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Abstract. Background: We aimed to demonstrate the safety and efficacy of bronchial artery embolization 
(BAE) in patients with pulmonary tuberculosis in the planned management of “mild” hemoptysis. This treat-
ment, already widely documented and used as a life-saving therapy in an emergency regimen, if properly 
planned in poorly controlled patients through medical therapy alone, can provide a valid opportunity by 
reducing the frequency and extent of non-fatal bleeding, but which still worsen the quality of life of these 
already significantly traumatized patients. Methods: All procedures were conducted through a right common 
femoral access with a 5 Fr catheter and a 2.7 Fr super-selective catheter coaxial technique of the branches of 
the bronchial arteries with suspected bleeding sources. Embolizations were performed with 500-700 micron 
Terumo PVA plastic microparticles. We decided to adopt the following inclusion criteria for the selection of 
patients to be enrolled: documented diagnosis of pulmonary TB, the presence of at least one bleeding epi-
sode that required at least two blood transfusions, evaluation with bronchoscopic examination to ascertain 
the bronchial origin of bleeding and the affected lobar site, execution of an angio-ct radiological study for 
the evaluation of the bronchial systemic anatomy as well as the patency of the pulmonary arterial circulation, 
general hemodynamic compensation and an age of enrollment between 25 and 65 years. Results: All selective 
embolization interventions demonstrated a technical success of 100% of the total number of patients. 11 out 
of 12 patients did not show any signs of relapse or complications related to the interventional procedure at a 
first check-up carried out at 48 hours, instead a fatal massive hemoptysis occurred in only one patient. At the 
next three-month follow-up, no relapses were documented in all selected patients. Only one patient required a 
second embolization four months after the first procedure. Conclusions: Radiological-interventional approach 
in the elective regimen of super-selective embolization of the bronchial arteries (BAE) in the management 
and control of “mild” hemoptysis in patients with pulmonary tuberculosis not controlled exclusively by medi-
cal therapy, according to a strategy systematic of planned intervention and respecting clear and standardized 
inclusion criteria, represented in our experience a safe and effective procedure, free from significant short and 
long term complications, especially in well selected patients, which, although not always allows a definitive 
and stable control of hemoptysis, can in any case significantly limit the risks, also allowing a better planning 
of the most appropriate therapeutic intervention strategy.
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Introduction

Hemoptysis, or the expectoration of blood from 
the respiratory tract and/or lung parenchyma, is a clin-
ical sign common to various diseases. There are spe-
cific parameters that allow the patient to be included 
in a therapeutic program according to the severity and 
general clinical conditions. Hemoptysis, especially 
if recurrent, requires a thorough investigation and a 
prompt treatment.

The bronchial arteries are vessels of the systemic 
circulation that usually originate at the level of the 
descending thoracic aorta at the D5-D6 level (1).

Bronchial arteries that do not originate at the level 
of D5-D6 are considered aberrant and may instead 
originate from the aortic arch, the brachiocephalic 
trunk, the subclavian artery, the mammary artery, but 
also from the phrenic artery or the abdominal aorta (2).

Generally the bronchial arteries not only vascu-
larize the trachea and the bronchial tree, but also the 
esophagus, the visceral pleura and the loco-regional 
lymph nodes, and have a diameter of about 1.5 mm 
and a rectilinear course receiving about 1 % of cardiac 
output (3). In pathological conditions they show an 
increased diameter (> 2 mm), a tortuous course and 
can collect, in the most serious situations, up to 30% of 
the systolic range (4,5).

The embolization of the bronchial arteries to con-
trol massive hemoptysis is a technique already widely 
used as an emergency procedure (6); to date, the most 
common indications are represented by massive hem-
optysis in the course of tuberculosis and in the out-
comes of disease including bronchiectasis and cystic 
fibrosis (7,8). Another indication reported in the liter-
ature is the management of complications of AVM and 
arteriovenous fistulas in Rendu-Osler-Weber disease 
(HHT). It is difficult to define the extent of a hemor-
rhage quantitatively only on the basis of the volume of 
blood lost, especially since there are no standardized 
absolute values   in the literature (9,10). According to 
the guidelines proposed by the SIP/IRS in accord-
ance with AIPO, in the context of active bleeding 
in the course of a chronic non-traumatic disease, a 
“small” hemoptysis is defined as a blood loss of less 
than 5 ml, while a bleeding is defined as “mild” when is 
greater than 5ml. Finally, “massive” hemoptysis means 

bleeding greater than 240 ml per single episode or a 
sputum of 300-600 ml/24h. In the event of massive 
bleeding, the need for an emergency embolization pro-
cedure is obvious.

Methods

It is clear that the “small” hemoptysis does not 
require hospitalization, nor particular therapeutic meas-
ures, if not the observation and suspension of NSAIDs 
if taken. “Massive” hemoptysis, on the other hand, 
requires urgent selective embolization of the branches 
of the bronchial systemic circulation, responsible for 
bleeding, as the last life-saving procedure for the patient 
when the clinical conditions are unstable (11,12).   

Therapeutic options, on the other hand, as regards 
the management of patients with “mild” hemoptysis 
are not very clear from what is learned in the literature, 
as if on the one hand medical therapy alone is recom-
mended as a support tool through hospitalization and 
observation, incidence of further relapses are estimated 
at around 70% of cases (13,14). 

The latter ones are conditioned by the persistence 
of specific risk factors and by the individual predispo-
sition to bleeding (15). The inadequate control of epi-
sodes of “light” bleeding, even in hospitalized patients, 
can predispose in a high percentage of patients to a 
massive hemoptysis treatable this time exclusively in 
urgency through embolization, as the only life-saving 
intervention, without the possibility of adequate prep-
aration of the patient and without having agreed on 
the best therapeutic planning of the case, in conditions 
in which the bleeding itself can be difficult to control 
since the pressures in the systemic bronchial arteries 
are higher than those present in the pulmonary circu-
lation (16,17). 

In most patients, death occurs due to asphyxiation 
from aspirated blood, while only a modest percentage 
is caused by the shock resulting from hypotension 
from haemorrhage (18). This implies that recurrent 
episodes of light bleeding, while on the one hand do 
not significantly alter the patient’s volume and hemo-
dynamic status, on the other hand increase the risk of 
a subsequent fatal massive bleeding. Determining the 
hemorrhage site is the first step through appropriate 
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radiological and bronchoscopic examinations to decide 
the correct intervention strategy (19).

The rationale for embolizing hemoptysis therapy 
is a very complex problem. Thanks to the implementa-
tion of new tools and materials, it was also possible to 
significantly reduce the risk of peri-procedural compli-
cations. The nature of the underlying disease and the 
underlying individual predisposition, particularly age, 
were important factors to consider in the treatment 
decision. In the period between January 2017 and 
September 2019, 12 procedures for embolization of 
bronchial arteries were successfully performed in our 
interventional radiology service in patients with pul-
monary tuberculosis who met all the inclusion criteria 
adopted (20,21). (Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig 5, 
Fig. 6). Inclusion criteria adopted for the selection of 
patients to be enrolled are shown in Table 1.

Results

All selective embolization interventions dem-
onstrated a technical success of 100% of the total 

number of patients. A first evaluation was performed 
48 hours after the procedure, while a close follow-up 
was conducted at 3-6-12 months for the monitoring 
after some time. The criteria adopted for risk stratifica-
tion after therapy were the monitoring of hemoglobin, 
the number and extent of relapses when they occurred 
and procedural complications over time. 11 out of 12 
patients did not show any signs of relapse or complica-
tions related to the interventional procedure at a first 
check-up carried out at 48 hours, instead a fatal mas-
sive hemoptysis occurred in only one patient. There-
fore, no peri-procedural complications or bleeding 
relapses over a short period of time were observed in 
11 of 12 patients. At the next three-month follow-up, 
no relapses were documented in all selected patients. 
After six months, 2 patients continued not to witness 
any recurrence episodes, while 8 patients were docu-
mented with relapses of bleeding which however did 
not lead to a significant decrease in hemoglobin and 
therefore did not require any transfusion. On the other 
hand, only one patient required a second emboliza-
tion four months after the first procedure. In this same 
patient, due to the technical difficulties in bronchial 
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arterial catheterization, a more proximal embolization 
was primarily performed than the others (Table 2).

Discussion

Th e estimate of bleeding cannot disregard the 
preliminary bronchoscopic evaluation and the angio-
ct study of the selected patients. Th ese two combined 
methods have been shown to have a high degree of 
sensitivity and specifi city in confi rming the bronchial 
origin as well as in demonstrating its exact lobar or seg-
mental origin (22, 23, 24). A good prognosis cannot 
be separated from an accurate technical intervention 
planning and this in turn cannot be separated from 
an adequate and complete diagnostic evaluation of 
the bleeding in progress. In this way it was possible to 
achieve a high degree of procedural technical success, 
thanks to the identifi cation, through the two combined 
methods, of fi ndings to be attributed to active blood 
loss or to suspected sources of bronchial bleeding. In 

fact, we were able to discriminate on the basis of these 
evaluations both direct signs, such as the appreciable 
contrast blush during or shortly after the injection of 
contrast medium, and indirect signs of disease consist-
ing in the hypertrophy and tortuosity of the vessels and 
in the evidence of arterio-arterial and arterio-venous 
broncho-pulmonary shunts. Th anks to these pre-
liminary assessments, we were able to implement our 
technical skills thanks to an increase in our confi dence 
with the anatomy of the bronchial circulation and with 
loco-regional hemodynamics. Th is result would have 
been diffi  cult to achieve by excluding the combined 
instrumental evaluation from the diagnostic process. 
What has frequently been observed in previous years 
has been a progression of the underlying disease and a 
greater number of relapses often caused by incomplete 
embolization or recanalization of embolized systemic 
arteries. Th ese latter complications have been greatly 
reduced through instrumental implementation and 
the more frequent use of super-selective catheteriza-
tion. Th e super-selective approach has also allowed 

Table 1. Inclusion criteria adopted for the selection of patients to be enrolled

Documented diagnosis of pulmonary TB.

Presence of at least one bleeding episode that required at least two blood transfusions.

Evaluation with bronchoscopic examination to ascertain the bronchial origin of bleeding and the aff ected lobar site.

Execution of an angio-ct radiological study for the evaluation of the bronchial systemic anatomy as well as the patency of the 
pulmonary arterial circulation.

General hemodynamic compensation.

Age of enrollment between 25 and 65 year.
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the catheterization of the bronchial arterial branches 
of smaller calibre, the most tortuous and distal ones, 
guaranteeing at the same time a better control of bleed-
ing and a reduction of possible complications from 
embolization of systemic non-bronchial arteries such 
as arteries internal mammary artery, intercostal arter-
ies and anterior spinal artery with non-negligible risks 
such as neurological complications due to spinal cord 
ischemia with transient or permanent deficits (25). 
The most frequent way of approaching the bronchial 
circulation, both from what we learn in the literature 
and from our experience, today appears to be through 
catheterization of the common femoral artery, however 
some authors have used in the past other approaches 
such as the transaxillary and trans -branchial, the latter 
in specific situations of need in which the anatomy of 
the aorta did not favor navigation of the catheter (26). 
In our study, the peri-procedural technical success of 
100% of the total patients was favored by the use of 
a catheterization of no more than 5 Fr via the right 
common femoral access, with a 2.7 Fr microcatheter 
and coaxial technique that allowed almost all of cases 
and despite the interindividual anatomical variables of 
reaching the most distal bronchial arterial branches. 

Table 2. Statistics of the 12 patients enrolled with estimation of 
the risk of recurrences and therapeutic success.

Technical success 

100% of the total number of 
patients (12/12).

No peri-procedural 
complications.

First evaluation 
performed 48 hours 
after the procedure

No bleeding relapses in 11 of 12 
patients (91,6%).

Fatal massive hemoptysis in only 
one patient (8,3%).

Next three-month 
follow-up

No relapses on the remaining 
patients enrolled (11/11).

Next six-month follow-
up

1 only patient required a second 
embolization four months after 
the first procedure (9,09%).

2 patients didn’t show any 
recurrence episodes (18,18%).

8 patients documented with 
relapses of bleeding did not 
require any trasfusion (72,73%).

Compliance and speed of intervention improved 
throughout the procedures. From our experience, there 
have been no complications related to catheterization 
using catheters not exceeding 5 Fr. Some patients, 
however, have had tussian reflexes upon injection of 
contrast medium, which in any case did not affect the 
success of the procedure or the prognosis. It remains to 
be considered whether this eventuality could still have 
repercussions on the bronchial mucosa in subsequent 
more in-depth evaluations. The choice of the same 
embolizing agents has evolved over the years, where 
polyvinyl alcohol (PVA) plastic particles have been 
widely used, singly or in association with other agents 
such as PVA hydrogels and microcoils. Today, the most 
commonly used embolizing agent is PVA with parti-
cles of size between 300 and 500 μm.

The PVA particles, available in different sizes, are 
not resorbable and act as a permanent occluding agent, 
however, the occlusion of the microcatheter in older works 
is reported in the literature as a disadvantage (27,28).  
In our study, embolizations were performed with 
500-700 micron Terumo PVA plastic microparticles. 
According to our experience, the use of embolizing 
particles of at least 500 microns should be preferred 
and the use of particles smaller than 300 microns 
should be avoided because the chronic inflammatory 
state, typical of the primary pathology, determines a 
dimensional increase in broncho-pulmonary shunts, 
some of these already present even in physiological 
conditions. PVA plastic particles at least higher than 
300 μm with a fair degree of confidence significantly 
limit the risk of pulmonary microembolism in other 
districts. In our opinion, liquid embolizers are also 
not recommended because they increase the risk of 
tissue necrosis and spirals due to the proximal occlu-
sion which they determine by precluding a second 
embolization and poor control of the devices also with 
regard to micro-spirals (29,30). The spirals are instead 
currently used in aneurysms of the bronchial arteries. 
Despite the success of the embolization procedure on 
all patients and the absence of significant peri-proce-
dural complications, we wondered about the possible 
causes that could determine the death due to asphyxia 
and internal drowning of the patient with fatal haem-
orrhage, reported at 48 hours from the procedure. 
During the night the patient developed a massive 
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haemorrhage which resulted fatal to him which did 
not allow our interventional radiology service to be 
alerted in time, therefore it was not possible to carry 
out an emergency embolization quickly. The most 
probable cause of the event according to our consid-
erations can be traced back to the immediate increase 
in bronchial arterial pressure generated in the bleeding 
area affected by the embolization, which subsequently 
determined an increase in blood flow in the previously 
unembolized branches since they were free from active 
extravasations, at the level of the same lobe or a differ-
ent lobe, such as to cause a fatal haemorrhage.

Within 3 months of the embolization procedure, 
none of the other 11 patients developed hemorrhagic 
manifestations, significant drops in Hb that required 
blood transfusions, or other short-term complications. 
At the 6-month follow-up there was a second emboliza-
tion operation, always performed in the elective regime, 
in a single patient who, 4 months after the first proce-
dure, showed a quantitative and qualitative increase in 
bleeding episodes, not such to justify an intervention in 
urgency, but in any case deserving of a new investiga-
tion of the case through radiological and bronchoscopic 
examinations. The patient in question was the only one 
in whom we encountered procedural difficulties dur-
ing the first embolization procedure, the latter dictated 
both by the district anatomical variability of the bron-
chial aterium tree and the navigation of the catheter, 
and by the technical compliance of the operators which 
increased during subsequent procedures. Indeed, in this 
specific case it was not possible to reach the most distal 
catheterization site possible, so we were forced to opt 
for a more proximal closure. The probable cause of re-
bleeding, as well as in the intrinsic characteristics of the 
chronicity of the upstream disease, lies in the limited 
ability of the PVA particles to be able to guarantee a 
permanent closure of the embolized segment in case 
of proximal occlusions, since in this district the section 
of the vessel is greater and it is easy to understand how 
the risk of incomplete embolization and/or partial reca-
nalization of the same after some time is not negligible.

The subsequent instrumental examinations have 
in fact localized the origin of the bleeding from the 
same afferent branch embolized previously during the 
first interventional approach. From this experience it 
emerges with more evidence that it is sufficient, at least 

necessary to aim at obtaining a super-selective cath-
eterization in order to reach the most distal site of the 
vascular axis, therefore the one closest to the origin 
of the bleeding. Subsequently, we were able to carry 
out an evaluation at 12 months only in 7 out of 11 
patients, since further considerations are still ongo-
ing on the remaining part of the subjects, i.e. on the 
patients treated more recently on which it is not yet 
possible to express conclusive considerations. Of the 
7 patients evaluated at one year, 2 patients who were 
already asymptomatic at six months continued to have 
no recurrence symptoms or reductions in hemoglobin, 
while of the other 5, who had minimal bleeding epi-
sodes at six months, 3 patients continued to experience 
sporadic bleeding episodes of the same magnitude, but 
slightly more than in the previous control at six months. 
In these last 3 patients a second integrated diagnostic 
angiotc + bronchoscopy study was therefore performed 
which established in 2 of the 3 patients the origin of 
the bleeding from a lobar branch other than the one 
affected by the embolization, while in the other patient 
the confirmed site was the same. All three patients 
did not undergo significant changes in hemoglobin, 
nor haemodynamic alterations and therefore did not 
require a second embolization. This result is explained 
by the very nature of the chronic pathology upstream 
of the haemorrhagic events. Since pulmonary tuber-
culosis is a chronic and in certain aspects evolutionary 
pathology, an embolization procedure at the level of 
the lung lobe or the segment affected by hemorrhage 
is able to stop the secondary event, but does not sig-
nificantly affect the evolution of the lung disease (30).
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