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Abstract
Background Currently, there is a lack of research on multi-drug resistant Pseudomonas aeruginosa (MDR-PA) 
isolation in bronchiectasis-related hemoptysis. The aim of this study to analyze the risk factors for recurrent 
hemoptysis following bronchial artery embolization (BAE) and compare the recurrent hemoptysis-free rates between 
MDR-PA, non-MDR-PA, and non-PA isolation.

Methods A retrospective study was performed of patients diagnosed with idiopathic bronchiectasis-related 
recurrent hemoptysis who underwent BAE at an university-affiliated hospital. Patients were categorized based on PA 
susceptibility tests into non-PA, non-MDR-PA, and MDR-PA groups. Univariate and multivariate Cox regression were 
conducted to identify independent risk factors for recurrent hemoptysis. The Kaplan-Meier curves was conducted to 
compare recurrent hemoptysis-free rates after BAE for non-PA, non-MDR-PA, and MDR-PA.

Results A total of 432 patients were included. 181 (41.90%) patients experienced recurrent hemoptysis during a 
median follow-up period of 25 months. MDR-PA isolation (adjusted hazard ratio (aHR) 2.120; 95% confidence interval 
(CI) [1.249, 3.597], p = 0.005) was identified as an independent risk factor for recurrent hemoptysis. Antibiotic treatment 
(aHR 0.666; 95% CI [0.476, 0.932], p = 0.018) reduced the risk of recurrent hemoptysis. The cumulative recurrent 
hemoptysis-free rates for non-PA, non-MDR-PA, and MDR-PA were as follows: at 3 months, 88.96%, 88.24%, and 
75.86%, respectively; at 1 year, 73.13%, 69.10%, and 51.72%; and at 3 years, 61.91%, 51.69%, and 41.10% (p = 0.034).
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Background
Bronchiectasis is a chronic respiratory disease character-
ized by chronic cough, purulent sputum, and recurrent 
hemoptysis [1], with high global prevalence and eco-
nomic burden [2]. Major aetiologies include post-infec-
tion, post-tuberculosis, chronic obstructive pulmonary 
disease(COPD), and the most common is idiopathic [3, 
4].A national study in France showed that 6.8% of hemop-
tysis in adult patients was caused by bronchiectasis, sec-
ond only to respiratory infections and lung cancer [5]. 
Severe hemoptysis is a life-threatening condition associ-
ated with frequent hospitalizations and increased mortal-
ity [6]. The previous studies have shown the incidence of 
severe hemoptysis in patients with bronchiectasis ranges 
from 2.2-16.09% [7, 8].

Bronchial artery embolization (BAE) is minimally inva-
sive and highly effective as major treatment for bron-
chiectasis-related hemoptysis [6, 9]. However, recurrent 
hemoptysis still occurs in 17.5 to 46.9% of patients with 
idiopathic bronchiectasis after BAE [10, 11]. And there 
is a lack of investigations on recurrent hemoptysis after 
BAE currently. Yan et al. [10] reported that lung destruc-
tion and systemic arterial-pulmonary circulation shunts 
were important predictors of recurrent hemoptysis. A 
multicenter study showed Pseudomonas aeruginosa 
(PA) isolation and ectopic aberrant bronchial arteries 
(AbBAs) on computed tomography angiography(CTA) 
were risk factors for recurrent hemoptysis [11], which 
provided a new perspective in studying the role of patho-
gens in recurrent hemoptysis after BAE. PA is a leading 
global bacteria that is increasingly becoming multi-drug 
resistant (MDR) [12]. Previous research confirmed PA 
is strongly associated with recurrent hospitalization, 
decreased lung function and increased mortality in 
patients with bronchiectasis [13–15]. Nevertheless, there 
is still a lack of studies on the role of MDR-PA in recur-
rent hemoptysis post-BAE in patients with idiopathic 
bronchiectasis.

Therefore, the aim of this study was to analyze the risk 
factors for recurrent hemoptysis after BAE for patients 
with idiopathic bronchiectasis-related hemoptysis and 
to compare the recurrent hemoptysis-free rates of MDR-
PA, non-MDR-PA and non-PA.

Methods
Study design and population
This retrospective analysis was conducted on the clinical 
data of patients diagnosed with idiopathic bronchiecta-
sis-related hemoptysis who underwent BAE at the West 

China Hospital of Sichuan University from January 2018 
to December 2022. Bronchiectasis was defined according 
to Hill et al. [16]. The inclusion criteria were as follows: 
a) patients aged 18 years or older; b) idiopathic bron-
chiectasis-related hemoptysis; c) BAE for patients with 
hemoptysis > 100mL/d or who have failed conservative 
management [10]. The following exclusion criteria were 
applied: (a) missing clinical data or lost to follow-up; (b) 
absence of chest CTA; (c) without qualified sputum or 
bronchoalveolar lavage fluid (BALF) culture; (d) patients 
cannot tolerate BAE due to poor cardiopulmonary func-
tion or comorbidities. Based on the PA susceptibility 
test, we categorized patients into the “non-PA”, “non-PA-
MDR” and “PA-MDR”.

Data collection
The clinical information was extracted from electronic 
medical records in hospitalized patients. Clinical data 
included patient demographics (age, gender), comorbidi-
ties (e.g. diabetes, chronic obstructive pulmonary dis-
ease, asthma), hemoptysis grade, radiological findings, 
and microbiological culture. Microorganisms isolated 
from sputum or BALF cultures included PA, Klebsiella 
pneumoniae, Acinetobacter baumannii, Escherichia coli, 
Haemophilus influenzae, Staphylococcus aureus, and 
Candida. The sputum was qualified with < 10 epithelial 
cells/ low-power field [lpf ] and > 25 white blood cells /lpf 
[17].

Procedure
All operations were performed by experienced interven-
tionalists under local anesthesia. Vascular hypertrophy, 
tortuosity, or proliferation, systemic arterial-pulmonary 
circulation shunts, and contrast extravasation were con-
sidered as abnormal angiographic signs [6]. All patients 
underwent preoperative chest CTA to initially identify 
the abnormal arteries. The exact location of the lesion 
was confirmed by 4-Fr or 5-Fr catheter angiography of 
the femoral arteries under digital subtraction angiogra-
phy. The polyethylene glycol particles were utilized for 
super-selective embolization of related arteries. Pro-
cedure success was defined as successful embolization 
of the lesions of vessel, with no obvious distal vascular 
signs on angiography, and no serious procedure-related 
complications.

Definitions
The recurrent hemoptysis was defined as the occur-
rence of hemoptysis requiring medical intervention (e.g. 

Conclusion MDR-PA isolation was an independent risk factor of recurrent hemoptysis post-BAE. Reducing the 
occurrence of MDR-PA may effectively decrease the recurrence rates of hemoptysis.
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medicine, hospitalization, or BAE) following an initial 
successful BAE procedure, including mild, moderate, 
massive. The grade of hemoptysis was defined according 
to previous studies [18, 19]. MDR was defined according 
to established guidelines, encompassing resistance to at 
least one agent in three or more antimicrobial categories 
[20].

Statistical analysis
All statistical analysis was performed using R(version 
4.2.3), with significance set at p < 0.05. Categorical 
variables were presented as frequencies and percent-
ages, while continuous variables were expressed as 
means ± standard deviations or medians with interquar-
tile ranges(IQR). The categorical variables were com-
pared by Chi-square tests and Fisher’s exact tests, while 
Kruskal-Wallis tests were employed for continuous vari-
ables. Univariate and multivariate Cox regression analy-
sis were performed to identify independent predictors 
of recurrent hemoptysis post-BAE. The Kaplan-Meier 
curves was conducted to compare incidence of recurrent 
hemoptysis for non-PA, non-MDR-PA, and MDR-PA.

Results
Patient characteristics
A total of 432 patients were enrolled in this study, includ-
ing 335 in the non-PA, 68 in the non-MDR-PA, and 29 
in the MDR-PA (Fig. 1). The median age was 57.0 (49.4–
65.7) years, with an average body mass index (BMI) of 
21.30  kg/m2 (19.05–23.31), and 52.55% was male. The 
median duration of hemoptysis was 4.5 years (range: 
0.16-12.0 years). Specifically, the median duration in the 
non-MDR-PA group (10 years) was significantly lon-
ger than in the non-PA (3 years) and MDR-PA (7 years) 
groups (p < 0.001). The common comorbidities included 
hypertention (16.20%), diabetes (11.81%), COPD 
(12.73%), and asthma (2.08%). 344 patients (79.63%) 
received antibiotic treatment after BAE (p = 0.311). 
Before BAE, 111 (25.69%) patients experienced massive 
hemoptysis. There were no significant differences in the 
grades of hemoptysis among the three groups pre- and 
post-procedure. Chest computed tomography (CT) scans 
revealed bilateral lung lesions in 177 (40.97%), with ecto-
pic AbBAs on CTA in 91 (21.06%). The non-PA, non-
MDR-PA and MDR-PA were not statistically significant 
in radiology findings. The median length of hospital stay 
for patients was 10 days, with the MDR-PA demonstrat-
ing a higher median length of hospital stay (13 days) 
compared to the Non PA (10 days) and the non-MDR-PA 

Fig. 1 Flow chart of the selected population. PA, Pseudomonas aeruginosa; MDR, multi-drug resistant
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(10 days) (p = 0.013). Population characteristics show in 
Table 1.

Microbiology
A total of 381 (88.19%) culture specimens were obtained 
from sputum. Microorganisms were isolated from spu-
tum or BALF in 235 ( 54.40%) patients. Among bacteria, 
PA was the most commonly isolated pathogen, account-
ing for 22.45% (97) of cases. Notably, 6.71% (29) of PA 
isolates were identified as MDR-PA. Other common bac-
teria included 16 (3.70%) Escherichia coli, 15 (3.47%) Aci-
netobacter baumannii, 9 (2.08%) Klebsiella pneumoniae. 
The most common fungus was Candida albicans, identi-
fied in 66 (15.28%) cases. The detailed characteristics are 
presented in Table 2.

Risk factors of recurrent hemoptysis
Univariate Cox regression analysis identified several 
potential predictors of recurrent hemoptysis post-BAE, 
including MDR-PA isolation (hazard ratio (HR) 1.910 
;95% confidence interval (CI) [1.135, 3.216]; p = 0.015), 
antibiotic treatment (HR 0.614 ;95% CI [0.442, 0.853]; 
p = 0.004),moderate hemoptysis (HR 1.761 ;95% CI 
[1.246, 2.488]; p = 0.001), ectopic AbBAs on CTA (HR 
2.359 ;95% CI [1.726, 3.224]; p < 0.001), duration of 

hemoptysis (HR 1.017; 95% CI [1.006, 1.028]; p = 0.002), 
and BMI (HR 0.944 ;95% CI [0.901, 0.989]; p = 0.016) 
(Fig.  2A). Multivariate Cox regression analysis further 
confirmed MDR-PA isolation (adjusted hazard ratio 
(aHR) 2.120; 95% CI [1.249, 3.597], p = 0.005), moderate 
hemoptysis (aHR 1.710; 95% CI [1.203, 2.432]; p = 0.003), 
and ectopic AbBAs on CTA (aHR 2.212; 95% CI [1.605, 
3.048]; p < 0.001) as independent risk factors of recur-
rent hemoptysis post-BAE. Antibiotic treatment (aHR 
0.666; 95% CI [0.476, 0.932], p = 0.018) reduced the risk of 
recurrent hemoptysis (Fig. 2B).

Cumulative recurrent hemoptysis-free rates
During a median follow-up period of 25 months (IQR 
11–43 months), 181 patients (41.90%) experienced recur-
rent hemoptysis. This included 124 cases (28.70%) of 
mild, 40 cases (9.26%) of moderate, and 17 cases (3.94%) 
of massive hemoptysis post-procedure (Table 1). Kaplan-
Meier curves were used to compare the cumulative recur-
rent hemoptysis-free rates after BAE among patients in 
the non-PA, non-MDR-PA, and MDR-PA groups. The 
results showed that patients with MDR-PA isolates had 
lower recurrent hemoptysis-free rates (p = 0.034) (Fig. 3). 
The cumulative recurrent hemoptysis-free rates for non-
PA, non-MDR-PA, and MDR-PA were as follows: at 3 

Table 1 The characteristics of included patients
Variables All patients (N = 432) Non-PA (N = 335) Non-MDR-PA (N = 68) MDR-PA (N = 29) P value
Demographics
 Age(years), median (IQR) 57.0 (49.4–65.7) 56.7 (48.8–65.2) 58.62 ± 11.37 60.33 ± 11.88 0.331
 Male 227 ( 52.55%) 181 (54.03%) 32 (47.06%) 14 (48.28%) 0.515
 BMI(kg/m2) 22.32 (20.57–23.76) 22.32 ( 20.81–23.80) 21.80 (20.10-23.88) 22.37 ± 3.52 0.275
 Smokers and ex-smokers 72 (16.67%) 59 ( 17.61%) 8 (11.76%) 5 (17.24%) 0.497
Duration of hemoptysis(years) 4.5 (0.16-12.0) 3.0 (0.10–10.0) 10.0 (1.0–25.0) 7.0 (5.0–12.0) < 0.001
Comorbidities
 Hypertention 70 (16.20%) 59 (17.61%) 8 (11.76%) 3 (10.34%) 0.331
 Diabetes 51 ( 11.81%) 38 ( 11.34%) 8 (11.76%) 5 ( 17.24%) 0.640
 COPD 55 (12.73%) 41 (12.24%) 10 (14.71%) 4 (13.79%) 0.843
 Asthma 9 (2.08%) 8 (2.39%) 1 (1.47%) 0 (0.00%) 0.639
Antibiotic treatment 344 (79.63%) 265 (79.10%) 58 ( 85.29%) 21 (72.41%) 0.311
Hemoptysis (Pre-BAE) 0.648
 Mild 161 (37.27%) 124 (37.01%) 25 (36.76%) 12 (41.38%)
 Moderate 160 (37.04%) 123 (36.72%) 29 (42.65%) 8 (27.59%)
 Massive 111 (25.69%) 88 (26.27%) 14 (20.59%) 9 (31.03%)
Hemoptysis (Post-BAE) 0.449
 No 251 (58.10%) 203(60.60%) 35 (51.47%) 13(44.83%)
 Mild 124 (28.70%) 88 (26.27%) 25 (36.76%) 11 (37.93%)
 Moderate 40 (9.26%) 30 (8.96%) 6 (8.82%) 4 (13.79%)
 Massive 17 (3.94%) 14 (4.18%) 2 (2.94%) 1 (3.45%)
Radiology findings
 Involved double-lung 177(40.97%) 129 (38.51%) 34(50%) 14 (48.28%) 0.152
 Ectopic AbBAs on CTA 91 (21.06%) 74 (22.09%) 12 (17.65%) 5 (17.24%) 0.624
Lengths of hospital stay, median (IQR) 10 (8–13) 10 (8–13) 10 (8–12) 13 (9–15) 0.013
MDR-PA, multi-drug resistant Pseudomonas aeruginosa; IQR, interquartile range; BMI, body mass index; COPD, chronic obstructive pulmonary disease; BAE, 
bronchial artery embolization; AbBAs, aberrant bronchial arteries; CTA, computed tomography angiography
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months, 88.96%, 88.24%, and 75.86%, respectively; at 
1 year, 73.13%, 69.10%, and 51.72%; at 2 years, 66.30%, 
55.55%, and 41.10%; and at 3 years, 61.91%, 51.69%, and 
41.10%. During the follow-up period, 16 patients died. 
The causes of death included 4 from massive hemopty-
sis, 5 from severe pneumonia, 5 from lung cancer, 1 from 
cerebral hemorrhage, and 1 from colon cancer.

Discussion
The key findings of this study are as follows. First, MDR-
PA isolation is an independent risk factor for recurrent 
hemoptysis. Second, non-MDR-PA isolation is not asso-
ciated with an increased risk of recurrent hemoptysis, 
a result that has not been revealed in previous studies. 
Third, antibiotic treatment reduces the risk of recurrent 
hemoptysis.

To our knowledge, this is the first study to explore the 
role of MDR-PA isolation in the recurrence of hemoptysis 
after BAE in patients with bronchiectasis. Our findings 
indicate that the risk of recurrent hemoptysis with MDR-
PA isolation is approximately twice that of non-PA. Addi-
tionally, non-MDR-PA isolation was not associated with 
an increased risk of recurrent hemoptysis. This finding 
differs from previous studies by Wang et al. [11], which 
indicated that PA increased the risk of recurrent hemop-
tysis. However, they did not differentiate between MDR 
and non-MDR PA, which may have exaggerated the role 
of non-MDR-PA isolation. PA can lead to chronic infec-
tion, increased inflammation, and subsequent damage to 
bronchial structures [13, 21]. A recent prospective study 
indicates that the presence of PA is significantly associ-
ated with airway neutrophilic inflammation, including 
interleukin (IL)-1β, IL-8,tumor necrosis factor-alpha, and 
increased severity of bronchiectasis [22]. One notable 

characteristic of PA is its tendency to form biofilms 
[23]. This biofilm formation involves intricate structural 
arrangements that protect the bacteria from conventional 
antibiotic treatment and contributes to the emergence of 
multidrug-resistant strains, complicating treatment and 
patient outcomes [24, 25]. PA-resistant strains, being 
among six major pathogens, were responsible for more 
than 250,000 deaths linked to antibiotic resistance in 
2019 [26]. Previous research has indicated a significant 
correlation between PA-MDR and an increased 3-year 
mortality in patients with bronchiectasis [27]. Although 
eradication therapy for PA is recommended [28], MDR-
PA presents significant challenges to eradication due to 
its robust biofilm formation and genetic adaptability [29, 
30]. A vicious cycle of airway inflammation and infec-
tion further worsens clinical symptoms and increases 
airway damage, thereby predisposing patients to recur-
rent hemoptysis. Consequently, the persistent pres-
ence of MDR-PA greatly increases the risk of recurrent 
hemoptysis. Strict control of antibiotic use to reduce the 
emergence of MDR-PA is therefore a critical factor in 
managing recurrent hemoptysis in patients with bronchi-
ectasis. Our study also showed that antibiotic treatment 
effectively reduces the risk of recurrence of hemoptysis, 
thereby highlighting the importance of eradicating PA. 
Furthermore, this study revealed that ectopic AbBAs on 
CTA were significant predictors of recurrent hemopty-
sis, highlighting the importance of thorough radiological 
assessment. In 2023, a prospective multicenter study also 
confirmed that ectopic AbBAs on CTA were important 
predictors for recurrent hemoptysis [11], which is con-
sistent with our findings. Moreover, moderate hemopty-
sis was a predictor for recurrence, although the precise 

Table 2 Microbiological characteristics of patients
Variables All patients (N = 432) Non-PA (N = 335) Non-MDR-PA (N = 68) MDR-PA (N = 29) P value
Culture specimen 0.655
 Sputum 381 (88.19%) 298 (88.96%) 58 (85.29%) 25 ( 86.21%)
 Bronchoalveolar lavage fluid 51 (11.81%) 37 (11.04%) 10 ( 14.71%) 4 13.79%)
Culture-positive 235 ( 54.40%) 138 (41.19%) 68 (100.00%) 29 (100.00%) -
Bacteria
 Pseudomonas aeruginosa 97 (22.45%) - 68 (100.00%) 29 (100.00%) -
  MDR-PA 29 (6.71%) - - 29 (100.00%) -
 Escherichia coli 16 (3.70%) 13 ( 3.88%) 2 (2.94%) 1 (3.45%) 0.930
 Acinetobacter baumannii 15 (3.47%) 13 (2.25%) 0 (1.39%) 2 ( 6.90%) 0.163
 Klebsiella pneumoniae 9 (2.08%) 9 (2.69%) 0 (0.00%) 0 (0.00%) 0.264
 Staphylococcus aureus 4 (0.93%) 4 (1.19%) 0 (0.00%) 0 (0.00%) 0.557
 Haemophilus influenzae 1 (0.23%) 1 (0.30%) 0 (0.00%) 0 (0.00%) 0.865
Candida
 Candida albicans 66 (15.28%) 45 (13.43%) 14 (20.59%) 7 (24.14%) 0.127
 Candida glabrata 6 (1.39%) 5 (1.49%) 1 (1.47%) 0 (0.00%) 0.803
 Candida tropicalis 5 (1.16%) 3 (0.90%) 2 (2.94%) 0 (0.00%) 0.296
MDR-PA, multi-drug resistant Pseudomonas aeruginosa
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Fig. 2 (A)Univariate Cox regression of risk factors for recurrent hemoptysis. (B)Multivariate Cox regression of risk factors for recurrent hemoptysis. CI, 
confidence interval; BMI, body mass index; COPD, chronic obstructive pulmonary disease; PA, Pseudomonas aeruginosa; MDR, multi-drug resistant; BAE, 
bronchial artery embolization; CTA, computed tomography angiography; AbBAs, aberrant bronchial arteries
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mechanisms remain unclear. Consequently, prospective 
research is crucial to confirm these findings.

The recurrent hemoptysis rate was 41.90% after BAE 
in this study. Currently, there is a lack of clinical research 
on patients with idiopathic bronchiectasis experiencing 
hemoptysis after BAE. Two previous studies have shown 
that the recurrence rates of hemoptysis in patients with 
idiopathic bronchiectasis post-BAE ranged from 17.5 to 
45.4%, which is consistent with our findings. The isolation 
of MDR-PA is associated with lower recurrent hemopty-
sis-free rates compared to non-PA and non-MDR-PA. 
The primary reason is the compromised effectiveness in 
PA clearance due to increased PA resistance. PA infec-
tion is associated with persistent and worsening lower 
airway inflammation [13, 31], which can lead recurrent 
hemoptysis and compromise treatment outcomes. These 

findings highlighted the imperative for proactive man-
agement approaches in patients with MDR-PA isolation. 
In our study, the 1-year and 2-year cumulative recurrent 
hemoptysis-free rates for MDR-PA isolation were 51.72% 
and 41.10%, respectively. However, previous studies have 
indicated that the 1-year and 2-year cumulative recur-
rent hemoptysis-free rates ranged from 67.5 to 90.5% 
and 57.6–82.8%, respectively [10, 11]. This is significantly 
higher than the 51.72% and 41.10% observed in MDR-PA 
isolation, suggesting a higher rate of hemoptysis recur-
rence with MDR-PA isolation.

This study has several limitations that should be con-
sidered. First, the retrospective and single-center nature 
of the study may have introduced selection bias and lim-
ited the generalizability of the findings. Thus, prospec-
tive multi-center studies are imperative to validate these 

Fig. 3 Kaplan-Meier curves showed recurrent hemoptysis-free rates after BAE for non-PA, non-MDR-PA, and MDR-PA. BAE, bronchial artery embolization; 
PA, Pseudomonas aeruginosa; MDR, multi-drug resistant
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findings and offer a broader perspective on the influence 
of MDR-PA isolation and other pathogens on recur-
rent hemoptysis. Second, given the limited sample size 
of our study, we did not perform a subgroup analysis of 
recurrent hemoptysis grade after BAE, resulting in no 
observed differences among major, moderate, and minor 
hemoptysis outcomes. Subgroup analysis of hemopty-
sis severity post-BAE in future large-scale studies will 
be necessary. Third, the study focused on the impact of 
pathogen isolation on recurrent hemoptysis and did not 
further conduct a subgroup analysis of abnormal bron-
chial arteries, thus overlooking the influence on out-
comes. Futher research should prioritize investigating the 
influence of abnormal bronchial arteries on the recur-
rence of hemoptysis. Finally, the reliance on electronic 
medical records and telephone follow-ups may have led 
to incomplete or inaccurate clinical data. Further pro-
spective studies with larger sample sizes and longer fol-
low-up periods are warranted to validate our findings.

Conclusions
In conclusion, MDR-PA isolation, moderate hemopty-
sis, ectopic AbBAs on CTA, and duration of hemoptysis 
were independent risk factors for recurrent hemoptysis 
following BAE in patients with idiopathic bronchiectasis-
related hemoptysis. Antibiotic treatment reduced risk of 
recurrent hemoptysis. Isolation of MDR-PA was associ-
ated with lower cumulative recurrent hemoptysis-free 
rates compared to non-PA and non-MDR-PA. These sig-
nificant findings suggest that enhancing the management 
of antibiotic to reduce the emergence of MDR-PA may 
effectively decrease recurrent hemoptysis rates.
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