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Abstract. – OBJECTIVE: The present study 
aims to develop a checklist, as a self-assess-
ment tool, for evaluating all the items involved in 
the endoscope reprocessing that could be use-
ful for the improvement and/or development of a 
safety endoscope reprocessing system.

MATERIALS AND METHODS: A three-step 
modified Delphi method, with an embedded 
qualitative component, was adopted to develop 
the checklist. According to it, corrective actions 
were performed before its further re-administra-
tion. Contextually, the microbiological surveil-
lance of the endoscopes and of the wash disin-
fector machine was carried out. 

RESULTS: Five areas were included in the 
checklist. After the 1st checklist application, only 
one of three wards reached the excellent scores 
in all the items. The other two wards showed an 
improvement in the Traceability and Endoscope 
Reprocessing areas after corrective actions. The 
McNemar’s test reported significant difference 
in the proportion of satisfactory results before 
and after the 1st and 2nd checklist application. 
The microbiological surveillance, conducted af-
ter the 1st administration, showed unsatisfactory 
results for the 2 bronchoscopes available in the 
Intensive Care Unit and for 2 automated endo-
scope reprocessors. The analysis performed af-
ter the 2nd administration showed good results.

CONCLUSIONS: The periodic administration of 
the checklist is functional for a self-assessment 
of quality reprocessing procedures carried out in 
the large endoscopic services and in the wards oc-
casionally providing those services, according to 
the good practice guidelines and for any correc-
tive actions to increase the safety.

Key Words:
Self-assessment tool, Checklist, Endoscope repro-

cessing, Delphi method.

Introduction

Endoscopes are frequently used for the diag-
nosis and therapy of medical disorders. Over 
1,300,000 gastrointestinal endoscopic proce-
dures are performed each year in Italy. Despite 
improvements in knowledge and techniques, the 
endoscopic procedures can represent a risk factor 
for the onset of infections, although this risk is 
underestimated with an incidence of about 1 in 
1,800,000 of procedures1. Recently, the Gastro-
intestinal (GI) endoscopes (e.g., colonoscopes, 
gastroscopes, and duodenoscopes) and broncho-
scopes have been associated with more outbreaks 
of infections (>130 outbreaks) than any other re-
usable medical or surgical device in health care, 
causing death and illness2-4. The clinical spectrum 
ranged from asymptomatic colonization to death. 
More frequently, Salmonella spp. and Pseudo-
monas aeruginosa were identified as causative 
agents of infections transmitted by gastrointesti-
nal endoscopy while Mycobacterium tuberculosis 
(TB), atypical mycobacteria, and Pseudomonas 
aeruginosa were the most common causes of in-
fections transmitted by bronchoscopy.

According to Spaulding classification5, which 
identifies how a medical device should be dis-
infected or sterilized, GI endoscopes and bron-
choscopes have contact with intact mucous 
membranes, so they are classified as semi-crit-
ical device and require at least a high-level dis-
infection (HLD). Frequently GI endoscopes and 
bronchoscopes have contact with nonintact mu-
cous membranes and sterile tissue through the 
endoscopic accessories that penetrate the mu-
cosal barrier (e.g., biopsy forceps, guidewires, 
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polypectomy snares, injection needles, etc.) via 
a biopsy or entrance into normally sterile areas 
(bile ducts, lung, etc.). This leads to a high risk of 
patient-to-patient transmission of potential patho-
gens with a subsequent risk of infection2,3,6,7. In 
these conditions, the accessories of reusable en-
doscopes could be considered as critical devices 
and must be sterile at the point of use8. 

GI endoscopes can have a normal bacterial 
load of 108-10 (8–10 log10)

9. Standardized auto-
mated reprocessing cycles lead to an 8–12 log10 
reduction in microorganisms. Consequently, the 
safety margin is extremely low, at 0–2 log10. Ac-
curate reprocessing of flexible endoscopes is a 
multistep procedure involving cleaning followed 
by high-level disinfection (HLD) with further 
rinsing and drying before storage. Major reasons 
for transmission were inadequate cleaning due to 
an improper selection of a disinfecting agent, the 
failure to follow recommended cleaning and dis-
infection procedures or automated endoscope re-
processors (AERs). Failure to follow established 
guidelines has continued to lead to infections 
associated with gastrointestinal endoscopes and 
bronchoscopes. Quality assurance in endoscope 
reprocessing could be assessed by microbiologi-
cal surveillance of endoscope reprocessing that it 
has been recommended by several medical spe-
cialist organizations10-13. However, the literature 
provides no standards for the frequency of test-
ing intervals of surveillance cultures. For exam-
ple, the Gastroenterological Society of Australia 
guideline recommends microbiological monitor-
ing of duodenoscopes, bronchoscopes, and AERs 
every 4 weeks and all other GI endoscopes every 
4 months14. According to the European Society 
of Gastrointestinal Endoscopy guideline, routine 
microbiological testing of endoscopes is advised 
to be performed at intervals of no longer than 3 
months13. Since the microbiological surveillance 
could not be performed daily, it is essential to 
adhere strictly to the reprocessing standardized 
procedures. The effectiveness of endoscope re-
processing depends on several factors: i) trained 
and dedicated staff, ii) standardized and updated 
reprocessing protocols, iii) cleaning and disinfec-
tion room dedicated with dirty and clean work-
ing area well separated by the one-way workflow 
from dirty to clean areas iv) a suitable storage 
area v) (if necessary) an adequate transport and 
vi) storage that prevent recontamination. 

These requirements can be easily reached for 
large Endoscopy Service while for the wards in 
which endoscopies are not carry out routinely, 

some of these conditions may not be met. The 
present study aims to develop a checklist, as an 
assessment tool, for evaluating all the items in-
volved in the endoscope reprocessing that could 
be useful for guaranteeing the safety both for the 
endoscopy service and for the staff of the wards in 
which endoscopic procedures take place. 

Materials and Methods

Scoping Review and Guidelines 
Assessment

It was conducted a scoping review15 of pub-
lished literature and a guidelines assessment to 
identify evidence-based items used to analyze 
the reprocessing of endoscopes and endoscopic 
accessories used in several endoscopy hospital 
units. A modified Delphi method was used to in-
corporate expert opinion into item generation and 
refinement.

Identification of Participants and 
Recruitment of Expert Panel

To assemble the panel of experts and key stake-
holders, it was recruited a purposive sample of 
most qualified individuals and experts16.

The team of experts was recruited at the be-
ginning of 2020 from the Fondazione Policlinico 
Universitario “A. Gemelli” IRCCS, a large teach-
ing hospital in Rome. They were chosen based on 
their academic achievement, clinical knowledge, 
and status within their fields of expertise. 

It allowed to obtain useful opinions from dif-
ferent professional experts, avoiding over-rep-
resentation from one particular point of view of 
workers sharing the same characteristic (e.g., job 
type).

Once a potential panelist has been qualified as 
an expert in the field of interest, he or she should 
receive a personal invitation to be part of the 
study. This invitation (e.g., email or phone call) 
explains the topic to be examined, providing in-
formation about the Delphi method, the time re-
quired and the panelist adhesion request. During 
the entire process, the identity of the panelist giv-
ing individual comments and ratings was hidden 
to the central author group.

For each round of the Delphi process, a turn-
around time of a minimum of 2–4 weeks was 
allowed including an email reminder. If no an-
swer was received, the panelist was considered a 
non-responder. 
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Table I. The score and the judgement relative to the checklist.

Unsatisfactory	 Acceptable	 Good	 Excellent

0-25%	 26-50%	 51-75%	 76-100%

The Delphi Process
The Delphi method is used in healthcare set-

tings as an effective way of establishing consen-
sus for specific clinical problems, especially those 
in which there is limited evidence and expert 
opinion is important17.  The method is an itera-
tive and systematic process of establishing expert 
group consensus through repeated rounds of vot-
ing15. Nowadays, the Delphi method has evolved 
to become a fundamental tool in the areas of 
forecasting, evaluation, and concept/framework 
development when there is a need to incorporate 
subjective information directly into evaluation 
models18. 

The First Delphi Round
Many studies using the Delphi process intro-

duce small modifications to the methodology for 
reasons of expediency or scientific prudence19. 
In the traditional Delphi process, the initial step 
often involves a central author group or focus 
group creating a list of items to be assessed by 
the panel based on literature review and person-
al knowledge. This is a known weakness of the 
Delphi process as it allows for the authors to in-
fluence the panell5. To reduce this risk of bias, we 
adjusted the Delphi process to include an initial 
“brainstorming” round. Although “brainstorm-
ing” is not a typical part of a Delphi, it validates 
the topics that the researchers intend to study in 
the questionnaire session20,21. The panelists were 
asked to list in free text individual items they 
considered to be the key elements to perform a 
proper reprocessing of endoscopes. In conclu-
sion, the items were aggregated and reviewed 
by the authors’ group who by consensus merged 
similar items and eliminated duplicates and 
non-technical skills.

The Second Delphi Round
In the second-round, the researcher requests the 

panel of experts to consider, to rank and/or rate to 
define a preliminary prioritization, to edit and to 
comment upon the responses developed during 
round one. The experts were blinded to each oth-
er. They rated the items on relevance using a five-
point Likert scale with the anchors: 1 = Irrelevant; 
2 = Less relevant; 3 = Relevant; 4 = More relevant; 
5 = Essential. For each item, relevant anchors 
were created based on standards for measurement 
scales22. Items for which 70% of participants did 
not rate within the scale of 4-5 were eliminated. 
These results were then feedback to participants 
for the third Delphi round. 

The Third Delphi Round
In the third round, participants ranked the el-

ements using the same five-point scale but this 
time with knowledge of the group scores main-
taining anonymity to the group. Similar to round 
2, items which 80% of participants did not rank 
within the 4-5 groups were eliminated.

When all the three round questionnaires are 
returned, the researcher tabulates results, then, it 
calculates means and standard deviations for each 
questionnaire item15,20. 

The list of items agreed at the end of the Del-
phi process were grouped according to phases of 
reprocessing and the list was named “Assessment 
tool for a safety reprocessing of the endoscopes”.

This list was then further grouped into five ma-
jor areas with each of the statements falling with-
in one specific domain: 1) endoscope reprocess-
ing (ER), 2) training (TR), 3) occupational safety 
(OS), 4) traceability (T), 5) adequate facility for 
the endoscope reprocessing (AF).

For each item there are three different answers 
with different scores: no = score 0, do not know = 
score 1, and yes = score 2. For each area, the sum 
of the scores, was used to calculate the final score. 
The percentage of the final score was used for the 
judgment according to the Table I.

Validation
The checklist was validated by administer-

ing it to three ward of a big teaching hospital in 
Rome: two Endoscopic Services (named as ES_1 
and ES_2) and one Intensive Care Unit (ICU) in 
which the endoscopies were routinely performed. 
The check list was filled out by the nursing staff 
coordinator. According to checklist’s results, spe-
cific corrective actions were performed, and the 
checklist was subsequently re-administered.

After the 1st administration of checklist, the 
microbiological surveillance of the endoscopes 
and of the wash disinfector machine was carried 
out. According to the checklist’s results, specific 
corrective actions were conducted. Subsequently, 
the checklist was re-administered, and the mi-
crobiological analyses were carried out. Hazard/
Hygiene indicators, useful to analyze expected 
results and to decipher results, were reported in 
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Table II according to ESGE-ESGENA guide-
lines12,13. 

Endoscopes Microbiological Surveillance
In the present study only the endoscopes that 

were monitored after the 1st and the 2nd check-list 
administration were included. More specifically, 
seven colonoscopies named CO_1 up to CO_7, 
five gastroscopes named GA_1 up to GA_5 and 
two AER machine named AER_2 and AER_3 
were analyzed from ES_1 ward after the 1st and 
the 2nd administration.

Two bronchoscopes (BR_1 and BR_2) and one 
AER (AER_1) were analyzed from ICU ward.

Three bronchoscopes (BR_6, BR_7 and BR_8), 
three colonoscopes (CO_10, CO_11 and CO_12), 
three duodenoscopes (DU_1, DU_2 and DU_3) 
three gastroscopes (GA_6, GA_7 and GA_9) and 
three AERs (AER_4, AER_5 and AER_6) were 
monitored from ES_2.

Sample Collection
Briefly, 20 mL of sterile 0.9% NaCl solution 

was flushed through the biopsy/suction and the 
water/air channels of the instruments from the 
proximal inlet to the distal end and collected in 
50-ml sterile conical tube. Each channel was test-
ed separately. 

A swab moistened with sterile saline solution 
was used for sampling the distal opening of the 
biopsy/suction channel port and the distal end 
part of the endoscopes.

Each swab was broken off below the handling 
point into the 10 ml of sterile saline previously 
flushed through the instrument channel and vor-
texed for 2 min in 10-s bursts.

To check reprocessing quality of AERs after a 
completed cycle of cleaning and high-level disin-
fection, a sample of 250 mL and a sample of 1 liter 
of final rinsing water was collected.

Table II. Hazard/hygiene indicators and respective allowed limits relative to a) Liquid samples and swab from endoscope 
channels, b) Final rinse water of Automated Endoscope Reprocessors (AER).

a) Liquid samples from endoscope channels

Hazard/Hygiene indicator	 Results	 Interpretation

Total microbiological count 	 < 20 CFU/channel	 satisfactory
	 ≥ 20 CFU/channel	 unsatisfactory

Pseudomonas aeruginosa	 absent	 satisfactory
	 present	 unsatisfactory

Escherichia coli/ Coliforms and Enterobacteriaceae	 absent	 satisfactory
	 present	 unsatisfactory

Staphylococcus epidermidis	 absent	 satisfactory
	 present	 unsatisfactory

Staphylococcus aureus	 absent	 satisfactory
	 present	 unsatisfactory

b) Final rinse water of Automated Endoscope Reprocessors (AER)

Hazard/Hygiene indicator	 Results	 Interpretation 

Total microbiological count 	 < 10 CFU/100 ml	 satisfactory
	 ≥ 10 CFU/100 ml	 unsatisfactory

Pseudomonas aeruginosa	 absent	 satisfactory
	 present	 unsatisfactory

Legionella spp.	 ≤ 100 CFU/L	 satisfactory
	 > 100 CFU/L	 unsatisfactory

CFU =  Colony Forming Unit.
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Microbiological Analysis
Samples were transported in a cool box, pro-

tected from direct light and processed within 2 
hours from collection. A microbiological analysis 
was performed on each sample in accordance with 
ESGE–ESGENA guideline12. All samples were 
processed under highly aseptic conditions. Accord-
ing to ESGE-ESGENA guideline12, microbiological 
analysis, performed on endoscopes, were focused 
on these indicator microorganisms: Enterobacteri-
aceae, Pseudomonas aeruginosa Staphylococcus 
aureus, Staphilococcus epidermidis. Total bacteria 
count (TBC) was also tested; AERs were moni-
tored for putative colonization of Legionella spp., 
Pseudomonas aeruginosa and TBC according to 
the specific standard reported by the International 
Organization for Standardization (ISO). 

Identification of Isolated Strains
Isolated strains were identified using specific 

card for the VITEK2 instrument (bioMérieux, 
Inc. Hazelwood, MO, USA).

Statistical Analysis
A non-parametric statistical test for paired 

nominal data, namely McNemar’s test23, was 
adopted to determine if there was a statistically 
significant difference in the proportion of satis-
factory results, associated with the total microbi-
ological count of the several endoscopes among 
the three wards, before and after the 1st and 2nd 
checklist administration. The alpha level was set 
at 0.05 (i.e., p<0.05).

Results

Out of the twenty panelists invited, fifteen 
(75%) completed the three rounds. (Table III)

The median age of the panelists was 49 years 
(range 25-68 years). Median experience was 31 
years (range 15-40 years) in endoscopy and 21 
(range 2-29 years) in hygiene and public health.

In the first round, 108 individual elements were 
identified. By eliminating duplicates and merg-
ing similar items, the elements were reduced to 
65. In the second round, 56 elements received a 
rating of four or five on a five-point Likert scale 
by more than 70% of the panel. Two elements 
were removed by the central author group as they 
were related to i) the endoscopes manufacturing 
company and to ii) the environmental monitoring 
because they were not relevant compared to the 
topics considered. Fifty-four items were submit-
ted for the third round.

In the third round, 4 items were excluded for 
scoring below the threshold of 80 and the remain-
ing 50 items were approved by the panel.

The flow-chart of the Delphi process is shown 
in Figure 1. 

The list of questions agreed at the end of the 
Delphi process, grouped into five areas, were re-
ported in Table IV.  

Results of the Checklist Administration
The results related to the 1st and the 2nd check-

list administration were reported in Figure 2.

Table III. List of selected panelists.

Name	 Age	 Profession

P1 	 68	 Medical doctor, specialist in digestive endoscopy
P2	 66	 Medical doctor, specialist in emergency surgery
P3 	 63	 Medical doctor, specialist in Anesthesiology, Resuscitation and Intensive Care
P4 	 46	 Nursing coordinator
P5 	 61	 Nursing coordinator
P6 	 55	 Associate Professor of Hygiene and Public Health
P7 	 56	 Associate Professor of Hygiene and Public Health
P8 	 44	 Biologist
P9	 44	 Prevention technician
P10 	 60	 Prevention technician
P 11	 36	 Prevention technician
P12 	 33	 Medical doctor, specialist in Hygiene and Public Health 
P13	 27	 Medical doctor resident in Hygiene and Public Health
P14 	 25	 PhD student in Public Health
P15 	 29	 Medical doctor resident in Hygiene and Public health

P = panelist.
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Table IV. The list of selected questions for each area.

			   Round 3 
			   mean	 Standard
AREA	 Items		 score	 Deviation

Endoscope
 reprocessing	 1	 Are the endoscopes reprocessed by automated wash disinfector?	 4.93	 0.26
	 2	 Are the endoscopes transported in closed containers 
		  from clinical areas to reprocessing room, and vice versa?	 4.47	 0.64
	 3	 Is the reprocessing room provided with compressed air 
		  or medical grade air for drying the endoscopes?	 4.13	 0.74
	 4	 Is there an ultrasonic cleaner for the reprocessing 
		  of reusable endoscopic accessories?	 4.13	 0.64
	 5	 Is decontamination of the endoscope performed 
		  at bedside using enzymatic disinfectants?	 4.87	 0.35
	 6	 Does the AER submitted to self-disinfection cycle?	 4.07	 0.59
	 7	 Are the endoscopes stored in vertical position into 
		  the storage cabinet? 	 4.73	 0.46
	 8	 Are the instruments stored in a storage cabinets with a drying 
		  function of the endoscope (compliant with 
		  EN 16442:2015 standard24)?	 4.80	 0.41
	 9	 Are the endoscopes stored in the storage cabinet equipment 
		  designed to provide a controlled environment? 	 4.87	 0.35
	 10	 Are the endoscope reprocessed after the maximum storage time 
		  specified by the guideline (72 hours)?	 4.07	 0.70
	 11	 Is the use of enzymatic detergents rather than alkaline detergents 
		  preferred, in order to avoid the deterioration of the instruments?	 4.13	 0.74
	 12	 Do the reusable thermostable accessories sterilized at the Central 
		  Sterilization after manual cleaning?	 4.13	 0.64
	 13	 Is the precleaning performed immediately after that the endoscope 
		  has been withdrawn from the patient?	 4.93	 0.26
	 14	 Does the reprocessing of endoscopes follow these step: 
		  decontamination, cleaning and, disinfection, drying and storage? 	 4.67	 0.62

Training	 15	 Has the hospital standard reprocessing procedures based 
		  on instructions for use manufacturers and guide lines?	 4.00	 0.65
	 16	 Is applied a regular microbiological surveillance of the endoscopes 
		  in order to verify the adherence to hospital standard procedures ?	 4.00	 0.38
	 17	 Are there a sufficient numbers of dedicated staff to the correct 
		  reprocessing of endoscopes and endoscopic accessories?	 4.80	 0.41
	 18	 Are endoscope reprocessing procedures performed exclusively 
		  by trained and dedicated staff?	 4.93	 0.26
	 19	 Does the dedicated staff meet competency standards 
		  for endoscope reprocessing including storage and transport?	 4.80	 0.41
	 20	 Is the staff appropriately informed about the risks (biological 
		  hazard, chemical hazard, injuries) to which it is exposed 
		  while reprocessing endoscopic equipment?	 4.13	 0.35
	 21	 Is the staff adequately trained to the all steps 
		  of reprocessing procedure? 	 4.87	 0.35
	 22	 Is performed an update of the training with documented 
		  competency for new models of endoscopes, accessories, valves, 
		  and AER as they are introduced in the facility?	 4.53	 0.52
	 23	 Does the staff trained about the waste managment following 
		  the institutional policy according to the manufacturers’ instructions 
		  and to the national legislative Decree (dlg.vo 152/200625)?	 4.07	 0.59
	 24	 Does the staff trained about the regular maintenance of all 
		  technical equipment, including endoscopes, AER, and storage
		  cabinets according to the manufacturer’s instructions for use?	 4.27	 0.46

Occupational safety	 25	 Does the staff wear the personal protective equipment (PPE)
		  during the endoscopic procedure?	 4.87	 0.35
	 26	 Does the staff involved in the reprocessing procedure wear
		  the appropriate PPE?	 4.93	 0.26

Table continued
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After the 1st checklist administration only the 
ES_2 reached the excellent scores (76-100%) in 
all five items analyzed while the ICU showed un-
satisfactory results in the traceability and training 
areas. Unsatisfactory scores resulted also for the 
traceability item of ES_1.

According to the checklist’s results, specif-
ic corrective actions were conducted, and a 2nd 
check list administration were carried out (Fig-
ure 2). Concerning the traceability area (T), the 
ES_1 and the ICU ward highlighted a very high 
improvement after the 2nd check list adminis-

Table IV. (Continued). The list of selected questions for each area.

			   Round 3 
			   mean	 Standard
AREA	 Items		 score	 Deviation

	 27	 Does the staff wear appropriate single use gloves compliant 
		  with UNI EN ISO 374-2:202026 and UNI EN ISO 21420:202027?	 4.93	 0.26
	 28	 Are the detergents used classified as class I medical device products
		  recognized by the CE sign on the label?	 4.60	 0.63
	 29	 Are the disinfectants used classified ad class IIb medical device 
		  products recognized by the CE sign plus a four-digit number 
		  on the label?	 4.67	 0.62
	 30	 Are the updated Safety Data Sheets (Sds) for hazardous	 4.13	 0.52
		  chemicals accessible?
	 31	 Are the Occupational Risk Cards available for consultation?	 4.13	 0.35

Traceability 	 32	 Does each reprocessing step (including bedside cleaning, 
		  manual cleaning, and automated reprocessing in an AER) including 
		  the names of the persons undertaking each step, recorded?	 4.80	 0.41
	 33	 Is the traceability system regular used?	 4.33	 0.49
	 34	 Is the traceability system electronic?	 4.27	 0.70
	 35	 Are the endoscopes recorded by the endoscope’s model 
		  and serial number or other identifier?	 4.87	 0.35
	 36	 Does the recording of the reprocessing procedure include 
		  the identification code of the staff member involved in each 
		  reprocessing ‘s step? 	 4.67	 0.49
	 37	 Does each step of reprocessing procedure recorded in order 
		  to guarantee the traceability? 	 4.80	 0.41
	 38	 Is the scheduled and the extraordinary maintenance carried 
		  out by the service in charge?	 4.20	 0.86
	 39	 Is the documentation relating to maintenance interventions 
		  archived by the Service charge and by the ward for a period 
		  of not less than 5 years?	 4.20	 0.94

Adequate	 40	 Is there a strictly separation between cleaning/disinfection 
facilities for		  room and the endoscopy room?	 4.87	 0.35
the endoscope
reprocessing	 41	 Endoscope cleaning room: is there an operational separation 
		  of dirty and clean areas, to avoid recontamination of reprocessed 
		  endoscopes and endoscopic accessories?	 4.80	 0.41
	 42	 Is there a proper storage area for the reprocessed endoscopes 
		  and endoscopic accessories?	 4.73	 0.46
	 43	 Is there a ventilation system (supply and extraction) that 
		  guarantees 10 air changes per hour?	 4.73	 0.46
	 44	 Are there the cleaning sink and the rinsing sink?	 4.13	 0.52
	 45	 Are the sinks made of steel or non-porous material?	 4.07	 0.59
	 46	 Are the sinks supplied with hot and cold water?	 4.00	 0.65
	 47	 Are the sinks of appropriate size to allow the complete 
		  immersion of the instruments, without damaging them, 
		  and facilitating cleaning operations?	 4.87	 0.35
	 48	 Is there a separate dedicated hand-washing basin?	 4.07	 0.59
	 49	 Is there an appropriate lighting?	 4.20	 0.56
	 50	 Is there an appropriate fume extraction in order to minimize 
		  the risks from chemical vapors?	 4.80	 0.41
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Figure 2. The results of 1st and the 2nd checklist administration. ER=Endoscope Reprocessing, TR=training, OS= occupational 
safety, T=traceability AF= adequate facilities for the endoscope reprocessing, ICU=Intensive Care Unit, ES= Endoscopic Service.

Figure 1. The flow-chart of Delphi process.
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Table V. Results of the microbiological analysis of the endoscopes in Intensive Care Unit (ICU).

					     Escherichia coli/
	 Total microbiological	 		  Coliforms and		
ICU	 count 		  Pseudomonas aeruginosa	 Enterobacteriaceae	 Staphylococcus epidermidis	 Staphylococcus aureus

endoscopes	 1st administration	 2nd administration	 1st administration	 2nd administration	 1st administration	 2nd administration	 1st administration	 2nd administration	 1st administration	 2nd administration

BR_1	 unsatisfactory	 satisfactory	 unsatisfactory	 satisfactory	 unsatisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory

BR_2	 unsatisfactory	 satisfactory	 satisfactory	 satisfactory	 unsatisfactory	 satisfactory	 unsatisfactory	 satisfactory	 satisfactory	 satisfactory

BR= bronchoscope

Table VI. Results of the microbiological analysis of the endoscopes in Endoscopy Service_1 (ES_1).

	 Hazard/Hygiene indicator	

					     Escherichia coli/
	 Total microbiological	 		  Coliforms and		
ES_1	 count 		  Pseudomonas aeruginosa	 Enterobacteriaceae	 Staphylococcus epidermidis	 Staphylococcus aureus

endoscopes	 1st administration	 2nd administration	 1st administration	 2nd administration	 1st administration	 2nd administration	 1st administration	 2nd administration	 1st administration	 2nd administration
CO_1	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
CO_2	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
CO_3	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
CO_4	 unsatisfactory	 satisfactory	 unsatisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
CO_5	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
CO_6	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
CO_7	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
GA_1	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
GA_2	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
GA_3	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
GA_4	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
GA_5	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory

CO= colonscope, GA= gastroscope.
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Table VII. Results of the microbiological analysis of the endoscopes in Endoscopy Service_2 (ES_2).

	 Hazard/Hygiene indicator	

					     Escherichia coli/
	 Total microbiological	 		  Coliforms and		
ES_1	 count 		  Pseudomonas aeruginosa	 Enterobacteriaceae	 Staphylococcus epidermidis	 Staphylococcus aureus

endoscopes	 1st administration	 2nd administration	 1st administration	 2nd administration	 1st administration	 2nd administration	 1st administration	 2nd administration	 1st administration	 2nd administration
BR_6	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
BR_7	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
BR_8	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
CO_10	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
CO_11	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
CO_12	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
DU_1	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
DU_2	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
DU_3	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
GA_6	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
GA_7	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
GA_9	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory

BR= bronchoscope, CO= colonscope, DU= duodenoscope, GA= gastroscope.
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tration (ES_1: unsatisfactory vs good and ICU: 
unsatisfactory vs excellent). In addition, the ER 
area showed a good increase for both ES_1 and 
ICU. About adequate facilities’ area (AT) and oc-
cupational safety area (OS), no differences were 
recorded between the 1st and 2nd checklist admin-
istration and no critical issues were highlighted. 

After the 1st and 2nd administration of check 
list, the microbiological surveillance of the endo-
scopes and of the wash disinfector machine was 
carried out. Tables V-VIII showed the Hazard/
Hygiene indicators and results. The 2 broncho-
scopes (BR_1 and BR_2) and 1 AER (AER_1), 
available in the ICU, were analyzed.  As observed, 
after reprocessing, both BR_1 and BR_2 showed 
microbial contamination and therefore were not 
compliant with the expected. The endoscopes 
(colonoscopies, gastroscopies duodenoscopies 
and bronchoscopes) of ES_2 showed a satisfacto-
ry result for all parameters analyzed. Also, the en-
doscopes of ES_1 were compliant to the expected. 
Two of three AERs analyzed after the 1st admin-
istration reported unsatisfactory results while the 
microbiological analysis performed after the 2nd 
administration found a good compliance with the 
expected. 

Additionally, the McNemar’s test revealed that 
there was a significant difference in the propor-
tion of satisfactory results before and after the 1st 
and 2nd checklist administration (p<0.05). 

Discussion

The present study developed a checklist as a 
tool for evaluating the items involved in the en-
doscope reprocessing process. The checklist was 

developed using the DELPHI method16 that is 
based on a scoping review of published literature, 
a guideline assessment, and expert opinions.

At the end of the DELPHI process, five areas 
were identified and included in the checklist: en-
doscope reprocessing (ER), training (TR), occu-
pational safety (OS), traceability (T) and adequate 
facilities for the endoscope reprocessing (AT).

The 1st administration of checklist in three dif-
ferent wards allowed to identify critical issues 
aim to perform specific corrective actions while 
the 2nd administration of the checklist allowed to 
evaluate the effect of the applied corrective ac-
tions such as the acquisition of the adequate stor-
age cabinet, definition of the one-way workflow 
from dirty to clean areas, a training course for 
the staff, implementation of a traceability system 
etc. Except for the OS area in which the evaluat-
ed wards reached the highest score (i.e., excellent) 
after the 1st administration and the AF area where 
the structural limits determined a non-rapid res-
olution, we found that the score relative to the re-
maining analyzed areas (ER, TR and T) improved. 
In particular, we observed that for the traceability 
area (T) the ICU and ES_1 ward increased their 
score from the lower (i.e., unsatisfactory) to the 
highest (i.e., excellent). For the training area (TR), 
the ICU ward increased its score from the lower 
(i.e., unsatisfactory) to the highest (i.e., excellent). 
Again, the ES_1 ward improved its score from 
acceptable to excellent level. As shown in Figure 
1, after the 2nd check list administration all wards 
reached the highest score in the ER domain.

The McNemar’s test revealed that the highest 
score reached after the 2nd checklist administra-
tion was statistically significant. More probably, 
the improvements in the scores in two of the three 
areas (ER, TR) might be correlated with the im-

Table VIII. Results of the microbiological analysis of the Automated Endoscope Reprocessors (AERs).

			   Hazard/Hygiene indicator

	 Total microbiological count 	 Pseudomonas aeruginosa	 Legionella spp.

AERs	 1st administration	 2nd administration	 1st administration	 2nd administration	 1st administration	 2nd administration
ES_1_AER_2	 unsatisfactory	 satisfactory	 unsatisfactory	 satisfactory	 satisfactory	 satisfactory
ES_1_AER_3	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
ICU_AER_1	 unsatisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
ES_2_AER_4	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
ES_2_AER_5	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory
ES_2_AER_6	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory	 satisfactory

ES= Endoscopic service, ICU= Intensive Care Unit, AER= Automated Endoscope Reprocessors.
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provement in the microbiological quality of the en-
doscopes and the AER observed following micro-
biological monitoring. These results showed that 
the application of this checklist could be a useful 
tool for the improvement and/or development of a 
safety endoscope reprocessing system which in-
clude the five main area evaluated in the check list. 

Conclusions

In this study, we developed a checklist that can 
be used as a valid self-assessment tool to evalu-
ate the endoscope processing in its entirety and 
to plan any corrective actions, if necessary, in a 
targeted way to increase the safety of the patients 
and the operators. 

A checklist, using the DELPHI method, was 
developed to evaluate all the items involved in the 
endoscope reprocessing. This checklist can be con-
sidered a valid self-assessment tool to implement 
specific corrective actions in order to ameliorate 
the safety of the patients and the operators, regard-
less of the results of microbiological monitoring. 
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