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Abstract

Background:Anomalous origin of pulmonary artery branch from ascending aorta (APA) in the
presence of two separate semilunar valves is an uncommon entity necessitating early
diagnosis and surgery to prevent development of irreversible pulmonary vascular disease.
We evaluated our experience with the technique and outcome of 11 patients with this condition.
Methods: Between January 2000 and December 2019, 11 patients were diagnosed with APA.
Echocardiographic data were collected from the records, including the site of origin of the
anomalous pulmonary artery, additional defects, pulmonary artery pressures, and biventricular
function. Intraoperative charts were reviewed for the details of the surgical procedure and
cardiopulmonary bypass. Post-operative data included survival, ventilatory support, and dura-
tion of hospital stay. After discharge, children were reviewed at 1 month, 3 months, 6 months,
and then at yearly intervals. Results: Of the 11 patients, females were more than males (7:4)
with a median age of 6 months (15 days–28 years) and median weight of 5.7 kg (1.8–40 kg).
Nine patients underwent direct re-implantation of anomalous pulmonary artery branch
to main pulmonary artery. The survival rate was 88.8% in our series. On follow-up, no
re-operations or re-interventions were required and all surgically corrected patients were in
stable clinical condition. Conclusion: Early- and midterm outcomes of children who underwent
surgery for APA is convincing. Early direct re-implantation of the anomalous branch pulmo-
nary artery to main pulmonary artery without any graft material is the optimal surgical strategy
for these patients.

Anomalous origin of one pulmonary artery branch from the ascending aorta (APA) is a rare
congenital cardiovascular anomaly accounting for less than 0.1% of CHDs.1 The term
“Hemitruncus” used previously for this condition is seldom used now because of the presence
of two separate semilunar valves. APA is classified based on the site of origin as those arising
proximally from the posterior aspect of the ascending aorta near the aortic valve as the proximal
type and those originating from the ascending aorta just proximal to the innominate artery as
the distal type.3

Pathophysiologically, APA is characterised by early development of pulmonary vascular dis-
ease in both lungs. The lung connected to the normally arising pulmonary artery receives the
entire cardiac output from the right ventricle, while the other lung supplied byAPA is exposed to
both volume and pressure overload due to unrestricted shunting from the aorta. This leads to
early development of pulmonary vascular occlusive disease, the mechanisms of which include
circulating vasoconstrictor substances, neurogenic crossover from the unprotected lung to the
protected one, and development of pulmonary hypertension secondary to left ventricular
failure.5 In this study, we evaluated the outcome of patients with this condition and the chal-
lenges in the peri-operative management.

Material and methods

A retrospective analysis of all patients who were diagnosed with APA was performed after
getting approval from our institutional ethical committee. Between January 2000 and
December 2019, 11 patients were diagnosed to have APA of which 9 children underwent
surgical correction. Detailed information of these patients is shown in Tables 1 and 2.

All the patients presented with features of congestive heart failure except two who presented
late after infancy (one at 4 years and other at 28 years). Eight patients had anomalous origin of
right pulmonary artery (Fig 1) and three had left pulmonary artery. Associated anomalies
include patent ductus arteriosus (seven children), tetralogy of Fallot (three children), and
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subaortic membrane in one patient. Diagnosis was established
according to the echocardiographic, CT, and operative findings.
The surgical approach in all cases was via median sternotomy.
The ascending aorta, anomalous pulmonary artery, main

pulmonary artery, and its branch were carefully mobilised upto
the hilum. Cardiopulmonary bypass was initiated with aortobi-
caval cannulation after snugging the anomalous pulmonary artery.
Patent ductus arteriosus was ligated and divided in all cases. Mild
hypothermic antegrade cardioplegic arrest was used in seven
patients. Ascending aorta was transected above the APA
(Fig 2A), and the pulmonary artery branch was harvested with a
cuff of posterior wall from the aorta (Fig 2B). The defect in the
aorta was closed with bovine pericardial patch. The anomalous
pulmonary artery was then anastomosed end to side by making
an adequate vertical incision along the lateral aspect of the main
pulmonary artery (Fig 2C). Two patients underwent re-implanta-
tion without cardioplegic arrest. In these patients, a side-biting
clamp was applied on the ascending aorta and the anomalous pul-
monary artery was harvested.

Associated procedures include biventricular repair with con-
duit for one patient with tetralogy of Fallot, subaortic membrane
excision in one patient, and De vega’s tricuspid annuloplasty in one
patient with severe tricuspid regurgitation. The patient with tetral-
ogy of fallot also had left anterior descending coronary artery aris-
ing from right coronary artery which was crossing the right
ventricular outflow tract and required the use of a homograft
for complete correction.

Results

There was one in-hospital mortality (11.2%) in our series
(patient no. 9). The child who underwent De Vega’s repair
succumbed in the post-operative period due to severe right
ventricular dysfunction refractory to all medications. This child
presented with features of heart failure, got intubated and had
severe tricuspid regurgitation with severe right ventricular
dysfunction preoperatively. Child was taken up for surgical
repair after medical stabilisation. However, child had a stormy
post-operative period with severe right ventricular dysfunction
and expired.

All patients received elective inotropic support in the post-
operative period. Oral sildenafil was administered to all the
children in the immediate post-operative period. Two children
developed pulmonary arterial hypertensive crisis on the first
post-operative day which was managed successfully with intra-
venous sildenafil infusion and inhalational nitric oxide and were
extubated after 48 hours. One patient had superficial surgical site
infection which was managed with sensitive antibiotics.

Table 1. Operated Patients

Patient 1 2 3 4 5 6 7 8 9

Age (months) 12 3 15 days 8 1 9 1 4 15

Sex Female Male Male Female Female Female Male Female Female

PA pressure (mmHg) 90/35 100/42 32/15 72/38 76/42 70/31 105/48 80/34 64/30

Anomalous branch RPA RPA RPA RPA RPA LPA RPA RPA RPA

Associated anomalies PDA PDA PDA Subaortic membrane PDA TOF PDA PDA PDA, tricuspid regurgitation

CPB time (min) 91 98 86 129 158 242 102 161 136

Clamp time (min) — 9 — 78 74 114 78 120 66

Ventilation (hours) 26 28 40 22 24 30 70 24 72

ICU stay (days) 5 6 8 6 4 5 8 8 6

CPB = cardiopulmonary bypass; LPA = left pulmonary artery; PA = pulmonary artery; PDA = patent ductus arteriosus; RPA = right pulmonary artery.

Table 2. Unoperated Patients

Patient 10 11

Age (years) 4 28

Sex Male Female

Presentation Dyspnoea on
exertion

Haemoptysis

PA pressure (mmHg) 105/44 106/52

Anomalous branch LPA LPA

Associated anomalies Tetralogy of Fallot Tetralogy of
Fallot

Pre-operative O2

saturation
80% 76%

LPA = left pulmonary artery

Figure 1. Anomalous Rt Pulmonary artery from ascending Aorta.
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One of the two patients who were not operated had irreversible
pulmonary vascular disease (patient 11). This patient was diag-
nosed to have APA in infancy and was advised surgery but was lost
to follow-up and presented in adulthood with haemoptysis and
succumbed to death at an age of 28 years. Other child (patient
10) underwent cardiac catheterisation at the age of 4 years which
showed irreversible pulmonary arterial hypertension in the left
lung and hence was not offered surgical correction as decided in
our joint cardiac meet.

All patients underwent post-operative echocardiography
in hospital and mean pulmonary artery pressure decreased
significantly and were discharged in good condition with clinical
symptoms relieved.

Follow-up for all the eight patients ranges from 60 to 84
months. All children are alive, asymptomatic, and in stable clinical
condition at the most recent follow-up. Ross modified score17 was
used to assess cardiac function, and all patients who underwent
surgical correction had scores less than 3. Systemic saturation of
100% was measured in all patients. In the recent follow-up echo-
cardiography, all patients had normal biventricular function with
no significant tricuspid regurgitation with right ventricle systolic
pressure of less than 20 in all the patients. Since there was no car-
diac catheterisation done in the follow-up period, the exact pulmo-
nary artery pressures could not be assessed, which is the main
limitation of this study.

The Doppler flow velocity at the anastomotic site of anomalous
pulmonary artery and main pulmonary artery showed no signifi-
cant gradients except for one patient (No. 8) who had mild pulmo-
nary stenosis with a peak gradient of 32 mmHg. Child with

subaortic membrane developed recurrent left ventricular outflow
tract obstruction and is awaiting surgery.

Discussion

APA from the aorta remains an investigational field in paediatric
cardiac surgery due to the low incidence of this congenital malfor-
mation.1,2 The largest reported series includes 52 patients who
underwent surgery for this anomaly over a 19-year period.3

In our study, the most commonly associated anomaly was patent
ductus arteriosus, as consistent with a previous report.4 Though
APA is different from aortopulmonary window, a combination
of APA, aortopulmonary window, coarctation of aorta, and inter-
rupted aortic arch is referred as Berry syndrome.5

It has been reported that histological features of pulmonary
vascular disease can be seen as early as the first month of life with
this condition.14 One-year survival of children with APA is around
30% without surgical treatment.6 To avoid developing irreversible
pulmonary vascular disease and improve the outcome, APA must
be repaired in early infancy. All our surviving patients were oper-
ated during infancy.6

The first successful surgical correction of APA was reported by
Armer in 19619 in which he used a dacron graft to anastomose the
APA. Various surgical techniques have been described later that
include implantation using an autologous pericardial patch, homo-
graft, and direct implantation of the anomalous branch to main
pulmonary artery.10–12 Direct re-implantation of right pulmonary
artery was first described by Kirkpatrick et al,13 the advantage of
which is the growth potential of the native pulmonary artery

Figure 2. Surgical illustration.
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and less chances of anastomotic obstruction, provided the anasto-
mosis is achieved without tension.11,15 The disadvantage of other
techniques is that it almost always requires a second surgery.

Direct re-implantation after excision of the anomalous pulmo-
nary artery as a button akin to coronary button in an arterial switch
operation is our technique of choice now. Mobilisation of main
pulmonary artery and both branches upto the hilum helps to
reduce the tension in the anastomosis. Reconstruction of ascending
aorta after the re-implantation (in case of right pulmonary artery)
provides excellent exposure to avoid any inadvertent twists.
Reconstruction of harvest site with a pericardial patch reduces
the tension in the aortic suture line, thus preventing any posterior
displacement leading to compression of translocated right pulmo-
nary artery.

Patients with APA who underwent surgical treatment early in
infancy have excellent short- and long-term outcomes.16 However,
the most common late complication after surgical treatment is the
anastomotic site stenosis. Significant stenosis requiring further
intervention is considered as an important cause of morbidity.15,16

There was no anastomotic site stenosis seen in any of our patients.
The calculation of pulmonary vascular resistance could be falla-

cious in APA. The source of pulmonary blood flow to both lungs
are separate, and the pulmonary vascular resistance in each lung
could also be different. Hence, the net Qp (pulmonary blood flow)
in this situation would be difficult to estimate and saturation alone
cannot be relied for pulmonary vascular resistance estimation. The
ideal scenario, in this situation, would be to do a functional MRI to
calculate the pulmonary venous return of individual left and right
pulmonary veins to calculate the true Qp (pulmonary blood flow).
This would help in calculating the true PVRI in each lung. Hence,
in this situation, if the PVRI is calculated by assuming the Qp, this
may result in fallaciously high value.17 In this series, presence of
sub-systemic pulmonary artery pressures in the APA with clinical
X-ray and echocardiographic evidence of operability has been
considered for surgical repair. The cut-off for operability based
on calculated PVRI is still unknown.

Conclusion

APA is a potentially treatable lesion with an acceptable long-term
outcome and near-normal quality of life if operated before infancy.
Early direct pulmonary re-implantation is the preferred surgical
strategy for this condition as proven by our results. However, large
number of patients are needed to compare with other surgical tech-
niques to statistically prove it.
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