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Anomalous Systemic Artery to a Normal Lung: A Rare Cause of Hemoptysis in Adults
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Abstract

Bronchopulmonary sequestration represents a spectrum of
abnormalities. One of these abnormalities is an aberrant systemic
arterial supply to a normal lung with no bronchial sequestration.
These lesions were originally classified by Pryce as type 1. Most
of these patients are asymptomatic but with time, many patients
develop localized pulmonary hypertension, hemoptysis, and
eventually high output cardiac failure. Multidetector computed
tomography (MDCT) plays an important role in the diagnosis
and planning of definitive treatment by identifying the origin and
course of the aberrant artery. Definitive treatment can be surgical

(lobectomy or segmentectomy) or endovascular.
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Introduction

Bronchopulmonary sequestration includes a spectrum of
abnormalities. While the defining parameter is the presence of
systemic arterial supply to a segment of lung parenchyma, the
condition is often suspected based on the pulmonary parenchymal
involvement noted on radiographs. Pryce type 1 sequestration, a
less common variety, is characterized by systemic arterial supply
to a normal lung with no bronchial sequestration and, hence,
distinct in that the diagnosis is not suggested by a radiographic
pattern. Thus, this condition should be considered as a differential
diagnosis of hemoptysis. CT pulmonary angiography (CTPA)
provides a noninvasive technique of diagnosis. Early radiological
diagnosis is crucial as these patients are amenable to cure both by

endovascular and minimally invasive surgical procedures.
Case Reports

Case 1: A 41-year-old nonsmoker male was referred to the radiology
department for CT with complaints of moderate hemoptysis for the

past two years. The patient had no previous history of tuberculosis
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or recurrent chest infections. Bronchoscopy was unrevealing. A
scout image from CT, (Fig. 1a), showed ill-defined left retrocardiac
opacity. CT pulmonary angiography (CTPA) revealed an aberrant
artery arising from the thoracic aorta and entering the left basal
segments at the level of inferior pulmonary veins, (Figs. 1b-1d). The
pulmonary parenchyma of this segment was normal. There were
pulmonary arterial branches supplying this area. Subsequently,
digital subtraction angiography (DSA) was undertaken which
revealed an aberrant artery arising from the lower part of the
thoracic aorta on the left side and entering the left basal lung
segments and venous drainage into the left atrium, (Fig. 1e). Video-
assisted thoracic surgical (VATS) ligation of the vessel was done.
A 41-year-old nonsmoker male presented with complaints of
moderate hemoptysis for the past two years. The patient had no previ-

ous history of tuberculosis or recurrent chest infections. (Figs. 1a-1e)

Figure la: A scout image from of the chest CT shows ill-defined

retrocardiac opacity (arrow). This retrocardiac opacity correlates

with the aberrant artery as shown in Fig. 1d.

Figure 1b: An axial CT section from CTPA in mediastinal window
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settings at the level of inferior pulmonary veins shows a nipple like
structure (arrow) with enhancement similar to that of descending
thoracic aorta at the mediastinal edge of the left basal lung segments,
which on subsequent figures is shown to be an aberrant artery arising
from the descending thoracic aorta. This pattern of origin of the

aberrant artery from descending thoracic aorta and supply to the basal

segment of left lower lobe represents the most common pattern.

Figure 1c: The corresponding axial section in lung window setting

shows normal lung parenchyma.

Figure 1d: Coronal reformatted MIP image from CTPA shows
that the basal segments of the left lung receive their arterial supply

from descending thoracic aorta via an aberrant artery (arrow).

Figure 1le: DSA images in arterial and venous phases confirm the

origin of the aberrant artery, in addition to the normal pulmonary

arterial supply, to the left lower lobe from the lower descending

thoracic aorta and venous drainage into the left atrium via inferior
pulmonary vein. This figure again highlights the most common
pattern of origin of the aberrant artery and the venous drainage of

the sequestrated segment. Patient subsequently underwent surgery.

Case 2: A 27-year-old female presented to the medicine outpatient
department with recurrent mild to moderate hemoptysis for 2
months. She denied any history of recurrent chest infections and
there was no history of pulmonary tuberculosis. Chest radiograph
was normal. The patient had a previous CECT chest which was
interpreted as normal. CT angiography was undertaken. The CT
images, (Figs. 2a-2c), revealed an aberrant artery arising from
the abdominal aorta supplying the right middle lobe which was
not showing any other abnormality. Pre-embolization and post-
embolization DSA images revealed the origin of the aberrant artery
from celiac axis. Glue embolization of the anomalous vessel was
done, (Fig. 2d) and patient was cured of her symptoms.

A 27-year-old female presented with recurrent mild to moderate

hemoptysis for 2 months. There was no history of recurrent chest

infections or pulmonary tuberculosis. Chest radiograph was normal.

(Figs. 2a & 2b)

Figures 2a & 2b: Serial axial CT sections in mediastinal window
setting show an aberrant vessel coursing along the diaphragm
upwards suggesting an infra-diaphragmatic origin (arrow). However
the exact origin of this vessel and lung segment which it supplies is
not apparent on these two axial sections; this is well demonstrated

on the DSA images shown subsequently.
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Figure 2¢: An axial CT section in lung window setting shows no

significant pulmonary parenchymal abnormality.

Figure 2d: Pre-embolization and post-embolization DSA images.

Selective celiac artery angiogram shows the origin of the aberrant
artery from the celiac axis (arrow). This vessel traverses a long course
to supply the middle lobe of the right lung. This combination of
aberrant origin from the celiac axis and supply to the right middle
lobe is extremely rare. In addition, there was pulmonary arterial
supply (not shown). The post-embolization angiogram reveals the

occlusion of aberrant channel (arrow).

Case 3: A 32-year-old female was referred to us for a CTPA for
complaints of intermitent mild-to-moderate hemoptysis for the
past 6 years, otherwise, she was well. There was no history of past
tuberculosis and patient did not suffer bleeding from any other
site. She was thoroughly investigated to exclude other causes of
hemoptysis. Chest radiograph showed no significant abnormality.
Bronchoscopy was normal. CT maximal intensity projection
(MIP) image, (Fig. 3a) showed an aberrant artery arising from the
descending thoracic aorta supplying the posterior basal segment
of the left lung. The lung parenchyma showed paucity of vessels in
the left basal lung segments, (Fig. 3b). Endovascular intervention
(embolization) was planned but as the hemoptysis was intermitent,

patient refused treatment.
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A 32-year-old female was referred to us for a CTPA of the chest
for complaints of intermitent mild to moderate hemoptysis for past
6 years. Other than this symptom, patient was well. There was no
significant past history. She was widely investigated but no cause
of hemoptysis could be detected. Chest radiograph showed no

significant abnormality. Bronchoscopy was normal. (Figs. 3a & 3b)

Figure 3a: An axial MIP image from CTPA reveals an aberrant

artery arising from the lower part of the descending thoracic aorta

and coursing towards the posterior basal segment of the left lower

lobe with paucity of pulmonary vessels in this lung segment (arrow).
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Figure 3b: The corresponding lung window axial section image
demonstrates paucity of vessels in the basal segments of the left

lower lobe. Apart from this, the lung parenchyma is normal.

Discussion

Systemic arterial supply to a lung with normal bronchial
communication (without bronchial sequestration) and without
cardiovascular or pulmonary abnormalities is a rare congenital
abnormality.! It is of two types: isolated systemic arterial supply
to normal lung (ISSNL) and systemic arterial supply associated
with normal pulmonary artery (dual supply).® It is included in
the “sequestration spectrum” as originally proposed by Sade et al.?
According to the original classification of pulmonary sequestration
by Pryce et al,’ this abnormality is classified as Pryce type 1. In type
2, the systemic artery supplies both normal and abnormal lung,

having no communication with the tracheobronchial tree. In type
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3, only noncommunicating abnormal lung receives the aberrant
systemic artery.

The embryogenesis of this condition is believed to be due to
failure of regression of the primitive aortic branches to the developing
lung bud.* During normal lung development, the primary lung bud
receives a vascular plexus from the dorsal aorta which regresses with
the development of the main pulmonary artery. The hemodynamics
of the involved lung segment is adversely affected by transmission of
systemic pressure to the low pressure pulmonary vasculature. Focal
pulmonary hypertension develops with a potential for development
of high-output cardiac failure.

The basal segments of left lower lobe are the most commonly
affected site,*® (cases 1 and 3), although rarely other sites can be
affected (case 2 in whom right middle lobe was affected). The
systemic artery most commonly arises from the thoracic aorta,” (case
1), but can arise from abdominal aorta or celiac axis (cases 2 and 3)
and even more rarely from left subclavian and internal mammary
artery. These vessels usually enter the lung at the level of pulmonary
hilum or at the level of inferior pulmonary ligaments. The venous
drainage is normal and accomplished by inferior pulmonary vein
draining into the left atrium.

Most patients are asymptomatic.® The most common
symptom is hemoptysis. This is related to the higher pressure of
systemic circulation compared to pulmonary circulation. Other
manifestations include exertional dyspnea, murmur in the lower
chest and congestive heart failure due to left heart overload. Chest
radiographs show ill-defined retrocardiac opacity corresponding to
the anomalous artery. CT angiography can demonstrate the origin
and course of aberrant artery with the advantage of multiplanar
and 3-D reconstructions. Conventional angiography has been
superseded by CT angiography with the advent of multidetector
CT (MDCT) but remains an important problem solving tool and
plays a vital role in the endovascular management of these patients.

Treatment options include surgery (lobectomy and segmentectomy),

when aberrant systemic artery is the only supply, and occlusion of
the aberrant vessel by surgical ligation or endovascular treatment

(embolization), when the involved segment has dual blood supply.?
Conclusion

Early diagnosis of anomalous systemic artery to a normal lung is
based on a high degree of suspicion in a patient with otherwise
non-explained hemoptysis. CT angiography provides an excellent
non-invasive modality for establishing the diagnosis. The condition

can be treated by endovascular techniques, VATS or surgery.
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