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ABSTRACT

Bronchial artery bleeding is the most common cause of life-threatening hemoptysis.
The most common underlying etiologies include tuberculosis, bronchiectasis, aspergillosis,
and cystic fibrosis. Bronchial artery embolization is an important treatment for significant
hemoptysis, given its high early success rate and relatively low risk compared with alternative
medical and surgical treatments. In this article, the relevant anatomy and pathophysiology
leading to bronchial artery bleeding is discussed, including the roles of parenchymal lung
diseases and of collateral and aberrant vessels. The indications for treatment, success rate, and
complication rate for bronchial artery embolization are reviewed. Preprocedure clinical
stabilization and evaluation, including the roles of radiographs, bronchoscopy, and computed
tomography examination are evaluated. Details of technique, including the published variety
of approaches, and an emphasis on avoidance of nontarget embolization of important
mediastinal structures and of the anterior spinal artery are discussed.
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CLINICAL PRESENTATION
Although hemoptysis is a relatively common presenting
symptom in patients seen by pulmonary specialists, life-
threatening massive hemoptysis is rare, accounting for
�5% of patients hospitalized with hemoptysis.1 The
definition of hemoptysis is expectorated blood arising
from the pulmonary parenchyma or tracheobronchial
tree.1 Ninety percent of significant hemoptysis is of
bronchial artery origin.2 Because the alternative to med-
ical treatment of massive hemoptysis carries a mortality

rate of 50 to 100% and surgical treatment a mortality rate
of up to 40% in the emergent setting, bronchial artery
embolization (BAE) has become a well-established pal-
liative or curative therapy for significant hemoptysis.1–5

Definition and Indications for Treatment

A variety of definitions have been proposed for the term
‘‘massive hemoptysis,’’ the most commonly used being
the expectoration of greater than 240 mL (�1 cup) in
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24 hours.6 However, the reliability of patient measure-
ment and reporting of volume of expectorated blood
may be limited in real life, and a reasonable practical
definition of massive is any amount of hemoptysis that is
life-threatening.7–9 The morbidity and mortality of this
disease is due to asphyxiation in 80% of cases, and
exsanguination in the remainder.10 In addition to mas-
sive hemoptysis, lesser degrees of hemoptysis may also
require treatment, depending on the patient’s underlying
pulmonary reserve and ability to maintain a patent air-
way.2 Ongoing chronic but nonmassive hemoptysis that
impairs a patient’s quality of life or performance of
essential physical therapy or pulmonary toilette may
also require endovascular treatment.11,12 Lastly, episodes
of milder hemoptysis may be a precursor of a life-
threatening massive hemoptysis event.1 Therefore,
some authors have advocated elective treatment of se-
verely respiratorily compromised patients— defined as a
forced expiratory volume at 1 second (FEV-1) < 35%
predicted—following mild episodes of hemoptysis be-
cause this may be predictive of a potentially fatal future
episode of major hemoptysis.6 In addition to hemoptysis,
other indications for BAE include pre- or postoperative
embolization, treatment of congenital lesions, and post-
traumatic bleeding.10,13 Although BAE has a relatively
high short-term success rate, if the etiology of the
hemoptysis is an uncontrolled or uncontrollable pro-
gressive disease, bronchial artery embolization may be
considered a palliative, rather than curative, procedure.5

Risk Factors and Etiologies

The most common etiology for hemoptysis in the
developing world is tuberculosis.4 In the developed
world, the most common etiologies are primary lung
neoplasm, bronchiectasis, aspergillosis, and cystic fibro-
sis.2 In children, after cystic fibrosis, congenital cardiac
or vascular abnormalities are other causes.13 Other risk
factors or etiologies associated with the occurrence of
massive hemoptysis include coagulopathic and immuno-
compromised states, congenital or acquired heart dis-
ease, chronic pulmonary emboli, aneurysms, fistulas,
interstitial fibrosis, history of smoking, pulmonary en-
dometriosis, trauma (including iatrogenic), and chronic
inflammatory conditions.1,2,7,14

Other Etiologies for Hemoptysis

Although not discussed in this article, aortobronchial
fistula is an uncommon etiology for massive hemoptysis,
with stent-graft placement and surgery as treatment
options.12 Bronchial artery aneurysm has been reported,
presenting as a mediastinal mass and resected at thor-
acotomy.15 Pulmonary artery arteriovenous malforma-
tions are another important cause of hemoptysis.
Evaluation and treatment are highly specialized, mainly

due to the association with hereditary hemorrhagic
telangiectasia and risk of paradoxic embolus. The reader
is referred to publications detailing this topic.10,14,16–18

THE DISEASE

Pathophysiology

The lungs have a dual vascular supply system including
the pulmonary and the bronchial arteries, with multiple
anastomoses providing an extensive collateral network
between the two systems.1,19 The two systems commu-
nicate extensively via capillary beds near the alveoli and
produce a right-to-left shunt that normally accounts for
5% of cardiac output.1,20,21 The bronchial circulation is
responsible for the 90% of cases of massive hemoptysis.
Approximately 5% of cases are due to abnormalities of the
pulmonary circulation and another 5% from systemic
vessels or vessels directly arising from the aorta.2 The
pulmonary arteries and veins are a relatively low-pressure
system, arising from the right heart, which takes part in
gas exchange and makes the greatest contribution to
pulmonary blood supply. The bronchial arteries, from a
high-pressure system, provide nourishment to mediasti-
nal, hilar, and pulmonary structural tissues and account
for �1% of pulmonary blood supply. Structures supplied
include the vasa vasorum of the pulmonary circulation
vessels, lymph nodes, and visceral pleura.1 Bronchial
vessels branch extensively around the bronchi they supply
and form a plexus in the peribronchial and submucosal
bronchial space, ending in the terminal bronchioles.1

Bronchial vessels also have been shown to anastomose
with branches of the subclavian, internal mammary,
pericardiophrenic, esophageal, intercostal, and other sys-
temic arteries.19 These connections are important in both
understanding the pathophysiology of hemoptysis and
the potential risks of embolotherapy.

Conditions that cause pressure derangements in
these arterial systems can result in anatomical changes
that predispose to hemoptysis. Several possibilities for
the pathophysiology of hemoptysis exist.1,19,20,22,23 The
underlying initiating factor is abnormal decreased pul-
monary arterial perfusion to the lung, secondary to
occlusion or vasoconstriction, either in response to local
lung parenchymal abnormality due to intrinsic abnor-
mality of the pulmonary vessel (such as with throm-
boembolic disease or vasculitis) or due to congenital
cardiac conditions resulting in decreased pulmonary
arterial supply (such as tetralogy of Fallot).24 The pre-
existing collateral circulation to the lungs provided by
the bronchial arteries, under the higher systemic arterial
pressure, can enlarge to compensate for the decreased
pulmonary arterial perfusion. In addition, there may be
neovascularity and vascular remodeling associated with
inflammatory processes (bronchiectasis, chronic bron-
chitis, and chronic necrotizing infections) and neoplastic
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diseases. The bronchial arteries then form enlarged
abnormal collateral vessels that, in the presence of
inflammation or systemic arterial pressure, rupture into
the airspaces, resulting in hemoptysis.1,19,22

The exception is in the case of increased left atrial
pressure, such as in untreated mitral valve stenosis; the
etiology is, rather, increased back pressure in the bron-
chial veins, which become variceal and can bleed, as in
‘‘cardiac apoplexy.’’1

ANATOMY

Bronchial Arteries (Orthotopic)

The main function of the bronchial arteries is to supply
bilateral bronchial trees. Bronchial arteries are typically
multiple and bilateral and arise from the descending
thoracic aorta at or below the level of carina.25 The
anatomy is variable from patient to patient, but the
standard or orthotopic origin is from the aorta between
the levels of T5 and T6. In�60 to 80% of patients, there
is a single right bronchial artery, with its origin from the
right posterolateral thoracic aorta, and in 90% of cases
arising from an intercostal artery, also called an inter-
costobronchial trunk (ICBT)2,24 (Fig. 1). Left-sided
bronchial arteries, as well as additional right-sided
branches, if present, usually arise from the anterolateral
thoracic aorta. They are more frequently multiple and
less likely to arise as a common ICBT.2,10 A common
origin of bilateral bronchial arteries can be seen in �45%
of patients10 (Fig. 2). Four branching patterns have been
described using cadaver data26: In 40%, there were two
left bronchials and an ICBT on the right; in 21%, there
were an ICBT on the right and a single left bronchial; in
20%, there were two left bronchials, one bronchial on the
right, and a right ICBT; in 9.7%, there were one
bronchial on the left, one bronchial on the right, and a
right ICBT. Uflaker et al have reported an expanded
angiographically derived classification, with 10 different
branching patterns.27

Anomalous Bronchial Arteries

Bronchial arteries arising outside of T5–T6 are consid-
ered anomalous, with an incidence of 8.3 to 35%.11,28

These can arise from many vessels in the thorax, includ-
ing thoracic or abdominal aorta, brachiocephalic and
subclavian arteries or branches (Fig. 3), intercostal ar-
teries, celiac artery branches, and phrenic arteries (Fig. 4).
These are identified as bronchial vessels because they
parallel the course of the bronchi once within the thorax.

Systemic Arteries

Systemic arteries do not follow the major bronchi but are
acquired collateral vessels that enter the lung from

adjacent abnormal pleura or pulmonary ligament.2

Transpleural collaterals can arise from a variety of vessels
including intercostals, subclavian, and internal mam-
mary vessels. Subdiaphragmatic inferior phrenic, left
gastric, and aortic branches can be relevant sources of
collaterals.12 Pleural thickening or fibrosis is associated
with an increased incidence of systemic collaterals.2,29,30

Spinal Artery

The most feared complication of bronchial artery embo-
lization is spinal cord stroke. This risk exists because the
anterior spinal artery or artery of Adamkiewicz can
originate from a bronchial artery in up to 5% of patients,
more often on the right side.23 On computed tomog-
raphy (CT) or conventional angiography, this is seen as a
small longitudinal vessel on the mid ventral surface of
the spinal cord.31 Immediately after its origin from the
aorta it has a characteristic hairpin turn before reaching
the ventral surface of the cord (Fig. 5).

Other Systemic Collaterals

Bronchial arteries have normally existing collaterals
which have been experimentally shown to be 325 mm

Figure 1 Right bronchial arteries arising from a right inter-

costobronchial trunk.
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in diameter to pulmonary arteries and pulmonary
veins.21 Bronchial arteries also normally supply periph-
eral branches to the bronchi, esophagus, vasa vasorum
of the aorta, and pulmonary arteries.2 Therefore, the
use of embolic agents that are smaller than 350 mm
should be avoided to avoid damaging these small but
important collaterals. Inadvertent embolization of these
collaterals has the potential for systemic embolizations,
esophageal infarction, or necrosis of the wall of the

aorta or pulmonary arteries, with potentially cata-
strophic consequences.

EVALUATION

Contraindications

The only real contraindications for bronchial artery
embolization (BAE) are the usual contraindications,
absolute or relative, for angiography in general including
uncorrectable coagulopathy, renal failure, and severe
contrast allergy. In congenital pulmonary artery stenosis,
the bronchial collateral vessels may provide an essential
role in pulmonary parenchymal perfusion, and therefore
careful consideration and pediatric cardiology consulta-
tion is imperative in these cases before treatment.

Clinical Considerations

In the setting of life-threatening hemoptysis, it is
imperative to medically stabilize the patient with meas-
ures including protecting the airway, optimizing oxy-
genation, supporting the patient hemodynamically, and
correcting any coagulopathy that may be present.7 Due
to risk of asphyxiation, protective airway maneuvers
may be required before and during the procedure.
These include keeping the bleeding side dependent to
avoid aspiration of blood into the contralateral airway,
selective intubation of the uninvolved lung if bleeding is
lateralized, use of a dual lumen tube to separately
ventilate the lungs, endobronchial tamponade with a
Fogarty catheter, and topical hemostasis via broncho-
scopy, if indicated.7,17

Figure 2 Bronchial angiogram showing a common origin of

bilateral bronchial arteries.

Figure 3 Right subclavian angiogram demonstrating an

anomalous right bronchial artery arising from the right

internal mammary. (Image courtesy of Dr. Manraj

Heran)

Figure 4 Phrenic angiogram demonstrating an anomalous

right bronchial artery in this patient with recurrent hemoptysis.
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Preprocedure Evaluation and Workup

Preprocedure workup is performed with the goals of
elucidating the cause of the hemoptysis and to guide
location of endovascular therapy.2 Other sources of
hemoptysis from the nasopharynx, gastrointestinal tract,
or oropharynx should be excluded.1 Angiographic local-
ization of the origin of the abnormal vessels can assist in
a prompt, directed, and efficient procedure, with de-
creased time on the table and increased safety. Radiog-
raphy, bronchoscopy, CT, and CT angiography have all
been used. Conventional chest radiography is a quick,
noninvasive, and widely available first step that can
localize the site of abnormality in 19 to 83% of cases.2

Several authors report that a subjective sense of ‘‘a funny
feeling’’ or ‘‘gurgling’’ in the chest, if reported by the
patient, is highly predictive of the site of bleeding.6,10,11

Traditionally, bronchoscopy has been considered
an important step before embolization, with the expect-
ation that the site can be localized, leading to more rapid
and directed embolization. In addition, there is the
potential for treatment bronchoscopically when the
etiology is an endobronchial lesion. Reported success
of bronchoscopy in lateralizing the side of bleeding is
49 to 93%.2 However, in the setting of a normal radio-
graph, bronchoscopy only adds additional localizing
information in 0 to 31% of cases.2 More recent reports
suggest that bronchoscopy may be less useful than
thought, due to low detection rate of location of bleeding
in the setting of massive hemoptysis, little added benefit
if location and etiology of bleeding is known radio-
graphically, inherent risks of the procedure, and possible
delay in definitive therapy.6,11,32,33

Computed tomography and CT angiography
have increasingly been found useful in pre-embolization
planning by locating the site of bleeding; underlying lung
pathologies, if present; and abnormal vessels.25,30 Com-
puted tomography can localize the site of bleeding in
63 to 100% of cases.32,34 Specifically, CT can aid in
diagnosing nonbronchial systemic supply in 80% of
cases, with the lowest success in visualizing internal
mammary supply.2 Knowledge of nonbronchial supply
in advance has the potential for increasing the success
rate of initial embolization.25,30 A variety of opinions
exist regarding whether pre-embolization CT or bron-
choscopy should be performed, with the final decision in
each case requiring balancing the possibility of improved
preprocedure information against possible delay in
definitive treatment, especially in the setting of a life-
threatening condition. A practical approach may be CT
angiography in a nonacute setting, with the goals of
identifying the site and etiology of bleeding and deter-
mining the relevant anatomy, especially localization of
the artery of Adamkiewicz.31 In the setting of hemody-
namic instability or acute airway compromise, the best
approach would likely be chest radiograph followed
directly by angiography with embolization.

ENDOVASCULAR THERAPY

Approach and Technique

The first report of BAE to control hemoptysis was
published by Rémy et al in 1974.35 In 1976, this was
followed by Wholey et al’s report of four cases and then
the first large series by Rémy et al in 1977.4,36 Since then,
there have been numerous publications with a variety of
suggested algorithms for workup and embolization of
hemoptysis. A widely accepted and relatively conserva-
tive approach is to treat ipsilaterally enlarged bronchial
arteries at the first session. In the event of recurrent
hemoptysis following technically successful emboliza-
tions, a search can then be made for a nonbronchial
systemic artery supply.8,25 This approach limits the risk
of nontarget embolization but may increase the number
of procedures necessary to achieve hemostasis. In the
case of congenital hemoptysis, however, systemic origin
should be sought initially.25 Others suggest a more
comprehensive approach at the first treatment setting,
including treatment of all visualized bronchial arteries,
not just ipsilateral, or with a search for systemic arteries
at the first setting, after treatment of involved bronchial
arteries.6,12

Another point of discussion is whether to begin
with thoracic aortography or whether to directly com-
mence selective bronchial artery angiography.6,12 One
published approach is to perform selective bronchial
arteriography at initial treatment and, for recurrent
hemoptysis after technically successful embolizations,
to perform thoracic and subclavian arteriography.6

In the setting of lower lobe disease, inferior phrenic
evaluation should also be performed.6 Clearly, if no
abnormal bronchial arteries are found at initial treat-
ment, then systemic evaluation should be performed.6

Figure 5 Typical appearance of an anterior spinal artery

(artery of Adamkiewicz) arising from a left intercostal

artery.
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Before embolization, high-quality diagnostic bronchial
angiograms should be performed and carefully examined
for presence of the anterior spinal artery to avoid
inadvertent embolization. If findings are equivocal, an
oblique view may be useful.11 If the anterior spinal artery
does arise from an affected bronchial artery, careful distal
embolization of that bronchial artery should only be
performed if stable catheter position can be obtained
distal to the origin of the spinal artery.23 Several authors
have noted that spinal artery branches arising from
bronchial arteries may not be visible until after emboli-
zation of the bronchial artery is completed, likely due to
the small size of the spinal branches. This is a finding
that confirms the need to embolize distally under fluo-
roscopic visualization; to use particles > 350 mm; and to
avoid embolization past stasis, which would allow reflux
of embolic material proximally.5,10

A variety of 4F or 5F catheters can be used for
selection of the bronchial arteries. The tip is placed at
the top of the descending thoracic aorta and directed
right posterolaterally to search for the right ICBT and
left anterolaterally to search for left bronchials.24,37

Because the right ICBT is the most likely of the
bronchial vessels to supply the spinal artery, the cath-
eter should not be wedged, as is generally true in all
angiography. Hand injections of 5 to 10 cc of contrast
can be performed at each selected bronchial vessel. If
abnormal findings are present, embolizations can be
performed—with care being taken to embolize distally
in the vessel—using a coaxial 3F-microcatheter techni-
que, if necessary. The use of subselective embolizations
via coaxial microcatheters may improve the success rate
and lower the complication rate.38 Use of somatosen-
sory-evoked potentials has also been proposed to in-
crease safety.39

Following stable catheter placement, emboliza-
tion proceeds under continuous fluoroscopic visualiza-
tion until flow in the vessel is significantly slow. At that
point, the remaining embolic material is flushed with
saline with the goal of achieving distal stasis in the vessel
while avoiding reflux backward into normal circulation.
Proximal occlusion should be carefully avoided in bron-
chial artery embolotherapy.37 Next, the descending
thoracic aorta is evaluated between T4 and T8. Embo-
lization of all visualized abnormal bronchial arteries
should be performed.

If necessary and depending on approach, at this
point bilateral subclavian angiography may be per-
formed, especially in the case of recurrence. A thoracic
aortogram may be used if indicated. If lower lobe origin
is suspected, a lower thoracic/upper abdominal aorto-
gram may help determine the phrenic artery source.37 If
no bronchial artery source is found, a pulmonary angio-
gram should be performed to exclude entities such as
pulmonary artery aneurysms, arteriovenous malforma-
tions, and fistulas.24

Angiographic Diagnosis

Angiographic findings indicating embolization of the
affected vessel include: hypervascularity (83%), tortu-
ous and enlarged bronchial arteries (31%), shunting
into pulmonary artery or vein (28%) (Fig. 6), paren-
chymal staining (15%), vascular abnormalities such as
aneurysms (13%), and extravasation into the airway
(2 to 10.7%)23,25,32,40 (Fig. 7). Bronchial arteries larger
than 2 to 2.5 mm in diameter are considered
enlarged.2,11

Embolic Agents

The most widely used embolic agents are polyvinyl
alcohol particles of 350 to 500 mm and gelatin sponge
pledgets. Polyvinyl alcohol particles are preferred
to gelatin sponge pledgets because the pledgets are
resorbable and may not provide as durable a result as
the permanent agents.24 Microspheres have also been
reported as successful embolizations material.41 To
avoid nontarget damage to small normal collaterals
and the risk of aortic, esophageal, bronchial, or pul-
monary artery wall necrosis, smaller particles or liquid
embolic agents should be avoided.2 Coils should be
avoided to preserve access to future sites of bronchial
bleeding and allow retreatment of an affected vessel.2

Proximal coil placement limits future embolizations
to a series of what are usually progressively smaller
and less accessible collateral vessels, until the arterial
supply to the target tissue cannot be catherized.
Coils may, however, have a role in the treatment of
arterial aneurysms or pseudoaneurysms or in occlusion

Figure 6 Right bronchial angiogram demonstrating signifi-

cant shunting to the right lower lobe pulmonary artery

branches.
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of an internal mammary artery to protect normal
territory and avoid backfilling via collaterals.2,42,43

Success Rate

Technical success rates range from 65 to 100%.12,23

More recent reports have had higher technical success
rates of 90 to 94%, likely due to increased use of
superselective techniques and increased use of perma-
nent, rather than absorbable, embolization materi-
als.10,41,44 Recurrent bleeding can be seen in 10 to
50% of patients.10,12 The short-term bleeding recur-
rence rate, within 1 month, is reported to be from 10
to 49%.12,23,41 Greater than 30-day recurrence rates
range between 10 and 52%.10,42,45 Causes for recurrent
bleeding include: progression of underlying disease;
recanalization or revascularization; incomplete embo-
lization; and emergence of other supply to the affected
area, such as from systemic collaterals.2 Not surpris-
ingly, recurrence rates depend on the underlying eti-
ology of the lung disease, being higher in the settings
of infections such as chronic tuberculosis (15.5%), with
aspergilloma (75%), and in neoplasms (42%) and
better in bronchiectasis.2,10,46,47 In one series of
18 patients with cystic fibrosis, hemoptysis was con-
trolled with the first embolization in 75%, after the
second session in 89%, and after the third in 93% of
patients. In this series, the chances of the source of
bleeding arising from nonbronchial systemic collaterals
was 75% in patients who had recurrent bleeding versus
8% in those being treated for the first time.6 It is likely
that this represents successful embolization of the

bronchial artery supply, with later recruitment of
systemic collaterals in a chronic disease.

Complications

The true complication rate is difficult to asses due to
heterogeneity of underlying disease and technique.
However, more recent series report few complications,
which is likely due to improvement in contrast mate-
rials and technique.23,24 Rare cases of paraplegia,
transient paraplegia, and transient Brown-Séquard
syndrome have been reported following bronchial
artery embolizations, with an overall risk of transverse
myelitis of less than 1%.8,12,38,40 Postembolization
syndrome, consisting of retrosternal chest pain, inter-
costal pain, transient dysphagia, and fever is not
uncommon.24 Other reported complications include
stroke, esophageal ulceration, bronchial infarction
and stenosis, bronchoesophageal fistula, transient
left orbital and forehead pain, and transient neuro-
logical symptoms.6,10,12,40,41 Because spinal cord
branches are often not visualized until after emboliza-
tions of the bleeding, suggesting that there are often
small, nonvisualized spinal cord branches, subselective
microcatheter techniques may have lower risk of com-
plications.5,38,46

CONCLUSIONS
Acute massive hemoptysis or chronic recurrent he-
moptysis is rare but potentially life-threatening con-
ditions, with the majority caused by hypertrophied
bronchial arteries in response to a pulmonary paren-
chymal abnormality. Bronchial artery embolization is a
well-established treatment with an excellent short-term
success rate and an acceptable long-term success rate
in what are often chronic diseases with limited surgical
options. With appropriate technique it is a safe
and well-tolerated procedure with a better outcome
than medical, surgical, or bronchoscopic techniques
alone.
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20. Bruzzi JF, Rémy-Jardin M, Delhaye D, et al. Multi-detector
row CT of hemoptysis. Radiographics 2006;26(1):3–
22

21. Pump KK. Distribution of bronchial arteries in the human
lung. Chest 1972;62(4):447–451

22. Ellis K. Fleischner lecture. Developmental abnormalities in
the systemic blood supply to the lungs. AJR Am J Roentgenol
1991;156(4):669–679

23. Swanson KL, Johnson CM, Prakash UB, et al. Bronchial
artery embolization: experience with 54 patients. Chest 2002;
121(3):789–795

24. Roberts AC. Bronchial artery embolization therapy. J Thorac
Imaging 1990;5(4):60–72
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