Article published online: 2022-08-31

210

Bronchial Artery Embolization

Claire S. Kaufman, MD'  Sharon W. Kwan, MD, MS!

TDotter Department of Interventional Radiology, Oregon Health &
Sciences University, Portland, Oregon

Semin Intervent Radiol 2022;39:210-217

Abstract

Keywords

= bronchial artery
embolization

= embolization

= hemoptysis

= interventional
radiology

Massive hemoptysis is a medical condition associated with
high morbidity and mortality. Historically there was greater
than 75% mortality reported with conservative therapy,’
with the cause of death usually from asphyxiation, not
exsanguination. However, outcomes have improved with
advances in bronchoscopy; advances in surgical and endo-
vascular techniques; with mortality rates now ranging from
13 to 17.8%.274

There is no consensus on the definition of massive he-
moptysis, with authors using criteria ranging from 100 to
1,000 mL of expectorated blood in 24 hours.> The volume of
the conducting dead space in the lungs (from trachea to
terminal bronchioles) is approximately 150 mL.'° Therefore,
seemingly small volumes of blood can be deadly if not
cleared sufficiently. Given the nature of hemoptysis, it can
be difficult to quantify the expectorant volume. Recently,
there has been a shift to define massive hemoptysis by
considering the clinical picture: rate of bleeding, underlying
physiologic/respiratory reserve, and ability of the patient to
protect their airways."!

Bronchial artery embolization (BAE) for the treatment of
massive hemoptysis, first described in 1973,'%2 has now
become common therapy for massive hemoptysis or ongoing
chronic hemoptysis.13 Although BAE is not without risk, it
has been shown to be a safe and effective treatment for
massive hemoptysis. A recent systematic review found that
BAE was successful in 70 to 99% of cases with major compli-
cation rates of 0 to 6.6%.'* Surgery remains a treatment
option, but it is associated with high morbidity and mortali-
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Massive hemoptysis is a highly morbid medical condition with up to 75% mortality with
conservative treatment. Bronchial artery embolization has emerged as the common
treatment for both acute massive hemoptysis and chronic hemoptysis. This article will
review the clinical presentation, bronchial artery anatomy, embolization procedure,
complications, and expected outcomes.

ty. Therefore, surgery is often reserved for specific etiologies:
hydatid cyst, bronchial adenoma, and aspergilloma which
has failed prior treatment.'

Clinical Presentation

Hemoptysis is not uncommon, presenting in 0.1% of ambu-
latory patients and 0.2% of inpatients; however, most (90%) is
minor and self-limited.'®~'® Hemoptysis is seen in approxi-
mately 20% of patients with lung cancer. While malignancy
can present with massive hemoptysis, it is more commonly
persistent, defined as ongoing for more than 2 weeks.'”
Despite thorough clinical workup and evaluation, approxi-
mately 7 to 25% of patients have no known etiology for
hemoptysis, termed cryptogenic hemoptysis.20

Massive hemoptysis has a different clinical trajectory and
often requires emergent intervention. Common etiologies of
massive hemoptysis vary depending on geographic region
but include tuberculosis (TB), fungal infections, pneumonia,
malignancy, bronchiectasis, cystic fibrosis, and vascular eti-
ologies such as Rasmussen ;:1neurysm.1’9 Worldwide, TB is
the most common cause of massive hemoptysis.?!

Patients presenting with massive hemoptysis should first
be stabilized, including hemodynamic support, airway pro-
tection and intubation, and escalation of level of care as
needed. Patient workup should include history with evalua-
tion for an etiology: infection, TB exposure or history, and
underlying pulmonary disease. Surgical history and the uses
of anticoagulants or antiplatelet medications should be
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Table 1 Common bronchial artery origins
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Type | Percentage | Right Left

1 40.6 Single vessel originating from the common Two vessels originating directly from the
intercostobronchial trunk aorta

2 21.3 Single vessel originating from the common Single vessel originating directly from the
intercostobronchial trunk aorta

3 20.6 One vessel originating from the common Two vessels originating directly from the
intercostobronchial trunk aorta
One vessel originating directly from the aorta

4 9.7 One vessel originating from the common Single vessel originating directly from the
intercostobronchial trunk aorta
One vessel originating directly from the aorta

elicited. Blood originating from the nasopharynx or upper
gastrointestinal tract should be excluded, as these causes of
pseudohemoptysis require a different treatment algorithm
altogether.

If possible, the bleeding should be localized. This can be
done via computed tomography angiography (CTA) or bron-
choscopy, depending on the acuity of the patient and avail-
able resources. In the setting of outpatient pulmonology
clinics, CTA has been shown to be more efficacious for the
localization of bleeding, obviating the need for bronchoscopy
in some stable patients or patients with chronic hemopty-
sis.'® CTA can also be helpful for delineating the bronchial
artery anatomy or origins.

In unstable patients with massive hemoptysis, urgent
intubation and bronchoscopy are prudent. The patient
should be positioned in the lateral decubitus position with
the side of bleeding down to allow for better aeration of the
unaffected side. Intubation should be done with a large bore
endotracheal tube to allow for bronchoscopy with evacua-
tion of clot and/or balloon occlusion.?? Selective intubation
in the left or right mainstem bronchus can also be performed
to aid in the protection of the unaffected side. Additional
therapeutic procedures can be performed during bronchos-
copy, such as cryoprobe clot extraction, iced saline lavage,
epinephrine or norepinephrine administration, endobron-
chial stent placement, electrocautery, glue, thrombin, or Nd-
YAG laser ablation.’-?3-2> While endobronchial therapies can
be durable, they are often used as a bridge to stabilize the
patient for BAE.

BAE can be performed effectively to treat bleeding in the
setting of not only acute massive hemoptysis but also chronic
recurrent hemoptysis. The latter are commonly due to cystic
fibrosis, bronchiectasis, malignancy, or TB.26-29

Anatomy

Conventional

The lungs have dual blood supply from the bronchial arteries
and the pulmonary artery. The bronchial arteries tradition-
ally originate directly from the aorta, usually from the level of
T3 to T8 with the majority between T5 and T6. On fluorosco-
py, this is approximately 1 cm above or below the left main
stem bronchus.>? These vessels are small, receiving approxi-

mately 1% of cardiac output. They supply the bronchi, poste-
rior mediastinum, vagus nerve, visceral pleura, aortic and
pulmonary artery vasa vasorum, and the middle third of the
esophagus.“‘33 There is great variation to bronchial artery
anatomy. There are four main configurations described in
cadavers by Cauldwell and Siekert (~Table 1).34 Bronchial
arteries often arise from a common intercostal artery trunk.
These vessels tend to arise more dorsal laterally off the aorta.
Alternatively, the bronchial artery can arise alone directly
from the aorta, often with a more ventral origin.3”

Variant Anatomy

Ectopic bronchial arteries, defined as a vessel originating
outside of the aortic level of T5 to T6, are very common, with
studies reporting up to 56% prevalence (=Figs. 1 and 2)36
The most common site for ectopic bronchial artery is from
the underside of the aortic arch.3”-38 Other possible origins
include the descending aorta, internal mammary artery,
thyrocervical trunk, brachiocephalic artery, subclavian ar-
tery, phrenic artery, gastric artery, carotid artery, and even
coronary artery.36-39:40

Embolization

If available, the interventionalist should review the CTA as
part of preprocedural planning to evaluate for location and
size of the bronchial arteries. BAE should be performed with
sedation, either nurse-administered moderate sedation or
with monitored anesthesia support, depending on the clini-
cal scenario. The patient may arrive already intubated from
prior bronchoscopy, or to protect the airway. Whether the
patient is intubated or not, it is important to have the ability
to suspend respirations or have the patients hold their breath
to obtain good angiographic imaging in the thorax. Most
interventionalists perform BAE utilizing a common femoral
artery access. In select cases of anomalous bronchial arteries,
such as an origin from the subclavian, thyrocervical trunk, or
internal mammary, it may be easier to access the bronchial
arteries via a radial artery approach (=~Fig. 2).

There is controversy in the literature on the need for a
flush thoracic aortogram.®'# While this can be helpful for
identifying the origins of the bronchial arteries, it is less
necessary in patients with a preprocedural CTA (~Figs. 3

Seminars in Interventional Radiology Vol. 39 No. 3/2022 © 2022. Thieme. All rights reserved.

211

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



212 Bronchial Artery Embolization Kaufman, Kwan

Fig. 1 Ectopic bronchial arteries. (a) A 59-year-old man with massive hemoptysis in the setting of recent pulmonary thromboendarterectomy
for chronic thromboembolic pulmonary hypertension was found to have multiple ectopic bronchial arteries (shown originating from the right
internal mammary artery—arrow). (b) An ectopic left bronchial artery originating from the left gastric artery in the same patient.

(c) The ectopic left bronchial originating from the left internal mammary artery in the same patient. (d) An ectopic left bronchial artery from the
left phrenic in the same patient (arrow). (e) A 26-year-old woman with cystic fibrosis found to have an ectopic right bronchial artery

from the right phrenic artery (arrow).

Fig. 2 A 59-year-old man with massive hemoptysis from the right lung. (a) The patient was found to have an ectopic right bronchial artery
originating from the brachiocephalic artery (arrow). (b) Right radial access was subsequently utilized to successfully select and embolize the
ectopic bronchial artery (arrow).
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Fig.3 (a) Flush thoracic aortogram demonstrates bilateral hypertrophied bronchial arteries in a 25-year-old man with cystic fibrosis and massive
hemoptysis. Note the right bronchial artery has an ectopic origin from the underside of the aortic arch (arrow). (b) Selective angiogram of the
abnormal, hypertrophied left bronchial artery. (c) Selective angiogram of the ectopic right bronchial artery shows a dilated, ectatic vessel with

hyperemia.

Fig. 4 Flush aortogram prior to bronchial artery embolization shows
bilateral intercostal arteries and an abnormal right bronchial artery
with conventional anatomy (arrow).

and 4). The bronchial artery should then be selected. This is
often done using a 4- or 5-Fr Cobra 2-shaped catheter or a
reverse curve catheter such as a Simmons 1, Mickelson,
or Headhunter. Selective digital subtraction angiography
should be performed with special care taken to look for
the anterior spinal artery. This vessel has a characteristic
hairpin appearance (~Fig. 5) and can arise from the common

Fig. 5 A 61-year-old man presented with massive hemoptysis with
angiogram of the left superior bronchial artery showing opacification
of the anterior spinal artery with the characteristic hairpin turn
(arrow). No embolization was performed of this vessel.

intercostal bronchial trunk.’ The bronchial artery should
subsequently be more selectively catheterized with a micro-
catheter and wire. Imaging findings on selective angiography
for hemoptysis include enlarged hypertrophied arteries,
bronchial artery aneurysm, neovascularity, hyperemia, or
active extravasation (=Fig. 6). It should be noted that active
extravasation is not frequently seen and its absence should
not preclude embolization.

Numerous embolics have been used for BAE. Gelatin
sponge has several benefits including being widely available,
easy to use, and inexpensive. However, gelatin sponge em-
bolization will recanalize which can lead to recurrent he-
moptysis. A recent study out of Japan comparing BAE with
gelatin sponge found recurrence of hemoptysis after 1 year in
62% of pulmonary aspergillosis patients and 28% of patients
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Fig. 6 A 41-year-old woman with history of cystic fibrosis presenting with massive hemoptysis. (a) CT angiogram reveals enlarged, ectatic
bronchial arteries with one origin from the ventral thoracic aorta at the level of the carina (arrow). (b) Selective angiogram demonstrates
enlarged right and left bronchial arteries with a common origin from the aorta. (c) Selective angiogram of the right bronchial artery post-

embolization shows pruning of the vasculature.

who underwent BAE for other etiologies.*! Cases of recana-
lization and recurrent hemoptysis may necessitate repeat
embolization.*?

Particles are commonly used for BAE. Particles greater
than 300 um in size should be selected to prevent passage of
particles through the bronchopulmonary anastomosis,
which have a mean diameter of 325 um. This will decrease
the risk of pulmonary infarct and systemic embolization.’->3
Additionally, larger particles decrease the risk of distal
occlusion, which could lead to necrosis of numerous struc-
tures fed by the bronchial arteries. Polyvinyl alcohol (PVA)
has traditionally been the particle embolic of choice for BAE.
The recommended size is at least 300 to 500 um. If prominent
shunting is seen to the pulmonary arterial system, the size of
the embolic should be increased (=Fig. 7). This is believed to
decrease the risk of infarction of the anterior spinal artery as
well.** Due to its irregular size and shapes, PVA tends to

Fig. 7 An 87-year-old man with a history of pulmonary embolism
presenting with hemoptysis with angiogram showing significant left
bronchial artery (black arrow) to pulmonary artery shunting (white
arrow).

behave similarly with larger sized spherical embolics and can
clump in the catheters and vessels, potentially making it
difficult to complete embolization. Several studies have
shown the more uniform tris-acryl microspheres (Embo-
sphere) to be safe and effective for BAE. Reported sizes
ranged from 500 to 700 and 700 to 900 um with high rates
of technical success.**#> There are reports of other hydrogel
microspheres, such as Embozene, being utilized successfully
for BAE.® The interventionalist should choose whatever
particle embolic they have available and are comfortable
using, keeping in mind size parameters to mitigate the risk of
ischemic complications or shunting into the pulmonary
system.

The use of liquid embolics has also been described in the
BAE literature. A study by Woo et al demonstrated the safety
and efficacy of N-butyl-2-cyanoacrylate (NBCA) when com-
pared with PVA. They showed that NBCA embolization
resulted in fewer cases of recurrent hemoptysis and found
no significant difference in technical success, short-term
clinical success, or complications.*’ Similarly, ethylene vinyl
alcohol has also been shown to be safe and effective for BAE,
with high technical success and low rates of recurrence.*®
Liquid embolics can be technically challenging to use, so
should only be used in the bronchial arteries by operators
with experience with the agent, given the possible devastat-
ing complications of non-target embolization in this
location.

Coils are rarely indicated for BAE as proximal emboliza-
tion will preclude further access to the bronchial arteries if
the patient has recurrence of bleeding. However, in the
setting of a bronchial artery aneurysm, coils are often the
embolic agent of choice and allows for successful occlusion of
the aneurysm.*® Coils have also been used in combination
with other embolic agents in the setting of nonbronchial
systemic collaterals or shunting.

Complications

While BAE can be a life-saving procedure, it is not without
risk of complications. The most common complications are
temporary back pain, chest pain, dysphagia, and post-em-
bolic syndrome (fever, leukocytosis, and pain). Vascular
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Fig.8 A57-year-old man status post-BAE for massive hemoptysis with
paralysis. MRl demonstrates the classic high T2 signal “owl-eye
appearance” on axial T2-weighted imaging (circle) seen with infarc-
tion of the anterior spinal artery. (Image courtesy of Keith Quencer,
MD.)

injury can occur at the access site, or at the bronchial artery,
resulting in pseudoaneurysm, dissection, or vessel
perforation.

The most dreaded complication of BAE is non-target
embolization. There are reports of claudication resulting
from non-target embolization of particles to the lower
extremities.”%>" Also reported are cases of bronchoesopha-
geal fistula and ischemic colitis.” Strokes are very rare but
have been reported after BAE.°?">* This can result from
shunting from bronchial arteries to pulmonary veins, or
backflow of embolic. While also extremely rare, cortical
blindness can also occur via similar mechanisms. While
most cases are transient, there is a report of permanent
cortical blindness after BAE.>>>®

Spinal cord ischemia is a well-documented serious com-
plication of BAE and results from inadvertent embolization of
the anterior spinal artery (~Fig. 8). This can lead to tempo-
rary or permanent paralysis with rates reported ranging
from 0.19 to 6.5%.3>°7 Given the seriousness of these sequel-
ae, some authors consider visualization of the anterior spinal
artery an absolute contraindication to BAE, while others
advocate for subselective embolization in this setting. How-
ever, just because the interventionalist does not visualize the
anterior spinal artery does not mean that the patient is safe;
there are reports of paralysis after BAE where the anterior
spinal artery cannot be visualized even on retrospective
review of imaging.>>>%

Outcomes

Overall reported technical success rates for BAE range from
81 to 100%.'# BAE has been shown to be efficacious in specific
patient populations. BAE can aid patients with lung cancer
and hemoptysis; one study showed a complete clinical

Bronchial Artery Embolization Kaufman, Kwan

success rate of 63.1% and partial clinical success in 19%.>°
It should be noted, however, that patients with lung cancer
and hemoptysis have poor overall survival and will often
have recurrent hemoptysis. Studies have also shown BAE to
be safe and effective in patients with cystic fibrosis. One
study showed a 3-year clinical success rate of 75%.50

Recurrence can occur even after a technically successful
BAE. This can be due to incomplete embolization, recanali-
zation, or recruitment of new collateral vessels. In the setting
of malignancy or cystic fibrosis, recurrence can also be due to
progression of the underlying disease processes. Several
factors have been associated with increased rates of recur-
rence: lung cancer, non-bronchial systemic collaterals,
aspergilloma, reactivation or multidrug-resistant TB, and
prominent vascular shunting.?6-58.5%.61.62

Conclusion

Bronchial artery embolization has become mainstay thera-
py for many patients with both acute massive hemoptysis
and chronic hemoptysis from a variety of etiologies. While
this procedure can be lifesaving, with high rates of clinical
and technical success, recurrence and complications can
occur. The interventionalist needs to be familiar with classic
and variant anatomy of the bronchial arteries, technical
aspects of the procedure, and possible pitfalls and
complications.
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