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Background: Postoperative infections are an emerg-
ing concern in endourology. This study reports an
outbreak of urinary tract infections associated with
Pseudomonas aeruginosa (PA) in patients who under-
went stone removal surgery using flexible ureteroscopy
(FURS) at Seoul Medical Center.

Methods: Between August and December 2024, five
patients who underwent FURS performed by the same
surgeon developed postoperative febrile episodes requir-
ing further treatment. Urine cultures from four patients
revealed an outbreak of multidrug-resistant PA, prompt-
ing environmental cultures and an inspection of the
instrument reprocessing procedures led by the hospital’s
infection control department.

Results: Although PA was not isolated from the FURS
itself, urine culture results showed identical antibiotic
susceptibility profiles, and three patients exhibited tem-
poral continuity, suggesting that the infections were

related to surgery. No PA infections occurred among
patients treated by other surgeons using single-use
FURS during the same period, indicating that the infec-
tions were associated with the reusable FURS used solely
by surgeon A. Environmental culturing detected PA on
the sink and handle in the cleaning room, and defi-
ciencies in the reprocessing procedures were identified.
The FURS reprocessing protocol was revised to include
ethylene oxide gas sterilization after each use, twice-daily
disinfections of the sink where PA was identified, and
replacement of handles and brushes. After implementing
improvements to the reprocessing protocol, no further
infections were reported over six months.

Conclusions: Comprehensive device management
may help prevent device related outbreaks. Given
the complexity of FURS reprocessing, systematic
management by trained personnel and ongoing mon-
itoring are necessary to prevent device-associated
infections.
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Introduction

With the increasing prominence of surgical interven-
tions in the management of urolithiasis, the flexible
ureteroscope (FURS) has emerged as a critical tool
for urological surgeons.' In addition to stone manage-
ment, FURS can be used to evaluate upper urinary
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tract pathology and resect small tumors.” However,
the increasing use of FURS has raised concerns about
device-associated infections. Recently, the Food and
Drug Administration (FDA) identified issues with the
effectiveness of reusable FURS (r-FURS) reprocess-
ing and the potential risk of associated infections.’
Conventional flexible endoscopes are generally clas-
sified as semi-critical devices because they come
into contact with intact tissue or mucosa without
entering sterile body cavities, and are therefore disin-
fected between uses. By contrast, FURS is introduced
directly into the sterile urinary tract during surgi-
cal procedures. Consequently, they require high-level
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disinfection (HLD) to meet the standards applied to
critical devices.’

Pseudomonas aeruginosa (PA) is a Gram-negative
bacillus that can survive in challenging environ-
ments. Recent studies have suggested that PA is
closely associated with human activity, and is a
major cause of morbidity and mortality in humans.’
Approximately 10% of all catheter-associated urinary
tract infections (UTIs) and 16% of UTIs in inten-
sive care unit (ICU) patients are attributable to PA.°
Infections associated with urological surgeries may
result from exogenous sources, including irrigation
fluids, endoscopic equipment, disinfectant solutions,
and the operating room environment.” In particular,
when FURS are contaminated with PA, the bacteria
can form an exopolysaccharide biofilm that pro-
tects them from surfactant-containing detergents and
antibiotics, thereby increasing the risk of persistent
infection.” Notably, FURS possesses a delicate struc-
ture that is susceptible to damage during surgical
procedures, and such structural impairments can cre-
ate inaccessible niches that hinder effective cleaning
and disinfection, thereby increasing vulnerability to
infection.” Despite these concerns, only a few cases of
infections associated with FURS have been reported
to date.

This study aimed to elucidate the underlying
causes of repeated Multidrug-resistant PA (MDRPA)
outbreaks following stone surgery using FURS at a
single institution by conducting environmental cul-
tures and a comprehensive assessment of the FURS
reprocessing process.

Materials and Methods

Hospital setting

Seoul Medical Center, a regional general hospital
in South Korea, manages approximately 100-150
urolithiasis surgeries annually, which are performed
by three urologists (A, B, and C). Two types of FURS
were used: r-FURS (URF-P5; Olympus, Tokyo, Japan)
and single-use FURS (s-FURS; LithoView; Boston
Scientific, Marlborough, MA, USA). Urologist A rou-
tinely used only r-FURS, whereas urologists B and
C used only s-FURS. The reprocessing protocols for
r-FURS were as follows. Visible contaminants were
rinsed off with tap water, followed by a leakage test.
Alljoints of the FURS and its accessories were cleaned
using a dedicated brush. The FURS was immersed
in diluted enzyme (SanyZyme, Ultra Clean System
Inc., Oldsmar, FL, USA), and its internal channels
were irrigated with the same solution. The FURS
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was then rinsed with tap water and placed in a dry-
ing cabinet. Prior to use, the FURS was immersed
in a chemical disinfection solution (PeraSafe, Antec
International, Ltd., Suffolk, UK), followed by a final
rinse with sterile distilled water to remove residual
disinfectant. Ethylene oxide (ETO) sterilization was
performed in cases of severe contamination or at the
surgeon’s request.

Epidemiological investigation

In December 2024, patients 4 and 5, who under-
went urolithiasis surgery performed by urologist A
at one-week intervals, were consecutively admitted
to the emergency department 3—4 days postopera-
tively. MDRPA was isolated from the urine cultures
of two patients without a history of UTIs. Given the
clinical context, these infections were suspected to be
procedure-related, prompting immediate notification
of the hospital’s infection control team. The team
investigated 23 patients who underwent the same
surgical procedure within the previous 3 months,
identifying six cases of postoperative febrile infec-
tion. Among these cases, MDRPA was isolated from
four patients who underwent surgery performed by
urologist A, whereas Escherichia coli was detected
in one patient treated by urologist B. The remain-
ing patient, who underwent surgery performed by
urologist A, developed febrile symptoms on postop-
erative day 3 and subsequently received additional
antibiotic treatment at a local hospital. On postoper-
ative day 7, the patient presented at the outpatient
clinic with an elevated peripheral white blood cell
count. However, urine culture yielded no bacterial
growth. The infection control team concluded that
the five patients who underwent surgery performed
by urologist A and subsequently developed febrile
UTIs were highly likely to have acquired device-
associated infections. Following deliberations by the
Infection Control Committee, an outbreak was offi-
cially declared. Environmental surveillance cultures
were performed on surgical instruments, reprocess-
ing protocols, and operating room environments.

A total of 35 samples were collected, comprising 30
samples from the environment and 5 from the instru-
ments. All specimens were collected under aseptic
conditions to minimize contamination and were
subsequently processed for microbial analysis. Envi-
ronmental objects examined included endoscopes
and various devices from different hospital areas. In
the cleaning room, specimens were collected from
the surfaces of sinks, handles, brushes, detergent
solutions, and sedimentation basins. In the steriliza-
tion room, samples were obtained from the sterilizer,
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FIGURE 1. Environmental surveillance cultures. Thirty-five samples were collected (30 from the environment;
5 from instruments). (a) The internal working channel of flexible ureteroscope was flushed with sterile distilled
water, concentrated by centrifugation, and cultured. Samples from the distal tip, irrigation plug and instrument
channel port were obtained by swabbing with sterile cotton swabs immersed in culture broth, and cultured.
(b) Environmental sampling consisted of 30 swab specimens collected from the cleaning room, sterilization room,
and operating room. All specimens were collected from the surfaces of the suspected objects using sterile cotton

swabs, which were then immersed in culture broth

trays, carts, and disinfection solutions. The envi-
ronmental objects in the operating room include
operating tables, room switches, video systems, han-
dles, keyboards, and computer mice. The internal
working channel of the FURS was flushed with sterile
distilled water, concentrated via centrifugation, and
cultured. An adenosine triphosphate (ATP) surface
test was performed using Clean-Trace (3M Inc., Saint
Paul, MN, USA) to measure the presence of ATP
(<200 relative light units) (Figure 1a). All specimens
were collected from the surfaces of the suspected
objects using sterile cotton swabs, which were then
immersed in culture broth (Figure 1b).

Ethics concerns

This study was approved by the Ethics Committee
of Seoul Medical Center, Seoul, Korea (Institutional
Review Board (IRB) No. SMC 2025-07-007). This
study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. The need for
informed consent was waived by the aforemen-
tioned IRB due to the retrospective nature of this

study. Patient data confidentiality was maintained
throughout the study.

Results

Between 29 August (when patient 1 underwent
surgery) and 19 December (when patient 5 under-
went surgery), 23 patients underwent the same
surgical procedure. Of the three surgeons at the hos-
pital, MDRPA was detected solely in patients treated
by urologist A, who exclusively used r-FURS. The
cohort was comprised of relatively young individu-
als, none of whom had a history of complicated UTIs
before surgery. Patients 1, 3, and 4 presented with
large impacted upper ureteral stones, which required
prolonged and technically challenging surgical pro-
cedures. Patient 5, a healthy 41-year-old woman with
a comparatively small (6 mm) stone, was readmit-
ted on postoperative day 3 due to febrile symptoms.
The isolation of MDRPA from urine cultures has
prompted concerns regarding the etiology of the
infection. Notably, no stone surgeries were performed
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on patients 3 and 4. Surgeries for patients 4 and 5
were subsequently performed at one-week intervals,
indicating that patients 3, 4, and 5 underwent sequen-
tial procedures using the same instrument within
a closely spaced timeframe (Table 1). Urine cultures
from the four patients exhibited identical antibi-
otic susceptibility testing (AST) results, characterized
by resistance to imipenem, intermediate suscepti-
bility to meropenem, and susceptibility to other
agents. Stone surgeries in three patients exhibited
temporal continuity and four patients had iden-
tical AST, suggesting that the UTIs were related
to stone surgery. No cases of PA infection were
identified during the same period among patients
treated by another surgeon, indicating a high like-
lihood that the infections were associated with the
r-FURS wused solely by surgeon A. All patients
developed fever 2-4 days postoperatively, four of
whom were readmitted to the emergency depart-
ment. Three patients showed clinical improvement
after intravenous tazobactam or ciprofloxacin treat-
ment. Additional antibiotic resistance was identified
during patient 1’s therapy, prompting escalation
to intravenous ceftazidime/avibactam treatment,
which resulted in clinical improvement. Patient 3
received additional antibiotic treatment at a local
hospital before visiting the outpatient clinic. None
of the patients developed urosepsis or required
ICU management. All patients were confirmed to
have negative urine culture results after treatment
(Table 2).

The Infection Control Committee performed envi-
ronmental cultures of the surgical instruments,
device-reprocessing facilities, and operating rooms.
Culturing the internal and external surfaces of the
endoscope, including the working channel, yielded
negative results. Additionally, ATP testing performed
after HLD revealed no detectable residual proteins.
However, multiple issues have been identified dur-
ing the evaluation of FURS reprocessing procedures.
During the instrument cleaning phase, instances were
observed in which the instrument channel port was
not detached before cleaning; in the absence of a
dedicated brush for the working channel, a general-
purpose brush was occasionally used. Furthermore,
it was confirmed that ETO gas sterilization of r-FURS
was performed only twice in the past three years,
with no ETO gas sterilization performed during
the outbreak period. Several issues were identified
through environmental culture assessments. PA was
isolated from the surface of sink 1 and the han-
dles of sinks 1 and 3 in a cleaning room used for
contaminant removal. Other microbial species were
identified on the surfaces and handles of all three
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sinks. Achromobacter species and Paenibacillus were
detected in the diluted detergent solution and its con-
tainer. However, no microbial growth was observed
in the cultures of the brushes, ultrasonic cleaner or
sedimentation basin. In the sterilization room, Micro-
coccus and Niallia species were detected in sterilizer 2,
whereas PA was not isolated from the trays, storage
carts, or other surfaces. No microbial growth was
detected in the initial environmental cultures in the
operating room. However, during the second sam-
pling, Streptomyces species were isolated from the
mouse and keyboard (Table 3).

FURS, an essential instrument for the current sur-
gical treatment of kidney stones, is designed with a
small and complex structure to operate within con-
fined anatomical spaces. The procedure is performed
in the ureter or renal pelvis; areas with sterile urine
require special care. Postoperative inflammation
may result in febrile acute pyelonephritis. Reports
on infections following stone surgery using FURS
suggest that mortality directly attributable to device-
related infections is rare. Most reported cases of
infection-associated mortality occur in patients with
significant underlying comorbidities."” Nevertheless,
recent studies have begun to document emerging
cases of infections potentially associated with the use
of FURS. Kumarage et al. reported 13 cases of MDRPA
infection associated with FURS. This study identified
the absence of bedside cleaning, overnight delays
in decontamination, and inadequate drying as the
primary causes. These problems have been addressed
by improving reprocessing procedures.” Chang et al.
identified 15 cases of UTIs caused by ertapenem-
resistant Enterobacter cloacae associated with rigid
ureteroscopy. These infections were attributed to
failed disinfection of the ureteroscope and resolved
after ETO gas sterilization." Outbreaks of MDRPA-
induced infections have also been reported in patients
undergoing cystoscopy. Derickx et al. identified a
drying cabinet as the cause of an outbreak after
cystoscopy. This issue was resolved through daily
manual inspections and updates to the disinfec-
tion protocol.” In a study by Kim et al.,, PA was
detected in an enzymatic detergent solution used dur-
ing cleaning. This issue was resolved by modifying
the cleaning solution and methods used.” Our study
did not find direct device-related infections, as neither
bacterial cultures nor ATP assays using FURS yielded
positive results. However, PA was detected on the
sink and handle used during the cleaning process,
and multiple deficiencies were identified during the
reprocessing procedures. Since the implementation
of the reprocessing protocol, no additional cases of
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TABLE 1. Overview of 5 patients in order of subsequent post-operative febrile infection

Number Patient
1 2 3 4 5
Age/sex Male /40 Male/76 Male/59 Male/52 Male/41
Past history DM HTN, DM None HTN None
Operation time (min) 153 110 55 60 30
Position of urinary stone ~ Impacted  Impacted Upper Impacted Upper
upper upper ureter 9 upper ureter 6
ureter 15 ureter 12 mm multiple mm
mm mm stone (<11
mm)
Access sheath use Yes Yes Yes No Yes
(Yes/No)
Date of operation 2024/08/29 2024/09/05 2024/11/21 2024/12/12 2024/12/19
Date of 2024/08/31 2024/09/09 2024/11/25 2024/12/16 2024/12/22
fever/re-admission (ER) (fever) (ER) (ER) (ER) (ER)
2024/09/19
(ER)
Post-OP urine/blood P. aerugi- P. aerugi- NG P. aerugi- P. aerugi-
culture nosa/NG nosa/NG nosa/NG nosa/NG

Note: Abbreviations: HTN, hypertension; DM, diabetes mellitus; ER, emergency room; NG, no growth.

infection related to PA have been reported over a
six-month period.

FURS is typically used in sterile environments,
necessitating increased vigilance; however,
standardized reprocessing protocols and manuals
remain insufficient compared to those established
for gastroscopy and colonoscopy. The FDA also
recommends that healthcare facilities carefully
follow the manufacturer’s instructions regarding
reprocessing procedures and refrain from using
any devices that are damaged or have failed a
leak test” However, parameters such as detergent
and disinfectant soaking times, working channel
cleaning techniques, replacement frequency of
dedicated brushes, and the decision to use ETO
sterilization or chemical HLD post-procedures
are currently determined at the discretion of
individual institutions. Legemate et al. reported that
despite appropriate reprocessing using chemical
HLD, preoperative cultures of FURS yielded
uropathogen growth (=10 colony forming units/mL)
in approximately 2% (9/398) of cases.”” This finding
suggests the possibility that uropathogens may
form biofilms, providing a protective barrier against
disinfectant solutions or exhibit resistance to these
disinfectants.”" Although Cindolo et al. reported
that infections associated with rigid ureteroscopes
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were resolved by substituting chemical HLD
with ETO sterilization,'’ Ofstead et al. found that
filamentous debris and oily deposits persisted within
the working channel and on the external surfaces
of instruments despite manual cleaning and gas
sterilization, suggesting that these interventions may
not constitute a definitive solution.” However, a
common consensus among studies investigating
outbreaks associated with endoscopes is that
these instruments should be considered potential
reservoirs for infection. Consequently, reprocessing
procedures and environmental controls must be
improved, and the endoscope should not be used
until cultures confirm the absence of microbial
contamination.'”

The present study has several limitations. The
implementation of epidemiological typing, such as
variable number tandem repeat analysis, could aid
in elucidating the epidemiology of outbreak strains
and assessing the clonality between endoscope- and
patient-associated isolates.” However, our institu-
tion lacked the facilities to perform such analyses,
and because no bacteria were isolated from the
FURS, there were limitations in establishing a direct
causal relationship. However, environmental cultures
detected PA in areas where instruments were cleaned,
providing indirect evidence of device-associated
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TABLE 2. Laboratory investigation of antibiotic susceptibility for Pseudomonas aeruginosa

Type of antibiotics Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
1st 2nd 1st 1st 1st 1st
Amikacin (MIC) S4) S(<1) S 4) / S 4) S 4)
Cefepime (MIC) S(8) 1(8) S(8) / S(8) S(8)
Ceftazidime (MIC) S(2) I(16) S(2) / S(2) S(2)
Ceftazidime/Abibactam / S / / / /
(MIC)
Ceftolozane/Tazobactam / S (0.5) / / / /
(MIC)
Ciprofloxacin (MIC) S(@0.5 R(=4) S(0.5) / 5(0.5) 5(0.5)
Imipenem (MIC) R(=16) R(=16) R (>16) / R (>=16) R (>=16)
Meropenem (MIC) 1(4) R (=16) 1(4) / 1(4) 1(4)
Piperacillin/Tazobactam S(<4) R S (<4) / S (<4) S (8)
(MIC) (>128)
Tobramycin (MIC) S(<1) R (4) S(<1) / S(<1) S(<1)
Final urine culture NG NG NG NG NG
Ciprofloxacin
(LV)

Treatment Ceftazidime/ Tazobactam  Ciprofloxacin Tazobactam  Tazobactam

Abibactam (LV) (PO.) (LV) (LV)

(I.V) Ciprofloxacin Ciprofloxacin Ciprofloxacin
(LV) (LV) (LV)

Hospitalization duration 14 days 7 days 0 days 7 days 5 days
ICU care/ Urosepsis N/N N/N N/N N/N N/N
(Y/N)
Outcome Recovered Recovered Recovered Recovered Recovered

Note: Abbreviations: MCI, minimum inhibitory concentration; S, susceptible; I, intermediate; R, resistance; NG, no growth;
LV, intravenous; P.O., per os; ICU, intensive care unit; Y, yes; N, no.

infections. Association with stone surgery was eval-
uated based on the patient’s temporal sequence and
the identical AST of urine cultures. Notably, no cases
of MDRPA infection occurred in patients treated by
other surgeons using s-FUS during the same period.
After improvements were made to the reprocessing
process, no additional infections occurred for more
than six months. Although MDRPA was not directly
identified in the r-FURS group from an epidemiolog-
ical perspective, it is highly likely that the infections
were related to r-FURS.

Flexible endoscopes have complex reprocess-
ing requirements and heat-sensitive structures that
require skilled and trained personnel. However,
inspections revealed that frequent staff turnover
resulted in low proficiency levels, and because of a
lack of effective communication, chemical HLD was
performed solely on r-FURS, with no ETO gas ster-
ilization performed throughout the outbreak period.
In response to concerns regarding device-associated
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infection outbreaks, the management of r-FURS was
intensified, and ETO gas sterilization was imple-
mented by the Infection Control Committee before
the commencement of environmental cultures. The
possibility that changes in the reprocessing proce-
dures before testing influenced the FURS culture
results cannot be excluded. Alternatively, it is possible
that these organisms were not detected because of
the limitations of culture-based methods, particularly
when the bioburden was low. In a study by Cimen
et al., during an Enterobacter outbreak associated
with a duodenoscope, all eight culturing attempts
using various methods yielded negative results.
However, Enterobacter was later isolated from a sam-
ple obtained from the forceps elevator component
during a duodenoscope dissection, highlighting the
challenges of detecting residual contamination using
conventional culturing techniques.” Uropathogenic
infections can result from inadequate reprocessing,
particularly due to device damage. However, FURS
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integrity was evaluated exclusively by the manufac-
turer. Due to financial constraints, such assessments
were not performed.” However, no leakage was
detected during the leakage test performed at 27 psi
or during visual inspection. Flexion-extension motion
tests did not reveal any apparent abnormalities. In
a study by Wong et al.,, recent investigations have
explored the use of 4,6-diamidino-2-phenylindole

(DAPI) staining followed by fluorescence microscopy
to detect residual bacterial contamination on endo-
scope surfaces. This technique allows for the visual
confirmation of bacterial presence after reprocess-
ing and may provide valuable insights into biofilm
persistence. However, its use remains largely exper-
imental because DAPI does not uniformly stain all
bacterial species, and the method has not yet been

TABLE 3. Environmental microbiological tests

Variables Initial round 2nd round 3rd,
4th
round
Device Flexible ureteroscope Distal end tip NG NG -
Instrument channel port NG NG -
Forcep /irrigation plug NG NG -
Instrument working NG NG -
channel
ATP test Negative - -
Cleaning Sink Surface #1 Pseudomonas NG NG
room aeruginosda,
Stenotrophomonas
maltophilia
Surface #2 Stenotrophomonas NG NG
maltophilia
Surface #3 Pseudomonas Paenibacillus NG
mosselii, glucanolyticus
Agrobacterium
radiobacter
Handle #1 Pseudomonas NG NG
aeruginosa
Handle #2 Achromobacter NG NG
species
Handle #3 Pseudomonas NG NG
aeruginosa,
Sphingomonas
paucimobilis
Cleaning brush Channel cleaning NG NG -
Channel opening NG NG -
cleaning
Other NG NG -
Detergent solotion Diluted solution Achromobacter NG -
(SaniZyme) species
Diluted solution bottle Achromobacter NG -
species,
Paenibacillus
timonensis
Ultrasonic cleaner NG NG -
Sedlmer}tatlon NG NG B
basin
(Continued)
Copyright © 2026 The Authors. Published by Tech Science Press; 33(3); June 2026 533
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TABLE 3. (Continued)

Variables Initial round 2nd round 3rd,
4th
round
Sterilization gy 70 #1 NG NG -
room
#2 Micrococcus NG -
luteus, Niallia
circulans
Sterilization tray NG NG -
Storage cart NG NG -
Disinfection solution Diluted solution NG NG -
(Perasafe) Diluted solution bottle NG NG -
OI;EZ?LIOH Operation table NG NG -
Mouse and keyboard NG Streptomyces NG
viridodiastaticus
Operation room switch NG NG -
Video system NG NG -
Operation room handle NG NG -

Note: Abbreviations: NG, no growth.

validated for routine surveillance or full-scope appli-
cations. Therefore, further research is required to
standardize this technique, assess its diagnostic sen-
sitivity and specificity, and determine its feasibility
in clinical practice.”” Unno et al. reported that the
use of s-FURS reduced the risk of postoperative UTIs
by approximately twofold compared with r-FURS."”
Higgins et al. recommended the use of s-FURS in
patients with compromised immune function or at
high risk of sepsis.”’ In the present study, no cases
of MDRPA infection were identified in patients who
underwent s-FURS during the same period. These
findings suggest that s-FURS may be beneficial in
situations where reprocessing difficulties are antic-
ipated. However, further studies are required to
confirm their effectiveness and cost-effectiveness.

Conclusions

Recurrent UTIs caused by clinically relevant bacte-
ria after stone surgery should raise the suspicion of
infections originating from surgical instruments. In
such cases, thorough environmental investigations,
including ureteroscopic cultures, reprocessing pro-
cedures, and room hygiene, are essential. In our
device-related outbreak, the key contributing factors
included inadequate reprocessing, absence of ETO

gas sterilization, and insufficient training of person-
nel responsible for instrument cleaning. To address
these issues, the reprocessing protocols were revised,
after which no additional cases of infection were
reported for more than six months. This suggests
the effectiveness of comprehensive infection control
measures for preventing device-related outbreaks.
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