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Outcomes and safety of bronchial artery embolization in control

of massive hemoptysis

Gehan H. AboEI-Magd®®, Ahmad H. Abouissa™®, Mohamed M. Harraz®

Background The most frequent causes of massive
hemoptysis are bronchiectasis, myecetoma, tuberculosis,
bronchial carcinoma, and cryptogenic hemoptysis.

Objective This study aimed to investigate the outcomes,
safety, and complications of bronchial artery embolization
(BAE) in the management of massive hemoptysis.

Patients and methods This study included 32 patients who
presented with massive hemoptysis who were indicated for
BAE. The following data were obtained from each patient:
detailed history, clinical examination, chest radiograph,
computed tomography pulmonary angiography, fiberoptic
bronchoscopy, and BAE.

Results Fifteen patients underwent BAE as an urgent
procedure for control of massive hemoptysis and 17 patients
underwent BAE as an elective procedure. The complications
of BAE were fever in four patients (12.5%), back pain in three
(9.38%), failure of BAE in two (6.25%), recurrence of
hemoptysis in one (3.13%), and no mortality. BAE was
successful in 30 out of 32 (93.75%) cases. Failure of
catheterization was encountered in one (3.13%) case
because of dissection during negotiations; therefore, no
catheterization was performed. The second (3.13%) case
showed extensive bronchial-pulmonary shunt with severe
lung destruction, so that the procedure was deemed futile.

Introduction

Massive hemoptysis is defined as the amount of
expectorated blood that endangers the airway patency,
causing hemodynamic instability [1,2]. There is no
definitive volume of expectorated blood for the
diagnosis of massive hemoptysis; however, the amounts
of hemoptysis ranging from 200 to 1000 ml over 24 h are

considered to be indicative of massive hemoptysis [2].

Massive hemoptysis originates from the bronchial
high-pressure circulation in 90% of the cases. In
around 5%, bleeding arises either from the aorta
secondary to the aortobronchial fistula, ruptured
aneurysms, or systemic nonbronchial circulation. In
the remaining 5%, pulmonary vessels may be the
source of massive hemoptysis [3,4].

The most frequent causes of massive hemoptysis are
bronchiectasis, myecetoma, tuberculosis (TB),
bronchial carcinoma, and cryptogenic hemoptysis;
however, TB is considered the most common cause,
especially in countries with a high prevalence of TB [5].
Hemoptysis can occur as a sequelae of destruction of
the lung vasculature and parenchyma because of
pulmonary TB [6].
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After the procedure, immediate control of hemoptysis was
achieved in 29 (90.62%) patients.

Conclusion BAE can be used safely and effectively for
control of massive hemoptysis; it can be used as an
alternative nonsurgical option along with medical treatment or
as a bridge to stabilize the patient until definitive surgical
management can be performed. BAE can be considered an
alternative to surgery if the patient is not fit for surgical
intervention.
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The lung has dual circulation with bronchial and
pulmonary; the first one supplies the tracheobronchial
tree down to the level of the terminal bronchiolesand the
pulmonary circulation is involved in gas exchange of

oxygen and carbon dioxide [7].

Control of massive hemoptysis by conservative
methods leads to a high rate of mortality varying
from 50 to 100% [8]; the common cause of death is
asphyxiation [9].

If the cause of hemoptysis is not known, especially in
patients with suspected malignancy, bronchoscopy
should be performed. Computed tomography
(CT) chest is also recommended before bronchoscopy.
Both procedures are considered complementary,
increasing the diagnostic value for the source of
bleeding [10].
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CT chest is useful for the diagnosis of cancer or
bronchiectasis, whereas bronchoscopy has a better
diagnostic yield in the detection of mucosal
abnormalities [11]. In addition, bronchoscopy can
provide specimens of BAL and biopsies for culture,

cytology, and histopathology [12].

Objective

This study aimed to investigate the outcomes, safety,
and complications of bronchial artery embolization
(BAE) in the management of massive hemoptysis.

Patients and methods

This study was carried out during the period from
December 2014 till February 2019 in the radiology
Department in Al-Noor Specialist Hospital, Makkah,
Saudi Arabia. Itincluded 32 patients who presented with
massive hemoptysis in whom the amount of bleeding was
200-1000 ml over 24 h who were indicated for BAE as a
first line of management of massive hemoptysis, failure
or contraindications of bronchoscopy or bridge to
surgery to stabilize the patient. The study was
approved by the local institute ethics committee.

The following data were obtained from each patient:
detailed history, clinical examination, chest radiograph,
CT pulmonary angiography, and updated coagulation
profiles that were reviewed before fiberoptic
bronchoscopy and BAE. Bronchoscopy guides the
radiologist to the proper segment for embolization
and therefore reduces the duration of BAE. CT scan
provides an anatomy of the bronchial arteries and is

considered a roadmap for BAE.

All patients were scheduled for regular follow-up at least
for 1 year following BAE; recurrence was considered
when bleeding occurred again within this year.

Inclusion criteria were as follows: patients with
pulmonary causes of hemoptysis proven by CT
pulmonary angiography, for example, TB were eligible
for this study. Exclusion criteria were as follows: patients
presented with nonpulmonary causes of massive
hemoptysis, for example, thrombocytopenia, platelet
disorders were excluded from the study.

Benefits, risks, and alternatives were discussed with the
patient or guardians before obtaining an informed
consent from all patients. Patient consent declaration
was obtained from all patients. The patients were
fasting at least 6h before fiberoptic bronchoscopy
and BAE techniques.
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Fiberoptic bronchoscopy technique

The fiberoptic bronchoscopy (Pentax Europe GmbH,
Japan) was performed to determine the origin and
cause of hemoptysis as follows:

Continuous monitoring of vital signs and oxygen
saturation was performed using pulse oximetry with
application of supplemental oxygen. Midazolam was
administered for conscious sedation 2.5 mg through
the intravenous route. Local anesthesia of the upper
airways was administered using Xylocaine 10% spray.
The bronchoscope was introduced through the nasal
route; Xylocaine 2% was used to anesthetize the vocal
cords, trachea, and the lower airways. The tip of the
bronchoscope was advanced to visualize the bronchial
tree to locate the origin of bleeding. The source of
bleeding was lavaged using cold saline, which results in
hemostasis, in addition to the use of topical
epinephrine (1 : 20 000), which can be injected
directly through the bronchoscope to stop bleeding.

Infusion of 20 ml of saline was performed within the
bronchoscopy channel and then gentle suction to
collect lavage with an infusion of a total of
100-120 ml saline to obtain BAL 40-60ml (equals
40-70%); the
bacteriological examination. Biopsies were taken
from visible endobronchial tumors if present; also,
biopsies were taken when malignancy was suspected
and specimens were sent for histopathology.

samples were sent for micro

Technique of bronchial artery embolization

The procedure was performed under local anesthesia;
the right common femoral artery access was secured
with a 5 Fr, 35 cm sheath. A pigtail catheter was used
to perform flush aortography, which enables rapid
delineation of bronchial arteries and nonbronchial
systemic pathologic arteries that may supply the
lung lesion (e.g. subclavian arteries). Then, the
culprit bronchial artery was catheterized using a 5
Fr cobra 1 (C1) catheter (Merit Medical Systems
Inc., South Jordan, Utah, USA). A microcatheter
[Renegade Hi-Flo, Direxion (Boston Scientific,
Cork, Ireland), Repar-18 (EV3, Irvine, California,
USA), or Maestro (Merit Medical Systems Inc.)] is
then used for subselective catheterization of the
diseased artery. The pathological branches and
pseudoaneurysm were embolized with micro-
particles (Contour, a polyvenyl alcohol particles;
Boston Scientific,). The size of the particles ranged
from 150-250 to 250-355p). Finally, access was
closed with a clip-mediated (starclose SE) or a
suture-mediated (ProGlide) closure device (Abbott
Vascular, Santa Clara, USA).
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Results

There were a total of 32 patients; 20 (62.5%) were
males and 12 (37.5%) were females. The age range of
the patients studied was 17-73 years; 18 (56.25%)
patients were smokers. Fifteen patients underwent
BAE as an urgent procedure for control of massive
hemoptysis and 17 patients underwent BAE as an
elective procedure.

Table 1 shows the causes of massive hemoptysis in the
patients studied. The presentations of CT pulmonary
angiography were in the form of aneurysmal dilation in
six (18.75%) patients, tortuosity in eight (25%)
patients, bronchopulmonary shunting in seven
(21.87%) patients, hypertrophied bronchial and
nonbronchial vessels in 30 (93.75%) patients, and
hypervascularity in four (12.5%) patients (Table 2
and Figs 1-3).

Fiberoptic bronchoscopy was performed to locate the
origin of bleeding, which originated from the left side
in 18 (56.25%) cases and the right side in 14 (43.75%)
cases; biopsies were taken from visible tumors in seven
(34.38%) patients and in one patient because of
mucosal thickening with hyperemia.

Table 3 shows the complications of BAE in the
patients studied: fever in four (12.5%) patients, back
pain in three (9.38%), failure in two (6.25%), and
recurrence of hemoptysis in one (3.13%). There was
no mortality.

The procedure was successful in 30 out of 32 (93.75%)
cases; however, failure of catheterization was
encountered in one (3.13%) case because of dissection

Table 1 Causes of systemic hemoptysis in the patients
studied

N=32 [n (%)]
Tuberculosis 9 (28.12)
Sarcoidosis 4 (12.5)
Malignancy 7 (21.87)
Bronchiectasis 7 (21.87)
Aspergilloma 2 (6.25)
Unknown 3(9.37)

Table 2 Findings of computed tomography pulmonary
angiography in the patients studied

N (%)
Aneurysmal dilation 6 (18.75)
Tortuosity 8 (25)
Bronchopulmonary shunting 7 (21.88)
Hypertrophied bronchial and nonbronchial vessels 30 (93.75)
Hypervascularity 4 (12.5)

during wire manipulation. Therefore, it was not
catheterized. The second (3.13%) case showed
extensive bronchial-pulmonary shunt with severe lung
destruction; thus, the procedure was deemed futile
(Fig. 3). After the procedure, immediate control of
hemoptysis was reported in 29 (90.62%) patients.

Discussion

BAE is considered a substitute to surgical resection in
the urgent management of massive hemoptysis. BAE
can result in immediate control of hemoptysis [13].

Shigemura ez al. [14] reported that TB was the most
common cause of massive hemoptysis in 62 Chinese
patients over the period from 2000 to 2005; this is in
agreement with another study [15], which found that
TB accounts for 85% of cases of massive hemoptysis. In
this study, post-TB sequelae were responsible for
28.12% of cases of massive hemoptysis.

In agreement with our results, Soares ez al. [16] found
that TBs and bronchiectasis were the major causes of
massive hemoptysis, whereas lung cancer and
bronchiectasis were the main causes in the study of
Fruchter er al [17], who stated that the most
common causes of massive hemoptysis that necessitate
BAE were lung cancer and bronchiectasis. However,
Soares Pires ez al. [16] reported that lung cancer was the
third common reason for hemoptysis. Dabo e al. [18]
found that lung cancer was present only in 2.5% of
patients who underwent BAE for control of hemoptysis.

Tom et al. [19] reported that sarcoidosis and cystic
fibrosis were the main indications for BAE, accounting
for 36% out of 69 patients, whereas TB and its sequelae
were present only in 8% of the patients.

Some studies have reported variable incidences of
aspergilloma who underwent BAE for control of
amount of hemopysis [20,21].

Previous studies found that malignancies are present in
a small number of patients compared with TB and its
sequelae, with an incidence of 1-12.9% [22,23].

Most cases of massive hemoptysis arise from bronchial
circulation; however, it may originate from pulmonary
circulation in some pathologic conditions such as active
TB [3], lung abscess [3], mycetoma, cavitating lung
cancer [3], and vasculitis.

Fiberoptic bronchoscopy is useful in localization of the

origin of hemoptysis in 73-93% of patients [12,24],
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A 17-year-old man with hemoptysis. (a) Plain radiograph shows left para-hilar reticulonodular density and ill-defined opacity. (b) CTA in the
mediastinal window shows a small aneurysm (arrow) in the apical segment of the left lower lobe in addition to a cavitary lesion (arrow) and tree in
bud nodules (small black arrows) in (c). (d) selective bronchial angiography shows the common origin of the right and left bronchial arteries,
attenuated right artery, abnormal left bronchial branches, and a small pseudoaneurysm (arrow). (e) Cessation of flow to the pathological arteries
after embolization with 150-250 p polyvenyl alcohol particles. (f) follow-up computed tomography in 3 months shows marked improvement and
disappearance of the aneurysm. Patient did not have another attack since embolization. CTA, CT pulmonary angiography.

Figure 2

A 60-year-old man with hemoptysis. (a) Chest radiograph shows bilateral apical destructive lung changes with pleural thickening and traction on the
trachea. Endoscopy confirmed bleeding from the right side. (b) Right ICBT catheterization with a 5 Fr cobra 1 catheter shows pathological vessels
(block arrow) in the upper lobe with a bronchial-pulmonary shunt (arrows). (c) Postembolization with 150—-250 p polyvenyl alcohol particles using a

microcatheter. ICBT, intercostal-bronchial artery trunk.

like this study as fiberoptic bronchoscopy (FOB)
determined the origin hemoptysis in some cases that
were not determined by imaging neither by chest X ray
nor CT pulmonary angiography. Remy ez al. [25]
performed BAE for control of hemoptysis for the
first time in 1973. Multiple studies reported the

success of BAE in immediate control of hemoptysis
in 57-100% of patients [22,26,27].

Some studies postulated that some causes of
hemoptysis such as TB, lung cancer, bronchiectasis,
and aspergilloma are related to an increased risk of
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Figure 3
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A 70-year-old woman presented with recurrent hemoptysis; bronchoscopy showed blood originating from the left side. Plain radiograph (a)
shows marked destruction of left lung, bronchiectasis, volume loss, and air—fluid level. (b) CTA: marked hypertrophied and tortuous left bronchial
artery (arrows). (c) Selective left bronchial angiography confirmed CTA findings; a vial of 100—250 1 was injected through a microcatheter. (d)
Following particle embolization, a large shunt with the left pulmonary artery was noted (arrow). On the basis of the above findings, the benefits of
embolization were questionable, and surgery was considered a safer option. (e) Preoperative assessment with °°*™Tc MAA lung perfusion
confirmed the complete absence of function in the left lung. CTA, CT pulmonary angiography; MAA, macro-aggregated albumin scintigraphy.

Table 3 Complications bronchial artery embolization in the
patients studied

N (%)
Fever 4 (12.5)
Back pain 3 (9.38)
Failure 2 (6.25)
Recurrence of hemoptysis 1(3.13)
Mortality 0

recurrence of hemoptysis [17,28]. Recent studies have
reported a high incidence of recurrence of hemoptysis

of 30-39.2% [18,19].

In this study, no mortality was reported; in contrast to
this finding, other studies [15] have reported mortality
rates of 9-38% resulting from massive hemoptysis. The
highest of 38% was recorded in a series that enrolled a
large number of patients with advanced carcinomas.
Multiple studies have concluded that BAE is a safe and
effective technique in control of hemoptysis [17,18].

In this study, immediate control of hemoptysis was
achieved in 90.62%; this is in agreement of with
Cremaschi ez al. [29], who studied 209 patients who
underwent BAE for hemoptysis control, and reported

immediate improvement in hemoptysis in 205 (98%)
patients.

The complications that may occur with embolization
are minor such as fever, chest pain, and
dysphagia, which resolve in a few days [30]; this is
in agreement with this study. Spinal cord infarction
and/or ischemia are the most serious complications of

BAE, with variable incidences 1.4-6.5% [29].

The limitation of this study was inclusion of small
number of patients with massive hemoptysis indicted
tor BAE according to inclusion criteria.

Conclusion

BAE can be used safely and effectively for control of
massive hemoptysis; it can be used as an alternative
nonsurgical option along with medical treatment or as a
bridge to stabilize the patient until definitive surgical
management can be performed. BAE can be
considered an alternative to surgery if the patient is
not fit for surgical intervention.
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