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Background: Bronchial artery embolization (BAE) is a common and important way to manage hemoptysis. 
This study’s purpose was to summarize the efficacy, safety, and related factors of BAE in the treatment of 
hemoptysis.
Methods: From January 2010 to August 2023, a systematic literature search was conducted in PubMed, 
EMBASE, Web of Science, and Cochrane Library databases. Original studies with BAE for hemoptysis 
were included, with no restrictions on language. The outcomes of interest were technical success rate, 
clinical success rate, recurrence rate, mortality rate, and major complication rate. Pooled proportions with 
95% confidence intervals (CIs) were calculated using random-effects models. The Newcastle-Ottawa Scale 
(NOS) was employed for quality assessment. Factors such as publication year, region, sample size, amount 
of hemoptysis, etiology, and embolization materials were extracted for subgroup analyses. Additionally, 
sensitivity analyses and test for publication bias were conducted.
Results: A total of 32 studies, including 6,032 patients, met our inclusion criteria. 27 studies were of high 
quality, while five of moderate quality. The results indicated the prevalence of technical success was 97.2% 
(95% CI: 95.1–98.8%) and 93.2% (95% CI: 90.3–95.7%) in clinical success. Hemoptysis recurrence and 
mortality rates after BAE were 24.8% (95% CI: 20.5–29.4%) and 2.3% (95% CI: 1.1–3.8%), respectively. 
Moreover, the pooled prevalence of major complication was 0.1% (95% CI: 0.0–0.4%). Subgroup analysis 
revealed that studies published after 2017 demonstrated a higher technical success rate and a lower 
recurrence rate. Massive hemoptysis showed a higher technical success rate but a lower clinical success 
rate. BAE also demonstrated superior efficacy in patients with bronchiectasis. The clinical success rate was 
significantly higher in patients with benign diseases than those with malignancies. Gelatin sponge (GS) 
showed poor embolization efficacy. N-butyl-2-cyanoacrylate (NBCA) and coils exhibited reduced recurrence 
rates, while NBCA displayed an even lower recurrence rate than non-absorbable particles. The study by 
Ishikawa et al. influenced the stability of the pooled major complication rate, and the sensitivity analysis 
confirmed the robustness of the remaining results.
Conclusions: BAE is safe and effective in treating different degrees of hemoptysis caused by benign 
and malignant lesions. Promising clinical efficacy was observed with NBCA as an embolic material for 
the treatment of hemoptysis. However, further conclusions should be investigated using evidence-based 
medicine.
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Introduction

Hemoptysis is an expulsion of blood originating from the 
lower respiratory tract (1). In certain chronic diseases, 
newly formed thin-walled and fragile anastomotic branches 
between the pulmonary and bronchial arteries are prone 
to rupture under elevated systemic arterial pressure (2-4). 
The bronchial arterial system is the predominant source of 
hemoptysis (90%), with a minority of cases involving the 
aorta or non-bronchial systemic collaterals. Hemoptysis 
can also arise from pulmonary vessels (5%), like the erosion 
of malignant lesions or the rupture of pseudoaneurysms 
(3,5). Regional variations exist regarding the most common 
causes of hemoptysis. In France, cryptogenic hemoptysis 
(50%) was the most prominent case of hemoptysis requiring 
hospitalization, followed by infections (22%), cancer (17%), 
and bronchiectasis (7%) (6). Two Italian studies found 
that lung malignancies were the most prevalent cause, 
accounting for a similar proportion (approximately 19%), 
followed by pneumonia, bronchiectasis, acute bronchitis, 

or inflammatory exacerbation of chronic pulmonary disease 
(7,8). Bronchiectasis was a major cause of bloody sputum 
and hemoptysis (18.3%) in Japan (9). In areas with a high 
incidence of tuberculosis, tuberculosis-related hemoptysis 
was the most frequent cause and even represents 79.2% of 
all causes in India (10).

The management of hemoptysis included conservative 
treatments such as administering of hemostatic agents 
(antifibrinolytic and vasoconstrictive agents) and anti-
inflammatory or anti-infective therapy. Invasive techniques 
include bronchoscopy, bronchial artery embolization (BAE), 
and surgical intervention. In deciding the proper course 
of treatment, it is important to consider the volume and 
timing of hemoptysis. In patients with large volume or rapid 
hemoptysis, conservative treatment may be insufficient, 
with mortality rates of critically ill patients using only 
conservative therapy reaching 50% (11). Bronchoscopy 
can effectively control bronchial bleeding, remove the 
blood clots, and identify the cause of hemoptysis by 
revealing proximal bronchial abnormalities. However, 
excessive blood accumulation in the airway can create 
challenges for timely clearance and airway observation. In 
cases with vascular malformations, bronchoscopy is often 
avoided entirely (2,5,12-14). Open surgical intervention 
is also associated with a poor prognosis, with nearly 
40% of patients with massive hemoptysis succumbing to 
mortality (15). Additionally, surgical intervention is less 
efficacious in patients with diffuse lesions and compromised 
cardiopulmonary function.

BAE was first proposed by Remy et al. in 1973 (16). It 
has gained widespread acceptance due to its advantages 
of being minimally invasive while being able to control 
massive hemoptysis and improve patient prognosis (17). 
The advances in embolic materials and embolization 
techniques have facilitated BAE improvements. Commonly 
employed embolization materials encompass gelatin 
sponge (GS), polyvinyl alcohol (PVA), microspheres, 
coils, and N-butyl-2-cyanoacrylate (NBCA) etc. These 
materials exhibit variations in their degree of embolization, 
recirculation rate, and safety. The CIRSE Standards of 
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Practice recommends the utilization of PVA particles with 
a diameter of 355–500 μm (18). However, the selection of 
materials in each center is primarily influenced by personal 
preferences or policies implemented by countries and 
hospitals without reaching a consensus. A nationwide study 
involving 8,563 patients in Japan (19) compared the safety 
of different embolization materials for BAE. The findings 
revealed that coil (0.06%) exhibited a lower incidence of 
spinal cord embolism compared to GS (0.18%) and NBCA 
(0.72%). Unfortunately, PVA and microspheres were not 
included in the evaluation as they were not used for BAE in 
Japan, despite PVA being globally the most used embolic 
material. The recurrence rate of hemoptysis has been 
reported to range from 10% to 57% following BAE, and 
the major complications, including spinal cord ischemia and 
cerebral infarction, occurred in 0–4.6% (20-22). Therefore, 
further understanding the therapeutic effect of BAE in 
different diseases is necessary to optimize the treatment 
plan, improve the efficacy, and reduce the recurrence rate 
and complications. This meta-analysis was designed to 
investigate the efficacy and safety of BAE in the treatment 
of hemoptysis. Meanwhile, the related factors affecting 
the results were also analyzed. We present this article in 
accordance with the PRISMA reporting checklist (available 
at https://cdt.amegroups.com/article/view/10.21037/cdt-
24-157/rc).

Methods

PROSPERO’s registration number was CRD42023480571.

Search strategy

The PubMed, EMBASE, Web of Science, and the Cochrane 
Library databases between January 2010 and August 2023 
were searched, and two evaluators critically reviewed each 
included study; the consultation of a third party was conducted 
in the event of a disagreement. The following search terms 
were used: ((((bronchial artery) OR (artery embolization)) 
OR (bronchial artery embolization)) OR (transcatheter 
embol izat ion))  AND (hemoptys is )  (Appendix  1) .  
References from eligible studies were also reviewed to 
identify potential studies missed by the electronic search.

Selection criteria

A priori, all eligible studies would be included; exclusion 
criteria were as follows: (I) duplicates; (II) guidelines, 

consensus, comments, letters, conference papers, animal 
experiments, case reports, reviews, systematic review, meta-
analysis; (III) outcomes of interest were irrelevant to the 
impact of BAE on the hemoptysis; (IV) group treated by 
BAE in hemoptysis with less than 50 participants; (V) full-
texts could not be retrieved; (VI) cause of hemoptysis was 
not indicated; (VII) procedure of BAE was not specific; 
(VIII) no short-term clinical outcome indicators; (IX) no 
follow-up information or mean follow-up was less than 3 
months; and (X) data overlap among studies: When multiple 
studies involved the same patient population treated with 
BAE, we only included the most comprehensive follow-up 
information or the most recently published one.

Data extraction

The data were extracted as follows: first author, publication 
year, region, number of patients, patient sex, degree of 
hemoptysis, etiology, embolic materials, technical success 
rate, clinical success rate, recurrence rate, mortality rate, 
and major complication rate.

Following the commonly used classification criteria in 
the literature and clinical practice, we categorized patients 
with hemoptysis into three groups (18): mild hemoptysis 
(<100 mL/24 h), moderate hemoptysis (100–300 mL/24 h),  
and massive or severe hemoptysis (>300 mL/24 h or any 
amount resulting in a decrease in hemoglobin >1 g/dL, 
hematocrit >5%, respiratory failure due to obstruction 
or other causes (PaO2 <60 mmHg), or hypotension with 
systolic blood pressure <90 mmHg).

The successful embolization of all culprit vessels defined 
technical success. Clinical success was defined as a cessation 
or clinically significant reduction of hemoptysis volume by 
more than 50% following BAE (18,20,23,24). Recurrence 
referred to clinically significant re-hemoptysis requiring 
treatment. The hemoptysis-related mortality rate refers to 
the proportion of patients for whom hemoptysis directly 
led to death. Major complications were characterized by 
hospital admission for therapy, prolonged hospitalization, 
permanent adverse sequelae, or death (25).

Study quality assessment

The Newcastle-Ottawa Scale (NOS) comprises eight items: 
selection, comparability, and exposure. Ratings on the NOS 
range from 0 to 9 stars, where scores of 3 or lower indicate 
poor quality, scores of 4 to 6 denote moderate quality, and 
scores of 7 to 9 signify high quality (26).

https://cdt.amegroups.com/article/view/10.21037/cdt-24-157/rc
https://cdt.amegroups.com/article/view/10.21037/cdt-24-157/rc
https://cdn.amegroups.cn/static/public/CDT-24-157-Supplementary.pdf
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Statistical analysis

The STATA statistical software (version 17.0; StataCorp, 
College Station, TX, USA) was employed to analyze the 
data. The technical success rates, clinical success rates, 
recurrence rates, mortality, and major complication 
rates were extracted from each study for meta-analysis. 
Pooled statistics were expressed as proportions at 95% 
confidence intervals (CIs). Only a random-effects model 
was employed. I2 statistics were used to assess the extent 
of heterogeneity of the studies quantitatively. I2>50% was 
considered as statistically significant heterogeneity (27-30).  
The funnel plot and Egger’s test were performed to 
evaluate the presence of publication bias. Sensitivity 
analyses were performed by sequentially omitting one 
study at a time and recalculating the pooled proportion for 
the remaining studies. A two-sided P<0.05 was considered 
statistically significant. Subgroup analysis was performed 
by classification by publication year (during or after 2017 
vs. before 2017) (20), region (Asia vs. Europe vs. America 

vs. Africa), sample size (≥100 vs. <100), the amount of 
hemoptysis (massive vs. non-massive), etiology including 
bronchiectasis (yes vs. no), tuberculosis (yes vs. no) and 
type of disease (benign vs. malignant), embolization 
materials including NBCA (yes vs. no), coils (yes vs. no), 
non-absorbable particles (yes vs. no), GS (yes vs. no) and 
classification by single embolization material (NBCA vs. 
non-absorbable particles).

Results

Study selection and participants’ characteristics

A total of 1,105 studies were screened, and 32 studies 
with 6,032 patients were finally included (Figure 1), which 
included 11 retrospective cohort studies (12,23,24,31-38), 
20 retrospective single-arm studies (11,21,22,39-55) and 
one prospective single-arm study (17). Table 1 shows the 
characteristics of the included studies. The sample sizes 
ranged from 50 to 588 individuals. According to NOS, 
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Figure 1 The flowchart of the search strategy.
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Figure 2 Technical success rates. ES, estimate effect; CI, confidence interval.

27 studies were classified as high quality, while five were 
considered moderate quality.

Overall meta-analysis

Technical success rates
The technical success rates of BAE were reported in 22 
articles, ranging from 87.0% to 100.0%. The pooled 
prevalence was 97.2% (95% CI: 95.1–98.8%) (Figure 2) 
with significant heterogeneity (I2=92.617%, P<0.001).

Clinical success rates
The clinical success rates were reported in 30 articles, 
ranging from 66.4% to 100.0%. The pooled prevalence was 
93.2% (95% CI: 90.3–95.7%) (Figure 3) with significant 
heterogeneity (I2=92.858%, P<0.001).

Recurrence rates
All 32 articles reported the recurrence rates ranging from 

8.0% to 55.1%. The pooled prevalence was 24.8% (95% 
CI: 20.5–29.4%) (Figure 4) with significant heterogeneity 
(I2=93.312%, P<0.001).

Mortality rates
The mortality rates ranging from 0.0% to 33.3% were 
reported in 27 articles. The pooled prevalence was 
2.3% (95% CI: 1.1–3.8%) (Figure 5) with significant 
heterogeneity (I2=87.500%, P<0.001).

Major complication rates
Major complication rates were recorded in all articles and 
ranged from 0.0% to 4.8%. The pooled prevalence was 
0.1% (95% CI: 0.0–0.4%) (Figure 6). The results of the 
heterogeneity analysis indicated an I2 value of 37.088% with 
a P value of 0.02.

Publication bias and sensitivity analysis
The Funnel plot and Egger’s test suggested publication 
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Figure 3 Clinical success rates. ES, estimate effect; CI, confidence interval.

bias in terms of technical success (P=0.04), clinical success 
(P<0.001), recurrence (P=0.050), mortality (P<0.001), and 
major complication (P<0.001) (Figures 7-11). The sensitivity 
analysis of the pooled technical success rate, clinical success 
rate, recurrence rate, and mortality rate indicated that the 
results of the meta-analysis were stable (Tables S1-S4).  
However, the sensitivity analysis of the pooled major 
complication rate, after excluding the study by Ishikawa  
et al., revealed significant differences compared to the other 
studies. The study by Ishikawa et al. (46), which reported a 
high incidence of mediastinal hematoma (5 cases, 62.5%), 
appeared to be the primary source of heterogeneity in the 
comparisons of major complication rates (Table S5).

Subgroup analysis

Subgroup analysis could not find the source of heterogeneity 

(the subgroup analysis of technical success, clinical success, 
recurrence, mortality, and major complication were shown 
in Tables S6-S10, respectively.).

Subgroup analysis by publication year
BAE, after 2017, achieved higher technical success [98.6% 
(95% CI: 97.0–99.6%) vs. 97.2% (95% CI: 95.1–98.8%), 
P<0.001] and lower recurrence rates [19.8% (95% CI: 14.3–
25.9%) vs. 31.7% (95% CI: 25.7–37.9%), P=0.006] than 
before. No statistically significant differences were observed 
in clinical success, mortality, and major complication rates.

Subgroup analysis by region
The largest number of included studies came from Asia, 
followed by Europe, America, and Africa. The technical 
success (P=0.001), recurrence (P=0.002), mortality 
(P<0.001), and major complication rates (P=0.02) were 

https://cdn.amegroups.cn/static/public/CDT-24-157-Supplementary.pdf
https://cdn.amegroups.cn/static/public/CDT-24-157-Supplementary.pdf
https://cdn.amegroups.cn/static/public/CDT-24-157-Supplementary.pdf
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Figure 4 Recurrence rates. ES, estimate effect; CI, confidence interval.

statistically significant among subgroups, while there was no 
significant difference in clinical success rate.

Subgroup analysis by amount of hemoptysis
Patients with massive hemoptysis exhibited a higher 
technical success rate [100.0% (95% CI: 97.9–100.0%) vs. 
97.5% (95% CI: 95.7–98.8%), P=0.003] but a lower clinical 
success rate [90.6% (95% CI: 86.7–93.9%) vs. 96.6% (95% 
CI: 93.1–99.0%), P=0.01] than those with non-massive 
hemoptysis. At the same time, no significant differences 
were observed in other outcomes.

Subgroup analysis by etiology
Compared to other etiologies, patients with bronchiectasis-
related hemoptysis showed higher technical success rate 
[99.7% (95% CI: 99.1–100.0%) vs. 97.4% (95% CI: 

94.0–99.5%), P=0.02], higher clinical success rate [98.1% 
(95% CI: 93.4–99.8%) vs. 87.4% (95% CI: 79.4–93.7%), 
P=0.003], lower mortality rate [1.1% (95% CI: 0.4–2.0%) 
vs. 6.0% (95% CI: 1.1–13.9%), P=0.04], and lower major 
complication rate [0.0% (95% CI: 0.0–0.3%) vs. 0.3% 
(95% CI: 0.0–1.1%), P=0.050], but a higher recurrence rate 
[40.8% (95% CI: 37.2–44.5%) vs. 30.4% (95% CI: 24.8–
36.3%), P=0.003] following BAE. The curative effect in 
tuberculosis patients did not surpass that of other diseases. 
Patients with hemoptysis caused by benign diseases showed 
a higher clinical success rate compared to those with 
malignant diseases [96.0% (95% CI: 91.9–98.7%) vs. 76.3% 
(95% CI: 65.2–85.8%), P<0.001]. However, no significant 
differences were observed between the two subgroups 
regarding technical success, recurrence, mortality, and 
major complication rates.
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Figure 5 Mortality rates. ES, estimate effect; CI, confidence interval.

Subgroup analysis by embolization materials
Subgroup analysis revealed that GS exhibited decreased 
technical success [85.1% (95% CI: 75.0–92.3%) vs. 97.7% 
(95% CI: 94.6–99.6%), P=0.001], clinical success [81.2% 
(95% CI: 75.2–86.5%) vs. 91.2% (95% CI: 83.8–96.5%), 
P=0.03], and increased recurrence [35.9% (95% CI: 
29.2–43.0%) vs. 19.7% (95% CI: 11.6–29.3%), P=0.007] of 
hemoptysis. NBCA [12.6% (95% CI: 8.4–17.5%) vs. 25.4% 
(95% CI: 20.1–31.2%), P=0.001] and coils [12.5% (95% 
CI: 8.3–17.3%) vs. 23.8% (95% CI: 17.3–31.0%), P=0.006] 
showed superior outcomes compared to other embolic 
materials in the recurrence of hemoptysis, with NBCA 
exhibiting a lower recurrence rate than non-absorbable 
particles [12.6% (95% CI: 8.4–17.5%) vs. 26.5% (95% CI: 
15.7–39.0%), P=0.02]. The utilization of coils showed a 
higher incidence of major complication rate [1.1% (95% CI: 
0.3–2.2%) vs. 0.1% (95% CI: 0.0–0.4%), P=0.007], while 

non-absorbable particles showed a reduced occurrence of 
major complication rate [0.0% (95% CI: 0.0–0.2%) vs. 0.4% 
(95% CI: 0.1–1.1%), P=0.02].

Discussion

BAE has been recognized as the first-line treatment for 
massive hemoptysis and recurrent hemoptysis. Hemostasis 
can be effectively achieved in most patients through BAE, 
with a low incidence of hemoptysis-related mortality and 
procedure-related major complications. However, the 
high postoperative recurrence rate remains unresolved. 
Although there have been several pertinent meta-analysis 
regarding BAE for the treatment of hemoptysis (56,57), the 
research on the factors influencing its efficacy and safety 
remains limited. Therefore, we conducted a comprehensive 
subgroup analysis to address this research gap.
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Figure 6 Major complication rates. ES, estimate effect; CI, confidence interval.

The subgroup analysis showed that BAE after 2017 had a 
better technical success rate and lower recurrence rate than 
before, which was attributed to the increased utilization 
of preoperative contrast-enhanced computed tomography 
(CECT) or computed tomography angiography (CTA), 
proficient implementation of embolization techniques and 
optimized selection of appropriate embolization materials. 
Studies showed that the accuracy of CECT in detecting 
bronchial arteries was 97.5% (58) while CTA could be up 
to 98.8% accurate (59), which greatly reduced the BAE 
procedure time and X-ray exposure (59,60). Super-selective 
embolization was associated with improved efficacy in 
achieving complete embolization, reduced recanalization 
rates and a decreased risk of ectopic embolism. The 
selection of the approach and catheter was crucial for 
improving technical success. Research indicated that the 

radial or brachial artery approach could be viable options 
for culprit arteries originating from the subclavian or 
axillary arteries (46,61). Additionally, the JL4 catheter 
showed superior adaptability to the aortic arch morphology, 
providing enhanced stability for selecting ectopic bronchial 
arteries originate from this specific location (62).

Out of the 32 studies, 26 included patients were with 
massive and non-massive hemoptysis but did not report 
outcomes based on the amount of hemoptysis. Only six 
studies were available for subgroup analysis. The results 
showed that patients with massive hemoptysis could achieve 
better technical success and lower clinical success than those 
with non-massive hemoptysis. However, in the subgroup 
analysis of the technical success rate, only the study by 
Kucukay et al. (45) met the inclusion criteria for the group 
with massive hemoptysis, achieving a technical success rate 
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of 100%. This limited representation affects the reliability 
of the overall study results. For patients with non-massive 
hemoptysis, the technical failure of BAE primarily arised 
from challenges in superselection due to orifice stenosis. 
Additional factors contributing to this failure include 

the presence of arterial dissection and the inability to 
localize a source of bleeding. Extravasation of the contrast 
agent was more likely to occur in patients with massive 
hemoptysis, facilitating the identification and embolization 
of the culprit artery (60,63). However, there was currently 
a lack of research examining the differences in bronchial 
artery tortuosity and hypertrophy between patients with 
massive and non-massive hemoptysis. Further investigation 
was warranted. The study conducted by Park et al. (23) 
demonstrated that BAE treatment in patients with non-
massive hemoptysis yielded significant short-term efficacy, 
and early embolization (<24 h) not only reduced the length 
of hospital stay but also significantly decreased the rate 
of early recurrence (<3 months) compared to delayed 
embolization. A second embolization was still effective in 
patients with recurrent hemoptysis (40). Moreover, the 
state of hemoptysis exhibited instability and carried the 
likelihood of progression to life-threatening hemoptysis.  
Yan et al. (64) compared BAE and conservative treatment 
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Figure 10 Funnel plot for mortality.
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in patients with non-massive hemoptysis caused by 
bronchiectasis and revealed that BAE demonstrated 
superior long-term control of hemoptysis. Fartoukh  
et al. (65) found that the combination of BAE and 
medication was significantly more efficacious than 
medication alone in preventing the recurrence of mild 
hemoptysis at both 30 days (recurrence rate: 11.8% vs. 
44.7%) and 90 days (hemoptysis-free survival: 91.2% vs. 
60.2%). Therefore, BAE could be considered in non-
massive hemoptysis patients who have shown a poor 
response to conservative treatment alone, exhibited 
indications for interventional therapy, presented with long-
term hemoptysis affecting quality of life, and patients with a 
risk of progression to massive hemoptysis.

Bronchiectasis was one of the most common causes of 
hemoptysis. The US Bronchiectasis Research Registry 
reported that 23% of patients with bronchiectasis have 
a history of hemoptysis and exhibit a notable recurrence  
rate (66). The results showed that bronchiectasis resulted in 
better short-term outcomes, albeit with a higher recurrence 
rate. However, it is noteworthy that the follow-up duration 
for studies on hemoptysis caused by bronchiectasis exceeded 
that of other studies, which might have influenced the 
outcomes. Furthermore, the severity of bronchiectasis and 
its association with infection were significant predictors of 
hemoptysis recurrence and hospitalization mortality (32,67). 
Therefore, it was crucial to implement clinical interventions 
to delay the progression of bronchiectasis, particularly in 
patients presenting with hemoptysis. As such, BAE may be 
a viable treatment option for managing bronchiectasis.

Tuberculosis was also a prevalent cause of hemoptysis, 
especially in developing countries. The results showed 
that tuberculosis and its sequelae do not exhibit superior 
therapeutic outcomes compared to other etiologies. 
Nevertheless, it was undeniable that BAE remained a safe 
and productive approach for managing tuberculosis-related 
hemoptysis. Research demonstrated that active tuberculosis 
was associated with a lower recurrence rate of hemoptysis 
when compared to tuberculosis sequelae due to the effective 
anti-tuberculosis therapy provided alongside BAE. Diabetes 
mellitus, pulmonary cavity formation accompanied by 
fungal infection, and aggressive pleural thickening were 
associated with an elevated recurrence rate, and should be 
well managed. Additionally, surgical intervention should be 
considered in cases of aggressive pleural thickening (43,50).

BAE for hemoptysis was extensively discussed in 
patients with benign lung diseases, and BAE was typically 
considered a secondary treatment option following the 

failure of other therapies in patients with lung malignancies. 
Compared to other diseases, lung malignancies exhibited 
distinctive characteristics, including a significant prevalence 
of non-bronchial artery hypertrophy and pulmonary artery 
hemoptysis, propensity for collateral circulation formation, 
and challenges in follow-up management (21,51,68-70). 
Three studies for lung malignancies in the meta-analysis 
were all published within the past 5 years, indicating an 
increasing focus on BAE in patients with lung malignancies. 
The clinical success rate of BAE treatment for benign 
lung diseases was superior to malignancies, while no 
statistical difference was found for other outcomes. The 
potential sources of bias in the results might include the 
following: firstly, the etiology of the included studies was 
heterogeneous, with a limited number of studies and a 
small sample size available for subgroup analysis; secondly, 
advancements in super-selective embolization technology 
have augmented the efficacy of culprit artery embolization 
for malignant tumors; thirdly, there were significant 
variations in follow-up duration among the included studies; 
fourthly, the rapid progression of malignancies might impact 
patients’ primary cause of death. Le Tat et al. (21) observed 
that the one-year survival rate was significantly higher in the 
clinically successful group than in the clinically unsuccessful 
group (37% vs. 8%); BAE exhibited potential for both 
short- and long-term efficacy in patients with malignancies. 
In addition to simple embolization, some scholars have 
explored the efficacy of bronchial artery chemoembolization 
(BACE) in patients with lung malignancies accompanied 
by hemoptysis in recent years. In a study involving 187 
patients with hemoptysis due to lung cancer, Xiaobing  
et al. (71) reported that BACE achieved significant disease 
control (87.7%) and remission rates (73.8%). Another study 
conducted by Yu et al. (72) comparing chemoembolization 
with  embol izat ion a lone a l so  demonstrated that 
chemoembolization resulted in a higher disease control rate 
(50.0% vs. 31.0%), higher disease response rate (100% vs. 
72.4%) and longer median overall survival time (28.5 vs. 
22.5 months). Chemotherapy combined with embolization 
could effectively reduce lesion volume, alleviate atelectasis, 
and improve outcomes for patients with advanced disease 
and those with poor surgical candidates (73,74). Studies on 
the selection of chemotherapy drugs and their compatibility 
with embolic materials are currently limited; large-scale 
clinical controlled trials are still needed in the future.

As an absorbable embolic material, GS exhibited 
relatively low technical and clinical success rates, 
accompanied by a potential risk of early recurrence. 
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Conversely, non-absorbable embolic agents demonstrated 
superior short-term outcomes, aligning with previous 
studies (19,51). However, its structural composition 
could facilitate platelet aggregation and fibrin deposition, 
thereby accelerating clot formation compared to alternative 
embolization materials. For cryptic hemoptysis, Nagano  
et al. (75) found that GS exhibited comparable effectiveness, 
a low risk of recurrence, and a minimal occurrence of 
serious complications compared to other non-absorbable 
materials because it was believed that cryptogenic 
hemoptysis had no underlying abnormal cause that could 
lead to repeated hemoptysis. However, with only 22 patients 
in the study and 11 of them receiving PVA, the small sample 
size introduces factors that might affect the reliability of 
the conclusions. Shimohira et al.’s study (76) on hemoptysis 
caused by pulmonary aspergilloma revealed that GS for 
BAE was ineffective. However, their study was still limited 
by its small sample size. Therefore, insufficient empirical 
evidence supports using a single GS as an effective material 
for hemoptysis embolization.

Coils showed a lower recurrence rate in our meta-
analysis.  However, the challenges associated with 
retreatment following the recurrence of hemoptysis 
compared to alternative embolization materials have 
hindered their widespread adoption as mainstream options 
in clinical practice and were selected as a sealing agent for 
cases involving evident artery hypertrophy, Rasmussen’s 
aneurysm, pseudoaneurysm or pulmonary arteriovenous 
malformation. Ishikawa et al.’s study (19) found that the 
proportion of coils for BAE decreased from 19% to 16% 
between 2011 and 2017. Nevertheless, several studies 
revealed that the efficacy and safety of the coil were 
comparable to those of other embolic materials (19,51). 
Even in patients with recurrent hemoptysis, repeated 
coil embolization could still achieve a high success rate  
(97.7%) (19), particularly following the emergence of micro 
coils (31,46). Additionally, it was important to note that all 
the studies using coils alone for embolization were from 
Japan, as PVA and microspheres were not approved for 
Japanese public health insurance. The effectiveness of coil 
embolization might differ by region. Coils were associated 
with a higher major complication rate in the subgroup 
analysis. However, among the eight patients experiencing 
major complications in Ishikawa et al.’s study (46), only one 
case was linked to the symptomatic cerebellar infarction 
caused by ectopic embolization of a postoperative thrombus 
near the vertebral artery using coils, which introduced 
interference with the study outcomes. This complication 

could also occur with other embolization materials (77,78). 
Hence, vigilance should be exercised regarding the risk of 
cerebellar infarction after embolization of arteries adjacent 
to the vertebral artery. Mediastinal hematoma (five cases), a 
significant component of serious complications in Ishikawa 
et al.’ study, could be resolved through coil embolization. 
Furthermore, as a flow-independent embolic agent, coils 
exhibited a lower incidence of spinal cord infarction (19),  
a critical complication necessitating thorough evaluation 
during the BAE procedure. The utilization of detachable 
coi l s  even enhanced the  prec i s ion and sa fety  of 
embolization. Additionally, employing coils for sealing 
after distal embolization with non-absorbable particles may 
diminish the probability of recanalization and the risk of 
ectopic embolization resulting from reflux (31).

P VA  h a s  e m e r g e d  a s  t h e  m o s t  f r e q u e n t l y 
employed embolic material, which exhibited excellent 
histocompatibility. However, its irregular shape posed a 
significant risk of catheter occlusion. Microspheres were 
adjusted to uniform, regular, non-deformable shapes with 
anti-aggregation properties, reducing the risk of catheter 
obstruction. After comparing PVA and microspheres, Fu 
et al. and Park et al. observed no significant differences 
in efficacy or safety (23,24). NBCA was semifluid and 
mixed with iodized oil (at ratios of approximately 1:2–1:5) 
to adjust the concentration according to the flow rate, 
diameter, and the distal advancement of the microcatheter 
of culprit arteries (12,34,39,79). The results revealed that 
NBCA was related to a lower recurrence rate due to its 
dense embolization of the distal part of the culprit vessel. 
The supplementary meta-analysis on non-absorbable 
particles and NBCA observed that NBCA demonstrated 
a more stable curative effect than non-absorbable 
particles and did not increase the risk of complications. 
Moreover, Lee et al. (34) found that NBCA had superior 
hemostatic efficacy and lower recurrence rates than PVA 
in patients of lung malignancies with coagulopathy due to 
its ability to achieve hemostasis independently of blood  
coagulation (80). NBCA showed significant potential for 
enhancing the effectiveness of BAE procedures. However, 
the application of NBCA in patients with hemoptysis is not 
as widespread as that of other embolization materials due 
to concerns regarding premature polymerization, adhesion 
of the microcatheter tip to the glue cast, and complications 
such as non-target embolization and tissue necrosis (79).  
Therefore, its use is generally not recommended for the 
treatment of hemoptysis for individuals needing more 
experience with NBCA in the CIRSE Standards of  
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Practice (18). The study conducted by Shamseldin  
et al. (81) proposed the implementation of standardized 
operating procedures for NBCA, including a rapid flush 
with 5% dextrose solution followed by the slow injection 
of the mixture. Additionally, simultaneous extubation 
during withdrawal or injection mixture administration 
should be avoided to minimize complications and pitfalls. 
Kolu et al. (82) employed a mixture of NBCA and iodide 
at a ratio of 1:14 to achieve enhanced embolization of the 
distal vascular bed and minimize reflux. However, more 
studies are currently needed to investigate the efficacy and 
safety of mixtures with varying concentrations. With the 
increasing standardization of practice among interventional 
radiologists, the future application of NBCA in BAE 
processes is anticipated to become more extensive.

Systemic artery-to-pulmonary fistula (SA-PF) was 
uncommon and caused by the progression of chronic 
inflammation or infection, cancer, post-traumatic, or 
congenital disease (83-85). Several studies have suggested 
that the presence of SA-PF may contribute to hemoptysis 
recurrence and an increased risk of ectopic embolism, 
including pulmonary embolism and systemic arterial 
embolism (31,33,37,47,86,87) due to embolic material 
instability and dislocation under intravascular pressure 
differences (88). Large-diameter non-absorbable particles 
were found to facilitate embolization (33,35,89). Tayal  
et al. (41) used microspheres with a size range of 500–700 μm  
first and followed by 300–500 μm for prompt occlusion 
of systemic artery-to-pulmonary artery fistulas while 
minimizing subclinical embolization and severe ectopic 
embolization. Kucukay et al. (45) also used 700–900 μm 
microspheres to effectively embolize the culprit artery, and 
no recurrence was observed during the 6-month follow-up 
period. Therefore, large-diameter, non-absorbable particles 
could be considered in cases where SA-PF was detected on 
preoperative CTA or angiography.

This systematic review and meta-analysis had several 
limitations. Firstly, some subgroups had fewer studies due 
to inconsistent data on hemoptysis amount, etiology and 
embolization materials, which affected the results. Secondly, 
heterogeneity in defining clinical success rate and follow-
up time across studies impacted result accuracy. Therefore, 
consensus on quantifying hemoptysis and defining outcome, 
along with larger-scale studies with increased sample sizes, 
is necessary to validate the efficacy and safety of BAE in 
managing hemoptysis. Nevertheless, the comprehensive 
subgroup analysis indicated the potential efficacy of BAE 
across different etiologies and highlighted the benefits of 

various embolization materials, supporting future treatment 
decisions for patients with hemoptysis.

Conclusions

BAE is safe and effective in treating of different degrees of 
hemoptysis caused by benign and malignant lesions. The use 
of GS embolization alone is currently not recommended; 
NBCA demonstrates a favorable therapeutic effect, and 
shows a decreased likelihood of recurrence compared to 
particle embolic agents without an increase in the risk of 
BAE. However, it is necessary to establish standardized 
training protocols for interventional radiologists.
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