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in the treatment of haemoptysis
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Background. Massive haemoptysis is a clinical state characterized by the expectoration of blood at a rate
of 300-600 mL/24 h, thus causing life-threatening asphyxia. The aim of our study is to review use of tran-
scatheter bronchial artery embolization (BAE) in the treatment of massive haemoptysis.

Materials and methods. Series of 11 patients with the clinical picture of massive haemoptysis was re-
ferred to our hospital for digital subtraction angiography and BAE within a 33 months period. There were 8
male (aged 43-69, mean age 56) and 3 female patients (aged 63-65, mean age 64). Aortography of thoracic
aorta was initially performed in all patients, followed by selective angiography of bronchial and intercostal
arteries, and intercostobronchial tree as indicated. A selective arterial embolization was done in 9 patients
(9 primary and 3 secondary embolizations). The embolization was performed under fluoroscopy control
by manual injection of the mixture of contrast solution (1 ccm) and embolization material, Embosphere
(BioSphere Medical Inc., MA, USA), particle size 350-500 pm.

Results. Bronchiectasis was the most common cause of bleeding (45.4%), while hypervascularization and
intensive parenchymal opacification were the most frequent angiographic indicators of bleeding (100%),
followed by tortuous and hypertrophic arteries (72.7%). Primary BAE proved successful in 81.9% and sec-
ondary BAE performed within 24 months in 33.3% of patients, whereas the tertiary (operative) treatment
was required in 22.2% of patients. In 44.4% of patients, BAE was associated with only mild discomforts,
like pain and cough.

Conclusions. BAE is a reliable and minimally invasive method in the management of massive haemoptysis.
Therefore, it should be considered as the primary method of the treatment or as a procedure for the stabiliza-
tion the patient before the surgery.
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Introduction

Massive haemoptysis is the expectoration
of blood at a rate of 300-600 mL/24 h. If left
untreated, it can lead to asphyxia and death.
Massive haemoptysis accounts for 5% of all
haemoptysis cases and is associated with
a high mortality rate (up to 75%). If mas-
sive haemoptysis is treated conservatively,
mortality rate ranges from 50% to 85%.1*
Tuberculosis and sarcoidosis are the most
common causes of massive haemoptysis. In
90% of cases, haemoptysis originates from
bronchial arteries, whereas only a minor
portion arises from non-bronchial (pulmo-
nary and systemic) circulation.? The bron-
chial artery embolization (BAE) is a percu-
taneous transcatheter minimally invasive
procedure, which has proved successful in
the management of massive haemoptysis
and is associated with a lower mortality rate
as compared with the surgical treatment
(7.1% - 18.2%).>>° The aim is to present our
results in the management of haemoptysis
by the use of transcatheter BAE.

Patients and methods

During 33 months, 11 patients were re-
ferred to our hospital for digital subtraction
angiography (DSA) and BAE because of the
clinical picture of massive haemoptysis.
Bronchiectasis was the cause of haemor-
rhage in 5 (45.4%), lung tuberculosis in 3
(27.3%), aspergilloma in 2 (18.2%) patients,
and carcinoma in 1 (9.1%) patient.

DSA was recommended by interdiscipli-
nary consultation (pulmonologist, thoracic
surgeon and interventional radiologist).
DSA and BAE were preceded by lung X-ray,
computed tomography of the thorax and
bronchoscopy to identify the localization of
bleeding and type of lesions.

Bronchoscopy proved inadequate in 5
patients because of the procedure intoler-

ance due to the patients” poor general con-
dition and poor visualization of the site of
bleeding. An informed consent was ob-
tained from all patients prior to the proce-
dure. There were 8 male (aged 43-69, mean
age 56) and 3 female (aged 63-65, mean age
64) patients.

Prior to DSA, patients were administered
diazepams, 5 mg i.v. (Apaurin, Krka, Novo
Mesto, Slovenia) for mild sedation, along
with monitoring of vital functions. DSA
was performed by Seldinger technique via
common femoral artery, by using diagnos-
tic pigtail and selective 5FR catheters of
different shapes such as cobra-shaped and
hook-shaped (Mikaelsson, Medikrit, Tokyo,
Japan), classic ] and hydrophilic guide
wires 0.035 (Terrumo, Japan) and nonion-
ic Omnipaque contrast agent (Nycomed,
Princeton, NJ, USA). For thoracic aorta
angiography, a contrast agent was injected
by the use of the automated injector (18
ccm/20 cem/s). On selective angiography
of aortic branches, contrast medium was
manually injected, adjusting the amount
and pressure to fluoroscopy-visualized an-
giogram.

Aortography of thoracic aorta was ini-
tially performed in all patients, followed
by selective angiography of bronchial and
intercostal arteries, and intercostobronchial
tree as indicated. The selective arterial em-
bolization was done in 9 (81.8%) patients.
In 2 (18.2%) patients, it could not be per-
formed because the aspect of the aorta (tho-
racic aorta tortuosity) prevented a stable se-
lective placement of the tip of the catheter
into the target artery.

Angiography of the subclavian artery
branches (thyrocervical trunk, costocervi-
cal trunk and internal thoracic artery) was
performed in cases where selective angiog-
raphy of bronchial and intercostal arteries
yielded negative results after the detection
of pathologic process and its localization
determined by diagnostic imaging methods
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and/or bronhoscopy. Due attention was paid
to the possible detection of Adamkiewicz
artery. Angiographic signs suggesting site
of bleeding include hypervascularization,
intensive parenchymal opacification, pro-
nounced tortuosity, arterial aneurysms and
AV fistulas. The embolization of the feeding
artery was performed on the basis of patho-
logic angiographic characteristics pointing
to the localization of bleeding. Upon plac-
ing the tip of the catheter safely into the tar-
get artery, the embolization was performed
under fluoroscopy control by manual injec-
tion of mixture of contrast solution (1 ccm)
and embolization material, Embosphere
(BioSphere Medical Inc., MA, USA), parti-
cle size 350-500 um.

The amount of the material injected de-
pended on the patency and filling of the
vascular bed of the target artery. The embol-
ization was discontinued when the emboli-
zation material ceased to flow out from the
catheter, indicating a significant increase
in the distal resistance of the embolized ar-
tery. Control angiographies were done by
manual injection of the contrast medium
through the same catheter at a pressure ad-
justed to the new situation in the embolized
artery, under the fluoroscopy control. The
catheter was previously rinsed with saline.
In addition to control selective angiogra-
phies of embolized arteries, angiographies
of thoracic arteries were also performed
to visualize the possible, previously over-
looked pathologically altered arteries that
may have presented additional sources of
bleeding. In the patients presented, there
was no need of pulmonary angiography or
use of microcatheters (<3F) during the pro-
cedure of embolization.

After the procedure, the patient’s gener-
al condition (blood pressure, ECG, breath-
ing, pain severity) and the site of puncture
were monitored for 4 h. Then, the patients
in good general condition were transferred
to a specialized institution for lung diseas-
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es, accompanied by the medical personnel,
for continuous general condition monitor-
ing and management of underlying disease.
The patients were under the regular clinical
control for the next 24 months. Depending
on the disease dynamics and haemopty-
sis recurrence patterns, the patients were
treated conservatively or were referred for
the secondary embolization or some other
mode of the active treatment.

Results

All of the 11 angiograms showed patho-
logic angiographic findings. Such a find-
ing was present on the angiograms of
thoracic aorta in 2/11 (18.2%) patients with
extensive bronchiectasias, and on selective
angiograms of the thoracic aorta branches
in the remaining 9/11 (81.8%) patients. The
angiographic characteristics of pathologic
haemorrhage included hypervasculariza-
tion and intensive parenchymal opacifica-
tion in 11/11 (100%), AV fistulas in 6/11
(54.5%), tortuous and hypertrophic arteries
in 8/11 (72.7%) and aneurysms in 3/11
(27.3%) patients. The pathologic process in
pulmonary parenchyma was localized on
the right and left side in 6/11 (54.5%) and
5/11 (45.5%) patients, respectively.
Embolization proved successful in 9/11
(81.8%) patients. In 2/11 (18.2%) patients,
it could not be performed although their
thoracic aorta angiograms revealed a patho-
logic area in the lung parenchyma. A tor-
tuous appearance of thoracic aorta and the
pattern of bronchial artery origin prevented
a safe manipulation and a stable selective
access to the artery showing a pathologic
finding. Although BAE was not performed
in these two patients, they were included in
the analysis because BAE was planned and
attempted in these patients as well.
Embolization of intercostobronchial
arteries and bronchial artery itself was
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Figure 1a. Digital subtraction angiography in a patient
with bronchiectasis before embolization.

done in 8/9 (88.9%) patients, whereas 1/9
(11.1%) patient underwent embolization of
the thyrocervical trunk branches of the left
subclavian artery (ASCL) (Table 1). In five
of 8/9 (62.5%) patients submitted to selec-
tive angiography of bronchial arteries, two
bronchial arteries were found on the left
side and one bronchial artery on the right
side — Type I according to Cauldwell’s ana-
tomic classification of the number and ori-
gin of bronchial arteries. Adamkiewicz ar-
tery as a branch of the arteries involved by
the target embolization was not visualized
either during or after the procedure; thus,
there was no relative contraindication for
BAE.

The results of the primary emboliza-
tion were regularly followed-up for a mean
of 21.6 (19-24) months of the procedure
(Table 1). The primary procedure proved a
successful mode of the treatment for mas-
sive haemoptysis in 6/9 (66.7%) patients.
The cause of haemoptysis was lung tuber-
culosis in 3/6 (50.0%) and bronchiecta-
sis in 2/6 (33.3%) patients (Figures 1a, b),
whereas one (16.7%) patient underwent
the primary embolization for microcellular
bronchial carcinoma, survived for 5 months
of the procedure and died from myocardial
infarction. The secondary embolization
was performed in 3/9 (33.3%) patients, at a
mean of 3 (1-6) months of the initial proce-

/2 2

Figure 1b. Digital subtraction angiography in a patient
with bronchiectasis after embolization.

dure. In this group, bronchiectasis was the
underlying disease in two patients, and as-
pergilloma in one patient (Figures 2a, b, c,
d, e). The operative treatment of haemopty-
sis following two embolization procedures
was required in 2/9 (22.2%) patients, i.e.
for aspergilloma and bronchiectasis in one
patient each (Table 1). During the immedi-
ate post-embolization procedure (up to 72
h), back pain and coughing were reported
by 4/9 (44.4%) patients. These complaints
were symptomatically treated because any
major complications were ruled out by the
course of symptoms and respective studies
(X-ray, ECG, laboratory tests and CT).

Discussion

Bronchial arteries are direct parietal
branches of the thoracic aorta, originating
between 5™ and 6'" thoracic vertebra at
the level of tracheal bifurcation. They sup-
ply a nutritive circulation for pulmonary
tissue and blood vessels, trachea, inner
lung coat, pulmonary hilar lymph nodes,
oesophagus and pericardium. Most com-
monly used classification for describing
number and origin of bronchial arteries is
from Cauldwell et al.”® According to this
classification, two left bronchial arteries
and one right presenting as an intercosto-
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Table 1. Results of percutaneous treatment for haemoptysis

Patient No.  Aetiology Embolization/period Embolization/period = Operation Control

1 (prim. BAE) 2 (sec. BAE) (months)
1 Tbc + 20
2 Tbc + 24
3 Tbc - 19
4 Asp + (1 month) + (3 months) 22
5 Asp + 19
6 Bron - 23
7 Bron + + (2 months) + (4months) 22
8 Bron + + (6 months) 23
9 Bron + 21
10 Bron + 23

11 Ca + G - IM)T

N=11 9/11 (81.9%) 3/9 (33.3%) 2/9 (22.2%)  19-24 months

Legend: Prim BAE - primary embolization; sec BAE - secondary embolization; Tbc - lung tuberculosis; Asp -
aspergilloma; Bron - bronchiectasis; Ca - microcellular carcinoma; N - total patient number; T(IM) myocardial

infarction mortality

bronchial trunk (ICBT) (40%); one on the
left and one ICBT on the right (21%); two
on the left and two on the right (one ICBT
and one bronchial artery) (20%); and one
on the left and two on the right artery (one
ICBT) (9.7%). There are also aberrant bron-
chial arteries (originating outside the level
Th5 and Thé) with reported prevalence
ranging from 8.3%-35%.”%? Anomalous ori-
gins include aortic arch, mammary artery,
subclavian artery, brachiocephalic trunk,
thyrocervical trunk, inferior phrenic artery
and abdominal aorta. One should be aware
of the possible presence of the aberrant
bronchial arteries when there is not sig-
nificant bronchial arterial supply to areas
of abnormal pulmonary parenchyma or in
the patients with recurrent haemoptysis
despite a successful embolization.

The presence of intercostobronchial
tree was found in two of our patients with
lung tuberculosis (3/11) and bronchiecta-
sis (5/11) as underlying diseases. In one
patient suffering from aspergilloma of the
upper lobe of the left lung, branches of the
subclavian artery were the predominant
source of bleeding.
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Angiographic signs suggesting bleeding
site include dilated and tortuous bronchial
arteries, neovascularity, arterial aneurysms,
peribronchial hypervascularity, AV shunt-
ing into the pulmonary artery or vein. A
contrast extravasation as a specific sign of
haemorrhage is rarely seen, with reported
prevalence from 3.6-10.7% because the
bleeding from bronchial arteries is slow
and intermittent.">!%11 The comparison of
the signs of bleeding and hypervasculariza-
tion of the lung parenchyma were indica-
tors of the lesion localization and haemor-
rhage in all patients (11/11; 100%). Besides
those findings, at least one of the following
pathognomonic signs was present in all our
patients: AV fistulas in 6/11 (54.5%); tortu-
ous, hypertrophic arteries in 8/11 (72.7%);
and arterial aneurysms in 3/11 (27.3%) pa-
tients. We found hypervascularization of the
lung parenchyma and tortuous arteries in 1
(9.1%) patient with lung carcinoma, which is
in contrast to the reports on the absence of
angiographic signs of haemoptysis in one-
third of individuals with malignant lung
diseases.! However, the adequate treatment
of haemoptysis in lung cancer patients can
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Figure 2a. X-ray/tomography of aspergilloma.

Figure 2c. Digital subtraction angiography in a patient
with aspergilloma before embolization.

Figure 2e. Digital subtraction angiography in a patient
with aspergilloma after secondary embolization.

improve their short-time survival rate, not
only because of the patient’s characteristics
(better performance status, more females),
but also because of a more suitable manage-
ment of urgent conditions.!”> AV shunting
is a major and reliable angiographic sign of
haemoptysis on DSA, recorded in all 5/11
(45.5%) patients with bronchiectasis as the
underlying disease and in one of the two
(9.1%) patients with aspergilloma.

Figure 2b. Digital subtraction angiography in a patient
with aspergilloma before embolization.

o

Ao |
Figure 2d. Digital subtraction angiography in a patient
with aspergilloma after primary embolization.

BAE has been used as a therapeutic
method of the treatment for haemoptysis
since 1973. It is also used as an adjuvant
method to the surgical, bronchoscopic
and/or conservative treatment.!?1314 BAE
enables a direct bleeding control, thus ob-
viating the need of the operative procedure,
which is associated with higher mortal-
ity (17.6-19%)'>1%, longer hospital stay and
higher costs of the treatment.?* In addition,
the embolization provides better clinical
preconditions for the possible subsequent
operative treatment. In BAE the rate of the
technical success is high (77%-94%). A long-
term success of the primary BAE is up to
80% and depends on the grade of progres-
sion of the underlying pulmonary disease
causing hemoptysis.>*!7 In our patient
group the success of the percutaneous ap-
proach in the management of haemoptysis
was 81.9% (9/11 patients). In nine patients a
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100% technical success was recorded. In re-
maining two patients the embolization was
not performed due to the failure of achiev-
ing a stable position of the catheter, which is
the precondition for performing a safe em-
bolization. The stable selective placement of
the tip of the catheter into the target artery
could not be achieved because of significant
thoracic aorta tortuosity.

In the literature, one-month clinical re-
sults of bronchial artery primary emboliza-
tion range from 48% to 98%.118 Such a broad
range of the results of the primary emboli-
zation may be explained by pathophysi-
ologic changes that occur after the emboli-
zation. The embolization is quite frequently
followed by hypertrophy of the “adjacent”
arteries. The primary procedure failure and
proneness to secondary haemorrhages may
be caused by the underlying disease activ-
ity, circulatory collateralization, or inade-
quate embolization and prevention of broad
communication between the target and
adjacent arteries. We presume that the pos-
sible inadequate primary embolization may
have induced the recurrence in our patient
with the apical localization of aspergilloma
(Figure 2). Bronchiectasis and lung tuber-
culosis are the factors that lead to massive
haemoptysis and the multiple active treat-
ment (embolization and/or operative pro-
cedure) in 73% of patients.! In our patient
series, bronchiectasis and lung tuberculosis
contribute around 73% cases of haemopty-
sis, the former being found in 45.5% (5/11)
of patients. In the group of patients requir-
ing multiple BAE and/or the operative treat-
ment, bronchiectasis was the underlying
disease in two-thirds and aspergilloma in
one-third of patients. Lung tuberculosis was
not present in this group of patients. This is
an interesting finding, considering the fact
that lung tuberculosis is the underlying dis-
ease in 15.5% of all haemoptysis recurrenc-
es.! The variation between our results and
literature data on the prevalence of lung tu-
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berculosis can be attributed to the small pa-
tient sample, making the comparison with
other reports imprecise. The small number
of patients included in our study prevent-
ed any reliable comparison of our data on
the high prevalence of bronchiectasis and
aspergilloma as the factors for BAE or the
operative treatment with the respective lit-
erature reports. However, the inappropriate
treatment of the underlying disease and/
or disease extension (e.g., aspergilloma in
the upper lobe of the left lung; Figure 2)
may be objective reasons of the recurrence.
This may explain the higher prevalence of
multiple embolizations in our patient series
(33.3%) as compared with 18.4% reported
in the literature. The prevalence of lesions
detected in non-bronchial arteries in pa-
tients with the unsuccessful embolization
procedure recorded in our patient series
(33.3%) was comparable to literature re-
ports (25.0%-36.4%). Chronic inflammatory
diseases of pulmonary parenchyma lead to
the reduction of pulmonary circulation at
the level of pulmonary arterioles due to the
associated vasculitis and hypoxic vasocon-
striction. This in turn entails the opening of
precapillary anastomoses of bronchial and
pulmonary arteries, which results in bron-
chial arterial hypertrophy. The elevation of
intravascular pressure or inflammatory ero-
sion of arterial wall in the arteries affected
with such lesions usually causes ruptures
and consequential haemorrhage. A good
control of the underlying disease is the main
factor of a long-term success and prevention
of haemoptysis recurrence.>!? In our series,
chronic inflammatory states (bronchiecta-
sis, aspergilloma) caused the recurrence
in three (33.0%) patients within 6 months
of the primary procedure. The presence of
the apical process in the lungs (as in our
patient with aspergilloma; Table 1, patient
no. 4) make the procedure of the emboliza-
tion more complex and the therapeutic out-
come uncertain. Such a situation requires
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the successful embolization of a number
of intrathoracic branches of the subclavian
artery and possible collateral arteries as the
potential sources of haemorrhage. In the
context of bronchiectasis and aspergilloma
as the reasons for the secondary treatment
in three patients, the BAE procedure was
more complex, as demonstrated by the need
of a tertiary, operative procedure in two of
these patients (one patient with aspergil-
loma and bronchiectasis each) (Table 1)
Prior to the embolization, it is necessary to
estimate the distribution pattern of radicu-
lar arteries and the origin of anterior spinal
artery (artery of Adamkiewicz), involved in
the vascularization of spinal medulla, since
its embolization leads to spinal ischemia
and transverse myelitis.”? This unilateral
vessel usually arises between Th9 and Th12
in 75% of cases. Anterior medullary arter-
ies have characteristic ,hairpin” configu-
ration at angiography. In our patients, the
artery of Adamkiewicz was not visualized
on DSA and selective DSA, ensuring a safer
approach in the procedure of the emboliza-
tion. However, during BAE a due attention
was paid to the possible visualization of the
mentioned arteries because Uflacker et al.
report on radicular arteries visualized dur-
ing the embolization, which may be a con-
traindication for BAE, in 42/75 cases.202!
However, these authors did not consider it
an absolute contraindication for BAE.

In cases of a difficult placement of the
tip of a 5FR selective catheter into the target
artery, the procedure of BAE can frequently
be simplified and safer with the use of mi-
crocatheters. Employing a microcatheter is
favourable for enabling a more selective ac-
cess to the target artery and the microcath-
eter tip placement more distally from the
possible radicular artery origin.?! However,
a safe placement of the tip of 5FR selective
catheter into the target artery can be checked
by vigorous yet properly dosed injection of a
contrast medium, as we did in our patients.

If this does not result in the catheter tip
“popping up” from the target artery, the em-
bolization can be performed without the use
of microcatheter. Of course, a precondition
is ruling out the origin of radicular arteries.
That is why we believe, like some other au-
thors, that microcatheters are not necessary
to use on BAE in such cases.??

The advances in DSA technique, along
with the use of microcatheters and nonionic
iso-/low-osmolarity contrast agents, have
enabled a more efficient and safer approach
in the management of haemoptysis. The rate
of haemoptysis recurrence may reach 46%
after the initial embolization. According to
some authors, in a high percentage (87%) it
occurs consequentially to recanalization of
the previously embolized arteries rather than
due to arterial hypertrophy (27%).22* This
implies to the procedures performed with
the use of temporary embolization agent,
Gelfoam.?’ Polyvinyl alcohol (PVA) and
Microsphere (Embosphere, Embogold) are
permanent embolization agents that require
the re-embolization in only 15.5% of cases.?
The procedure success also depends on the
choice and type of embolization material
needed for the arterial occlusion.>8%1819
Therefore, we used Embosphere (BioSphere
Medical Inc., MA, USA). None of our pa-
tients was initially scheduled for the opera-
tive procedure. If not so, there would have
been no reason to avoid using a temporary
embolization agent, followed by the opera-
tion. We also avoided using liquid embolic
agents (Absolute ethanol, glues) because
they cause the occlusion of the capillary
network, leading to tissue necrosis.?3?° The
choice of embolization material is among
the most important steps in the procedure
of BAE. This primarily refers to the mate-
rial properties that determine the duration
of the embolization effect, and to the size of
the particles employed (350-500 pm), which
taken together ensure a long-term haemop-
tysis control.>718 The size of the emboliza-
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tion material particles should be in size of
350-500 pm. It is essential to avoid use of
embolic less than 350 pm because it increas-
es the risk of unintentional systemic or pul-
monary embolization. Experimental studies
have demonstrated a bronchopulmonary
anastomosis of 325 um in human lung.?

This is of utmost importance because of
the width and patency of communications
between bronchial arteries and pulmonary
veins, and bronchial arteries and pulmo-
nary arteries, as well as for some unex-
pected communications of bronchial arter-
ies with systemic arteries, also described
in other endovascular procedures.!®232427
With the use of 350-500 pum Embospheres,
we achieved technically satisfactory results
in 81.8% of patients, comparable to litera-
ture reports. The rate of the successful out-
come of the primary embolization (66.7%)
was also quite consistent with literature
data 137.13,14,17,18,20,21,28

In addition to the proper choice of em-
bolization material, the choice of contrast
medium is also highly relevant in the pro-
cedure of BAE. Hyperosmolarity may cause
transient ischemia of radicular arterial
branches. Literature reports describe trans-
verse myelitis consequential to vasotoxic-
ity caused by the use of ionic contrast.”!
Therefore, we employed Omnipaque, a no-
nionic, low-osmolarity contrast medium,
associated with the absence of neurotoxic-
ity and reduced coughing. In spite of this,
4/9 (44.4%) patients developed cough and
back pain within 72 h of the procedure.
Following respective studies, these com-
plaints were treated symptomatically and
did not require additional therapy nor pro-
longed the expected duration of the hospi-
tal stay. This is consistent with literature
reports on the rate of post-BAE pain devel-
opment (24% - 91%).1
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Conclusions

Massive haemoptysis is a clinical emer-
gency, posing a life threat to the patient due
to the potential asphyxia. The embolization
of bronchial and non-bronchial arteries
is a safe and efficient interventional pro-
cedure for the successful management of
acute haemoptysis. Proper knowledge of
the bronchial artery anatomy, their possi-
ble communications and underlying patho-
physiology of massive haemoptysis are
preconditions for the successful procedure
performance. Advances in the angiography
technique and the use of novel, sophisti-
cated materials make the procedure of BAE
safe and associated with a minimal risk for
the patient. Due control of the underlying
disease, that has led to parenchymal and
arterial lesions, thus causing the bleed-
ing, is an important factor to prevent the
recurrent bleeding. We do hope that the
general notes on the issue of haemoptysis,
technique, advantages and results of BAE,
and on the role of proper choice of emboli-
zation material will result in a more favour-
able approach to the problem of massive
haemoptysis. This is expected to bring an
even closer interdisciplinary collaboration
of pulmonologists and interventional radi-
ologists, to the benefit of our patients.
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