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Abstract 

Background  Bronchial artery embolization (BAE) is currently an important treatment for hemoptysis. However, there 
is no consensus in the efficacy and safety of BAE compared to conservative treatment for hemoptysis, which limits 
the widespread use of BAE in hemoptysis. The objective was to assess the clinical benefit of BAE versus conservative 
treatment in patients with hemoptysis.

Methods  A systematic search was conducted on the PubMed, Embase, ScienceDirect, CochraneLibrary, and Clini-
calTrials up to March 2023. Both randomized controlled trials (RCTs) and cohort studies reporting rates of recurrent 
hemoptysis, clinical success, mortality, and complication by BAE and conservative treatment alone for hemoptysis 
were included. Data were pooled and compared by the use of odds ratio (OR) and 95% confidence interval (CI).

Results  Twelve studies (three RCTs, nine cohorts) involving 1231 patients met the eligibility criteria. Patients treated 
with BAE had lower recurrence rates of hemoptysis (26.5% vs. 34.6%; OR 0.37, 95% CI 0.14–0.98), higher clinical success 
rates (92.2% vs. 80.9%; OR 2.77, 95% CI 1.66–4.61), and lower hemoptysis-related mortality (0.8% vs. 3.2%; OR 0.20, 95% 
CI 0.05–0.84) compared with conservative treatment alone. There was no significant difference in all-cause mortal-
ity between the two groups. In terms of security, the incidence of major complications and minor complications 
in patients undergoing BAE treatment was 0.2% (1/422) and 15.6%, respectively.

Conclusions  BAE was more effective than conservative treatment alone in controlling hemoptysis, reducing recur-
rence, and decreasing hemoptysis-related mortality, with an almost negligible risk of major complications.

Keywords  Bronchial artery embolization, Hemoptysis, Meta-analysis

Introduction
Hemoptysis is a life-threatening respiratory emergency 
that requires prompt investigation and management. At 
present, the treatment of hemoptysis mainly includes 
conservative treatment (including bronchoscopy), endo-
vascular treatment and surgery.

Conservative treatment includes monitoring, oxygen 
therapy, postural drainage, the administration of antibi-
otics or hemostatic drugs, and the use of bronchoscope. 
It is mainly suitable for mild to moderate hemoptysis [1], 
which has the advantages of availability and conveni-
ence. However, the effect of conservative treatment on 
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hemoptysis varies from person to person, and the risk of 
recurrence is high [2].

Surgery was once regarded as the first-line treatment 
of hemoptysis, however, the status of emergency surgery 
has gradually declined because of high operative mortal-
ity rates. With the improvements of interventional radiol-
ogy, nowadays, bronchial artery embolization (BAE) has 
been the first-line treatment of massive and recurrent 
hemoptysis [2–4]. Also, a survey by the American Col-
lege of Chest Physicians showed that a higher proportion 
of chest physicians favored interventional radiology over 
either conservative or surgical management [5].

Although the status of BAE seems to be higher than 
conservative treatment, there is lack of strong evidence 
from randomized trials. In the available observational 
studies [6–8], there is heterogeneity in the efficacy and 
safety of BAE compared to conservative treatment for 
hemoptysis, which limits the widespread use of BAE in 
hemoptysis. Therefore, we conducted this systematic 
review and meta-analysis. At present, there is no meta-
analysis on comparing the efficacy and safety of BAE and 
conservative treatment for hemoptysis.

Materials and methods
This study is reported under the Preferred Report-
ing Items for Systematic Evaluation and Meta-Analysis 
(PRISMA) Statement [9] and is registered with PROS-
PERO9 (https://​www.​crd.​york.​ac.​uk/​PROSP​ERO) (regis-
tration number CRD42024548571).

Search strategy and study selection
To report this meta-analysis, we followed the Preferred 
Reporting Items for Systematic reviews and Meta-Anal-
yses (PRISMA) guidelines. A systematic search was 
performed in electronic databases (PubMed, Embase, 
ScienceDirect, CochraneLibrary, and ClinicalTrials) up 
to March 2023 to identify all available studies on BAE 
vs. conservative treatment for hemoptysis. The follow-
ing search terms were used (as medical subject headings 
and text words): (Bronchial artery embolization [Title/
Abstract]) AND (("Hemoptysis" [Mesh]) OR ((haemopty-
sis [Title/Abstract]) OR (Hemoptyses [Title/Abstract]))). 
Two independent authors (S.F. and X.C.) independently 
analyzed the lists of retrieved articles and performed the 
study selection. Disagreement was resolved by consen-
sus or opinion of a third author (W.H.) if necessary. The 
Institutional Review Board approval or exemption was 
not necessary for this study due to the lack of original 
human and animal information.

Inclusion and exclusion criteria
Studies were included in the analysis in the presence of 
all the following criteria: (1) original study is in English; 

(2) the design of two-arms which have both BAE group 
and conservative treatment group; (3) follow-up data 
was complete; (4) availability of data on the incidence of 
recurrent hemoptysis, clinical success, mortality, major 
complications, and minor complications; (5) publication 
after 1985.

Studies were excluded if they met any one of the crite-
ria as follows: (1) review article, systematic review, meta-
analysis, comment, discussion, editorial, letter, book, case 
report, animal experiment, conference paper, and guide-
line; (2) duplicate articles reporting the same data; (3) the 
BAE and control groups in the study were not conducted 
during the same period of time; (4) studies without prog-
nostic and survival data; (5) full-texts were not retrieved, 
and attempts to contact the author failed.

Data extraction
All original articles selected for inclusion in the meta-
analysis were independently reviewed by two authors 
(S.F. and X.C.), and the following data were extracted, 
when available: general data (author, year of publica-
tion, study type), population characteristics (inclusion 
criteria, exclusion criteria, number of included patients, 
etiology and severity of hemoptysis), intervention of the 
BAE treatment group (including embolic material) and 
conservative treatment group, and duration of follow 
up. For patients in the BAE and conservative treatment 
groups, information on the following separate outcomes 
were collected: details of recurrence, clinical success, 
hemoptysis-related mortality, all-cause mortality, major 
complications, and minor complications. Disagreements 
between reviewers were resolved by consensus or by dis-
cussion with a third reviewer (W.H.).

Assessment of quality and risk of bias
The Cochrane Risk of Bias Tool (RoB) was used to evalu-
ate the quality of randomized controlled trials (RCTs) 
[10]. We rated the overall risk of bias as “low”, “high”, or 
“unclear” risk of bias according to the different domains. 
The Newcastle–Ottawa Scale (NOS) was used to assess 
the quality of cohort studies [11]. The full score was 9, 
with 0–4 being low quality, 5–6 being moderate quality, 
and 7–9 being high quality. Two reviewers (S.F. and X.C.) 
assessed independently, and discrepancies were solved by 
discussion among all review authors.

Publication bias was assessed with Egger’s test and rep-
resented graphically by funnel plots of the standard dif-
ference in means versus the standard error.

Outcomes
The primary outcome of this meta-analysis is recurrent 
hemoptysis, defined as post-BAE recurrence of hemop-
tysis requiring readmission, repeat BAE, or lobectomy 
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during follow-up. The secondary outcomes included 
clinical success, hemoptysis-related mortality, all-cause 
mortality, major complications and minor complications. 
Clinical success is defined as the combination of ces-
sation or reduction of hemoptysis during study period. 
Major complications are defined as unplanned seque-
lae that may require medical intervention during hos-
pitalization or even death, such as spinal injury, severe 
diaphragmatic palsy, and other unexpected systematic 
artery embolization. Minor complications are mild self-
limiting symptoms which are relieved by symptomatic 
treatment or rest, such as fever, back pain, dysphagia, etc. 
The original data were verified twice.

Statistical analysis
Data were analyzed using Mantel–Haenszel statis-
tics. The odds ratio (OR) and 95% confidence interval 
(CI) were calculated for each study, and results were 
compared by the use of a fixed-effects (FE) model or a 
random-effects (RE) model. A P-value of < 0.05 was con-
sidered to be statistically significant. Between-study het-
erogeneity was determined based on the following: (1) 
a significant Q test of heterogeneity, (2) an I2 test > 60%, 
and (3) visual inspection of the forest plot.

When the heterogeneity was significant, subgroup 
analysis, sensitivity analysis and meta-regression were 
used to find the source of heterogeneity. Subgroup analy-
sis was performed according to the study type (rand-
omized controlled trial or cohort study). The effect on 
the outcome was explored using sensitivity analysis by 
eliminating studies that were at a high risk of bias. Meta-
regression was used according to the study type, disease 
and nation to analyze the source of heterogeneity.

Analyses were performed with REVIEW MANAGER 
5.4 (The Cochrane Collaboration, Oxford, UK) and 
STATA/MP17 (StataCorp LP, College Station, TX, USA).

Results
We identified 1534 articles from our initial search strat-
egy and 1203 articles remained after removal of dupli-
cates, of which 1055 were in the English language. Review 
article (n = 80), systematic review/meta-analysis (n = 2), 
ongoing study (n = 6), animal experiment (n = 2), confer-
ence abstract (n = 146), guideline (n = 3), comment/edi-
torial/letter/book (n = 45), case series (n = 39) and case 
report (n = 351) were excluded. After scanning the title 
and/or abstract, 350 articles were excluded (7 of them 
have no full text). Full-text versions of the remaining rel-
evant articles (n = 31) were assessed for eligibility, and 19 
articles were excluded after applying the inclusion/exclu-
sion criteria. Finally, a total of 12 articles were included 
for the systematic review. The flow chart of the selection 
process is shown in Fig. 1.

Baseline characteristics of included studies
Twelve studies that included a total of 1231 patients 
were included. Table  1 provides basic summaries of 
these studies. Published between 2002 and 2023, these 
studies reported that patients with hemoptysis received 
BAE or conservative treatment due to the diverse eti-
ologies of cystic fibrosis, lung cancer, tuberculosis 
(TB), nontuberculous mycobacteria (NTM), bronchi-
ectasis, chronic thromboembolic pulmonary hyper-
tension (CTEPH), etc. 8 studies were used to pool the 
data of the recurrent rate of hemoptysis, while 7 stud-
ies were used for the evaluation of clinical success. We 
also respectively evaluated 7 studies and 5 studies to 
estimate all-cause mortality and hemoptysis-related 
mortality. Finally, we analyzed major and minor com-
plications secondary to BAE to evaluate its safety.

Risk of bias and quality of evidence
The RoB was used to assess the quality of 3 RCTs [2, 13, 17] 
(Fig. 2). The results showed that the included articles were 
of moderate quality. The NOS was used to assess the qual-
ity of 9 cohort studies [6–8, 12, 14–16, 18, 19] (Table 2). 
The average NOS score of cohort studies was 6.5 (ranging 
from 4 to 9).

Outcome
Results for each outcome are shown in Table 3 and are 
also described below.

Primary outcome
Eight studies reported on the rates of recurrent hem-
optysis. The pooled analysis of these studies confirmed 
that the recurrence rate in the BAE group is lower than 
that in the control group (904 patients; 26.5% versus 
34.6%; RE model, OR 0.37, 95% CI 0.14–0.98, I2 = 84%) 
(Fig. 3a).

Due to the great heterogeneity, subgroup analysis, sen-
sitivity analysis and meta-regression were performed. 
Subgroup analysis (Fig.  3a) showed that there was no 
significant difference (χ2 = 0.89, P = 0.35, I2 = 0%) in the 
rate of recurrent hemoptysis between RCTs (1 studies, 
72 patients; RE model, OR 0.19, 95% CI 0.06–0.60) and 
cohort studies (7 studies, 832 patients; RE model, OR 
0.41, 95% CI 0.14–1.20, I2 = 85%). Sensitivity analysis 
(Fig. 3c) showed that two studies (choi 2018 and Lu 2022) 
had a significant impact on the effect size. After removing 
these two studies, the result of pooled analysis remained 
robust without significant heterogeneity (509 patients; 
23.7% versus 38.6%; FE model, OR 0.41, 95% CI 0.27–
0.62, I2 = 33%) (Fig.  3b). There was no significant differ-
ence in meta-regression according to nation (P = 0.95) 
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and study type (P = 0.24). Reporting bias was not evident 
(P = 0.30, Egger test) as presented by funnel plot (Fig. 3d).

Secondary outcomes
Clinical success
The pooled analysis of 7 studies reporting comparisons 
between BAE and conservative treatment showed a sig-
nificant increase in the rate of clinical success in patients 
receiving BAE as compared with controls (676 patients; 
92.2% versus 80.9%; FE model, OR 2.77, 95% CI 1.66–
4.61, I2 = 12%) (Fig. 4a).

In addition, subgroup analysis (Fig. 4a) of these 7 stud-
ies was performed through study type, and there was 
insignificant difference (χ2 = 4.00, P = 0.05, I2 = 75.0%) in 

the rate of clinical success between RCTs (3 studies, 276 
patients; FE model, OR 4.14, 95% CI 2.14–8.01, I2 = 0%) 
and cohort studies (4 studies, 400 patients; FE model, 
OR 1.39, 95% CI 0.60–3.22, I2 = 20%). Not much impact 
on effect size was observed during sensitivity analy-
sis (Fig.  4b). Also, there was no significant difference in 
meta-regression according to nation (P = 0.99) and study 
type (P = 0.25). Reporting bias was not evident (P = 0.28, 
Egger test), as the funnel plot was symmetric (Fig. 4c).

Hemoptysis‑related mortality
Five cohort studies reported on number of hemoptysis-
related mortality. The odds in the BAE group for hem-
optysis-related mortality was 0.20 times the odds in the 

Fig. 1  Flow diagram of literature search and selection
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control group (497 patients; 0.8% versus 3.2%; FE model, 
OR 0.20, 95% CI 0.05–0.84, I2 = 10%) (Fig.  5a). Because 
of the small number of studies and inapparent heteroge-
neity, subgroup analysis, sensitivity analysis and meta-
regression were not performed. Reporting bias was not 
evident (P = 0.74, Egger test) as presented by funnel plot 
(Fig. 5b).

All‑cause mortality
Seven cohort studies reported on the incidences of all-
cause mortality. The odds in the BAE group for all-cause 
mortality was 0.70 times the odds in the control group 
(649 patients; 4.3% versus 7.6%; FE model, OR 0.70, 95% 
CI 0.32–1.56, I2 = 55%), but results were statistically 
insignificant (Fig. 6a).

Due to the heterogeneity among groups, sensitivity 
analysis was performed, which showed that one study 
(Vidal 2006) had a significant impact on the effect size 
(Fig. 6c). After removing this study, the result of pooled 
analysis confirmed that the all-cause mortality in the 
BAE group was significantly lower than that in the con-
trol group (592 patients; 1.6% versus 7.3%; FE model, OR 
0.29, 95% CI 0.09–0.93, I2 = 8%) (Fig. 6b). Reporting bias 
was not evident (P = 0.18, Egger test) as presented by fun-
nel plot (Fig. 6d).

Complication
Nine studies reported the complications after BAE. Of 
all the 422 patients, only one had major complications, 
manifested as spinal cord ischemia with splenic, renal 

Fig. 2  Risk of bias assessment. a Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all 
included studies. b Risk of bias summary: review authors’ judgements about each risk of bias item for each included study
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and pancreatic infarction. Sixty-six of 422 patients had 
minor complications, of which chest pain was the most 
common. The major and minor complications are listed 
in Table 4.

Discussion
In this study, we evaluated the efficacy and safety of BAE 
and conservative treatment for hemoptysis. Overall, 
patients treated with BAE had lower recurrence rates of 
hemoptysis (26.5% vs. 34.6%; OR 0.37, 95% CI 0.14–0.98), 
higher clinical success rates (92.2% vs. 80.9%; OR 2.77, 
95% CI 1.66–4.61), and lower hemoptysis-related mortal-
ity (0.8% vs. 3.2%; OR 0.20, 95% CI 0.05–0.84) compared 

with conservative treatment alone. In terms of security, 
the incidence of major complications in patients under-
going BAE treatment remained negligible (1/518), and 
the incidence of minor complications was 12.7%.

Recurrence after BAE remains an inevitable problem 
and occurs in approximately 30% of patients [20–22]. 
In our study, the recurrence rate in the BAE group was 
26.5%, compared with 34.6% in the control group. We 
excluded two study by Choi et  al. [8] and Lu et  al. [6] 
due to significant heterogeneity. In the study by Choi 
et  al. [8], the proportion of patients with active bleed-
ing in the BAE group was higher, about 10 times that of 
the control group, which may be an important reason 

Table 2  Methodological quality of included cohort studies assessed by Newcastle–Ottawa Scale

Study Selection Comparability Outcome Total score

Representativeness 
of the exposed 
cohort

Selection 
of the 
non-
exposed 
cohort

Ascertainment 
of exposure

Absence 
of 
outcome 
at 
baseline

Assessment 
of outcome

Length of 
follow-up

Adequacy 
of 
follow-up

Antonelli 
[12] 2002

✓ ✓ ✓ ✓ ✓✓ ✓ ✓ 8

Choi [8] 
2018

✓ ✓ ✓ ✓ ✓ ✓ ✓ 7

Lee [7] 
2019

✓ ✓ ✓ ✓ ✓ ✓ ✓ 7

Lu [6] 
2022

✓ ✓ ✓ ✓ ✓ ✓ 6

Reechai-
pichitkul 
[14] 2005

✓ ✓ ✓ ✓ 4

Savale [15] 
2007

✓ ✓ ✓ ✓ ✓ ✓ 6

Vidal [16] 
2006

✓ ✓ ✓ ✓ ✓ ✓ ✓ 7

Yan [18] 
2023

✓ ✓ ✓ √ ✓ 5

Yang [19] 
2019

✓ ✓ ✓ √ ✓✓ ✓ ✓ ✓ 9

Table 3  Summary of findings

95% CI 95% confidence interval, BAE Bronchial artery embolization, NA Not applicable, OR Odds ratio

Outcome N of studies (n of 
participants)

Study event rates (n, %) Relative effect (OR, 95% CI; I2)

With BAE Without BAE Before sensitivity analysis After sensitivity analysis

Recurrent hemoptysis 8 (904) 94/355 (26.5%) 190/549 (34.6%) 0.37 (0.14–0.98); I2: 84% 0.41 (0.27–0.62); I2: 33%

Clinical success 7 (676) 271/294 (92.2%) 309/382 (80.9%) 2.77 (1.66–4.61); I2: 12% NA

Hemoptysis-related mortality 5 (497) 2/244 (0.8%) 8/253 (3.2%) 0.20 (0.05–0.84); I2: 10% NA

All-cause mortality 7 (649) 12/281 (4.3%) 28/368 (7.6%) 0.70 (0.32–1.56); I2: 55% 0.29 (0.09–0.93); I2: 8%

Major complication 9 (422) 1/422 (0.2%) NA NA NA

Minor complication 9 (422) 66/422 (15.6%) NA NA NA
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for the high recurrence. Lu et  al. [6] indicated that the 
cystic type of bronchiectasis was a risk factor for the 
recurrence of hemoptysis. In his study, the proportion of 
patients with cystic type in the control group was about 

twice that of the BAE group, which may have increased 
the recurrence rate. After excluding these two studies, 
the recurrence rate in the BAE group was 23.7%, which 
is consistent with the results of a previous single-arm 

Fig. 3  Recurrent hemoptysis in patients receiving BAE treatment or conservative treatment according to study design. a Forest plot 
before sensitivity analysis. b Forest plot after sensitivity analysis. c Sensitivity analysis. d Funnel plot. BAE, bronchial artery embolization; CI, 
confidence interval; df, degrees of freedom; M-H, Mantel–Haenszel; RCT, randomized controlled trial



Page 13 of 17Fan et al. BMC Pulmonary Medicine          (2024) 24:428 	

meta-analysis (recurrence rate in the BAE group was 
23.7%; 95% CI: 18.5%-28.9%) [23]. Hemoptysis recur-
rences mostly occur in lung cancer, mycetoma or cavitary 
lesions, and may be related to incomplete embolization, 
recanalization of previously embolized arteries, as well 
as to the recruitment of new collaterals due to the pro-
gression of the underlying disease [24–26]. Other studies 
[20, 27, 28] have shown that tuberculosis sequelae, bron-
chial-pulmonary shunts, aberrant bronchial artery, non-
bronchial systemic collaterals are also independent risk 
factors for recurrence after BAE treatment. For patients 
with the above risk factors, long-term comprehensive 
management is still required after successful hemostasis. 
If hemoptysis recurs, repeated BAE or even surgery may 
be necessary.

In our study, the clinical success rate in the BAE 
group was significantly higher than that in the con-
trol group (92.2% versus 80.9%). However, compared 
with the result of a previous meta-analysis by Zheng 

et  al. [23], the clinical success rate in our study was 
lower (92.2% versus 99.5%). Different from the design 
of Zheng et  al., our study defined clinical success as 
the cessation or reduction of hemoptysis throughout 
the study period, while they thought that clinical suc-
cess (“immediate success” in their article) refers to the 
absence of bleeding within 24  h post-BAE. The longer 
the observation of clinical outcome, the lower the prob-
ability of clinical success. Therefore, this may be the 
reason for the lower rate of clinical success after BAE 
treatment in our study. Mild or moderate hemoptysis 
can often be managed by conservative treatment of the 
underlying pathology. For massive hemoptysis or recur-
rent hemoptysis, BAE is required because conservative 
treatment has little effect. If the hemoptysis continues 
after BAE, aberrant bronchial arteries or nonbronchial 
systemic arteries should be excluded as bleeding source 
[1, 29]. If still no bleeding site is found, the pulmonary 
arterial circulation has to be investigated [30].

Fig. 4  Clinical success in patients receiving BAE treatment or conservative treatment according to study design. a Forest plot. b Sensitivity analysis. 
c Funnel plot. BAE, bronchial artery embolization; CI, confidence interval; df, degrees of freedom; M-H, Mantel–Haenszel
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In our study, the all-cause mortality in the BAE group 
was 4.3%, compared with 7.6% in the control group. We 
excluded one study by Vidal et al. [16] due to significant 
heterogeneity. In this study, two variables were unbal-
anced between groups at the time of embolization or 
matching, with greater prevalences in the BAE group of 
oxygen dependence (40.0% vs. 22.2%; P = 0.17) and multi-
drug-resistant Pseudomonas species infection (56.7% vs. 
29.6%; P = 0.06) [16]. The poor baseline conditions may 
be a major contributor to the higher all-cause mortal-
ity in the BAE group. After excluding this study, the all-
cause mortality in the BAE group was 1.6%, which was 
consistent with the results of a previous single-arm meta-
analysis (mortality rate in the BAE group was 2%; 95% 
CI: 0–3%) [23]. The hemoptysis-related mortality rate in 
the BAE group was significantly lower than that in the 
control group (0.8% versus 3.2%), which further demon-
strates that BAE is effective in controlling bleeding and 
reducing recurrence.

The incidence of complication after BAE in our study 
was 15.9%, which is similar to the results by Zheng et al. 
(13.4%; 95% CI: 7.6–19.2%). Only one patient (1/422) in 
our study had major complication, manifested as spinal 
cord ischemia with splenic, renal and pancreatic infarc-
tion. Although this patient had a favorable outcome, it 
should be noted that guiding the procedure with imaging, 
specifically multidetector computed tomography angiog-
raphy (MDCTA), and the use of modern ionic contrast 

media and superselective catheterization of bronchial 
arteries are essential to decrease the rate of complications 
related to the procedure [2, 24, 31, 32]. The incidence of 
minor complications was 15.6% (66/422), as mentioned 
in the literatures [1, 29, 33], chest pain is the most com-
mon complication after BAE. Although minor complica-
tions such as chest pain, fever and dysphagia occurred 
often after BAE, these events were easily controlled with 
medical treatment and did not compromise the clinical 
outcomes [16, 18].

Strengths and limitations
It should be considered that a meta-analysis has inher-
ent weaknesses, owing to the combination of heter-
ogenous datasets. There were differences between the 
studies in terms of etiology (bronchiectasis, cystic 
fibrosis, tuberculosis, etc.), severity of hemoptysis (mild 
hemoptysis, massive hemoptysis, etc.) and therapeu-
tic measures (hemostatic agents, antibiotics, embolic 
materials, etc.). In addition, definitions of clinical out-
come were also inconsistent in some studies. For exam-
ple, some studies defined the recurrence of hemoptysis 
as a hemoptysis event that required admission, whereas 
other studies provided different definitions, such as 
any hemoptysis or an event that required another BAE. 
Second, the low methodological quality of the included 
studies overall could have influenced the results of 
the analysis. Most of the studies are small-sample 

Fig. 5  Hemoptysis-related mortality in patients receiving BAE treatment or conservative treatment according to study design. a Forest plot. b 
Funnel plot. BAE, bronchial artery embolization; CI, confidence interval; df, degrees of freedom; M-H, Mantel–Haenszel
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Fig. 6  All-cause mortality in patients receiving BAE treatment or conservative treatment according to study design. a Forest plot before sensitivity 
analysis. b Forest plot after sensitivity analysis. c Sensitivity analysis. d Funnel plot. BAE, bronchial artery embolization; CI, confidence interval; df, 
degrees of freedom; M-H, Mantel–Haenszel

Table 4  The major and minor complications in patients receiving BAE treatment

Name (year) N of patients Major complications Minor complications

Antonelli (2002) [12] 8 0 2 (low-grade fever and chest pain)

Choi (2018) [8] 71 0 4 (mild chest pain)

Fartoukh (2021) [2] 34 1 (spinal cord 
ischemia + splenic, renal 
and pancreatic infarction)

3 (1 local groin puncture hematoma; 1 bronchial artery dissection; 1 acute renal 
dysfunction)

Lee (2019) [7] 33 0 0

Lu (2022) [6] 69 0 16 (10 chest or back pain, 8 fever; 2 puncture site hematoma)

Vidal (2006) [16] 43 0 12 (transient thoracic pain)

Xu (2020) [17] 56 0 4 (1 fever; 1 chest burning pain; 2 nausea and vomiting)

Yan (2023) [18] 98 0 23 (13 chest or shoulder pain; 6 fever; 3 abdominal pain; 1 puncture site dis-
comfort; 4 stomach discomfort; 3 pruritus; 3 mild nausea; 2 dizziness)

Yang (2019) [19] 10 0 2 (chest pain)

Total 422 1 66
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single-center retrospective investigations, and only a 
few randomized controlled studies have been included. 
Third, there were also heterogeneities within some 
studies, such as differences in the etiology and sever-
ity of hemoptysis among patients in the same cohort. 
There were also some differences in baseline charac-
teristics between the BAE and conservative treatment 
groups. Therefore, high-quality prospective multicenter 
randomized controlled trials are needed to validate our 
findings in the future.

Conclusion
In brief, our meta-analysis shows that BAE is superior to 
conservative treatment alone in controlling hemoptysis, 
reducing recurrence, and decreasing hemoptysis-related 
mortality, with an almost negligible risk of major com-
plications. The small number of participants and low 
strength of evidence in this meta-analysis suggests more 
studies especially randomized controlled trials regarding 
the treatment of hemoptysis is needed.
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