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ABSTRACT

Over 16 million cases worldwide, severe acute respiratory syndrome coronavirus 2 has profoundly affected
healthcare as we know it. Given reports of gastrointestinal involvement and viral shedding in the stool, it is
unsurprising there are concerns that endoscopic equipment may be a potential vector of viral transmission.
Here, we provide an overview of existing practices for endoscope reprocessing, recent developments in the
field, and challenges in the COVID-19 environment. Current multi-society guidelines do not advise any
change to endoscope disinfection protocols but emphasize strict adherence to recommended practices.
However, endoscopy reprocessing staff may benefit from supplemental personal protective equipment
measures, especially in high risk situations. Because thorough endoscope reprocessing is highly operator
dependent, adequate training of personnel is critical for proper manual cleaning and disinfection of endo-
scopes that have potential to harbor virus. Bacterial contamination of duodenoscopes has caused out-
breaks of infection from multidrug-resistant organisms, highlighting vulnerable areas. The emphasis of
current studies is on optimization of disinfection and drying, minimization of simethicone use, and on qual-
ity control of endoscope reprocessing with sampling and microbiological culturing. Recent advances
include novel approaches to endoscope sterilization, infection barrier methods, and design of partially or
fully disposable duodenoscopes. Overall, the available data indicate that, when correctly executed, current
reprocessing practices are sufficient in preventing SARS-COV-2 transmission.

Keywords: COVID pandemic; Endoscopic disinfection; Disposable endoscope; Duodenoscope-related

infection; PPE.

COVID-19 Pandemic Impact on Endoscopy
Units

The coronavirus disease 2019 (COVID-19) pandemic
imposed a severe burden on endoscopy units all over the
world. A March 2020 multicenter survey from northern
Italy revealed near universal exposure to COVID-19 posi-
tive patients in endoscopy units: 97.6% experienced a
reduction in endoscopic activities and 50% performed
endoscopic procedures on COVID-19 positive patients.
In addition to droplet and airborne transmission, con-
tamination with fomites and subsequent self-inoculation
of the nose, eyes, and mouth is considered a contributor
to high rates of viral transmission.” Person to person
transmission of COVID-19 or severe acute respiratory
syndrome coronavirus 2 (SARS-COV-2) in the healthcare
setting has been described: a 1% rate of suspected and
0.12% of confirmed COVID-19 infection after endoscopic
procedures was reported in a recent survey.>*

Human coronaviruses can remain infectious on
plastic surfaces for up to 9 days at room temperature.

* Authors contributed equally to the drafting and preparation of the
manuscript.
M) Most current article
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SARS-COV-2 was detected on polyvinyl chloride, silicone,
rubber, and Teflon surfaces for up to 5 days at room tem-
perature, with a similar initial inoculum titer across vary-
ing media types.® Available data on surface stability of
SARS-COV-2 are consistent with prior studies on human
coronaviruses.® While specific data regarding the trans-
missibility of coronavirus from inanimate objects to
hands via touch are lacking at this time, prior modeling of
influenza A and parainfluenza noted transmissibility rates
of 31.6% and 1.5% of viral load, respectively, underscoring
the potential of fomite transmission.””® Furthermore,
real-world environment and surface testing demonstrated
virus-positive samples from various areas within a
COVID-19 patient room, highlighting the potential for
exposure that staff may encounter.’

Gastrointestinal (GI) complains are frequent among
COVID-19 patients, with 7.4% rate of diarrhea and 4.6%
of nausea and vomiting.'® Several studies demonstrated
that viral RNA could be detected in small and large intes-
tinal biopsies of human coronavirus patients and in stool
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of COVID-19 patients with or without GI symptoms.'*'#
Clinical implications of these findings on viral transmissi-
bility through the GI tract are not fully understood;
despite presence of viral RNA in the stool, viable virus
was not isolated in a recent detailed virological assess-
ment of hospitalized COVID-19 patients.'®

Given the evidence of GI tract involvement and the
resiliency of the SARS-COV-2 virus on inanimate surfa-
ces, it is unsurprising that concerns have been raised
about endoscopic equipment being a potential vector of
viral transmission. Here, we discuss best practice guide-
lines on endoscope reprocessing, recent developments in
the field, and current challenges in the COVID-19 pan-
demic environment.

Current State of Endoscope Reprocessing

Current multisociety best practice guidelines (endorsed
jointly by AGA, ASGE, ACG, SGNA, ASCRS, and SAGES)
advise no changes to established endoscope reprocessing
procedures during the COVID-19 pandemic.'® Based on
available evidence, the standard protocol including bed-
side precleaning followed by leak testing, manual cleaning
and high-level disinfection (HLD) is sufficient in eradicat-
ing SARS-COV-2."°"® Common chemical liquid disinfec-
tants utilized in HLD of flexible endoscopes, including
varying combinations and concentrations of glutaralde-
hyde, ortho-phthalaldehyde, peracetic acid, and hydrogen
peroxide are virucidal for SARS-COV-2.">*° The US Envi-
ronmental Protection Agency recently issued an updated
list of chemical disinfectant products for various patho-
gens including SARS-COV-2.7°

Historically, the risk of viral transmission related to
endoscopy has been rare to nonexistent.”** Previous
reports of hepatitis C transmission were due to nonadher-
ence to aseptic techniques in drug administration, lapses
in reprocessing protocols, and failure to adequately disin-
fect reusable biopsy forceps.”** Multicenter prospective
studies of endoscopic procedures on hepatitis C carriers
or hepatitis B seropositive patients did not demonstrate
post-procedural transmission following appropriate dis-
infections protocols.**** To date, there have been no
reported cases of endoscope-associated SARS-COV-2
transmission.

Based on the Spaulding classification schema for dis-
infection of medical equipment, flexible endoscopes are
“semi-critical” devices and should at minimum undergo
HLD.*' HLD is achieved by complete immersion of the
endoscope and associated removable parts in an approved
chemical disinfectant at a specified temperature and
duration. HLD is defined as a 6-log reduction of Myco-
bacteria and ensures that devices are essentially free of
all microorganisms, apart from low-level bacterial spores
that do not increase transmission risk.”> Certain devices
in endoscopic procedures that are in contact with sterile
tissues or anatomical spaces, such as sphincterotomes
and biopsy forceps are classified as critical devices and
must be sterile.**
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Endoscope reprocessing is a multistep sequential pro-
cess, with HLD as its cornerstone. The standard protocol
for endoscope reprocessing is detailed in Figure It is
impossible to overemphasize manual cleaning as the
most critical step in disruption of biofilm and removal of
microbial burden. Manual cleaning is performed using
a detergent solution and meticulous cleaning with
appropriate brushes of endoscope interior, exterior, and
working channel. FDA and manufacturer-specified
instructions should be followed for disinfection of eleva-
tor mechanisms and double channel endoscopes.®*>°

Because thorough endoscope reprocessing is highly
operator dependent, extensive training of staff is critical
for effective infection control. Along with general infec-
tion control measures within the endoscopy unit, valida-
tion of processes, and competency should be assessed per
institutional policy at least annually. The recent ASGE
Infection Control Summit which included representatives
of main stakeholders in the field (researchers, regulatory
agencies and manufacturers), emphasized the importance
of developing evidence-based curricula for reprocessing
staff training and supported the FDA proposal of stan-
dardizing duodenoscope durability testing.”” In the cur-
rent COVI-19 pandemic, recommendations include
limiting the number of reprocessing staff to those most
experienced and to consider additional training sessions
to reinforce existing protocols.'®

Adequate personal protection of staff members is criti-
cal for endoscope disinfection, which requires handling
and manipulation of flexible endoscopes that are heavily
contaminated with bodily fluids including stool, mucosal
secretions and blood—all of which have demonstrated
potential to harbor virus. A recent prospective single-cen-
ter study highlighted the significance of unrecognized
face splashes, reporting that nearly half of postprocedure
face shields were positive for bacterial colony forming
units, thus highlighting the importance of appropriate
personal protective equipment (PPE) for all personnel.>°
Current multisociety best practice guidance advises that
during the COVID-19 pandemic, reprocessing staff should
continue to don appropriate PPE including gloves, gown,
and face shields; a No5 respirator is recommended if
available (Table 1).'° Use of a Ng5 respirator, especially in
high-risk situations, is supported by the data from recent
viral inoculum studies on SARS-COV-2 aerosolization,
which estimated a half-life of aerosolized SARS-COV-2 of
1.1-1.2 hours.®

The joint ANS/AAMI ST91 comprehensive guide to
endoscope reprocessing recommends that reprocessing
personnel should change into scrubs upon arrival to work
and should have ready access to clean scrubs.'® All per-
sonal accessories such as jewelry and watches should be
removed. The appropriate hand hygiene, and donning
and doffing of PPE should be performed in a separate
dedicated area as outlined in the accompanying video®”=°
(Video).

Social distancing should be practiced within the
reprocessing areas as well as frequent cleaning of all
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Pre-Cleaning

Wipe insertion tube
with detergent
solution

Suction detergent
solution through
endoscope until visibly
clear

Flush and manipulate
the forcep elevator
(duodenoscope or

echoendoscope)

Flush air and water
channels

Flush auxiliary water
channels

Detach endoscope
from light source and
suction pump

Attach protective video
cap

Transport to a
dedicated reprocessing
area in appropriate
covered container

Leak Testing

Remove suction, air,
water, & biopsy valves

Discard disposable
parts

Attach leak tester and
pressurize the
endoscope before
submerging in clear
water. Do not use
detergent.

Perform leakage test.
Flex distal end of
endoscope in all

directions and
manipulate buttons.

Remove from sink or
basin. Turn off and
disconnect leak
tester. Depressurize
the endoscope and
ensure the video cap
is secure.

Remove endoscope
from service if leak is
identified for repair or

disposal.

Manual

Cleaning

Immerse the
endoscope into an
appropriate detergent
solution

Wash the exterior of
the endoscope by
brushing and wiping
while submerged.

Brush all reusable &
removable parts
including valves, biopsy
cover & openings.

Perform additional
manufacture specific
cleaning for
duodenoscope
elevator mechanisms,
echoendoscopes, &
double channel
endoscopes.

Flush all channels
with detergent
solution and soak the
endoscope and its
internal channels for
a period specified by
manufacturer.

Thoroughly rinse the
endoscope and all
removable parts with
clean water.

Purge water from all
channels using forced
air and dry exterior
using lint free cloth

Visual

Inspection

Visual inspection
should be performed
throughout however

particular attention
prior to HLD.

Inspect for conditions
that could affect
disinfection process
(cracks, retained
debris)

Use magnification &
adequate lighting to
assist in visual
inspection

Use a camera or
borescope for internal
channels, if available

Repeat manual
cleaning as needed

Remove damaged
endoscope from
service for repair or
disposal

HLD

Test and monitor the
disinfectant according
to manufacture
instructions.

Completely immerse
the endoscope in a
basin of high-level

disinfectant.

Flush high-level
disinfectant into all
channels until it can be
seen exiting opposite
end.

Cover soaking basin
with tight fitting lid.

Soak the endoscope
for the required
temperature and time
using appropriate
monitoring or
automated HLD

Purge all channels with
air before removing
the endoscope from

the high-level
disinfectant

Thoroughly rinse the
endoscope and all
removable parts with
clean water.

Purge water from all
channels using forced
air and dry exterior
using lint free cloth.

Figure 1. Endoscope reprocessing summary

surfaces using chemical agents known to inactivate
SARS-COV-2. As more data become available regarding
seroconversion and viral immunity, deploying serocon-
verted staff in high-risk scenarios may be preferable,
including in endoscope reprocessing areas.>°

Table 1. PPE for reprocessing staff.

PPE for reprocessing staff

CLOTHING
HAIR

EYES

FACE
RESPIRATORY
TORSO
HANDS

FEET

‘if available.

Medical scrubs
Scrub cap or bouffant cap
Goggles or face shield

Water resistant gown

Water resistant mask or large drape face shield
NO95 respiratory OR FFP2 equivalent*

Gloves (long sleeve if available)
Shoe covers (bootleg covers if available)

Vol. 23, No. 2

Drying &

Storage

Flush all channels with
70% to 90% ethyl or
isopropyl alcohol.

Purge all channels with
filtered compressed air.

Removal all channel
adapters

Dry exterior of
endoscope with soft,
clean, lint-free towel

Dry all removal parts
and do not attach to
endoscope during
storage

Use a system to
identify which
endoscope has been
reprocessed (i.e.
tagging)

Use storage cabinets
that can be cleaned
and disinfected with
EPA registered high
level disinfectant.

Hang endoscopes in a
upright position with
detachable
components removed.

Challenges in Endoscope Reprocessing

FDA supplemental measures to reduce infection

transmission

In August 2015, in response to multiple multidrug
resistant organism (MDRO) infections linked to duodeno-
scope use, the Food and Drug Administration (FDA)
strongly recommended that all endoscopy units adopt a
series of supplemental measures to reduce infection
transmission.®' FDA recommendations included adoption
of one or more of the following measures: culture surveil-
lance of endoscopes, Ethylene oxide (EtO) sterilization,
use of a liquid chemical sterilant processing system, and/
or repeat HLD. FDA recommendations led to rapid
changes in endoscope reprocessing practices in the
United States. Based on a recent survey of 249 endoscopy
units,>* most centers had implemented at least one of the
supplemental measures; the most common was repeat
HLD (63%) followed by culture surveillance (53%).

Repeat HLD was proposed by the FDA as a logical
next step in the effort to mitigate infection transmission
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risk. In practice, it is unclear if this recommendation
achieves the desired goal. The FDA did not provide clear
guidance on what is double HLD: whether 2 cycles of
manual cleaning each combined with HLD versus a single
cycle of manual cleaning followed by 2 rounds of HLD
constituted “double HLD”; with most units adopting the
easier latter approach. It could be argued that the second
manual cleaning is a crucial step and provides the most
benefit due to mechanical biofilm disruption.

Two recent randomized prospective trials comparing
single versus double HLD, both using single cycle of man-
ual cleaning, failed to show difference in postreprocessing
endoscope culture positivity rate. In a prospective trial at
four endoscopy units, Bartles et al randomized 45 duode-
noscopes and linear echoendoscopes to single or double
HLD.?? In total, 5850 specimens were obtained from
2925 encounters. Eight specimens from 5 scopes were
positive for high-risk organisms; 3 of the scopes came
from the double HLD group. All 8 positive cultures had
been obtained from the elevator mechanism samples. The
investigators found no significant difference between sin-
gle and double HLD, even when stratified for culture posi-
tive growth, facility, sample type, or time from cleaning to
culture (taking into account weekends and holidays).

Snyder et al performed a single-center randomized
prospective trail comparing single HLD, double HLD, and
single HLD with EtO sterilization.?>* The primary and sec-
ondary outcome were MDRO culture-positivity after
reprocessing, and reprocessing failure rate with cultures
positive for aerobic bacteria, respectively. The trial was
terminated early due to an insufficient number of events
to assess primary outcome; there was no difference in the
secondary outcome. Both trials illustrate significant chal-
lenges in conducting randomized studies to evaluate the
effectiveness of current reprocessing protocols due to the
rarity of endoscope reprocessing failure events. Of note,
to our knowledge, there is no published data comparing
the effectiveness of single versus double manual cleaning;
however, the latter approach is significantly more labor
and time intensive.

In August 2019, the FDA instructed endoscopy units
“to initiate quality control program that includes sam-
pling, microbiological culturing and other monitoring
methods”.®> Data on the effectiveness of current endo-
scope culturing protocols is limited. Higa et al reported
the results of the "culture and quarantine" program for
duodenoscopes using an extensive bacteria culturing sur-
veillance protocol from 2014 to 2017.2° A 0.7% culture-
positive rate for high-concern organisms was reported
from a total of 4307 samples. Their surveillance program
resulted in the identification and withdrawal of 2 high-
frequency positive culture duodenoscopes from circula-
tion. However, quarantine alone did not appear to reduce
the overall rate of infection.3® Instead, the authors attrib-
uted the decline in positive culture rate to the optimiza-
tion of cleaning practices.

There is limited clinical evidence regarding liquid
chemical sterilant and EtO use as an adjunct to current
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HLD practices. The use of liquid chemical sterilants is
restricted by the heat sensitivity of endoscopes, though
liquid chemical sterilization is believed to cause less endo-
scope wear and tear than EtO sterilization. Some agents
used in HLD can also be utilized as sterilizing agents,
however, the sterilization protocol and the required dura-
tion of treatment are prohibitive.>” A recent single-center
randomized controlled trial comparing dual HLD (two
cycles of manual cleaning with HLD) versus liquid chemi-
cal sterilization (Steris 1E system) demonstrated no dif-
ference in postreprocessing culture positivity rates.’® EtO
sterilization successfully prevented recurrence of positive
MDRO culturing at the site of one of the original out-
breaks.?® A review of cases worldwide reported that 6 of
23 Carbapenem-Resistant Enterobacteriaceae or MDRO-
related outbreaks were treated by adding EtO steriliza-
tion; this measure successfully terminated 3 of those
6 outbreaks.>* However, there are multiple barriers to
widespread use of EtO including cost, potential toxicity to
reprocessing staff, and possible damage to endoscopes.

Attention has also turned to endoscope channel wear
and tear as a potential nidus of infection. Borescope
inspection, a process used for endoscope repair, was pro-
posed to evaluate endoscope channels for occult damage
that can harbor bacteria. A borescope is a cylindrical tool
with a light source that can be advanced forward and ret-
rograde in the working channel for detailed inspection.
Several studies have attempted to better characterize the
correlation between borescope findings and endoscope
postreprocessing bacterial growth. These studies pre-
sented quantitative data obtained from cultures and ATP
bioluminescence, an assay that measures ATP, a surro-
gate marker for organic matter and a potential substrate
for microbial growth.*"#* Ofstead et al showed that a sig-
nificant amount of organic residue remains in the work-
ing channel; approximately half of examined endoscopes
had residual liquid; common skin and GI flora bacterial
species were frequently found. Damage to the working
channel, persistent debris, and residual fluid were identi-
fied on borescope examination in this study, which were
not apparent on visual inspection.*®

Effects of drying protocols on biofilm formation

Another approach to reducing infection risk is optimi-
zation of drying protocols. Biofilm formation is a key fac-
tor in persistent bacterial contamination of endoscopes,
and residual moisture facilitates bacterial growth. Rou-
tine wear and tear has also been implicated: damaged
surfaces in the endoscope could provide a potential space
for biofilm development. While endoscope reprocessing
guidelines emphasize the importance of thoroughly dry-
ing the endoscope, there is limited data on the optimal
dryness threshold and best methods to achieve it.*>*°

A recent study?® compared the efficacy of standard
drying cabinets commonly used in the United States for
endoscope storage versus automated drying cabinets.
Automated drying yielded dry inner channels after 1 hour
versus 24 hours of storage in a standard cabinet. After
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48 hours of drying in automated cabinet, the Pseudomo-
nas aeruginosa inoculated endoscopes had 7 log and
9 log fewer recovered organisms from colonoscopes and
duodenoscopes respectively; in contrast, standard drying
cabinets allowed bacterial growth.*®

To identify the optimum time for endoscope drying,
Barakat et al*® compared a manual air-drying protocol
versus 5-minute and 10-minute automated drying.
Extending the automated drying time to 10 minutes
yielded the best results: zero droplets were identified on
borescope examination at 48 and 72 hours post-drying.
Automated drying was also associated with lesser ATP
bioluminescence values in the endoscope working chan-
nel. Of significant concern were the study findings of
“pools of liquid” on borescope examination after standard
reprocessing with an alcohol flush and a 1-minute air
purge. Interestingly, vertical versus coiled endoscope
storage did not affect residual channel fluid content in the
automated drying group. In the manual drying group,
vertical storage yielded fewer water droplets.*®

Use of simethicone

Simethicone is a commonly used additive in endos-
copy to remove bubbles from the mucosal surface. It is
often mixed in water irrigation bottle or administered via
a syringe during the procedure and significantly improves
visualization.*” However, all three major endoscope man-
ufacturers recommend against the use of simethicone in
endoscopy as it can provide a potential source for bacte-
rial growth. Simethicone is water and alcohol insoluble,
making its removal challenging. If necessary, administra-
tion with a syringe at the lowest concentration possible is
recommended. Several studies described residual sime-
thicone in endoscopes after following manufacturer rec-
ommended reprocessing protocols.*®>° The impact of
simethicone use on water droplet retention and residual
biomatter was investigated in recent study*’ using bore-
scope inspection of the working channel and ATP biolu-
minescence measurement. The mean volume of
simethicone solution used per procedure was higher
when added to the irrigation water bottle versus injection
via a syringe. Use of medium/high concentrations of
simethicone resulted in retention of more fluid droplets
and greater ATP bioluminescence values in the working
channel. In this study the endoscopes that underwent a
second reprocessing cycle retained no fluid droplets and
had ATP bioluminescence values comparable to water use
alone. This finding supports the manufacturer (Olympus
America, Inc.) recommendations of 2 HLD cycles for
endoscopes exposed to simethicone.*?

Novel Approaches to Endoscope
Reprocessing

The FDA required postmarket surveillance studies
from all 3 major endoscope manufacturers to assess the
“real-world” failure rate of endoscope reprocessing and to
determine if reprocessing personnel can adhere to
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manufacturers’ reprocessing instructions. The 2019 find-
ings demonstrated unacceptably high postreprocessing
contamination rates ranging from 4% to 6% and the fail-
ure to perform critical steps of manual cleaning in almost
one-third of participants.” The inherent limitations of
current endoscope reprocessing practices, highlighted by
postmarketing studies, led to significant advances in both
disinfection protocols and infection barrier methods, and
triggered the development of novel partially and fully dis-
posable endoscopes.

Endoscope sterilization

Low temperature plasma-activated gas (PAG) may
represent a promising new method for sterilization. PAG
was shown to have antimicrobial effects on a wide range
of organisms including spores, fungi, and drug-resistant
bacteria due to the production of ultraviolet light and free
radicals. High frequency voltage applied at atmospheric
pressure to gases such as hydrogen, nitrogen, or inert
gases generates reactive oxygen and nitrogen species;
these interact with the surface of interest without impact-
ing its bulk properties. While this method has not been
used in endoscopy to date, it has been commercially avail-
able since the 1990s and utilized for sterilization of total
joint replacement components.>*

A recent proof-of-concept bench study®® showed that
application of argon PAG for 9 minutes resulted in dis-
persal of 48-hour biofilms without regrowth. Importantly,
when the current was turned off, ozone concentration fell
to less than detectable levels in 30 seconds. Finally, no
evidence of structural damage was seen on electron
microscopy after PAG exposure.>?

Argon plasma is readily available and has already been
FDA-approved in GI procedures for coagulation purposes.
The plasma generating apparatus is housed in a compact
(10 x 15 x 8 inch) box and reasonably cost-effective
(<$2000). Another potential benefit is shortening of
processing time by obviating the need for rinsing and dry-
ing after HLD. While argon PAG is a promising new
method for endoscope disinfection, a commercial device
tailored to GI use will need to be developed and studies
performed with commonly used endoscopes to establish
comparability to current HLD and sterilization
techniques.>*53

Barrier method

An “endoscopic contamination prevention sheath”
presents an alternative barrier approach to decreasing
endoscope contamination, focusing particularly on the
elevator mechanism. Scopeseal (GI Scientific, LLC) is a
single-use novel infection control device designed to pro-
tect the tip of the duodenoscope while preserving func-
tionality.>* Approved in October 2019 by the FDA for use
with the Olympus TJF-Q180V duodenoscope as well com-
monly used accessories up to 10.7 Fr in diameter, it con-
sists of 3 main components: an optical lens covering the
camera, a port sealing the washing and insufflation noz-
zle, and the proprietary Working Channel Extension. The
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Working Channel Extension is a flexible, thin-walled
catheter extending from the inside of a biopsy channel
and traversing just beyond the elevator. The device
bypasses the vulnerable space around the elevator
completely, thus avoiding contamination during ERCP
and post-procedure flushing of the biopsy channel.

Scopeseal’s utility was recently demonstrated in a
bench study;®® the integrity of its barrier function was
tested with bacterial inoculum to outside of the duodeno-
scope and to the elevator mechanism, evaluating both
outside-in and inside-out contamination protection. The
ERCP accessories were also evaluated in a fluorescent
dye-immersion test for any inadvertent exposure. No bac-
terial or inadvertent dye exposure were detected confirm-
ing compete seal with two-way protection from microbial
contamination.®®

Thus far, there have been no reports of the use of Sco-
peseal in real-life clinical scenarios. It may be a viable
option in the category of disposable duodenoscope acces-
sories, but studies will need to evaluate its comparable or
improved cost-effectiveness vis-a-vis disposable tip duo-
denoscopes.

Partially and fully disposable duodenoscopes

In 2019, the FDA issued several safety communica-
tions recommending that endoscopy units transition
from fixed-end duodenoscopes to those with partially or
completely disposable components.>>>° As of August
2020, the FDA has cleared 6 such duodenoscope models.
All 3 of the major endoscope manufacturers have pro-
duced models with variations on a disposable distal tip
(Table 2).

The ED34-i10T model (Pentax Medical, USA) was the
first disposable endcap duodenoscope cleared for use by
the FDA."” Since then, it has been largely replaced by the
ED34-i10T2 which consists of a disposable endcap with
an elevator.”® This current model is the subject of

Table 2. Characteristics of disposable duodenoscopes.
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ICECAP, an ongoing Canadian randomized controlled
trial investigating the persistent bacterial contamination
rate and therapeutic efficacy of ED34-i10T2. Eligible
patients will be allocated to ERCP with the ED34-i10T2
model or its previous iteration, ED 34-110T. Results of the
study are pending at this time."°

The ED-580XT model (Fujifilm Healthcare USA) with
a disposable distal endcap®® was recently studied® to ver-
ify if a detachable endcap indeed decreases bacterial con-
tamination post-HLD by evaluating ATP bioluminescence
and cultures at 72 hours. No endoscopes in the disposable
endcap group were found positive for bacterial culture
while one device in the fixed endcap group was positive
for coagulase-negative Staphylococcus. The authors also
validated a threshold value for ATP bioluminescence,
determining that<40 RLU corresponded to the absence
of positive cultures in both endoscope groups.®*

Finally, EvisExera III TJF-Q190V (Olympus America,
Inc.) is a recently developed model with a disposable end-
cap which must be removed by tearing across a predeter-
mined seam, preventing reuse.®>

The EXALT Model D (Boston Scientific) duodeno-
scope is of particular interest to the GI community as
the first fully disposable duodenoscope. It was approved
in December 2019 by the FDA.°® A recent bench
study®* compared the utility of the EXALT Model D to
3 reusable duodenoscopes (Olympus Q180V, Pentax
ED-3470TK, Fuyjiflm ED-530XT) in an anatomic
model. Four tasks were designed to simulate clinical
use: guidewire locking with elevator, placement and
removal of a plastic stent, placement and removal of a
metal stent, and basket sweeping. Endpoints of interest
included the following: the ability to complete all
4 tasks, time for completion of each task, ratings on
navigation/pushability by 6 experienced endoscopists,
tip control, and image quality.®* All tasks were com-
pleted in both the reusable and disposable endoscope

EvisExera lll ED34-i10T ED34-i10T2 ED-580XT EXALT Model D aScopeDuodeno
TJF-Q190V (Pentax) (Pentax) (Fujifilm) (Boston Scientific) (Ambu)
(Olympus)
Disposable Endcap Endcap Endcap Endcap Entire endoscope Entire endoscope
component
Field of view 100 100 100 100 108 130
(degrees)
Depth of view (mm) 5-60 4-60 4-60 4-60 5-60 Not available
Working length 1240 1250 1250 1250 1240 1240
(mm)
Instrument channel 4.2 4.2 4.2 4.2 4.2 4.2
(mm)
Insertion tube diame- n.3 1.6 1.6 1n.3 1n.3 1.3
ter (mm)
Distal end diameter 13.5 13 13 13.1 15.1 13.7
(mm)
Distal end with end- 13.5 13.8 13.4 14.9 15.1 13.7
cap (mm)
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groups. There were no significant differences in the
time-to-completion of the tasks. However, the perform-
ing endoscopists did rate the EXALT Model D lower on
navigation/pushability. Overall, the disposable model
had comparable functionality, although maneuverabil-
ity may have been impacted.®* Data on clinical applica-
tions of single-use duodenoscope is limited, a recent
multi-center case study reported on 58 ERCP proce-
dures of various complexity; nearly all of the proce-
dures could be performed entirely with single-use
duodenoscope.®® A randomized trial of single-use ver-
sus reusable duodenoscopes in low complexity ERCP
procedures demonstrated comparable technical perfor-
mance of single-use duodenoscope with significantly
lower number of cannulation attempts but with worse
scores on maneuverability, image stability, and air-
water button functionality.”® As the first fully dispos-
able duodenoscope, its projected costs are also an
important factor in potential replacement of currently
used instruments. A recent cost-benefit analysis sug-
gested that replacing one reusable duodenoscope in a
center performing approximately 200 ERCPs/year
would incur a 10x increase in cost.>

The most recent addition to the field is AScopeDuo-
deno (Ambu Inc.), which was approved by the FDA for
marketing in July 2020.°° Similar to the EXALT Model
D, this is a combination of a disposable duodenoscope
and reusable processor. Currently, there are no available
reports regarding its performance in clinical practice, and
postmarketing studies are underway.

Future Directions

The coronavirus pandemic has brought new and rap-
idly evolving challenges throughout the medical field. Evi-
dence of nosocomial transmission in healthcare settings
has enhanced attention to both occupational safety and
appropriate disinfectant practices, including in the endo-
scopic unit. In the COVID-19 pandemic, it is even more
important for endoscope reprocessing personnel to have
adequate protective equipment. Historical data concern-
ing pathogen transmission in endoscopic procedures
emphasize the importance of strict adherence to regi-
mented protocols in maintaining the integrity of endo-
scope reprocessing. Furthermore, recent public health
experiences have highlighted the challenges and short-
comings of existing practices and spurred innovative
approaches to obviate them. A number of unanswered
questions remain, first and foremost about “real world”
effectiveness of novel methods of endoscope reprocessing
and of endoscopes with disposable components. Where
the balance lies between the risks, albeit quite low, of
endoscope associated postprocedural infection and the
cost (and environmental impact) of the disposable devi-
ces, remains to be determined. Overall, prior experience
and available data suggest that, when correctly executed,
current reprocessing practices are sufficient in preventing
SARS-COV-2 transmission.
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