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Abstract

Objectives The aims of this study were to compare clinical outcomes of early versus delayed bronchial artery embolization

(BAE) for non-massive hemoptysis and to investigate predictors of recurrent hemoptysis.

Methods From March 2018 to February 2021, 138 consecutive patients (age, 65.5 + 12.4 years; male, 67.4%) with non-massive

hemoptysis underwent BAE. The enrolled patients were divided into an early embolization (EE) group (within the first 24 h, n =

79) and a delayed embolization (DE) group (n = 59).

Results The time to embolization ranged between 0 and 15 days and was shorter in the EE group (0.47 + 0.5 days) than in the DE

group (4.02 + 2.8 days, p < 0.001). The in-hospital clinical outcomes were not different between the two groups, except for

hospital stay and post-embolization hospital stay. The recurrence-free survival in the EE group was significantly better than that

in the DE group (p = 0.018). The time to embolization (hazard ratio (HR), 1.21; 95% confidence interval (CI), 1.04-1.42; p =

0.015) and aspergilloma (HR, 6.89; 95% CI, 2.08-22.86; p = 0.002) were predictive factors for recurrent hemoptysis.

Conclusions BAE is an effective and safe treatment modality for non-massive hemoptysis. An early interventional strategy

should be considered in patients presenting with non-massive hemoptysis to reduce the length of hospital stay and early

recurrence. A delayed time to embolization and the presence of aspergilloma were independent risk factors for recurrent

hemoptysis.

Key Points

* Bronchial artery embolization afforded good clinical improvement for treating non-massive hemoptysis without significant
complications.

* An early interventional strategy should be considered in patients presenting with non-massive hemoptysis to reduce the length
of hospital stay and early recurrence.

* A delayed time to embolization and the presence of aspergilloma were independent risk factors for recurrent hemoptysis.
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Introduction

Bronchial artery embolization (BAE) has become the univer-
sally accepted first-line therapy for treating massive hemopty-
sis [1, 2]. The technical and clinical success rates of BAE have
been reported to be high and similar between patients present-
ing with massive versus non-massive hemoptysis [3, 4]. While
massive hemoptysis is always considered an emergency that
requires prompt treatment to prevent catastrophic conse-
quences including airway obstruction, the standard of care
for non-massive hemoptysis remains conservative medical
therapy. On the other hand, a recent multicenter randomized
controlled trial (RCT) of patients with non-massive hemopty-
sis demonstrated the potential of endovascular treatment as a
first-line treatment [5].

According to the American College of Radiology
Appropriateness Criteria (ACR AC), BAE is considered as a
definitive therapeutic option when medical treatment has
failed [6]. However, medical treatment failure is difficult to
define objectively and is highly variable among different cen-
ters or clinicians. To the best of our knowledge, there is no
consensus on when BAE should be performed in patients with
non-massive hemoptysis. While most previous studies have
focused on the efficacy of BAE for non-massive hemoptysis
[5, 7], our preliminary study offers insights into the impor-
tance of procedure timing as a potential prognostic factor for
clinical outcomes. In the current study, we aimed to compare
the clinical outcomes of early versus delayed BAE for non-
massive hemoptysis and to investigate the predictors of recur-
rent hemoptysis.

Materials and methods

The institutional review boards of all collaborating institutions
approved this retrospective study and waived written in-
formed consent for use of clinical and imaging data. Written
informed consent for interventional procedures was obtained
from all patients.

Study design and data collection

The four hospitals’ databases were queried from March 2018
to February 2021, and we identified 280 consecutive patients
who were referred to interventional radiology clinics for per-
sistent hemoptysis despite conservative medical treatment.
Persistent hemoptysis was defined as at least one episode of
hemoptysis after the initiation of medication during hospital
stay. The exclusion criteria were as follows: massive hemop-
tysis, acute respiratory failure, hemodynamic instability, pul-
monary arterial involvement, and traumatic hemoptysis.
According to the ACR AC, massive hemoptysis was defined
as bleeding amount > 100 mL of expectorated blood in 24 h

on admission [6]. Acute respiratory failure was defined as a
requirement of endotracheal intubation and mechanical venti-
lation on admission. Hemodynamic instability was defined as
a systolic blood pressure < 90 mmHg or the requirement for
vasopressor therapy. Pulmonary arterial involvement was de-
fined as pulmonary arterial vasculature involvement accord-
ing to a preprocedural CT angiography [5]. The study flow
diagram is depicted in Fig. 1.

A total of 138 patients (age, 65.5 = 12.4 years; male,
67.4%) were enrolled in this study. There were no patients
who underwent hemostatic procedures with bronchoscopy.
The enrolled patients were divided into two groups according
to the timing of procedure: an early embolization (EE) group
(time to embolization < 24 h, n = 79) and a delayed emboli-
zation (DE) group (n = 59). The time to embolization was
defined as the time interval between the start of medical treat-
ment and arrival at the angio-suite. A comparative analysis
was performed between the two groups. The prognostic fac-
tors associated with recurrent hemoptysis were analyzed in the
entire study population.

At all participating institutions, routine contrast-enhanced
chest CT is performed to identify underlying causes, culprit
arteries, and the extent of pulmonary diseases before the in-
terventional procedure. The extent of the pulmonary disease
on CT was graded from 0 to 6 according to the number of
diseased pulmonary lobes. The following study data were col-
lected using electronic medical records and a picture archiving
and communication system: time to embolization, age, gen-
der, volume of hemoptysis, etiology, smoking history, disease
location and extent on CT, angiographic findings, and embolic
material.

Procedural Techniques

Interventional procedures were performed using one of the
following angiography machines: AlluraClarity, AlluraXper
FD20 (Philips Healthcare), and Artis Q (Siemens
Healthcare) by one of seven interventional radiologists with
at least 5 years of experience. Potential culprit arteries were
scrutinized on CT angiography before endovascular treat-
ment. All procedures were performed under local anesthesia
with 2% lidocaine hydrochloride. Each patient’s vital signs
were monitored throughout the procedure. A 5-F vascular
sheath was placed in the common femoral artery. Thoracic
aortography using a 5-F pigtail catheter was performed at
the discretion of the attending interventional radiologists.
Selective angiograms of the bronchial and/or non-bronchial
systemic collateral (NBSC) arteries were performed using 5-
F diagnostic catheters and coaxial 2.0- to 3.0-Fr microcatheter
systems with non-ionic contrast medium (Visipaque 320, GE
Healthcare). Angiographic findings corresponding to hemop-
tysis were determined as follows: vascular engorgement, pa-
renchymal hypervascularity (including tumor staining),
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Fig. 1 Study flow diagram

From March 2018 to February 2021
Patients underwent BAE for hemoptysis

(n=280) Excluded (n =142):
* Massive hemoptysis (n = 96)

* Acuterespiratory failure (n=12)
> Hemodynamicinstability (n=1)
* Pulmonary arterial origin (n=1)
v * Traumaticorigin (n=1)

Patients underwent BAE for non-massive

*« Combined (n=31)

hemoptysis (n = 138)

Early embolization group (< 24 hr.) Delayed embolization group

(n=79)

(n=59)

bronchopulmonary shunting, pseudoaneurysm, and extrava-
sation of the contrast agent (Fig. 2) [8, 9]. Selective emboli-
zation was attempted in all pathologic bronchial arteries and
NBSCs. The choice of embolic agent was left to the discretion
of the attending interventional radiologists.

Fig.2 A 71-year-old woman was
presented to the emergency room
for non-massive hemoptysis. a
Axial CT image with lung win-
dow setting demonstrates bron-
chiectasis and mucoid impactions
in the right lung. b Right
intercostobronchial trunk angio-
gram shows hypertrophic right
bronchial artery (white arrow) and
areas of parenchymal staining
(white arrowheads). ¢ Selective
intercostal angiogram reveals tor-
tuous collateral vessel (black ar-
row) with parenchymal staining.
d The final angiogram shows
successful embolization of culprit
arteries
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Study endpoints

The study endpoints included in-hospital clinical outcome and
recurrence. In-hospital clinical outcome was evaluated by techni-
cal and clinical success, complications, length of hospital stay,
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and in-hospital mortality. Technical success was defined as the
complete embolization of all bronchial and NBSC arteries in
which embolization was attempted. Clinical success was defined
as cessation of hemoptysis or clinically significant reduction of
hemoptysis volume > 50% during the index hospital stay after
BAE [1, 10, 11]. The length of hospital stay was defined as the
number of days from admission or presentation of hemoptysis for
patients hospitalized for other reasons to hospital discharge. The
length of post-embolization hospital stay was defined as the num-
ber of days from BAE to hospital discharge. Complications were
classified as minor or major according to the guidelines of the
Society of Interventional Radiology [3]. In-hospital mortality was
categorized as hemoptysis-related mortality and other causes.

Recurrence referred to clinically significant hemoptysis oc-
curring after discharge requiring hospital admission or repeat
intervention. Recurrences were classified into early (< 3
months) and late recurrences. Recurrence-free survival was
defined as the time from BAE until the onset of recurrence
or death. The causes of recurrence based on angiographic
findings were categorized as follows: recanalization of the
previously embolized vessels or development of new
NBSCs. The follow-up period referred to the time period from
the date of embolization procedure to the date of last hospital
visit or death.

Statistical analysis

For descriptive statistics, continuous variables are presented as
the mean + standard deviation, and categorical variables are
presented as absolute and relative frequencies. For the com-
parative analysis, the two-sample # test or Mann-Whitney U
test was used for continuous variables, and the chi-square test
or Fisher’s exact test was used for categorical variables.
Recurrence-free survival rates were analyzed and compared
using Kaplan-Meier survival analysis. Potential prognostic
factors associated with recurrent hemoptysis were analyzed
with a Cox proportional-hazards model. Variables with a p
value of less than 0.1 in the univariate analysis were included
in the multivariate analysis. Hazard ratios (HRs) and 95%
confidence intervals (CIs) were calculated. To test the multi-
collinearity of the multivariable analysis model, we calculated
the variance inflation factor (VIF). A p value < 0.05 was
considered statistically significant. All statistical analyses
were executed using R (version 3.6.3 software; Foundation
for Statistical Computing).

Results
Baseline characteristics and procedure details

Baseline characteristics are summarized in Table 1, and no
statistically significant differences were observed between

the two groups except for the time to embolization and disease
location of the lingular left upper lobe. A disease location of
the lingular left upper lobe was more frequent in the EE group
(40.5%) than in the DE group (20.34%, p = .02). The mean
volume of hemoptysis over 24 h was 36.6 + 27.3 cc (EE
group, 38.8 £ 29.7 cc; DE group, 33.7 + 23.5 cc; p =
0.607). The top two common causes of non-massive hemop-
tysis requiring BAE were bronchiectasis (EE group, n = 36,
45.6%; DE group, n =28, 47.5%; p = 0.962) and tuberculosis
sequelae (EE group, n =17, 21.5%; DE group, n =17, 28.8%;
p = 0.433) in both groups.

The details of the BAE procedures are summarized in
Table 2. The angiographic findings corresponding to hemop-
tysis included the following, presented in descending order:
hypervascularity (EE group, n = 65, 82.3%; DE group, n =46,
78%; p = 0.678), hypertrophy (EE group, n = 38, 48.1%; DE
group, n =26, 44.1%; p = 0.766), and systemic-to-pulmonary
shunt (EE group, n =37, 46.8%; DE group, n = 23, 39%; p =
0.455). There were no patients with angiographic findings of
pseudoaneurysm or contrast extravasation. There were no sig-
nificant differences in the number of total embolized arteries
and the number of embolized NBSC arteries between the two
groups (p = 0.646 and p = 0.579, respectively). The utilized
embolic materials included polyvinyl alcohol (PVA) (EE
group, n =57, 72.2%; DE group, n = 39, 67.2%; p = 0.666),
microspheres (EE group, n =7, 8.9%; DE group, n =2, 3.5%;
p=0.302), and a combination of multiple agents (EE group, n
=15, 19%; DE group, n =17, 29.3%; p = 0.228). There were
no cases where coils served as the main embolic agent.

In-hospital clinical outcomes

The in-hospital clinical outcomes are summarized in Table 3,
and no statistically significant differences were observed be-
tween the two groups except for the length of hospital stay (EE
group, 10.7 = 10.4 days; DE group, 12.6 = 11.2 days; p =
0.017) and post-embolization hospital stay (EE group, 10.2
+ 10.4 days; DE group, 8.6 = 10.9 days; p = 0.049). Both
the technical and clinical success rates were 98.7% in the EE
group and 98.3% in the DE group (p > 0.99). In one patient in
the EE group with technical failure, embolization could not be
performed in one of two culprit arteries due to orifice stenosis,
but clinical success was achieved. In another patient in the DE
group with technical failure, conventional angiography failed
to localize a source of bleeding, and bronchoscopic manage-
ment was performed. One patient died of uncontrolled hemop-
tysis despite the technical success.

The complication rate was 2.5% in the EE group and 0% in
the DE group (p = 0.507). No major complications were ob-
served. Minor complications consisted of minor (< 3 cm)
puncture site hematoma formation (n = 1) and subsegmental
renal infarction due to migration of a glue cast (n = 1). Both
patients were observed without additional treatment. The in-
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Table 1 Comparison of baseline

characteristics between the EE Parameter All EE group DE group p value
and DE groups (n=138) n=19) (n=59)
Time to embolization, days 1.99 +2.56 047 +0.5 4.02+2.8 <0.001"
Age, years 65.49 £12.42 65.94 +10.63 64.9 + 14.55 0.821
Male 93 (67.39%) 55 (69.62%) 38 (64.41%) 0.644
Hemoptysis amount, mL 36.64 £27.27 38.82 +29.74 3373 +£23.5 0.607
Etiology
Bronchiectasis 64 (46.38%) 36 (45.57%) 28 (47.46%) 0.962
Tuberculosis sequelae 34 (24.64%) 17 (21.52%) 17 (28.81%) 0.433
Active tuberculosis 13 (9.42%) 8 (10.13%) 5 (8.47%) 0.973
NTM infection 9 (6.52%) 7 (8.86%) 2 (3.39%) 0.3
Aspergilloma 12 (8.7%) 7 (8.86%) 5 (8.47%) >0.99
Malignancy 14 (10.14%) 11 (13.92%) 3 (5.08%) 0.157
Others' 28 (20.29%) 18 (22.78%) 10 (16.95%) 0.529
Unknown 13 (9.42%) 6 (7.59%) 7 (11.86%) 0.579
Smoking history 0.727
Current 22 (15.94%) 14 (17.72%) 8 (13.56%)
Former 32 (23.19%) 19 (24.05%) 13 (22.03%)
Never 84 (60.87%) 46 (58.23%) 38 (64.41%)
Disease location
Right upper lobe 67 (48.55%) 36 (45.57%) 31 (52.54%) 0.523
Right middle lobe 59 (42.75%) 36 (45.57%) 23 (38.98%) 0.549
Right lower lobe 58 (42.03%) 35 (44.3%) 23 (38.98%) 0.651
Non-ligular left upper lobe 61 (44.2%) 35 (44.3%) 26 (44.07%) >0.99
Lingular left upper lobe 44 (31.88%) 32 (40.51%) 12 (20.34%) 0.02"
Left lower lobe 63 (45.65%) 40 (50.63%) 23 (38.98%) 0.235
Disease extent, lobes 2.55+1.68 271 +1.67 2.34+1.69 0.187
Follow-up, months 14.76 £12.12 14.74 £ 11.54 14.78 £ 12.94 0.721

Continuous variables are presented in mean =+ standard deviation; categorical variables in absolute and relative

frequencies (percent)

EE early embolization, DE delayed embolization, NTM nontuberculous mycobacterium

* p < 0.05 means statistical significance

T Other underlying diseases include anthracofibrosis (n = 2), autoimmune disease (n = 2), bronchiolitis (n = 1),
chronic obstructive pulmonary disease (n = 3), interstitial lung disease (n = 3), Kartagener syndrome (n = 1),
pneumoconiosis (n = 4), and pneumonia (n = 12)

hospital mortality rate was 2.5% in the EE group and 8.5% in
the DE group (p = 0.137). Deaths from other causes were as
follows: underlying pneumonia (n = 3), underlying disease
progression (n = 2), and myocardial infarction (n = 1).

Recurrences

The median follow-up time was 12.6 months (range 2—1272
days). Of the 136 patients who achieved clinical success, re-
currence was observed in 19 (14%) patients (Table 4). The
early recurrence rate was significantly higher in the DE group
(8.6%) than in the EE group (0%, p = 0.013). Among five
patients with early recurrence, three patients underwent repeat
BAE to control recurrent hemoptysis. One patient experienced
recurrence due to new NBSCs and two patients experienced
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recurrence due to both recanalization and new NBSCs. The
remaining two patients underwent either bronchoscopic or
surgical management without repeat angiography. The late
recurrence rate was 10.3% (11.5% for the EE group, 8.6%
for the DE group), and there were no significant differences
between the two groups (p = 0.788). Among 14 patients with
late recurrence, six patients experienced recurrence due to
recanalization, six patients experienced recurrence due to
new NBSCs, and two patients experienced recurrence due to
both recanalization and new NBSCs.

The Kaplan—Meier survival curve stratified based on the
time to embolization is shown in Fig. 3. The recurrence-free
survival rate in the EE group was significantly better than that
in the DE group (p = 0.033). The results of the univariable and
multivariable Cox proportional hazards regression models are
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Table 2 Details of the procedure

Parameter EE group (n =79) DE group (n =59) p value
Angiographic findings
Hypervascularity 65 (82.28%) 46 (77.97%) 0.678
Hypertrophy 38 (48.1%) 26 (44.07%) 0.766
Systemic-to-pulmonary shunt 37 (46.84%) 23 (38.98%) 0.455
Embolized artery
Total arteries 1.89+0.91 1.8 £0.87 0.646
NBSCs 0.35+0.62 047 +0.84 0.579
Embolic materials
PVA 57 (72.15%) 39 (67.24%) 0.666
Microsphere 7 (8.86%) 2 (3.45%) 0.302
Multiple embolic agentsT 15 (18.99%) 17 (29.31%) 0.228

Continuous variables are presented in mean + standard deviation; categorical variables in absolute and relative

frequencies (percent)

EE early embolization, DE delayed embolization, NBSC non-bronchial systemic collateral; PVA polyvinyl

alcohol

T Mixed embolic agents include PVA + Gelfoam (n = 25), PVA + glue (n = 3), Microsphere + Gelfoam (n = 1),

and Microsphere + glue (n = 3)

shown in Table 5. The time to embolization (HR, 1.21; 95%
CI, 1.04-1.42; p = 0.015) and aspergilloma (HR, 6.89; 95%
CI, 2.08-22.86; p = 0.002) were predictive factors associated
with recurrent hemoptysis. The VIF values for the variables
were < 2, indicating that there was no multicollinearity.

Discussion

BAE is increasingly used as a definitive therapeutic option for
non-massive hemoptysis after failed medical treatment [5, 7].
However, the timing of endovascular treatment for patients
with non-massive hemoptysis depends entirely on their phy-
sicians’ decisions. To date, no study has compared the

efficacy and safety of early versus delayed BAE in patients
with non-massive hemoptysis. The current study demonstrat-
ed that the time to embolization for non-massive hemoptysis
ranges between 0 and 15 days. The in-hospital clinical out-
comes were similar between the two groups, except for the
length of hospital stay, which was longer in the DE group than
in the EE group. However, patients in the EE group had better
recurrence-free survival than those in the DE group, and a
longer time to embolization was associated with an increased
risk of recurrence.

In the current study, excellent technical and clinical success
rates (98-99%) were achieved in both groups. No procedure-
related major complications occurred, and only two minor
complications occurred in the EE group. However, there was

Table 3 In-hospital clinical

outcomes after bronchial artery Parameter EE group (n =79) DE group (n =59) p value
embolization
Technical success 78 (98.73%) 58 (98.31%) >0.99
Clinical success 78 (98.73%) 58 (98.31%) >0.99
Complication 2 (2.53%) 0 (0%) 0.507
Major 0 (0%) 0 (0%) -
Minor 2 (2.53%) 0 (0%) 0.507
In-hospital mortality 2 (2.53%) 5 (8.47%) 0.137
Hemoptysis related 1 (1.27%) 0 (0%) > 0.99
Other cause 1 (1.27%) 5 (8.47%) 0.084
Hospital stays, days 10.68 +10.38 12.61 £ 11.21 0.017"
Post-embolization hospital stays, days 1022+ 104 8.59 £ 10.89 0.049"

Continuous variables are presented in mean + standard deviation; categorical variables in absolute and relative

frequencies (percent)

EFE early embolization, DE delayed embolization

*p < 0.05 means statistical significance
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Table 4 Recurrences after bronchial artery embolization

Parameter All EE group ~ DE group  p value
(n=136) (n="178) (n=58)
Early recurrence 5 (3.7%) 0(0%) 5(8.62%) 0.013"
Recanalization 0 0 0
New NBSC 1 0 1
Combined" 2 0 2
No angiography 2 0 2
Late recurrence 14 (10.29%) 9 (11.54%) 5 (8.62%) 0.788
Recanalization 6 3 3
New NBSC 6 4 2
Combined® 2 2 0
No angiography 0 0 0

Categorical variables in absolute and relative frequencies (percent)

EE early embolization, DE delayed embolization, NBSC non-bronchial
systemic collateral

*p < 0.05 means statistical significance

T Combined means that angiographic findings show both recanalization
and new systemic collateral

no significant difference between the two groups in minor
complication rates, and puncture site hematoma formation
and inadvertent embolization were generally not associated
with the time to embolization. These findings are in accor-
dance with those of previous studies that showed satisfactory
clinical outcomes of BAE for patients with non-massive he-
moptysis. However, neurological complications related to

spinal cord ischemia have been reported at 0.6-4.4% and
should not be overlooked [1]. Since the EE group had a
shorter hospital stay than the DE group, early intervention
may be more advantageous in terms of early discharge and
quick return to daily activity.

In contrast to the in-hospital clinical outcomes, the long-
term follow-up data for recurrent hemoptysis showed a signif-
icant difference between the two groups. The recurrence-free
survival rate was higher in the EE group than in the DE group.
After stratification according to the time to recurrence, the EE
group showed a decreased early recurrence rate compared
with the DE group; however, there was no difference in the
late recurrence rate. Follow-up angiograms of patients with
early recurrence revealed findings of new NBSCs and/or re-
canalization. According to previous studies, early recurrence
after BAE is most commonly due to suboptimal embolization
rather than underlying disease progression or recruitment of
new arteries [1, 12]. This may explain the higher early recur-
rence rate in the DE group than in the EE group despite the
comparable excellent in-hospital clinical outcomes in both
groups.

Patients with hemoptysis usually receive medical treatment
(e.g., antifibrinolytic agents or vasoconstrictors) from the time
of admission, and hemoptysis can be reduced to some extent
with such conservative management [13, 14]. Endogenous
blood clot formation in the culprit arteries has likely already
begun during medical treatment, which can help provide im-
mediate control of hemoptysis [15]. The longer the duration of
medical treatment before procedure is, the greater the

Fig. 3 Kaplan—Meier survival 1001
analysis. Kaplan—Meier curves :
demonstrate recurrence-free
survival rates in the EE and DE
groups. EE: early embolization;
DE: delayed embolization E 0751
s
=]
n
]
g
L 0.50 1
]
]
c
g
5
9
@ (0.251 == EE Grou
p=0.033 P
=+ DE Group
0.00 1
0 10 20 30 40
Follow-up Period (months)
EE Group | 79 49 21 10 3
DE Group { 59 32 21 11 0
0 10 20 30 40
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Table 5 Predictive factors for
recurrence after bronchial artery Parameter Univariable analysis Multivariable analysis
embolization
HR 95% CI p value HR 95% CI p value
Time to embolization 1.17 1.02-1.34 0.027" 1.21 1.04-1.42 0.015"
Age 1.03 0.98-1.07 0.241
Male 1.66 0.59-4.66 0.338
Hemoptysis amount 0.99 0.966-1.007 0.19
Etiology
Bronchiectasis 0.73 0.29-1.85 0.506
Tuberculosis sequelae 0.57 0.16-1.96 0.371
Active tuberculosis 1.37 0.31-5.99 0.674
NTM infection 1.8 0.41-7.89 0.434
Aspergilloma 4.24 1.37-13.11 0.012" 6.89 2.08-22.86 0.002"
Malignancy 1.69 0.38-7.39 0.488
Others 1.32 0.43-4.04 0.622
Unknown 0.59 0.08-4.41 0.604
Disease extent 0.96 0.71-1.29 0.774
Angiographic finding
Hypervascularity 1.39 0.4-4.83 0.599
Hypertrophy 1.32 0.5-343 0.574
Shunt 0.95 0.38-2.42 0.922
NBSC 0.92 0.33-2.6 0.882
Embolic material
PVA 0.37 0.14-0.92 0.034" 0.24 0.03-2.13 0.201
Microsphere 1.74 0.22-13.72 0.601
Multiple embolic agents 2.6 1.03-6.62 0.044" 0.78 0.09-6.8 0.821

HR hazard ratio, CI confidence interval, NTM nontuberculous mycobacterium, NBSC non-bronchial systemic

collateral, PVA polyvinyl alcohol

*p < 0.05 means statistical significance

likelihood of endogenous clot formation. However, endoge-
nous clots induced by hemostatic agents provide temporary
hemostasis and have the potential to recanalize earlier than
embolic agents [16]. Furthermore, if a culprit artery with tran-
sient hemostasis is not identified during the initial BAE, its
early recanalization may be considered as a new NBSC during
the follow-up procedure. Our results are in accordance with
the aforementioned RCT, where the medical treatment group
demonstrated a higher recurrence rate than the BAE group [5].

In addition to the time to embolization, aspergilloma was
another independent risk factor for recurrent hemoptysis in the
current study. Previous studies of patients with massive he-
moptysis have identified various risk factors including
aspergilloma, NBSCs, systemic-to-pulmonary shunt, and tu-
berculosis which were associated with recurrent hemoptysis
[1, 17-19]. A recent study of patients with non-massive he-
moptysis found that tuberculosis sequelae and NBSC were
associated with recurrence, which differs from the results of
this study. This discrepancy can be largely attributed to strat-
ification of target populations based on hemoptysis severity.
The current study defined massive hemoptysis as bleeding

exceeding 100 mL of expectorated blood in 24 h, following
the ACR AC. However, Hwang et al defined massive hemop-
tysis as bleeding greater than 300 mL. Based on the definition
of ACR AC, 25.8% of the patients included in their study had
massive hemoptysis.

There are some limitations to the current study that deserve
mention. The most important is the retrospective nature of the
study, which leads to several biases, such as information or
selection biases. The follow-up period for each patient was
variable. The choice of embolic material was case-dependent,
and approximately one fourth of patients underwent BAE with
a combination of multiple embolic agents. However, in most
cases, PVA or a microsphere was used as the primary embolic
agent; these have been revealed to be effective and safe [1, 11,
20]. In addition, there was no difference in the embolic agents
used between the two groups.

In conclusion, BAE is an effective and safe treatment mo-
dality for non-massive hemoptysis. An early interventional
strategy should be considered in patients presenting with
non-massive hemoptysis to reduce the length of hospital stay
and early recurrence. A delayed time to embolization and the
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presence of aspergilloma were independent risk factors for
recurrent hemoptysis.
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