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Objectives: To analyze the safety and efficacy of bronchial artery embolization (BAE) in
the management of hemoptysis. Methods: We conducted a retrospective study of 334
patients who had undergone BAE for hemoptysis from January 2007 to July 2013. Our
study included 255 (76.3%) males and 79 (23.7%) females with an age range from five
to 81 years old. All relevant arteries were evaluated but only those arteries that showed
hypertrophy and significant blush were targeted. Polyvinyl alcohol (PVA) was used in
all patients and gel foam was used in combination with PVA where there was significant
shunting. Results: Mild hemoptysis was seen in 70 patients, moderate in 195 patients,
and severe in 69 patients. On imaging, right side disease was seen in 101 patients, left
side involvement in 59 patients, and bilateral involvement in 174 patients. Post-tubercular
changes were the predominant pathology seen in 248 patients. Among 334 patients (386
procedures), 42 patients underwent the procedure twice and five patients underwent
the procedure thrice. A total of 485 arteries were attempted of which 440 arteries were
successfully embolized. Right intercosto-bronchial was the most common culprit artery
present in 157 patients, followed by common bronchial (n=97), left bronchial (n=55),
and right bronchial (n=45). We embolized a maximum of four arteries in one session.
Immediate complications such as dissection and rupture occurred in only nine sessions
(2.3%). Twenty-five procedures (6.5%) were repeated within two months, which were due
to technical or clinical failure and 27 procedures (7%) were repeated after two months.
Conclusions: BAE is a safe and effective procedure with a negligible complication rate. Our
approach of targeting hypertrophied arteries was effective.
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B

ronchial artery embolization (BAE)
has become an established treatment
in the management of massive and
recurrent hemoptysis. The majority of
patients with massive hemoptysis are not surgical
candidates due to poor pulmonary reserve and
associated comorbidities. In specific conditions
like aspergilloma, hydatid cyst, and tumors (like
bronchial adenoma and carcinoids) surgery remains
the treatment option especially when the hemoptysis
has not responded to other forms of therapy. Even in
surgical candidates, BAE is effective in preparing the
patient for an elective surgery rather than a high-risk
emergency procedure.
Pulmonary tuberculosis continues to be a major
public health burden in developing countries. It
affects a large number of children and young adults.1,2
Despite adequate treatment, the disease while healing
*Corresponding author: ashubhalla1@yahoo.com

produces fibrosis, cavitation, and calcification leaving
permanent sequelae in the lungs.3-5 For a significant
proportion of patients, these sequelae continue to be a
source of respiratory symptoms especially hemoptysis.
Such patients present with varying severity of dyspnea,
hemoptysis, or recurrent secondary infections,
and are often treated with anti-tubercular therapy
repeatedly.6,7 This hemoptysis can be a result of a
variety of sequelae and complications such as fibrosis
or cicatrization, cavities, end-stage lung destruction,
aspergilloma; airway lesions (including bronchiectasis,
tracheobronchial stenosis, and broncholithiasis), or
vascular lesions (including pulmonary or bronchial
arteritis and thrombosis, bronchial artery dilatation,
and Rasmussen aneurysm).
BAE involves the identification of bronchial and
systemic arteries feeding the diseased lung parenchyma
using diagnostic angiography. Once identified, these
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are embolized using polyvinyl alcohol (PVA) particles,
gel foam pledgets, or glue after selective catheterization.
The value of BAE in controlling massive hemoptysis is
well documented.8-13
In this retrospective analysis we sought to analyze
the safety, technical success, and short and long-term
outcomes of BAE.

M ET H O D S

We conducted a retrospective study from January
2007 to July 2013 of 334 patients for whom BAE
was performed for hemoptysis. During this time 386
procedures were performed in these patients. The
protocol was approved by institute ethics committee.
The patient population included 255 (76.3%) males
and 79 (23.7%) females aged from five to 81 years
(mean=41 years) [Table 1]. The severity of hemoptysis
was classified as mild (less than 100ml/day), moderate
(three or more bouts of blood loss of more than 100ml/
day within a week), and severe (blood loss more than
300ml/day or more). BAE was performed in patients
with mild hemoptysis whenever it was recurrent, not
controlled by medical therapy, or hampered their
quality of life. Clinical records were analyzed for
degree of hemoptysis and the basic disease. Chest
radiographs and/or computed tomography (CT)
images were analyzed for evaluation of etiology and
lateralization of abnormalities.
All patients had normal renal functions and
coagulation profile at the time of the procedure.
Angiography was performed commonly by using
the right transfemoral approach. In four procedures
the left transfemoral approach was used as difficulty
was encountered in the right-sided puncture.
Table 1: Age distribution of patients that
underwent bronchial artery embolization.
Age range (years)

n-number

<11

3

11-20

16

21-30

76

31-40

91

41-50

65

51-60

48

61-70

29

71-80
>80

5
1

Three transbrachial procedures were performed to
approach the branches of subclavian artery with
unfavorable anatomy. After obtaining arterial access,
flush aortogram was obtained to search for bronchial
or intercostal arteries supplying the diseased lung
parenchyma. During flush aortogram water-soluble
non-ionic contrast (Iomeron400; Bracco, Italy) was
injected (25ml at 18ml/s) using automatic pressure
injector after placing the tip of 5F angiographic pigtail
catheter (Cook, USA) just above the level of the carina.
The flow rate was uniform in all adult patients and in
children the flow rate was adjusted according to their
body weight. Subsequently, bronchial arteries on
either side were searched using flush aortogram as a
guide. They were selectively cannulated using shaped
catheters (such as the 5F renal double curve, 5F Picard,
and Judkins Left catheters) and selective angiography
performed by hand injection of water-soluble nonionic contrast. In addition to bronchial and intercostal
arteries, branches of subclavian artery were analyzed
in upper lobe diseases and inferior phrenic vessels
were evaluated in lower lobe diseases. 5F Picard or 4F
vertebral catheters were used for approaching branches
of subclavian arteries and RC1 or RC2 catheters were
used for cannulating inferior phrenic arteries.
Selective angiograms were analyzed for dilatation
and tortuosity, parenchymal staining, or shunting
into pulmonary vessels (veins and arteries). All
relevant arteries were interrogated. However, based
on the selective run, those showing the most severe
changes (a maximum of four) were targeted for
embolization in a single session. Super-selective
cannulation of arteries was done using a co-axial
system comprising 5F/4F catheters and hydrophilic
microcatheters (2.7F Progreat; Terumo, Japan or
microFerret 3F; Cook, USA).
PVA (size of particles ranging from 300 to
1000μ) was used in all patients and gel foam was
used in combination with PVA where there was
significant shunting. In a case of recurrent bleeding
we also used liquid agent, n-butyl-2-cyanoacrylate
(NBCA; 33% NBCA-Lipiodol combination). We
did not use embolizing coils in any patient.
The ability to selectively catheterize and embolize
the targeted vessel was labeled technical success and
the cessation or reduction of hemoptysis to a clinically
insignificant severity was labeled clinical success.
Patient underwent multiple or repeat procedures
in the following situations: technical failure, for
multiple arteries in which procedure was electively
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scheduled for a repeat session, and in cases of
recurrence of hemoptysis. The procedure was
repeated in those with persistent hemoptysis or when
the solitary/dominant abnormal artery could not be
embolized. In patients with multiple arteries, repeat
procedure was only performed in cases of significant
hemoptysis on follow-up.
Therefore, in the analysis of patients with multiple
procedures two groups were analyzed separately:
those whom the repeat BAE was performed within
two months of the first procedure, and those with
more than two months gap. Follow-up records were
searched for recurrence of significant hemoptysis
(after initial success) necessitating reintervention.
The time to such recurrences was analyzed, along
with the outcomes after the reintervention.
Patient records were searched for reports of
immediate complications such as dissection or rupture.
A record of any complications resulting from non-target
embolization was noted as well as delayed complications.

R E S U LT S

Among the 334 patients who underwent BAE,
69 (20.6%) patients had severe life threatening
hemoptysis at presentation, 195 (58.4%) patients had
moderate hemoptysis and the remaining 70 (20.9%)
patients presented with recurrent mild hemoptysis.
The duration of hemoptysis ranged from two days
to 30 years. Sequelae of pulmonary tuberculosis such
as fibrosis, cavitation, and bronchiectasis were the
predominant causative pathologies of hemoptysis and
were present in 248 (74%) patients. Acute infections,
bronchiectasis, and tumors constituted the etiology
in rest of our patients [Table 2 and Figure 1]. Few
patients had rare anomalies like broncho-pulmonary
sequestration14 and pulmonary arterial narrowing15
as cause. Aspergilloma within a preexisting cavity was
Table 2: Causes of hemoptysis in the patients.
Etiology

n-number

Acute infection only

13

Acute infection and tuberculosis sequelae

8

seen in 55 patients. On imaging, right side disease was
seen in 101 (30%) patients, left side involvement in
59 (17.7%) patients, and bilateral involvement in 174
(52%) patients. Right upper zone involvement was the
most frequent observation and was seen in 229 (68.6%)
patients. All lobes were involved in 15 patients.
A total of 386 procedures were performed in
these 334 patients. We attempted to embolize
485 arteries of which 440 were successful. Right
intercostobronchial (RICB) was the most common
culprit artery in our study group which was present
in 157 (47%) patients, followed by common
bronchial (97 arteries), left bronchial (55 arteries),
right bronchial (45 arteries) and others [Table 3 and
Figures 2 and 3]. The number of arteries embolized
per session were zero to four (mean=1.14).
Three arteries were selectively cannulated but
went into spasm and the embolization material
could not be successfully delivered. All these three
angiographies were performed using 4F/5F catheters
prior to our routine use of microcatheters. Fortytwo arteries could not be selectively catheterized.
These included right intercostobronchial (RICB,
n=3), right bronchial (RB, n=3), left bronchial
(LB, n=14), common bronchial (CB, n=11), right
intercostal (RI, n=2), left intercostal (LI, n=1),
right internal mammary artery (RIMA, n=3), right
Table 3: Major arteries involved.
Artery

n- number of isolated
cases

Right intercostobronchial

157 (93)

Right bronchial

45 (19)

Left bronchial

55 (23)

Common bronchial

97 (56)

Right intercostal

36 (4)

Left intercostal

28 (7)

Right internal mammary artery

9 (1)

Left internal mammary artery

23 (9)

Right lateral thoracic

6 (0)

Left lateral thoracic

16 (1)

Right cervicothoracic

4 (1)

Tuberculosis sequelae

248

Left cervicothoracic

10 (5)

Bronchiectasis

39

Right inferior phrenic

8 (4)

Tumors

2

Left inferior phrenic

1 (1)

Tuberculosis sequelae and tumor

1

Artery with variant anatomy

5 (2)

Other

23

Anomalous artery

2 (2)
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Figure 1: Etiology of hemoptysis in study group. (a) Thick walled
cavity in right lower lobe suggestive of active infection. (b) Air space
nodules in both upper lobes consistent with active tuberculosis. (c)
Cystic bronchiectasis in left lower lobe. (d) Fibro-cavitary lesions and
bronchiectasis in upper lobes suggestive of sequelae of tuberculosis.
(e) Fungal balls in cavities of left upper lobe. (f ) A mass in left upper
lobe with surrounding ground glass in a patient with carcinoma lung.
(g) Central bronchiectasis with bronchoceles in both upper lobes in a
patient with allergic bronchopulmonary aspergillosis.

cervicothoracic (n=2), left cervico thoracic (n=1)
and right inferior phrenic (n=2) arteries.
In 17 patients, no abnormal hypertrophied
artery was found despite meticulous attempts to
localize and cannulate relevant bronchial and nonbronchial systemic arteries. In one of these patients,
a catheter could not be negotiated through the aorta
due to a tortuous aortic course as a result of severe
scoliosis. The procedure was subsequently performed
through the transbrachial route in this patient. The
underlying etiologies in these patients were posttubercular sequelae (n=10), acute infection (n=2),
bronchiectasis (n=2), sarcoidosis, extensive cystic
disease and a normal CT (n=1) each. Eight patients
had unilateral involvement (right lung n=3 and left
lung n=5) and in an equal number the involvement

was bilateral. Ten of these patients continued to have
hemoptysis but no abnormal bronchial or pulmonary
arterial source could be identified on subsequent
multi-detector computed tomography (MDCT).
Among 334 patients, repeat procedures were
needed in 47 (14%) patients. Forty-two patients
underwent the procedure twice and five patients
underwent the procedure three times.
Twenty-five procedures in 22 patients (6.5%)
were repeated within two months, which were due
to technical or clinical failure of the procedure or
elective [Flowchart 1 and Figure 1]. One patient
with aspergilloma and bronchial pseudoaneurysm
continued to bleed despite a third transbrachial
attempt and this patient was taken for surgery
(left upper lobectomy). The pseudoaneurysm was
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Figure 2: Digital subtraction angiography spectrum of bronchial arteries. (a) Right bronchial artery. (b)
Right intercosto-bronchial trunk. (c) Left bronchial artery. (d) Common bronchial artery.

supplied through multiple small branches of the
cervicothoracic artery and was observed in the
delayed parenchymal phase. In one patient, the
procedure was repeated electively, as he had multiple
abnormal arteries which could not be adequately
embolized in the first sitting.
Twelve patients had clinical failure despite
technical success of the first procedure. Most of
them had sequelae of pulmonary tuberculosis
(n=10) while active infection and carcinoma lung
were responsible in one patient each. Six of the
post-tubercular sequelae patients had aspergilloma.
During repeat procedure, no additional abnormal
arteries were found in five patients and the same

artery was re-embolized. In seven patients, additional
abnormal arteries were found and embolized.
Additional bronchial arteries were missed in the
initial angiogram and detected on a subsequent study
in three patients. Two of these were ectopic with one
arising from the left subclavian artery [Figure 4a and
4b]. In four patients, additional abnormal bronchial/
non-bronchial arteries which were deemed to
be insignificant on the initial angiogram were
also embolized. Following the second procedure,
cessation of hemoptysis could be achieved in nine
patients while one patient with carcinoma lung and
two with post-tubercular sequelae continued to
bleed. One patient with aspergilloma was referred for
O M A N M E D J, V O L 3 0 , N O 2, M A R C H 2015
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Figure 3: Digital subtraction angiography spectrum of non-bronchial systemic arteries. (a) Right
intercostal artery. (b) Right internal mammary artery. (c) Left intercostal artery. (d) Left internal
mammary artery. (e) Left cervico-thoracic artery. (f ) Inferior phrenic artery.

22 patients

Technical failure (n=9)

Second procedure

Clinical failure despite
technical success (n=12)

Elective, repeat (n=1)

Second procedure

Technical success (n=7)

Technical failure (n=2)

Clinical success (n=9)

Clinical failure (n=3)

Clinical success (n=6)

Clinical failure (n=1)

Carcinoma lung

Third procedure (n=2)
(transbrachial n=1)

Continued to bleed after
third procedure (transbrachial)

Chemotherapy

Surgery (lobectomy for
aspergilloma
with pseudoaneurysm)

Clinical failure
(n=1)

Clinical success
(n=1)

Surgery (lobectomy for aspergilloma)

Flowchart 1: Repeat procedures within two months of initial embolization (25 procedures in 22 patients).
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Figure 4: Special scenarios. (a and b) Ectopic bronchial artery arising from left subclavian artery shown in
multi-detector computed tomography and maximum intensity projection image and angiography.
(c and d) Computed tomography and angiography showing aneurysm in left upper lobe cavity with fungal
ball. (e and f ) Transbrachial approach for subclavian artery branches.

emergency lobectomy after a third attempt. In two of
these cases, the transbrachial approach was used to
cannulate subclavian branches because of unfavorable
anatomy of aortic arch [Figure 4e and 4f ].

25 patients

Aspergilloma (n=7)

Technical failure/elective
(n=5)

Clinical recurrence (n=20)

Repeat procedure
Old artery (n=0)
New artery (n=5)
Technical and clinical
success (n=5)

Repeat procedure
Old artery (n=12)
New artery (n=2)
Old + new artery (n=6)
Technical and clinical
success (n=20)
Third procedure in
late recurrence (n=2)

Flowchart 2: Repeat procedure after two months
(27 procedures in 25 patients).

Twenty-seven repeat procedures were performed
in 25 patients more than two months following the
initial procedure [Flowchart 2]. While most of them
represented clinical recurrence of the hemoptysis;
five patients were those with initial technical failure
or multiple arteries. All patients had a clinically
successful outcome immediately after the procedure.
Among 20 of the patients with recurrence, the same
artery was embolized in 12 of the patients, while new,
additional arteries were embolized in two patients,
and the same artery as well as additional arteries were
targeted in six patients. Thus, additional abnormal
arteries were found and embolized in eight patients
(40%) in the repeat session. Cavitary aspergilloma
was observed in seven patients with long-term
recurrence. Two patients underwent the procedure
thrice. One of them had extensive bilateral cavitary
disease that over a three-year follow-up period
developed an aspergilloma in one of the cavities. The
second patient had post-tubercular sequelae with
bilateral upper lobe fibrobronchiectasis.
Immediate complications such as dissection
and rupture were observed only in nine sessions

O M A N M E D J, V O L 3 0 , N O 2, M A R C H 2015
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334 patients

Technical and clinical
success (n=261)

No arteries found (n=17)

Technical success;
but clinical failure (n=12)

Technical failure
(n=41)
Repeat procedure if
significant hemoptysis,
(n=12, nine within two
months and three after
two months)

Continued to bleed (n=10)
No bleeder identified
on MDCT*

Multiple arteries found;
hence two sessions done,
(n=3, one within
two months and two after
two months)

* Multi-detector computed tomography

Flowchart 3: Immediate and short-term outcomes in all patients.
(2.3%) in which no active intervention was
needed. Chest pain was the most common delayed
complication and was treated with analgesics, and
no patients required hospitalization or any form
of intervention.
Immediate and short-term outcomes of patients
are summarized in Flowchart 3. On a long-term basis,
as described, 25 patients reported with recurrence.
Telephonic enquiry revealed the death of one patient
due to recurrent hemoptysis and recurrence of
moderate hemoptysis in three patients.

DISCUSSION

BAE is an established technique in the management
of patients with life-threatening hemoptysis. It is
also used in cases of recurrent mild to moderate
hemoptysis that has not responded to medical
therapy. Initially, use of BAE was advocated primarily
for management of massive hemoptysis. However,
increasingly it is used in moderate hemoptysis and
recurrent mild hemoptysis that hampers the lifestyle
of the patient.9,10,16,17 The majority of our patients
(58.4%) had moderate hemoptysis. Recurrent mild
hemoptysis was present in 21% of patients and
the rest had severe hemoptysis. In the majority of
our patients (74.3%), pulmonary tuberculosis was
the etiological factor. While in western literature,
bronchiectasis and cystic fibrosis form the dominant
group of clinically significant hemoptysis, in our
study, as in other Asian studies, tubercular sequelae
comprised the largest group.16-18 Most patients had
disease in both lungs (52%). Aspergilloma within a
preexisting cavity was seen in 55 (16.5%) patients.
Also 251 of 334 (75%) of our patients were less than
50 years old. However, only 19 patients were younger

than 20 years old, hence, the majority of affected
individuals were young adults. The majority of our
patients were males (76.3%).
The embolizing agents used in BAE include:
absorbable gelatin sponge (gelfoam), PVA particles,
coils and glue (NBCA). Although gelfoam is the
most economical embolizing agent, it is often
challenging to deliver them through small caliber
microcatheters. The recurrence rate of hemoptysis is
also higher because of relatively proximal occlusion
of vessels and spontaneous recanalization of arteries.
Coils are useful in case of actively bleeding vessels
as in pseudoaneurysms and in large systemic to
pulmonary shunts. However, future procedures in
case of recurrence is difficult because of proximal and
permanent occlusion of vessels.19,20
The standard of care embolization material for
BAE today is PVA particles in sizes ranging from
250–700µm. PVA is effective and gives a long-lasting
response compared to gel foam embolization.21
We used PVA in all our patients. Using PVA
particles with a size above a threshold of 325µm,
theoretically avoids broncho-pulmonary shunting.
The disadvantage of PVA particles is the chance of
clumping and proximal occlusion of vessels because
of their non-spherical shape.
There are increasing reports of using liquid
embolizing agent NBCA for BAE.10 Use of NBCA
requires optimal skill and knowledge regarding the
concentration of mixture and speed of injection. With
NBCA the future recanalization rates are said to be
lower, but there is the disadvantage of closure of the
main access artery often which may lead to sourcing of
vascular supply from other arteries. We confined the use
of NBCA to cases of intractable or recurrent disease
with large arteries.
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Table 4: Comparison of outcome of bronchial artery embolization in various studies.
Reference

Number of
patients/
procedures

Grade of hemoptysis
(%)

Embolizing
agents used

Immediate
success (%)

Overall
recurrence (%)

Zhang JS, 199424

35/35

Massive (acute) =100
Mild to moderate=0

Ge, C, D

91.4

20

Lee et al, 200817

70/74

Massive=59
Mild to moderate= 41

P

99

36

Poyani et al, 201416

140/154

Massive=69
Mild to moderate=31

NA

98.5

10

Agmy et al, 201318

341/492

Massive=17.5
Mild to moderate=82.5

P, C

95

17.6

Woo et al, 201310

406/406

Massive=100
Mild to moderate=0

P, G

94

-

Our study

334/386

Massive=21
Mild to moderate=79

P, Ge, Gl

92

14

P=PVA; C= Coil; Ge=Gelatin sponge; Gl=Glue; NA= Data not available

Amongst the 440 arteries embolized there
were 354 (80%) bronchial arteries. Bronchial
arteries are reported to be responsible for 90% of
massive hemoptysis.22 RICB was the most common
artery embolized and was seen in 47% of patients.
Intercostal arteries comprised the majority of the
hypertrophied non-bronchial systemic arteries
requiring embolization, followed by the internal
mammary artery. RICB was the most common artery
embolized in most studies, right upper lobe being a
common site of involvement in tuberculosis.3,11,18
We interrogated all relevant arteries and, on the
basis of the selective runs, those showing most severe
changes (with a maximum four) were targeted for
embolization in a single session. It was found to be
effective in most cases and helped in saving procedure
time and radiation exposure to both patients and
operators. Previous authors had also reported to
follow this practice with optimal results.23 In one
patient the procedure was repeated electively, as he
had multiple abnormal arteries that could not be
adequately embolized in the first setting.
Immediate clinical success could be achieved
in the majority of our patients with 25 repeat
procedures being performed within two months of
the first procedure. Immediate control of bleeding
was achieved in 93.5% cases. This result is comparable
to results of previous studies.8-11,18 Repeat procedure
within two months was performed in 25 (6.5%)
patients due to technical or clinical failure of the
procedure. This might be because of failure to identify
or embolize bleeding vessels in the first setting or the
nature of primary disease not responding to bronchial

artery embolization. In four patients, cessation of
hemoptysis could not be achieved despite repeat
procedures. These comprised two patients of left
upper lobe aspergilloma who subsequently underwent
surgery. The other two non-responsive patients were
of carcinoma lung. We did not achieve satisfactory
results in carcinoma lung despite some previous
reports of successful embolization.8 However, we
only had two such patients. A comparison of recent
studies on the effectiveness of BAE in immediate
control of hemoptysis is given in Table 4.
Clinical recurrence was seen in 25 (7%)
patients requiring 27 repeat procedures after two
months. In such cases, recanalization of previously
embolized arteries, and/or recruitment of new
vessels are observed in subsequent angiography.
In our study, among the patients with clinical
recurrence, recanalization of vessels was found in
12 patients, recruitment of new vessels were found
in two patients and recanalization of vessels as
well as recruitment of new vessels was observed
in six patients. The chances of delayed recurrence
is also dependent on the time interval from the
procedure and the nature basic disease.25 However
the limitation of our study is that we do not have a
complete long-term follow-up of our patients. This
is due to the fact that, ours is a tertiary referral care
hospital where patients come from long distances
for specialized procedures, and they may have
reported to centers nearby at times of recurrence.
Hence, long-term recurrence rates may be higher
than those documented. The need for repeat BAE in
post-tubercular sequelae is well reported.11,12
O M A N M E D J, V O L 3 0 , N O 2, M A R C H 2015
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Inadvertent embolization of the spinal artery
remains the most dreaded complication of BAE,
but we did not encounter this complication in any
patient. This can be attributed to the increasing use
of microcatheters as has been mentioned in recent
studies.8-13 With microcatheters, it is now possible
to safely deliver the embolization material beyond
the origin of the spinal arteries thus preventing
this complication. We encountered only minor
complications such as non-progressive localized
dissection and chest pain. None of these required
any active intervention apart from analgesics for two
to three days in those with significant chest pain. We
discontinued the procedure in cases of suspected
localized dissection. These patients underwent repeat
procedures in cases of accompanying clinical failure.
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