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Introduction
Bronchial artery embolisation (BAE) involves selective bronchial artery catheterization 
and angiography, followed by embolisation of any identified abnormal vessels to stop the 
bleeding. Its role in the management of acute major haemoptysis has been well established 
and reported since 1970s.1-6 Although some previous reports had also described BAE for 
chronic recurrent haemoptysis,1,3,5-7 in the latter instances its efficacy has been less well-
studied; their focus mainly being on patients with cystic fibrosis,8 which is rare in Hong Kong. 
Chronic recurrent haemoptysis can also occur in other common chronic lung disorders 
such as bronchiectasis and tuberculosis (TB), in which haemoptysis is troublesome though 
not immediately life-threatening. This study therefore explored and compared the efficacy 
and safety of BAE in the management of these two groups of patients.

Methods
This was a retrospective study of consecutive patients who had undergone BAE over a 
6-year period from January 1998 to December 2003 at Queen Elizabeth Hospital (QEH), 
a major general hospital and tertiary referral centre in Hong Kong. The subjects were in-
patients and out-patients of the QEH and the Respiratory Medical Department of Kowloon 
Hospital (KH), the latter being a tertiary respiratory specialist centre. Apart from the patients 
of these two hospitals, in-patients and out-patients from other hospitals were also referred 
for BAE. After the procedure, most of the patients were followed up in their original 
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institutions. The clinical records were reviewed and 
the following data were collected: demographics, 
smoking history, co-morbidities, clinical features, 
results of investigations such as chest radiographs, 
and findings from computed tomography (CT) of the 
thorax and bronchoscopy. However, bronchoscopy 
and CT of the thorax were performed at the discretion 
of the attending physician. Because of considerations 
such as their lack of utility in the management of active 
TB, unstable haemodynamic status etc, these two 
investigations were not performed in every patient. 
The procedure actually performed, as well as findings, 
outcomes, and complications of their bronchial 
arteriograms and subsequent embolisations, were 
also recorded.

 Patients were considered as having acute major 
haemoptysis if they had endured one of the following 
conditions: (1) haemoptysis precipitating emergency 
admissions, with significant bleeding (over 50 mL) 
being witnessed9; (2) more than 200 mL of blood 
expectorated in 24 hours10; (3) haemoptysis giving rise 
to haemodynamic compromise; (4) blood transfusion 
undertaken for significant drop in haemoglobin level; 
(5) the in-charge physicians regarded the haemoptysis 
as clinically threatening and uncontrolled by 
conservative measures. On the other hand, chronic 
recurrent haemoptysis referred to repeated bleeding 
episodes ensuing twice or more for over the past 
6 months, not resulting in emergency admission 
even though associated symptoms could have been 
troublesome. In the latter cases BAE would have 
been carried out in an elective manner. The decision 
to offer BAE and its timing was usually jointly 
made after assessment by respiratory physicians, 
thoracic surgeons, and radiologists. The service was 
available on a 24-hour basis, with after office hours 
emergency requests being assessed by interventional 
radiologists. All elective cases were admitted on 
the day of the procedure and observed for possible 
complications for at least another 24 hours after the 
procedure. Since most cases were followed up after 
discharge in their respective original institutions, 
long-term follow-up data were only available for a 
limited number of patients, who were subsequently 
followed up in the study institutions (QEH and KH). 
‘Immediate control’ of haemoptysis was defined as the 
absence of re-bleeding during the same admission, 
whereas ‘recurrence’ was defined as haemoptysis 
after discharge that was of a degree severe enough to 
warrant unanticipated medical attention (admission, 
emergency room visit, unscheduled clinic visits).

 Diagnostic angiography was usually performed 
via the common femoral artery, and with an initial 
descending thoracic aortogram performed with a 5-F 
Pigtail catheter to obtain an image of the bronchial 
artery anatomy. This was followed by selective 
bronchial artery catheterization and bronchial 
arteriogram involving a digital subtraction technique 

with nonionic contrast. If no abnormal bronchial 
arteries were identified, selective subclavian 
arteriograms were performed to search for aberrant 
bronchial arteries or a non-bronchial systemic 
artery blood supply. Inferior phrenic arteries were 
also studied for lower lobe disease. Distal portions 
of abnormal bronchial and non-bronchial systemic 
arteries were superselectively catheterized with a 
microcatheter so as to bypass the possible origin 
of the spinal artery. This was to prevent inadvertent 
reflux of embolic agents into the aorta or subclavian 
artery. In most of the cases, polyvinyl alcohol 
particles (Interventional Therapeutic Corporation, 
Fermont, US) with a range of sizes from 355 
to 500 µm were utilised for embolisation. Figures 
1 and 2 illustrate the procedure in a patient with 
chronic haemoptysis due to a destroyed right upper 
lobe from old pulmonary TB.

Statistical	analyses

Data were analysed using the Statistical Package for 
the Social Sciences (Windows version 12.0; SPSS 
Inc, Chicago [IL], US). Continuous variables were 
presented as mean and standard deviation (SD), 
unless otherwise indicated. Categorical variables 
were expressed as percentages. Differences between 
groups were analysed using the Chi squared test 
or Fisher’s exact test for categorical variables, and 
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Student’s t test for continuous variables. The Kaplan-
Meier survival method was used to estimate the 
recurrence-free probability of the patients after BAE. 
The log-rank test was used to compare the difference 
in the probability of recurrence between groups. 
Two-tailed tests were used for all analyses and a P 
value of smaller than 0.05 was considered statistically 
significant.

Results
A total of 74 BAE procedures were attempted on 70 
patients. Thirty-one (44%) patients had co-morbidities 
other than underlying respiratory illnesses. 
Underlying diseases responsible for haemoptysis 
episodes were all identified as pulmonary. They 
included bronchiectasis (67%), previous pulmonary 
TB (60%), active (sputum smear or culture positive) 
pulmonary TB (7%), and carcinoma of lung (9%). 
Twenty-three (33%) patients had two co-existing 
underlying pulmonary diseases, mostly bronchiectasis 
and previous pulmonary TB. Their detailed clinical 
characteristics are summarised in Table 1.

 The extent of haemoptysis was recorded in 
46 patients; the median volume was 120 mL (in the 
24 hours before the admissions for haemoptysis). 
However, most of such values were not available 
in patients admitted for elective procedures. In 

Characteristic Data*

Mean (±SD) age (years) 65±13

Gender ratio (M/F) 53/17

Smoking history

Current/ex-smoker 40 (57%)

Non-smoker 30 (43%)

Underlying medical diseases

Hypertension 10 (14%)

Diabetes mellitus 6 (9%)

Ischaemic heart disease 3 (4%)

Previous cerebrovascular accident 4 (6%)

Anaemia 3 (4%)

Other 5 (7%)

Underlying lung diseases

Bronchiectasis 47 (67%)

Pulmonary tuberculosis

Active 5 (7%)

Old 42 (60%)

Carcinoma of lung 6 (9%)

Lung fibrosis 3 (4%)

Mycetoma 3 (4%)

Median (range) volume of haemoptysis 
(mL)

120 (20-800)

Hypotension 7 (10%)

Use of inotropic agents 2 (3%)

Blood transfusion 15 (21%)

Mechanical ventilation 13 (19%)

Intensive care unit admission 6 (9%)

TABLE 1. Demographic and clinical characteristics of patients 
undergoing bronchial artery embolisation (n=70)

* Data are shown in No. (%) of patients, unless otherwise 
indicated

FIG 1. A 54-year-old man presented with recurrent 
haemoptysis due to old pulmonary tuberculosis and destroyed 
lung at right upper lobe
A hypertrophied right bronchial artery supplying the lobe is shown, 
which is selectively cannulated with micro-catheter

Hypertrophic 
bronchial artery

Micro-catheter

Main catheter

FIG 2. The post-embolisation figure demonstrated blockage of 
the vascular supply

Blockage of the vessel by 
embolisation material
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a few patients, haemoptysis was associated with 
hypotension (10%), the use of inotropic agents 
(3%), and blood transfusion (21%). Tranexamic acid 
was used in 58 (83%) patients. Thirteen (19%) of 
the patients received mechanical ventilation for 
respiratory failure; six (9%) were admitted to an 
intensive care unit (Table 1).

 Chest radiographs were available for all patients, 
and radiological abnormalities were identified in 
60 (86%) of them. These included past fibrotic TB 
scars in 19 (32%) of the patients, consolidation in 
17 (28%), bronchiectatic changes in 10 (17%), mass 
lesions in nine (15%), diffuse reticular shadows 
in three (5%) and pleural effusion in one (2%). 
Fibreoptic bronchoscopy was performed in 38 
(54%) of the patients in the same admission before 
BAE; the bleeding side was lateralised in 27 (71%) 
of these. Computed tomography of the thorax was 
performed during the same admission in 20 (29%) of 
the patients.

 Forty-six (62%) of the procedures were 

performed for acute major haemoptysis while 28 
(38%) were for chronic recurrent haemoptysis. 
Bronchial arteriograms were always performed 
before attempting embolisation. The most common 
findings were bronchial artery hypertrophy (54%), 
hypervascularity (32%), and shunting (18%) [Table 
2]. Bronchial artery embolisation was successfully 
performed in 69 (93%) of the episodes affecting 
66 (94%) of the patients. Embolisation was not 
performed in five patients—two had no detected 
abnormality, one procedure was aborted due to chest 
pain during the angiography, and the remaining two 
were technical failures due to failed cannulations. The 
number of embolised vessels per procedure ranged 
from 1 to 5 (mean, 2). The vessels embolised included 
bronchial arteries (89%), bronchial trunks (11%), 
intercostal arteries (22%), and internal mammary 
arteries (11%). Polyvinyl alcohol was used in most 
patients (97%), except for one who received a coil 
and another who received a gelform sponge.

 Complications were mild, all were being 
managed conservatively and resolved spontaneously 
(Table 2); four affected the right and two the 
left bronchial arteries. One patient suffered 
from dissection and perforation of a vessel and 
haemomediastinum, while another patient had vessel 
dissection, chest pain, and haemomediastinum. 
Major complications, such as spinal cord ischaemia, 
were not observed. Two patients with carcinoma of 
bronchus died during their index admission, but 
death was not related to haemoptysis or BAE.

 Immediate control of haemoptysis was achieved 
in all but one of the individuals who underwent the 
embolisation procedure; failure being in a patient 
with carcinoma of bronchus. Available follow-up 
data till December 2004 from 32 patients (mean±SD 
age, 60±13 years; male, 21) accounted for 36 BAE 
procedures. Nineteen had acute major haemoptysis, 
while 13 (41%) had endured chronic recurrent 
bleeding. The median follow-up interval was 2 
years (range, 15 days-5.74 years; the patient with the 
shortest follow-up died due to pneumonia 15 days 
after the procedure). The recurrence rates were 26% 
for the acute major group and 47% for the chronic 
recurrent group. The interval from the procedure to 
recurrence ranged from 60 days to 4.6 years (median, 
1 year). Bronchial artery embolisation was repeated 
on seven occasions in six patients.

 Kaplan-Meier curves for recurrence were 
plotted for the acute major and chronic recurrent 
groups (Fig 3). The recurrence-free survival times 
were 1640 days and 1200 days respectively, there being 
no statistically significant difference between the 
two groups (P=0.24). Presence of active pulmonary 
TB was a risk factor significantly associated with 
haemoptysis recurrence after BAE (P=0.005). Among 
the 32 subjects with follow-up data, seven (22%) 
patients died within the study period. The mortality 

Procedure Data

Total procedures attempted

Acute major haemoptysis 46 (62%)

Chronic recurrent haemoptysis 28 (38%)

Bronchial arteriogram findings 

Bronchial artery hypertrophy 40 (54%)

Hypervascularity 24 (32%)

Shunting 13 (18%)

Soft tissue staining 6 (8%)

Extravasation of contrast 2 (3%)

Others 34 (46%)

Mean No. (range) of vessels embolised 2 (1-5)

Vessels embolised

Bronchial arteries 66 (89%)

Bronchial trunks 8 (11%)

Intercostal arteries 16 (22%)

Internal mammary arteries 8 (11%)

No embolisation performed 5 (7%)

No abnormality 2

Aborted due to chest pain 1

Failed cannulation 2

Complications

Mild dissection 6 (8%)

Haemomediastinum 2 (3%)

Perforation of vessel 1 (1%)

Chest pain 1 (1%)

TABLE 2. Summary of bronchial artery embolisation 
procedures attempted between 1998 and 2003

* Data are shown in No. (%) of patients, unless otherwise 
indicated
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rate was 32% and 8% for the acute major and chronic 
recurrent haemoptysis groups, respectively.

Discussion
Our study demonstrated that BAE is a highly 
efficacious procedure with a remarkable safety 
profile for the control of haemoptysis in a series with 
a sizable proportion (39%) of patients in the chronic 
recurrent group.

 Acute massive haemoptysis is considered a 
respiratory emergency and has been associated 
with a mortality rate of up to 30 to 50%.11-13 Since the 
early reports of BAE’s successful use in the control of 
acute massive haemoptysis,1,2 it has been increasingly 
utilised as the first-line treatment for such cases. 
Its efficacy and safety have been shown in several 
studies.3-6 Earlier reports of BAE had demonstrated 
relatively low popularity,14 as it was considered a 
temporary or palliative means of control, whilst 
surgery was considered the more definitive treatment 
whenever possible.15 However, with more promising 
results detailing its reliability and safety, a substantial 
increase in BAE’s acceptance was observed in a 
more recent survey.16 Although once regarded as an 
alternative treatment in those who refuse or are not 
fit for surgery (due to cardiopulmonary compromise), 
increasingly it has been carried out in otherwise 
operable patients.16 The recent introduction of multi-
detector row CT has offered a comprehensive non-

invasive method of evaluating the entire thorax, 
which allows clear depiction of origins and courses 
of abnormally dilated bronchial or non-bronchial 
systemic arteries, which may be the source of the 
haemorrhage17 and require embolisation.18,19 The 
presence of non-bronchial systemic arteries can be 
predicted on the basis of pleural thickening greater 
than 3 mm, with the revelation of enhancing arteries 
within the extra-pleural fat on axial images. Underlying 
causes of haemoptysis such as bronchiectasis, lung 
malignancy, TB, and chronic fungal infections can be 
detected with CT, which can help guide subsequent 
embolotherapy.20 In view of the high mortality rates 
(about 40%) of emergency surgery for massive 
haemoptysis,13 BAE has been proposed as a useful 
adjunctive treatment to allow scheduled rather than 
emergency surgery to control haemoptysis.21

 Most earlier literature had focused on the role of 
BAE in acute massive haemoptysis, which was defined 
in a variety of ways, including volumes of 100 mL/24 
hours or higher, 1000 mL/24 hours or higher, and 
the ‘need’ of transfusion.22 It had been noted that the 
reported volume of haemoptysis does not necessarily 
correlate with severity23 and there is always a risk of 
recall bias from the patients (concerning the exact 
volume being expectorated). Apart from the amount 
and rate of bleeding, the amount of blood retained 
in the lungs and the underlying pulmonary reserve 
have also been correlated to the risk of death.23 We 
therefore adopted a relatively practical definition 
when offering BAE to acute major cases. On the 
other hand, no standard definition has been used for 
chronic recurrent cases.

 Although many series of ‘massive haemoptysis’ 
also contained a small number of chronic recurrent 
haemoptysis, the role of BAE in these cases is less 
well-described.1,3,5-7,24,25 The only reports on the ‘non-
massive’ category were mainly focused on patients 
with cystic fibrosis,8 a disease which is rare in Hong 
Kong. Although most cases of chronic recurrent 
haemoptysis are not immediately fatal, they are by 
no means clinically insignificant and should not be 
neglected. They can be associated with significant 
morbidity such as anaemia, in addition to the alarming 
distress and associated nuisance. Antonelli et al8 
suggested that controlling recurrent haemoptysis 
potentiated psychological well-being and compliance 
to treatment in patients with cystic fibrosis. Also, mild 
haemoptysis may serve as a warning of impending 
major haemoptysis.24 Bronchial artery embolisation 
might be the only treatment option available to 
patients who are not fit to undergo surgery. The 
relatively large number of chronic recurrent cases in 
our series also reflects the magnitude of the clinical 
problem in Hong Kong and the need for a potentially 
useful treatment modality for managing such cases.

 In the present study, BAE was effective in 

FIG 3.  Kaplan-Meier curves of recurrence-free probability of patients after bronchial 
artery embolisation (BAE) for both acute major and chronic recurrent haemoptysis
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controlling haemoptysis in both groups, with no 
statistical difference in terms of the immediate and 
long-term control of haemoptysis. Overall immediate 
control was achieved in 99%, which was similar to 
94% in a recent report by Swanson et al5 that also 
included chronic recurrent cases. The initial success 
rate of earlier reports ranged from 73 to 98%,1,3 and 
better recent success rates could be related to more 
refined techniques and better embolic agents.26

 Our recurrence rate of 26% in the acute group 
was similar to that reported by Uflacker et al2 but better 
than the 45% long-term (beyond 3 months) control 
rate reported by Mal et al.4 Swanson et al5 reported 
a 1-month recurrence rate of 11%. However, most of 
the studies (including ours) were retrospective case 
series with relatively small patient numbers, which 
invariably confounded the accuracy and reliability 
of findings about the long-term efficacy of BAE. The 
varied follow-up periods detailed in these reports 
also rendered interpretation of results difficult. The 
relatively high observed recurrence rate has prompted 
some investigators to follow up such patients for 3 
years, especially those with bronchiectatic changes 
on the CT scan and/or pulmonary-bronchial artery 
shunting detected by pulmonary angiography.9

 In the present study, active pulmonary TB was 
identified as a risk factor associated with recurrence 
after BAE. Recurrence of bleeding probably 
indicates underlying pathology that has not been 
definitively cured by BAE alone, for which either 
surgery15 or medical therapy7 might be necessary. 
Active, persistent mucosal inflammation, which is a 
factor identified by Mossi et al27 that might lead to 
recurrence of bleeding, would also be present in 
airways with active tuberculous infection. Being an 
endemic disease in Hong Kong, TB is a common 
aetiology for haemoptysis, with approximately one 
third of patients presenting with this symptom 
at different stages of the disease.28 Besides being 
a feature of active TB, haemoptysis can also be a 
manifestation of complications such as cavitation, 
fibrosis, bronchiectasis, and mycetoma. Seventy per 
cent of our patients had pulmonary TB and over 60% 
had clinical evidence of bronchiectasis. Although 
microbiological status was not reported in that study, 
extensive tuberculous pleural involvement was 
associated with poor bleeding control after BAE.29 
Suboptimal results with extensive pleural involvement 
are probably related to the increased development of 
systemic collateral blood vessels, other than from the 
bronchial artery.17,29 Since adequate medical treatment 
of the underlying lung problems is important to 
achieve long-term control after BAE,1,5,7 issues related 
to treatment of TB, including compliance, drug 

resistance and side-effects, might also be important. 
However, such data were not available in our study 
population nor were they reported in other similar 
studies. Other adverse factors affecting the long-
term results that had been noted in the literature 
include mycetoma,15,25 neoplasm,30 and complications 
of pneumonia (like abscess and pyothorax).7 Presence 
of numerous feeder vessels other than the bronchial 
arteries and invasion of vascular structures might be 
the underlying reason for bleeding recurrences after 
BAE in these conditions. However, recanalisation of 
embolised vessels,31 incomplete embolisation and 
formation of systemic collaterals might be alternative 
explanations.17

 In our series, the procedure was safe and 
well-tolerated, with a complication rate of 13%. All 
complications were mild and self-limiting and included 
chest pain and minor arterial dissections. Spinal cord 
ischaemia, the most sinister complication reported 
in the medical literature,1,4,17,32,33 was not encountered 
in our series. Nor was it noted in other more recent 
reports.5,6 This may be related to accumulation of 
experience and improved techniques, such as the 
introduction of superselective embolisation.33 In 
light of the more recent results like ours, the earlier 
pessimism about the use of BAE in patients with 
minor haemoptysis or in those with bleeding that has 
already stopped4 is no longer justified.

 In conclusion, this study demonstrated that 
BAE was effective in a series with a sizable proportion 
of patients suffering from chronic recurrent 
haemoptysis, which is a common problem with a 
clinical significance akin to acute major bleeding. 
The procedure is well-tolerated and associated with 
relatively few and mild complications. However 
recurrences did occur and multiple interventions 
were needed in certain patients. The limitations of 
our study included the relatively small number of 
patients with available long-term follow-up data, 
and its retrospective nature. More data, preferably 
prospectively collected and with a longer follow-up 
period, may be able to identify the types of chronic 
haemoptysis that benefit most from this procedure.
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