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Abstract
Objectives. To report our experience with bronchial artery embolisation (BAE) for the treatment of massive haemoptysis due to untreated or
partially treated pulmonary tuberculosis.
Materials and methods. In February 2007 five male patients, between
the ages of 40 and 51, presented to Chris Hani Baragwanath Hospital
(CHBH) with massive haemoptysis. Bronchial arteriography and
embolisation were performed using a 4 French C2 catheter and polyvinyl alcohol (PVA) particles ranging from 300 to 900 micrometers.
Results. Seven bronchial arteries in total were embolised (2 patients
required embolisation of 2 arteries each). The haemoptysis was controlled during the first endovascular treatment session in all 5 patients.
No serious complications developed in any of our patients as a result of
the interventions. At the 1-month follow-up none of the patients had
reported any episodes of haemoptysis.
Conclusion. Massive haemoptysis due to pulmonary tuberculosis can be
effectively treated with BAE when in a controlled environment, with the
proper patient selection and with the appropriate expertise.

Introduction
Percutaneous transcatheter embolisation is a safe and effective method of
vascular occlusion that has been successfully applied in practically every
vascular territory to arrest haemorrhage. It has become the therapeutic
technique of choice in the treatment of many vascular abnormalities.1
Bronchial artery embolisation (BAE) is a safe and well-accepted
procedure for the management of massive or recurrent haemoptysis.2

Massive haemoptysis is defined as the expectoration of more than 300
ml of blood in a 24-hour period.2 The mortality rate from untreated
massive haemoptysis can be as high as 50%.3 Death, in most cases, is
secondary to asphyxiation from aspiration rather than from the bleeding itself. Surgical management during an acute episode of massive
haemoptysis also has a high mortality rate, reported to be in the region
of 30 - 40%.4
We report our experience with BAE for the immediate treatment
of massive haemoptysis due to untreated or partially treated pulmonary tuberculosis (PTB) at Chris Hani Baragwanath Hospital (CHBH).
CHBH is a 3 200-bed public-sector urban hospital in Johannesburg,
South Africa. It is affiliated to the University of the Witwatersrand and
services the 3 million-plus inhabitants of Soweto.

Patients and methods
In February 2007, five male patients between the ages of 40 and 51,
presented to the respiratory unit with massive haemoptysis. They were
then referred to our unit for BAE. In all these patients the cause of
the haemoptysis was determined to be untreated or partially treated
PTB (Table I). Where available, the HIV status of the patients was also
documented.
For logistical reasons bronchoscopy was not performed before
embolisation, therefore the decision to perform angiographic intervention was made on the basis of review of chest radiographs alone. These
were evaluated for the site and extent of the pathology. In all the patients
referred to us, chest radiographs demonstrated features of advanced,
extensive and chronic disease, seen commonly with PTB (Figs 1a and
b).
Four of the 5 patients were stable after having received blood transfusions. The fifth patient was sent to our unit intubated and on ventilatory support.
In all 5 patients, the right femoral artery was punctured using the
Seldinger technique. Initially non-selective aortograms were performed
using a 5 French pigtail catheter, followed by selective and super-selective bronchial artery catherisation using a 4 French Cobra 2 catheter to
accurately detect the site of haemorrhage.

Table I. PTB and HIV status
		

Pulmonary tuberculosis status

Retroviral status

CD4 counts (cells/mm3)

Patient 1		

Partially treated PTB, bronchiectasis

Positive

194

Patient 2		

Partially treated PTB, previous defaulter

Unknown

-

Patient 3		

Untreated PTB		

Positive

376

Patient 4		

Third episode of partially treated PTB

Positive

34

Patient 5		

Untreated PTB		

Unknown

-
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Table II. Chest radiograph findings and sites of haemorrhage

Patient 1

Chest radiograph findings			

Site of haemorrhage

• Dense consolidation right lower lobe with underlying bronchiectasis		

• Right lower lobe

• Fibrocavitatory changes left apex
Patient 2

• Bilateral apical fibrosis			

	• Dense consolidation with cavitation in the left mid and lower zones (underlying bronchiectasis)

• Right lower lobe
• Left lower lobe

• Nodular infiltrate with confluence and consolidation in the right lower lobe
• Left-sided pleural effusion
Patient 3

• Apical pleural thickening on the left			

• Left upper lobe

• Fibrosis with traction bronchiectasis in the left upper lobe
• Bilateral hilar adenopathy
Patient 4

• Patchy consolidation in the left upper lobe			

• Left lower lobe

• Bilateral dense perihilar and lower lobe consolidation with cavitation (underlying bronchiectasis)

• Right lower lobe

• Left-sided pleural effusion
Patient 5

• Bilateral apical fibrosis with underlying bronchiectasis		

• Right upper lobe

• Bilateral hilar adenopathy

Fig. 1a. Chest radiograph of patient 2 demonstrating: bilateral apical fibrosis
with bronchovascular distortion and volume loss, a diffuse nodular infiltrate
with confluence and consolidation in the right lower lobe, dense consolidation with underlying bronchiectasis in the left mid and lower zones and a
left-sided pleural effusion.
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Fig. 1b. Chest radiograph of patient 4 demonstrating: bilateral dense perihilar and lower lobe consolidation with cavitation and underlying bronchiectasis, patchy consolidation in left upper lobe and a left-sided pleural effusion.
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Fig. 2. Bronchial arteriography demonstrating hypertrophy of the bronchial
artery with hypervascularity.

Fig. 3. Bronchial arteriography demonstrating abnormal vascularity with
contrast extravasation.

The sites of haemorrhage varied from patient to patient (Table II).
In 4 out of the 5 patients the same C2 catheter that was used to
detect the site of haemorrhage was also used for the embolisation. In 1
case a 4 French Sheppard Hook catheter was used due to difficulty in
accessing the bronchial arteries. Micro-catheters, though routinely used
in our centre for BAE and definitely recommended and preferred, were
unavailable at the time.
Hypervascularity was a common finding at the site of bleeding in all
of the 7 arteries embolised (2 patients required embolisation of 2 arteries each). Hypertrophy of the bronchial artery was seen in 4 cases and
extravasation of contrast into the bronchial lumen was seen in 1 case
(Figs 2 and 3).
In 1 patient we encountered a spinal artery being fed by a branch
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Fig. 4. Post embolisation bronchial arteriography demonstrating occlusion
of abnormal vessels.

Fig. 5. Cessation of bleeding following embolisation..

of the proximal bronchial artery. Here a selective embolisation was
performed with the catheter positioned distal to the origin of the feeding vessel.
Polyvinyl alcohol (PVA) particles ranging from 300 - 500 micrometers up to 700 - 900 micrometers were used in all cases. These were
gradually injected into the bronchial arteries with a dilute mixture of
contrast using a 10 ml syringe.

Results
Seven bronchial arteries in total were embolised (2 patients required
embolisation of 2 arteries each). Embolisation was considered to be
successful if less than 100 ml of blood was expectorated within 24 hours
following the procedure. Thereafter, occasional bloodstained sputum, or
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none at all, was considered to indicate a successful outcome.
The haemoptysis was controlled during the first endovascular treatment session in all 5 patients; 2 patients having minimal haemoptysis
(< 100 ml in 24 hours) and 3 patients having no haemoptysis at all (Figs
4 and 5). No serious complications developed in any of our patients as
a result of the interventions, although 1 patient did complain of chest
pain corresponding to the vascular territory embolised. The patient
was treated with non-steroidal anti-inflammatory drugs and the pain
subsided within 24 hours.
At the 1-month follow-up none of the patients had reported any
episodes of haemoptysis.

Discussion
Bronchial arteriography was first performed in the late 1950s and early
1960s using non-selective aortography, while the first selective bronchial
angiogram was performed in 1963. The Remy group performed the first
BAE for haemoptysis in 1973.5 Since then many studies have documented the use of BAE for the effective treatment of haemoptysis.6,7
The haemoptysis may result from various causes and differs greatly
between the Western and non-Western world. In South Africa PTB,
particularly tuberculous bronchiectasis is the most common underlying
cause of massive haemoptysis.8,9 Although PTB is effectively treated
with chemotherapy in the majority of patients, 10 - 20% will develop
serious complications.6 This percentage is increased substantially in
our population because of the complex socio-economic circumstances
together with a lack of insight into the disease that often leads to incomplete or partial treatment in a large number of patients (Fig. 6).
The prevalence of tuberculosis in sub-Saharan Africa has also been
on the increase due largely to the advent of the HIV epidemic.10 As a
result we are now encountering more life-threatening complications of
the disease, and post-tuberculous bronchiectasis is the major cause of
massive haemoptysis in Southern Africa.9
Small, single episodes of haemoptysis and chronic minor haemoptysis associated with PTB, though an important clinical problem, are
generally managed well with anti-TB drugs. On the other hand, massive
haemoptysis can be life threatening because of either volume depletion and circulatory collapse or, more often, aspiration and consequent
asphyxiation. In this setting urgent intervention is required due to the
high mortality rate (reportedly between 50% and 100%) associated with
conservative management.11

Surgery during an acute episode of massive haemoptysis is also associated with a high morbidity and mortality rate.8 BAE is the preferred
method of treatment for massive haemoptysis in patients who have diffuse lung disease or those who are not surgical candidates.12 BAE should
be considered early in the evolution of massive haemoptysis.
BAE for the short-term control of haemoptysis is effective in around
90% of cases. Incomplete embolisation is usually the reason for early
rebleeding. Ten to twenty per cent of patients will develop late rebleeding within 1 year due to the proliferation of collateral vessels. Repeated
embolisation may be attempted for early or late rebleeding, however
patients with localised lesions and adequate pulmonary function reserve
should undergo surgical resection, as this is the most effective definitive
therapy.12
In 90% of cases the source of haemoptysis is the bronchial circulation.13 Thus familiarity with the vascular anatomy is important, especially since the anatomy of the bronchial arteries can be variable. The arteries usually arise directly from the proximal descending aorta. A useful
landmark for accessing the arteries is in the region of the origin of the
left main bronchus, most commonly between the levels of the T5 and T6
vertebrae. Based on a study of 150 human cadavers in 1948 Cauldwell et
al.14 reported 4 classic bronchial artery branching patterns (Fig. 7).

Fig. 7. Diagrams illustrating the different types of bronchial arterial supply:
Type I, two bronchial arteries on the left and one on the right that manifests
as an ICBT (intercostal bronchial trunk); Type II, one on the left and one ICBT
on the right; Type III, two on the left and two on the right (one ICBT and one
bronchial artery); Type IV, one on the left and two on the right (one ICBT and
one bronchial artery).

It is important to note that in some cases branches of the bronchial
artery supply the spinal artery. This makes it imperative to assess the
bronchial circulation prior to embolisation in order to ensure that the
spinal arteries are not inadvertently embolised. In these instances it is
essential to perform the embolisation distal to the origin of the branches
to the spinal artery.

Conclusion
Massive haemoptysis due to PTB can be effectively treated with BAE
when in a controlled environment, with the proper patient selection
and with the appropriate expertise. It should not be considered definitive treatment in patients with lesions that are appropriate for surgical
resection, as there is a significant recurrence rate associated with the
procedure.

Fig. 6. Treatment outcomes of PTB in Africa compared with the rest of the
world (World Health Organization, 2001).
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