.
27,32-33

 The first successful correction of AOPA was accomplished  

by graft interposition.
5 

However, direct implantation is the surgical procedure of 

choice and was first described in 1967.
1-2,6,9 

Other surgical techniques that can be 

implemented for correction if direct implantation is not feasible include 

autologous pericardial grafts, synthetic grafts and homograft interposition with or 

without cardiopulmonary bypass.
9,34-35 

Good outcomes have been reported even in 

adults with reversal of pulmonary hypertension in the lung exposed to right 

ventricular cardiac output.
36-38 

The largest surgical series described after 2007 

included 17 patients with a median follow up of 36.5 months and early mortality 

of 5.9%.
1 

Reimplantation of the anomalous pulmonary artery may be complicated 

in the short and long term postoperatively by stenosis at the surgical anastomotic 

site which may need either balloon dilation or surgical reoperation.
9,39 

 

The survival of AOPA without surgery is 30% while with surgery it is reported as 

84% at 1 year.
4 

Early diagnosis and early surgery is important to avoid the 

inevitable high morbidity and mortality associated with AOPA. The majority of 

the literature around AOPA is focused on postoperative outcomes. Preoperative 

mortality is related to progressive or refractory CCF and early development of 

pulmonary hypertension leading to development of pulmonary vascular 

obstructive disease. Preoperative congestive cardiac failure, severe pulmonary 

hypertension (PHT) and associated cardiac defects are predictors of postoperative 

morbidity and mortality.
40

 In a review of 50 cases, the preoperative mortality was 

56% (28/50) and 18 of the patients that died were infants less than 6 months of 

age. Surgery was undertaken in 22 patients and the postoperative mortality was 

40.9% (29/22).
7 

In a review of 65 cases with AOPA, 35% of the patients died in 

the first month of life while 70% of the patients died by the age of 1 year.
4 

In a 

case series of six patients with AOPA, two neonates died preoperatively and two 

other patients with associated Tetralogy of Fallot died postoperatively with overall 

mortality of 66.7%.
41

 The overall postoperative hospital mortality in a review of 

127 patients published in the literature is 10%.
40 

The early mortality in a large 

surgical series of 11-17 patients post 1988 was reported as 0%-21%.
1-2,9-12,14  

 

In the literature there are two case reports, one case series of two patients and one 

surgical case series of five patients reported from Africa. Three patients with 
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pulmonary atresia and ventricular septal defect were deemed inoperable, one adult 

patient with AORPA and PDA underwent surgical correction and a surgical case 

series of five patients had a postoperative mortality of one patient (20%) due to 

extensive lung disease.
15-16,20,37  

 

Motivation for the study 
 

There is a high morbidity and mortality associated with AOPA if an early 

diagnosis is not made in the fetus or immediately postnatally.
4,28 

Early surgical 

correction has excellent outcomes.
1-2, 20 

A literature search has revealed two case 

reports, one case series of two patients and one surgical series of five patients 

reported from the African continent.
15-16,20,37 

The aim of the proposed study is to 

review the presentation, diagnosis and analyze the outcomes of patients with 

AOPA in a Southern African tertiary care centre in the modern era and to 

determine possible avoidable factors that may be related to increased morbidity 

and mortality in this setting. 

 

Objectives 
 

 To describe the cases diagnosed with AOPA at Chris Hani Baragwanath 

Academic Hospital. 

 To describe demographics and nutritional status at presentation in patients 

with AOPA. 

 To describe the clinical features of patients with AOPA at diagnosis. 

 To describe imaging techniques used in diagnosis of AOPA.  

 To assess and document outcomes including development of pulmonary 

hypertension, surgery and death of patients diagnosed with AOPA. 

 To determine the possible unavoidable and avoidable factors that may be 

related to increased morbidity and mortality. 

 

Definitions 

 Children: birth to < 18 years 

 Adult: ≥ 18 years  

 

Methods 
 

Study Design 
This is a retrospective descriptive study of patients seen and diagnosed with 

AOPA at Chris Hani Baragwanath Academic Hospital.  

 

Study Population 
The sample population includes all children and adults diagnosed with AOPA 

at Chris Hani Baragwanath Academic Hospital.  

 

Inclusion Criteria 
 All patients with confirmed diagnosis of AOPA. 

 Children from birth to age < 18 years and adults  ≥ 18years 
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Exclusion Criteria 
 AOPA connected via PDA or MAPCAs 

 Anomalous origin of the pulmonary artery from the descending aorta. 

 

Data Collection/Procedures 

Review of records of all patients with diagnosis of AOPA from the hospital files 

and computerized database at Paediatric Cardiology division at Chris Hani 

Baragwanath Academic Hospital from April 1990 to April 2015. 

The following clinical and diagnostic parameters e.g. chest X-ray (CXR), 

electrocardiography (ECG), echocardiography (ECHO), cardiac catheterization 

and cine-angiography, computerized tomography scan or angiography (CT scan or 

angiography) and magnetic resonance imaging (MRI) or angiography (MRA) will 

be analyzed to assess the following: clinical presentation (respiratory distress, 

congestive cardiac failure, failure to thrive, cyanosis, murmurs), CXR (pulmonary 

blood flow, lung fields- plethora or oligaemia, cardiomegaly by assessing 

cardiothoracic ratio - CTR, cardiac silhouette that may suggest associated cardiac 

lesions), ECG (evidence of P-pulmonale or P-mitrale, left ventricular 

hypertrophy- LVH or right ventricular hypertrophy - RVH or biventricular 

hypertrophy - BVH), ECHO (morphology, haemodynamics, associated cardiac 

lesions), cardiac catheterization and cine-angiography (define anatomy, 

haemodynamics), CT scan or angiography (anatomy), MRI/MRA(anatomy, 

haemodynamics), preoperative and postoperative care, surgery (corrective surgical 

techniques and complications - early or late) and outcomes (death or survival). 

 

The following data will be recorded on a data collection sheet (Appendix A) and 

entered onto an excel computerized spread sheet: year seen, age at presentation, 

sex, nutritional status, diagnosis, time to diagnosis, associated cardiac lesions, 

level of care preoperative, time to surgery, surgical technique, complications post 

surgery, postoperative follow up, outcomes - death or survival. 

 

Sample size 
 

From our regular audit of the database we estimate that 13 cases with the 

diagnosis of AOPA have been identified from the Paediatric Cardiology 

computerized database over the last 20 years. 

 

Statistical/Data analysis 
 

Descriptive statistics will be used to analyze the data. Continuous variables will 

be presented as median and ranges for non-parametric data and mean + standard 

deviation for parametric data. Categorical variables will be presented as 

frequencies and percentages. 
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Ethics 
 

The ethics clearance will be obtained from Wits Human Research Ethics 

Committee (Medical) and permission to do the study will be obtained from the 

chief executive officer at Chris Hani Baragwanath Academic Hospital. 

The division of Paediatric Cardiology has been granted ethics approval to the use 

of the database for retrospective studies (protocol number M130388). 

All information obtained from the patients records will be treated with strict 

confidentiality and patient identification will be kept anonymous. 

 

Timing/Time lines 
 

The study will commence in August 2014 and the expected duration is  

1 year including writing up the dissertation and the publication. 
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Collecting 
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Writing up 
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Writing paper 

            

 

 

Financial Support/Cost/Funding 
 

No financial support or funding is expected for this study. 
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PART 2: LITERATURE REVIEW 

 
2.1 Introduction 

 

Anomalous origin of the pulmonary artery from the ascending aorta (AOPA) is a 

rare congenital cardiac anomaly with an estimated incidence of  0.12% of all 

congenital heart diseases.
1-5 

Although AOPA is characterized by discontinuous 

pulmonary arteries, it is unique and therefore should be distinguished from other 

discontinuous pulmonary arteries to the lungs receiving blood supply from a 

patent ductus arteriosus or collaterals such as major aortopulmonary collaterals.
6
 

The diagnosis of AOPA in the first case report described by Frantzel et al in an 

adult in 1868 was made at autopsy.
7
 There have been several case reports and case 

series since then with the most recent literature focused on surgery and 

postoperative outcomes. Mortality due to progressive congestive cardiac failure, 

early development of pulmonary hypertension (PHT) and pulmonary vascular 

obstructive disease (POVD) is high without early diagnosis and surgical 

correction. In a review of 65 cases with AOPA, 35% of the patients died in the 

first month of life while 70% of the patients died by the age of 1 year.
8 

Surgery 

was undertaken in 22 patients and the postoperative mortality was 40.9% (9/22).
8 

There is paucity of recent literature on preoperative mortality, the focus is mainly 

on postoperative outcomes. In a review of 50 cases, the preoperative mortality 

was 56% (28/50) and 18 of the patients that died were infants less than 6 months 

of age.
1
 The diagnosis of AOPA was made at autopsy in almost half (46%) of the 

cases.
1
 A more recent case series of 19 cases focused on the role of multi-detector 

computed tomography in making the diagnosis followed by the successful 

surgical correction of 14 patients.
9
 Single institutional surgical experiences have 

reported a variable early mortality of between 0% and 21%.
4-6,10

 Four publications 

from Africa include two surgical case series of four and five patients, one case 

series of two patients and one adult case report in which two patients were  

inoperable.
11-14 

(Table 2.1) The postoperative mortality in the two surgical case 

series was between 0% and 20%.
11-12

  

 

Table 2.1: AOPA literature review in Africa - Case series and reports 

Year; Author Presentation 

(Cases, n) 

Age in 
months/yrs 

Mode of 

Diagnosis 

Diagnosis   

(Cardiac defects) 

Surgery 
(Mortality/Outcome) 

1987; 

Benatar et al
11

 

CCF 

(n = 5) 

7.2 months  

(mean) 

Angiography, 

ECHO 

AORPA = 4  

AOLPA = 1 

(PDA) 

Yes 

(20%) 

2015; 

Manuel et al
12

 

No details 

 

(n = 4) 

1.6 months 

(mean) 

ECHO, 

CT Angio 

AORPA = 4 

(PDA, ASD) 

Yes 

(0%) 

2011; 

Pepeta et al
13

 

Cyanosis 

(n = 2) 

10 months; 

6.5 yrs 

 

Angiography 

AOLPA = 2 

(PA/VSD/MAPCAs) 

No 

(survived) 

 

2009; 

Long et al
14 

Dyspnoea, 

Cyanosis 

(n = 1) 

 

23 yrs 

 

ECHO, 

Angiography 

 

AORPA 

(PDA) 

 

Yes 

(survived) 
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2.2 Embryology and Morphology 

 

The embryological development of AOPA is thought to be due to the abnormal 

migration of pleuripotent neural crest cells leading to the abnormal formation of 

the aortic arches.  

Anomalous origin of the right pulmonary artery (AORPA) development is 

embryologically distinct from anomalous origin of the left pulmonary artery 

(AOLPA).
6,15 

AORPA occurs due to persistent presence of the right sixth aortic 

arch and failure of resorption of the right fifth aortic arch.
2,15 

The distal 

component of AORPA is due to the resorption of the proximal right pulmonary 

artery (RPA), close to the aortic valve and distal sixth aortic arch, close to the 

innominate artery and failure of resorption of the fifth aortic arch.
2,15

 Incomplete 

leftward migration of the right sixth aortic arch to the left side leads to 

development of proximal AORPA.
2,15 

The formation of AOLPA is different and 

follows failure of development of the left sixth aortic arch and left fifth aortic 

arch.
2,15

 The persistence of the aortic sac from which the anomalous left 

pulmonary artery (LPA) arises and failure of fusion of the LPA to main 

pulmonary artery (MPA) occurs due to the absence of the left sixth aortic arch.
2,15

 

In AOPA, the origin of the anomalous pulmonary artery is either from the 

posteriolateral, lateral or posterior aspects of the ascending aorta while the other 

pulmonary artery arises from the right ventricle in the presence of two semilunar 

valve unlike truncus arteriosus which is associated with a single truncal valve.
9-

10,16
 

Origin of the anomalous pulmonary artery may either be proximal close to the 

aortic valve or more distally close to the innominate artery or from the base of the 

innominate artery.
9,16-17 

The proximal form of AOPA is more common than the 

distal type of AOPA which is associated with narrowing of the pulmonary arteries 

in about 50% of cases.
2,9,16

 Other reported types of AOPA include AORPA arising 

from the left side of ascending aorta with fibrous connection to the MPA, AOPA 

not originating from the ascending aorta but arising directly from the descending 

aorta, innominate artery and RPA from the left coronary sinus.
18-24

 

 

2.3 Pathophysiology, Presentation and Complications 

 

One lung is connected to the anomalous origin of the pulmonary artery from the 

aorta which is exposed to systemic aortic pressures and a large left to right shunt 

while the other lung is connected to the pulmonary artery arising from the right 

ventricle and receives the entire cardiac output from the right ventricle.
6,8,10 

The 

anomalous pulmonary artery exposes the ipsilateral lung to both pressure and 

volume overload while the contralateral lung is exposed to volume overload from 

the right ventricle. Associated cardiac defects with large left to right shunts such 

as ventricular septal defects (VSDs) and patent ductus arteriosus (PDAs) also 

markedly contribute to increased pulmonary blood flow predisposing to early 

development of PHT and pulmonary vascular obstructive disease (Figure 2.1).  
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Left to Right shunt e.g. PDA 

Or Isolated AOPA 
 

Unaffected lung Affected lung Unaffected lung 

Receives the whole 

cardiac output and  

blood flow from the RV  

Exposure to aortic 

pressure and blood flow 

from the ascending aorta 

Protected by the 

RVOTO or PS   

Neurogenic crossover 

Vasoconstrictor 

substances  

PHT 

(systemic/suprasystemic PA pressures) 

Normal PA pressures 

(NO PHT) 

Pulmonary Vascular Obstructive Disease 

(PVOD) 

AOPA - with or without  

Left to Right shunt or RVOTO 

RVOTO e.g. TOF 

Figure 2.1: Pathophysiology of AOPA (with or without L to R shunts or RVOTO) 

Right heart failure  Eisenmenger’s syndrome 

(if associated L to R shunts) 
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AOPA with isolated or associated left to right cardiac lesions tend to present 

early, within the first six months of life, with congestive cardiac failure and may 

develop early pulmonary arterial hypertension.
5,10,25

 Complex cardiac lesions 

associated with right ventricular outflow tract obstruction (RVOTO) are 

associated with  reduced pulmonary blood flow and tend to present with cyanosis 

and may survive late into childhood and adulthood.
10,28-30   

 

The clinical presentation varies according to the age of presentation. Infants 

including premature neonates (Table 2.2) and young children (> 1 year to < 2 

years) often present with tachypnoea, progressive respiratory distress, congestive 

cardiac failure, recurrent respiratory infections, failure to thrive and may develop 

pulmonary hypertension as early as within few days of life especially if there are 

other associated cardiac defects with large left to right shunts such as VSDs, 

PDAs and aorto pulmonary window (APWs).
6,10,31-39

 Early development of 

pulmonary hypertension with systemic to suprasytemic pulmonary artery or right 

ventricular pressures may progress to pulmonary vascular obstructive disease 

(PVOD) during infancy.
6,35 

 

 

Table 2.2: Clinical Characteristics and Demographics of AOPA cases diagnosed in 

preterm infants 

Year; Author Birth Wt; 

Sex 

GA 

(weeks)  

Presentation 

 

Age at 

diagnosis; 

(diagnosis) 

Mode of 

diagnosis 

Cardiac 

defects 

associated 
1974; 

Keane et al
1
 

 

- ; M 

 

36 

 

CCF 

18 years 

(AORPA) 

 

Angiography 

 

PDA 

1995; 

Johnson et al
31

 

 

1600 g; M 

 

34  

 

- 

4 days 

(AORPA) 

ECHO, 

Angiography 

 

PDA, ASD 

1997; 

Marui et al
32

 

 

984 g; M 

 

- 

 

- 

- 

(AORPA) 

ECHO, 

Angiography 

 

PDA 

2000; 

Salaymeh 

et al
33 

 

1055 g; M 

 

28  

 

Resp. distress 

 5 days 

(AOLPA) 

 

ECHO 

 

PDA 

 

2005; 

Vida et al
34 

 

950 g; F 

 

30  

Resp. distress, 

Cyanosis 

62 days 

(AOLPA) 

 

ECHO 

PDA,TOF, 

ASD 

2010; 

Amir et al
35 

 

780 g; F 

 

< 37  

 

- 

< 2 weeks 

(AORPA) 

 

ECHO 

 

PDA 

2011; 

Godown et al
36

 

 

520 g; F 

 

25,5  

 

Resp. distress 

3 months 

(AORPA) 

 

ECHO 

 

PDA 

2013; 

Hu et al
37 

 

2100 g; - 

 

- 

 

Cyanosis 

- 

(AORPA) 

ECHO, 

CT Angio 

 

PDA, CoA 

2014; 

Guzoglu et al
23 

 

1890 g; F 

 

33  

 

Resp. distress 

< 1 week 

(AORPA) 

 

CT Angio 

 

PDA 

2014; 

Bi et al
38

 

 

1550 g; M 

 

35  

 

Cyanosis 

21 days 

(AORPA) 

ECHO, 

CT Angio 

 

PDA 
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Congestive cardiac failure may be progressive, refractory or unresponsive to 

medical and supportive treatment increasing the risk for surgery or death if there 

is no early surgical correction.
16,40-42 

Malnutrition with World Health Organization 

(WHO) Z - score for weight for age < - 2 has been demonstrated in some of the 

case series with diagnosis of AOPA with or without asscociated cardiac defects 

(Table 2.3).  

 

Table 2.3: WHO - Weight for age Z - scores in AOPA cases series (n = ≥ 5) 

Author; Year No. of cases 

(median age) 

Wt for age  

< -2, n (%) 

Growth 

problem 

Wt for age 

 < -3, n (%) 

Growth 

problem 
 

Nakamura et al
16

;  

1991 

 

5 (2 months) 

 

4 (80%) 

 

Malnourished 

(underweight) 

 

2 (40%) 

Severe 

malnutrition 

 

Prifti et al
17

; 2003 

 

8 (1.2 months) 

 

1 (13%) 

Malnourished 

(underweight) 

 

- 

 

- 

 

Kajihara et al
25

; 

2008  

 

8 (8 days) 

 

3 (38%) 

Malnourished 

(underweight) 

 

1 (13%) 

Severe 

malnutrition 

 

Amir et al
35

; 2010 

 

12 (0.5 months) 

 

4 (33%) 

Malnourished 

(underweight) 

 

2 (17%) 

Severe 

malnutrition 

 

Garg et al
10

; 2012 

 

17 (7 months) 

 

11 (65%) 

Malnourished 

(underweight) 

 

8 (47%) 

Severe 

malnutrition 

 

Talwar et al
30

; 

2014  

 

6 (60 months) 

 

6 (55%)  

 

Malnourished 

(underweight) 

 

5 (45%) 

 

Severe 

malnutrition 

 

Liu et al
39

; 2015 

 

11 (11 months) 

 

1 (9%) 

 

Malnourished 

(underweight) 

 

1 (9%) 

Severe 

malnutrition 

 

Cho et al
57

; 2015 

 

12 (1.8 months) 

 

7 (58%) 

 

Malnourished 

(underweight) 

 

5 (43%) 

Severe 

malnutrition 

 

Xie et al
58

; 2015 

 

6 (3.3 months) 

 

5 (83%) 

 

Malnourished 

(underweight) 

 

3(50%) 

Severe 

malnutrition 

 

Neonates may rarely present with cyanosis due to right to left shunting across the 

shunts secondary to early development of PHT and cardiogenic shock associated 

with multiorgan failure which can be misinterpreted as transposition of great 

vessels (TGV), coarctation of the aorta (CoA) or a duct dependent systemic 

circulation.
37-38,40,42-43 

In a literature review of fifty cases with median age at 

diagnosis of three months, 40% presented with cyanosis.
1 

Other infants may 

present in the early neonatal period with markedly reduced right ventricular (RV) 

function or poor RV contractility associated with endocardial fibroelastosis, 

refractory cardiogenic shock associated with multiorgan failure secondary to 

severe pulmonary hypertension, pulmonary vascular disease, impaired filling of 

the left ventricle and aortic steal of blood away from vital organs due to 

preferential left to right shunting into the anomalous PA branch originating from 

the ascending aorta.
6,39,42,44-47 

Right ventricular dysfunction is associated with 

increased morbidity and mortality and can be detected on echocardiography and 

angiography.
44-47 
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A compromised coronary circulation resulting in myocardial ischemia and  

cardiogenic shock which causes end organ dysfunction and multiorgan failure has 

also been described in association with AORPA due to a steal away from the aorta 

into the anomalous aortic pulmonary artery (PA) branch which triggers a low 

diastolic pressure and consequently a reduction in coronary perfusion which 

normally takes place in diastole.
26,42

 

 

Older children and adolescents (≥ 2 years and < 18 years) tend to present with 

cyanosis, dyspnoea and rarely congestive cardiac failure and recurrent lower 

respiratory tract infections (Table 2.4, Table 2.5 and Figure 2.2). The dyspnoea is 

due to the development of pulmonary hypertension. Survival into late childhood 

and adolescence may occur in patients with right ventricular outflow tract 

obstruction (RVOTO) and reduced pulmonary blood flow when associated with 

tetralogy of Fallot (TOF).
29-30,59-64 

Patients with TOF develop unilateral 

pulmonary hypertension in the lung perfused from the aorta whereas the 

unaffected lung is protected by the pulmonary stenosis. Patients that are not 

protected by pulmonary stenosis and have other cardiac lesions with left to right 

shunts into the PA with a normal origin, have increased pulmonary blood flow 

and the possible development of severe bilateral pulmonary hypertension.  

 

Adults (≥ 18 years) tend to present with progressive exertional dyspnoea, self-

limited or recurrent haemoptysis, cyanosis and rarely congestive cardiac failure 

associated with right heart failure secondary to severe pulmonary hypertension 

(Table 2.6 and Figure 2.2).
 
Differential cyanosis may be present in patients with 

severe PHT and secondary right to left shunting across shunts such as patent 

ductus arteriosus which may be coexistent.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Presentation:  

AOPA - with or without cardiac defects 

Infants ≤ 1 yr Children: > 1 yr < 10 yrs  
Older Children ≥ 10 yrs, 

Adolescents and Adults 

- CCF 

- FTT  

- recurrent LRTIs 

- cyanosis (rare) 

 

 

- CCF 

- FTT  

- recurrent LRTIs 

- dyspnoea 

- cyanosis 

 

 

- dyspnoea 

- cyanosis 

- CCF (rare) 

- recurrent LRTIs (rare) 

- haemoptysis 

 

 

 

 

Figure 2.2: Clinical Presentation in infants, children, adolescents and adults 
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Table 2.4: Clinical Characteristics and Demographics of AOPA cases diagnosed at 

age ≥ 2 years and < 10 years  

Year; Author Age (yrs); 

Sex 

Presentation 

 

Diagnosis Mode of 

diagnosis 

Cardiac defects 

Associated 
 

1974; 

Menzer et al
48 

 

9 ; F 

 

Cyanosis 

 

AORPA 

 

Angiography 

 

Tricuspid atresia 

 

1981; 

Duncan et al
49 

 

2 ; - 

 

Cyanosis 

 

AOLPA 

 

Angiography 

 

TOF 

1987; 

Lo et al
50

  

7 ; F 

8 ; F 

 

No details  

AORPA 

AORPA 

ECHO  PDA 

PDA 

 

1988;  

Kutsche et al
2 

 

5 ; M 

5 ; F 

 

No details 

 

AOLPA 

AOLPA 

 

Surgery, 

Autopsy 

 

TOF, Aberrant 

RSCA  

 

1989; 

Fong et al
3 

 

2.2 ; - 

2.1 ; - 

 

Cyanosis  

 

AOLPA 

AORPA 

 

Angiography  

 

TOF  

1998; Abu-

Sulaiman et al
4 

 

3.2 ; - 

 

CCF 

 

- 

 

ECHO, 

Angiography  

 

- 

1990; 

Sasaki et al
51 

 

3 ; F 

 

Cyanosis 

 

AOLPA 

 

Angiography 

 

TOF 

 

2007; 

Nathan et al
6 

 

2 ; - 

 

CCF 

 

AORPA 

 

Angiography 

 

PDA 

2010; 

Pepeta et al
13 

 

6.5 ; M 

 

Cyanosis 

 

AOLPA 

 

Angiography 

 

TOF 

2011; 

Jayan et al
52 

 

7 ; M 

Cyanosis, 

Dyspnoea 

 

AORPA 

 

Angiography 

 

PDA 

2012; 

Sun et al
53  

 

 

2 ; M 

 

Recurrent LRTIs 

 

AOLPA 

 

ECHO 

 

TOF, APW 

 

2012; 

Garg et al
10 

3 ; M 

6 : F 

7 ; M 

8 ; F 

 

Cyanosis  

AORPA 

AOLPA 

AORPA 

AORPA 

 

ECHO,  

Angiography  

 

TOF  

2013; 

Talwar et al
54

  

 

6; F 

Recurrent LRTIs, 

Fatigability 

 

AORPA 

 

Angiography 

 

VSD 

2013;Tantiwo-

ngkosri et al
55

   

 

9 ; M 

 

Cyanosis 

 

AOLPA 

 

ECHO 

 

VSD 

2015; 

Vazquez et al
56 

6 ; M 

7 ; F 

- 

Dyspnoea 

AORPA 

AORPA 

ECHO 

ECHO 

AS 

- 

 

2014 

Talwar et al
30 

2.8 ; F 

3 ; M 

3.5 ; M 

5 ; M 

 

Cyanosis 

AOLPA 

AORPA 

AOLPA 

AORPA 

 

ECHO,  

Angiography 

 

TOF 

2014; 

Liu et al
39

  

 

2.9 ; M 

 

Cyanosis, CCF 

 

AORPA 

 

ECHO 

 

TOF 

 

2015;  

Wang et al
24 

3 ; M 

6 ; F 

7 ; M 

 

No details 

 

AORPA 

 

ECHO  

APW, IAA, PDA 

PDA 

PDA 

2015; 

Cho et al
57 

 

2 ; - 

 

Cyanosis 

 

AOLPA 

ECHO,  

Angiography 

 

TOF with APVS 
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Table 2.5: Clinical Characteristics and Demographics of AOPA cases diagnosed at 

age ≥ 10 years and < 18 years  

Year; Author Age; Sex Presentation 

 

Diagnosis Mode of 

diagnosis 

Cardiac defects 

associated 
 

1978; 

Gula et al
59 

 

13 yrs; F 

 

Dyspnoea 

 

AORPA 

 

Angiography 

 

APW 

 

1993; 

Py et al
60 

 

12 yrs; -  

 

Cyanosis, 

Dyspnoea 

 

AOLPA 

 

-  

 

TOF 

 

2000; 

Solyu et al
61 

 

14 yrs; F 

 

Cyanosis, 

Dyspnoea 

 

AOLPA 

 

ECHO, 

Angiography  

 

TOF 

 

2008; 

Cheng et al
62 

 

10 yrs; M 

 

Cyanosis, 

CCF 

 

AOLPA 

 

Angiography 

 

TOF 

 

2008; 

Kuinose et al
63 

 

16 yrs; F 

 

- 

 

AORPA 

 

Angiography 

 

PDA 

 

2012; 

Garg et al
10 

 

13 yrs; F 

 

Cyanosis 

 

AOLPA 

 

ECHO 

 

 

TOF 

 

2012; 

Dwivedi et al
64 

 

12 yrs; M 

 

Dyspnoea, 

Cyanosis 

 

AOLPA 

 

Angiography 

 

TOF 

 

2014; 

Talwar et al
30 

 

13 yrs; M  

 

Cyanosis 

 

AORPA 

 

ECHO 

 

TOF 

 

2015; 

Vazquez et al
56 

 

10 yrs; F 

 

Cyanosis 

 

AORPA 

 

ECHO 

 

PDA 

 

2015 

Mathur et al
29 

 

16 yrs; F 

 

Dyspnoea 

 

AOLPA 

 

Angiography, 

CT Angio 

 

TOF 

 

2.4 Pulmonary hypertension 

 

Severe pulmonary hypertension is present in the majority of the case series with 

almost 100% of the cases demonstrating systemic to suprasystemic pulmonary 

pressures (Table 2.7). The high pulmonary pressures occurs in both lungs due to 

exposure of both pulmonary arteries to a high aortic pressure in the case of the 

AOPA and increased pulmonary blood flow contributed to by a left to right shunt 

in the other PA. Other aetiologic mechanisms for the pulmonary hypertension 

include increased circulating vasoconstrictor substances, neurogenic crossover 

from the affected pulmonary artery and lung to the opposite side, and severe left 

ventricular failure.
17,80 

Histological pulmonary vascular disease changes may 

develop as early as infancy and may vary from mild vascular changes to severe 

pulmonary vascular disease involving both lungs.
1,3-4,82-83 

 

Origin stenosis of the anomalous pulmonary artery restricts flow resulting in 

protection of the affected lung from developing severe pulmonary hypertension 

and pulmonary vascular obstructive disease.
10,29-30,39,74 

There are only two cases of 

adult patients with AOLPA recorded that showed normal or only slightly raised 
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pressures in the unaffected lung.
68,77

 One of the cases was a 19 year old male with 

an isolated AOLPA associated with a right aortic arch who presented with 

recurrent episodes of hemoptysis and exertional dyspnoea and on cardiac 

catheterization was found to have normal pressures in the RV and right atrium 

(RA) and systemic pressures in the left pulmonary artery.
77 

Severe pulmonary 

hypertension will eventually result in right heart failure, congestive hepatopathy, 

liver cirrhosis and death if untreated.  

 

2.5 Diagnosis 

 

Early diagnosis and prompt surgery, good perioperative and postoperative care in 

infancy is crucial to prevent the high morbidity and mortality associated with 

AOPA.
5,8 

Right ventricular (RV) dysfunction may be associated with AOPA and 

is associated with increased morbidity and mortality but can often resolve with 

surgical correction.
6,44,47 

 

Although diagnosis may be difficult, delayed or missed, there are several clues 

which can assist in making the diagnosis. These pointers towards the diagnosis 

include indicators within the medical history as well as various clinical signs and 

symptoms. Confirmation of AOPA can be made using specialized imaging 

modalities. The first diagnosis of TOF associated with AOLPA was made 

intraoperatively and unfortunately the attempt at surgical repair was 

unsuccessful.
84

  

 

Historically many of the early reported cases were made post-mortem. Keane et al 

in 1974 reported that the diagnosis of 23 cases (46%) out of the 50 cases 

reviewed, including the first reported case of AOPA associated with APW, were 

made at autopsy.
1 

On the whole, the diagnosis of AOPA is delayed because many 

of the clinical signs and symptoms and most of the immediately available 

diagnostic modalities such as chest X-ray (CXR) show features that are not 

specific to the diagnosis of AOPA.
 
AOPA has been shown to masquerade as 

cyanotic congenital heart disease (CHD) such as TGV and coarctation of the 

aorta.
42-43

  

 

The diagnosis should be strongly suspected if there is unexplained, persistent 

refractory PHT associated with congestive cardiac failure (CCF), absence of 

structural intracardiac defects and poor visualization of the normal main 

pulmonary artery bifurcation on echocardiography.
23,35-36,52 
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Table 2.6: Clinical Characteristics and Demographics of AOPA cases diagnosed in 

adults > 18 years of age 
Year; Author Age; Sex Presentation Diagnosis Mode of 

diagnosis 

Cardiac 

defects 
1868; 

Frantzel al et
7
 

 

25 yrs; F 

 

Dyspnoea, Edema 

 

AORPA 

 

Autopsy 

 

APW 

1957; 

Caro et al
65 

 

23 yrs; M 

 

Hemoptysis, Dyspnoea 

 

AORPA 

 

Angiography 

 

PDA 

1974; 

Keane et al
1 

 

21 yrs; F 

Hemoptysis, Dyspnoea 

CCF, Cyanosis 

 

AORPA 

 

Angiography 

 

PDA 

1978; 

Purcaro et al
17,46 

 

43 yrs; M 

 

No details 

 

AOLPA 

 

No details 

 

TOF 

1987; 

Lo et al
50 

 

34 yrs 

 

No details 

 

AORPA 

 

Angiography 

TOF, 

PDA 

1987; 

Rosa et al
66 

 

28 yrs; M 

Hemoptysis, Dyspnoea  

AORPA 

CT scan, 

Angiography 

 

PDA 

1991; 

Sechtem et al
67 

 

32 yrs; F 

Hemoptysis, Dyspnoea 

Chest pain 

 

AOLPA 

MRI, 

Angiography 

 

PDA 

1993; 

Prasad et al
68 

 

23 yrs; M 

 

Hemoptysis 

 

AOLPA 

 

Angiography 

 

- 

1993; 

Mittal et al
69 

 

20 yrs; M 

 

No details 

 

AOLPA 

 

No details 

 

- 

1994; 

Igarashi et al
70 

 

43 yrs; F 

 

Cyanosis 

 

AORPA 

 

Angiography 

 

PDA 

1996; 

Edasery et al
71 

 

40 yrs; M 

  

Dyspnoea, Cyanosis 

 

AORPA 

Angiography, 

MRI 

 

PDA 

2000; 

Rangel et al
72 

 

26 yrs; F 

 

Dyspnoea 

 

AORPA 

ECHO, 

Angiography 

 

PDA 

2006; 

Wu et al
27 

 

25 yrs; M 

 

Hemoptysis, Dyspnoea 

 

AORPA 

MRI, 

Angiography 

 

PDA 

2007; 

Patel et al
28 

 

36 yrs; M 

 

Dyspnoea 

 

AORPA 

 

Angiography 

 

TOF 

2009; 

Long et al
14 

 

23 yrs; F 

 

Dyspnoea, Cyanosis 

 

AORPA 

ECHO, 

Angiography 

 

PDA 

2010; 

Herren et al
73 

 

20 yrs; M 

 

Hemoptysis 

 

AOLPA 

CT Angio, MRI, 

Angiography 

 

- 

2010; 

Nikolaidis et al
74 

 

41 yrs; F 

 

Hemoptysis, Dyspnoea 

 

AORPA 

CT scan, 

Angiography 

 

- 

2011; 

Talwar et al
75 

 

25 yrs; F 

 

Dyspnoea, Cyanosis 

 

AORPA 

CT Angio, 

Angiography 

 

ASD  

2013; 

He et al
76 

 

20 yrs; M 

 

Hemoptysis 

 

AORPA 

ECHO,  

CT Angio 

 

PDA 

2014; 

Nigam et al
77 

 

19 yrs; M 

 

Hemoptysis, Dyspnoea 

 

AOLPA 

ECHO,  

CT Angio, 

Angiography 

 

- 

2014; 

Talwar
30 

 

18 yrs; M 

 

Cyanosis 

 

AORPA 

ECHO, 

CT Angio 

 

TOF 

2014; 

Khajali et al
78 

 

20 yrs; M 

 

Cyanosis 

 

AORPA 

ECHO,  

CT Angio 

 

APVS 

2014; 

Haywood et al
79 

 

33 yrs; M 

 

Hemoptysis, Dyspnoea 

 

AORPA 

CT Angio, 

Angiography 

 

PDA 

2015; 

Kim et al
80 

 

41 yrs; F 

 

Dyspnoea 

 

AORPA 

 

CT scan 

 

PDA 

2015; 

Anathakrishna 

et al
81 

 

23 yrs; M 

 

Dyspnoea, Cyanosis 

  

 

AORPA 

 

CT Angio, 

Angiography 

 

TOF 
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Table 2.7: Pulmonary Hypertension, Associated Cardiac defects and Outcomes 

in AOPA cases series (n = ≥ 7)  
Year; Author Number 

of cases 

PHT 

n (%) 

Age < 1 yr 

n (%) 

Cardiac defects Mortality 

n (%) 

1998; 

Abu-Sulaiman et al
4 

 

16 

 

10 (63%) 

 

- 

PDA, VSD, ASD, 

CoA, TOF, APVS 

 

4 (25%) 

2007; 

Nathan et al
6 

 

16 

 

16 (100%) 

 

15 (94%) 

 

PDA, VSD, AS, PS  

 

1 (6.3%) 

2008; 

Kajihara et al
25

  

 

8 

 

8 (100%) 

 

8 (100%) 

 

PDA, ASD, CoA 

 

0 (0%) 

2010;  

Erdem et al
5 

 

7 

 

7 (100%) 

 

7 (100%) 

 

PDA, APW, IAA 

 

0 (0%) 

2010; 

Amir et al
35 

 

12 

 

12 (100%) 

 

12 (100%) 

 

PDA, VSD, CoA 

 

0 (0%) 

2012;  

Garg et al
10 

 

17 

 

10 (59%) 

 

9 (53%) 

PDA, VSD, ASD, 

TOF 

 

1 (5.9%) 

2015; 

Liu et al
39 

 

11 

 

11 (100%) 

 

6 (55%) 

PDA, VSD, APW, 

ASD, TOF, IAA 

 

1 (9%) 

2015; 

Cho et al
57 

 

12 

 

12 (100%) 

 

10 (83%) 

PDA,TOF/APVS, 

VSD, ASD, CoA, 

PA/VSD/MAPCAs 

 

1 (8.3%) 

 

2.5.1 Electrocardiography (ECG) 

 

Electrocardiographic (ECG) findings are often nonspecific and may be affected by 

associated cardiac defects and include P-pulmonale or P-mitrale, right ventricular 

hypertrophy (RVH), left ventricular hypertrophy (LVH) or biventricular 

hypertrophy (BVH).  

 

2.5.2 Chest X-ray (CXR) 

 

CXR as a non-invasive imaging tool may show specific features that could 

suggest the diagnosis of AOPA. These features include an increased 

cardiothoracic ratio (CTR) due to enlargement of the cardiac chambers and a 

prominent pulmonary artery segment suggestive of pulmonary hypertension. 

Features more suggestive of AOPA include an asymmetric pulmonary vascularity 

pattern with increased pulmonary blood flow to the affected lung and oligaemia in 

the opposite lung. This finding may be more evident in patients with associated 

right ventricular outflow tract obstruction such as TOF.
10,83 

AOPA with associated 

significant left to right shunts show bilateral increased pulmonary vascularity 

greater in the affected lung supplied by the anomalous pulmonary artery.  

 

2.5.3 Echocardiography (ECHO) 

 

Echocardiography (ECHO) as the only non-invasive modality has proved to be 

very accurate in the diagnosis of AOPA both prenatally and postnatally. It is, 

however, operator-dependent and poor acoustic imaging windows in older 

patients may lead to a missed diagnosis. The use of echocardiography to diagnose 

AOPA in TOF is reliable in experienced hands, but cardiac catheterization and 

angiography may be needed to further define the anatomy.
10,30,57
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The most important diagnostic transthoracic echocardiographic (TTE) views 

include parasternal long and short axis, suprasternal long axis, subcostal and 

apical long axis views. AOPA can resemble other congenital heart defects on the 

intial echocardiographic screen and in particular should be differentiated from 

conotruncal anomalies such as truncus arteriosus, transposition of the great vessel 

(TGV), aortopulmonary window (APW), unilateral absent pulmonary artery 

(UAPA), interrupted aortic arch (IAA) and pulmonary atresia with ventricular 

septal defect (PA/VSD). AOPA may be recognized by the presence of two 

concordant ventricular outflow tracts and semilunar valves, an abnormal 

bifurcation of the main pulmonary artery with an apparent absence of one of the 

branch pulmonary arteries.
24,85-86

 Further evaluation may show an anomalous 

pulmonary artery branch in continuity with the ascending aorta.
 
Other suggestive 

TTE features include continuous Doppler flow into the anomalous pulmonary 

artery branch originating from the ascending aorta and reversal of flow in the 

descending aorta and aortic arch due to aortic run-off (back flow) into the 

anomalous branch pulmonary artery. In premature neonates, because of the high 

incidence of patent ductus arteriosus, the diagnosis may be delayed and missed if 

there is AORPA associated with a large patent ductus arteriosus (PDA). The PDA 

can easily be misinterpreted as the other pulmonary artery branch in the short axis 

view.
34,36

 It has been suggested that echocardiography without additional cardiac 

catheterization can also be used to guide corrective surgery especially in infants 

who are unlikely to develop irreversible PHT with a very high pulmonary vascular 

resistance (PVR) > 8 Wood Units per square meter (WU/m
2
).

44,50 

 

2.5.4 Fetal ECHO 

 

Fetal echocardiography allows for early diagnosis and preparation immediately 

postnatally for early surgical correction, thus avoiding the early development of 

pulmonary hypertension. The first fetal echocardiographic diagnosis of AOPA 

was described at 21 weeks of gestation using the three vessel view.
88

 The earliest 

reported fetal echocardiographic diagnosis of AOLPA associated with tetralogy of 

Fallot (TOF) and right aortic arch was made at 19 weeks of gestation and 

confirmed on postnatal echocardiography and cardiac computed tomography.
87 

In 

another case report, the diagnosis of AOLPA and TOF with absent pulmonary 

valve syndrome (APVS) was made on prenatal echocardiography at 38 weeks of 

gestation allowing for early postnatal one-stage surgical correction within five 

weeks after birth.
89 

Absence of the expected normal MPA bifurcation on fetal 

ECHO should warrant a careful and thorough search for the anomalous 

pulmonary artery.
 

 

2.5.5 Neonatal diagnosis 

 

Diagnosis of AOPA in premature neonates has been achieved as early as 4 days in 

one patient and an extremely low birth weight of 780 grams resulting in surgical 

correction within 2 weeks (Table 2.2).
31,33,35 

AOPA in neonates if associated with 

complex cardiac lesions such as IAA, CoA or hypoplastic aortic arch and APW 

can been accurately diagnosed on ECHO.
37,90  
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2.5.6 Other diagnostic modalities 

 

In the current era, when diagnosis is uncertain and there are suspected associated 

complex cardiac defects, other non-invasive and invasive imaging modalities such 

as computerized tomography scan (CT scan) or CT Angiography (CT Angio), 

MRI (magnetic resonance imaging) or magnetic resonance angiography (MRA), 

catheterization angiography or cine angiography can be utilized.
9,66-67,92-97 

Although there is a risk of exposure to radiation, CT angiography is a noninvasive 

imaging tool which can provide additional information and clearer anatomy of the 

associated anomalies such as aortic arch and coronary anomalies for preoperative 

planning.
 
Magnetic resonance imaging (MRI) and magnetic resonance 

angiography (MRA) are expensive imaging modalities but have the superior 

advantage of evaluating the anatomy and function of the vascular and cardiac 

structures but may not be readily available.
97 

Although cardiac catheterization is 

invasive and requires hospitalization, it may be necessary to assess the pulmonary 

pressures, the reversibility of the pulmonary hypertension and to estimate the 

pulmonary vascular resistance index (PVRi) in each of the lungs.
30

 In addition, 

angiography during catheterization may assist the diagnosis.
 
An ascending 

aortogram will show the presence of the anomalous pulmonary artery arising from 

the ascending aorta and the main pulmonary angiogram will show the origin of 

only one branch pulmonary artery.
 
In patients with severe pulmonary hypertension 

(PHT), an indexed pulmonary vascular resistance calculation (PVRi) and a 

pulmonary vascular reactivity test should be determined to assess the reversibility 

of pulmonary hypertension (PHT) and the risk for surgical correction.
30,44,98 

Based 

on assumptions of oxygen consumption and the requirement for the separate 

calculations of the pulmonary blood flow and pressures in each lung, estimation 

of the PVRi may be inaccurate especially in the anomalous pulmonary artery. 

Cardiac MRI may be helpful to estimate the the pulmonary blood flow to each 

lung separately allowing for a more accurate calculation of PVR in each lung.
30 

PVRi is usually expected to be high in both lungs unless there is significant 

unilateral origin stenosis of one of the branch pulmonary arteries or associated 

TOF. 
 

 

2.6 Associations 

AOPA may occur in isolation or associated with other common and rare 

congenital heart defects (Table 2.8). Congenital cardiac defects with increased 

pulmonary blood flow and left to right shunts that are most commonly associated 

with AOPA include PDA, VSD and APW, while TOF is the most common 

associated cardiac defect with decreased pulmonary blood flow. Coarctation of the 

aorta (CoA) and interrupted aortic arch (IAA) are the more common left 

ventricular outflow tract obstruction lesions associated with AOPA. Other 

commonly associated lesions include a PDA in 75% of patients with AORPA and 

TOF found in 74% of patients diagnosed with AOLPA.
2 

Keane et al in a 1974 

review of 50 cases of AOPA showed that 76% of the cases were associated with a 

PDA, while Fontana et al in their 1987 analysis of 65 cases with AORPA 

confirmed a 68% association with a PDA.
1,8 

In general, AORPA is reportedly 

more commonly associated with a PDA and a left aortic arch while AOLPA is 
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more commonly associated with TOF and right aortic arch.
10,30 

Cases of isolated 

AOPA without intracardiac defects in association with right aortic arch have been 

described more commonly in patients with AOLPA.
2,68-69,73-74 

Of the 42 case 

reports describing patients with AOLPA up until 1999, two-thirds (75%) were 

associated with cardiac defects and 100% of those with isolated AOLPA were 

associated with right aortic arch.
15

 The incidence of AOPA associated with TOF 

was reported in two large surgical case series of 2235 patients and 5241 patients 

as 0.21% and 0.4% respectively.
30,99 

Age of presentation may provide clues to the 

type of AOPA and the associated cardiac defects. The most common associated 

cardiac defect found in premature neonates and adults (≥ 18 years) is patent 

ductus arteriosus (PDA), while TOF is more commonly described in older 

children and adolescents (≥ 10 years and < 18 years) (Table 2.2, 2.4 and 2.6).  

 

The CATCH 22 syndrome (22q11 deletion) has been described frequently in 

patients with isolated AOPA or more frequently in combination with other 

conotruncal cardiac defects such as IAA, TOF, pulmonary atresia with VSD 

(PA/VSD). Consequently screening of patients with AOPA for the 22q11 deletion 

is recommended.
25-26,31,107-109 

Berry syndrome which is an intricate 

aortopulmonary malformation which includes interrupted aortic arch, a distal 

aortopulmonary septal defect and intact interventricular septum has AORPA as 

part of the complex and has been described in several case reports and case 

series.
24,92,111-113 

 

 

 

 

 

 

 

Table 2.8: Associations - Cardiac defects or anomalies and Non-cardiac conditions 

Cardiac defects Non-cardiac 

 

Left to Right 

shunts 

 

RVOTO 

 

LVOTO 

 

Others
 

 

Syndromes 

 

PDA
1-2,6,9,24 

 

TOF
1-4,9-10,19,28-30,51,60 

 

CoA
4,9,25,37

 

 

Ebstein’s anomaly
32 

 

CATCH 22
25-26,31,107-109 

 

VSD
2,4,6,9-10,54 

PA/VSD with or 

without MAPCAs
13,57 

 

 

IAA
5,9,39,101 

 

DORV
91,103 

Fetal valproate 

syndrome
110 

 

APW
 4,7,9,53,90 

TOF with APV 

syndrome
4,78,85,89,100 

Mitral and 

aortic atresia
102 

 

ALCAPA
104

 

Berry syndrome
24,92,111-

113 

 

ASD
9-10,24,38 

 

Tricuspid atresia
48 

 

AS
6 

 

Cortriatriatum
105

 

 

  

PS 
11,17

 

  

PAPVD
106 

 

    Aberrant SCA
3,9,25-

26,114 
  

    Absent RICA
115 
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2.7 Treatment and Outcomes 

 

2.7.1 Pharmacological treatment 

 

The role of pharmacological treatment is temporary and involves treatment of the 

congestive cardiac failure (CCF), cardiogenic shock, and severe PHT while 

maintaining normal systemic pressures to reduce right to left shunting across the 

associated cardiac defects. Medical and supportive treatment targeting the 

cardiorespiratory system may include diuretics, digoxin/lanoxin or intravenous 

inotropes, non-invasive or invasive ventilation, selective and non-selective 

vasodilators such as inhaled nitric oxide (iNO) and sildenafil for severe 

symptomatic PHT. High concentrations of oxygen may need to be avoided 

because a dramatic reduction in pulmonary pressures may exacerbate the left to 

right shunting across intracardiac shunt lesions and increase flow within the  

anomalous pulmonary artery. There may be a role for left ventricular assist 

devices and extracorporeal membrane oxygenation preoperatively and 

postoperatively for severe refractory pulmonary hypertension (PHT), congestive 

cardiac failure (CCF) and cardiogenic shock. 

 

2.7.2 Surgical treatment 

 

Surgical re-implantation of the anomalous pulmonary artery at the time of 

diagnosis is the treatment of choice with or without cardiopulmonary bypass 

(CPB) depending on the presence of associated intracardiac cardiac defects that 

may also need repair. The first successful correction of AOPA was accomplished 

by graft interposition in a 12 month old male with AORPA associated with a PDA 

and severe pulmonary hypertension (PHT) diagnosed on angiography in 1961.
117

 

The current surgical procedure of choice is direct implantation of the anomalous 

pulmonary artery into the main pulmonary artery, which was first described in 

1967.
118 

Direct implantation has been used successfully as the preferred surgical 

technique in the majority of the surgical case series thus far (Table 2.9). Single 

institutional surgical experiences of large groups of 12 to 17 patients over a period 

of 17 to 36 years have reported an early mortality of between 0% to 25%.
4,6,10 

The 

largest surgical single series using direct implantation over a period of 17 years 

reported a mortality of 5.9%.
10

 

 

Neonates 

 

Early successful surgical correction has even been reported in premature babies  

within 2 weeks of life. The smallest patient corrected was born with birth weight 

of 780 grams.
31,33,35  

Very early surgical correction in neonates within the first 

week of life has been achieved resulting in complete resolution of the pulmonary 

hypertension.
25,35,41-43

 The youngest neonate with successful surgical repair was 

described in a 2 day old neonate weighing 2.8 kg initially misdiagnosed clinically 

to have coarctation of the aorta (CoA).
42 

Surgical correction of the AOPA most 

often results in an improvement of right ventricular dysfunction caused by 

pulmonary hypertension.
6,42,47
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Infants and young children  

 

Surgical correction of the AOPA and associated cardiac defects has been reported 

to result in complete resolution of PHT in infants and young children (≥ 2 years 

and < 10 years). Nathan et al reported a single institutional surgical case series of 

16 patients over a period of 24 years with an operative mortality of 6.3% and a 20 

year survival of 93%.
6 

There was no postoperative mortality in the two surgical 

case series of infants reported in 2010 by Erdem et al and Amir et al.
5,35

 Recently, 

Liu et al described surgical correction of AOPA without artificial or homologous 

grafts in infants and the postoperative mortality was reported as 9%.
39

 Surgical 

correction of AOPA and associated cardiac defects was accomplished in 81% of 

the young children with a postoperative mortality of 6.5% (Table 2.4).
 
 

 

Older children, adolescents and adults 

 

Although surgical correction of AOPA in older children, adolescents and adults 

pose a high risk because of established severe PHT and risk of advanced 

pulmonary vascular disease, it is possible in carefully selected cases. Surgery was 

perfomed in cases of older children (≥ 10 years and < 18 years) shown in Tables 

2.5 and 2.10, with a survival of 100%. Eight adult cases (32%) underwent surgery 

and 13 cases (52%) were deemed inoperable because of severe PHT and 

suspected advanced pulmonary vascular disease (Table 2.6 and 2.10).  

 

Surgical techniques 

 

Other surgical techniques that have been used if direct implantation is not feasible 

and include: interposition with an autologous pericardial graft, a synthetic graft, a 

homograft patch reconstruction and an endogenous aortic and/or main pulmonary 

artery flaps to increase the length of the anomalous pulmonary artery branch and 

reduce the risk of tension, kinking or stenosis at the anastomotic site.
4,16-17,39,119-121  

The use of an autologous graft has an added advantage of allowing future growth 

compared to synthetic graft or a homograft which may need replacement in the 

future to relieve a stenosis at the anastomotic site.
37,39,122  

 

A two stage surgical approach surgery may be required in patients with complex 

associated cardiac defects either because of increased risk of morbidity and 

mortality associated with a one stage repair or a failed pulmonary reactivity test 

necessitating an initial pulmonary artery banding (PAB) of the anomalous 

pulmonary artery to restrict pulmonary blood flow.
30,98 

A high surgical mortality 

has also been reported in patients with protected lungs. The mortality reported in 

two of the large case series of TOF associated with AOPA was 16.7% to 

18.2%.
10,30  
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Surgical complications 

 

Reimplantation of the anomalous pulmonary artery may be complicated early post 

surgery or late, by stenosis at the surgical pulmonary artery anastomotic site. 

Supravalvar aortic stenosis related to the excision of the anomalous pulmonary 

vessel from the aorta has also been described. Any residual aortic or pulmonary 

stenotic lesion may be treated surgically or with balloon angioplasty with/or 

without stent placement.
9,25-26,121-123 

The stenosis at the pulmonary artery 

anastomotic site may vary from mild to severe, or critical and can be detected on 

echocardiography (ECHO), computed tomography scan (CT scan), angiography 

or magnetic resonance imaging (MRI).
4,14,123 

The incidence of pulmonary stenosis 

has been reported to be between 0% and 46%.
17,39

 Other rare complications 

reported include torsion of the re-implanted anomalous right pulmonary artery, 

complete occlusion of the re-implanted pulmonary artery branch and thrombosis 

of the synthetic graft at the anastomotic site if the pulmonary artery branch is 

small in size prior to surgery.
6,122,124-125 

 

2.7.3 Follow up 

 

Careful follow up should include reassessment of the pulmonary artery pressures 

in patients with pulmonary artery hypertension (PHT). Early or late surgical 

complications related to the anastomotic site can be detected using 

echocardiography, computerized tomography angiography and magnetic 

resonance imaging.
24,34,119-121

 In a single-center retrospective review of long-term 

outcomes of surgically repaired AOPA and pulmonary atery slings reported the 

development of pulmonary stenosis in 74% of cases over 5 years post surgery and 

a median time from surgical repair to diagnosis of pulmonary artery stenosis of 

0.4 years.
123

 Cardiac catheterization, although invasive may be necessary to 

review post-operative pulmonary artery pressures or as a therapeutic tool for 

catheter interventions to treat surgical complications requiring balloon angioplasty 

or stenting.
5-6,10,57 

Post-operative ventilation-perfusion (V/Q) scans although less 

effective than echocardiography in detecting the presence of pulmonary artery 

stenosis may be used as a screening tool to assess for differential perfusion of the 

lungs.
34,57,119,121 
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Table 2.9: AOPA surgical case series with  ≥ 5 cases 

Year; Author Cases; 

Study 

period 

Age, mean/ 

median/range;  

 ≤ 1yr
  
(n,%) 

Cardiac defects  

associated 

Surgical technique 

 

Mortality 

n (%) 

 

1987; 

Benatar et al
10 

 

5; 10 yrs 

Mean, 

7.2 months; 

(4; 80%) 

 

PDA 

 

Direct implantation 

 

1 (20%) 

1994; 

Nonoyama et 

al
114 

 

8; - 

Mean, 

19 months; 

(2; 3%) 

PDA, ASD,  

TOF with APVS 

Direct implantation, 

Graft 

 

2 (25%) 

1998; 

Abu- 

Sulaiman et al
4 

 

16; 36 yrs 

 

 

Median,  

1 month; - 

PDA, ASD, VSD, 

TOF with APVS, 

CoA 

Direct implantation, 

Graft  

(14 cases: surgery) 

 

3 (21%) 

  

2003; 

Prifti et al
16 

 

8; 11 yrs 

Median,  

1.2 months  

(8; 100%) 

 

VSD, TOF, ASD 

 

Direct implantation, 

Graft, Aortic flap 

 

1 (12.5%) 

2004; 

Peng et al
26 

 

9; 29 yrs 

Median, 

0.9 months 

 (9; 100%) 

PDA 

Aberrant RSCA 

 

Direct implantation 

 

0 (0%) 

2005; 

Levy et al
119 

 

5; 5 yrs 

Mean, 

3 months 

(4; 80%) 

 

IAA, APW, VSD 

TOF with APVS 

 

Grafts  

 

1 (20%) 

2007; 

Nathan et al
6 

 

16; 24 yrs 

Median, 

0.4 months; 

(15; 94%) 

PDA, TOF, 

ASD 

Direct implantation, 

Graft  

 

1 (6.3%) 

 

2008; 

Kajihara et al
25 

 

8; 19 yrs 

Mean,  

1.2 months; 

(8; 100%) 

 

PDA, ASD, CoA 

 

Direct implantation, 

Graft  

 

0 (0%) 

 

2010; 

Erdem et al
5 

 

7; 6 yrs 

Range, 

 4-84 days; 

 (7; 100%) 

 

PDA, IAA, APW 

 

Direct implantation 

 

0 (0%) 

 

2010; 

Amir et al
35 

 

12; 20 yrs 

Median,  

0.5 months 

(12; 100%)  

 

PDA, VSD, CoA 

 

Direct implantation 

 

0 (0%) 

 

2012; 

Garg et al
10 

 

17; 17 yrs 

Median,  

7 months; 

 (9; 53%) 

 

PDA, TOF, 

VSD, ASD 

 

Direct implantation, 

Graft  

 

1 (5.9%) 

 

2014; 

Vazquez et al
56 

 

5; 20 yrs 

Median,  

6 years 

(2; 40%) 

 

PDA, AS 

 

Direct implantation 

 

1 (20%) 

 

2014; 

Talwar et al
30

  

 

11; 20 yrs 

Mean,  

73 months; 

(2; 18%) 

 

TOF  

 

Direct implantation, 

Graft 

 

2 (18.2%) 

 

2014; 

Liu et al
39 

 

11; 5 yrs 

Mean,  

12.7 months; 

(6; 55%) 

 

PDA, TOF, VSD, 

ASD, IAA, APW 

 

Direct implantation, 

Aortic flap Graft 

 

1 (9%) 

 

2015; 

Cho et al
57

  

 

12; 23 yrs 

Median, 

1.8 months; 

(10; 83%) 

PDA, TOF with 

APVS, VSD, 

ASD, CoA, 

PA/VSD/MAPCA 

 

Direct implantation, 

Graft (pericardial) 

 

1 (8.3%) 

 

2015; 

Liu et al
9 

 

19; 6 yrs 

Median, 

3 months;  

(12; 63%) 

 

PDA, ASD, VSD, 

APW, TOF, CoA 

 

Direct implantation 

(14 cases: surgery) 

 

0 (0%) 

 

2015; 

Xie et al
58 

 

6; 2 yrs 

Median,  

3.3 months 

(6; 100%) 

 

PDA, VSD, ASD 

 

Direct implantation 

 

 

0 (0%) 
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Table 2.10: Summary of Surgery and Outcomes in Preterm infants, Children ≥ 2 

years and < 18 years, Adults ≥ 18 years with AOPA (Tables 2.2, 2.4, 2.5 and 2.6) 

Patient Characteristics Values, n (%) 

 

Surgery: 

 

Preterm   

Yes 

 No  

Children ≥ 2 yrs and < 10 yrs  

Yes 

 No 

 No details 

Children ≥ 10 yrs and < 18 yrs 

Yes 

 No 

Adults ≥ 18 yrs  

Yes 

 No 

No details 

 

 

 

 

n = 10 

10 (100%) 

0 

n = 31 

25 (81%) 

4 (13%) 

2 (6%) 

n= 10 

10 (100%) 

0 

n= 25 

8 (32%) 

13 (52%) 

4 (16%) 

 

Outcomes: 

 

Preterm   

Survived 

Died     

Children ≥ 2 yrs and < 10 yrs 

Survived 

Died (postoperative) 

No details 

Children ≥ 10 yrs and < 18 yrs 

Survived 

Died 

Adults ≥ 18 yrs  

Survived 

Died (postoperative)
 

 

 

 

n = 10 

9 (90%) 

1 (10%) 

n = 31 

27 (87%) 

2 (6.5%) 

2 (6.5%) 

n= 10 

10 (100%) 

0 

n= 25 

24 (96%) 

1 (4%) 
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PART 3: MAJOR REPORT/MANUSCRIPT 

 

CHAPTER 1: METHODS 

 
3.1.1 Study Design:  

This is a retrospective descriptive study of patients diagnosed with anomalous 

pulmonary artery from the ascending aorta (AOPA) at a tertiary care institution in 

a developing country. 

 

3.1.2 Study Population:  

 

Children (birth to < 18 years) and adults (≥ 18 years) diagnosed with AOPA 

between April 1990 to April 2015 were included. 

 

3.1.3 Study Setting:  

 

Chris Hani Baragwanath Academic Hospital, a public tertiary care institution. 

There are no on site cardiothoracic surgical services and limited paediatric 

intensive care facilities for ventilation. There were two full time Paediatric 

Cardiologists until 2012 and Paediatric Anaesthetic services in the catheterization 

laboratory were not available until 2014. 

 

3.1.4 Data Collection/Procedures:  

Records of all patients with diagnosis of AOPA from the hospital files and 

computerized database at Paediatric Cardiology division at Chris Hani 

Baragwanath Academic Hospital were reviewed from April 1990 to April 2015. 

The following demographics, clinical and diagnostic parameters were collected 

and analysed: age at presentation, sex, year seen, clinical presentation, nutritional 

status, diagnosis and time to diagnosis, associated cardiac lesions, chest X-ray 

(CXR), electrocardiography (ECG), echocardiography (ECHO), cardiac 

catheterization and cine-angiography, computerized tomography scan or 

angiography (CT scan or angiography), magnetic resonance imaging (MRI), 

magnetic resonance angiography (MRA), preoperative and postoperative care, 

surgery and outcomes such as death or survival. 

 

Descriptive statistics were used for analysis due to the small patient numbers. A 

median and ranges were used to depict continuous variables while frequencies and 

percentages were used to describe categorical variables. The study protocol was 

approved by the Wits Human Research Ethics Committee (Medical, M140739) 

and the hospital review committee. 
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CHAPTER 2: RESULTS 
 

3.2.1 Patient Demographics 

 

Year of diagnosis and Sex (Table 3.2.1 and Graph 3.2.1) 

 

A total of 17 patients as shown in Table 3.2.1 were diagnosed over 25 years with 

an average of one patient every 1.5 years. The majority of the patients (9/17; 

52.9%) were diagnosed in the second decade of the study (Graph 3.2.1). Ten 

patients (58.8%) were male. 

 

Table 3.2.1: Demographics, Characteristics and Clinical Presentation 

 

Patient Number;  

Year seen 

 

Sex 

 

Age (days) 

 

 

CCF 

 

Resp. distress 

 

Cyanosis 

 

1; 1990 

 

M 

 

50 

 

+ 

 

+ 

 

+ 

 

2; 1991 

 

M 

 

216 

 

+ 

 

+ 

 

- 

 

3; 1998 

 

F 

 

77 

 

+ 

 

+ 

 

+ 

 

4; 1999 

 

M 

 

14 

 

+ 

 

+ 

 

+ 

 

5; 2002 

 

F 

 

84 

 

+ 

 

+ 

 

- 

 

6; 2003 

 

 

F 

 

2  

(Preterm) 

 

+ 

 

+ 

 

- 

 

7; 2003 

 

M 

 

3 

 

+ 

 

+ 

 

- 

 

8; 2004 

 

F 

 

13  

 

+ 

 

+ 

 

+ 

 

9; 2005 

 

M 

 

101 

 

+ 

 

+ 

 

- 

 

10; 2006 

 

M 

 

242 

 

- 

 

+ 

 

+ 

 

11; 2007 

 

F 

 

84 

 

+ 

 

+ 

 

+ 

 

12; 2009 

 

M 

 

13140 (Adult) 

 

+ 

 

+ 

 

- 

 

13; 2009 

 

F 

 

69 

 

+ 

 

+ 

 

- 

 

14; 2011 

 

M 

 

81 

 

+ 

 

+ 

 

- 

 

15; 2011 

 

F 

 

238 

 

+ 

 

+ 

 

- 

 

 16; 2012 

 

M 

 

16  

 

+ 

 

+ 

 

+ 

 

17; 2015 

 

M 

 

913 

 

+ 

 

+ 

 

+ 
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Age at presentation and study population (Table 3.2.1 and Graph 3.2.2) 

 

The median age at presentation was 81 days (2 days - 36 years; interquantile range 

(IQR): 15 - 227). There were fifteen infants, one child and one adult (Graph 

3.2.2). The two patients at the extreme ends of the age range were a premature 

neonate born at 34 weeks with birth weight of 1.8 kilograms (kg) who presented 

at the age of 2 days and an adult who presented at the age of 36 years. The 

remaining 15 patients included: four neonates (3-16 days), 10 infants (50-242 

days) and one child at 2.5 years of age (Table 3.2.1).  

 

 
 

 

 

 

Nutritional Status and Growth Parameters (World Health Organization - 

WHO z - scores) (Table 3.2.2 and Graph 3.2.3) 

 

The median weight at presentation (15/17, 88.2%) was 3.7 kg (1.8 - 62 kg; IQR: 3 

- 6). Growth parameters were assessed in thirteen patients (n = 13) and six 

patients (6/13; 46.2%) had WHO weight-for-age z - score < -3 while ten patients 

(76.9%) had WHO weight-for-age z - score < -2. Seven patients (53.8%) had 

WHO length/height-for-age z - score < -2 and four of those patients had WHO 

0 
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AOPA: Year of diagnosis 
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Patients:  Age category 
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Child > 1 yr & < 18 yrs 

Adult ≥ 18 yrs 

Graph 3.2.2: Patients age category -  infants, a child and an adult 

 

Graph 3.2.1: AOPA – Year of diagnosis 
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length/height-for-age z – score < -3. Five patients (38.5%) had WHO weight for 

length/height z - score < -2 and two of those patients had WHO weight for 

length/height z - score < -3. Growth parameters for two patients (no. 6 and 12), a 

premature neonate and an adult were not assessed as there were no appropriate 

growth standards or charts. In addition, no growth parameter data was available 

for patient no. 2 and 14 and these patients were also excluded from analysis. 

 

 
 

 

 

 
 

 

 

 
 

 

0 

1 

2 

3 

4 

5 

6 

7 

< - 3 < - 2 and > - 3 > - 2 

WHO Z - score: Weight for Age 
< - 3 

< - 2 and > - 3 

> - 2 

0 

2 

4 

6 

8 

10 

12 

Malnutrition, < - 2 Severe Malnutrition, < - 3 

WHO Z - score - Malnutrition :  < -2 vs < -3 

Malnutrition, < - 2 

Severe Malnutrition, < - 3 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Normal Stunted 

WHO Z - score: Length/Height for Age 
Normal 

Stunted 

Graph 3.2.5: WHO Z- score, length/height for age 

 

Graph 3.2.3: WHO Z- score, weight for age 

 

Graph 3.2.4: WHO Z- score - Malnutrition, < - 2 vs < - 3 
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Table 3.2.2: Anthropometric and Growth parameters, World Health Organization 
(WHO) Z - scores  

 
Patient no.; 
Age (days)  

 
Weight 

(kg) 

 
Height/Length 

(cm) 

 
Wt for Age 
Z - score  
(actual) 

 
Ht/Length for 
Age Z - score 

(actual) 

 
Wt for Ht/Length 

Z - score 
(actual) 

 
1; 50  

 
3 

 
52 

 
< -3 (-3.99) 

 
-2 to -3 (-2.62) 

 
-2 to -3 (-2.69) 

 
2; 216 

 
Data 

missing 

 
Data missing 

 

 
Data missing 

 

 
Data missing 

 

 
Data missing 

 

 
3; 77 

 
3.4 

 
52 
 

 
< -3 (-4.34) 

 
< -3 (-4.00) 

 
0 to -1 (-1.17) 

 
4; 14 

 
2.2 

 
46 

 
< -3 (-3.48) 

 
< -3 (-3.32) 

 
-1 to -2 (-1.92) 

 
5; 84 

 
3,7 

 
57 

 
< -3 (-3.06) 

 
0 to -2 (-0.72) 

 
< -3 (-3.64) 

 
6; 2 

 
1.8 

(Prem) 

 
- 

 
- 

 
- 

 
- 

 
7; 3 

 
3.2 

 
49 

 
0 to -2 (-0.34) 

 
0 to -2 (-0.74) 

 
0 to -1 (-0.24) 

 
8; 13 

 
3.6 

 
48 

 
0 to -2 (-0.13) 

 
0 to -2 (-1.76) 

 
1 to 2 (2.03) 

 
9; 101 

 
4.4 

 
58 

 
< -3 (-3.35) 

 
0 to -2 (-2.0) 

 
 -2 to -3 (-2.56) 

 
10; 242 

 
9 

 
69 

 
0 to 2 (0.43) 

 
0 to -2 (-0.67) 

 
1 to 2 (1.12) 

 
11; 84 

 
4 

 
54 

 
-2 to -3 (-2.36) 

 
-2 to -3 (-2.04) 

 
0 to -1 (-0.77) 

 
12; 13140 

 
62 

(Adult) 

 
- 

 
- 

 
- 

 
- 

 
13; 69 

 
3.7 

 
49 

 
-2 to -3 (-2.80) 

 
< -3 (-4.31) 

 
1 to 2 (1.7) 

 
14; 81 

 
Data 

missing 

 
Data missing 

 

 
Data missing 

 

 
Data missing 

 

 
Data missing 

 
 

15; 238 
 
6 

 
68 

 
-2 to -3 (-2.28) 

 
0 to -2 (-0.19) 

 
-2 to -3 (-2.95) 

 
 16; 16 

 
2.6 

 
47 

 
-2 to -3 (-2.28) 

 
-2 to -3 (-2.51) 

 
0 to -1 (-0.83) 

 
17; 913 

 
9 

 
85 

 
< -3 (-4.09) 

 
< -3 (-3.72) 

 
< -3 (-3.12) 
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3.2.2 Clinical presentation (Table 3.2.1 and Graph 3.2.4) 

 

All patients (n = 17) presented with respiratory distress. As shown in graph 3.2.2, 

sixteen patients (94.1%) presented with congestive cardiac failure (CCF) and 

eight patients (47.1%) presented with cyanosis. Three patients (no. 12, 15 and 17) 

had a history of recurrent respiratory tract infections and murmurs were audible in 

fourteen patients (82.4%). Patient no. 5 presented with cardiogenic shock while 

patient no. 12 presented with a history of exertional dyspnoea, several episodes of 

self-limited haemoptysis, jaundice, anasarca and massive ascites. 
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Graph 3.2.6: Major mode of clinical presentation (excluding murmurs) 
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3.2.3 Diagnostic Modalities 

 

Chest Radiography (Chest X-ray, CXR): Figure 3.2.1, Figure 3.2.2 and 

Figure 3.2.3  

 

Chest radiographs (n = 14) showed differential pulmonary vascularity with 

plethora in the affected lung perfused by the anomalous pulmonary artery and 

normal or relative oligaemia in the unaffected lung perfused by the normally 

connected pulmonary artery. The cardiothoracic ratio was increased in all 

representing cardiomegaly and the pulmonary artery segment was prominent, 

indicative of underlying pulmonary hypertension. One chest X-ray (patient no. 10) 

showed an absent pulmonary artery segment with boot-shaped heart (Figure 

3.2.3). 

 
 

 

 

 

 

 
 

 

 

Figure 3.2.1: Chest X-ray in the anterior-posterior view (AP view), patient no.15 - shows differential 
pulmonary vascularity with plethora in the right lung and oligaemia in the left lung (left upper lobe). 
Cardiomegaly with cardiothoracic ratio (CTR) = 69% and left aortic arch. 
 

 

Figure 3.2.2: Chest X-ray in the anterior-posterior view (AP view), patient no.17 - shows differential 
pulmonary vascularity with prominent pulmonary vasculature in the right lung and paucity of the 
peripheral pulmonary vasculature suggestive of pruning. Cardiomegaly with cardiothoracic ratio (CTR) 
= 60% and left aortic arch. 
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Electrocardiography (ECG): Figure 3.2.4 and 3.2.5 

 

Electrocardiographic changes (n = 15) included right axis deviation (RAD) with 

evidence of right atrial enlargement (P-pulmonale) and either right ventricular 

hypertrophy (RVH) or biventricular hypertrophy (BVH) in 12 patients (70.6%).  

 

 
 

 

Figure 3.2.3: Chest X-ray in the anterior-posterior view (AP view), patient no.10 - shows differential 
pulmonary vascularity with oligaemia in the right lung and plethora in the left lung. Cardiomegaly with 
cardiothoracic ratio = 66% and left aortic arch. 
 

 

Figure 3.2.4: Electrocardiogram, patient no.15 - shows right axis deviation, right atrial enlargement  
(P-pulmonale) and right ventricular hypertrophy (RVH). 
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Transthoracic Echocardiography (TTE/ECHO): Figures 3.2.6 and 3.2.7; 

Figures 3.2.8 and 3.2.9; Figure 3.2.10, 3.2.11 and 3.2.12 

 

The diagnosis was made using transthoracic echocardiography (TTE) in ten 

patients (59%). The suprasternal long axis, parasternal long axis and short axis 

views were the most useful echocardiaographic views in confirming the diagnosis. 

 

 
 

 

Figure 3.2.5: Electrocardiogram, patient no.17 - shows right axis deviation, right atrial enlargement 
(P-pulmonale) and right ventricular hypertrophy (RVH). 
 

 

Figure 3.3.6: Transthoracic echocardiography in the suprasternal long axis view, patient no.16 - 
shows anomalous right pulmonary artery (asterisk) from the proximal ascending aorta. There is a 
left aortic arch. 
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Figure 3.2.7: Transthoracic echocardiography in the parasternal short axis view, patient no.16 - shows 
anomalous right pulmonary artery (asterisk) from the posterior aspect of the ascending aorta (cross). 

Normal relation of the great vessels without right ventricular outflow tract obstruction (arrow). 

Figure 3.2.8: Transthoracic echocardiography in the parasternal long axis view, patient no.4 - shows 

anomalous left pulmonary artery (asterisk) from the proximal ascending aorta. 
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Figure 3.2.9: Transthoracic echocardiography in the suprasternal long axis view, patient no.4 - 
shows anomalous left pulmonary artery (asterisk) from the proximal ascending aorta and right aortic 
arch. 

Figure 3.2.10: Transthoracic echocardiography in the suprasternal long axis view, patient no.17 - 

shows anomalous right pulmonary artery (asterisk) from the proximal ascending aorta. 
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Figure 3.2.12: Transthoracic echocardiography in the suprasternal long axis view, patient no.17 - 
shows anomalous right pulmonary artery (asterisk) from the proximal ascending aorta. There is 
marked reversal or retrograde flow (arrow) in the descending aorta due to aortic run-off into the 
anomalous right pulmonary artery. 

Figure 3.2.11: Transthoracic echocardiography in the parasternal long axis view, patient no.17 - 

shows anomalous right pulmonary artery (asterisk) from the proximal ascending aorta. 
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Computed Tomography scan or Angiography (CT scan/ CT Angio):  Figures 

3.2.13, 3.2.14, 3.2.15, 3.2.16, 3.2.17, 3.2.18 and 3.2.19  

 

Computed tomography angiography (CT Angio) was done in four patients, 

diagnostic in patient no.12, confirmatory in patient no.10 and 15, and used as a 

postoperative follow up imaging tool in patient no.9. 

 

 
 

 

 

 

 

 

 

 
 

 

Figure 3.2.12: Computed tomography angiogram (CT Angio) in the axial view, patient no.12 - 
shows anomalous right pulmonary artery (asterisk) from the ascending aorta and normal 
connected left pulmonary artery from the main pulmonary artery. The main pulmonary artery and 
left pulmonary artery are dilated. 

Figure 3.2.13: Computed tomography angiogram (CT Angio) in the sagittal view, patient no. 12 - 
shows the right pulmonary artery (asterisk) arising from the posterior aspect of the ascending aorta. 
No right pulmonary artery stenosis was visualized.  
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Figure 3.2.15: Computed tomography angiogram (CT Angio) in the sagittal view, patient no. 12 - 
shows large patent ductus arteriosus (asterisk) connecting the main pulmonary artery to the 
descending aorta. 

Figure 3.2.14: Computed tomography angiography (CT Angio) 3D reconstruction in the posterior 
view, patient no.12 - shows anomalous right pulmonary artery (asterisk) from the proximal, 
posterior aspect of the ascending aorta. 
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Figure 3.2.17: Computed tomography angiogram (CT Angio) in the axial view, patient no.10 - 
shows anomalous left pulmonary artery (asterisk) from a dilated ascending aorta. The main 
pulmonary and right pulmonary arteries are no depicted.  

Figure 3.2.16: Computed tomography angiography (CT Angio) 3D reconstruction in the left 

lateral view, patient no. 12 - shows patent ductus arteriosus (asterisk).  
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Figure 3.2.18: Computed tomography angiography (CT Angio) 3D reconstruction in the anterio-
lateral left view, patient no.10 - shows anomalous left pulmonary artery (asterisk) from the posterior-
lateral left aspect of the dilated ascending aorta. The main pulmonary and right pulmonary arteries 
are not depicted. 

Figure 3.2.19: Computed tomography angiogram (CT Angio) in the axial view, patient no.9 - shows 

the re-implanted right pulmonary artery (asterisk) and no stenosis at the anastomotic site. 
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Cardiac Catheterization and Angiography: Figures 3.2.20, 3.2.21, 3.2.22, 

3.2.23, 3.2.24, 3.2.25, 3.2.26, 3.2.27, 3.2.28, 3.2.29 and 3.2.30 

 

Cardiac catheterization and angiography was done in nine patients (53%). It was 

diagnostic in six patients (35%) (patient no. 1, 2, 5, 10, 11 and 17)  and confirmed 

the diagnosis of AOPA in three patients (patient no. 9, 12 and 15). 

 

 
 

 

 

 

 

 
 

 

Figure 3.2.20: Aortogram in the lateral view, patient no.10 - shows anomalous left pulmonary artery 

(asterisk) arising from the posterior aspect of dilated ascending aorta. 

Figure 3.2.21: Aortogram in the anterio-posterior (AP) view, patient no.11 - shows anomalous right 

pulmonary artery (asterisk) originating from the ascending aorta. 
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Figure 3.2.22: Aortogram in the lateral view, patient no.11 - shows anomalous right pulmonary 

artery (asterisk) arising from the ascending aorta. 

Figure 3.2.23: Ascending aortogram in the anterio-posterior (AP) view, patient no. 12 - shows right 
pulmonary artery from the ascending aorta (asterisk and arrow). No right pulmonary artery 
stenosis is visualized. 
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Figure 3.2.25: Aortogram in the anterio-posterior (AP) view, patient no.17 - shows the anomalous 

right pulmonary artery (asterisk) originating from the ascending aorta. 

Figure 3.2.24: Ascending aortogram in the lateral view, patient no. 12 - shows the right pulmonary 
artery arising from the ascending aorta (asterisk). No right pulmonary artery stenosis is visualized. 
Ascending aortogram in the lateral view, patient no. 12 - shows the right pulmonary artery arising 
from the ascending aorta (asterisk). No right pulmonary artery stenosis is visualized. 
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Figure 3.2.26: Aortogram in the lateral view, patient no.17 - shows the anomalous right 

pulmonary artery (asterisk) arising from the posterior aspect of the ascending aorta. 

Figure 3.2.27: Descending aortogram in the lateral view, patient no.17 - shows large patent 

ductus arteriosus (asterisk) connecting the main pulmonary artery to the descending aorta. 
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Figure 3.2.28: Aortogram in the anterio-posterior (AP) view, patient no.15 - shows anomalous right 

pulmonary artery (asterisk) arising from the ascending aorta. 

Figure 3.2.29: Pulmonary angiogram in the anterio-posterior (AP) view, patient no.15 - shows absent 
right pulmonary artery from the main pulmonary artery. Left pulmonary artery (LPA) is visualized coming 
off the main pulmonary artery (MPA). Contrast flow is visualized into the descending aorta (DAO) via the 
patent ductus arteriosus connecting the main pulmonary artery and the descending aorta. 
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Figure 3.2.30: Transthoracic echocardiography in the short axis view post surgical re-
implantation of the right pulmonary artery, patient no. 9 - shows patent right pulmonary artery 

(asterisk) with no stenosis or narrowing. 

Figure 3.2.31: Perfusion scan in the anterio-posterior (AP) view post surgical re-implantation of the 
right pulmonary artery, patient no. 9 - shows equal perfusion to both lungs. 
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3.2.4 Mode of definitive diagnosis (imaging) - Summary (Graph 3.2.5)  

 

The median time from presentation at the Chris Hani Baragwanath Academic 

hospital to definitive diagnosis was 4 days (1 - 83 days; IQR: 2 - 19). The 

diagnosis was made on transthoracic echocardiography (TTE) in the majority of 

the patients (10/17,58.8%), on catheterization (Cath) angiography in six patients 

(35.3%) and on computerized tomography (CT) angiography in one patient 

(5.9%). 

 

 
 

 

 

3.2.5 Pulmonary Hypertension (PHT) (Table 3.2.3) 

 

All patients had pulmonary hypertension documented either at cardiac 

catheterization or estimated from the tricuspid regurgitation velocity gradient 

obtained at echocardiography (Table 3.2.3). The systolic pulmonary artery 

pressures (PAp) ranged between two-thirds of systemic pressures to 

suprasystemic pressures. The pulmonary pressures in the anomalous pulmonary 

artery (PA) arising from the ascending aorta was measured at cardiac 

catheterization directly in three patients (patient no. 10, 12 and 17) and estimated 

using the aortic pressures in five patients (patient no. 1, 5, 9, 11, and 15) provided 

there was no stenosis or narrowing of the anomalous pulmonary artery. 

Pulmonary pressures in the normally connected pulmonary artery was measured 

directly in six patients (patient no. 1, 5, 9 , 11, 15 and 17), not measured in patient 

no. 12 and impossible to measure in patient no. 10 because of an associated 

pulmonary atresia / ventricular septal defect with no direct access to the 

pulmonary artery. The catheterization data in patient no. 2 could not be found. 

Pulmonary pressures in the remaining eight patients was estimated from the 

tricuspid regurgitation using echocardiography provided there was no associated 

pulmonary stenosis or right ventricular outflow tract obstruction. 
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Table 3.2.3: Cardiac catheterization and Echocardiographic data in patients 
with Pulmonary hypertension (PHT) and AOPA 

Patient Anomalous PA 
systolic press. 

Normal PA 
systolic press.  

Ascending aorta  
systolic press. 

Tricuspid  
Regurgitation(TR), PIG 

 
1 

 
75 mmHg  

 
110 mmHg 

 
75 mmHg 

 
Severe TR, not reported 

 
2 

 
Data missing 

 
Data missing 

 
Data missing 

 
Moderate TR, 50 mmHg 

 
3 

 
- 

 
- 

 
- 

 
Moderate TR, 63 mmHg 

 
4 

 
- 

 
- 

 
- 

 
Moderate TR, 46 mmHg 

 
5 

 
84 mmHg  

 
83 mmHg 

 
84 mmHg 

 
Severe TR, not reported 

 
6 

 
- 

 
- 

 
- 

 
Moderate TR, 53 mmHg 

 
7 

 
- 

 
- 

 
- 

 
Moderate TR, 40 mmHg 

 
8 

 
- 

 
- 

 
- 

 
Moderate TR, 46 mmHg 

 
9 

 
63 mmHg 

 
77 mmHg  

 
63 mmHg 

 
Severe TR, 76 mmHg 

 
10 

 
74 mmHg 

 
- 

 
82 mmHg 

 
Moderate TR, 52 mmHg 

 
11 

 
95 mmHg 

 
110 mmHg 

 
95 mmHg 

 
Severe TR, 90 mmHg 

 
12 

 
120 mmHg 

 
- 

 
120 mmHg 

 
Severe TR, 70 mmHg 

 
13 

 
- 

 
- 

 
- 

 
Severe TR, 103 mmHg 

 
14 

 
- 

 
- 

 
- 

 
Severe TR, 80 mmHg 

 
15 

 
101 mmHg 

 
112 mmHg 

 
101 mmHg 

 
Severe TR, 88 mmHg 

 
 16 

 
- 

 
- 

 
- 

 
Moderate TR, 61 mmHg 

 
17 

 
86 mmHg 

 
105 mmHg 

 
83 mmHg 

 
Severe TR, 78 mmHg 

 

 

 

3.2.6 Pulmonary Vascular Resistance index (PVRi) (Table 3.2.4) 

 

Pulmonary vascular resistance was calculated using estimated oxygen 

consumption in five patients, in both the anomalous pulmonary artery from the 

ascending aorta in two patients and in the normally connected pulmonary artery to 

the main pulmonary artery in the other three patients. The median PVRi was 12.5 

WU/m
2
 (7.4 - 22 WU/m

2
; IQR: 7.6 - 21). 
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Table 3.2.4: Pulmonary Vascular Resistance index (PVRi) data in patients 
undergone cardiac catheterization with AOPA 

 
Patient   

 
PVRi Anomalous PA 
(on 100% Oxygen) 

 
PVRi Normal PA 

(on 100% Oxygen) 

 
1 

 
Not calculated 

 
Not calculated 

 
2 

 
Data missing 

 
Data missing 

 
5 

 
Not entered 

 
7.7 WU/m

2 
(4 WU/m

2
) 

 
9 

 
Not entered 

 
9 WU/m

2 
(6.6 WU/m

2)
 

 
10 

 
7.4 WU/m

2
 

 
- 

 
11 

 
Not entered 

 
Not calculated 

 
12 

 
Not calculated 

 
Not calculated 

 
15 

 
Not entered 

 
16 WU/m

2 
(15 WU/m

2
 on O2) 

 
17 

 
22 WU/m

2 
(0 WU/m

2
) 

 
21 WU/m

2 
(1.5 WU/m

2
) 

 

 

3.2.7 Type of AOPA (Table 3.2.5) 

 

The majority of the patients (14/17; 82.4%) were diagnosed to have anomalous 

origin of the right pulmonary artery from the ascending aorta (AORPA) and three 

patients (17.6%) had anomalous origin of the left pulmonary artery from the 

ascending aorta (AOLPA).  

 

3.2.8 Associations: Cardiac defects, Non- Cardiac and Aortic arch sidedness 

(Table 3.2.5) 

 

AOPA was associated with cardiac defects in the majority of the patients (14/17; 

82.4%) and included patent ductus arteriosus (PDA) in twelve patients, ventricular 

septal defect (VSD) in one patient, and pulmonary atresia and ventricular septal 

defect with major aorto-pulmonary collaterals from the aorta (PA/VSD/MAPCAs) 

in one patient. One of the patients with a PDA was found to have an ASD and two 

patients were found to have aberrant right subclavian artery. Three patients had 

isolated AOPA without associated intracardiac defects.  

The aortic arch was opposite in all the patients with anomalous origin of the right 

pulmonary artery and one patient with anomalous origin of the left pulmonary 

artery from the ascending aorta. Extracardiac associations were found in three 

patients viz. CATCH 22, McKusick-Kauffman syndrome and an absent left 

kidney. 
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Table 3.2.5: Diagnosis, time to diagnosis, aortic arch sidedness and 
associations 

Patient 
number 

Diagnosis Time to diagnosis 
(days) 

Aortic arch 
side 

Cardiac defects 
associations 

Non-Cardiac 
associations 

 
1 

 
AORPA 

 
6  

 
Left 

 
- 

 
- 

 
2 

 
AORPA 

 
21  

 

Left 
 

PDA 
 
- 

 
3 

 
AORPA 

  
3  

 
Left 

 
PDA 

 
- 

 
4 

 
AOLPA 

 
17  

 
Right 

 
VSD 

 
- 

 
5 

 
AOLPA 

 
3  

 
Left 

 
PDA 

 
- 

 
6 

 
AORPA 

 
7  

 
Left 

 
PDA 

McKusick - 
Kauffman 
syndrome 

 
7 

 
AORPA 

 
4  

 
Left 

 
PDA 

 
- 

 
8 

 
AORPA 

 
3  

 
Left 

 
PDA 

 
- 

 
9 

 
AORPA 

 
1  

 
Left 

 
PDA 

Absent left 
kidney 

 
10 

 
AOLPA 

 
83  

 
Left 

PA/VSD,MAPCAs 
Aberrant RSCA 

 
CATCH 22 

 
11 

 
AORPA 

 
1  

 
Left 

PDA, 
Aberrant RSCA 

 
- 

 
12 

 
AORPA 

 
38  

 
Left 

 
PDA 

 
- 

 
13 

 
AORPA 

 
4  

 
Left 

 
- 

 
- 

 
14 

 
AORPA 

 
1  

 
Left 

 
- 

 
- 

 
15 

 
AORPA 

 
1  

 
Left 

 
PDA, ASD   

 
- 

 
 16 

 
AORPA 

 
16  

 
Left 

 
PDA 

 
- 

 
17 

 
AORPA 

 
65 

 
Left 

 
PDA 

 
- 

Abbreviations: AORPA, anomalous origin of the right pulmonary artery; AOLPA, anomalous origin of the left pulmonary 
artery; PDA, patent ductus arteriosus; VSD, ventricular septal defect; PA/VSD, pulmonary atresia with ventricular septal 
defect; MAPCAs, major aorto-pulmonary collaterals; RSCA, right subclavian artery; ASD, atrial septal defect; CATCH 22, 
cardiac defects, abnormal facies, thymic hypoplasia, cleft palate, hypocalcaemia and chromosome 22. 
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3.2.9 Management: Medical and Surgical (Table 3.2.6) 

 

The medical treatment prescribed included antifailure treatment (digoxin and 

diuretics) in sixteen patients (94.1%), intravenous inotropes in five patients 

(29.4%), and oxygen and antibiotics in fifteen patients (88.2%). A therapeutic and 

diagnostic ascitic tap was performed in the adult patient (patient no. 12) and 

diuretics including furosemide and spironolactone were commenced. Nine 

patients (52.9%) were ventilated with a median time of 5 days (2 - 55 days; IQR: 

3 - 24). The median hospital stay (n = 17) preoperatively until death or surgical 

correction was 12 days (0 - 77 days; IQR: 4 - 19). Surgical correction was 

undertaken in three patients at a median age of 66 days (26 - 118 days) by direct 

implantation while three patients were deemed inoperable. The median time to 

surgery was 13 days (10 - 17 days). 

 

3.2.10 Outcomes and Follow up (Table 3.2.6) 

 

Twelve patients (71%; 12/17) including an adult who was deemed inoperable died 

preoperatively due to progressive congestive cardiac failure (16/17; 94%), early 

development of severe pulmonary hypertension and sepsis. Two patients died 

postoperatively (67%; 2/3) secondary to pulmonary hypertensive crises and 

multiorgan failure. There were three survivors including the two patients that were 

considered to be inoperable viz. - patient no. 10 who was diagnosed to have 

AOLPA and associated pulmonary atresia and ventricular septal defect with major 

aortopulmonary collaterals from the aorta (8.7 years of age) and patient no. 17 

who had Eisenmenger’s syndrome and suspected pulmonary vascular obstructive 

disease (3.8 years of age). The third survivor (patient no. 9) is post surgical 

correction who on follow up (9.8 years of age) shows no anastomotic site stenosis 

on both echocardiography and computed tomography angiography and the 

ventilation-perfusion scan showed no differential perfusion in the lungs. The 

overall mortality was 82%. 
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Table 3.2.6: IPPV, hospital stay duration, surgery and outcomes in 
patients with AOPA 

Patient 
 

IPPV 
(days) 

Hospital stay 
(days) 

Surgery 
(age in days) 

Outcome 

 
1 

 
5  

 
15  

 
Direct implantation (66) 

 
Died 

 
2 

 
Data missing 

 
20  

 
- 

 
Died 

 
3 

 
3  

 
3  

 
- 

 
Died 

 
4 

 
13  

 
17  

 
- 

 
Died 

 
5 

 
3  

 
4  

 
- 

 
Died 

 
6 

 
55  

 
77 

 
- 

 
Died 

 
7 

 
34 

 
4  

 
- 

 
Died 

 
8 

 
- 

 
16  

 
Direct implantation (26) 

 
Died 

 
9 

 
- 

 
17  

 
Direct implantation (118) 

 
Alive  

 
10 

 
- 

 
0 

 
- 

 
Alive, inoperable 

 
11 

 
3  

 
3  

 
- 

 
Died 

 
12 

 
- 

 
12  

 
- 

 
Died, inoperable 

 
13 

 
2  

 
9  

 
- 

 
Died 

 
14 

 
- 

 
1  

 
- 

 
Died 

 
15 

 
- 

 
23  

 
- 

 
Died 

 
 16 

 
7  

 
21 

 
- 

 
Died 

 
17 

 
- 

 
9 

 
- 

 
Alive, inoperable 
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CHAPTER 3: DISCUSSION AND LIMITATIONS 

 
3.1 Discussion  

 

Anomalous origin of the pulmonary artery from the ascending aorta (AOPA) is a 

rare anomaly with an incidence of 0.12% and is associated with a very high 

mortality without surgical correction.
1-4 

This study was chosen to review the 

presentation, diagnosis and analyze the outcomes of patients with AOPA in a 

Southern African tertiary care centre. The mortality was high and similar to the 

other studies reported in the literature.
3,5-6 

 

3.1.1 Frequency 

 

In our case series, one patient was diagnosed on average every 1.5 years with the 

majority of patients (9/17) diagnosed in the second decade of the study period 

(2001-2010). The largest review of 108 cases reported in literature over 120 years 

showed an average of one case report every 1.1 years.
4
 A recent surgical case 

series of 11 cases was seen over 5 years with an average of one case diagnosed 

every 0.5 years.
5
 

 

3.1.2 Mortality (Overall) 

 

The overall study mortality was 82% with a preoperative and postoperative 

mortality of 71% and 67% respectively. The high mortality is in keeping with a 

previous study which also reported poor survival in patients without surgical 

treatment during infancy.
6 

The majority of the preoperative mortality in this 

published study occurred in 92% infants (11/12) with a poor survival of 30% 

without surgery and 84% with surgery.
6
 More recent literature pertaining to 

outcomes of AOPA has focused more on postoperative outcomes in contrast to 

more dated reviews by Keane et al and Fontana et al in 1974 and 1987 

respectively who focused on preoperative outcomes.
3,6

  

 

Other reports from developed countries such as the one by Abu-Sulaiman et al in 

1998, show a better outcome with an overall mortality of 25%, a preoperative 

mortality of 6% and a postoperative mortality of 21%.
7
 Another paper which 

described six patients with AOPA reported two neonates who died preoperatively 

and two patients with associated tetralogy of Fallot who died postoperatively with 

an overall mortality of 66.7%.
8
 The diagnosis of AOPA in our study population 

was delayed due to the late presentation, which was an observation in another 

study from a developing country.
1
 Despite the late presentation (beyond the 

neonatal period) the diagnosis was made rapidly soon after admission in our case 

series with a median time to diagnosis of 4 days.  

 

3.1.3 Preoperative Mortality 

 

A total of 12 patients (71%) including nine infants (< 1 year) died before surgical 

correction of the AOPA. The preoperative mortality in our study was related to 

late presentation and the pre-terminal diagnoses included progressive congestive 
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cardiac failure (CCF) and severe pulmonary hypertension (PHT). Preoperative 

mortality reported in the literature is similar and mostly related to progressive or 

refractory CCF and early development of PHT leading to development of 

pulmonary vascular obstructive lung disease (POVD).
9
 In one review of 50 cases, 

the preoperative mortality was 56% (28/50) and the majority of the patients 

(18/50) that died were very young infants less than 6 months of age.
3  

 

Six of the study patients, including four neonates who were critically ill and were 

being ventilated in the neonatal intensive care unit (NICU), died while awaiting 

cardiac catheterization and angiography to define further the anatomy and 

hemodynamics. Other hospital related co-morbidities suffered by two of the four 

neonates that died in NICU included Klebsiella and Candida parapsilosis sepsis. 

One patient had a cardiac arrest in the catheterization theatre during 

catheterization under conscious sedationand required emergency intubation and 

ventilation in the paediatric intensive care unit (PICU), and eventually died of 

multiorgan failure. The adult patient (no. 12) with anomalous origin of the right 

pulmonary artery (AORPA) and a large patent ductus arteriosus (PDA) who was 

deemed inoperable eventually died from the severe pulmonary hypertension and 

progressive right heart failure. Two recent publications have detailed adult cases 

with AORPA and a PDA who were judged to be inoperable because of their 

advanced pulmonary vascular disease and who were labelled as having 

Eisenmenger’s syndrome.
10-11

 

 

Four of our patients including three infants died while awaiting surgery (4 days-6 

weeks) from severe pulmonary hypertension and CCF. Three patients died while 

in hospital and one patient died at home. The cardiac surgery delay in our tertiary 

care hospitals has been highlighted by Hoosen et al, who documented long 

waiting lists secondary to insufficient time allocated for theatre, postoperative 

care facilities and personnel.
12-13 

 

 

3.1.4 Postoperative Mortality 

 

Two (2/3) of our study patients that underwent surgical correction of the AOPA 

died. These data constituted a postoperative mortality of 67%. The patients died 

from PHT crisis unresponsive to conventional treatment which contributed to a 

low cardiac output state resulting in multiorgan failure. These pre-terminal 

scenarios are similar to those recorded in the literature.
5,14-16

 A previously reported 

surgical case series of five patients from Africa documented one post operative 

death due to extensive lung disease.
17 

Recently a surgical case series of four 

patients was published from Angola with a postoperative mortality of 0%.
18

 

Associated cardiac defects, progressive preoperative CCFand early development 

of severe pulmonary hypertension are predictors of postoperative morbidity and 

mortality.
1,5,9,14-16 

In a study case series by Prifti et al of eight patients, one patient 

with AORPA associated with VSD and PS died postoperatively due to 

progressive CCF.
9 

One death was reported postoperatively in a study of  twelve 

case series by Cho et al in a patient with AORPA associated with VSD,PDA and 

ASD, severe pulmonary hypertension and suprasystemic pulmonary artery 

pressures.
16

 Two of the patients that died postoperatively in our study case series 
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presented with CCF and developed severe pulmonary hypertension prior surgery. 

In the largest review of 108 cases, the overall postoperative hospital mortality was 

reported as 10%.
4  

 

3.1.5 Presentation 

 

Congestive Cardiac Failure (CCF) 

 

Congestive cardiac failure, signs of respiratory distress and cyanosis were the 

most common presentations in the study case series and the majority were infants. 

The infants that manifested with signs of respiratory distress and CCF in the study 

case series tended to present with failure to thrive and they were also sicker and 

showed a poor response to medical therapy especially if there was an associated 

cardiac defect with a left to right shunt.
1,5,16,19 

These poor prognostic features have 

been described previously in another study.
20 

 

Cyanosis 

 

Cyanosis as a presenting feature was frequently found in our patients (8/17, 47%) 

manifesting in the early infancy period (median age of 81 days). Similar findings 

were published in a review of 50 cases where 40% of the patients presenting with 

cyanosis had a median age of three months.
3 

 

Neonates  
 

There were five neonates (29%) and three of those presented early within 3 days 

postnatally. They all presented with signs of respiratory distress and CCF 

associated with murmurs. In a surgical case series of 16 cases with AOPA, nine 

cases (56%) presented during the neonatal period.
14

 One of the neonates in our 

study presented with cardiogenic shock and was suspected clinically to be a duct 

dependent systemic circulation cardiac lesion and on echocardiography was 

thought to have an interrupted aortic arch. Other reports have documented 

neonates presenting with cyanosis and cardiogenic shock associated with 

multiorgan failure which may be misdiagnosed as transposition of great vessels 

(TGV), coarctation of the aorta (CoA) or other conditions with a duct dependent 

systemic circulation.
19-22  

 

The majority of our cases who presented with signs of respiratory distress with or 

without cyanosis were managed as if they had a pneumonia. AOPA was 

diagnosed echocardiographically when there was normal intracardiac anatomy but 

were found to have abnormal pulmonary bifurcation with only one of the branch 

pulmonary arteries arising from the main pulmonary artery (MPA). Further 

systemic echocardiographical examination would reveal the other pulmonary 

artery arising from the ascending aorta.  
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Premature neonates 
 

A preterm neonate with gestational age of 34 weeks and birth weight of 1.8 

kilograms (kg) presented within the first week of life with respiratory distress, 

cyanosis and CCF, which is similar presentation to the other cases published in 

the literature.
21,23-30

 The gestational age of these published cases varies between 

25 and 36 weeks.
3,21,23-30

 The lowest birth weight recorded was 520 grams (g).
24

  

 

Infants 

 

The majority of our patients presented in infancy which is similar to another study 

from India which reported 17 cases with the median age at presentation of 7 

months.
1
 Late presentation (beyond the neonatal period) often leads to late 

diagnosis and later surgery which is detrimental to the long term outcome of these 

patients. A case series of five patients published from South Africa, reported a 

mean age of 6.6 months at presentation.
17

 In contrast, most case studies described 

from developed countries report early presentation (during the neonatal period) of 

patients, leading to early diagnosis and surgical correction of AOPA with better 

outcomes.
7,14,20-21  

 

Adults 

 

The adult patient (patient no. 12) presented with several episodes of self-limited 

hemoptysis, progressive exertional dyspnoea, jaundice, anasarca and ascites 

secondary to congestive hepatopathy due to severe pulmonary hypertension and 

right heart failure. This presentation is similar to adults cases diagnosed to have 

AOPA reported in the literature, who tend to present with hemoptysis which may 

be self-limited or recurrent, and who have progressive exertional dyspnoea.
10-11

 

The presentation with congestive hepatopathy in our adult case has not been 

described before in association with AOPA. The very first case report of a patient 

with AOPA was a 25 year old adult female with AORPA associated with an 

aortopulmonary window (APW) made at autopsy and who died from CCF.
2  

 

Liver diseases such as congestive hepatopathy which was diagnosed in patient no. 

12 and other pathologies such as ischaemic hepatitis, cardiac liver cirrhosis and 

Fontan liver disease have been described in association with various forms of 

circulatory failure secondary to either congenital or acquired heart disease.
31-33 

Congestive hepatopathy is caused by increased venous congestion and hepatic 

venous pressure, diminished hepatic blood flow and reduced arterial oxygen 

saturation. It has been described in patients with severe acute and chronic 

structural heart disease usually causing right sided heart failure leading to chronic 

liver congestion and liver cirrhosis.
33-36 

 

 

3.1.6 Malnutrition 

 

More than two thirds (77%) of our study patients were malnourished, which was 

higher than reported by Garg et al and Talwar et al, which showed a percentage 

frequency of malnutrition in their patients of 65% and 55% respectively.
1,15 
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Severe malnutrition was observed in 46% of our study cases which is similar to 

studies reported from developing countries.
1,15 

In contrast, the incidence of the 

malnutrition in patients from developed countries diagnosed with AOPA is much 

lower.
5,21 

In one such study cases series of 12 cases, 4 cases (33%) were 

malnourished while 17% had severe malnutrition.
21

  

 

3.1.7 Pulmonary hypertension 

 

All the study patients had pulmonary hypertension (PHT) diagnosed using either 

cardiac catheterization or echocardiography. Every patient with AOPA reported in 

both early and the recent literature has been documented to have PHT.
5,14,20-21

 The 

most recent report from 2015 of 12 patients, documented a 100% incidence of 

PHT.
16

  

 

PHT was diagnosed in eight of the study patients using echocardiography 

exclusively, based on estimated values obtained from the tricuspid regurgitation 

velocity, which is a method common to other published studies.
14,21,37

 Direct 

measurement of the pulmonary pressures in the anomalous pulmonary artery was 

possible in only two of the nine patients (patients no. 10 and 17) that underwent 

cardiac catheterization. The anomalous pulmonary artery is technically difficult to 

enter retrogradely to measure the pulmonary pressures because of the angle of 

origin, and as a result was entered only in four (46%) of the cases with Tetralogy 

of Fallot (TOF) reported by Talwar et al.
15

  

 

PHT may present as early as the neonatal period which was the case in five of our 

cases. The PHT may be progressive and evolve into pulmonary vascular disease 

during infancy.
5,6,20-21 

The cause of the PHT is due to the anomalous pulmonary 

artery and ipsilateral lung being exposed to systemic aortic pressures while the 

opposite lung and normally connected pulmonary artery receives the entire 

cardiac output from the right ventricle.
5 

Other mechanisms postulated for the 

development of PHT include increased circulating vasoconstrictor substances and 

neurogenic crossover from the affected lung causing pulmonary hypertension in 

the normally connected pulmonary artery.
9
 

 

3.1.8 Chest X-ray (CXR) 

 

Careful evaluation of bedside imaging modalities such as a chest X-ray may show 

differential vascularity with plethora in the affected lung perfused by the 

anomalous pulmonary artery and normal or relative oligaemia in the unaffected 

lung such as was seen in more than two-thirds of our cases. Differential 

pulmonary vascularity on CXR may also be seen in patients with associated right 

ventricular outflow obstruction such as Tetralogy of Fallot, pulmonary atresia and 

AOPA, similar to the CXR of patient no. 10 who had AOPA associated with 

pulmonary atresia with ventricular septal defect and major aortopulmonary 

collaterals from the aorta (PA/VSD and MAPCAs).
1,15,38
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3.1.9 Echocardiography 

 

Transthoracic echocardiography (TTE) was the major diagnostic tool in the 

majority of our case series (59%), similar to a study by Garg et al.
1
 None of our 

study cases had a prenatal echocardiographic diagnosis, which if available may 

facilitate early prenatal diagnosis followed by surgery early in the neonatal period. 

The diagnosis of AOPA was made exclusively on TTE in eight cases without the 

addition of cardiac catheterization, which is a similar diagnostic approach in the 

majority of the cases of other studies.
5,14,21,37

 The most useful echocardiographic 

views enabling the diagnosis of AOPA in our study included the parasternal 

suprasternal long axis, parasternal long axis and short axis views. The same 

diagnostic echocardiographic windows were employed in a recent publication 

discussing the role of TTE in the diagnosis of AORPA.
39

 The use of 

echocardiography as a diagnostic modality has also resulted in the incorrect 

diagnosis with misinterpretation of the imaging as other congenital heart defects 

such as APW, TGV, truncus arteriosus, interrupted aortic arch (IAA), unilateral 

absent pulmonary artery (UAPA) and pulmonary atresia with ventricular septal 

defect and major aortopulmonary collateral arteries from the aorta 

(PA/VSD/MAPCAs).  

Echocardiography (ECHO), however remains the most accurate noninvasive 

diagnostic tool for both the prenatal and postnatal diagnosis of AOPA and 

associated anomalies, with a diagnostic accuracy postnatally in a recent report of 

88.9%.
39

 Although the diagnosis of AOPA can be made in the majority of cases 

using ECHO, cardiac catheterization angiography may be required in some cases 

for confirmation and further delineation of the anatomy.
21,38 

Right ventricular 

(RV) dysfunction which is a complication of pulmonary hypertension can also be 

accurately diagnosed using echocardiography. If present, RV dysfunction may be 

associated with increased morbidity and mortality but can be reversed and often 

resolves with surgical correction.
14,41-42 

None of our patients were documented to 

have right ventricular dysfunction or decreased RV contractility.  

 

3.1.10 Computed Tomography (CT) Scan/Angiography 

 

The definitive diagnosis of AORPA and a large PDA was made using computed 

tomography angiography in the adult patient (no. 12) following a missed 

diagnosis using transthoracic echocardiography. A similar trend of failure to make 

the diagnosis of AOPA associated with PDA on echocardiography in adults 

patients has been documented in the literature.
10-11,43

 The large PDA with a right 

to left shunt caused by the very high pressures within the pulmonary artery and 

also poor echocardiography windows often experienced in older patients may 

have resulted in the misinterpretation of the left pulmonary artery and the PDA as 

a normal main pulmonary bifurcation. Computed tomography angiography has 

been used in other centers to make the diagnosis of AOPA
16,44 

and it was also used 

to confirm the diagnosis in two of our study patients (no. 10 and 15). Multidecter 

CT (MDCT) angiography has been found to be an important supplement to 

echocardiography in confirming the diagnosis and to further delineate the 

anatomy for preoperative planning.
44
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3.1.11 Cardiac Catheterization 

 

The diagnosis of AOPA was made using catheterization angiography as the initial 

diagnostic modality in six patients (35%) and assisted in confirming the diagnosis 

in three patients in the study case series. It has been used in a similar way in other 

case studies and it has rarely been used to make the diagnosis after being missed 

on echocardiography.
1,14,21

 Cardiac catheterization is not only an important 

diagnostic modality but essential, especially in older children to assess pulmonary 

pressures, reversibility of the pulmonary hypertension and to estimate the 

pulmonary vascular resistance index (PVRi) in each of the lungs. Cardiac 

catheterization and angiography is an essential diagnostic component in the 

subgroup of patients with Tetralogy of Fallot (TOF) and AOPA to further 

delineate the anatomy, to assess the haemodynamics and pulmonary vascular 

resistance index (PVRi).
15

  

 

3.1.12 Other imaging modalities 

 

Other imaging modalities such as magnetic resonance imaging (MRI) and 

magnetic resonance angiography (MRA) have been used to confirm the diagnosis 

at other institutions case studies but were not available at the study center.
45-47

 

MRI can also be used noninvasively to estimate the PVR and the pressures in 

some cases with AOPA.
15 

 

 

3.1.13 Pulmonary Vascular Resistance index (PVRi) 

 

The PVRi was based on calculations in five patients (patient no. 5, 9, 10, 15 and 

17) and was found to be very high, ranging between 7.4 WU/m
2
 and  22 WU/m

2
. 

The PVRi calculated in the anomalous pulmonary arteries (patient no.10 and 17) 

was 7.4 WU/m
2
 and 22 WU/m

2
 respectively while the PVRi in the normal 

connected pulmonary artery was 7.7 WU/m
2
  (patient no. 5), 9 WU/m

2
 (patient 

no. 9), 16 WU/m
2
 (patient no. 15) and 21 WU/m

2
 (patient no. 17). The PVRi has 

been reported in a study of 11 cases by Talwar et al, where the calculated PVRi in 

the anomalous connected pulmonary artery was documented in four patients to be 

between 7.7 WU/m
2
 and 42.7 WU/m

2
.
15

 Garg et al reported the calculated PVRi 

in the normal connected pulmonary artery to be from 6.3 WU/m
2
 to 22 WU/m

2 
in 

three cases.
1
  

 

PVRi is important to calculate in patients with severe PHT to assess the 

reversibility of PHT and therefore the risk for surgical correction. The estimation 

of PVRi based on assumptions may be inaccurate because one assumes equal 

blood flow to each lung which is incorrect. The use of  cardiac MRI which can 

provide more accurate measurements of blood flow to each lung separately will 

result in more precise calculations of PVRi in each lung.
15,40
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3.1.14 Type of AOPA 

 

The origin of the right pulmonary artery from the ascending aorta (AORPA) was 

diagnosed in the majority of the patients (14/17; 82%) which was, five times 

common than the anomalous origin of the left pulmonary artery from the 

ascending aorta (AOLPA). This finding was similar to other studies published in 

the literature, such as Nathan et al, Amir et al and Liu et al, who also found 

AORPA to be more common than AOLPA in 88%, 83% and 89%, of cases 

respectively.
14,21,44 

 

In the largest review case series published in 1988 of 108 cases with AOPA, 

AORPA was found to occur 4-5 times more common than AOLPA, similar to our 

study cases series.
4
 AOLPA was diagnosed in three patients (18%) in our study 

case series which is similar to the finding of four cases (25%) in a study case 

series by Garg et al
1
 and two cases (12%) out of 19 cases with AOPA in another 

case series by Liu et al.
44 

 

3.1.15 Associated Cardiac Defects 

 

Associated cardiac defects were found in 82% of our study cases, comparable to a 

study by Garg et al which found associated cardiac defects in 88% of their cases.
1
 

A higher incidence of associated cardiac defects has been reported in other studies 

of between 95% and 100%.
5,21,44

 The most common associated cardiac defect was 

a PDA in 71% of the patients, which is higher than a case series recently 

published which found PDAs in 63% of 19 cases with AOPA.
44

 Nathan et al also 

reported similar high incidence of PDAs in 63% of their 16 study cases.
14

 The 

highest number of PDA associated with AOPA was found in the studies by Amir 

at al and Kajihara et al, who reported a 92% and 88% frequency respectively.
20-21

 

The lowest rates of PDA associated with AOPA of 35% and 36% were found in 

the studies by Garg et al and Liu et al respectively.
1,5

  

 

PDA is also the most common associated cardiac defect in paients with AORPA 

and the relationship was found in 10 (71%;10/14) of our study patients, which is 

in keeping with a recently published study where PDAs were reported in 71% of 

their 18 cases with AORPA.
44

 In contrast, Amir et al found the PDA association 

in all their patients with AORPA.
21

 The common association has also been 

reported in preterm neonates.
3,21,23-30

   

 

None of our patients with AOLPA was associated with Tetralogy of Fallot (TOF), 

which is in contrast to other studies that show a 50% to 75% association.
1,4,15 

 

Our three cases with AOLPA (3/17; 18%) were associated with pulmonary artery 

atresia, ventricular septal defect and major aorto-pulmonary collaterals 

(PA/VSD/MAPCAs), a PDA and a ventricular septal defect (VSD). Other studies 

have described the association of VSD with AOPA in 8% to 19% of cases and it is 

also usually associated with AOLPA.
1,5,44

 The association of AOPA and PA/VSD 

with MAPCAs has been described in the literature.
16,48

 The connection between 

ASDs and AOPA varies between 13% and 63%.
1,5,44
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All of our patients with AORPA had a left sided aortic arch, similar to a study by 

Garg et al who found that aortic arch was opposite in 92% cases with AORPA.
1 

A 

similar association of an opposite aortic arch has been described in patients with 

AOLPA in whom the arch was right sided in the majority.
1,4,44

 In contrast, the 

aortic arch was on the same side in all the three cases with AOLPA associated 

with TOF in a study of 11 cases by Liu et al.
5
 The other aortic arch anomaly 

reported and found in one of our patients was aberrant right subclavian 

artery.
20,44,49

 

 

3.1.16 Non-Cardiac associations 

 

Non-cardiac associations were found in three patients in our study including 

Mckusick-Kaufman syndrome, CATCH 22 and an incidental finding of single 

right kidney in one of the patients. The association of AOPA with Mckusick-

Kaufman syndrome has not been reported in the literature before. One of our 

study patients with AOLPA and PA/VSD and MAPCAs was found to be CATCH 

22 positive. A recent publication showed CATCH 22 present in one out of 12 

cases.
16

 Non-cardiac associations may be found in patients with isolated AOPA or 

in association with other cardiac defects such as Tetralogy of Fallot, pulmonary 

atresia and IAA.
16,27,50

  

 

3.1.17 Surgery 

 

Three patients (18%) underwent early surgical correction using CPB during 

infancy, but the numbers were too small for a meaningful comparison with the 

other large surgical case series reported in the literature. The median age at 

surgery was 2.2 months (0.9-3.9 months), which is similar to a surgical case series 

recently published with median age of 1.8 months.
16

 The two other surgical case 

series of five cases and four cases from Africa reported a median age at surgery of 

8 months (2.5-19.5 months) and mean age of 1.6 months (3 weeks-3 months) 

respectively.
17,18 

The published median age at surgery in other studies varies 

between 0.4 months and 3.5 years.
1,9,14-15,21,44

 The youngest patient reported to 

undergo successful surgical correction of AOPA was a 2 days old neonate.
21 

Patients from developed countries undergo surgical correction at the younger age 

compared to patients from developing coutries.
1,14-15,21 

Patients with AOPA and 

associated TOF tend to present later than patients with associated left to right 

shunt lesions who develop PHT much earlier.  

 

Direct implantation of the anomalous pulmonary was the surgical technique of 

choice in all three patients, which is a similar surgical approach in the majority of 

the studies reported from both developing and developed countries.
1,5,14-17,21,44

 

Early surgical correction to avoid the development of irreversible PHT, is the 

treatment of choice as soon as the diagnosis is confirmed with or without 

cardiopulmonary bypass (CPB) depending on the presence of associated cardiac 

defects.
1,14,18,21

 Two patients were deemed inoperable. One patient was an adult 

patient and the other patient had a complex cardiac lesion which included 

PA/VSD and MAPCAs. Two other cases from Africa that were associated with 
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pulmonary atresia and ventricular septal defect were considered to be 

inoperable.
48 

In contrast, a successful surgical correction of the AOPA associated 

with PA/VSD and MAPCAs was recently reported.
16

 To the best of our 

knowledge, our adult patient at 36 years of age is the fourth longest survivor with 

AORPA and PDA, the longest survivor reported was 43 years old.
11,51-52

 Adult 

patients with AOPA may pose a high risk during surgery because of advanced 

pulmonary vascular disease exposing the patients to pulmonary vascular crisis and 

deterioration if Eisenmenger’s syndrome is present. Favourable outcomes have 

been reported in most patients, even adults, with reversal of pulmonary 

hypertension.
1,14-18,53-54

   

 

3.1.18 Follow up 

 

One of our study patients (patient no. 9) has been followed up for 10 years 

postoperatively without development of a stenosis at the anastomotic site using 

both echocardiography and CT angiography as screening imaging modalities. 

Reimplantation of the anomalous pulmonary artery may be complicated early or 

late by stenosis at the surgical anastomotic site and synthetic graft which may 

need either balloon dilation or surgical reoperation.
16,20-21,55-56

 The pulmonary 

hypertension in our surviving patient has resolved completely postoperatively and 

monitored using echocardiography. The cardiac catheterization which is an 

invasive diagnostic modality is often not necessary for postoperative assessment 

of pulmonary artery pressures unless catheter intervention for stenosis is required. 

In a recent published study of 12 cases, both preoperative and postcardiac 

catheterizations were performed in five cases to assess the progress of pulmonary 

hypertension.
16

 The much quoted other surgical case series from Africa, used 

postoperative cardiac catheterization to show a significant drop in pulmonary 

pressures.
17 

The lung perfusion scan used for follow up in our case showed no 

differential lung perfusion. It is a nonivasive screening radiological modality used 

frequently in patients to assess the lung perfusion bilaterally postoperatively.
16  

Several factors may have contributed to the high morbidity and mortality found in 

our patients. Many of the study patients presented late which is a trend prevalent 

in other developing countries, which then leads to a delay in diagnosis and 

surgery. Other delays in diagnosis of hospitalized patients who are critically ill are 

because they are not able to leave the intensive care unit for diagnostic cardiac 

catheterization or CT scan studies. Other factors contributing to less optimal 

management of patients with AOPA include the lack of onsite cardiothoracic 

surgical services, long waiting lists for surgery, limited preoperative and 

postoperative intensive care facilities. Critically ill patients also pose a high risk 

for adverse events including cardiac arrest and death during interhospital transfer 

and surgery. This is particularly relevant at our hospital where cardiac surgery 

facilities are not available within the hospital and patients have to be transferred 

several kilometres to another center to undergo surgery. 

 

Lack of clinical suspicion and awareness of the condition and operator dependent 

echocardiographic diagnostic accuracy may have also contributed to the delayed 

diagnosis and surgery in some of the patients.  

 



 

 

    

67 

 

3.2 Limitations: 

 

The study is a cross-sectional observational and retrospective review of patients 

with all the limitations pertaining to a retrospective study such as missing 

information. It is a single institutional audit and with a limited number of patients 

with AOPA which is a very rare congenital cardiac anomaly.  
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CHAPTER 4: CONCLUSIONS AND RECOMMENDATIONS 
 

4.1 Conclusions 

 

AOPA is a rare congenital cardiovascular anomaly associated with a very high  

morbidity and mortality. Early diagnosis using noninvasive diagnostic modalities 

such as echocardiography and timely surgery is mandatory to avoid the inevitable 

poor outcome if delayed. Any delay in presentation and diagnosis can result in the 

early development of pulmonary hypertension. The signs and symptoms of AOPA 

are non-specific and therefore a high index of suspicion is required to make 

diagnosis. The diagnosis should be suspected if there is unexplained severe 

pulmonary hypertension associated with congestive cardiac failure with or 

without other intracardiac defects. Other features of severe pulmonary 

hypertension such as haemoptysis which was present in the adult patient could 

suggest an underlying congenital heart defect such as AOPA. A high mortality 

and morbidity can be expected even if the patient is diagnosed early particularly if 

the patient presents beyond the neonatal period.  

 

4.2 Recommendations 

 

Future multi-institutional studies combining patients will allow for a more 

comprehensive review of preoperative outcomes and factors contributing to the 

increased morbidity and mortality of these patients especially in developing 

countries. New modalities of treating pulmonary hypertension such as oral 

sildenafil may contribute to a more favourable post operative outcome of patients 

presenting late with severe pulmonary hypertension especially those with very 

high PVRi > 8 WU/m
2 

that show a positive vasoreactivity pulmonary test. These 

approaches are particularly relevant in our setting where the surgical 

infrastructure, including intensive care, is not optimal and pulmonary vasodilator 

therapy can be costly.  
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