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Objectives: Flexible endoscopes are difficult to decontaminate, and endoscope-
associated infections are increasing. This report describes an outbreak of multi-drug
resistant Pseudomonas aeruginosa identified following an increase in incidence of clin-
ical infections associated with flexible ureteroscopy at a tertiary care centre in the UK.
Methods: Clinical, laboratory and central decontamination unit (CDU) records were
reviewed to determine the extent of the problem, and links to the used endoscopes.
Audits of the ureteroscopy procedure, endoscopy unit and CDU were performed. Endo-
scopes were sampled, cultured and examined for structural integrity. All available isolates
were typed.
Results: Thirteen patients developed clinical infections linked to two flexible uretero-
scopes. The first ureteroscope was likely colonized from a known infected patient and the
second ureteroscope after use on another patient infected by the first. Risk factors
identified include surface cuts, stretching and puckering of the outer cover in both ure-
teroscopes, absence of bedside cleaning, overnight delay between the ureteroscopy and
decontamination, inadequate drying after decontamination and non-traceability of con-
nector valves.
Conclusions: The adequacy of flexible endoscope decontamination depends on numerous
steps. With the increasing global incidence of multi-drug resistant organisms, stringent
monitoring of the flexible endoscopy process by users and decontamination units is
essential.
ª 2019 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Introduction

Endoscopes are amongst the most significant advances in
medicine. The simple devices of the 1960s have now evolved
into multi-channel instruments with cameras and complex
accessories to carry out interventions in deep internal organs.
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However, with this increase in sophistication has come
increasing difficulty in decontamination [1]. Flexible endo-
scopes represent a particular challenge as they are not ame-
nable to standard heat sterilization. Careful manual cleaning is
a prerequisite for further cleaning and disinfection in auto-
mated endoscope washer-disinfectors. There are two steps to
this cleaning: (1) a ‘bedside clean’ immediately after use that
removes gross contamination, and (2) a fuller and more con-
trolled manual clean prior to automated decontamination in an
automated washer-disinfector. Despite multiple guidelines and
protocols to ensure microbiological safety of endoscopes,
there is a growing body of evidence implicating flexible endo-
scopes in the transmission of infections [2].

In this article, we report the investigations and outcome of
an outbreak of multi-drug resistant Pseudomonas aeruginosa
(MDRPA) urinary tract infections (UTIs) linked to flexible ure-
teroscopy (flex-URS) at a South London teaching hospital
between October and December 2017.

Methods

Setting and identification of outbreak

Kings College Hospital (KCH) is a large tertiary care centre
with approximately 1600 beds across four sites. The main
Table I

Symptoms, case definitions, treatment and outcomes of patients iden

Patient no. Ureter-

oscope ID

Age/sex Case

definition

Indication for

ureteroscopy

Sam

f

6 A 38/F C/PR Nephrolithiasis Uri
Blo

11 A 50/M C/PR Nephrolithiasis Uri

13* A 69/M P Nephrolithiasis Nil
16 A 45/F P Nephrolithiasis Nil

13* B 69/M C/PR Nephrolithiasis Uri

27 A 42/M C/PR Nephrolithiasis Uri
28 B 36/M C/PR Nephrolithiasis Uri

29 A 46/F C/PR Nephrolithiasis Uri

32 A 65/M P Renoscopy Nil

33 B 20/F C/PR Nephrolithiasis Uri
35 B 35/M C/PR Ureterocoele þ

nephrolithiasis
Uri

15 A 66/M C/PR Renoscopy Blo

38 A 79/M C/PR Renoscopy Uri

39 A 25/F P Renoscopy Nil

C, confirmed case; LUTI, lower UTI; MDRPA, multi-drug resistant Pseudomo
* Two episodes in the same patient.
hospital site also has a large outpatient service including a day-
surgery unit where complex procedures such as flexible ure-
teroscopic procedures are routinely performed. Each year,
approximately 150 flexible ureteroscopic procedures are per-
formed on the main site mainly at the day-surgery unit (more
than 90% of the cases) with only a few procedures being per-
formed in the main theatres.

The optimum staffing level of the central decontamination
unit (CDU) is 19 staff members (one manager, two senior
technical and 16 junior technical staff).

In October/November 2017, three cases of MDRPA infections
(patient nos 13, 27, 35, see Table I) came to the attention of
the microbiology team due to difficulty in finding suitable
antibiotic treatment regimens. All had similar susceptibility
profiles. It was unusual for the hospital to see this number of
MDRPA infections in such a short time in the urology patient
population. Suspicion was raised as to possible cross-
transmission and thus outbreak investigations were initiated.

Look back exercise

The laboratory database was searched for all MDRPA in the
previous 6 months. This revealed an additional case (patient
no. 6) of MDRPA urosepsis in July 2017 with similar antibiotic
sensitivities. All these patients had a history of urological
tified during the outbreak

ples positive

or MDRPA

Clinical

presentation

Treatment Outcome

ne and
od culture

U Colistin Recovered

ne LUTI Nitrofurantoin No further
presentations

U Ceftriaxone Recurrence
U Ciprofloxacin Presented to GP

with mild s/s UTI,
then no further
presentations

ne U Ceftriaxoneþ
Ciprofloxacin

Recovered

ne U Colistin Recovered
ne LUTI Amoxicillin Asymptomatic by

the time culture
results available

ne LUTI Nitrofurantoin No further
presentations

U Ciprofloxacin No further
presentations

ne LUTI Trimethoprim Recovered
ne U Colistin Recovered

od culture U Piperacillin-
tazobactam

No further
presentations

ne LUTI Ciprofloxacin Asymptomatic by
the time culture
results available

LUTI Nitrofurantoin No further
presentations

nas aeruginosa; P, possible case; PR, probable case; U, urosepsis.
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intervention and had presented with UTI within seven days
following the procedure. A full investigation for a potential
outbreak was initiated in November 2017. An ambidirectional
methodology was followed.

As all the initial patients had flex-URS, further investigations
were performed to determine whether any one endoscope was
linked to the transmission or if there was a wider problem. The
CDU scans each endoscope identity code and the patient identity
code and links it together in an electronic database. In addition,
a sticker with the endoscope barcode is attached to the patient’s
paper records. These records were extracted for this inves-
tigation. All of the hospital’s flexible ureteroscopes (N ¼ 3) were
included in the initial investigation and a list of patients onwhom
they had been used from June 1st, 2017 to December 10th, 2017
was reviewed. This information was compared with the patient
list in the theatre records for accuracy. Ureteroscopes A and B
were used in the day-surgery unit only, whereas ureteroscope C
was used only in the main theatre. Both ureteroscopes A and B
were brought in as new and were first used on July 5th, 2017 (A)
and July 6th, 2017 (B). Neither had been sent for servicing or
repairs since their introduction into practice.

Hospital clinical records of each patient who had a flex-URS
were interrogated to check whether any had an MDRPA repor-
ted before or after their procedures and for evidence of clinical
signs and symptoms compatible with a post ureteroscopy
infection. Records of general practitioners (GPs) and other
hospitals (in case of hospital transfers) for each patient were
also interrogated to determine whether they had presented
elsewhere with an illness compatible with a post-ureteroscopy
infection and microbiological results were retrieved where
necessary.

While investigating, a CDU staff shortage was detected as no
manager was in post, and the department was operated by only
two senior technical and 11 junior technical staff.

Case definitions

The following case definitions were used in this outbreak
investigation.

Confirmed case: A patient who had flex-URS at KCH from
July 2017 onwards with a clinical illness compatible with post-
ureteroscopy infection from whom P. aeruginosa was isolated
from urine or blood culture and typing results identical to
isolates from the initial cases.

Probable case: A patient who had flex-URS at KCH from July
2017 onwards with a clinical illness compatible with post-
ureteroscopy infection from whom P. aeruginosa was isolated
from urine or blood culture with similar resistance profile but
no typing results available.

Possible case: A patient who had flex-URS at KCH from July
2017 onwards with a clinical illness compatible with post-
ureteroscopy infection from whom no organism was isolated.

Patients who had symptoms compatible with a post flex-URS
infection but yielded another organism were excluded from the
above definitions.

For the purpose of analysis, reporting and duty of candour
for confirmed and probable cases were combined.

Decontamination reviews

Prior to June 2017, flexible ureteroscopes were decon-
taminated in the day-surgery unit by an automated washer
disinfector but this was reaching the end of its useful life and
updated versions were available on the market. It was con-
demned on June 8th, 2017 and subsequently all flexible ure-
teroscopes were decontaminated at the CDU located on the
same hospital site but in a separate building from the day-
surgery unit.

The standard procedure for all flexible endoscopes was that
they should be externally wiped, and fluid drawn through the
suction/biopsy channel immediately after use (the ‘bedside
clean’). They would then be transported to the CDU where
subsequent decontamination would comprise: manual leak
test, manual wash including brushing the suction/biopsy
lumen, automated cleaning and chemical disinfection (per-
acetic acid (AperlanPoka Yoke)) in the automated endoscope
washer disinfector (Lancer ED Flow) including an automated
leak test. Then endoscopes were placed in baskets as per the
automated endoscope washer disinfector’s manufacturer’s
validated process and further kept in same basket thus limiting
staff handling. Procedures following this were variable. Endo-
scopes were either used within 3 h or stored in a system which
used inert gases to preserve non-dried endoscopes (Getinge
Sentinel) or stored in an endoscope drying cabinet (Lancer FD8)
and packaged using the Getinge Sentinel system. No alcohol
was used at any stage of endoscope reprocessing.

The automated endoscope washer disinfector final rinse
water was tested weekly for total viable count by an external
company. Additional tests for P. aeruginosa and mycobacteria
were conducted on rinse water at the quarterly and annual
tests. There were two sets of reusable endoscope valves owned
by the hospital and these were used interchangeably with all
three flexible ureteroscopes. Cameras attached to endoscopes
were covered with a single-use sheath which was discarded
immediately after use.

Once the incident was identified, all three flexible ure-
teroscopes were removed from use. Ureteroscopes (A and B),
implicated in the outbreak, were sent to the manufacturers to
check for damage that may have impaired cleaning and dis-
infection. In addition to the regular audit of the endoscopy
process, there was more specific scrutiny of the endoscope
journey along the decontamination processes.

Microbiological investigations

Urine and blood cultures were tested according to standard
laboratory methods and identification and sensitivity were
performed by Vitek (Version 7.01, Biomerieux). Five isolates
had been stored and hence were available for epidemiological
typing (variable number tandem repeat (VNTR) performed at
Healthcare Associated Infection and Antimicrobial Resistance
Division, Public Health England).

Tap water from the CDU was cultured for P. aeruginosa (by
an external laboratory).

All three flexible ureteroscopes (A, B and C) used in the
hospital were tested for bacterial contamination. Ten milli-
litres of BHI broth (Oxoid) was passed through the suction/
biopsy lumen and collected into a sterile container and the
same fluid was then flushed two more times through the lumen
and collected. Aliquots of this fluid (10 ml and 50 ml) were
cultured directly on blood agar (Oxoid) and MacConkey agar
(Oxoid) and incubated overnight for enrichment culture the
next day. The valves were soaked in a wide-mouthed container
with 20 mL BHI broth for 10 min and gently agitated. This fluid
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was also cultured as above. Sterile cotton-tipped swabs were
moistened with saline and used to sample exposed parts of the
cameras and other external parts of the scopes. These were
cultured directly onto blood agar and MacConkey agar.
Results

Patients and procedures

All four initial cases (patient nos 6, 13, 27, 35; see Table I)
had urinary calculi and had developed UTI with MDRPA fol-
lowing flex-URS. Many patients also had cystoscopes used
during their treatment but laboratory records of sequential
patients on whom each cystoscope was used did not show any
evidence of subsequent MDRPA infection. The only common
factor between all MDRPA-culture-positive patients was either
flexible ureteroscope A or flexible ureteroscope B. Both ure-
teroscopes A and B were first introduced as new in July 2017,
were used only in the day-surgery unit and by the same uro-
logical team. A review of the timeline did not show common
wards or other shared procedures and the sequence of infected
cases suggested a point source (see Figure 1). Therefore, we
focused the investigation on flexible ureteroscopes A and B and
investigated in detail the patients who had procedures using
these endoscopes from July 2017 onwards.

The initial patient (patient no. 6) had a history of repeated
hospital admissions for UTI complicated by urinary calculi, had
been exposed to multiple antibiotics and MDRPA had been
isolated from the patient’s urine before the flex-URS. This
patient developed urosepsis with MDRPA one day after the flex-
URS. Since MDRPAwas identified in this patient even before this
ureteroscope was used, this patient was considered the index
case. The pre-ureteroscopy urine isolate was not available for
typing and hence this cannot be proved, however, the suspicion
was high due to similar antibiotic resistance profile. The sub-
sequent MDRPA was typed and found to be identical to the
other confirmed cases.

The other three initial cases (patient nos 13, 27, 35) did not
have a history of previous MDRPA infection.

During the look back exercise, it was found that patient no.
15 who underwent ureteroscopy at KCH (ureteroscope A) dur-
ing the risk period had developed urosepsis (identified at a
different hospital site) with MDRPA isolated from blood and
6
5
4 19
3 9 18 24
2 5 17 23 26
1 1 2 4 7 10 12 14 15* 16 20 21 22 25

05-07 06-07 11-07 19-07 26-07 27-07 31-07 02-08 14-08 30-08 08-09 12-09 13-09 18-09 19-09 27-09 04-10 11-10 17-10

Scope A x-axis- Dates in day month format * Patient underwent twice flex-URS procedure

Scope B Numbers 1-40: represent the patients on whom the flex-URS A or B were used
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Figure 1. Timeline of cases and
urine cultures. The isolates from these five patients were
identical by VNTR (11, 3, 2, e, 3, 1, 9, 3, 8) corresponding to
sequence type ST654. This VNTR profile was reported once
before at KCH in 2015 (not related to urology patients). The
MDRPA isolates were uniformly resistant to ciprofloxacin,
gentamicin, amikacin, ceftazidime and showed variable
resistance to meropenem and piperacillinetazobactam, per-
haps because the method of testing varied at external labs.
OprD porin loss, upregulated efflux and extended spectrum
beta-lactamase (ESBL) activity were inferred by the suscepti-
bility testing and no carbapenemase genes were detected.

A total of 40 patients had a flex-URS from July to December
2017 by either ureteroscope A or B (42 procedures). In addition
to the five confirmed cases, five probable cases (patient nos 11,
28, 29, 33, 38) and six possible episodes (patient nos 3, 8, 13,
16, 32, 39) were found on retrospective active case finding.
However, two of the possible cases (patient nos 3 and 8) are
unlikely to be related to the MDRPA outbreak as they predate
the index case and no bacterium was isolated from their urine.
Five patients had symptoms of lower UTI whereas the
remaining had features of urosepsis. All patients received IV
gentamicin as perioperative prophylaxis. Demographics, post-
procedure infections, treatment given and outcomes are lis-
ted in Table I. Five of the 15 procedures which subsequently led
to infections had been by endoscopes dried for less than 3 h
before storage.

A letter of candour was sent to all confirmed and probable
cases. All other patients who had been exposed to the impli-
cated endoscopes were sent inform and advice letters inviting
them to present directly to the urology department should they
develop any symptoms suggestive of a post-procedure infec-
tion. Their GPs were also alerted for a possibility of MDRPA UTI
not susceptible to oral antibiotics.
Endoscope

No technical defect or malfunction of ureteroscope A or B
was reported by the surgical team or during decontamination
checks while the transmission was ongoing. Ureteroscope Awas
last used on December 4th, 2017, after which it was removed
from use pending outbreak investigations and had no evidence
of a failed leak test. Endoscope B failed a leak test on October
25th, 2017, and was removed from use. Both scopes were sent
31 34
30 36 37 40

19-10 23-10 25-10 31-10 20-11 21-11 22-11 01-12 04-12 05-12 06-12 11-12 20-12

First outbreak meeting
Scope B taken out of circulation
List of patients  received  
Patient's record reviewed

cope A failed leak-test
Taken out of service

Letter of candour sent to all cases

Ureteroscopes microbiologically testedDecontamination  reviews
Preflushre-implemented

32 3933

35

15* 38

events during the outbreak.
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to the manufacturers for technical examination. The reports
showed that there were partial depth cuts in the outer cover in
both endoscopes. Endoscope B had laser damage to the interior
surface and a flap of material could be seen projecting into the
lumen.

MDRPA of identical VNTR profile to that from the patients
was isolated from ureteroscope A in both 10-ml and 50-ml ali-
quots, whereas the samples from endoscopes B and C and all
valves were microbiologically clear. The audit of the decon-
tamination procedure in the CDU reported no non-
compliances. However, audit of the live flex-URS procedure
at the day-surgery unit identified the absence of a bedside
clean. Further investigation revealed that since the (now
decommissioned) automated endoscope washer disinfector
was located in the day-surgery unit itself, all flexible uretero-
scopes were decontaminated immediately after use and hence
bedside clean was not thought necessary as per local tradition.
However, this practice inadvertently continued even after the
more remote CDU took over the decontamination process.
Ureteroscope C had always had a bedside clean as was the
practice in the main theatre which had always sent their
instruments to CDU only. Some procedures involving the flexi-
ble endoscope were carried out after working hours in the day-
surgery unit and the ureteroscope would remain in the day-
surgery unit overnight (having not had a bedside clean),
before transport to the CDU on the next day. Records showed
that on 7/40 (17.5%) occasions the endoscopes has been stored
overnight before being received by CDU for decontamination.

Automated endoscope washer disinfector final rinse water
cultures did not detect total viable counts above the accept-
able 10 colony forming units limit nor was P. aeruginosa iso-
lated on any occasion. The tap water cultures from the unit
were also within normal limits.
Discussion

MDRPA was known to be present in patient no. 6 prior to
ureteroscopy and it is probable that this was the source of
endoscope colonization (ureteroscope A). Patient 13 was
exposed to ureteroscope A on August 30th, 2017, and developed
pyelonephritis after the procedure. However, his urine culture
revealed heavy mixed growth at first. He was treated with
broad-spectrum antibiotics (meropenem followed by ceftriax-
one) and made a symptomatic recovery. He then underwent
laser treatment for kidney stones with ureteroscope B on
October 4th, 2017 and his pre-procedure cultures grew MDRPA.
It is possible there was residual MDRPA in his urine due to
partial treatment with ineffective antibiotics when uretero-
scope B was used on him. It is hence likely that ureteroscope B
then became colonized with the organism as a result of this
procedure and transmitted infection onwards (two probable
and one confirmed case).

The external structural damage reported on both endo-
scopes could lead to inaccessible niches that might com-
promise cleaning and disinfection. Although the elongated
outer cover could have been stretched to eliminate the fold
and enable efficient manual cleaning, there was no evidence
that this was carried out, perhaps because these are fragile
instruments which are handled delicately.

As ureteroscope B subsequently failed a leak test there may
have been a stage when there was enough internal damage to
allow internal colonization to persist. Endoscope A, however,
had no leak-test failures. The outer damage does not explain
why the internal channels of ureteroscope A were found to be
colonized with the MDRPA and this remains a gap in our
knowledge.

There was no method to pair the valves to individual
endoscopes and hence there was no assurance on the trace-
ability of these parts (two sets of valves for three endoscopes).
It remains possible that if valves are not traceable with the
endoscopes, there may be a mix up of used and unused. It is
good practice to ensure traceability or to use disposable valves.

Another finding of significance was the missing bedside
clean in the day-surgery unit, particularly when there was an
overnight delay before the decontamination process started.
This may have led to development of P. aeruginosa growth in
biofilms which are highly resistant to antimicrobial compounds
[3]. The adherence characteristics of biofilms [4] could have
made it difficult to remove them, particularly from irregular
surfaces. An additional relevant observation is that use of
ureteroscope C was confined to the main theatres where it
always had a bedside clean and, notably, this endoscope was
not linked to the outbreak.

Furthermore, not all endoscopes were being dried before
reuse. Whether the endoscope had been used wet or after
drying did not seem to be correlated with transmission of
infection to the patient it was next used on, but it is feasible
that a proportion of patients did not present with clinical
features even though bacteria were transferred. As a result of
this finding, all reusable ureteroscopes are now dried for a
minimum of 3 h before storage.

We hypothesize that automated endoscope washer dis-
infector final rinse water cultures did not yield abnormal
results because this sampling would only detect residual
microbial contamination in the machines’ rinse circuits which
weekly sampling is unlikely to pick up, even if some biofilm-
embedded cells escaped the ureteroscopes into rinse water.

Following the outbreak, the staffing levels of the depart-
ment have been addressed and the full complement have been
appointed. Flexible endoscope decontamination is a manually
intensive job which requires a high level of vigilance. It is
possible that when there was a shortage, staff members were
not giving enough time to individual endoscopes and this may
have contributed to the development of biofilm.

Notably, only three of the infected patients were treated
with appropriate antibiotics as per antimicrobial sensitivities.
One patient developed two episodes of infection (after two
procedures, respectively) but the others all appeared to
recover after a brief period of illness. According to local anti-
biotic guidelines, all patients undergoing ureteroscopic pro-
cedures routinely receive gentamicin prophylaxis [5]. Hence,
as seen in this report, it is more likely that gentamicin-resistant
organisms transferred by ureteroscopy would become apparent
in clinical samples.

There has been greater awareness of flexible endoscopes as
a route of transmission of multi-drug resistant organisms
including carbapenemase-producing Enterobacteriaceae, but
instances specific to flexible ureteoscopes are few in the lit-
erature. An outbreak of P. aeruginosa associated with flexible
cystoscopes reported in the past was brought under control by
stringent implementation of the cleaning protocol [6]. Con-
versely, during a previous outbreak of Enterobacter cloacae
UTI due to a contaminated flexible ureteroscope [7], further
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infections were reported even after revised decontamination
procedures were introduced, achieving control when a weekly
ethylene oxide sterilization protocol was introduced. However,
ethylene oxide has associated safety concerns and endoscopes
would need to be sent to external specialist centres, greatly
increasing turnaround times. In the present outbreak, effective
control was achieved by enhancing cleaning procedures and
vigilance.

After removing the two implicated ureteroscopes, we did
not identify any more cases of MDRPA following ureteroscopy.
Single-use flexible ureteroscopes are used in the hospital at the
time of writing this report. Moreover, only one reusable flexible
ureteroscope is available for the cases with complex lower pole
kidney stones. Disadvantages of some single-use flexible ure-
teroscopes have been reported and include fragility and a
higher degree of deflection loss on instrumentation [8], which
may lead some surgeons to prefer reusable endoscopes. How-
ever recent studies comparing single use flexible ureteroscopes
with flexible reusable ureteroscopes for treating renal calculi
found no significant differences in outcomes including pro-
cedure duration, stone size, stone clearance and complication
rates [9]. Furthermore disposable ureteroscopes may also
offer a cost advantage in some settings when repair and
maintenance and cleaning of reusable ureteroscopes are
factored in [10]. Single-use ureteroscopes cost approximately
GBP 600e700 each.
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