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Clinical Case of a Successful Endovascular Management of 

Pulmonary Bleeding
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The treatment of pulmonary bleedings is a complex and thrilling problem of modern surgery. The development 
of endovascular surgery allowed for the introduction of new methods for minimally invasive management of 
this pathology. The right choice of embolization technique, embolizing material, as well as the knowledge of 
anatomical particularities of pulmonary blood supply form the basis of successful management of these se-
verely ill patients. This review gives an example of successful endovascular embolization of the left bronchial 
artery with polyvinyl alcohol particles in a patient with massive pulmonary bleeding.
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Massive pulmonary bleeding is a serious medical 
problem associated with high mortality. Depending 
on the etiological cause, pulmonary bleeding -re-
lated mortality varies from 35 to 85%. The death from 
pulmonary bleeding is rarely caused by blood loss, in 
most cases it is related to blood asphyxia. Pulmonary 
bleeding is considered massive if 24-hours blood loss 
exceeds 300 ml (1-3). In the absence of etiotropic 
therapy pulmonary bleeding has recurrent character 
and is associated by 50% mortality within 6 months 
(4). The results of surgical treatment of this pathol-
ogy remain unsatisfactory, in case of urgent surgery 
the mortality is as high as 40%. We present a case of 
successful endovascular management of pulmonary 
bleeding.

Patient B., male, aged 25, was admitted to Bot-
kin City Clinical Hospital on October 18, 2008, with 
hemoptysis. Chest X-ray examination revealed 
foci-like shadows in the lower lobe of the left lung. 
Clinical picture and chest X-ray data gave the basis 
for differential diagnosis between tuberculosis and 
pneumonia of unclear etiology. Fiberoptic bronchos-
copy (FBS) performed on the same day because of 
repeated pulmonary bleeding revealed a hemorrhage 
from the lumen of the left lower lobe bronchus. The 
bleeding was stopped by bronchus irrigation with 
aminocaproic acid and Etamsylate solution. However, 
in several hours the patient had recurrent pulmonary 
bleeding. Control FBS showed recidivating bleeding 
from the left lower lobe bronchus; repeated attempts 
of bronchus irrigation with hemostatic solutions were 
unsuccessful, and for this reason bronchus tampon-
ade has been performed. The patient was transferred 
to the intensive care unit and mechanical lung ventila-
tion (MLV), antibacterial and infusion therapies were 
initiated. General blood count revealed a decrease of 

hemoglobin concentration to 79 g/l, and in this con-
nection erythrocyte mass transfusion was started. 
During the next three days the patient had several 
episodes of recurrent pulmonary bleeding, which 
required FBS and endoscopic hemostasis. Control 
chest X-ray revealed single foci-like shadows in both 
lungs. Computed tomography (CT) of thoracic organs 
revealed homogenous infiltration of both lungs’ lower 
lobes. The diagnosis of bilateral aspiration pneumo-
nia was made and antibiotic therapy with Tienam and 
Ciprofloxacin was started. Taking into account recur-
rent character and unclear etiology of pulmonary 
bleeding, as well as short-time effect of endoscopic 
hemostasis during FBS, it was decided to perform 
angiopulmonography and angiography of the bron-
chial arteries in order to find the source of bleeding 
and decide on the method of its embolization. 

During angiopulmonography there were no evi-
dences of contrast medium extravasation into the 
lung parenchyma (Fig. 1). Angiography of the de-
scending thoracic aorta revealed a pathological arte-
rial network from the left bronchial artery (Fig. 2).

Selective angiography of the left bronchial artery 
showed the increase of its diameter, with hypervascu-
larized area and contrast medium extravasation into 
the parenchyma of the left lung’s lower lobe (Fig. 3).

The left bronchial artery was embolized with 
polyvinyl alcohol (PVA) particles (500 μc). Control 
angiogram did not reveal signs of contrast medium 
extravasation, total occlusion of the left bronchial ar-
tery was achieved (Fig. 4).

After the procedure the patient remained se-
verely ill because of respiratory failure against the 
background of bilateral pneumonia, but pulmonary 
bleeding did not recur. FBS did not reveal signs of 
continuing bleeding. The results of laboratory exami-
nations allowed to exclude pulmonary tuberculosis, 
however, the discovery of worms in patient’s feces 
did not allow to exclude parasitic etiology of his pneu-
monia. Scatology revealed the presence of Ascaris 
lubricoides eggs. Antibiotic therapy with Tienam and 
Ciprofloxacin was suggested. Taking into account the 
revealed ascariasis, the therapy was supplemented 
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Figure 1. Angiopulmonography

Figure 3. Angiography of the left bronchial artery Figure  4. Total embolization of the left bronchial 
artery with PVA particles.

Figure 2. Angiography of the descending thoracic 
aorta

by anti-worm agent Mebendazol. This therapy led 
to the stabilization of patient’s condition. In 5 days 
after the embolization of the left bronchial artery he 
was extubated, pulmonary bleeding did not recur. 
Chest X-ray examination performed in 2 weeks after 
the embolization revealed the resolution of bilateral 
pneumonia. The patient was discharged in a satisfac-
tory condition. 

We present a case of successful endovascular 
treatment of pulmonary bleeding. Bronchial arter-
ies are the source of pulmonary bleeding in more 
than 90% of cases. The bleeding from the pulmo-
nary arterial system (e.g., pulmonary arteriovenous 
malformation, pulmonary endometriosis, pulmonary 

arterial aneurysm, etc.) is rare and occurs in approxi-
mately 5%. In the remaining 5% of cases the source 
of bleeding is not found in bronchial systemic collat-
eral arteries. It can be located in the internal thoracic 
artery, the thyrocervical trunk of the subclavian ar-
tery, the lateral branches of the subclavian and axil-
lary arteries, the intercostal arteries and the inferior 
diaphragmatic artery (5, 6). In most cases pulmonary 
bleeding is caused by acute or chronic inflammatory 
lung disease. Etiological causes of pulmonary bleed-
ings are presented in Table 1.

Pulmonary blood flow in patients with acute or 
chronic pulmonary diseases is decreased due to 
hypoxia-caused vasoconstriction, thrombosis and 
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vasculitis at the level of pulmonary arterioles. This 
leads to the growth and the enlargement of bronchial 
arteries aimed at the compensation of decreased 
pulmonary blood flow. Bronchial arterial blood flow in 
patients with bronchoectatic pulmonary disease can 
reach up to 30% of the cardiac output (7). The impact 
of increased blood pressure and bacterial agents on 
the bronchial arteries contributes to their rupture and 
subsequent pulmonary bleeding (2, 8).

Chest X-ray, FBS and CT are the main methods 
for the diagnostics of pulmonary bleeding. In most 
cases chest X-ray examination allows to reveal some 
pulmonary disease, but does not detect the source 
of bleeding. FBS is the main diagnostic procedure in 
patients with pulmonary bleeding. It allows to find the 
source of bleeding in 93% of cases. However, the di-
agnostic value of FBS in patients without any pathol-
ogy revealed by chest X-ray is significantly reduced 
(0-30%). The advantage of bronchoscopy consists 
in the feasibility of local application of hemostatic 
agents to stop the bleeding. The examination with CT 
allows to reveal simultaneously bronchopulmonary 
and vascular pathology, thus CT is the method of 
choice for the diagnostics of pulmonary bleeding. It 

allows to detect the source of bleeding in 63-100% 
of cases (1, 9). 

Angiography of the bronchial arteries is the final 
step in the diagnostics of the source of pulmonary 
bleeding prior to embolization. The main distinctive 
angiographic features of bronchial arterial pathol-
ogy in pulmonary bleeding are: the enlargement 
of the main trunk of the bronchial artery (>3 mm), 
the hypervascularization of the pathological focus 
area, the impregnation of parenchyma with con-
trast medium and the presence of bronchopulmo-
nary shunts.

Virtually in all cases bronchial arteries arise from 
the thoracic aorta at the level of Т4-Т7 vertebrae 
(10, 11), in 90% of cases their origin is located at the 
level of the intervebral disc between the Т5 and Т6 
vertebrae. Bronchial arteries supply the trachea, the 
bronchi, regional lymphatic nodes, the pleura and the 
esophagus. 

There are 4 main types of bronchial arteries origin 
(2):

• Type 1: two bronchial arteries arise to the left, 
and one — to the right of the aorta (intercostal bron-
chial trunk) — is seen in 40% of cases.

Infection: 
• Bronchoectatic disease
• Pneumonia
• Chronic bronchitis
• Lung abscess 
• Aspergillosis, mycetoma
• Ascariasis
• Tuberculosis
• Cystic fibrosis
Tumors:
• Adenocarcinoma
• Bronchus adenoma
• Bronchus carcinoid
• Endometriosis
• Metastases in lungs
Cardiovascular diseases:
• Severe left ventricular failure
• Mitral stenosis 
• Pulmonary arterial thromboembolism
• Aortic aneurysm
• Pulmonary arterial aneurysm
• Arteriovenous malformation
• Yatrogenic causes (e.g., damage by Swan-Ganz catheter)
Vasculites:
• Wegener’s disease
• Systemic lupus erythematosis
• Goodpasture’s syndrome
Idiopathic pulmonary hemosiderosis
Aspiration of a foreign body
Lung trauma (contusion)
Use of anticoagulant agents, thrombolythic therapy

Table 1.

Etiological causes of pulmonary bleeding
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• Type 2: one bronchial artery arises to the left, 
and one intercostal bronchial artery — to the right of 
the aorta — in 20% of cases.

• Type 3: two bronchial arteries arise to the left, 
and one bronchial and one intercostal bronchial ar-
tery — to the right of the aorta — in 20% of cases..

• Type 4: one bronchial artery arises to the left, 
and и one bronchial and one intercostal bronchial 
artery — to the right of the aorta — in 10% of cases.

However there are many variants of bronchial ar-
teries origin. They can arise from the aortic arch, the 
internal thoracic artery, the thyrocervical trunk, the 
left subclavian artery, the inferior thyroid artery and 
the abdominal aorta (11). Bronchial arteries have a 
lot of collaterals with other anatomic areas, which has 
to be taken into consideration while performing the 
embolization. The most important are the collaterals 
to the anterior cerebral artery supplying the spinal 
cord, the right and the left subclavian arteries and the 
right coronary artery.

The embolization of a bronchial artery was first 
described by Remy (12) in 1970, and with the course 
of time became the generally adopted method for the 
treatment of massive pulmonary bleeding (13-16). 
Technical improvements in catheters’ design and 
production methods, as well as in embolizing mate-
rials have contributed to the enhancement of safety 
and availability of this procedure. The search of the 
source of pulmonary bleeding during angiographic 
examination should be started with thoracic angiog-
raphy. At the next stage selective catheterization of 
bronchial arteries is performed. It can be done with 
the use of catheters like Cobra, Simmons, Mammary, 
Multi-purpose, as well as of special catheters for 
bronchial arteries. If lateral branches arising from the 
bronchial artery supply other anatomical areas, su-
perselective embolization using microcatheter is per-
formed, because the embolization of these branches 
can lead to complications.

Hemostatic sponge, microspheres and coils can 
be used as embolization material. The main advan-
tage of a hemostatic sponge consists in its availability 
and low cost. However with the course of time the 
sponge resolves which can lead to recanalization of 
the embolized vessel and recurrent bleeding. Thus, 
hemostatic sponge can be used only for temporary 
bleeding control. The most frequently used embo-
lizing material are PVA particles. Being biocompat-
ible and non-biodegradable they provide long-term 
hemostasis (17). Recently it was suggested to use 
for this purpose the embospheres produced on the 
basis of triacryl gelatine, however the experience 
with the use of this material for bronchial arteries 
embolization is still limited. The main advantage of 
embospheres over the PVA particles consists in their 
better penetrating capacity and the lack of propensity 
for clots formation due to particles’ glueing, which is 
especially important with the use of microcatheters. 
As a rule, bronchial embolization is performed using 
particles of 350 — 700 μc; the use of smaller par-

ticles is undesirable as it can lead to the embolization 
of branches supplying healthy tissues. Metallic and 
plastic coils are seldom used as primary material for 
bronchial arteries embolization. It is related to the fact 
that they cause proximal occlusion of the vessel with 
subsequent development of collaterals to the dam-
aged area and recurrent bleeding. The presence of 
bronchial arterial aneurysms is main indication for the 
use of coils (18, 19).

Embolization of bronchial arteries is a high-effec-
tive procedure for the treatment of acute pulmonary 
bleeding. Its one-month effectiveness is 73 to 98% 
(12, 20, 21). The rate of late pulmonary bleeding 
recurrence can reach 52%, however, with the use of 
repeated embolizations and the treatment of the un-
derlying disease the success rate is close to 100%. 
The most frequent causes of pulmonary bleeding re-
currence are recanalization of the embolized vessel, 
incomplete primary embolization of the sick vessel, 
the development of new collaterals and the progress-
ing of the underlying disease (22). The frequency of 
recurrent pulmonary bleeding also depends on its 
etiological cause, most frequently they occur in pa-
tients with cancer and chronic tuberculosis.

The most frequent (24-91%) complication of 
bronchial arteries embolization is chest pain related 
to the ischemia of the embolized branches of the 
bronchial artery. However, it can be more pronounced 
after embolization of the intercostal arteries’ branch-
es. The second most frequent complication, occur-
ring in 0,7 — 18,2% of cases, is dysphagia related to 
the embolization of esophagus-supplying branches 
(23). As a rule, the symptoms resolve spontaneously 
within several days. Spinal cord ischemia occurring 
in 1,4 — 6,5% of cases is the most severe complica-
tion of embolization of the bronchial arteries. There 
are reports of rare complications, such as bronchus 
necrosis, unilateral phrenoplegia, bronchus stenosis, 
infarction lung pneumonia. Eventual ways for the de-
crease of the risk such complications consist in the 
use of superselective embolization technique with 
microcatheters and the due choice of embolization 
materials. 

Thus, embolization of the bronchial arteries is the 
method of choice for the treatment of patients with 
acute pulmonary bleeding. The knowledge of ana-
tomical particularities of the bronchial arteries and their 
collaterals, the due choice of the technique and the 
material for embolization form the basis for successful 
embolization in patients with pulmonary bleeding. 
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