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Abstract 

Background Few studies have investigated the impact of carbapenem-resistant Pseudomonas aeruginosa 
(CRPA) on long-term outcomes in bronchiectasis. This study aimed to analyze acute exacerbations and mortality 
in bronchiectasis patients with CRPA isolation.

Methods This retrospective study included bronchiectasis patients with PA-positive cultures from January 1, 2014, 
to July 31, 2023, at West China Hospital of Sichuan University. PA was isolated from sputum or bronchoalveolar lavage 
fluid (BALF) and classified into CRPA and non-CRPA groups based on antimicrobial susceptibility testing. Multivariate 
logistic regression was used to assess risk factors for acute exacerbations, while multivariate Cox regression identified 
independent risk factors for all-cause and cause-specific mortality.

Results Among 564 patients with PA-positive isolates, 143 (25.36%) harbored CRPA strains. CRPA isolation 
was associated with an increased risk of acute exacerbations (adjusted odds ratio [aOR] 2.072, p = 0.001), 
while antibiotic treatment reduced the risk of exacerbations (aOR 0.439, p = 0.011). CRPA isolation was an independent 
risk factor for all-cause (adjusted hazard ratio [aHR] 1.488, p = 0.031) and cause-specific mortality (aHR 1.882, p = 0.010). 
The 1-, 3-, 5-, and 7-year cause-specific survival rates in the CRPA group were 88.6%, 79.8%, 73.2%, and 68.0%, 
respectively, versus 95.4%, 91.0%, 85.6%, and 81.8% in the non-CRPA group (p = 0.001).

Conclusion CRPA isolation was significantly associated with an increasing risk of acute exacerbations, overall 
and cause-specific mortality. These findings underscored the urgent need to strengthen antibiotic stewardship 
to reduce the emergence of CRPA and to implement early detection and targeted management strategies to improve 
outcomes for patients with CRPA.
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Introduction
Bronchiectasis is a common respiratory disease charac-
terized by chronic cough, purulent sputum, and hem-
optysis [1]. The prevalence of bronchiectasis in Europe 
in 2013 was 566 cases per 100,000 residents [2], while in 
China it can be as high as 1200 per 100,000 [3], making 
it a significant and increasingly serious economic health 
burden [4, 5]. The main causes of bronchiectasis include 
congenital, idiopathic, post-infectious, immune defi-
ciency, chronic obstructive pulmonary disease (COPD), 
connective tissue diseases, ciliary dysfunction, and aller-
gic bronchopulmonary aspergillosis (ABPA) [6, 7]. A 
large study in Europe showed that 38.1% were classified 
as idiopathic [1], while idiopathic was most common eti-
ology in China [8, 9].

Exacerbation was a risk factor for repeated hospitaliza-
tions, decreased lung function, and increased mortality 
[10, 11], and it was also a major contributor to the socio-
economic burden of bronchiectasis [12].

Pseudomonas aeruginosa (PA) is an important patho-
gen in bronchiectasis and associated with worse out-
comes [13]. The prevalence of PA in bronchiectasis 
ranges from 15 to 25% [14–16]. Previous studies have 
shown that PA isolation is an independent risk factor 
for acute exacerbations, deteriorating lung function, fre-
quent hospitalizations, and increased mortality in bron-
chiectasis [13, 17]. Although PA eradication is considered 
first-line treatment, the rising resistance of PA, particu-
larly the emergence of CRPA, poses significant challenges 
to these eradication efforts [18, 19]. CRPA is a global 
threat, complicating treatment and markedly increasing 
the mortality risk due to its robust biofilm formation [20, 
21]. A recent systematic review reported that the mor-
tality for CRPA bloodstream infections approached 35% 
[22]. WHO has therefore designated CRPA as a Critical 
Priority [23].

However, there are currently few studies on the long-
term outcomes of CRPA isolation in bronchiectasis. 
Hence, this study aimed to assess acute exacerbations and 
mortality in bronchiectasis patients with CRPA isolation.

Methods
Study design and population
This retrospective cohort study was conducted at West 
China Hospital of Sichuan University from January 1, 
2014, to July 31, 2023. The study included hospitalized 
patients diagnosed with bronchiectasis and PA isolated 
from sputum or bronchoalveolar lavage fluid (BALF). 
Bronchiectasis was defined according to Hill et  al. 
[7]. Inclusion criteria: a) Age 18 years or older; b) 
Qualified sputum and BALF samples; c) Isolation of 
PA from sputum or BALF. The following exclusion 
criteria were applied: a) Lost to follow-up; b) Patients 

with concomitant tuberculosis, lung cancer or invasive 
pulmonary Aspergillosis; c) Acute asthma attack; d) 
COPD with FEV1 percentage of predicted (FEV1% 
predicted) < 50; e) absence of chest high-resolution 
computed tomography (HRCT).

Pathogens isolation
Either deep sputum or BALF was collected. Sputum with 
< 10 epithelial cells/low-power field [lpf ] and > 25 white 
blood cells/lpf was considered qualified [24]. The samples 
were inoculated onto blood agar plates and chocolate 
agar plates containing vancomycin (Autobio, China) and 
incubated at 35 ℃ in a 5%  CO2 environment for 24–48 
h. For bacterial identification, the VITEK-2 automated 
system (bioMérieux, France) was used with GN67 and 
XN04 cards. In cases requiring further confirmation, 
matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS, Bruker, Germany) 
was applied. Antimicrobial susceptibility testing (AST) 
was initially performed using the VITEK-2 system. For 
validation, additional methods including broth microdi-
lution (using Kangtai reagents), E-test (Autobio or Kang-
tai reagents), and disk diffusion (Oxoid, UK) were used. 
CRPA was defined based on resistance to carbapenem 
antibiotics according to CLSI (Clinical and Laboratory 
Standards Institute) guidelines [25]. PA-R is defined as 
resistance to any of the following antimicrobial agents: 
antipseudomonal quinolones, cephalosporins, penicil-
lin plusβ-lactamase inhibitors, carbapenems, aminogly-
cosides, monobactams, and polymyxins [26]. Multidrug 
resistant (MDR) and extensively drug-resistant (XDR) 
were defined by Magiorakos et  al. [27]. The identified 
pathogens included PA, Klebsiella pneumoniae, Acineto-
bacter baumannii, Escherichia coli, Aspergillus, and oth-
ers. Mixed isolated pathogens referred to the isolation 
of PA combined with any of the above microorganisms. 
Patients were divided into CRPA group and the non-
CRPA group based on drug susceptibility testing.

Data collection
Clinical data was extracted from the electronic medi-
cal records of hospitalized patients. The data included 
demographic characteristics (age, sex), comorbidities 
(e.g., hypertension, diabetes, COPD, asthma), hemop-
tysis, bronchial artery embolization (BAE), antibiotic 
treatment, length of hospital stay, laboratory values, and 
microbiology. We gathered patient information via tel-
ephone and outpatient visits until July 31, 2024, or until 
lost to follow-up or death.

Outcomes and definitions
The primary outcomes were all-cause and cause-specific 
mortality. Secondary outcome was acute exacerbations 
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(≥ 2 times within the first-year post-discharge). Acute 
exacerbations were defined as described by Hill et  al. 
[28]. All-cause mortality included deaths from any cause 
during the follow-up period. Cause-specific mortality 
was defined as death resulting from bronchiectasis and 
its complications, including massive hemoptysis, severe 
pneumonia, and respiratory failure. The definitions of 
COPD and asthma were based on previous studies [29, 
30].

Statistical analysis
Statistical analyses were performed using R (version 
4.2.3) and Stata software (version 17.0). The Shapiro–
Wilk test assessed normality of continuous variables. 
Data with a normal distribution were presented as mean 
± standard deviation, while non-normally distributed 
data were presented as median and interquartile range 
(IQR). Continuous variables following a normal distribu-
tion were analyzed using the t-test; otherwise, the Wil-
coxon rank-sum test was applied. Categorical variables 
were analyzed using the chi-square test. Multivariate 
logistic regression was used to identify risk factors for 
acute exacerbations. Kaplan–Meier survival curves were 
performed to compare the overall and cause-specific sur-
vival rates between the CRPA and non-CRPA. Cox pro-
portional hazards regression was employed to determine 
the risk factors for all-cause mortality and cause-specific 
mortality. A p-value < 0.05 was considered statistically 
significant.

Results
Patient characteristics
A total of 564 hospitalized PA-positive patients were 
included in the study, with 143 in the CRPA group and 
421 in the non-CRPA group (Supplementary Fig.  1). 
Median age of patients was 62.55 years, with 41.31% 
being male. Comorbidities, including hypertension, dia-
betes, COPD, malignancies, asthma, and others, showed 
no significant differences between two groups. Hemop-
tysis, BAE, and antibiotic treatments were also compa-
rable. However, the CRPA group had higher white blood 
cell (WBC) (7.44 vs. 6.75 × 10⁹/L, p = 0.007) and abso-
lute neutrophil count (ANC) (5.60 vs. 4.44 × 10⁹/L, p < 
0.001), but lower absolute eosinophil count (AEC) (0.09 
vs. 0.11 × 10⁹/L, p = 0.020) and hemoglobin (p < 0.001). 
The median length of hospital stay was longer for CRPA 
isolation (14 vs. 11 days, p < 0.001), and acute exacerba-
tions were more frequent (55.94% vs. 39.67%, p = 0.001) 
(Table 1).

Microbiology
Pathogens were isolated from sputum in 411 patients 
(72.87%), with a CRPA incidence of 25.36%. PA-R was 

identified in 333 patients (59.04%). MDR-PA was present 
in 121 (21.45%), significantly higher in the CRPA group 
(59.44% vs. 8.55%, p < 0.001). Klebsiella pneumoniae was 
isolated in 27 patients (4.79%), with a significantly higher 
prevalence in the CRPA group (8.39% vs. 3.56%, p = 
0.019).

Acinetobacter baumannii was found in 30 patients 
(5.32%), with a higher rate in the CRPA group (13.99% vs. 
2.38%, p < 0.001). Aspergillus was present in 25 patients 
(4.43%) without significant group differences (p = 0.873). 
Mixed isolated pathogens occurred in 89 patients 
(15.78%), more frequently in the CRPA group (23.78% vs. 
13.06%, p = 0.002). Detailed characteristics are presented 
in Table 2.

Risk factors for acute exacerbations
A multivariate logistic regression analysis was conducted, 
including variables such as sex, age, body mass index 
(BMI), diabetes, hypertension, COPD, malignant tumors, 
hemoptysis, BAE, antibiotic treatment, CRPA isolation, 
mixed isolated pathogens, lengths of hospital stay, WBC, 
ANC, AEC, PLT, and HB. The results showed that CRPA 
isolation was associated with approximately double 
the risk of acute exacerbations compared to non-CRPA 
(adjusted odds ratio [aOR] 2.072, 95% confidence interval 
[CI] [1.366–3.144], p = 0.001). Conversely, antibiotic 
treatment was associated with a significantly reduced risk 
of exacerbations (aOR 0.439, 95% CI[0.233–0.829], p = 
0.011) (Fig. 1).

Overall and cause‑specific survival probability
During a median follow-up of 39 months (IQR 16–68), 
152 patients (26.96%) died, with detailed characteristics 
provided in Supplementary Table  1. Kaplan–Meier 
curves indicated that the overall survival rate in the CRPA 
group was significantly lower than that in the non-CRPA 
group (p < 0.0001) (Supplementary Fig.  2). Specifically, 
the 1-year, 3-year, 5-year, and 7-year survival rates for 
the CRPA group were 81.8%, 67.9%, 58.8%, and 53.1%, 
respectively, compared to 91.7%, 81.9%, 75.8%, and 68.6% 
for the non-CRPA group. A total of 82 patients (14.56%) 
experienced cause-specific mortality, with characteristics 
detailed in Supplementary Table  2. The CRPA group 
also demonstrated significantly lower survival rates 
(p = 0.001) (Supplementary Fig.  3). The 1-year, 3-year, 
5-year, and 7-year survival rates for the CRPA group 
were 88.6%, 79.8%, 73.2%, and 68.0%, respectively, while 
the non-CRPA group had survival rates of 95.4%, 91.0%, 
85.6%, and 81.8%.

Risk factors for mortality
A multivariate Cox proportional hazards regression 
analysis was performed to identify risk factors for 
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all-cause and cause-specific mortality. Each additional 
year of age increased the risk of all-cause mortality 
by 3.3% (adjusted hazard ratio [aHR] 1.033, 95% CI 

[1.018–1.048], p < 0.001). CRPA isolation raised all-
cause mortality risk by 46.7% (aHR 1.488, 95% CI 
[1.037–2.136], p = 0.031), and higher ANC was also 

Table 1 The characteristics of included patients

IQR: interquartile range; BMI: body mass index; COPD: chronic obstructive pulmonary disease; BAE: bronchial artery embolization; WBC: white blood cell; ANC: 
absolute neutrophil count; AEC: absolute eosinophil count; PLT: platelet count; * ≥ 2 times within the first year post-discharge

Variables All patients (N = 564) Non‑CRPA (N = 421) CRPA (N = 143) p‑value

Demographics

 Age (years), median (IQR) 62.55 (52.50–70.95) 61.50 (52.40–70.20) 64.30 (52.80–73.60) 0.117

 Male 233 (41.31%) 168 (39.90%) 65 (45.45%) 0.244

 BMI (kg/m2) 21.49 (19.20–23.79) 21.50 (19.11–23.83) 21.48 (19.32–23.30) 0.932

Comorbidities

 Hypertension 104 (18.44%) 73 (17.34%) 31 (21.68%) 0.248

 Diabetes 70 (12.41%) 46 (10.93%) 24 (16.78%) 0.066

 COPD 116 (20.57%) 79 (18.76%) 37 (25.87%) 0.069

 Malignant tumors 36 (6.38%) 24 (5.70%) 12 (8.39%) 0.255

 Asthma 32 (5.67%) 20 (4.75%) 12 (8.39%) 0.104

 Connected tissue disease 23 (4.08%) 16 (3.80%) 7 (4.90%) 0.567

 Gastro-oesophageal reflux disease 22 (3.90%) 18 (4.28%) 4 (2.80%) 0.430

Hemoptysis 139 (24.65%) 106 (25.18%) 33 (23.08%) 0.614

BAE 58 (10.28%) 47 (11.16%) 11 (7.69%) 0.238

Antibiotic treatment 515 (91.31%) 389 (92.40%) 126 (88.11%) 0.116

Laboratory Values

 WBC (× 10⁹/L), median (IQR) 6.92 (5.31–8.99) 6.75 (5.17–8.74) 7.44 (5.84–9.90) 0.007

 ANC (× 10⁹/L), median (IQR) 4.73 (3.28–6.52) 4.44 (3.11–6.12) 5.60 (4.04–8.13) < 0.001

 AEC (× 10⁹/L), median (IQR) 0.11 (0.05–0.21) 0.11 (0.06–0.22) 0.09 (0.02–0.18) 0.020

 PLT (× 10⁹/L), median (IQR) 201 (149.5- 263) 199 (149–259) 213 (154–288) 0.152

 Hemoglobin (g/L), median (IQR) 118 (106–132) 120 (109–133) 113 (99–127) < 0.001

Lengths of hospital stay, median (IQR) 12 (9- 15.5) 11 (9–14) 14 (10–20) < 0.001

Acute exacerbations* 247 (43.79%) 167 (39.67%) 80 (55.94%) 0.001

Table 2 Microbiological characteristics

PA, Pseudomonas aeruginosa; CRPA: carbapenem-resistant Pseudomonas aeruginosa; R: resistant; MDR: multi-drug resistant; XDR: extensive-drug resistant; ESBL: 
extended-spectrumβ-lactam; CRAB: carbapenem-resistant Acinetobacter baumannii; MRSA: methicillin-resistant Staphylococcus aureus

Variables All patients (N = 564) Non‑CRPA (N = 421) CRPA (N = 143) p‑value

Culture specimen 0.543

 Sputum 411 (72.87%) 304 (72.21%) 107 (74.83%)

 Bronchoalveolar lavage fluid 153 (27.13%) 117 (27.79%) 36 (25.17%)

Bacteria

 PA-R 333 (59.04%) 190 (45.13%) 143 (100.00%) –

 MDR-PA 121 (21.45%) 36 (8.55%) 85 (59.44%)  < 0.001

 XDR-PA 7 (1.24%) 0 (0.00%) 7 (4.90%) –

 Klebsiella pneumoniae 27 (4.79%) 15 (3.56%) 12 (8.39%) 0.019

 Acinetobacter baumannii 30 (5.32%) 10 (2.38%) 20 (13.99%) < 0.001

 Escherichia coli 14 (2.48%) 9 (2.14%) 5 (3.50%) 0.367

 Other 9 (1.60%) 8 (1.90%) 1 (0.70%) 0.322

Aspergillus 25 (4.43%) 19 (4.51%) 6 (4.20%) 0.873

Mixed isolated pathogens 89 (15.78%) 55 (13.06%) 34 (23.78%) 0.002
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Variables
Sex

    Male vs Female

Adjusted Odds Ratio (95% CI)

Age (years)

p−value

BMI (kg/m2)

Diabetes mellitus

    Yes vs No

Hypertension

    Yes vs No

COPD

    Yes vs No

Malignant tumors

    Yes vs No

Hemoptysis

    Yes vs No

BAE

    Yes vs No

Antibiotic treatment

    Yes vs No

CRPA isolation

    Yes vs No

Mixed isolated pathogens

    Yes vs No

Lengths of hospital stay

WBC

ANC

AEC

PLT

HB

0.887 (0.621 − 1.267)

0.997 (0.983 − 1.011)

0.985 (0.935 − 1.038)

0.946 (0.544 − 1.646)

0.973 (0.601 − 1.574)

1.225 (0.786 − 1.907)

0.905 (0.434 − 1.887)

0.874 (0.562 − 1.360)

0.566 (0.292 − 1.095)

0.439 (0.233 − 0.829)

2.072 (1.366 − 3.144)

0.761 (0.453 − 1.280)

0.998 (0.982 − 1.015)

0.994 (0.913 − 1.081)

0.965 (0.890 − 1.047)

0.879 (0.317 − 2.442)

1.001 (0.999 − 1.003)

1.003 (0.994 − 1.011)

0.509

0.656

0.576

0.845

0.911

0.370

0.790

0.551

0.091

0.011

0.001

0.303

0.836

0.881

0.390

0.805

0.273

0.509

0 1 2 3 4

Lower risk Higher risk
Fig. 1 Multivariate logistic regression of risk factors for acute exacerbations
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Variables
Sex

    Male vs Female

Adjusted Hazard Ratio (95% CI)

Age (years)

p−value

BMI (kg/m2)

Diabetes mellitus

    Yes vs No

Hypertension

    Yes vs No

COPD

    Yes vs No

Malignant tumors

    Yes vs No

Antibiotic treatment

    Yes vs No

CRPA isolation

    Yes vs No

Mixed isolated pathogens

    Yes vs No

Lengths of hospital stay

  WBC

ANC

  AEC

HB

Year (reference = 2014−2015)

    2016−2017

    2018−2019

    2020−2021

    2022−2023

0.999 (0.714 − 1.397)

1.033 (1.018 − 1.048)

0.971 (0.920 − 1.024)

0.967 (0.597 − 1.566)

1.058 (0.692 − 1.617)

0.976 (0.659 − 1.444)

1.720 (0.966 − 3.063)

1.135 (0.645 − 1.997)

1.488 (1.037 − 2.136)

1.412 (0.901 − 2.211)

0.999 (0.988 − 1.009)

0.997 (0.935 − 1.063)

1.091 (1.034 − 1.152)

0.609 (0.205 − 1.809)

0.994 (0.986 − 1.002)

1.541 (0.916 − 2.593)

1.048 (0.596 − 1.844)

1.334 (0.748 − 2.380)

1.312 (0.704 − 2.446)

0.996

0.000

0.279

0.891

0.795

0.902

0.065

0.660

0.031

0.132

0.811

0.924

0.002

0.372

0.155

0.103

0.870

0.329

0.393

0 1 2 3 4

Lower risk Higher risk
Fig. 2 Multivariate Cox proportional hazards regression of risk factors for all-cause mortality
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associated with increased risk (aHR 1.091, 95% CI 
[1.034–1.152], p = 0.002) (Fig.  2). For cause-specific 
mortality, age increased risk (aHR 1.035, 95% CI 

[1.016–1.055], p < 0.001).CRPA isolation nearly 
doubled the risk (aHR 1.882, 95% CI [1.160–3.055], p = 

Variables
Sex

    Male vs Female

Adjusted Hazard Ratio (95% CI)

Age (years)

p−value

BMI (kg/m2)

Diabetes mellitus

    Yes vs No

COPD

    Yes vs No

Malignant tumors

    Yes vs No

Antibiotic treatment

    Yes vs No

CRPA isolation

    Yes vs No

Mixed isolated pathogens

    Yes vs No

Lengths of hospital stay

WBC

ANC

AEC

HB

Year (reference = 2014−2015)

    2016−2017

    2018−2019

    2020−2021

    2022−2023

1.232 (0.785 − 1.934)

1.035 (1.016 − 1.055)

0.948 (0.881 − 1.022)

1.058 (0.565 − 1.982)

1.028 (0.609 − 1.733)

0.593 (0.183 − 1.925)

0.958 (0.452 − 2.030)

1.882 (1.160 − 3.055)

1.287 (0.702 − 2.360)

0.996 (0.982 − 1.012)

1.002 (0.921 − 1.091)

1.075 (1.003 − 1.152)

0.354 (0.071 − 1.770)

0.994 (0.983 − 1.006)

1.116 (0.558 − 2.231)

0.803 (0.377 − 1.708)

1.496 (0.727 − 3.079)

0.794 (0.326 − 1.933)

0.363

0.000

0.164

0.860

0.919

0.384

0.910

0.010

0.414

0.644

0.958

0.042

0.206

0.324

0.756

0.568

0.274

0.612

0 1 2 3 4

Lower risk Higher risk
Fig. 3 Multivariate Cox proportional hazards regression of risk factors for cause-specific mortality
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0.010), and higher ANC also significantly elevated risk 
(aHR 1.075, 95% CI [1.003–1.152], p = 0.042) (Fig. 3).

Discussion
In this study, we analyzed acute exacerbations and mor-
tality in bronchiectasis patients with CRPA isolation. 
The key findings are as follows. First, isolation of CRPA 
emerged as a significant risk factor for acute exacerba-
tions in patients with bronchiectasis. Second, patients 
with CRPA isolation exhibited markedly lower survival 
rates compared to those without CRPA. Finally, CRPA 
isolation was associated with a notable increase in the 
risk of both all-cause and cause-specific mortality.

To our knowledge, this is the first study to investigate 
both all-cause and cause-specific mortality in bronchiec-
tasis patients with CRPA isolation. The long-term follow-
up and large sample size contribute to the robustness 
of the findings, providing valuable insights for clinical 
decision-making. Our results indicate that CRPA isola-
tion is an independent risk factor for acute exacerba-
tions, all-cause mortality, and cause-specific mortality 
in patients with bronchiectasis compared to non-CRPA. 
These findings suggest that CRPA can complicate and 
exacerbate the condition of bronchiectasis patients, with 
survival analysis further supporting this conclusion. Pre-
vious studies have already confirmed that PA is closely 
associated with repeated hospitalizations, frequent exac-
erbations, declining lung function, and poorer quality of 
life in patients with bronchiectasis [13, 14, 16]. Our study 
confirmed that patients with CRPA isolation face approx-
imately double the risk of acute exacerbations compared 
to those with non-CRPA, underscoring the significant 
impact of CRPA on disease progression. This highlights 
the urgency of early detection and aggressive manage-
ment of CRPA to prevent frequent exacerbations and 
related complications.

Inflammation and infection are important factors in 
worsening the condition of patients [31]. Chronic bacte-
rial infections and persistent airway inflammation form 
a vicious cycle that impairs bronchial mucociliary clear-
ance and leads to structural lung damage. This cycle exac-
erbates bronchiectasis, potentially resulting in further 
deterioration and even death[32].PA-induced chronic 
infections and increased inflammation are key contribu-
tors to the poor prognosis in bronchiectasis patients [17]. 
The ability of PA to form biofilms is a critical factor in 
its persistence and pathogenicity in bronchiectasis. Bio-
films shield bacteria from immune attacks and enhance 
antibiotic resistance, complicating treatment efforts and 
contributing to disease and mortality [33, 34]. The rapid 
global rise of CRPA, with resistance rates of 10% to 50%, 
poses a major public health threat [35]. It was likely that 
the biofilm formation by PA associated with carbapenem 

resistance may contribute to enhanced virulence and 
increased mortality [21].

There was still a controversy regarding the associa-
tion between PA isolation and mortality in bronchiec-
tasis [13–16]. However, our study demonstrated that 
CRPA significantly increased the risk of both all-cause 
and cause-specific mortality. This discrepancy with ear-
lier studies may stem from their failure to differentiate 
between CRPA and non-CRPA, potentially underestimat-
ing the contribution of CRPA to mortality. In contrast, 
by specifically classifying PA into CRPA and non-CRPA 
groups, our study more clearly highlighted the strong 
association between CRPA and increased mortality. This 
finding aligns with other studies indicating that CRPA 
is associated with higher mortality rates, particularly in 
critically ill patients [36]. A multicenter study reported 
a 30-day mortality rate of 32.8% for CRPA bloodstream 
infections, with an attributable mortality of 19%, dem-
onstrating that the risk of death was nearly three times 
higher than in the non-CRPA group [37]. Furthermore, 
our study identified age and ANC as significant pre-
dictors of both all-cause and cause-specific mortality. 
Advanced age is linked to a decline in immune function 
and an increase in comorbidities, while ANC reflects 
the patients’immune status and their ability to respond 
to infections. Previous studies have demonstrated that 
peripheral neutrophils play a fundamental role in chronic 
airway inflammation and are key predictors of acute 
exacerbations in bronchiectasis patients [38–40]. Addi-
tionally, neutrophil elastase levels in sputum are critical 
indicators of lung function decline and exacerbations in 
these patients [41, 42].

This study has several limitations. First, despite includ-
ing a large sample size, the retrospective nature of the 
study resulted in a 10.8% loss to follow-up, which may 
impact the study results. Therefore, prospective inves-
tigations are crucial for further validation. Second, we 
used two or more acute exacerbations within the first 
year post-discharge as a surrogate endpoint rather than 
specific counts of exacerbations to minimize recall bias. 
Third, antibiotic treatment was only recorded during 
hospitalization, which means that antibiotic use during 
follow-up was not included in the analysis, potentially 
underestimating the impact of antibiotic therapy. Fourth, 
due to the isolation of multiple pathogens, specifying the 
antibiotic treatment regimens proved challenging; there-
fore, we only recorded whether antibiotic treatment was 
administered. Consequently, ongoing research remains 
essential. Fifth, a notable percentage of patients exhibit 
both bronchiectasis and COPD. Although patients with 
severe COPD were excluded from the study, the pro-
gression of COPD over time may have exaggerated the 
mortality attributed to bronchiectasis. Therefore, future 
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research should prioritize prospective multicenter cohort 
studies to validate the long-term outcomes of CRPA in 
bronchiectasis. Additionally, it is essential to explore 
effective treatment strategies and preventive measures to 
enhance clinical outcomes for patients with CRPA.

Conclusions
The prevalence of CRPA isolation was high in hospital-
ized patients with bronchiectasis. CRPA isolation signifi-
cantly increased the risk of acute exacerbations, all-cause 
and cause-specific mortality. Additionally, advanced age 
and elevated ANC were identified as important predic-
tors of mortality. The CRPA group had lower all-cause 
and cause-specific survival rates. The study emphasizes 
the urgent need to enhance antibiotic management 
to reduce the emergence of CRPA and to implement 
early detection and targeted management strategies to 
improve outcomes for patients.

Further prospective, multi-center research is warranted 
to validate these findings and develop effective treatment 
strategies that could improve the clinical outcomes in 
bronchiectasis patients with CRPA isolation.
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