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Background: A troubling number of health care-acquired infection outbreaks and transmission events,
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could not practically be achieved.5 This requirement for a higher stan-
dard of reprocessing in patient care is also reflected in the FDA’s
2015 final guidance to industry, Reprocessing Medical Devices in Health
Care Settings: Validation Methods and Labeling,6 which specifies that
semicritical devices should be sterilized unless the device design
prohibits sterilization.

The Gastroenterology-Urology Devices Advisory Panel dis-
cussed alternatives to high-level disinfection currently available for
reprocessing duodenoscopes. The sterilization options mentioned
included low-temperature sterilization modalities only, because
current duodenoscope designs are unable to withstand high-
temperature sterilization processes.

One option available is use of ethylene oxide (EO) for steriliza-
tion. EO is a time-honored sterilization method, but it requires
lengthy processing and aeration time, and is associated with em-
ployee health and safety risks. To date, no EO processor in the United
States has been cleared with a specific indication for sterilization
of duodenoscopes. In addition, users report that endoscopes expe-
rience a shortened use life due to material degradation issues when
processed repeatedly in EO. There is also a risk of patient and staff
toxicity if these devices are not aerated correctly to remove gas re-
siduals following the sterilization process. For these reasons, EO is
a less frequently used option and is not readily available in many
health care facilities.

Another low-temperature sterilization option is the use of liquid
chemical sterilants. There are numerous liquid chemical sterilants
cleared for device sterilization.7 However, the exposure time re-
quired to achieve sterilization for most of these formulations is
far longer than practical; therefore, it is our understanding that
these chemistries are commonly used for high-level disinfection
only.

There is a single FDA-cleared alternative that provides liquid
chemical sterilization within a 23-minute validated cycle. The
SYSTEM 1E® Liquid Chemical Sterilant Processing System (STERIS
Corporation, Mentor, OH) is the only system that is cleared in the
United States specifically for liquid chemical sterilization of cleaned,
immersible, reusable, heat-sensitive critical and semicritical medical
devices, including flexible endoscopes such as duodenoscopes. The
system uses S40™ Sterilant Concentrate (STERIS Corporation, Mentor,
OH), a peracetic acid-based chemistry, with every processing cycle.
Following exposure to the sterilant, the devices are automatically
rinsed to remove sterilant residuals. The rinse water is produced
at the point of use from a potable water source through an exten-
sive treatment process unique to SYSTEM 1E that removes or
inactivates bacteria, viruses, protozoa, and fungi to ensure the device
is safe for immediate patient use.

FDA noted in their executive summary for the Panel meeting that
they have made recommendations to manufacturers of endo-
scope reprocessing systems to perform additional, rigorous testing
with more robust reprocessing protocols to enhance the safety
margin associated with duodenoscope use.4 STERIS therefore has
recently conducted supplemental testing with SYSTEM 1E to chal-
lenge the process under extreme spore loading conditions, mimicking
worst case clinical use, when processing duodenoscopes from 2
major manufacturers, including both closed and open elevator guide
wire designs.

METHODS

Test devices

The objective was to perform triplicate test runs on a range of
at least 3 duodenoscope models that included devices manufac-
tured by more than a single manufacturer, and included at least 1
of each type of elevator wire channel design (ie, both open and

closed/sealed designs). The devices were selected based on their
availability at the time of testing and included Olympus TJF-160F,
Olympus TJF-Q180V (Olympus, Center Valley, PA), and Pentax
ED-3490TK (Pentax Medical, Tokyo, Japan).

Test method development and validation

A test method was developed and validated to provide a defined,
reproducible, high-titer inoculation of bacterial spores into each in-
ternal channel and at the distal tip of each device. Each manually
cleaned duodenoscope was inspected before testing and was then
inoculated with an aqueous Geobacillus stearothermophilus spore sus-
pension containing 5% serum in 400 ppm AOAC International
(Rockville, MD) hard water with a titer of 1.19 × 108 CFU/mL. All chan-
nels of each endoscope (biopsy, suction, air/water, air pipe if present,





designed and labeled to liquid chemically sterilize only critical and
semicritical devices that are thoroughly cleaned; that is, SYSTEM
1E is not intended to clean soiled devices.

The cycles were run under worst-case conditions to achieve liquid
chemical sterilization, including exposure time, liquid circulation
pump rate, and water temperature. In addition, the S40 Sterilant
Concentrate used represented the lowest usable (end of shelf life)
peracetic acid concentration. The simulated use processing cycles
performed were interrupted after 2.5 minutes of sterilant expo-
sure, which is less than half the exposure time of the standard (6.0
minutes) SYSTEM 1E liquid chemical sterilization cycle. These pa-
rameters ensured that testing would validate SYSTEM 1E’s
performance with a wide margin of safety between the laboratory
setting and real-world use.

The use of these test conditions for the studies was proposed
by STERIS and accepted by the FDA. This testing is considered supple-
mental because it was performed to satisfy a specific FDA request,
yet does not replace the range of data submitted as the basis for
SYSTEM 1E’s original 2010 premarket clearance. That work in-
cluded simulated use testing of devices under static conditions; that
is, tested outside the S1E Processor, to minimize the natural effect
of wash-off associated with circulation of processing fluids in the
automated system, a potential complication of device testing within
all liquid chemical processors. It should be noted that in the current
testing, some of the inoculated spore load (percentage not known)
may have been physically removed by the circulation of the per-
acetic acid-based solution around and through the duodenoscope
during the 2.5-minute exposure time. Despite this testing limita-
tion, in real-world use SYSTEM 1E’s tendency to wash away surface
residues with its oxidative sterilant use-dilution is generally con-
sidered a beneficial feature.

CONCLUSIONS

The SYSTEM 1E Liquid Chemical Sterilant Processing System was
validated to achieve more than 6 logs of spore reduction in each
internal channel and at the complex distal tip for varied
duodenoscope types, in less than half the exposure time normally
provided and in the presence of the worst-case parameters of
SYSTEM 1E processing. The successful outcome of the additional ef-
ficacy testing reported here indicates that the SYSTEM 1E Liquid
Chemical Sterilant Processing System is an effective low-temperature
liquid chemical sterilization method for duodenoscopes and other

critical devices. It offers a fast, safe, convenient reprocessing method
with the assurance of a system expressly tested and cleared to
achieve liquid chemical sterilization of specific validated
duodenoscope models.
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