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Editor’s note: Reading research and incorporating valid research
results into practice is a vital part of ensuring that perioperative
nursing practice is evidence based. The AORN Research Evidence
Appraisal Tool, which was adapted with permission from the
Johns Hopkins Evidence-Based Practice Model and Guidelines,
can help perioperative nurses evaluate research. This tool is used to
evaluate the evidence upon which AORN’s guidelines are based.
The tool can be used to appraise the level of evidence and quality
of evidence for a single research study or a summary of multiple
research studies. An abbreviated tool using only the sections of the
tool relevant to the study appraised is included in this article. Each
section of the tool is discussed to help readers understand why the
study received a particular appraisal score and what that rating
means to perioperative nursing practice. Clinical judgment should
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be used to determine whether the findings of an individual study
are of value and relevance in a particular setting or patient care
situation. Individuals intending to put this study’s findings into
practice are encouraged to review the original article to determine
its applicability to their setting.
ccording to the Spaulding classification system,
endoscopes (including duodenoscopes, gastro-
Ascopes, and colonoscopes) are semicritical devices

because they come into contact with mucous membranes but
do not breach the sterile environment. Consequently, to
prevent the transmission of infection from patient to patient,
as recommended by multiple societies, endoscopes must be
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reprocessed after each use via a high-level disinfection process.
Although high-level disinfection protocols are highly effective
when applied diligently, it is unknown how long reprocessed
endoscopes may be stored before microbial colonization begins
to occur. Currently, there is variability in the reprocessing
interval among institutions, with many institutions using in-
tervals of five to seven days, while others reprocess after 12 to
72 hours depending on the type of endoscope. Given the
paucity of information on how long endoscopes may be stored
before microbial colonization occurs, the aim of this pro-
spective observational study was to demonstrate whether
duodenoscopes, gastroscopes, and colonoscopes may be stored
after reprocessing for as long as 21 days without microbial
colonization by potential pathogenic microorganisms. This
study was given exempt status by the Institutional Review
Board of the Medical University of South Carolina because it
did not include human subjects or identifiers.
LEVEL OF EVIDENCE: STUDY
Because this is the report of a nonexperimental, prospective,
observational study, the Level of Evidence: Study portion of
the AORN Research Evidence Appraisal Tool was used to
appraise this study (Figure 1).

Setting. The setting was a tertiary care center in Charleston,
South Carolina.

Sample size and composition. Two RNs collected microbial
samples from each endoscope channel in four duodenoscopes,
four colonoscopes, and two gastroscopes immediately after the
endoscopes were reprocessed via high-level disinfection. After
reprocessing, the endoscopes were stored hanging in a dust-
free cabinet. On days seven, 14, and 21, the RNs removed
the endoscopes from the cabinet and resampled them without
reprocessing.

Interventions. No interventions were used.

Control. No controls were used.

Random assignment. There were no random assignments.

Level of evidence. When using the AORN Research Evidence
Appraisal Tool, this study was classified as III for level of ev-
idence because it was a single, nonexperimental, prospective,
observational study.
QUALITY OF EVIDENCE: STUDY
Because this is the report of a nonexperimental, prospective,
observational study, the Quality of Evidence: Study portion of
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the AORN Research Evidence Appraisal Tool was used to
appraise this study.

Existing information. The researchers described existing in-
formation, which revealed that exogenous transmission of
infection via endoscopy is a rare event when proper high-level
disinfection techniques are used. However, there is a paucity
of information regarding how long endoscopes may be stored
before microbial colonization occurs. Currently, multisociety
guidelines in the United States do not provide recommenda-
tions for how long endoscopes may be stored after reprocess-
ing; this has resulted in variability in reprocessing intervals
among institutions, with many using intervals of five to seven
days. The few studies that have addressed the issue suggest that
storing endoscopes for five to 15 days is associated with a low
risk of contamination:

� One small study of colonoscopies only showed no pathogens
for up to eight weeks.

� Another study demonstrated no clinically significant growth
on gastroscopes, colonoscopes, or duodenoscopes at five
days.

� In another study, no pathogens or potential pathogens were
recovered on three colonoscopes or four duodenoscopes at
14 days.

� Two studies evaluating colonoscopes alone demonstrated no
clinically significant contamination at seven days.

� A larger study involving 23 endoscopes of different types
showed no potential or true pathogens after five days and
only one (ie, yeast) when the incubation was extended to
seven days.

� A recent study evaluating four colonoscopes during an eight-
week period found no pathogens; however, that study was
limited to colonoscopes, and fungal cultures were not obtained.

Purpose of the study. The purpose of the study was clearly
stateddto demonstrate whether flexible endoscopes may be
stored without colonization by pathogenic microorganisms for
as long as 21 days after they have been reprocessed using high-
level disinfection techniques.

Literature review. The literature review was current. Of the
13 works cited, seven (54%) were published within the pre-
vious five years.

Sample sufficiency. The sample size, 96 microbial samples
collected from the channels of 10 endoscopes, appears to be
adequate for the study design (ie, nonexperimental, prospec-
tive, observational study).

Control group. There was no control group in this study.
www.aornjournal.org
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Data collection. The researchers clearly described the methods
of data collection. Two RNs collected all microbial samples
from each channel in three types of endoscopes: four duode-
noscopes, four colonoscopes, and two gastroscopes. For the
duodenoscopes, the nurses first collected samples from the
elevator wire channel, followed by the suction channel and
biopsy port. The latter two were collected in the same order
for the colonoscopes and gastroscopes. For the elevator
channel, the RNs used a 3-mL Luer-LokTM syringe to irrigate
with 3 mL of sterile water three times, for a total collection of
9 mL. The RNs used the same sample collection procedure for
the suction and biopsy ports, whereby they first irrigated with
30 mL of sterile water and then inserted a sterile brush
through the channel and advanced it 2 inches beyond the
endoscope tip. The RN then cut the brush with sterile scissors
and dropped it into a sterile specimen cup. The nurses inoc-
ulated a 1-mL aliquot of each well-mixed sample onto tryp-
ticase agar with 5% sheep blood, thioglycollate broth, Centers
for Disease Control and Prevention anaerobic blood agar plate,
and Sabouraud dextrose agar. All media were incubated at 25�

C to 35� C (77� F to 95� F) for seven days.

Instrument validity and reliability. No instrument was used
in this study.

Response rate. No surveys or questionnaires were used in this
study, so response rate is not applicable.

Tables. The article included three tables that presented

� nonpathogens,
� potential pathogens, and
� isolates by endoscope.

The contents of the tables were consistent with the article
narrative and clearly summarized the findings.

Results. The results were presented clearly. There were 33
positive cultures from 28 of the 96 sites tested for an overall
contamination rate of 29.2%. Typical skin or environmental
contaminants accounted for 29/33 (88%) of the microor-
ganisms isolated, which was considered clinically insignificant.
Four potential pathogens (ie, Enterococcus, Candida para-
psilosis, a-hemolytic Streptococcus, Aureobasidium pullulans)
were recovered from the biopsy channels in two colonoscopes,
and one pathogen was recovered at one site and time point
from one duodenoscope and one gastroscope at only one site
and time point. All grew in low concentrations well below the
proposed threshold of 100 colony forming units/mL.
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Result-based conclusions. The researchers found that endo-
scopes can be stored for as long as 21 days after reprocessing
using high-level disinfection techniques with a low risk of
microbial contamination. They concluded that flexible endo-
scopes can be stored safely after standard high-level disinfec-
tion procedures for longer periods than the five to seven days
that is current practice in many units. However, they note that
the maximum duration that the reprocessed endoscopes may
be stored is unknown.

Study limitations. The researchers did not identify any lim-
itations. However, the researchers noted that they elected to
sample the endoscope channels as opposed to the surface
because previous studies have indicated that the channels are
the best means of assessing microbial colonization because
they are more likely to harbor microorganisms than the surface
of the scope.

Quality of evidence. When using the AORN Research Evi-
dence Appraisal Tool, this study was classified as B for quality
of evidence because the authors provided a fairly robust and
current literature review and presented a fairly definitive
conclusion that reprocessed endoscopes can be stored for
longer periods than what is currently practiced.
APPRAISAL RESULTS
The AORN Research Evidence Appraisal Tool was used to
score this study as III B.

� The study was scored as III for level of evidence because it
was a nonexperimental, prospective, observational study and
had no manipulation of independent variables and no
controls.

� The study scored as B for quality of evidence. The liter-
ature review was current and robust, and the fairly
definitive conclusion that reprocessed endoscopes can be
stored for longer periods than is currently practiced was
reached.

� A score of III B indicates that it may be appropriate for
perioperative nurses to consider this evidence as a sec-
ondary source of evidence when designing policies and
procedures for the perioperative setting provided that it
supports other primary sources of evidence. Studies of
lesser strength or quality are not necessarily inferior or
unacceptable sources of evidence, and a lower rating does
not necessarily mean the evidence is unimportant or
irrelevant.
www.aornjournal.org
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PERIOPERATIVE IMPLICATIONS
The results of this study revealed that flexible endoscopes can
be stored for as long as 21 days after reprocessing with a low
risk of pathogenic microbial colonization. The researchers
pointed out that the maximum duration that reprocessed
endoscopes can be stored safely is unknown and that further
studies with extended cultures beyond 21 days are needed.
Increasing the storage time from five to seven days to 21 days
may represent a substantial cost savings, so perioperative
nurses and managers should consider this evidence when they
are developing or updating their policies and procedures for
storage of reprocessed endoscopes. Additionally, given that the
maximum shelf life is unknown, perioperative nurses should
participate in designing and conducting additional studies to
determine the maximum time reprocessed endoscopes can be
stored before contamination occurs. �
TM
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This article was appraised by George Allen, PhD, MS,
BSN, RN, CNOR, CIC, director of infection control,
Downstate Medical Center, and clinical assistant profes-
sor, SUNY College of Health Related Professions,
Brooklyn, NY. Dr Allen has no declared affiliation that
could be perceived as posing a potential conflict of interest in
the publication of this article.

The Johns Hopkins Nursing Evidence-Based Practice
Course is offered to AORN members at a special
discounted rate. Learn more at http://www.aorn.org/Johns
HopkinsNursingEBPCourse.
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