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Abstract
Background: Training on endoscope reprocessing has been annually implemented for health practitioners
working in endoscopy units of hospitals performing national gastric or colorectal cancer screening across the
country, as part of the endoscopy quality improvement project. This study aimed to identify the effectiveness of
endoscope reprocessing training.   

Methods: In this cross-sectional study, education on endoscope reprocessing was implemented 18 times across
the country, from June 2019 to November 2019. A total of 1,186 participants were included and 1,132 of them
answered the survey questionnaire (response rate, 95.4%).

Results: Of the study participants, 45.8% had previous experience in training on endoscope reprocessing, and
87.6% of them have adhered to the endoscope reprocessing guidelines. Experience of participation in endoscope
reprocessing training was signi�cantly associated with practical adherence to endoscope reprocessing guidelines
(aOR, 6.55; 95% CI, 3.93 to 10.91). The satisfaction with and need for endoscope reprocessing training were
92.7% and 95.7%, respectively. The level of knowledge and intention to adhere to endoscope reprocessing
guidelines were both high (4.65 [1-5]).

Conclusions: Training on endoscope reprocessing currently provided at the national level could be effective for
obtaining quality control for endoscopy. However, completion of the training by actual practitioners in charge of
endoscope reprocessing within the national cancer screening system remains low; thus, strategies for more
aggressive training participation for them should be developed at a national level. 

Background
Diagnosis and treatment for gastrointestinal diseases are mainly con�rmed through gastrointestinal endoscopy,
whereby the patient’s gastrointestinal mucous membranes are examined. Several microorganisms and viruses
existing in secretions, saliva, or blood of the gastrointestinal mucosa are transmitted from patient to patient
through endoscopic procedures [1, 2]. In particular, exogenous bacteria such as Pseudomonasaeruginosa,
Salmonella spp, Serratia spp, Clostridiumdi�cile, and H. pylori and viruses such as HIV, hepatitis B, and hepatitis
C are frequently transmitted [1, 3, 4]. However, episodes of endoscopy-related infections are not reported
accurately since infections might only manifest as serious diseases after months or years and infection
surveillance for endoscopy facilities is insu�cient [2, 5]. Thus, only some cases have been reported. Langlay et al.
[6] have collected and presented several cases of endoscopy-related infections reported through newspapers,
magazines, press releases, government agencies’ websites, and reports in North America, from 2005 to 2012.  

Endoscope reprocessing is a crucial step in preventing infection transmission [4, 6, 7]. Importantly, proper
endoscope reprocessing has been reported to prevent over 90% of endoscopy-related infections [8, 9]. Guidelines
for endoscope reprocessing has been continuously developed and revised since 1988 [5]. In Korea, the Korean
Society of Gastrointestinal Endoscopy (KSGE) presented the �rst endoscope reprocessing guidelines in 1995 and
recently revised and published the third endoscope reprocessing guideline in 2015 [10]. Additionally, the National
Endoscopy Quality Improvement Program included endoscope reprocessing to enhance the endoscopy unit
quality by performing national cancer screening, which was introduced and revised in 2009 [10, 11]; the
Accredited Endoscopy Unit Program has recently been updated [12].
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As part of the National Cancer Screening Program (NCSP), free screening endoscopy has been implemented for
gastric and colorectal cancers in Korea since 2004 [13]. Accordingly, the National Cancer Center (NCC) has
provided endoscope reprocessing training, targeting endoscopy staff members of regional hospitals performing
national gastric and colorectal cancer screening annually throughout the country since 2012 to ensure quality
control of the endoscopy units.

Herein, we evaluated the effectiveness of nationwide training for endoscope reprocessing based on adherence to
the reprocessing guidelines in practice, satisfaction with and need for training, and knowledge and intention to
adhere to the reprocessing guidelines under the hypothesis that the training is more bene�cial to quality control of
the endoscopy units.    

Methods
1. Study design and participants

This was a descriptive cross-sectional study. The study participants were 1,132 endoscopy staff members, all in
charge of endoscope reprocessing in clinics and hospitals designated as gastric or/and colorectal cancer
screening units by the National Health Insurance Service across the country. Endoscope reprocessing training
was organized by the NCC and has been performed annually since 2012. Here, we used the data from training
conducted from June 2019 to November 2019. During that period, a total of 18 training sessions were provided
according to the administrative divisions of the Republic of Korea. There were 37 to 108 attendants per training
session, and up to 2 endoscopy staff members at one hospital or clinic could attend. Training sessions consisted
of lectures and practices on endoscope reprocessing, which took about 3 hours. Training was undertaken by a
professor of the KSGE and a nurse of the Korean Society of Gastrointestinal Endoscopy Nurses and Associates.
The total number of attendants was 1,186; among them, 1,132 answered the survey after the training (response
rate, 95.4%). This study was approved by the National Cancer Center Institutional Review Board in Korea
(approval number: NCC2020-0045).

2. Study instruments

Participants’ general characteristics

Socio-demographic characteristics considered were sex, age, and occupation. Work-related hospital
characteristics were hospital type and cancer screening type performing in hospital.   

Endoscope reprocessing practice based on the guidelines and evaluation of endoscope reprocessing training

Endoscope reprocessing practice consisted of 2 questions about whether endoscope reprocessing training has
been attended in the past and whether learnt endoscopy reprocessing based on the guideline has been practiced
or not. Regarding evaluation of the present endoscope reprocessing training, we developed several items
including satisfaction with and need for reprocessing training, and knowledge and intention to adhere to the
reprocessing guidelines. Items for satisfaction and need were surveyed using the following question, “How
satis�ed are you with the endoscope reprocessing training?” and “How much did you feel the need to undergo an
endoscope reprocessing training?” Satisfaction was measured using a 5-point Likert scale (1, strongly satis�ed; 2,
satis�ed; 3, uncertain; 4, dissatis�ed; 5, strongly dissatis�ed). Satisfaction was de�ned with a Likert score of 1-2
points; dissatisfaction was de�ned with a Likert score of 3-5 points. Need was determined similarly to
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satisfaction. Knowledge and intention were determined with each question, “I understood the process of
endoscope reprocessing”, and “I intend to work in the actual workplace according to the reprocessing guidelines
learnt”, respectively. These items were answered on a 5-point Likert scale ranging from “strongly agree” to
“strongly disagree.” Responses were calculated by inverse coding, where the highest score represented higher
knowledge and intentions.  

3. Statistical analysis

Collected data were analyzed using SAS software (ver. 9.4; SAS Institute, Cary, NC, USA). We performed
descriptive statistics using frequencies and percentages or means and standard deviations. Additionally, multiple
logistic regression analysis was conducted to identify the factors affecting practical adherence to endoscope
reprocessing guidelines. 

Results
A total of 1,132 participants were included in the analysis. Among them, 97.8% were women, 2.2% were men, and
52.1% were aged over 40 years (Table 1). The occupations included auxiliary nurses (70.2%), nurses (25.2%), and
doctor (1.1%). Participants mostly worked in clinics (64.0%), followed by hospitals (21.5%) and general hospitals
(14.6%). Regarding participation in endoscope reprocessing education, 45.8% had previous educational
experience, while 54.2% had no experience; 96.1% of those who participated in the educational process (and
80.3% of those who did not participate in it) answered that they have conducted endoscope reprocessing
according to the guidelines (Table 2). Satisfaction and needs with endoscope reprocessing education were 92.7%
and 95.7%, respectively. The score for both knowledge and high intention to perform endoscope reprocessing in
accordance with the guidelines was 4.65 [possible range, 1-5] (Table 2).

Factors associated with adherence to the endoscope reprocessing guidelines are shown in Table 3. Among
participants who adhered to the guidelines, 50.74% had participated in reprocessing training before, while, among
participants who did not adhere to that, 14.6% participated in training. Experience of participation in endoscope
reprocessing training was signi�cantly associated with practical adherence to the endoscope reprocessing
guidelines (aOR, 6.55; 95% CI, 3.93 to 10.91).

Discussion
The purpose of this study was to evaluate the effectiveness of endoscope reprocessing training provided to
hospitals conducting national gastric or/and colorectal cancer screening. Experience of participation in
endoscope reprocessing training in the past was a signi�cant factor associated with adhering to reprocessing
guidelines in practice. After the training, most of the participants showed high satisfaction with and need for
training and high level of knowledge and intention to adhere to the reprocessing guidelines at their workplace.

Practical adherence to endoscope reprocessing guidelines among those who had experience in reprocessing
training was signi�cantly higher, compared with that among those who did not have the training experience in our
study. Moreover, after training on endoscope reprocessing, the majority of study participants showed high level of
knowledge (4.65 [1-5]) and intention of adherence (4.65 [1-5]) to reprocessing guidelines. These similar
endoscope reprocessing-relayed bene�cial outcomes have been reported in studies of other countries. Abd-
Elhamid et al. (2016) have reported that nursing staff adherence to infection control principles for endoscope
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reprocessing procedures was 83.3% after training, which signi�cantly increased from 10.0% before training [14].
Additionally, decreasing incidence of microbial infection transmission in Yemen and Egypt, as well as increasing
knowledge and skills for infection control in endoscopy units was signi�cant after receiving the infection control
program [15, 16]. According to the Korean survey of nurses and nursing auxiliaries working in endoscopy units at
secondary and tertiary hospitals, 98.0% of participants attended in endoscope reprocessing training at least once,
and 98.9% adhered to the endoscope reprocessing guidelines [17]. After all, adherence to the reprocessing
guidelines might be highly associated with reprocessing training. Unfortunately, however, 54.2% of participants in
our study did not previously participate in the educational process, only 80.3% of them responded that they
worked in accordance with the reprocessing guidelines. Moreover, previous studies conducting in NSCP have
shown that 15-17% of physicians did not follow the reprocessing guidelines [18], and only 53.3% of nursing staff
completed the reprocessing training program [11]. Therefore, based on the above �ndings, we argue that
endoscope reprocessing training should be conducted more actively to achieve better performance of endoscopy
infection control throughout the country.  

The majority of the study participants showed high satisfaction with and need for endoscope reprocessing
training. The study conducting worldwide survey of 39 countries on endoscopic reprocessing practice reported
that 50.0% of respondents expressed the requirement for reprocessing training for patient safety [19]. However,
need for training may vary depending on the type of medical institution. A survey targeting the KSGE ethics and
quality control committee (mainly composed of endoscopy specialists of a large medical institute) reported that
approximately 80% of respondents answered that quality control of endoscope reprocessing has been improved,
60% answered that they had designed their own quality control training programs for endoscopy units, and 31%
answered that they had established their own reprocessing training guidelines [10]. Contrary to the above
mentioned results, our participants mostly worked in relatively small medical institutions, such as clinics or
hospitals; only 45.8% had previous experience in training participation. Considering that a large of number of
screening endoscopies within the NCSP has also been performed in clinics or hospitals (where resources and
�nances are not limited), the high level of need for training should be addressed with appropriate training
activities to su�ciently meet the national system requirements.

Our study has several limitations. Firstly, we evaluated the participants’ practical adherence to the endoscope
reprocessing guidelines through a self-report questionnaire instead of direct workplace surveillance; thus, our
results might have been overestimated. However, since the reprocessing training was conducted across the
country, it was di�cult to evaluate the actual adherence to the reprocessing guidelines among endoscopy units’
staff. Also, detail evaluation of entire endoscope reprocessing steps from transport in a sealed container to
storage [17, 20] was not conducted; thus, the result of knowledge level on reprocessing guidelines might not be
accurate. Nevertheless, the results of this study might represent the effectiveness of endoscope reprocessing
training, since training was provided to actual endoscopy practitioners working in endoscopy units. Furthermore,
our �ndings composed the �rst evaluation of the nationally implemented training, identifying the achievements
and need for continued training.

Conclusions
In conclusion, training for endoscope reprocessing currently provided at a national level could be effective to
obtain quality improvement for endoscope screening by increasing practical adherence and knowledge of the
endoscope reprocessing guidelines. However, since current completion of endoscope reprocessing training
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among actual endoscopy practitioners in NCSP is low, strategies for more aggressive training participation and
dissemination should be developed.
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KSGE: Korean Society of Gastrointestinal Endoscopy; NCSP: National Cancer Screening Program; NCC: National
Cancer Center
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Tables
Table 1. General characteristics of the study participants (N = 1,132).  

Characteristics n (%)

Sex   

  Male 25 (2.2)

  Female 1090 (97.8)

Age, years   

  20-29 186 (16.7)

  30-39 349 (31.3)

  ≥40 581 (52.1)

Occupation   

  Doctor 12 (1.1)

  Nurse 280 (25.2)

  Auxiliary nurse 781 (70.2)

  Others 40 (3.6)

Hospital type   

  General hospital 162 (14.6)

  Hospital 239 (21.5)

  Clinic 712 (64.0)

Cancer screening type performing in hospital     

  Gastric or colorectal cancer screening  122 (11.1)

  Gastric and colorectal cancer screening  979 (88.9)

 

Table 2. Endoscope reprocessing practice and effectiveness of endoscope reprocessing education (N = 1,132).
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Items n (%)

ENDOSCOPIC REPROCESSING PRACTICE

Participation in endoscope reprocessing education in the past    

  No 612 (54.2)

  Yes 517 (45.8)

Adherence to endoscope reprocessing guidelines    

  No 137 (12.4)

  Yes 965 (87.6)

Adherence (YES: respondents of education participation in the past)

         No 20 (3.9)

         Yes 489 (96.1)

Adherence (NO: respondents of education participation in the pasts)

         No 117 (19.7)

         Yes 476 (80.3)

Disinfectants    

  Glutaraldehyde (Cidex®, Wydex®) 143 (13.0)

  Ortho-phthalaldehyde (Cidex-OPA®) 488 (44.5)

  Peracetic acid/hydrogen peroxide 342 (31.2)

  Others 124 (11.3)

EFFECTIVENESS OF ENDOSCOPE REPROCESSING EDUCATION

Satisfaction with endoscopic reprocessing education    

  No 81 (7.3)

  Yes 1030 (92.7)

Knowledge on appropriate endoscope reprocessing  
(mean, SD), (range, 1-5)

4.65 (0.50)

Intention on appropriate endoscope reprocessing  
(mean, SD), (range, 1-5)

4.65 (0.52)

Need for endoscopic reprocessing education    

  No 48 (4.3)

  Yes 1063 (95.7)

  

Table 3. Predictors associated with practical adherence to endoscopic reprocessing guideline (N = 1,132).
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Items Guideline adherence

Yes   No p-
value

  Yes vs. No   Yes vs. No

n (%)   n (%)   cOR (95% CI)   aOR (95% CI)

Participation in endoscope reprocessing education in the past

No 476 (49.3)   117 (85.4) <.001   1.00 (reference)   1.00 (reference)

Yes 489 (50.7)   20 (14.6)   6.01 (3.68-
9.82)

  6.55 (3.93-
10.91)

Sex                        

Male 20 (2.1)   5 (3.7) 0.222   1.00 (reference)   1.00 (reference)

Female 932 (97.9)   129 (96.3)   1.80 (0.66-
4.88)

  0.96 (0.22-
4.19)

Age (years)                        

20-29 164 (17.2)   18 (13.4) 0.544   1.00 (reference)   1.00 (reference)

30-39 296 (31.1)   44 (32.8)   0.74 (0.41-
1.32)

  0.83 (0.45-
1.53)

≥40 492 (51.7)   72 (53.7)   0.76 (0.44-
1.30)

  0.72 (0.40-
1.28)

Occupation                        

Doctor 7 (0.7)   4 (3.0) 0.038   1.00 (reference)   1.00 (reference)

Nurse 237 (25.0)   37 (27.6)   3.66 (1.02-
13.12)

  4.60 (0.72-
29.49)

Auxiliary
nurse &
others

705 (74.3)   93 (69.4)   4.33 (1.24-
15.08)

  7.14 (1.15-
44.38)

Hospital
type

                       

General
hospital

141 (14.8)   13 (9.8) 0.173   1.00 (reference)   1.00 (reference)

Hospital 195 (20.5)   34 (25.6)   0.53 (0.27-
1.03)

  0.46 (0.23-
0.94)

Clinic 614 (64.6)   86 (64.7)   0.66 (0.36-
1.21)

  0.65 (0.33-
1.27)

Cancer screening type performing in hospital

Gastric or
colorectal
cancers

92 (9.8)   25 (18.7) 0.004   1.00 (reference)   1.00 (reference)

Gastric and
colorectal
cancers

847 (90.2)   109 (81.3)   2.15 (1.32-
3.49)

  109 (1.02-
2.87)
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Abbreviations: cOR, crude odds ratio; aOR, adjusted odds ratio
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