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Purpose: Whether the empirical use of anti-pseudomonal antibiotics actually improves patient outcomes is unclear. Hence, we aimed 
to determine whether empirical anti-pseudomonal antibiotics are better than anti-pseudomonal antibiotics in treating patients with 
recurrent lower respiratory tract infections (LRTIs).
Patients and Methods: We extracted data from the Japanese nationwide database of the Real World Data Co., Ltd. Our target 
population was patients with LRTIs, defined as chronic obstructive pulmonary disease exacerbation and pneumonia. We included 
patients aged ≥40 years who were admitted for lower respiratory tract infections ≥2 times within 90 days. We excluded patients who 
had an event (death or transfer) within 24 h after admission. We ran a frailty model adjusted for the following confounding factors: 
number of recurrences, age, body mass index, activities of daily living, Hugh-Johns classification, altered mental status, oxygen use on 
admission, blood urea nitrogen, and systemic steroid use.
Results: We included 893 patients with 1362 observations of recurrent LRTIs. There were 897 (66%) observations in the non-anti- 
pseudomonal antibiotic group and 465 (34%) in the anti-pseudomonal group; the numbers of in-hospital deaths were 86/897 (10%) and 
63/465 (14%), respectively. Our frailty model yielded an adjusted hazard ratio (HR) (anti-pseudomonal group/non-anti-pseudomonal 
group) of 1.49 (95% confidence interval, 1.03–2.14).
Conclusion: The empirical use of anti-pseudomonal antibiotics was associated with a higher HR of in-hospital mortality than the use 
of non-anti-pseudomonal antibiotics. Physicians might need to consider limiting the prescription of anti-pseudomonal antibiotics based 
on background factors such as the patient’s baseline function and disease severity. Further studies are needed to evaluate the causal 
relationship between empirical anti-pseudomonal antibiotics and mortality, and identify specific patient population who benefit from 
empirical anti-pseudomonal antibiotics.
Keywords: clinical epidemiology, COPD, Emphysema, infection and inflammation, pneumonia

Plain Language Summary
Pseudomonas aeruginosa is associated with recurrent lower respiratory tract infections (LRTIs). However, to date, it remains unclear 
whether anti-pseudomonal antibiotics should be empirically used in recurrent lower respiratory tract infections (LRTIs) including 
COPD exacerbation and bacterial pneumonia. Our database research showed the empirical use of anti-pseudomonal antibiotics was 
associated with a high risk of in-hospital mortality. Physicians might need to carefully consider the use of anti-pseudomonal antibiotics 
depending on factors such as baseline function and disease severity. Further studies are needed to evaluate the causal relationship 
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between empirical anti-pseudomonal antibiotics and mortality, and identify an appropriate patient population for empirical anti- 
pseudomonal antibiotics.

Introduction
Patients with lower respiratory tract infection (LRTI) often experience recurrent episodes of the disease.1,2 Recurrent 
LRTI is a risk factor for the detection of drug-resistant organisms, such as Pseudomonas aeruginosa (PA).3,4 Infection 
with PA is associated with poor outcomes.5–7 Thus, international guidelines recommend the empirical use of anti- 
pseudomonal antibiotics for recurrent chronic obstructive pulmonary disease (COPD) exacerbation and pneumonia, 
which are the main causes of LRTI.8,9

Despite these recommendations, whether the empirical use of anti-pseudomonal antibiotics actually improves patient 
outcomes is unclear.6,10–12 Furthermore, the detection of PA in a sputum culture does not necessarily indicate infection 
with PA.13 In a previous cohort study, the empirical use of anti-pseudomonal antibiotics did not shorten the length of 
hospital stay of patients with recurrent COPD exacerbation,14 and in this study, PA was detected in 22% of the sputum 
cultures. Thus, we hypothesized that recurrent LRTI does not necessarily support the use of anti-pseudomonal antibiotics 
as an empirical therapy and escalation therapy from narrow-spectrum antibiotics to broad-spectrum antibiotics when 
empirical therapy fails would be adequate in most cases. Hence, the current study aimed to evaluate the effect of 
empirical use of anti-pseudomonal antibiotics on clinically important outcomes in recurrent LRTI using data from 
a large-scale database.

Materials and Methods
Study Design
The current study was a database research study. We extracted data from Real World Data ([RWD] Real World Data 
Co., Ltd., Kyoto, Japan), which is a Japanese nationwide database maintained by the Health, Clinic, and Education 
Information Evaluation Institute (Kyoto, Japan) with support from Real World Data Co., Ltd. The database is 
composed of patient data from electronic medical records at 215 hospitals, including demographic data, diagnoses, 
procedures, drug prescriptions, and laboratory data. To confirm the validity of our patient selection algorithm, we 
performed a validation study at a tertiary care hospital (Ichinomiyanishi Hospital) in advance. The Institutional Review 
Board (IRB) of Ichinomiyanishi Hospital approved our validation study (approval number: 2021028). The requirement 
for written informed consent was waived because of the study’s retrospective design and patients were offered an 
online opt-out option. The IRB of Kyoto City Hospital approved our main study (approval number: 665), and the 
requirement for written informed consent was waived because the data was already deidentified. Patient data was 
maintained with confidentiality throughout the study. The study adheres to the Declaration of Helsinki, and This article 
adhered to the Reporting of studies Conducted using Observational Routinely-collected Data Statement 
(Supplementary Table 1).15

Patient Selection
The inclusion criteria were age ≥40 years and admission for LRTI two or more times within 90 days.9 LRTI was defined 
as the presence of COPD exacerbation and pneumonia, and acute bronchitis was not included because antibiotics are 
generally not indicated for it. Our patient selection algorithm is described in Supplementary Table 2. The patient 
enrolment period was dependent on the storage terms of the RWD database.

In the validation study at Ichinomiyanishi Hospital, we selected patients aged ≥40 years who were admitted for LRTI, 
identified by the International Classification of Diseases 10th revision, classification codes, between October 1, 2020, and 
September 30, 2021, regardless of the department. One of the three authors (HS, MT, and AS) reviewed the patients’ 
medical records during hospitalization and confirmed the diagnosis of LRTI. We defined LRTI based on the description 
of COPD exacerbation and pneumonia in the medical records. A description of pneumonia other than that of bacterial 
aetiologies and bronchitis was not accepted unless we found the description of COPD exacerbation.
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Data Extraction
In the RWD database, a patient is followed longitudinally in the same hospital. We extracted the following patient data: age, 
admission date, type of admission (from home, health care facility, or another hospital), sex, body mass index, exercise 
tolerability and dyspnoea as assessed by the Hugh-Johns classification, activities of daily living (ADL) as assessed by the 
Barthel index, presence of comorbidities, oxygen use on admission, mental status on admission as assessed by the Japan Coma 
Scale, medications, procedures, discharge date, and prognosis. For patients with pneumonia, we evaluated the systolic blood 
pressure (≤90 mmHg or not) and type of immune deficiency, ie, malignancy or immune deficiency, from the administrative 
claims data. The definitions of the variables are listed in Supplementary Table 3.

Intervention
Antipseudomonal antibiotics are listed in Supplementary Table 4. We selected the anti-pseudomonal antibiotics adminis-
tered at admission or the next day as an intervention, regardless of the dose and route of administration.

Outcomes
The primary outcome was in-hospital mortality. The secondary outcomes were hospital discharge, next hospitalization for 
LRTI, and development of Clostridioides difficile colitis (Supplementary Table 3).

Covariates
For the primary analysis, we selected clinically meaningful confounding factors from published literature: the number of 
recurrences, age, body mass index, ADL, Hugh-Johns classification, altered mental status, oxygen use at admission, 
blood urea nitrogen level, and systemic steroid use.16,17 The cut-off value of blood urea nitrogen was determined by the 
BAP-65 score, a validated clinical prediction score for COPD exacerbation.16 We set the cut-off values of ADL, Hugh- 
Johns classification, and altered mental status as approximate median values of each variable. Systemic steroid therapy 
was defined as oral or parenteral administration of systemic steroids on admission, regardless of the dose.

Statistical Analysis
Categorical variables were presented as numbers and percentages, and continuous variables, as medians and inter-
quartile ranges (IQRs), except for age. In the survival analyses of the primary and secondary outcomes, we used cluster 
analyses because patient outcomes were nested within the patients, and the outcomes of the same patient were correlated 
to each other. Next, we used the one-component frailty model. We assumed that unobserved heterogeneity specific to 
a patient has a log-normal distribution. We imputed missing data with chained equations multiple imputation and 
performed statistical analyses within each imputed dataset. Then, we combined each result using Rubin’s combining 
rule.

We performed the following sensitivity analyses for the primary outcome: (1) a frailty model based on the gamma 
distribution of the unobserved heterogeneity specific to a patient, (2) additional adjustment for length of hospital stay, 
tracheal ventilation, mechanical ventilation and use of vasopressors during previous hospitalization, (3) Cox regression 
using robust standard error, (4) a complete case analysis, (5) another definition of the target population as patients with 
intervals ≤365 days, (6) another definition of empirical antibiotics therapy as the use of antibiotics only on the day of 
admission, and (7) a frailty model targeting patients who were administered empirical antibiotics.

In the subgroup analyses, we evaluated the association of empirical anti-pseudomonal antibiotics with COPD 
exacerbation and pneumonia. For patients with pneumonia, we incorporated information on systolic blood pressure 
and immunodeficiency status as additional confounding factors because these data were collected routinely in the 
database. In addition, we performed a subgroup analysis of patients who had at least one of the following risk factors 
for the presence of multidrug-resistant organisms: residence in a healthcare facility, dialysis, previous antibiotic use 
within 90 days, previous use of a systemic steroid or an immunosuppressive agent within 30 days, or previous use of 
antacids within 30 days.4,18,19 Statistical analysis was performed using the R software version 4.1.2.
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Results
Validation Study
During the study period between October 1, 2020, and September 30, 2021, our patient selection algorithm selected 363 
patients with LRTI. Among the selected patients, 335 patients were clinically diagnosed with COPD exacerbation or 
bacterial pneumonia. The positive predictive value of our patient selection algorithm was 92% (95% confidence interval 
[CI], 89–96%).

Descriptive Analysis
After excluding patients who died or were transferred to another hospital within 24 h after admission, our patient 
selection algorithm selected 893 patients and 1362 observations of recurrent LRTIs (Figure 1). There were 897 
observations (66%) in the non-anti-pseudomonal antibiotic group and 465 (34%) in the anti-pseudomonal antibiotics 
group; the median intervals between repeat hospitalizations were 41 days (IQR, 24–62 days) and 41 days (IQR, 25–62 
days), respectively. Approximately 80% (1085/1362) of the observations were from hospitals with more than 300 beds. 
There were no missing data on the length of hospital stay or outcomes.

The patients’ characteristics did not show any substantial differences between the anti-pseudomonal antibiotic group 
and the non-antipseudomonal antibiotic group (Table 1, Figure 2). In 1051/1362 (78%) of the observations, the patients 
used triple inhalers of inhaled corticosteroids, long-acting beta-agonists, and long-acting muscarinic antagonists before 
hospitalization. The most frequently prescribed agents in each group were ampicillin/sulbactam (40%) and piperacillin/ 
tazobactam (45%) (Table 2). In 10 (2%) observations, non-anti-pseudomonal was switched to anti-pseudomonal therapy 
between 1 and 7 days after the initial therapy. Regarding empirical antibiotics, atypical respiratory pathogens such as 
Mycoplasma pneumonia, Legionella spp., and Chlamydia spp. were covered in 78/513 (15%) observations in the non-anti 
-pseudomonal antibiotic group and in 147/521 (28%) observations in the anti-pseudomonal antibiotics group. Subsequent 

Figure 1 Flowchart of patient selection. We followed the same patient longitudinally in the same hospital. Thus, one patient might have been assigned to both the non-anti- 
pseudomonal antibiotics group and the anti-pseudomonal antibiotics group.
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Table 1 Patient Characteristics per Observation

Characteristics Non-Anti-Pseudomonal 

Antibiotics Group (N* = 897)

Anti-Pseudomonal Antibiotics 

Group (N= 465)

Total  

(N = 1362)

Age (mean year, SD†) 76 (13) 76 (8) 76 (12)

Female (%) 161 (18) 95 (20) 256 (19)

Body mass index (SD) 19.4 (3.7) 19.4 (3.7) 19.4 (3.7)

Missing data (%) 17 (1.3)

Comorbidities

Charlson Comorbidity Index (IQR‡) 5 [4–6] 5 [4–6] 5 [4–6]

Bronchiectasis (%) 19 (2) 23 (5) 42 (3)

Asthma (%) 200 (22) 85 (18) 285 (21)

Dialysis (%) 13 (1.4) 8 (1.7) 21 (1.5)

Activities of daily living

Independent (%) 0 (0) 4 (1) 4 (0.3)

Partially dependent (%) 772 (88) 412 (89) 1184 (88)

Full Dependent (%) 109 (12) 48 (10) 157 (12)

Missing data (%) 17 (1)

Hugh-Johns classification

I (%) 77 (11) 33 (8) 110 (10)

II (%) 87 (13) 51 (13) 138 (13)

III (%) 119 (17) 78 (20) 197 (18)

IV (%) 216 (31) 130 (33) 346 (32)

V (%) 198 (28) 101 (26) 299 (27)

Missing data (%) 272 (20)

Japan Coma Scale on admission

Normal (%) 782 (88) 422 (91) 1204 (89)

Delirium, confusion, senselessness (%) 87 (10) 31 (7) 118 (8)

Stupor, lethargy, hypersomnia, 

somnolence, drowsiness (%)

17 (2) 6 (1) 23 (2)

Deep coma, coma, semi-coma (%) 9 (1) 6 (1) 15 (1)

Blood test

White blood cell count (*103 mg/dL, 

median, IQR)

1.0 (0.71–1.4) 1.1 (0.74–1.4) 1.0 (0.72–1.4)

Missing data (%) 272 (9)

Serum albumin (g/dL, median, IQR) 3.4 (3.0–3.8) 3.2 (2.8–3.5) 3.4 (3.0–3.7)

Missing data (%) 283 (21)

Blood urea nitrogen (mg/dL, median, 

IQR)

16.2 (12.6–22.4) 16.0 (12.2–22.1) 16.2 (12.4–22.3)

Missing data 119 (9)

C-reactive protein (mg/dL, median, 

IQR)

4.3 (1.3–9.9) 7.7 (3.3–13) 5.5 (1.7–11)

Missing data (%) 120 (9)

Procedures

Oxygen use on admission (%) 513 (57) 236 (51) 749 (55)

Systemic steroid therapy on admission 214 (24) 136 (29) 350 (26)

Vasopressor use on admission 5 (1) 12 (3) 17 (1)

Tracheal intubation 12 (1) 10 (2) 22 (2)

Mechanical ventilation§ 98 (11) 42 (9) 140 (10)

Notes: §Mechanical ventilation included invasive/non-invasive ventilation, high-flow nasal cannula, and continuous positive airway pressure. 
Abbreviations: *N, number; †SD,  standard deviation; ‡IQR,  interquartile range.
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coverage between 1 and 7 days after the initial therapy occurred in only nine observations. Subsequent coverage of 
methicillin-resistant Staphylococcus aureus (MRSA) between 1 and 7 days after the initial therapy occurred only in one 
observation.

Figure 2 The interval between hospitalizations and the number of recurrences in the non-anti-pseudomonal antibiotics group and the anti-pseudomonal antibiotics group.

Table 2 Empirical Antibiotics Used in the 
Included Observations

Antibiotics Frequency

Non-anti-pseudomonal antibiotics (N* = 513)

Tetracycline antibiotics 7 (1)
Oxazolidinone 3 (1)

Macrolides 140 (27)

Lincosamides 9 (2)
Penicillins 239 (47)

Cephems 31 (6)

Glycopeptides 8 (2)
Sulfonamides 67 (13)

Quinolones (Moxifloxacin) 9 (2)

Anti-pseudomonal antibiotics (N* = 521, %)

Aminoglycosides 28 (5)

Penicillins 236 (45)

Cephems 92 (18)
Carbapenems 74 (14)

Quinolones 91 (17)

Abbreviation: *N, number.
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Primary Outcome
Table 3 summarizes the results of our statistical analyses of the risk of in-hospital mortality. The one-component frailty 
model found that the empirical use of anti-pseudomonal antibiotics was associated with a higher HR of in-hospital 
mortality than non-anti-pseudomonal antibiotics (crude hazard ratio [HR], 1.53; 95% CI, 1.03–2.25, and adjusted HR, 
1.49; 95% CI, 1.03–2.14), and the sensitivity analyses showed similar trends. The coefficients of covariates in the main 
analysis are summarized in Supplementary Table 5.

Secondary Outcomes
The one-component frailty model showed that the HRs (anti-pseudomonal antibiotics/non-anti-pseudomonal antibiotics) 
of hospital discharge and next hospitalization for LRTI were 0.772 (95% CI, 0.65–0.92) and 0.991 (95% CI, 0.87–1.13), 
respectively. Eleven patients (1.2%) in the non-anti-pseudomonal antibiotics group and 6 (1.3%) in the anti-pseudomonal 
antibiotics group were diagnosed with Clostridioides difficile colitis (risk ratio, 1.05; 95% CI, 0.39–2.83). We did not find 
any patient who was administered vancomycin orally.

Subgroup Analyses
Subgroup analysis of the patients with COPD exacerbation did not reveal a substantial difference in HR (HR, 0.68; 95% 
CI, 0.16–2.84). On the other hand, a subgroup analysis of patients with pneumonia who had at least one risk factor for the 
presence of multidrug-resistant organisms revealed an association between the empirical use of anti-pseudomonal 
antibiotics and in-hospital mortality (HRs [95% CI], 1.63 [1.04–2.54] and 1.59 [1.07–2.37], respectively).

Discussion
Summary of the Principal Findings
In our study, among patients with recurrent LRTI, the empirical use of anti-pseudomonal antibiotics was associated with 
a higher HR of in-hospital mortality than the use of non-anti-pseudomonal antibiotics. In addition, the use of anti- 
pseudomonal antibiotics was associated with a lower HR of hospital discharge. Empirical anti-pseudomonal antibiotics 
were used in only 34% of the observations, and non-anti-pseudomonal antibiotics were switched to anti-pseudomonal 
antibiotics in only 2% of the cases. These results suggest that physicians may not necessarily administer anti- 
pseudomonal antibiotics empirically to all patients with recurrent LRTIs.

Findings of the Present Study in Light of Published Evidence
The current study focused on populations susceptible to multi-drug resistant organisms. A previous cohort study revealed 
that for patients with pneumonia, the empirical use of broad-spectrum antibiotics was associated with a higher rate of 
30 day-mortality than the use of narrow-spectrum antibiotics.12 However, the study excluded patients with two or more 
episodes of pneumonia within 12 months. Thus, in the current study, we focused on populations that are highly 
susceptible to multidrug-resistant organisms.3,4 Similar to the previous study,12 the results of this study favoured the 
empirical use of non-anti-pseudomonal antibiotics over that of anti-pseudomonal antibiotics.

Implications for Practice or Policy
Considering the non-mortality outcomes with the empirical use of non-anti-pseudomonal antibiotics, it might be an 
acceptable treatment strategy. Furthermore, the use of narrow-spectrum antibiotics is associated with lower subsequent 
infections, fewer adverse reactions, and lower costs than the use of broad-spectrum antibiotics.12,20,21 Although we could 
not draw a valid conclusion regarding the difference in the number of Clostridioides difficile colitis cases, the association 
between the use of broad-spectrum antibiotics and subsequent Clostridioides difficile colitis is obvious.12,22 Currently, the 
increasing prevalence of multidrug-resistant organisms is a global concern, and our results show that the unnecessary use 
of broad-spectrum antibiotics might be avoided.23

It is unlikely that our results were influenced by the subsequent coverage of other organisms. Although atypical 
respiratory pathogens were covered in 17% of the observations of empirical therapy, subsequent antibiotic 
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Table 3 Summary of the Statistical Analyses Evaluating the Risk of in-Hospital Mortality

Frailty Model 

(Log-Normal)

Frailty Model 

(Gamma)

Additional 

Covariates

Cox 

Regression

Complete 

Case Analysis

Different Definition of 

the Target Population

Different Definition of 

the Intervention

Only Empirical 

Antibiotics Users

Total

Number of persons 893 893 893 893 641 1673 893 554

Number of observations 1362 1362 1362 1362 936 2978 1362 787

Number of events 149 149 149 149 84 279 149 93

Person-days 33 33 33 33 30 37 33 31

Non-Anti-pseudomonal antibiotics group

Number of persons 645 645 645 645 449 1259 674 260

Number of observations 897 897 897 897 897 1991 939 322

Number of events 86 86 86 86 86 169 93 30

Person-days 30 30 30 30 27 33 30 28

Anti-pseudomonal antibiotics group

Number of persons 333 333 333 333 250 625 301 333

Number of observations 465 465 465 465 465 987 423 465

Number of events 63 63 63 63 63 110 56 63

Person-days 30 30 30 30 28 33 31 30

Crude hazard ratio

Hazard ratio* (95% confidence interval) 1.49 (1.03–2.14) 1.48 (1.03–2.12) 1.49 (1.03–2.14) 1.44 (1.03–2.02) 1.26 (1.16–3.19 1.37 (1.05–1.78) 1.31 (0.91–1.91) 1.58 (0.98–2.56)

Adjusted hazard ratio

Hazard ratio (95% confidence interval) 1.53 (1.03–2.26) 1.62 (1.09–2.49) 1.45 (0.84–2.51) 1.41 (1.02–2.00) 1.28 (1.17–3.46) 1.40 (1.05–1.86) 1.36 (1.01–2.05) 1.58 (0.94–2.65)

Notes: *Hazard ratio of the anti-pseudomonal antibiotic group/non-anti-pseudomonal antibiotic group. Explanation on the models: 1. Frailty model (log-normal): multiple imputation + frailty model (log-normal distribution of the patient- 
specific heterogeneity, covariates: age, body mass index, activities of daily living, Hugh-Johns classification, altered mental status, oxygen use on admission, blood urea nitrogen, systemic steroid therapy, the number of recurrences). 2. 
Frailty model (gamma): multiple imputation + frailty model (gamma distribution of patient-specific heterogeneity, covariates: age, body mass index, activities of daily living, Hugh-Johns classification, altered mental status, oxygen use on 
admission, blood urea nitrogen, systemic steroid therapy, the number of recurrences). 3. Additional covariates: multiple imputation + frailty model (log-normal distribution of the patient-specific heterogeneity, covariates: length of 
hospital stay, tracheal intubation, mechanical ventilation and use of vasopressors during the previous hospitalization in addition to age, body mass index, activities of daily living, Hugh-Johns classification, altered mental status, oxygen use 
on admission, blood urea nitrogen, systemic steroid therapy, the number of recurrences). 4. Cox regression: multiple imputation + Cox regression (covariates: age, body mass index, activities of daily living, Hugh-Johns classification, 
altered mental status, oxygen use on admission, blood urea nitrogen, systemic steroid therapy, the number of recurrences), and standard error were calculated using robust standard errors. 5. Complete case analysis: complete case 
analysis + frailty model (gamma distribution of patient-specific heterogeneity; covariates: age, body mass index, activities of daily living, Hugh-Johns classification, altered mental status, oxygen use on admission, blood urea nitrogen, 
systemic steroid therapy, the number of recurrences). 6. Different definitions of the target population included patients aged ≥40 years who were admitted due to LRTI ≥2 times within 365 days, multiple imputation + frailty model (log- 
normal distribution of the patient-specific heterogeneity, covariates: age, body mass index, activities of daily living, Hugh-Johns classification, altered mental status, oxygen use on admission, blood urea nitrogen, systemic steroid therapy, 
and the number of recurrences). 7. Different definitions of the intervention: using a different definition of empirical antibiotic use as antibiotics use only on the day of admission, multiple imputation + frailty model (log-normal distribution 
of the patient-specific heterogeneity, covariates: age, body mass index, activities of daily living, Hugh-Johns classification, altered mental status, oxygen use on admission, blood urea nitrogen, systemic steroid therapy, the number of 
recurrences). 8. Only empirical antibiotic users: restricted analysis of patients who were administered empirical antibiotics, multiple imputation + frailty model (log-normal distribution of the patient-specific heterogeneity, covariates: age, 
body mass index, activities of daily living, Hugh-Johns classification, altered mental status, oxygen use on admission, blood urea nitrogen, systemic steroid therapy, the number of recurrences).
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administration for atypical respiratory pathogens occurred only in nine observations. Considering the extremely low 
number of observations (one observation) of subsequent administrations of anti-MRSA agents, our study results were 
not influenced by MRSA coverage. Thus, it is unlikely that our conclusions were skewed by subsequent antibiotic 
coverage.

In our study, empirical anti-pseudomonal antibiotics were used in only 34% of the observations. This result contra-
dicts the recommendation of international guidelines,8,9 and it may reflect the complexity of the physician’s decision- 
making process for prescribing anti-pseudomonal antibiotics, which is based on various patient (eg, baseline function, 
comorbidities, disease severity, previous detection of multidrug resistant organisms) and environmental factors (eg, 
proportion of multidrug resistant organisms and access to hospital). Our study could not clarify this complex interplay, 
thus highlighting the need for further studies to validate the result and identify specific patient populations to whom 
administered anti-pseudomonal antibiotics should be administered. The caveat is that our study does not support avoiding 
anti-pseudomonal antibiotics in all recurrent LRTIs. Physicians should use anti-pseudomonal antibiotics on a case-by- 
case basis.

Strengths and Limitations of the Study
Our study has several strengths. First, we used data from a large-scale database in Japan. The large sample size and the 
abundant number of variables enabled us to evaluate hard outcomes after adjusting for multiple known confounding 
factors. In a previous study, inappropriate coverage of PA was associated with high mortality, but the study was not 
adjusted for patient baseline function and severity of LRTI.6 Our study overcame this issue and drew a reliable 
conclusion.

Second, we performed several sensitivity analyses to confirm the robustness of our study results. A frailty model 
can account for the unobserved heterogeneity. Considering the violation of the model assumptions, such as the 
correlation between independent variables and unobserved heterogeneity, for the sensitivity analysis, we applied 
a conservative method using robust standard errors. In addition, considering the measurement errors, we set different 
definitions for the target population and interventions. The trends of all the results were the same. Thus, we obtained 
robust results.

However, our study had several limitations. First, we were unable to adjust our model for unmeasured confounding 
factors. For example, sputum culture results could not be collected from the database. The previous detection of PA is 
a risk factor for LRTI due to PA and could influence the physician’s decision regarding the antibiotic prescription.4,24 

Some studies have suggested an association between PA isolation and poor clinical outcomes.25,26 Additionally, disease 
severity may not have been adequately considered. For example, because of the limited variables in our dataset, we could 
not adjust for disease severity scores as well as respiratory effort, heart rate, and arterial blood gas analysis results.27 We 
mitigated the confounding bias by adjusting for proxies of disease severity such as oxygen use on admission. 
Furthermore, we could not adjust for other baseline factors such as pulmonary hypertension, concomitant pulmonary 
fibrosis, and the duration of diseases. These factors could be residual confounding factors. Because an observational 
study cannot fully cope with the confounding by indication; large-scale randomized controlled trials are required to 
address this limitation. Second, many variables in our study were dependent on administrative claims data, and their 
validity was not sufficiently evaluated.28 To overcome this limitation, we confirmed the validity of the patient selection 
algorithm and performed multiple sensitivity analyses. Third, in the RWD database, we could only follow patients in the 
same hospital; hence, the number of recurrences may have been underestimated, and this may have skewed the estimates 
of the treatment effects. Fourth, despite conducting various subgroup analyses, we could not identify any subgroups who 
would specifically benefit from empirical anti-pseudomonal antibiotics. Therefore, further research is needed to identify 
potential treatment heterogeneity and patient populations who can benefit from empirical anti-pseudomonal antibiotics. 
Fifth, due to the limited sample size and the [potential influence of post-treatment factors, we could not evaluate whether 
the choice of antibiotics influenced the patient outcomes after discharge.
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Conclusion
The empirical use of anti-pseudomonal antibiotics for recurrent LRTI was associated with higher mortality than the use 
of non-anti-pseudomonal antibiotics. Physicians might need to consider limiting the empirical use of anti-pseudomonal 
antibiotics depending on background factors such as the patient’s baseline function and disease severity. Further RCTs 
are needed to address residual confounding factors and evaluate the causal relationship between the empirical use of anti- 
pseudomonal antibiotics and mortality.

Abbreviations
ADL, activities of daily living; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; 
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