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Results of Bronchial Artery Embolization for Massive Hemoptysis
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Results: Etiological analysis showed that Bronchial Racemose
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in seven patients (47%), followed by Bronchiectasis (BE) that
was present in four patients (27%). In addition to lung disease,
hypertension, and a high Brinkmann Index might be risk factors
of hemoptysis. Flexible Broncho-Fibers copy (BF) and Chest
Dynamic CT, especially three-dimensional CT, appeared useful in
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soon as possible for persistent massive hemoptysis.
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Further, it is crucial to perform an examination of all the branches
of the bronchial artery at that time. We emphasize that both
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Abbreviation
BAE: Bronchial Arterial Embolization; BRH: Bronchial Racemose
Hemangioma; BF: Bronchofiberscopy; Tbc: Tuberculosis; BE:
Bronchiectasis; CT: Computed Tomography.

Introduction
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Several pulmonary diseases, such as tuberculosis, bronchiectasis,
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and primary lung cancer, cause hemoptysis. These disorders
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sometimes exhibit massive and life-threatening hemoptysis,
causing fatalities. In these cases, bleeding almost originates from
bronchial arteries or non-bronchial systemic collateral vessels.
Bronchial Artery Embolization (BAE) has been performed for
hemoptysis treatment. It is advantageous in that it can control
massive and life-threatening hemoptysis immediately. However, in
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our hospital, recurrent hemoptysis has also been reported owing
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to recanalization or revascularization. We speculate that massive

embolization for massive hemoptysis. Clin Case Rep J.
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hemoptysis recurrence may be associated with vascular fragility;
however, few studies have assessed the fragility associated with
hemoptysis. Here we focus on the patients’ background, the
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vascular dimension of embolized vessels, and long-term results.

In addition, with or without bronchial BF, CT findings [such as

Also, we refer to the treatment for recurrent hemoptysis after BAE.

emphysema, location of infiltration caused by blood aspiration,
detection of the dilated bronchial artery (BA)] and angiographic

Materials and Methods

findings [such as systemic-to-pulmonic shunt (S-P shunt),

Patients: From April 2010 to June 2020, 15 patients underwent

measurement of BA by using picture archiving, and communication

bronchial

life-threatening

systems (PACS) software] were also analyzed. At first, we explored

hemoptysis in our hospital. The 15 patients, including seven

the lung field and diagnosed lung disease. Next, we distinguished

men and eight women with a median age of 77 years (range, 41

between the primary and the secondary BRH.

angiography

for

massive

and

years to 87 years), who underwent BAE, were analyzed in this
study. The patient characteristics and underlying etiologies of
hemoptysis are shown in (Table 1). We routinely perform chest
X-ray, plane, dynamic Computed Tomography (CT), and laboratory
examinations for hemoptysis patients.
Table 1: The patient characteristics and underlying etiologies of hemoptysis.
Patients
Sex
Age

Etiologies

No.

Male

7

Female

8

40–49

1

50–59

0

60–69

5

70–79

3

80–

6

Racemose hemangioma

7

Bronchiectasis

4

Sequential tuberculosis

2

Aspergilloma

2

In some cases, flexible Broncho-Fibers copy (BF) was additionally
performed to lateralize the bleeding side, localize the specific
site, and identify the cause of hemoptysis. All patients had been
hospitalized in our intensive care unit and underwent standard
medical management, such as monitoring vital signs and the
administration of oxygen for hypoxemia, and antibiotics in patients
with documented or suspected bacterial infection.
BAE with mechanical ventilation was performed in one patient.
Technique of BAE: Briefly, under local anesthesia, transfemoral
bronchial arteriography was performed percutaneously using a
4F or 5F catheter. In all cases, bronchial or non-bronchial arteries
were found to be abnormal with arterial enlargement, regions
of hypervascularity, or systemic-to-pulmonic shunting. The
embolization materials were routinely used absorbable gelatin
sponge particles (Spongel; LTL Pharma, Tokyo, Japan). All the
procedures were performed by a single radiologist who carefully
performed all the processes. The visualization of an anterior spinal
branch or catheter instability was an absolute contraindication.

These processes were performed with both a single radiologist in
our hospital and us. Furthermore, the recurrence of hemoptysis
with or without relapse was inquired. After the treatment, all
patients were followed up at our department.

Results
Background of the patients: Of the 15 patients who underwent
BAE, all except one fell in the elderly age group, as shown in
(Table 1). Etiological analysis showed that BRH was the most
prevalent condition, observed in seven patients (47%), followed by
bronchiectasis (BE) that was the present in four patients (27%).
The information of the 15 patients who underwent BAE has been
detailed in (Table 2) and (Table 3). As shown in (Table 2), eight
(53%) patients had hypertension and three (20%) had diabetes.
Only one patient was administered an anticoagulant drug (50 mg
of clopidogrel for ischemic heart disease). Eight of the subjects
had never smoked, while seven were smokers including five
current smokers and two former smokers. The smoker’s Brinkman
index ranged from 345 to 1240 and an average of 816. The SBP
on arrival was 120 mmHg–210 mmHg, and the average SBP
on arrival was 143 mmHg. These results suggested that there
were few relationships between a massive hemoptysis and the
patients’ background. As shown in (Table 3), nine (60%) patients
underwent BF. Plane chest CT showed an emphysematous
change in five (33%) patients and an infiltration caused by blood
aspiration in eleven (73%) patients. Chest dynamic CT, especially
three-dimensional CT, revealed convolution and dilation of BA from
aortic arch and/or descending aorta. There was one vessel in 6 of
15 (40%), were two vessels in 7 of 15 (47%) and were three vessels
in 2 of 15 (13%). An angiography demonstrated the S-P shunt in
2 of the 15 (13%) patients. The BA diameter was independently
measured and ranged from 1.7 mm to 5.2 mm (average 2.9
mm). All vessels detected on chest dynamic CT were treated
completely. Hemoptysis relapse was confirmed in 4 of the 15
(27%) patients. Of these four cases, two had BRH, and the others
had BE and aspergilloma. The range of relapsed bronchial artery
was from 2.5 mm to 4.1 mm (average 3.1 mm). For example, Case
4 received the left branch of BAE for life-threatening hemoptysis
caused by the BRH (Figure 1A and 1B). Eight months thereafter,

Analysis of Outcome: Several aspects of the outcome were

this patient was brought to the emergency room of our hospital

retrospectively analyzed: the patients’ morbidity (hypertension

due to massive hemoptysis. Chest three-dimensional dynamic

and diabetes), administration of an anticoagulant drug, smoking

CT described the recanalization of the bronchial arteries that

status using Brinkman index, and Systemic Blood Pressure (SBP)

were previously embolized (Figure 1C). A selective bronchial

on arrival.

angiography revealed dilated convolution and recanalization of the
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Table 2: The information of the 15 patients who underwent BAE.
Case

Age, Sex

Diagnosis

Hypertension

Diabetes

Anticoagulant drug

Brinkmann Index

SBP4

1

82, M

Sequential Tbc1

(-)

(-)

(-)

1240

150

2

62, F

BRH

(-)

(-)

(-)

0

150

3

87, F

BE3

(+)

(-)

(-)

0

210

4

41, M

BRH

(-)

(-)

(-)

345

125

5

80, F

BRH

(+)

(-)

(-)

0

133

6

81, F

BE

(+)

(-)

(-)

0

120

2

7

66, F

BE

(-)

(-)

(-)

0

146

8

65, M

BRH

(-)

(-)

(-)

900

156

9

78, F

BRH

(+)

(-)

(-)

0

159

10

80, M

BRH

(+)

(+)

(-)

1000

126

11

77, M

BE

(-)

(-)

(+)

0

130

12

77, F

BRH

(+)

(-)

(-)

570

128

13

80, F

Sequential Tbc

(+)

(+)

(-)

0

130

14

68, M

Aspelgilloma

(+)

(-)

(-)

820

123

15

62, M

Aspelgilloma

(-)

(+)

(-)

840

162

1) Tbc: Tuberculosis, 2) BRH: Bronchial Racemose Hemangioma, 3) BE: Bronchiectasis, 4) SBP: Systemic Blood Pressure.
Table 3: Patients underwent BF.
Case

CT findings

BFS1
Emphysema

Location of infiltration

Angiographic findings

Recurrence

Dilated BA

S-P shunt

BA diameter

Treated BA

1

(-)

2.9

1

(-)

LUL5

2

(-)

2.6, 2.5

2

(-)

(-)

RUL6

2

(-)

3.6, 1.7

2

(-)

(+)

(+)

RUL, LUL

1

(-)

3.1

1

(+)

5

(-)

(-)

(-)

2

(-)

4.6, 3.6

2

(-)

6

(+)

(-)

LUL

2

(-)

2.9, 2.2

2

(-)

1

(+)

(-)

RML , RLL

2

(+)

(-)

3

(+)

4

3

4

2

7

(-)

(-)

(-)

2

(-)

2.7, 2.5

2

(+)

8

(+)

(+)

RUL

3

(-)

2.8, 2.7,2.6

3

(-)

9

(+)

(-)

RML,RLL,LUL

1

(-)

2.8

1

(+)

10

(-)

(+)

(-)

1

(-)

2.1

1

(-)

11

(+)

(-)

LLL

1

(-)

2.6

1

(-)

12

(+)

(-)

RLL, LLL

3

(-)

2.5, 2.3, 2.2

3

(-)

13

(-)

(-)

LUL

2

(+)

5.2, 2.6

2

(-)

14

(-)

(+)

(-)

2

(+)

4.1, 3.2

2

(+)

15

(-)

(+)

RLL

1

(-)

3.5

1

(-)

7

1) BF: Bronchofiber scope, 2) S-P shunt: Systemic-Pulmonary shunt, 3) RML: Right Middle Lobe, 4) RLL: Right Lower Lobe, 5) LUL: Left Upper Lobe, 6)
RUL: Right Upper Lobe, 7) LLL: Left Lower Lobe.

previously embolized artery (Figure 1D); thereafter, consecutive

of malignancies. Chest X-ray did not detect an abnormal shadow,

BAE of the common bronchial artery was performed with Spongel

but chest plane CT showed infiltration of the left lung opacities.

and the metallic coils (Figure 1E). Nine months thereafter, he was

Chest dynamic CT revealed convolution and about 3 mm dilated

brought to the emergency room of our hospital due to massive

of bronchial vessels, and three-dimensional CT demonstrated

hemoptysis again. A selective bronchial angiography revealed

several BRHs extending from descending aorta (Figure 2A). By

dilated convolution and recanalization of the previously embolized

detailed examination of the CT, one BRH (above allow) showed

artery (Figure 1F); thereafter, consecutive BAE was performed

pooling of contrast injection in the right upper lobe, and the other

with Spongel. At the time of writing this report, this patient was

BRH (below allow) revealed pooling of the injection in the left

doing well at 4 years after the treatment, and three-dimensional

upper lobe (Figure 2B). BF showed the massive bleeding from the

CT did not show BRH recurrence.

left side of the bronchus. Selective bronchial angiography showed

We show the other case. A 77-year-old female (Case 12) visited our
hospital with hemoptysis. She was never smoker, nor family history
Infact Publications LLC

3 mm dilated convolution and pooling of contrast injection in the
right upper lobe (Figure 2C) and the left upper lobe (Figure 2D).
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F

Figure 1: Angiography, chest-enhanced three-dimensional CT, and BAE for Case 4.
Figure 1A: Angiography reveals the common trunk of the bronchial artery.
Figure 1B: BAE with Spongel was performed for the left branch.
Figure 1C: Chest-enhanced three-dimensional CT described recanalization of the bronchial arteries that were previously embolized.
Figure 1D: Bronchial angiography revealed dilated convolution and recanalization of the previously embolized artery.
Figure 1E: Consecutive BAE of the common bronchial artery was performed with Spongel and the metallic coils (white allow).
Figure 1F: Bronchial angiography revealed dilated convolution and recanalization of the previously embolized artery.

A

C

B

D

Figure 2: Chest enhanced three-dimensional CT and angiography for Case 12.
Figure 2A: Chest enhanced three-dimensional CT demonstrated several bronchial racemose hemangiomas (BRH) extending from descending aorta.
Figure 2B: By detailed examination of the three-dimensional CT, one BRH (above allow) showed pooling of contrast injection in the right upper lobe, and the other BRH (below allow) revealed
pooling of the injection in the left upper lobe.
Figure 2C: Bronchial angiography showed 3-mm dilated convolution and pooling of contrast injection in the right upper lobe.
Figure 2D: Bronchial angiography showed 3-mm dilated convolution and pooling of contrast injection in the left upper lobe.
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The angiography revealed the third vessel (data not shown). BAE

that with anticoagulant drugs. As shown in (Table 3), nine (60%)

was performed with absorbable gelatin sponge (Spongel) for all

of the patients underwent BF. We have previously reported that BF

of them. After BAE, the BRH could not demonstrate, and then she

produces more information about the bleeding point and could be

discharged two days after the treatment. At the time of writing this

used for intubation at the time of massive bleeding as a sucker

report, this patient was doing well at 3 years after the treatment,

and confirmation of the tube position directly) [6]. For one patient

and three-dimensional CT did not show BRH recurrence.

(Case 9), BF was useful for intubating the healthy lung in a short

After the treatment, all patients were followed up at our department.

time.

The number of patients per follow-up interval has been shown

There was a weak relation between hemoptysis and CT findings

in (Figure 3). Except one patient, Case 13, all the others were

(with or without emphysema, blood aspiration site, the number

managed well and survived with our treatment. With respect to

of a dilated bronchial arteries). Furthermore, there was a limited

Case 13, this patient underwent BAE for massive hemoptysis

relation between hemoptysis and angiographic findings (with or

caused by sequential tuberculosis and then recovered; however,

without a pulmonary-arterial shunt, the number of treated BA, and

she died 1 month thereafter owing to pulmonary arterial embolism

the diameter of BA) and relapse.

of the healthy side.

BAE is well accepted in hemoptysis management; however, of the
patients successfully treated by BAE, 20% exhibited re-bleeding at
the 6 months follow-up) [7]. The reason for recurrent hemoptysis

Number of
Patients
6

appears to be a recanalization and recruitment. There were two
peak times of recurrent hemoptysis. The first peak was from 1
to 2 months post-BAE, indicating incomplete BAE that could lead
to hemoptysis from the other non-bronchial arteries. The second

4

peak was from 1 year to 2 years post-BAE, indicating vasculature
recruitment by the underlying pulmonary disease and relapse. In
our cases, hemoptysis occurred from 6 months, 8 months, 19

2

months, 19 months after the initial BAE. The relapse rate was
low within 6 months; therefore, the main reason for the relapse

0
0-12

13-24

25-36

>37

Follow-up periods (Months)
Figure 3: Distribution of the follow-up periods (months) in the 15 patients who
underwent BAE.

Discussion
Life-threatening hemoptysis was defined as at least 200 mL of
blood loss per hour in a patient with normal lung function. In a
patient with lung etiologies, only 50 mL of blood loss leads to a
fatality. Bronchial and non-bronchial systemic arteries are now
considered to be the main source of hemoptysis) [1–3]. As shown
in (Table 1), no sex-based differences were observed. All the
patients had some lung etiologies and were elderly, except for one
patient. BRH was the most common causal factor of hemoptysis.
It was characterized by a dilated and convoluted BA and vascular
hyperplasia, causing abnormal anastomosis (adjacent vessels)
[4].
Bavo et al. first described BRH as angioma-like changes in
1976) [1], and BRH has been classified into two types, congenital
vascular malformation as a primary form and subsequent
vascular malformation broncho-pulmonary inflammation as a
secondary form) [5]. As shown in (Table 2), there appeared to be
a correlation between hemoptysis and hypertension in addition
to that with the Brinkman index and SBP. However, there was a
limited relation between hemoptysis and diabetes in addition to
Infact Publications LLC

appeared to be the recruitment of vasculature. Furthermore, BAE
may control hemoptysis’s recurrence and survive for a long time, as
shown in (Figure 3). BAE is associated with several complications,
such as spinal ischemia, paraplegia, and renal failure; however, we
did not observe any such complications at our hospital.
The embolization materials were routinely used absorbable
particles of gelatin sponge, but only one case used a metallic
coil in addition to Spongel for recanalized bronchial racemose
hemangioma (Case 4). He is doing well without hemoptysis
for 5 years, so BAE with a metallic coil may prevent massive
hemoptysis.
The other therapeutic procedures include arterial bronchial ligation
and surgical resection. Hamano et al. described that arterial
bronchial ligation via surgery was advantageous for the patient in
terms of certainty) [8]. However, general anesthesia is essential,
and the treatment may remain incomplete, such as in the case of
patients with hemoptysis from the non-bronchial arteries.
Furthermore, surgical resection of the bleeding region involves
several complications, such as postoperative pneumonia,
empyema, postoperative air leakage, and atelectasis. Twenty
percent of the patients may have such complications, and the
mortality was reported to be 2%. As per a recent study, arterial
bronchial ligation via thoracoscopic surgery is beneficial for the
patient due to its slower invasiveness) [9].
BRH also complicated bronchial-pulmonary arterial fistula, and
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a procedure, such as arterial bronchial ligation or left upper
lobectomy, is performed in such cases) [10].

bronchial arteries. Rontgenblatter. 1979;32(12):659–664.
3.

In conclusion, our study demonstrates that BAE is such a useful
treatment for emergent and massive hemoptysis. When a patient

bronchial arterioma. Klin Wochenschr. 1980;58(7):347–357.
4.

Jeong HS, Hong SJ, Park JH, Ahn CM, Yu CW, Lim DS. A case
of fistulous tracts from all coronary arteries to pulmonary

with hemoptysis presents, we investigate the patient’s background

trunk, right ventricle, left atrium, bronchial arteries and aorta,

and then perform enhanced chest CT and BF. For patients with

co-existing fistulas between bronchial arteries and pulmonary

persistent massive hemoptysis, we perform BAE as soon as
possible; further, we examine all the BA branches.

Cain H, Spanel K. Etiology and morphogenesis of the so-called
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We emphasize that both BF and BAE is vital for patients with life-
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threatening hemoptysis.

artery with recurrent hemoptysis.
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