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Massive hemoptysis is a potentially fatal respiratory emergency. The majority of these 
patients are referred to interventional radiology for bronchial artery embolization 
(BAE). Immediate clinical success in stopping hemoptysis ranges from 70 to 99%. 
However, recurrent hemoptysis after BAE is seen in 10 to 55% patients. One of the 
main reasons for recurrence is incomplete embolization due to unidentified aberrant 
bronchial and/or non-bronchial systemic arterial supply. This pictorial essay aims to 
describe the normal and variant bronchial arterial anatomy and non-bronchial systemic 
arterial feeders to the lungs on conventional angiography; the knowledge of which is 
critical for interventional radiologists involved in the care of patients with hemoptysis.
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Introduction
Massive hemoptysis is a respiratory emergency with a high 
potential for mortality. Conservative management by med-
ical therapy alone is associated with a mortality of up to 
50%.1 Although this is improved with emergent surgical 
management, significant morbidity and mortality (18–40%) 
still persist.1,2 Bronchial artery embolization (BAE) is the 
current treatment of choice and is effective in stopping 
hemorrhage in 85 to 100% of patients1 with a major compli-
cation rate of < 12%.3

Recurrent hemoptysis following BAE is seen in 10 to 55% 
of cases.1 One reason for recurrence is incomplete emboli-
zation due to undetected supply from aberrant bronchial 
and/or non-bronchial systemic arterial feeders.4 According-
ly, a thorough knowledge of both conventional and potential 
uncommon sources of arterial supply to the lungs is essential 
for interventional radiologists to reduce the risk of recurrence 
and to help guide repeat embolization if needed.

The aim of this pictorial essay is to illustrate normal 
and aberrant bronchial artery anatomy as well as potential 
non-bronchial supply from systemic arteries, that may be 
responsible for hemoptysis, on conventional angiography. 
Angiographic indicators that can help identify the likely 
source of bleeding will also be briefly discussed.

Angiographic Anatomy of Bronchial Arteries
Bronchial arteries are considered normal (orthotropic) 
in origin if they arise from the descending thoracic aorta 
between the superior endplate of the fifth thoracic (T5) 
and inferior endplate of the sixth thoracic (T6) vertebral 
body, which is observed in ~70% of the population.5,6 During 
angiography, the left main stem bronchus serves as a useful 
landmark to search for origins of orthotopic bronchial arter-
ies (►Fig.  1). Typically, bronchial arteries arise from the 
anterior or anteromedial surface of the aorta, which is in 
contrast to intercostal arteries that arise from the postero-
lateral surface. Bronchial arteries enter the lungs through 
the hila and course along the bronchi before giving rise to 
terminal branches at the level of the respiratory bronchiole. 
They exhibit significant variation with respect to their num-
ber, origin, and branching pattern.1 The four most common 
patterns encountered were described by Caudwell et al in an 
autopsy study of 150 cadavers7 (►Fig.  2). However, recent 
studies8,9 using computed tomography (CT) angiography 
suggest that the Type 2 pattern described by Caudwell et al, 
with a single bronchial artery on each side, is the most com-
mon pattern followed by two right and single left bronchial 
arteries Caudwell Type 4, (►Fig.  3). Most right bronchial 
arteries share their origins with an intercostal artery and 
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arise as intercostobronchial artery (►Fig. 4A). They are also 
most likely to give rise to the anterior spinal artery, which is 
identified by its characteristic hairpin loop (►Fig. 4B).2

Bronchial arteries are considered aberrant, anomalous, or 
ectopic in origin if they arise from the aorta or branches outside 
the confines of the T5 and T6 vertebral bodies. Like bronchial 
arteries with orthotopic origin, bronchial arteries with an ecto-
pic origin enter through the hilum and course along the bronchi. 
Interestingly, an ectopic origin is more common on the right 
side and in males.9 The most common ectopic origin is along the 
concavity of the aortic arch (►Fig. 5), followed by the subclavian 
arteries (►Fig. 6) and descending thoracic aorta. Other locations 

Fig. 1  Right intercostobronchial trunk angiogram for hemoptysis 
from right lung demonstrates its origin close to left main bronchus 
(arrow). Latter serves as a useful landmark to search for origins of 
orthotopic bronchial arteries during angiography.

Fig. 2  Graphical representation of four most common anatomical 
patterns of bronchial arteries described by Cauldwell et al.7 Type 1 
has one right and two left bronchial arteries. Type 2 has one and Type 
3 has two bronchial arteries on each side. Type 4 has two right and 
one left bronchial arteries. Recent studies using CT angiogram have 
challenged conclusion of their study. CT, computed tomography.

Fig. 3  Common patterns of origin of orthotopic bronchial arteries in different patients showing (A and B) single bronchial artery on each side, 
(C and D) two right bronchial arteries, (E) single left bronchial artery (arrow), and (F) common bronchial trunk (arrow).
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include the thyrocervical trunk (►Fig. 7), costocervical trunk, 
internal mammary and phrenic arteries, abdominal aorta, and 
the celiac axis or its branches. Rarely, they can arise from the 
carotid, vertebral, coronary or adrenal arteries. Most ectopic 
arteries arise in isolation (81%) rather than as a common bron-
chial trunk (19%).8–14 Ectopic bronchial arteries can also arise 
from contralateral aortic branches (►Fig. 6).15

Angiography of Non-bronchial Systemic 
Arteries
Non-bronchial systemic arterial supply to the lungs is 
classically seen in patients with chronic inflammatory 
or infectious lung disease. This is due to recruitment of 
collaterals from arteries perfusing the structures adjacent to 
the lung, i.e., pleura, diaphragm, chest wall, etc. Unlike true 
bronchial arteries (orthotopic or ectopic), these collateral 
arteries enter through the pleura or pulmonary ligament and 
do not typically course along the central major bronchi.2,8 
These collaterals can arise from intercostal arteries (►Fig. 8), 
branches of the subclavian arteries (internal mammary, thy-
rocervical, costocervical, thoracodorsal, and lateral thoracic 
arteries) (Figs. 7C, 9, and 10) or upper abdominal aorta (celi-
ac axis, phrenic arteries, left gastric artery, renal and adrenal 
arteries, etc.) (►Figs. 11, 12, and 13)

Identifying Source of Bleeding
Even in patients presenting with ongoing massive hemopty-
sis, active extravasation is rarely seen on CT or conventional 
angiography. Angiographic findings that help identify the 
likely source of bleeding include the presence of tortuous 
hypertrophied bronchial and non-bronchial systemic arter-
ies, abnormal parenchymal hypervascularity/angiographic 
blush, bronchopulmonary shunting, and aneurysms 
(►Fig.  14). Even in the presence of shunting to pulmonary 
arteries or veins, BAE is considered safe as long as the embo-
lization particles used are larger than 325 µm in diameter.2

Conclusion
In summary, BAE is the current treatment of choice for 
patients with massive hemoptysis. This pictorial essay 
highlights potential aberrant bronchial and non-bronchial 
systemic arterial supply to the lungs on conventional 
angiography. Sound knowledge of such anatomy will reduce 
initial treatment failure or early recurrence and may help 
direct repeat embolization if needed.

Fig. 4  (A) Majority of right-sided bronchial arteries share their 
origin with the intercostal artery and arise as an intercostobronchial 
trunk (arrow). (B) Intercostal arteries can supply spinal cord by their 
radicular branches or anterior spinal artery. Latter has a characteristic 
hairpin loop (arrow).

Fig. 6  (A) A 55-year-old male patient with pulmonary tuberculosis 
presenting with massive hemoptysis and active bleeding from 
lingula on bronchoscopy following prior embolization. Selective right 
subclavian angiogram revealed ectopic origin (arrow) of left bronchial 
artery from the proximal subclavian artery (proximal to vertebral 
artery which is classically first branch of subclavian arteries. (B) This 
artery courses in the mediastinum and enters left lung through hilum.

Fig. 5  Angiogram in an 82-year-old male presenting with massive 
hemoptysis and active bleeding from a lingular segment reveals ec-
topic origin of the common bronchial artery from distal aortic arch.
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Fig. 7  (A) A common bronchial trunk arising from left thyrocervical artery in a 70-year-old male with bleeding from left lung on bronchos-
copy. (B) A 66-year-old male with active bleeding from left lower lobe on bronchoscopy. A left bronchial artery is seen arising from the left 
thyrocervical artery. (C) Unlike the non-bronchial systemic feeders these arteries course in the mediastinum and then enter the lung through 
hilum to course along the bronchi.

Fig. 8  Bronchial angiogram of a 67-year-old male patient with right 
upper lobe bronchiectasis showing non-bronchial systemic supply 
form a hypertrophied, tortuous intercostal artery (arrow) with asso-
ciated abnormal blush and bronchopulmonary shunting (arrowhead).

Fig. 9  Collaterals (arrow) arising from left internal mammary artery 
feeding perihilar region of the left lung in a 56-year-old male presenting 
with hemoptysis due to bronchiectasis. Unlike true bronchial arteries, 
these enter through the pleura and do not course along the bronchi.
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Fig. 11  (A and B) A 72-year-old female patient with hemorrhage 
within the left lower lobe bronchus shows transpleural collateral supply 
from left phrenic artery arising from the celiac axis as a common phren-
ic trunk (arrow in A) with bronchopulmonary shunting (arrow in B).

Fig. 12  A 66-year-old male patient with recurrent hemoptysis due 
to bronchiectasis with collaterals (arrow) arising from the left gastric 
artery entering the left lung through the pulmonary ligament (A) 
with an abnormal parenchymal blush (B).

Fig. 10  (A and B) Images of two different patients demonstrating transpleural collaterals from the lateral thoracic arteries (arrows) with 
associated abnormal blush, and shunting into the pulmonary artery (arrowhead) and pulmonary vein (curved arrow). (C) Left subclavian 
angiogram in a 63-year-old male presenting with hemoptysis due to left upper lobe pleuroparenchymal fibrosis shows multiple trans-pleural 
collaterals arising from the left subclavian artery branches with abnormal parenchymal blush and shunting into the pulmonary artery (arrow).
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