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Abstract. — OBJECTIVE: Comparing the ef-
ficacy and safety of particulate [microspheres/
polyvinyl alcohol (PVA)] and non-particulate
[n-butyl-2-cyanoacrylate (NBCA)] agents used
as the embolic agents for bronchial artery em-
bolization (BAE) intervention in patients experi-
encing massive hemoptysis.

PATIENTS AND METHODS: A total of 58 in-
dividuals (47 male, 11 female, standard deviation
= 53.9 + 14.8, age range = 18-84) were recruited
for a retrospective study in a single unit. Thir-
ty (51.7%) of the patients underwent BAE inter-
vention with NBCA, and 28 (48.3%) underwent
the same procedure with a particulate emboliz-
ing agent (microspheres/PVA). The demograph-
ic distribution of the patients, the etiological fac-
tors, the technical and clinical success rates,
and complications were documented, with the
two groups subsequently compared.

RESULTS: The technical and clinical suc-
cess rates following the procedure were 100%
for both groups. The average follow-up dura-
tion was 34 months in the NBCA group and
33.5 months in the particulate embolizing agent
group. In comparison, the rate of recurrent he-
moptysis was 3.3% in the former and 17.9% in
the latter, with the presence of recurrent hemop-
tysis not statistically different between the two
groups (p =0.097). Major complications and pro-
cedural death did not occur in either of the sam-
ples.

CONCLUSIONS: The use of NBCA in BAE
presents a safe and effective method. The com-
bination of NBCA and particulate embolizing
agents (PVA/microspheres) achieved equal
technical and clinical success and significant-
ly increased the hemoptysis-free survival rates
in terms of life-threatening hemoptysis. Main
Points: (1) In managing massive hemoptysis,
using NBCA is a safe and effective method sim-
ilar to using particulate embolizing agents. (2)
Although not statistically significant, recurrent

hemoptysis is observed less frequently in the
NBCA group. (3) Technique and clinical success
were relatively high and similar in the groups
where NBCA and particulate embolizing agents
were used.
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Introduction

Massive hemoptysis is defined as 100- to
1,000-mL bleeding from the respiratory tract for
periods over 24 h (300-600 mL is the standard
threshold)'? and presents a medical emergency
that is challenging to diagnose and treat, has a
high mortality rate, and has several causes. In
most cases, the source of massive hemoptysis is
the bronchial arteries or the non-bronchial sys-
temic collateral vessels.

The advent of advanced medical imaging, fi-
beroptic technology, and interventional radiology
over the past 50 years has improved patient out-
comes and reduced mortality rates. The tradition-
al methods emphasize emergency surgery and are
largely conservative, while the bronchial artery
embolization (BAE) procedure has emerged as an
effective alternative method with minimal inva-
sion®. Meanwhile, the bronchial artery emboliza-
tion (BAE) procedure was introduced by Remy et
al*in 1973°. This procedure is regarded as a high-
ly effective and minimally invasive alternative to
surgery for massive and recurrent hemoptysis®.
However, since the procedure does not address
the underlying disease, hemoptysis generally re-
curs and requires frequent embolization’.

Corresponding Author: Mustafa Mazican, MD; e-mail: m_mazican@yahoo.com;

310

adanabaskent@baskent.edu.tr



Comparison of glue and particulate embolizing agent use in hemoptysis

The recent advances in embolic materials and
embolization techniques have also facilitated spe-
cific technical improvements’®. There is currently
no agreement on which type of embolic material
is considered to be the most effective. At the same
time, absorbable gelatin sponge particles or poly-
vinyl alcohol (PVA) particles remain the materials
most commonly used as embolic agents, largely
because they are easy to use, are controllable in
terms of embolic size, and are comparatively af-
fordable’. In addition, various types of coils and
microspheres have also been used in the BAE
procedure'. Recently, n-butyl-2-cyanoacrylate
(NBCA) has received a great deal of attention as
an embolic agent for controlling bleeding in vari-
ous organs’. The widespread use of liquid embolic
agents, especially in terms of treating cerebral
and spinal arterial malformations, has increased
the overall efficacy in controlling the behavior of
such materials’. In fact, NBCA has an array of
advantages, including providing a more reliable
embolization, the rapid occlusion of the target
vessels, and the availability of various adjustment
options, with iodized oil used to control the po-
lymerization time and embolization safety of the
target vessels™. However, despite the advantages,
the use of NBCA in BAE procedures has tended
to be avoided due to concerns over the high risk of
severe complications, such as tissue necrosis and
off-target embolization from uncontrolled reflux’.

Considering the aforementioned, this paper
aimed to compare the efficacy and safety of par-
ticulate (microspheres/PVA) and non-particulate
(NBCA) agents used as embolic agents in the
BAE procedures for patients referred after expe-
riencing massive hemoptysis.

Patients and Methods

Patients

This study was conducted as a retrospective
study pertaining to a single center. Each patient
signed a comprehensive written informed con-
sent form prior to the procedure, and approval
was obtained from the relevant ethics committee
[Baskent University Institutional Review Board
(Project No.: KA20/349)]. The study relates to the
documentation and medical records from January
2011 to July 2022, held in the computerized en-
vironment registered at our hospital for patients
who underwent a BAE procedure due to massive
hemoptysis. Our interventional radiology depart-
ment treated sixty-three patients who underwent

BAE intervention for life-threatening massive
hemoptysis. Five of these patients were exclud-
ed from the study due to a lack of a follow-up
and insufficient documentation, meaning a total
of 58 individuals (47 male, 11 female, standard
deviation = 53.9 + 14.8, age range = 18-84) were
recruited for the study.

All the patients had experienced massive he-
moptysis, with their average hemoptysis volume
in a 24-hour period 489.1 = 197.9 mL (standard
deviation, median 450 mL/min-max 300-1,000
mL). Thirty (51.7%) of these patients underwent
BAE intervention with NBCA, and 28 (48.3%)
underwent the same procedure with a particulate
embolizing agent. The attendant bronchoscopy
and contrast-enhanced computed tomography
(CT) images were examined to detect any lung pa-
thologies, the underlying causes, and the hemop-
tysis extent before the procedure to determine the
possible bleeding focus and identify the vessels
causing the bleeding. While a contrast-enhanced
thorax CT examination is a routine process in
our center, a bronchoscopy-centered approach is
preferred in some cases (e.g., in unstable patients,
when the active bleeding requires endobronchial
therapy or when the bleeding localization cannot
be detected via CT scanning due to bilateral
lung pathologies'®. Eighteen patients underwent a
bronchoscopy test, with the bleeding focus iden-
tified in 15 (83%) cases, while the bleeding focus
was detected in all 58 (100%) patients who under-
went a contrast-enhanced CT examination. Con-
trast-enhanced CT has also been used to exclude
collaterals from the internal thoracic, subclavian,
or intercostal arteries supplying the bleeding site.

The relevant primary data (demographic, etiolo-
gy, and hemoptysis details) were collected using an
electronic medical record system, image archiving,
and a number of communication systems (nucleus
v9.29.67 MONAD software and consultancy, An-
kara; Turkey). The prevalence of lung disease was
categorized as 0-5 according to the number of lung
lobes with disease involvement revealed via CT.
The image interpretation was performed in terms
of the consensus decision of three authors who did
not know the embolic effect and did not see the
results (M.M., LK., and C.A., with 10, 5, and 20
years of experience in BAE, respectively).

The Bronchial Artery
Embolization Procedure

All angiographic procedures were performed
by an interventional radiologist with at least five
years of experience, with BAE performed during
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active bleeding or after the bleeding had stopped.
After securing femoral arterial access with a 5-F
vascular sheath, aortography covering the tho-
racic and upper abdominal aorta was performed
using a 5-F pigtail catheter with the tip in the as-
cending aorta at a flow rate of 15 mL/s for 2 s and
a frame rate of 3 frames/s in the anteroposterior
position. Selective angiograms of the bronchial
and non-bronchial systemic collateral arteries de-
tected via contrast-enhanced CT and aortography
were obtained using 5-F angiography catheters,
with 5-F Sim 2, Sim 1, and USL 2 (Cordis Cor-
poration, FL, USA) catheters used to identify the
bronchial artery patency. Here, abnormal conges-
tion, parenchymal hypervascularity, bronchopul-
monary shunt, and the extravasation of the con-
trast medium following bronchial angiography
were regarded as pathological indicators™!!. Once
the bleeding was detected, a microcatheter was
inserted coaxially into the angiographic catheter
and extended along the pathological artery to the
most distal segment near the vascular blush.

Meanwhile, the choice between the use of
NBCA or particulate embolic agents was not reg-
ulated but was randomized based on the prefer-
ence of the interventional radiologist. Both meth-
ods were used routinely throughout the study
period without a transition period. All patho-
logically evaluated bronchial and non-bronchial
systemic collateral arteries were closed.

The NBCA (Histoacryl, B. Braun, Melsungen,
Germany) was mixed with a lubricated iodinated
contrast agent (Lipiodol Ultra Fluide; Guerbet,
Roissy, France) at 12.5-25% for use in the NBCA
group. The mixture was then transferred to a
2-ml Luer lock syringe after the microcatheter
was flushed with a 5% dextrose solution to pre-
vent the fluids from sticking and to avoid any
possible catheter clogging during NBCA injec-
tion. The mixture was carefully injected under
fluoroscopy, with the distal end of the microca-
theter ideally kept in a straight line to control the
NBCA injection. The injection was continued
with pulses after the first drop of NBCA was
observed to emerge out of the tip of the micro-
catheter. Any reflux covering the distal end of
the microcatheter was carefully monitored. The
mixture’s ratio, volume, and injection speed were
varied according to the embolization size and
flow, and the microcatheter was quickly removed
after injection to prevent the catheter tip from
sticking to the vessel wall.

Microspheres or PVA (Embozenes, 300-700
um, CeloNova Biosciences, Inc., Peachtree City,
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GA, USA; Bead Block Embolic Bead, 300-700
um, Biocompatibles, Inc., UK; Hydropearl Com-
pressible Microsphere, 300-700 pum, Terumo,
Inc., USA; Contour PVA Embolization Particles,
250-355 pm or 355-500 um, Boston Scientific,
Inc., USA) particles larger than 250 pm were used
to prevent bronchial necrosis'*'?2. The mixture
was injected into a 20-mL reservoir syringe via
a 3-way stopcock and 1-mL injectors following
dilution with 3 ccs of contrast and normal saline.
The injection was continued with small pulses
until reflux or stagnation occurred from the em-
bolized arterial branch while carefully monitor-
ing the fluoroscopic guidance.

Aortography was performed after the NBCA-
or PVA/microsphere-based embolization had
been completed to confirm the presence/absence
of other hemoptysic arteries.

Technical and Clinical Success
Assessment and Follow-up

Complete embolization of the bronchial and
non-bronchial systemic collaterals targeted by
the embolization was considered to be a technical
success®, while clinical success was expressed
as the percentage of patients without hemoptysis
at least 30 days after the embolization". The
subsequent treatment (repeat BAE, emergency
bronchoscopy, or surgery) for the cases of recur-
rent hemoptysis was determined using a multi-
disciplinary approach involving the emergency
room doctor, the interventional radiologist, the
pulmonologist, and the thoracic surgeon. The an-
giographic causes of recurrence were categorized
(recanalization of embolized vessels, presence
of other vessels causing missed hemoptysis, or
bleeding from new collateral vessels) for the
patients undergoing BAE following recurrent
hemoptysis'>. The embolization follow-up was
defined in terms of time to hospital admission or
date of death.

Complications

Each patient was followed up closely after the
BAE intervention to identify any complications.
Here, the CT scans, the bronchoscopy results, the
CT findings related to pulmonary ischemia or
pulmonary infarction, and the CT/bronchoscopic
findings related to airway abnormalities (necro-
sis, bronchial stenosis, and broncho-esophageal
fistula) documented in the electronic medical
records of the emergency or outpatient clinic
admission departments were used to evaluate the
presence of late complications”!®!". Here, compli-
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cations requiring a prolonged hospital stay and
advanced care or those resulting in permanent
sequelae or death following BAE were defined
as major complications’, with all other complica-
tions regarded as minor.

Statistical Analysis

The data were analyzed using IBM SPSS ver-
sion 23 (IBM Corp., Armonk, NY, USA) soft-
ware, with the compliance of the qualitative
data to a normal distribution examined using the
Shapiro-Wilk test. Meanwhile, the normally dis-
tributed age-independent samples were analyzed
via t-test, while the non-normally distributed he-
moptysis volume and follow-up time values were
examined using the Mann-Whitney U-test. Chi-
square and Fisher’s exact tests were used to com-
pare the categorical data, which were presented in
terms of frequency (percentage). The quantitative
data were presented in terms of mean = SD and
median (min-max), with p < 0.05 regarded as sta-
tistically significant.

Results

The gender distribution did not vary between
the groups (p = 0.835), with the proportion of men
in the glue-embolizing agent group (80%) and in
the particulate embolizing agent group (82.1%).
The etiological factor distribution indicated that
43.3% of the glue-embolizing agent group and
39.3% of the particulate-embolizing agent group
were diagnosed with bronchiectasis. The CT ex-
aminations revealed that the distribution of the
number of lung lobes with involvement did not
differ between the groups (p = 0.315), while there
was also no difference in the distribution of the
embolized vessels (p = 0.350). The embolized
vessel analysis revealed that the bronchial ves-
sel rate was 70% for the glue-embolizing agent
group, with a bronchial/non-bronchial vessel ratio
of 30%, and 78.6% for the particulate embolizing
agent group, with a bronchial/non-bronchial ratio
of 17.9%.

Furthermore, the emergence of recurrent he-
moptysis did not differ between the two groups
(p = 0.097), with a recurrence rate of 3.3% in the
glue group and 17.9% in the agent group. How-
ever, there was some difference in terms of the
distribution of the causes of recurrent hemoptysis
(p =0.003).

Both technical and clinical success was
achieved in all cases for both groups, with no

major complications. Meanwhile, certain minor
complications were observed in only 10.7% of the
cases in the agent group, with one patient experi-
encing inguinal hematoma and two experiencing
transient chest pain.

A statistically significant difference was found
in terms of the distribution of the localization
of the disease (p = 0.038), with the localization
found to be around the lower lobe of the right
lung in 53.3% of the glue group and 17.9% of the
agent group (Table I).

However, there were no statistically signifi-
cant differences in the mean age values of the
patients (p = 0.618), the median hemoptysis
volume (p = 0.559), or the follow-up period (p =
0.523) (Table II).

Discussion

This retrospective study revealed technical and
clinical success in all patients (100%) undergoing
BAE using NBCA and particulate embolizing
agents (microspheres/PVA). These results support
those reported in previous studies®>'>!® in rela-
tion to technical and clinical success rates.

Various agents, including absorbable gelatin
sponge particles (gel-foam), PVA particles, mi-
crospheres, coils, and glue (NBCA), have been
used for BAE procedures. Here, while gel foam is
the most economical embolizing agent, advanc-
ing it through microcatheters with slight calibra-
tion is often difficult. Furthermore, the recurrent
hemoptysis rate tends to be high due to proximal
occlusion of the vessels and spontaneous recanal-
ization of the arteries. Meanwhile, while coils are
appropriate for actively bleeding vessels, such as
in pseudoaneurysms, due to the permanent prox-
imal occlusion of the vessels, they can complicate
the later procedures carried out in view of possi-
ble recurrence”. In fact, microspheres and PVA
remain the main particulate embolizing agents
used in BAE procedures"!®2°. Here, spherical,
uniform, regular, smooth-sided, and, therefore,
non-absorbable microspheres have the advantage
of preventing microcatheter occlusion during em-
bolization. In contrast, PVA has a non-absorbable
but non-uniform shape and, therefore, tends to
agglomerate, which can cause catheter occlusion
or proximal arterial occlusion during infusion.

Nonetheless, the high technical success rate
using PVA particles has been reported in numer-
ous studies'’?'. Meanwhile, the main argument
against using glue (NBCA) relates to the high risk
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Table I. Group comparison in terms of categorical variables.

Group 1 Group 2
(NBCA) (particulate embolizing Test
(n = 30) agent) (n = 28) Total statistics P
Gender
Male 24 (80) 23 (82.1) 47 (81) ¥»=0.043  0.835
Female 6 (20) 5(17.9) 11 (19)
Etiology
Unknown 4(13.3) 4(14.3) 8(13.8) - -
Bronchiectasis 13 (43.3) 11 (39.3) 24 (41.4)
Tuberculosis 3(10) 5(17.9) 8(13.8)
Lung cancer 6 (20) 6(21.4) 12 (20.7)
Wegener’s disease 0 (0) 1(3.6) 1(1.7)
Church Straus syndrome 1(3.3) 0(0) 1(1.7)
Aspergillus 2(6.7) 0(0) 2334
Dieuloy’s disease 0 (0) 1(3.6) 1(1.7)
Bronchial fistula 1(3.3) 0(0) 1(1.7)
The extent of disease
(number of lobes involvements)
1 14 (46.7) 17 (60.7) 31(534) x> =3.541 0.315
2 12 (40) 7(25) 19 (32.8)
3 3(10) 1(3.6) 4(6.9)
4 1(3.3) 3(10.7) 4(6.9)
Embolized Vein
Bronchial 21 (70) 22 (78.6) 43 (74.1) ¥*=2.100  0.350
Bronchial and non-bronchial 9 (30) 5(17.9) 14 (24.1)
Non-bronchial 0(0) 1(3.6) 1(1.7)
Recurrent hemoptysis
No 29 (96.7) 23 (82.1) 52 (89.7) - 0.097%
Yes 1(3.3) 5(17.9) 6(10.3)
Cause of recurrent hemoptysis
Other culprit arteries are present 1(3.3) 0(0) 1(1.7) ¥*=14.301  0.003
No 2(6.7) 11 (39.3) 13 (22.4)
Recanalization 0(0) 3(10.7) 3(5.2)
No 27 (90) 14 (50) 41 (70.7)
Technical success
Yes 30 (100) 28 (100) 58 (100) - -—-
Clinical Success
Yes 30 (100) 28 (100) 58 (100) - -

¥*: Chi-square test, : Fisher’s exact test.

Table Il. Group comparison in terms of quantitative data.

Particulate Test
Glue embolizing agent Total statistics P
Age 548+173 529+11.8 539+14.8 t=10.501 .618
59.0 (18.0-84.0) 55.5 (26.0-75.0) 56.5 (18.0-84.0)
Hemoptysis volume 488.3 £217.6 490.0 £ 1784 489.1 + 1979 U=3830 .559
425.0 (300.0-1,000.0)  475.0 (300.0-1,000.0) 450.0 (300.0-1,000.0)
Follow-up duration (months) ~ 30.7 +23.8 38.0+319 342+28.0 U=379.0 523
34.0 (1.0-85.0) 33.5 (1.0-98.0) 34.0 (1.0-98.0)

t: Two independent samples #-test statistics, U: Mann-Whitney U test statistic, mean + s. deviation, median (min-max).

of serious complications, such as tissue necrosis for treating cerebral and spinal arteriovenous
and the involuntary embolization of normal ves- malformations, has led to increased efficacy in
sels secondary to uncontrolled reflux®. The wide- controlling the behavior of such materials, and
spread use of liquid embolic agents, especially relevant data regarding their usage for BAE have

314



Comparison of glue and particulate embolizing agent use in hemoptysis

also been reported’. In the present study, the em-
bolization was carried out using particulate (mi-
crospheres/PVA) embolizing agents and NBCA,
with no coil or gel foam used.

Contemporary scholarship has proposed that
certain factors that must be carefully consid-
ered may increase the success rate when using
NBCA. This includes what should be done to
prevent reflux and the measures to prevent pre-
mature polymerization. Meanwhile, the various
practitioners’ NBCA-based techniques tend to
differ®?*%. Baltacioglu et al® applied an NBCA
concentration of 12.5% to prevent early polym-
erization in BAE interventions, while Woo et
al’ applied NBCA concentrations of varying
ratios from 1:2 to 1:4 for their patients under-
going embolization. Here, all the procedures
were successful, with premature polymeriza-
tion prevented, with the NBCA concentration
rate varying from 12.5% to 25% depending on
the distal advancement of the microcatheter
and the vessel diameter or the width of the em-
bolization area.

Traditionally, the most commonly used PVA
rate has been 300-500 um, while the post-2010
literature discusses a broader range of PVA
particle rates of 150-1,200 um'®. Scholars'® have
also used microspheres with a size range of
100-900 pm and 250-1,300 pm in their embo-
lization procedures. Corr** used 500-700-pum
microspheres, while Kucukay et al' performed
embolization using a larger size of 700-900
pm. Larger particles have the advantage of
preventing off-target embolization, as the pri-
mary goal in BAE procedures is to interrupt
the abnormal-looking bronchial vascular arterial
flow and stop the bleeding. The anterior spinal
artery is the most crucial artery to be protected,
meaning using particles smaller than 325 pm is
not recommended"?. No embolic agents with a
diameter of less than 300 pm were used as the
particulate embolic materials in this study, and
no spinal cord injury or major procedure-related
complications occurred.

The recurrent hemoptysis analysis indicated
that the reported clinical and technical success
rates in BAE interventions performed with dif-
ferent embolizing agents are varied. For exam-
ple, Chun et al? achieved an 85% clinical success
rate and observed a recurrent hemoptysis rate of
28% following embolization using PVA in 50
patients with moderate and massive hemoptysis,
while Pei et al?® achieved clinical success rates
of up to 86.6%, with the clinical recurrence rate

24.1% for the embolization using gelatin Spon-
gostan in 112 patients experiencing massive
hemoptysis. Elsewhere, Fruchter et al*” achieved
a 92% clinical success rate and 57.5% clinical
recurrence rate in their embolization procedure,
embossing microspheres and coils in 52 patients
with moderate and massive hemoptysis. In fact,
high technical and clinical success rates have
been achieved with the microsphere-based BAE
procedures reported in the existing studies.
Here, Corr** and Kucukay et al' achieved tech-
nical success rates of 90% and 100%, clinical
success rates of 87% and 91.9%, and recurrent
hemoptysis rates of 13% and 8.1%, respective-
ly. Meanwhile, another study®® demonstrated
that no significant difference emerged in the
recurrent hemoptysis rate in terms of PVA- and
microsphere-based BAE with different embolic
agents other than NBCA . Elsewhere, Baltacio-
glu et al® examined 25 patients following a glue
(NBCA)-based procedure. Here, the hemoptysis
was controlled immediately following the pro-
cedure in all 25 patients (100%) and in 24 pa-
tients (96%) at a one-month follow-up, with the
authors reporting that the recurrent hemoptysis
originated from another problem artery in one
patient who was not embolized before the 10
day following embolization. Meanwhile, Woo
et al’ recently published a study on 406 patients,
grouping the patients who underwent a BAE
procedure in terms of PVA particles and NBCA.
Here, the technical success rate was 93.9%
(275/293) in the PVA group and 96.5% (109/113)
in the NBCA group, while the one-, three-, and
five-year hemoptysis-free survival rates were
77%, 68%, and 66% for the former and 88%,
85%, and 83% for the latter. Furthermore, the
recanalization rate in the previously embolized
vessels was reported to be 21.5% in the PVA
group and 1.8% in the NBCA group. Thus, it
was concluded that NBCA was better than PVA
in preventing recurrent hemoptysis. Moreover,
the vessel recanalization rate was significantly
higher after PVA usage, while no statistically
significant difference was observed between the
groups regarding technical and clinical success
rates.

However, in the present study, six patients with
PVA usage, one with PVA/microsphere usage,
21 with microsphere usage, and 30 with NBCA
usage were recruited. The technical and clinical
success rate was 100% in both the particulate em-
bolization group and the NBCA group. Recurrent
hemoptysis was observed in one patient (3.3%) in
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the NBCA group and five (17.9%) in the particu-
late embolizing agent (microspheres/PVA) group.
The two groups had no statistically significant
difference (p = 0.097). The cause of hemoptysis
in the NBCA group was another newly develop-
ing problem vessel.

Meanwhile, recanalization was detected in all
five patients with recurrent hemoptysis in the
particulate embolizing agent group regarding the
previously embolized problem vessel, and a new
interventional procedure was performed. Previ-
ous studies®® have demonstrated that NBCA is
a safe and effective embolic agent with higher
hemoptysis-free survival rates than when using
particulate embolic agents such as PVA. No reca-
nalization was observed in any patient embolized
with NBCA usage and followed up for an average
of 34 months in this study. However, there was no
statistical difference in the recurrent hemoptysis
rates. It can be concluded that NBCA is a more
powerful agent in preventing recurrent hemopty-
sis, given that five patients embolized with a par-
ticulate embolizing agent had recurrent hemop-
tysis due to recanalization within the first year.
In fact, NBCA can be used in BAE, especially
in the early stages, due to the controlled nature
of the recanalization technique. Specific differ-
ences, specifically in relation to the higher tech-
nical and clinical success rates, differentiate this
study from previous attempts. We believe these
differences can be attributed to the embolizing
agents, etiological factors, and super-selective or
selective catheterization. It can be proposed that
super-selective catheterization in both NBCA and
particulate embolizing agent usage and the high
level of experience of the practitioners are essen-
tial factors in increasing the technical and clinical
success rates.

The most common complications in the BAE
interventions were transient chest/back pain and
dysphagi™'®#*3  while post-embolization syn-
drome with fever, leukocytosis, and pain were oth-
er common and self-limiting complications”'*-3°,
Meanwhile, contrast allergies, inguinal hemato-
mas, and femoral artery pseudoaneurysms at the
puncture site were also reported’!®3°, while wire
or catheter-related vascular injuries, such as va-
sospasm and perforation, were reported in 0.3%-
13% cases, leading to the technical failure of the
BAE'"™*-% Transient ischemia/stroke and cortical
blindness due to subclavian artery manipulation
or bronchopulmonary anastomoses were reported
with a minimal range of 0.6-2%'%%-° while tem-
porary or permanent paraparesis or paraplegia
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was detected in 0.6%-4.4% of cases, which was
largely due to spinal cord ischemia caused by in-
voluntary embolization of the spinal artery orig-
inating from the bronchial or intercostobrachial
arteries*'®*, Minor complications were identified
in only three patients, with inguinal hematoma
emerging in one patient and transient chest pain
in two. However, there were no major complica-
tions in either group.

Limitations

This study also has certain limitations, with
the retrospective design of the study representing
a primary concern. The fact that the study was
conducted with a limited number of patients did
not allow for performing subgroup analyses. Fur-
thermore, the factors behind certain long-term
outcomes, such as antibiotic use, blood oxygen
levels, and malignancy-related radiation effects,
were omitted. Finally, the choice of NBCA or
particulate embolizing agent was determined ac-
cording to the preference and experience of the
interventional radiologist, which increased the
risk of serendipity and may have led to some bias
in the results.

Conclusions

Overall, this study demonstrated that using
NBCA in BAE procedures presents a safe and
effective method. The combination of NBCA
and particulate embolizing agents (PVA/mi-
crospheres) achieved equal technical and clin-
ical success rates and significantly increased
the hemoptysis-free survival rates in relation to
life-threatening hemoptysis. Neither major com-
plications nor procedural death occurred in ei-
ther of the samples. Furthermore, there was no
evidence of increased complications associated
with NBCA, while tissue ischemia and off-target
embolization were expected. However, the results
must be validated through conducting larger mul-
ticenter and well-randomized studies.

Conflict of Interest
The authors declare that they have no conflict of interests.

Acknowledgements

We would like to express our gratitude to all the healthcare
professionals working at the Interventional Radiology Clin-
ic of the Baskent University Adana Dr. Turgut Noyan Train-
ing and Research Hospital.



Comparison of glue and particulate embolizing agent use in hemoptysis

Funding
The authors received no financial support for this study.

Authors’ Contribution

M. Mazican, L. Karluka, C. Andic; concept, design, supervi-
sion, data collection, literature search, writing manuscript,
critical review, analysis and interpretation, and resources
and editing. A. Findikcioglu; concept, design, data collec-
tion, analysis, literature review, manuscript writing, critical
review, resources and materials.

Ethics Approval

This study was conducted in accordance with the principles
of the Declaration of Helsinki. This study was approved by
the Baskent University Institutional Review Board (Project
No.: KA20/349).

Informed Consent

A written informed consent was obtained from patients at
enrolment to include them in registries and make their da-
ta available for subsequent analysis. Yet, oral informed con-
sent for inclusion in this study was further obtained from
patients or relatives (in the case of dead patients) during fol-
low-up telephone calls.

Data Availability
All data used in this study can be obtained from the author
upon request.

ORCID ID

M. Mazican: 0000-0003-1142-213X

I. Karluka: 0000-0002-5760-1777

A. Findikcioglu: 0000-0001-8740-163X
C. Andic: 0000-0001-8581-8685

References

1) Embolization with Large Sized (700-900 pm)
Tris-acryl Microspheres (Embosphere) for Mas-
sive Hemoptysis: Long-Term Results (Clinical Re-
search). Cardiovasc Intervent Radiol 2018; 41:
225-230.

2) Chun JY, Belli AM. Immediate and long-term out-
comes of bronchial and non-bronchial systemic
artery embolisation for the management of hae-
moptysis. Eur Radiol 2010; 20: 558-565.

3) Davidson K, Shojaee S. Managing massive he-
moptysis. Chest 2020; 157: 77-88.

4) Remy J. Traitement des hemoptysies par embo-
lisation de la circulation systemique. Ann Radiol
(Paris) 1974; 17: 5-16.

5) Baltacioglu F, Cimsit NC, Bostanci K, Yiksel M,
Kodalli N. Transarterial microcatheter glue embo-

10)

11)

12)
13)

14)

15)

16)

17)

18)

19)

lization of the bronchial artery for life-threatening
hemoptysis: technical and clinical results. Eur J
Radiol 2010; 73: 380-384.

Kolu M, Kurtulus S, Dere O, Yurttutan N, Yildinm
I0. Embolization with more diluted glue-lipiodol in
patients with massive hemoptysis: single center
experience results. Eur Rev Med Pharmacol Sci
2022; 26: 1543-1548.

Woo S, Yoon CJ, Chung JW, Kang SG, Jae HJ,
Kim HC, Seong NJ, Kim YJ, Woo YN. Bronchial
artery embolization to control hemoptysis: com-
parison of N-butyl-2-cyanoacrylate and polyvi-
nyl alcohol particles. Radiology 2013; 269: 594-
602.

Chun JY, Morgan R, Belli AM. Radiological man-
agement of hemoptysis: a comprehensive review
of diagnostic imaging and bronchial arterial em-
bolization. Cardiovasc Intervent Radiol 2010; 33:
240-250.

Yoo DH, Yoon CJ, Kang SG, Burke CT, Lee JH,
Lee CT. Bronchial and nonbronchial systemic ar-
tery embolization in patients with major hemopty-
sis: safety and efficacy of N-butyl cyanoacrylate.
AJR Am J Roentgenol 2011; 196: W199-W204.

Sakr L, Dutau H. Massive hemoptysis: an update
on the role of bronchoscopy in diagnosis and
management. Respiration 2010; 80: 38-58.

Yoon W, Kim JK, Kim YH, Chung TW, Kang
HK. Bronchial and nonbronchial systemic artery
embolization for life-threatening hemoptysis: a
comprehensive review. Radiographics 2002; 22:
1395-1409.

Najarian KE, Morris CS. Arterial embolization in
the chest. J Thorac Imaging 1998; 13: 93-104.

Kalva SP. Bronchial artery embolization. Tech
Vasc Interv Radiol 2009; 12: 130-138.

Drooz AT, Lewis CA, Allen TE, Citron SJ, Cole
PE, Freeman NJ, Husted JW, Malloy PC, Mar-
tin LG, Van Moore A, Neithamer CD, Roberts AC,
Sacks D, Sanchez O, Venbrux AC, Bakal CW;
Society of Interventional Radiology Standards of
Practice Committee. Quality improvement guide-
lines for percutaneous transcatheter emboliza-
tion. J Vasc Interv Radiol 2003; 14: S237-S242.

Razavi MK, Murphy K. Embolization of bronchial
arteries with N-butyl cyanoacrylate for manage-
ment of massive hemoptysis: a technical review.
Tech Vasc Interv Radiol 2007; 10: 276-282.

Castarfier E, Gallardo X, Ballesteros E, Andreu
M, Pallard6 Y, Mata JM, Riera L. CT diagnosis
of chronic pulmonary thromboembolism. Radio-
graphics 2009; 29: 31-50.

Sopko DR, Smith TP, editors. Bronchial artery
embolization for hemoptysis. Semin Intervent Ra-
diol 2011; 28: 48-62.

Panda A, Bhalla AS, Goyal A. Bronchial artery
embolization in hemoptysis: a systematic review.
Diagn Interv Radiol 2017; 23: 307.

Bhalla A, Kandasamy D, Veedu P, Mohan A,
Gamanagatti S. A retrospective analysis of 334

317



M. Mazican, I. Karluka, A. Findikcioglu, C. Andic

20)

21)

22)

23)

24)

cases of hemoptysis treated by bronchial artery
embolization. Oman Med J 2015; 30: 119.

White RI. Bronchial artery embolotherapy for con-
trol of acute hemoptysis: analysis of outcome.
Chest 1999; 115: 912-915.

Hahn S, Kim YJ, Kwon W, Cha SW, Lee WY. Com-
parison of the effectiveness of embolic agents for
bronchial artery embolization: gelfoam versus
polyvinyl alcohol. Korean J Radiol 2010; 11: 542-
546.

Hill H, Chick JFB, Hage A, Srinivasa RN. N-butyl
cyanoacrylate embolotherapy: techniques, com-
plications, and management. Diagn Interv Radiol
2018; 24: 98.

Takeuchi Y, Morishita H, Sato Y, Hamaguchi S,
Sakamoto N, Tokue H, Yonemitsu T, Murakami K,
Fujiwara H, Sofue K, Abe T, Higashihara H, Naka-
jima'Y, Sato M; Committee of Practice Guidelines
of the Japanese Society of Interventional Radiol-
ogy. Guidelines for the use of NBCA in vascular
embolization devised by the Committee of Prac-
tice Guidelines of the Japanese Society of Inter-
ventional Radiology (CGJSIR), 2012 edition. Jpn
J Radiol 2014; 32: 500-517.

Corr PD. Bronchial artery embolization for
life-threatening hemoptysis using tris-acryl mi-
crospheres: short-term result. Cardiovasc Inter-
vent Radiol 2005; 28: 439-441.

318

25)

26)

27)

28)

29)

30)

Pump K. The bronchial arteries and their anasto-
moses in the human lung. Chest 1963; 43: 245-
255.

Pei R, Zhou Y, Wang G, Wang H, Huang X, Yan
X, Yang X. Outcomes of bronchial artery emboli-
zation for life-threatening hemoptysis secondary
to tuberculosis. PLoS One 2014; 9: e115956.

Fruchter O, Schneer S, Rusanov V, Belenky A,
Kramer MR. Bronchial artery embolization for
massive hemoptysis: long-term follow-up. Asian
Cardiovasc Thorac Ann 2015; 23: 55-60.

Tom LM, Palevsky HI, Holsclaw DS, Trerotola SO,
Dagli M, Mondschein JI, Stavropoulos SW, Sou-
len MC, Clark TW. Recurrent Bleeding, Surviv-
al, and Longitudinal Pulmonary Function follow-
ing Bronchial Artery Embolization for Hemopty-
sis in a U.S. Adult Population. J Vasc Interv Radi-
ol 2015; 26: 1806-13.e1.

Chan VL, So LK, Lam JY, Lau KY, Chan CS, Lin
AW, Chu CM. Major haemoptysis in Hong Kong:
aetiologies, angiographic findings and outcomes
of bronchial artery embolisation. Int J Tuberc
Lung Dis 2009; 13: 1167-1173.

Anuradha C, Shyamkumar N, Vinu M, Babu N,
Christopher DJ. Outcomes of bronchial artery
embolization for life-threatening hemoptysis due
to tuberculosis and post-tuberculosis sequelae.
Diagn Interv Radiol 2012; 18: 96-101.



