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Abstract
BACKGROUND 
Patient-ready duodenoscopes were designed with an assumed contamination rate 
of less than 0.4%; however, it has been reported that 5.4% of clinically used 
duodenoscopes remain contaminated with viable high-concern organisms despite 
following the manufacturer’s instructions. Visual inspection of working channels 
has been proposed as a quality control measure for endoscope reprocessing. There 
are few studies related to this issue.

AIM 
To investigate the types, severity rate, and locations of abnormal visual inspection 
findings inside patient-ready duodenoscopes and their microbiological 
significance.

METHODS 
Visual inspections of channels were performed in 19 patient-ready 
duodenoscopes using the SpyGlass visualization system in two endoscopy units 
of tertiary care teaching hospitals (Tri-Service General Hospital and National 
Taiwan University Hospital) in Taiwan. Inspections were recorded and reviewed 
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to evaluate the presence of channel scratches, buckling, stains, debris, and fluids. 
These findings were used to analyze the relevance of microbiological surveillance.

RESULTS 
Seventy-two abnormal visual inspection findings in the 19 duodenoscopes were 
found, including scratches (n = 10, 52.6%), buckling (n = 15, 78.9%), stains (n = 14, 
73.7%), debris (n = 14, 73.7%), and fluids (n = 6, 31.6%). Duodenoscopes > 12 mo 
old had a significantly higher number of abnormal visual inspection findings than 
those ≤ 12 mo old (46 findings vs 26 findings, P < 0.001). Multivariable regression 
analyses demonstrated that the bending section had a significantly higher risk of 
being scratched, buckled, and stained, and accumulating debris than the insertion 
tube. Debris and fluids showed a significant positive correlation with 
microbiological contamination (P < 0.05). There was no significant positive 
Spearman’s correlation coefficient between negative bacterial cultures and debris, 
between that and fluids, and the concomitance of debris and fluids. This result 
demonstrated that the presence of fluid and debris was associated with positive 
cultures, but not negative cultures. Further multivariate analysis demonstrated 
that fluids, but not debris, is an independent factor for bacterial culture positivity.

CONCLUSION 
In patient-ready duodenoscopes, scratches, buckling, stains, debris, and fluids 
inside the working channel are common, which increase the microbiological 
contamination susceptibility. The SpyGlass visualization system may be 
recommended to identify suboptimal reprocessing.

Key words: Duodenoscope; Working channel; Visual inspection; Microbiological 
surveillance; Reprocessing; Endoscope reprocessing

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study demonstrated that the common abnormal visual inspection findings of 
patient-ready duodenoscopes were scratches (52.6%), buckling (78.9%), stains (73.7%), 
debris (73.7%), and fluids (31.6%). The risk of duodenoscopes of being scratched, 
buckled, and stained, and accumulating debris was significantly higher at the bending 
section than at the insertion tube. The presence of debris and fluids is susceptible to 
microbiological contamination. Multivariate analysis demonstrated that fluids, but not 
debris, was an independent factor for bacterial culture positivity. Working channel 
inspection may be added to the current recommendations to identify suboptimal 
reprocessing or duodenoscopes requiring evaluation, repair, or replacement.

Citation: Liu TC, Peng CL, Wang HP, Huang HH, Chang WK. SpyGlass application for 
duodenoscope working channel inspection: Impact on the microbiological surveillance. World J 
Gastroenterol 2020; 26(26): 3767-3779
URL: https://www.wjgnet.com/1007-9327/full/v26/i26/3767.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i26.3767

INTRODUCTION
Duodenoscopes undergo a multi-step cleaning and high-level disinfection (HLD) 
procedure, called reprocessing, so that they can be reused in patients. However, the 
complex design of duodenoscopes may impede effective cleaning[1-4]. Clinically, 
patient-ready duodenoscopes were designed with an assumed contamination rate of 
less than 0.4%[5]. The United States Food and Drug Administration (FDA) on April 12, 
2019 reported that 5.4% of clinically used duodenoscopes remain contaminated with 
viable high-concern organisms despite following the manufacturer’s reprocessing 
instructions[5]. Higher-than-expected contamination rates have occurred despite 
documented adherence to all steps, which suggests that the current guidelines of 
endoscope reprocessing may be inadequate[1,2,6,7].

Working channels are subjected to wear and tear; the damaged channels allow 
bacteria to adhere and hide, and the subsequent formation of biofilms are difficult to 
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remove[8,9]. Visual inspection of working channels of patient-ready endoscopes 
revealed various ndings, including presence of scratches, adherent peel, stains, 
debris, and fluids[10-12]. Endoscopes with damaged working channels have been 
considered sources of microbiological contamination[8,13]. The FDA recommended to 
return the duodenoscopes to the manufacturer for inspection, servicing, and 
maintenance at least once a year[5]. Visual inspection may identify certain 
abnormalities and improve the quality and care of duodenoscope reprocessing.

However, many questions have been raised about the visual inspection findings on 
working channels in real-world situations[10,14]. Studies related to working channels in 
such situations are too limited to provide sufficient information. When should the 
visual inspections be performed? Which types of visual inspection findings hold 
clinical significance? Are the visual inspection findings correlated with microbiological 
contamination?

With the development of digital endoscopic technology, the SpyGlass visualization 
system has become increasingly available and easily accessible for clinical treatment in 
endoscopy units[15]. Video recordings of working channels can be used for 
communication, teaching, research, and education. An endoscopist may directly 
visualize the working channels with the SpyGlass visualization system to identify 
damaged duodenoscopes and return them to the manufacturer for evaluation, repair, 
or replacement.

This study aimed to investigate the type, severity, and location of the abnormal 
visual inspection findings inside working channels using the SpyGlass visualization 
system. We also aimed to assess the clinical significance of these visual inspection 
findings in microbiological surveillance of patient-ready duodenoscopes in endoscopy 
units.

MATERIALS AND METHODS
Study design
Visual inspections of patient-ready duodenoscopes (Olympus, Tokyo, Japan) were 
performed after HLD. The duodenoscope model, duodenoscope age, visual inspection 
abnormal findings, adenosine triphosphate (ATP) test results, and microbiological 
surveillance were collected for each duodenoscope. This study was conducted in two 
endoscopy units of tertiary care teaching hospitals (Tri-Service General Hospital and 
National Taiwan University Hospital) in Taiwan. A cross-sectional study of the 
findings of visual inspection of the duodenoscopes was carried out from January 2019 
to December 2019. Duodenoscope culture reports were obtained for review and 
analysis via a longitudinal observational study. The present study was approved by 
the Institutional Review Board of Tri-Service General Hospital, Taipei, Taiwan.

Duodenoscope reprocessing
Patient-used duodenoscopes undergo standard pre-cleaning, manual cleaning, and 
HLD after each endoscopic retrograde cholangiopancreatography (ERCP) 
procedure[16]. HLD was undertaken using an automated endoscope reprocessor (AER) 
with ortho-phthalaldehyde (OPA) as the chemical disinfectant. The HLD cycle ends 
with alcohol ushes followed by an automated 1-min air purge within the AER. 
Patient-ready duodenoscopes were stored vertically in a storage cabinet equipped for 
humidity and temperature monitoring.

SpyGlass visualization system
Working channels were evaluated with the SpyGlass™ DS Direct Visualization System 
(Boston Scientific Corp, Natick, MA, United States), which consists of capital 
equipment and a SpyScope delivery catheter (SpyScope™ DS Catheter, SpyScope™ DS 
II Catheter). A SpyScope delivery catheter has a length of 214 cm, an outer diameter of 
3.5 mm (10.5 Fr), a light source at its distal tip, an adjustable brightness, and a lens that 
enables high-resolution (24000 pixels) video recording during clinical treatment. A 
high-resolution monitor (1280 × 1024) is designed to be attached to the cart and to 
provide bright, clear images under various lighting conditions. The video was viewed 
on a Windows-based computer, which allows the capturing of both video and still 
images. The assigned SpyScope delivery catheter was reprocessed immediately before 
each visual inspection with alcohol wipes for a full 2 min of contact time, followed by 
air drying for 10 min[12]. After visual inspection, the delivery catheter was reprocessed 
with the OPA solution.
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Location of visual inspection
Working channels were examined by manually advancing the SpyScope delivery 
catheter in an anterograde fashion from the biopsy channel opening of the endoscope 
handle. The SpyScope delivery catheter allows visualization of the entire length of the 
working channel (140 cm), including the insertion tube (130 cm) starting from the 
biopsy channel opening at the proximal part and the bending section (10 cm) proximal 
to the elevator mechanism (Figure 1).

Type and severity of visual inspection findings
Visual inspection of the working channels of the patient-ready endoscopes revealed 
various abnormal ndings (Figure 2), including scratches, scratches with adherent 
peel, stains, debris (dark-colored debris, light-colored debris, and other debris), and 
fluids (clear and opaque fluids)[10-12]. The severity of the visual inspection findings was 
evaluated using a modified form of Barakat et al[12] ’s classification system that utilized 
a 3-point scale with the following scores: 0 (none), 1 (mild), 2 (moderate), and 3 
(severe). Visual inspection findings were recorded and reviewed by two endoscopists 
and two endoscopy nurses. In case of a discrepancy in the image of a given visual 
inspection, discussion would be held by four investigators. Repeated visual 
inspections were performed to validate consistency and confirm subtle findings of the 
duodenoscopes.

ATP test and microbiological surveillance
The ATP test was performed after duodenoscope manual cleaning as a routine quality 
control program[17]. ATP samples obtained were flushed with sterile water, and then 
the channel rinsate was harvested for the ATP test (Clean-Trace ATP Water, 3M, St 
Paul, MN, United States). ATP levels were expressed in relative light units (RLUs).

Microbiological surveillance of clinically used duodenoscopes followed the 
recommendation of the Digestive Endoscopy Society of Taiwan[16,18]. Ten milliliters of 
normal saline were injected into the working channel. The elution from the distal end 
was collected and mixed with 40-mL trypticase soy broth in the flask and then 
incubated at 37°C for 48 h. The turbid sample was chosen, and a subculture with 
Columbia CNA agar plate for gram-positive bacteria and MacConkey agar plate for 
gram-negative bacteria was performed overnight. The pure colony was picked up and 
underwent matrix-assisted laser desorption/ionization time-of-flight mass 
spectrometry to further identify the specific bacteria.

Statistical analysis
All data were entered into an Excel software (Microsoft Corp, Redmond, WA, United 
States) spreadsheet. Statistical analyses were carried out using SPSS 22.0 (IBM, 
Armonk, NY, United States). The McNemar test was used to compare the number of 
the visual inspection findings among different duodenoscope ages. Multivariable 
logistic regression analyses were performed to calculate the adjusted odds ratios with 
95% confidence intervals (CIs) of the association between the bending section and 
visual inspection findings. Spearman's correlation coefficients were calculated between 
the visual inspection findings and microbiological contamination. Statistical 
significance was defined as a P value < 0.05.

RESULTS
Duodenoscope characteristics
A total of 19 patient-ready duodenoscopes (JF-260V, n = 5; TJF-260V, n = 14; Olympus 
Medical Systems, Tokyo, Japan) were examined in the endoscopy units (Table 1). The 
mean age of the duodenoscopes was 35 ± 38 mo, and mean usage count was 356 ± 400. 
The visual inspection findings of 19 duodenoscopes included scratches (n = 10, 52.6%), 
buckling (n = 15, 78.9%), stains (n = 14, 73.7%), debris (n = 14, 73.7%), and fluids (n = 6, 
31.6%). The mean ATP levels were 70 ± 120 RLUs. There was a total of 134 samples for 
microbiological surveillance; of these, 6 (4.5%) samples showed positive results.

Duodenoscope service life vs visual inspection findings
The total number of abnormal visual inspection findings (42 findings vs 26 findings, P 
< 0.001) and scratches (11 findings vs 3 findings, P < 0.001) were significantly higher in 
> 12-mo-old duodenoscopes than in ≤ 12-mo-old duodenoscopes (Figure 3). The total 
number of abnormal visual inspection findings (21.3 ± 11.6 findings vs 11.1 ± 6.4 
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Table 1 Duodenoscope characteristics, inspection findings, ATP test, and microbiological surveillance

Inspection abnormal findings (Severity degree/location)

Debris Fluid
Microbiological surveillance

Number Duodenoscope 
(model)

Age 
(mo) Usages(n)

Scratches Peel Buckling Stains
Dark color Light 

color Other Clear Opaque

ATP test 
(RLU)

Culture(n) Positive(n) Microorganism

1 JF-260V 87 1284 3/B 2/B 2/B 2/B 1/B 3/B - 3/I - 135 34 2 P. aeruginosa

2 JF-260V 2 18 - - 1/B 2/I - - - - - 185 2 1 P. aeruginosa

3 JF-260V 79 1267 - - - 2/B 2/I - - - - 117 27 0 -

4 JF-260V 64 825 3/B 1/B 2/B 2/B 1/I - - 3/I 3/I 45 24 0 -

5 JF-260V 1 15 - - - - 2/I 1/ I&B 1/B 3/I - 19 2 1 P. aeruginosa

6 TJF-260V 126 649 3/I&B - 2/I&B 2/I&B 2/I - 1/B 3/I&B 3/I&B 48 29 2 P. aeruginosa

7 TJF-260V 3 34 - - 2/B - - - - - - 12 2 0 -

8 TJF-260V 12 135 - - 2/B 2/I 2/I - - 3/I 1/I 108 2 0 -

9 TJF-260V 18 48 - - 2/I&B 2/I - - - - - 63 2 0 -

10 TJF-260V 93 164 1/B 2/B 2/B 2/I&B 2/I&B - - - - 39 1 0 -

11 TJF-260V 51 425 3/B - 2/B 2/I -- - - - - 21 1 0 -

12 TJF-260V 38 251 1/B - 2/B 2/B 3/I&B - - - - 114 2 0 -

13 TJF-260V 37 612 3/B 2/B 2/B 2/B 3/I&B 1/I&B 1/I&B - - 153 2 0 -

14 TJF-260V 12 217 1/B - 2/I&B 1/B 1/I - - - - 40 2 0 -

15 TJF-260V 16 251 - - - 1B 1/I - - - - 48 0 0 -

16 TJF-260V 16 341 2/B - 1/B 1/B 1/I - - - - 127 1 0 -

17 TJF-260V 2 50 - - 1/B - 2/ I&B - - - - 29 0 0 -

18 TJF-260V 4 80 1/B - 1/B - 2/I&B - - - - 191 1 0 -

19 TJF-260V 4 67 - - - - - - - 3/I&B - 97 0 0 -

Summary 35 ± 38 356 ± 400 10 4 15 14 14 3 3 6 3 84 ± 57 134 6 -

Severity degree: None (0), mild (1), moderate (2), severe (3); location site: insertion tube (I) and bending section (B). Data in summary row are expressed as sum or mean ± SD. ATP: Adenosine tri-phosphate; RLU: Relative light units; P. 
aeruginosa: Pseudomonas aeruginosa.

findings, P = 0.043) were significantly higher in duodenoscopes that had > 200 uses 
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Figure 1  A scheme depicting the working channel of a duodenoscope. Insertion tube (130 cm) starting from the biopsy channel opening at the 
proximal part (A) and bending section (10 cm) proximal to the elevator mechanism (B).

Figure 2  Abnormal visual inspection findings (orange arrow) inside the working channels, including scratches (A and B), scratch with an 
adherent peel (B), buckling (C), stains (A and B), dark-colored debris (D), light-colored debris (E), other debris (F), clear fluid (F and G), 
and opaque fluid (H).

than in those with < 200 uses.
Scratches, buckling, and stains were found at the same location during the follow-

up inspections (Figure 4). They may worsen and progressively increase in length and 
width over time. However, debris and fluids may disappear after one or more cycles 
of reprocessing.

Bending section vs insertion tube
The number of abnormal visual inspection findings located at the bending section was 
higher than that located at the insertion tube (54 findings vs 39 findings), but it did not 
reach statistical significance (Figure 5). The number of buckling findings at the 
bending section was significantly higher than that at the insertion tube (15 findings vs 
3 findings, P < 0.001). However, the number of fluid findings at the bending section 
was significantly lower than that at the insertion tube (3 findings vs 9 findings, P < 
0.001).
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Figure 3  Comparison of visual inspection findings between > 12-mo-old and ≤ 12mo-old duodenoscopes. aIndicates statistically significant 
difference.

Figure 4  Scratches, buckling, and stains (orange arrow) appeared at the same location inside the working channel during the follow-up 
inspections (B-D). Buckling and stains progressively increased in length and width (A-D). A scratch (D) was found. Debris (E and F) and clear fluid (E-H) 
disappeared after one or more cycles of reprocessing.

Bending section is vulnerable to damage
Multivariable logistic regression analyses (Table 2) demonstrated that the risk of 
abnormal visual inspection findings, including scratches (adjusted odds ratio = 2.60, 
95%CI: 2.09-3.12, P < 0.001), buckling (adjusted odds ratio = 2.00, 95%CI: 1.68-2.39, P < 
0.001), stains (adjusted odds ratio = 1.72, 95%CI: 1.16-2.56, P = 0.008), and debris 
(adjusted odds ratio = 1.88, 95%CI: 1.50-2.36, P < 0.001) , was significantly higher at the 
bending section, but this location had a significantly lower risk of fluid accumulation 
(adjusted odds ratio = 0.30, 95%CI: 0.21-0.42, P < 0.001) as compared to the insertion 
tube.
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Table 2 Multivariate regression analysis of abnormal visual inspection findings of the bending section and insertion tube

Variable Adjusted odds ratio 95%CI P value

Scratches 2.60 2.09-3.12 < 0.001

Buckling 2.00 1.68-2.39 < 0.001

Stains 1.72 1.16-2.56 0.008

Debris 1.88 1.50-2.36 < 0.001

Fluids 0.30 0.21-0.42 < 0.001

Reference: Insertion tube; CI: Confidence interval.

Figure 5  Comparison of visual inspection findings between the bending section and insertion tube. aIndicates statistically significant difference.

ATP test and microbiological surveillance
The number of abnormal visual inspection findings was not significantly associated 
with ATP values after HLD (data not shown). Spearman's correlation coefficients were 
calculated between abnormal visual inspection findings and microbiological 
surveillance (Table 3). There was a significant positive Spearman’s correlation 
coefficient between microbiological surveillance and debris (correlation coefficient = 
0.423, P = 0.029), between that and fluids, (correlation coefficient = 0.476, P = 0.037), 
and between that and concomitant debris and fluids (correlation coefficient = 0.702, P 
= 0.018).

There was no significant Spearman’s correlation coefficient between negative 
bacterial cultures and debris (correlation coefficient = 0.512, P = 0.086), between that 
and fluids (correlation coefficient = 0.114, P = 0.289), and between that and 
concomitant debris and fluids (correlation coefficient = 0.617, P = 0.174). This result 
demonstrated that the presence of fluid and debris is associated with positive cultures, 
but not negative cultures.

Fluids is an independent factor for culture positivity
To clarify whether the debris or fluids determine bacterial culture positivity, we 
further performed multivariate analyses to measure the relationship between two 
variables whilst controlling for the effect of the other variable (Table 4). There was a 
significant positive partial correlation coefficient between bacterial culture positivity 
and fluids (correlation coefficient = 0.462, P = 0.046), but not between that and debris 
(partial correlation coefficient = 0.316, P = 0.187). This result demonstrated that fluids, 
but not debris, is an independent factor for bacterial culture positivity.
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Table 3 Correlation between abnormal visual inspection findings and microbiological surveillance

Microbiological surveillance
Variable

Spearman's correlation coefficient P value

Scratches 0.088 0.694

Buckling -0.080 0.746

Stains 0.133 0.587

Debris 0.423 0.029

Fluids 0.476 0.037

Debris + fluids 0.702 0.018

Table 4 Multivariate analysis of abnormal visual inspection findings and microbiological surveillance

Microbiological surveillance
Variable

Partial correlation coefficient P value

Debris 0.316 0.187

Fluids 0.462 0.046

Controlling for number of samples taken.

DISCUSSION
This study demonstrated that (1) the common abnormal visual inspection ndings of 
patient-ready duodenoscopes were scratches (52.6%), buckling (78.9%), stains (73.7%), 
debris (73.7%), and fluids (31.6%); (2) the abnormal visual inspection findings, 
especially for scratches inside the working channels, were significantly increased in 
>12-mo-old duodenoscopes; (3) the risk of duodenoscopes of being scratched, buckled, 
and stained, and accumulating debris was significantly higher at the bending section 
than at the insertion tube; (4) the presence of debris and fluids makes the 
duodenoscope susceptible to microbiological contamination; and (5) the presence of 
fluids is an independent factor for bacterial culture positivity.

The results of this study are consistent with those of previous studies[11,19,20] reporting 
that the inside of working channels of patient-ready duodenoscopes commonly have 
scratches, buckling, stains, debris, and fluids (Table 5). A previous guideline only 
recommended to identify the wear and tear of the external surface, but it did not 
require the inspection of the internal surface of the working channel[7]. The recently 
published guidelines from several societies have recommended the performance of 
visual inspections of working channels during endoscope care and reprocessing[6,21,22]. 
This study demonstrated that abnormal visual inspection findings may accumulate 
during long-term endoscope use; these abnormal findings may progressively increase 
in length and width over time. Visual inspection may identify certain abnormalities 
and improve the quality of duodenoscope reprocessing in endoscopy units.

The Spyglass visualization system is designed to interface with computer software 
and to record both still and video images[10,15]. This system has been widely applied to 
treat biliopancreatic diseases[23]. Currently, the available borescopes have short lengths 
of 95-110 cm[10]; therefore, borescopes do not allow for a one-step complete inspection 
of the 140-cm working channel of a duodenoscope. Conversely, a SpyScope delivery 
catheter is 214 cm in length; therefore, a one-step visual inspection of the working 
channel can be done with a SpyScope. Endoscopists should routinely or intermittently 
visualize the working channel during working hours. Early detection of these 
abnormal visual inspection findings may allow early reporting to the manufacturers 
and may promote prompt performance of quality assurance interventions before the 
channel lumen becomes comprised, which could impair manual cleaning. Our study is 
the first one to use the SpyScope delivery catheter as a tool for visual inspection, 
besides its original clinical role in treating biliopancreatic diseases.

Endoscopic accessories, such as biopsy forceps, biliary stent, polypectomy snare, 
and catheter guidewire, are frequently inserted into the working channel[24]. Forcing 
instrumentation through the channel can cause damages or scratches to the channel[25]. 
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Table 5 Summary of studies on abnormal visual inspection findings in clinically used endoscopes

Study Endoscopes (duodenoscopes), n (n) Scratches (%) Buckling (%) Stains (%) Debris (%) Fluids (%)

Thaker et al[11], 2018 59 (14) 86 NR 59 22 8

Ofstead et al[19], 201819 45 (5) NR NR NR NR 47

Barakat et al[20], 2018 68 (7) 99 3 NR 96 43

This study 19 (19) 52.6 78.9 73.7 73.7 31.6

NR: Not reported.

This frequently occurs at the bending section when the endoscope is extremely 
angulated[26]. It seems inevitable that the endoscopes undergo repeated mechanical 
damage at the bending section during endoscopy procedures. Multivariable logistic 
regression analyses (Table 3) demonstrated that the risk of developing scratches, 
buckling, stains, and debris is significantly higher at the bending section than at the 
insertion tube.

The bacteria may form biofilms in the endoscope channel, especially when the 
working channels are damaged, and can contribute to the failure of the 
decontamination process[8,27]. Colonizing microorganisms proceed with an initial 
attachment to the preconditioned surface. At this point, the preconditioning film and 
microorganisms or visible debris are loosely attached and can be easily removed by 
manual cleaning[28]. Bacterial biofilms or visible stains can develop inside endoscope 
channels if established reprocessing protocols are not met, and these biofilms can be 
difficult to remove[28]. Pseudomonas aeruginosa prefers a moist environment and forms 
biofilms that are extremely difficult to remove from endoscope channels[27].

For duodenoscopes contaminated with Pseudomonas aeruginosa, double cycles of 
HLD, peracetic acid high-level disinfection, and ethylene oxide sterilization[29] may not 
be effective; thus, endoscopists should return them to the manufacturer for 
replacement. With continuous use of the damaged endoscope and its accessories, 
organic debris may enter into different areas of the device, thereby interfering with 
reprocessing; this might increase the likelihood of biofilm development. Based on the 
results of this study, our endoscopy units developed a protocol to ensure the quality of 
reprocessing procedures. Duodenoscopes will be sent to the manufacturer for checking 
or repairing immediately under the following conditions: (1) Presence of an endoscope 
leak; (2) Structural or functional damage of the endoscope; (3) Repeated positive 
bacterial cultures despite reprocessing by well-trained personnel; and (4) Isolation of 
Pseudomonas aeruginosa by bacterial culture, associated with significant abnormal 
visual inspection ndings. Duodenoscopes used for more than a year are sent to the 
manufacturer for annual checks.

LIMITATIONS
This study has several limitations. The number of samples taken for culture ranged 
from 0 to 34 (Table 1). A total of 134 samples were available for microbiological 
surveillance. We excluded three cases from the analysis (cases 15, 17, and 19, as shown 
in Table 1) where no samples were taken for culture. We analyzed the number of 
samples taken for culture by the service age of the duodenoscopes (> 12 mo vs ≤ 12 
mo). The number of samples taken for culture surveillance was higher in 
duodenoscopes used for > 12 mo (11.2 ± 13.9 number of cultures, n = 11) than those 
used for ≤ 12 mo (1.4 ± 0.9 number of cultures, n = 8). This study showed that in real- 
world situations, there will be variations between the samples taken from the 
instruments. The duodenoscopes were observed for only a short period of time, which 
may have caused inconsistencies. Furthermore, this was a two-site study with a small 
sample size, so the ndings may not be generalizable. Due to the limited number of 
duodenoscopes, it was difficult to conduct a subgroup analysis, which may have 
affected the results.
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CONCLUSION
Patient-ready duodenoscopes commonly have scratches, buckling, stains, debris, and 
fluids inside the working channel. The presence of debris and fluids makes these 
devices vulnerable to microbiological contamination. We found that the presence of 
fluids was an independent factor for bacterial culture positivity. Routine visualization 
of the working channels may provide the opportunity for early quality assurance 
measures to be taken before the channel lumens become damaged, which may impair 
manual cleaning. The visual channel inspection approach in our study may be added 
to existing visual inspection recommendations to identify suboptimal reprocessing or 
endoscopes requiring repair or replacement.

ARTICLE HIGHLIGHTS
Research background
The working channels of endoscopes are subjected to wear and tear. Damaged 
channels allow bacteria to adhere and hide, and the biofilms that form are 
subsequently difficult to remove. Visual channel inspection has been proposed as a 
quality control measure for endoscope reprocessing.

Research motivation
Endoscopes with damaged working channels have been considered as sources of 
microbiological contamination. The FDA recommended returning duodenoscopes to 
the manufacturer for inspection, servicing, and maintenance at least once a year. 
Visual inspection may identify certain abnormalities and improve endoscopic quality 
and care of duodenoscope reprocessing. However, many questions have been raised 
regarding the visual inspection findings on working channels in real-world situations. 
Studies related to such situations are too limited to provide sufficient information.

Research objectives
We aimed to investigate the type, severity, location, and clinical significance of visual 
inspections inside patient-ready duodenoscopes.

Research methods
Visual inspection of channels was performed in 19 duodenoscopes. Inspections were 
recorded and reviewed to evaluate for channel damage (scratches, buckling, and 
stains), debris (dark-colored debris, light-colored debris, and other debris), and fluids 
(clear fluid and opaque fluid). Visual inspection findings were used to analyze the 
relevance of microbiological surveillance.

Research results
We found 72 abnormal visual inspection findings in the 19 duodenoscopes viewed in 
our study, including scratches (n = 10, 52.6%), buckling (n = 15, 78.9%), stains (n = 14, 
73.7%), debris (n = 14, 73.7%), and fluids (n = 6, 31.6%). Duodenoscopes > 12 mo old 
had a significantly higher number of abnormal visual inspection findings than those ≤ 
12 mo old (46 findings vs 26 findings, P < 0.001). Multivariable regression analyses 
demonstrated that the bending section had a significantly higher risk of being 
scratched, buckled, and stained, and accumulating debris than the insertion tube. 
Debris and fluids showed a significant positive correlation with microbiological 
contamination (P < 0.05).

Research conclusions
In patient-ready duodenoscopes, scratches, buckling, stains, debris, and fluids inside 
the working channel are common. Presence of debris and fluids increases the 
susceptibility to microbiological contamination. The presence of fluids was found to be 
an independent factor for bacterial culture positivity. Visual channel inspection using 
the SpyGlass visualization system may be added to the existing visual inspection 
recommendations to identify suboptimal reprocessing or endoscopes requiring repair 
or replacement.

Research perspectives
Endoscopists should routinely or intermittently visualize the working channel during 
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working hours. Early detection of these abnormal visual inspection findings may 
allow timely reporting to the manufacturers and promote prompt performance of 
quality assurance interventions before the channel lumen becomes comprised, which 
could impair manual cleaning.
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