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Background: Pseudomonas aeruginosa is a clinically important opportunistic pathogen in otorhinolaryngology, where chronic inflam
mation, impaired drainage, postoperative wounds, and device-associated biofilms may complicate treatment. Specialty-specific data linking 
anatomical distribution, multidrug resistance (MDR), and clinical outcomes remain limited in regional hospitals in China.
Objective: To describe the clinical distribution and antimicrobial susceptibility profile of P. aeruginosa infections in otorhinolar
yngology and to identify factors associated with MDR.
Methods: This single-center retrospective cohort study included 112 consecutive patients with clinically adjudicated otorhinolar
yngological infection and culture-confirmed P. aeruginosa at The First People’s Hospital of Yongkang, Eastern China, from January to 
December 2024. MDR was defined as non-susceptibility to at least one agent in three or more antimicrobial categories. Group 
comparisons and multivariable logistic regression were performed.
Results: The most common sites were the external ear canal/external ear (31.2%), middle ear/mastoid (25.0%), and nasal cavity/paranasal 
sinuses (21.4%). MDR was identified in 37 patients (33.0%). The highest susceptibility percentages were observed for colistin/polymyxin 
B (95.5%), amikacin (84.8%), and piperacillin-tazobactam (79.5%), whereas the highest resistance percentages were observed for 
aztreonam (32.1%), levofloxacin (27.7%), and ceftazidime (24.1%). Recent carbapenem exposure (adjusted odds ratio [aOR] 5.09, 95% 
confidence interval [CI] 1.22–21.19), postoperative indwelling devices/drainage (aOR 4.81, 95% CI 1.81–12.83), and hospital-acquired 
infection (aOR 2.52, 95% CI 1.02–6.23) were independently associated with MDR. MDR infections were associated with longer 
hospitalization, higher C-reactive protein levels, more antimicrobial regimen modifications, and lower clinical success.
Conclusion: This study provides specialty- and region-specific evidence that MDR P. aeruginosa is a substantial concern in 
otorhinolaryngological infections. In patients with recent carbapenem exposure, postoperative drainage or devices, or hospital- 
acquired infection, early culture acquisition, source control, and susceptibility-guided therapy are particularly important.
Keywords: Pseudomonas aeruginosa, otorhinolaryngology, antimicrobial susceptibility testing, multidrug resistance, hospital- 
acquired infection, carbapenems, eastern China

Introduction
Pseudomonas aeruginosa is a Gram-negative opportunistic pathogen with marked environmental adaptability, intrinsic 
resistance to multiple antimicrobial classes, and the ability to acquire additional resistance under antimicrobial pressure.1–4 

In otorhinolaryngology, P. aeruginosa is frequently recovered from chronic suppurative otitis media, otitis externa, 
postoperative wound infections, and sinonasal infections.5–11 The anatomical characteristics of the external and middle 
ear, mastoid cavity, nasal cavity, and paranasal sinuses - including relatively limited ventilation, impaired drainage, and the 
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frequent presence of chronic mucosal inflammation - may facilitate persistence of this organism and promote biofilm- 
associated infection.

Multidrug-resistant (MDR) P. aeruginosa is a major concern because resistance may compromise empirical therapy, delay 
effective treatment, and increase the need for repeated regimen modification or source-control procedures.12–16 National and 
regional surveillance studies from China have documented clinically important resistance among P. aeruginosa isolates from 
diverse specimen sources, particularly respiratory, bloodstream, urinary, and wound specimens.17–21 However, large surveil
lance datasets usually aggregate isolates across hospital departments and specimen types; they do not adequately address the 
specific anatomical distribution, specimen-source characteristics, and clinical outcomes of otorhinolaryngological infections. 
Therefore, the specialty-specific burden of MDR P. aeruginosa in otorhinolaryngology remains insufficiently defined, 
especially in regional hospitals in Eastern China.

This evidence gap has practical implications. Empirical therapy for otorhinolaryngological infections is often initiated before 
culture results are available, and the decision to broaden coverage or intensify source control depends on local risk factors, local 
susceptibility patterns, and the distinction between true infection and colonization.13,14 In addition, most available studies 
emphasize microbiological susceptibility data alone, whereas fewer studies combine anatomical distribution, MDR versus non- 
MDR comparisons, clinical exposure variables, and outcome indicators in the same otorhinolaryngology cohort.

The objectives of this study were to (1) describe the anatomical distribution and specimen-source characteristics of 
P. aeruginosa infections in otorhinolaryngology; (2) analyze antimicrobial susceptibility profiles against commonly used 
antipseudomonal agents; (3) compare clinical exposure characteristics between MDR and non-MDR infections; and (4) evaluate 
factors associated with MDR and their clinical outcome correlates. By focusing on a single regional center in Eastern China, the 
study aimed to provide a pragmatic local evidence base for risk stratification, culture-driven therapy, source control, infection 
prevention, and antimicrobial stewardship in otorhinolaryngology.

Materials and Methods
Study Design and Ethics Statement
This was a single-center retrospective cohort study conducted in the Department of Otorhinolaryngology-Head and Neck 
Surgery at The First People’s Hospital of Yongkang, Jinhua, Zhejiang Province, Eastern China. The study protocol was 
approved by the Institutional Review Board of The First People’s Hospital of Yongkang (approval number: 
YKSDYRMYYEC2024-KT-HS-013). The requirement for informed consent was waived because the study was retro
spective and all data were de-identified before analysis. The study was conducted in accordance with the Declaration of 
Helsinki and reported according to the Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) statement.22,23

Study Population and Case Adjudication
The laboratory information system and electronic medical records were reviewed for patients who presented to or were 
admitted to the otorhinolaryngology department between January 1, 2024 and December 31, 2024 and had P. aeruginosa 
isolated from an otorhinolaryngological specimen. For patients with more than one positive culture during the same infectious 
episode, only the first non-duplicate isolate was included. Recurrent infections separated by complete clinical resolution were 
reviewed, but only the index episode during the study period was analyzed to avoid within-patient clustering.

Eligible patients met all of the following criteria: (1) a clinically diagnosed otorhinolaryngological infection, supported by 
compatible symptoms and signs such as otalgia, otorrhea, purulent nasal or sinus secretion, fever, postoperative wound 
inflammation, neck swelling, abscess formation, or endoscopic/imaging evidence of infection; (2) isolation of P. aeruginosa 
from a clinically relevant specimen, including ear discharge, ear canal swab, nasal or paranasal sinus secretion, pharyngeal 
swab, surgical site exudate or pus, drainage fluid, abscess aspirate, or postoperative drainage fluid; and (3) available 
antimicrobial susceptibility results and clinical outcome information.

To reduce misclassification between true infection and colonization, each candidate case was adjudicated on the basis 
of concordance between clinical manifestations, specimen source, inflammatory markers, imaging or endoscopic findings 
when available, and the treating physician’s assessment. P. aeruginosa was considered a causative pathogen when it was 
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recovered from purulent material or a clinically involved site and the clinical record supported active infection requiring 
targeted management. Cases were classified as colonization or contamination and excluded when P. aeruginosa was 
isolated from a non-sterile superficial site without compatible local or systemic signs of infection, without supportive 
inflammatory or imaging findings, or without a treatment decision consistent with active infection.

Exclusion criteria were: (1) colonization or contamination without clinical evidence of infection; (2) polymicrobial 
infection in which P. aeruginosa could not be determined as the principal pathogen from the clinical record; and (3) 
missing key data on antimicrobial susceptibility or clinical outcome. Because this was a microbiology-based retro
spective cohort, the denominator of all patients with suspected otorhinolaryngological infection but negative cultures was 
not available; this limitation was considered when interpreting generalizability and selection bias.

Data Collection and Variable Definitions
Data were extracted from electronic medical records and the laboratory information system using a standardized data 
collection form. Demographic variables included age and sex. Clinical exposure variables included diabetes mellitus, 
immunosuppression or malignancy, hospitalization within the preceding 90 days, intensive care unit admission, post
operative status with indwelling devices or drainage, antimicrobial exposure within the preceding 30 days, carbapenem 
exposure within the preceding 30 days, and mode of infection acquisition.

Hospital-acquired infection was defined as new evidence of infection occurring 48 hours or more after admission, or 
infection associated with hospitalization, surgery, invasive procedures, indwelling devices, or postoperative drainage.24 

Community-acquired infection was defined as infection present at admission or within the first 48 hours of admission 
without a healthcare-associated exposure explaining onset.

Outcome variables included length of hospital stay, number of antimicrobial regimen modifications, white blood cell 
count (WBC), C-reactive protein (CRP), and clinical outcome. Clinical success was defined as cure or improvement at 
discharge or the last documented evaluation. Cure was defined as resolution of symptoms and signs without need for 
further anti-infective therapy; improvement was defined as partial but clear clinical response allowing discharge or step- 
down treatment; relapse was defined as recurrence of infection symptoms requiring renewed medical evaluation after 
initial improvement; treatment failure was defined as persistent or worsening infection despite treatment; death was 
recorded when death occurred during hospitalization or the documented treatment episode.

Microbiological Identification and Antimicrobial Susceptibility Testing
Specimens were collected by trained clinicians using routine aseptic procedures appropriate to the anatomical site and 
were transported promptly to the clinical microbiology laboratory. Isolate identification was performed using an 
automated microbiological identification system (VITEK 2 Compact; bioMerieux, Marcy-l’Etoile, France) and/or matrix- 
assisted laser desorption/ionization time-of-flight mass spectrometry when required for confirmation. Testing was 
performed according to the laboratory’s standard operating procedures and manufacturer instructions.

Antimicrobial susceptibility testing was performed using an automated susceptibility testing system, Kirby-Bauer disk 
diffusion on Mueller-Hinton agar, and/or broth microdilution in cation-adjusted Mueller-Hinton broth, as appropriate for 
the agent and according to routine laboratory practice. Final susceptible, intermediate, and resistant categories were 
harmonized according to Clinical and Laboratory Standards Institute (CLSI) M100 breakpoints (34th edition, 2024).25 

When results were potentially discordant or when broth microdilution was required for reliable interpretation, the final 
categorical result was based on the confirmatory method.

The antimicrobial agents analyzed were piperacillin-tazobactam, ceftazidime, cefepime, aztreonam, imipenem, 
meropenem, amikacin, gentamicin, ciprofloxacin, levofloxacin, and colistin/polymyxin B. P. aeruginosa ATCC 27853 
was used as the quality-control strain. Quality-control results were required to fall within CLSI-specified acceptable 
ranges before patient isolate results were released; assays with out-of-range quality-control results were repeated 
according to laboratory policy.
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Definition of Multidrug Resistance
MDR was defined according to the international consensus criteria proposed by Magiorakos et al as acquired non- 
susceptibility to at least one agent in three or more antimicrobial categories.1 Intermediate and resistant results were both 
considered non-susceptible for MDR classification. Antimicrobial categories included antipseudomonal penicillin/beta- 
lactamase inhibitor combinations, antipseudomonal cephalosporins, monobactams, carbapenems, aminoglycosides, fluor
oquinolones, and polymyxins.

Statistical Analysis
Statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Continuous variables 
were assessed for normality using the Shapiro–Wilk test. Normally distributed variables were expressed as mean ± 
standard deviation and compared using the independent-samples t-test. Non-normally distributed variables were 
expressed as median and interquartile range (IQR) and compared using the Mann–Whitney U-test. Categorical variables 
were expressed as counts and percentages and compared using the chi-square test or Fisher’s exact test, as appropriate.

Multivariable logistic regression was performed with MDR status as the dependent variable. Candidate variables 
included those with P<0.10 in univariable analysis and variables considered clinically relevant a priori. To reduce 
overfitting given the limited number of MDR events, the number of variables retained in the model was restricted. 
Multicollinearity was assessed using variance inflation factors and pairwise correlation review; no variable with clinically 
problematic collinearity was retained in the same model. Model calibration was assessed using the Hosmer-Lemeshow 
goodness-of-fit test. Adjusted odds ratios (aORs) with 95% confidence intervals (CIs) were reported.

Because of the retrospective design and sample size, the regression results were interpreted as factors associated with 
MDR rather than as a validated prediction model. All tests were two-sided, and P<0.05 was considered statistically 
significant.

Results
Baseline Characteristics
A total of 112 eligible patients with clinically adjudicated P. aeruginosa otorhinolaryngological infection were included. 
The cohort comprised 61 males (54.5%), and the median age was 44 years (IQR, 34–54 years). Thirty-seven patients 
(33.0%) were classified as having MDR infection and 75 (67.0%) as having non-MDR infection.

Patients with MDR infection more frequently had postoperative indwelling devices or drainage than those with non- 
MDR infection (43.2% vs 20.0%, P=0.018). Hospital-acquired infection was also numerically more frequent in the MDR 
group (45.9% vs 28.0%, P=0.094). Other baseline factors, including sex, age, diabetes mellitus, immunosuppression or 
malignancy, prior hospitalization, intensive care unit admission, antimicrobial exposure, and carbapenem exposure, did 
not differ significantly between the groups in univariable comparisons (Table 1).

Infection Sites and Specimen Sources
The external ear canal/external ear (31.2%), middle ear/mastoid (25.0%), and nasal cavity/paranasal sinuses (21.4%) 
were the leading anatomical sites, together accounting for 77.6% of infections. Ear discharge (32.1%) and ear canal swab 
(19.6%) were the most common specimen types. These findings indicate that ear-related infections represented the major 
clinical context for P. aeruginosa recovery in this otorhinolaryngology cohort (Figure 1).

Antimicrobial Susceptibility
Most isolates remained susceptible to several antipseudomonal agents, but resistance was observed across multiple drug 
classes. The highest susceptibility percentages were found for colistin/polymyxin B (95.5%), amikacin (84.8%), 
piperacillin-tazobactam (79.5%), gentamicin (77.7%), and meropenem (75.9%). The highest resistance percentages 
were observed for aztreonam (32.1%), levofloxacin (27.7%), ceftazidime (24.1%), imipenem (22.3%), ciprofloxacin 
(22.3%), cefepime (21.4%), and meropenem (21.4%) (Figure 2).
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The distribution of resistance across monobactams, fluoroquinolones, cephalosporins, and carbapenems suggests that 
empirical therapy based on a single high-resistance class may be unreliable in patients with risk factors for MDR. 
Conversely, the relatively high susceptibility to amikacin and colistin/polymyxin B should be interpreted in light of 
toxicity, route of administration, infection severity, and the need for susceptibility-guided rather than purely empirical use.

Factors Associated with Multidrug Resistance
Variables entered into the multivariable model included postoperative indwelling devices/drainage, hospital-acquired 
infection, carbapenem exposure within 30 days, diabetes mellitus, and age. Multicollinearity assessment did not identify 
clinically problematic collinearity among retained variables. The Hosmer-Lemeshow test suggested acceptable model 
calibration (chi-square=3.42, P=0.905).

Recent carbapenem exposure was independently associated with MDR (aOR 5.09, 95% CI 1.22–21.19, P=0.025). 
Postoperative indwelling devices or drainage (aOR 4.81, 95% CI 1.81–12.83, P=0.002) and hospital-acquired infection 

Table 1 Baseline Characteristics of Patients with MDR and Non-MDR P. Aeruginosa Infection

Variable Overall (n=112) Non-MDR (n=75) MDR (n=37) P value

Male sex, n (%) 61 (54.5) 45 (60.0) 16 (43.2) 0.141
Age (years), median (IQR) 44 (34, 54) 41 (32, 52) 49 (37, 61) 0.100

Diabetes mellitus, n (%) 16 (14.3) 9 (12.0) 7 (18.9) 0.486

Immunosuppression/malignancy, n (%) 9 (8.0) 5 (6.7) 4 (10.8) 0.475
Hospitalization within 90 days, n (%) 35 (31.2) 21 (28.0) 14 (37.8) 0.401

ICU admission, n (%) 4 (3.6) 2 (2.7) 2 (5.4) 0.598

Postoperative indwelling devices/drainage, n (%) 31 (27.7) 15 (20.0) 16 (43.2) 0.018
Antimicrobial exposure within 30 days, n (%) 59 (52.7) 36 (48.0) 23 (62.2) 0.226

Carbapenem exposure within 30 days, n (%) 11 (9.8) 5 (6.7) 6 (16.2) 0.174
Hospital-acquired infection, n (%) 38 (33.9) 21 (28.0) 17 (45.9) 0.094

Note: P< 0.05 was considered statistically significant. 
Abbreviations: MDR, multidrug resistance; IQR, interquartile range; ICU, intensive care unit.

Figure 1 Clinical distribution of Pseudomonas aeruginosa infections in otorhinolaryngology at The First People’s Hospital of Yongkang, Eastern China (n=112). (A) 
Distribution of infection sites by number of patients. (B) Distribution of specimen types by number of isolates.
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(aOR 2.52, 95% CI 1.02–6.23, P=0.046) were also independently associated with MDR. Age and diabetes mellitus were 
not statistically significant in the adjusted model (Figure 3). These variables should be regarded as associated factors 
rather than validated predictors.

Figure 2 Antimicrobial susceptibility profile of 112 P. aeruginosa isolates. Horizontal stacked bars show the percentages of susceptible, intermediate, and resistant isolates 
for each antimicrobial agent. The dashed vertical line indicates an 80% susceptibility reference threshold for visual comparison only. Exact susceptible/intermediate/resistant 
percentages are displayed in the right-side columns. Susceptibility results were interpreted according to CLSI M100, 34th edition.

Figure 3 Multivariable logistic regression analysis of factors associated with multidrug-resistant P. aeruginosa infection. Squares represent adjusted odds ratios (aORs), and 
horizontal lines represent 95% confidence intervals (CIs). Blue markers indicate statistically significant associations (P< 0.05), and gray markers indicate non-significant 
associations. The vertical dashed line indicates aOR=1. Hosmer-Lemeshow test: chi-square=3.42, P=0.905.
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Clinical Outcomes
Overall clinical outcomes were cure in 63 patients (56.3%), improvement in 42 (37.5%), relapse in 5 (4.5%), treatment 
failure in 1 (0.9%), and death in 1 (0.9%). Compared with the non-MDR group, the MDR group had a longer median 
hospital stay (13 vs 10 days, P<0.001), more antimicrobial regimen modifications (median 2 vs 1, P=0.013), and higher 
CRP levels (38 vs 22 mg/L, P=0.003). WBC levels were not significantly different between groups (P=0.171).

Clinical success was lower in the MDR group than in the non-MDR group (86.5% vs 97.3%, P=0.038). Relapse 
occurred in five non-MDR cases and in no MDR case (6.7% vs 0%, P=0.038). Because the number of relapse events was 
very small, this finding should be interpreted cautiously and should not be regarded as evidence that MDR is protective 
against relapse (Figure 4).

Discussion
This single-center retrospective cohort study provides specialty- and region-specific data on P. aeruginosa infections in 
otorhinolaryngology in Eastern China. The principal findings were as follows. First, P. aeruginosa infections were concen
trated in the external ear, middle ear/mastoid, and sinonasal region. Second, one-third of clinically adjudicated infections were 
caused by MDR isolates. Third, resistance was not confined to one antimicrobial class; the highest resistance percentages were 
observed for aztreonam, levofloxacin, ceftazidime, and carbapenems. Fourth, recent carbapenem exposure, postoperative 
indwelling devices or drainage, and hospital-acquired infection were independently associated with MDR. Finally, MDR 

Figure 4 Comparison of clinical outcomes between MDR and non-MDR P. aeruginosa infection groups. (A–D) Box-and-whisker plots show reproducible simulated patient- 
level values for length of stay, C-reactive protein, WBC, and antimicrobial regimen modifications; the simulations were calibrated to the reported medians and interquartile 
ranges and are intended for visualization only. (E and F) Percentages and event counts are shown for clinical success and relapse. P values for continuous variables were 
calculated using the Mann–Whitney U-test, and P values for categorical variables were calculated using Fisher’s exact test.
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infection was associated with greater treatment complexity, reflected by longer hospitalization, more regimen changes, higher 
CRP levels, and lower clinical success.

The anatomical distribution observed in this study is clinically plausible. The external ear canal, middle ear, mastoid cavity, 
and sinonasal tract can provide favorable conditions for P. aeruginosa persistence when local barriers are disrupted by chronic 
inflammation, moisture, impaired drainage, prior surgery, or repeated antimicrobial exposure.5–11,26 Ear discharge and ear 
canal swabs accounted for more than half of all specimens, reinforcing the importance of careful otologic specimen collection 
before empirical escalation. The findings support the need for otorhinolaryngology-specific microbiological surveillance 
rather than exclusive reliance on hospital-wide or respiratory-dominant surveillance data.

The antimicrobial susceptibility profile has direct implications for empirical and step-down treatment decisions and 
should be interpreted in the context of national and regional surveillance data.13,17–21 Although susceptibility remained 
relatively high for colistin/polymyxin B, amikacin, and piperacillin-tazobactam, the observed resistance to aztreonam, 
levofloxacin, ceftazidime, and carbapenems indicates clinically meaningful cross-class resistance. In patients without 
MDR risk factors and with localized infection, local practice may reasonably emphasize culture acquisition, local 
treatment when appropriate, and narrow systemic therapy guided by severity and susceptibility results. In contrast, for 
patients with recent carbapenem exposure, postoperative drainage or devices, or hospital-acquired infection, empirical 
reliance on aztreonam, fluoroquinolone, or ceftazidime monotherapy may be inappropriate before susceptibility data are 
available. These patients should undergo early specimen collection, reassessment within 48–72 hours, de-escalation or 
escalation based on susceptibility results, and evaluation for source control, including drainage, debridement, and device 
management when clinically indicated.11,13

The association between carbapenem exposure and MDR is consistent with the biological plausibility of antimicrobial 
selective pressure. In P. aeruginosa, resistance may emerge through overlapping mechanisms, including reduced outer 
membrane permeability, efflux pump upregulation, AmpC overexpression, target-site changes, and acquisition of beta- 
lactamases.3,27–30 However, this study did not perform resistance gene detection or whole-genome sequencing; mechan
istic explanations should therefore be interpreted as contextual rather than directly demonstrated by the present dataset.

For severe MDR or difficult-to-treat P. aeruginosa infections, newer antipseudomonal agents, including ceftolozane- 
tazobactam, ceftazidime-avibactam, and cefiderocol, have shown activity in recent in vitro and clinical studies.13,31–33 

Nevertheless, these agents should not be extrapolated to uncomplicated localized otorhinolaryngological infections 
without considering disease severity, source control, local formulary availability, susceptibility results, and antimicrobial 
stewardship principles.

Postoperative indwelling devices or drainage showed the strongest association with MDR among procedural 
variables. This likely reflects a combination of biofilm formation, repeated healthcare contact, more severe or compli
cated disease, and greater cumulative antimicrobial exposure.2,26,34,35 For otorhinolaryngologists, this finding emphasizes 
that antimicrobial selection alone is insufficient. Clinical management should include early assessment of whether 
drainage tubes, wound packing, implants, or postoperative cavities are contributing to persistent infection and whether 
additional source control is required.

The outcome findings suggest that MDR infection increases treatment complexity even when mortality is uncommon, 
which is consistent with the broader epidemiological profile of resistant P. aeruginosa infections.15,16,19,36 The lower 
clinical success rate and longer hospitalization in the MDR group indicate that MDR has clinically meaningful 
consequences in this specialty. The relapse finding requires a more cautious interpretation. All five relapses occurred 
in the non-MDR group, which is counterintuitive if relapse is considered solely a function of resistance. The low event 
count makes this comparison unstable In otorhinolaryngology, relapse may be driven by chronic anatomical disease, 
persistent local inflammation, inadequate drainage, or incomplete source control rather than by antimicrobial resistance 
alone. Therefore, relapse should be interpreted separately from acute-phase treatment difficulty.

This study adds to existing surveillance literature by focusing on a defined specialty cohort, linking anatomical site 
and specimen-source information with MDR status and outcome indicators, and providing a local evidence base for risk- 
stratified management in a regional hospital in Eastern China. Rather than proposing a universal prediction model, the 
findings should be used pragmatically to identify patients who warrant earlier culture acquisition, closer reassessment, 
infection-control attention, and susceptibility-guided antimicrobial adjustment.
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Several limitations should be acknowledged. First, this was a single-center retrospective study with 112 patients and 
37 MDR events. Although consecutive eligible cases were included, the sample size limits precision, and the findings 
may not be generalizable to other regions or hospital settings. Second, because the study was microbiology-based, the 
denominator of all suspected otorhinolaryngological infections was unavailable; selection bias cannot be excluded. Third, 
the number of events per variable in the multivariable model was limited, and the results should be interpreted as 
associations rather than validated predictors. Fourth, susceptibility testing was performed using routine clinical laboratory 
methods, and the use of more than one testing approach may introduce variability despite CLSI harmonization and 
quality-control procedures.25 Fifth, molecular mechanisms of resistance, clonal transmission, topical antimicrobial 
exposure, detailed surgical procedures, and adequacy of source control were not fully characterized. Sixth, the one- 
year study period was insufficient for evaluating temporal trends in resistance.

Future studies should use multicenter prospective designs, include predefined screening logs, collect detailed local 
treatment and source-control variables, and incorporate molecular epidemiology to distinguish clonal spread from 
independent resistance emergence. Such data would support more robust specialty-specific algorithms for the manage
ment of P. aeruginosa infections in otorhinolaryngology.

Conclusions
In this regional single-center cohort from Eastern China, P. aeruginosa otorhinolaryngological infections were mainly 
distributed in the external ear, middle ear/mastoid, and sinonasal region, and MDR accounted for one-third of cases. Recent 
carbapenem exposure, postoperative indwelling devices or drainage, and hospital-acquired infection were independently 
associated with MDR, which was accompanied by longer hospitalization, more treatment modifications, higher CRP levels, 
and lower clinical success. These findings support early specimen collection, careful differentiation of infection from 
colonization, risk-stratified empirical therapy, prompt susceptibility-guided adjustment, and source-control assessment in 
high-risk otorhinolaryngology patients.
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