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Background

Effective reprocessing of endoscopes is essential for infection prevention in healthcare, particularly for procedures
involving the gastrointestinal and respiratory tracts. Due to their intricate design and frequent reuse, endoscopes
present unique cleaning and disinfection challenges, making effective sterilization both critical and complex. This
review consolidates current research on endoscope sterilization methods, addresses associated challenges, and
explores ongoing innovations aimed at enhancing patient safety.

The risk of infection transmission from improperly reprocessed endoscopes, particularly complex devices like
duodenoscopes used in endoscopic retrograde cholangiopancreatography (ECRP) procedures, has been underscored by
past outbreaks. These incidents have exposed vulnerabilities in current reprocessing practices and spurred efforts to
improve guidelines, technologies, and training to protect patients.

Endoscope reprocessing typically involves multiple steps, including pre-cleaning, manual cleaning, high-level
disinfection, drying, and storage. Each step requires strict adherences to protocols, as any deviation can compromise
the effectiveness of the process. However, maintaining this level of precision can be resource-intensive, particularly in
high-volume healthcare settings with limited staffing.

This review consolidates the latest research on endoscope reprocessing methods and highlights ongoing advancements.
It addresses persistent challenges such as biofilm formation, compatibility with delicate device components, and
compliance with regulatory standards. By examining these issues and evaluating the potential of emerging technologies,
this review provides a comprehensive understanding of strategies to improve endoscope reprocessing and enhance
patient safety.




Disinfection & Sterilization
of Endoscopic Equipment

Disinfection vs. Sterilization

Sterilization, disinfection, and cleaning are essential processes in infection control, each serving a specific role in
ensuring medical device safety. Sterilization involves the complete destruction of all microbial life, while disinfection
focuses on eliminating most pathogenic microorganisms, although it does not eradicate bacterial spores.

Confusion often arises between these terms, with
“disinfection” sometimes mistakenly labeled as

o/ “sterilization” in healthcare settings, potentially leading
to misunderstandings about the level of microbial
elimination achieved.!"

Understanding the distinctions between sterilization, disinfection, and cleaning is vital, as each step—beginning with
effective soil removal—plays a critical role in achieving reliable disinfection or sterilization outcomes. For a list of
common terms and their definitions related to endoscope reprocessing, please see Appendix A.

Microbes vary significantly in their resistance to cleaning, disinfection, and sterilization, creating a hierarchy of
difficulty when attempting to eliminate them.? See Appendix B (as well as Reprocessing Modalities Diagram) for
more information.

At the lower end of the spectrum are enveloped
viruses and vegetative bacteria, which are
relatively easy to eliminate through basic cleaning _ ___ -
or low-level disinfection. Moving up the scale, e Sterilization Disinfection (HLD)
non-enveloped viruses, mycobacteria, and fungal ::l)olfitul)ifficult A Bacterial Spores
spores require more robust measures, such as

intermediate-level disinfection. At the top of

the hierarchy are bacterial spores, which are

highly resistant to most disinfection processes .

. . . Less Difficult
and require sterilization methods, such as to Kill
autoclaving, ethylene oxide gas, or vaporized
hydrogen peroxide (including hydrogen peroxide gas plasma), to ensure complete eradication.

Reprocessing Modalities 2

Mycobacteria
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Effective cleaning is foundational to all these processes, as residual soil and biofilms can shield microbes and hinder
the efficacy of disinfectants and sterilants. Understanding this hierarchy is critical to selecting the appropriate level of
microbial control for specific healthcare settings and devices.?



The Spaulding Classification

The Centers for Disease Control Guideline for Disinfection & Sterilization emphasize “a rational” approach to sterilization
and disinfection of hospital equipment. This framework, introduced by E.H. Spaulding in 1956, categorizes equipment
based on the risk of infection into three levels (See Appendix C).!"?

This classification, grounded in Spaulding’s perception of “risk of infection,” has remained a cornerstone in infection
prevention and is widely applied in both Infection Prevention and Central Sterile Processing Departments.l"? While
Spaulding’s logical approach has endured, advancements in understanding healthcare-associated infections (HAIs)
have introduced additional considerations. Everyday patient-care items, such as thermometers, ultrasound probes, and
stethoscopes, can serve as reservoirs for pathogens, with documented links to infectious outbreaks.!" This highlights
the critical need for proper disinfection practices.?!

Critical Items: Those with the highest infection risk—come into contact with sterile tissue,
including the vascular system. These items, typically supplied in sterile packaging, include
implants, cardiac and urinary catheters, arthroscopes, laparoscopes, and ultrasound probes used
in sterile environments.

Semi-Critical Items: Those that encounter mucous membranes or non-intact skin.["” Examples
include airway equipment and endocavitary probes. The CDC Guidelines state “these medical
devices should be free of all microorganisms,” though a small number of bacterial spores may

be present.!"? Historically, these instruments were rinsed with nonsterile water. However, tap water

can harbor organisms such as nontuberculous mycobacteria, Legionella, and Pseudomonas, which can
contaminate endoscopes during rinsing and potentially lead to patient infections. Forced-air drying plays
acrucial role in reducing contamination, particularly by biofilm-forming species like Pseudomonas, which
thrive on moist environmental surfaces.!

- Noncritical Items: Those that encounter intact skin but not broken skin or mucous membranes.
“The sterility of items coming into contact with intact skin is ‘not critical’ in the prevention of infection.”"

Originally intended as a simple, practical guide for clinical practice, the Spaulding Classification is not an absolute
framework. Over the past 50 years, significant advancements and trends have prompted a re-evaluation of its
relevance to modern healthcare practices.”” When the classification was first introduced, complex endoscopic
procedures were not yet widespread.

Today, while there is broad consensus that surgical instruments passing through mucous membranes should be
considered critical items requiring sterilization or single use, opinions vary on whether endoscopes should also be
classified as critical. Despite this debate, the adoption of reprocessing methods that enhance patient safety should
not be delayed, as classifying endoscopes as critical devices could drive progress in infection prevention.®

For example, the rise of multidrug-resistant organisms (MDROs) and high-concern organisms has amplified the
risks of procedure-related infections, especially in vulnerable patient populations.®® Additionally, advancements
in endoscopic technology have blurred the boundaries between “semi-critical” and “critical” devices. As more
sophisticated therapeutic instruments and endoscopy-driven procedures are introduced, the need for updated
classification criteria becomes increasingly apparent.



Importance of Medical Endoscope Reprocessing

Failures in the reprocessing of flexible endoscopes remain a leading patient safety concern, primarily due to the
complexity and multiple steps involved in the procedure.®” Annually, approximately 23.5 million gastrointestinal
endoscopies are performed, each involving direct contact between medical devices and a patient’s sterile tissue or
mucous membranes.®!

While some aspects of endoscope reprocessing have been automated to reduce operator error, vigilant monitoring

of manual procedures is essential to prevent lapses.”® Despite adherence to high-level disinfection (HLD) protocols,
infections associated with contaminated endoscopes continue to be reported.®™ Recent publications have reported

a contamination rate ranging from 4.72% to 16.14%.°'" Similarly, a prospective, multicenter, post-market study by
Okamoto et al. revealed a concerning 5.3% contamination rate of high-concern organisms in duodenoscopes that had
undergone reprocessing procedures.®

Contamination rates of
between 4.72% to 16.14% .
or higher have been reported

N

———

In response to these issues, the U.S. Food and Drug Administration (FDA) mandated post-market surveillance studies
in 2015, requiring major duodenoscope manufacturers to assess real-world reprocessing practices and document
contamination rates under standardized conditions. Endoscopes continue to be the most frequently implicated
reusable medical devices in healthcare-associated infections, yet the actual infection rate is likely underestimated
due to incomplete surveillance, underreporting, asymptomatic cases, and delayed infection onset.['?



Endoscope Reprocessing Challenges and The Margin of Safety

Achieving effective sterilization or disinfection depends on multiple factors, typically requiring comprehensive quality
control measures and strict adherence to documented protocols throughout the entire process. Factors that include
“real world” conditions are the microbial load, the presence of biofilms, the presence of inorganic material such as hard
water salts, and the presence of dried serum. All these “real world” factors decrease the margin of safety of instrument
reprocessing. Furthermore, increasingly complex manufacturer instructions for use present educational challenges
and add significant burdens to sterilization and disinfection protocols. Regional requirements vary, but high-level
disinfection should eliminate at least one million (10° or 6 logw) reductions of mycobacterial cells on a contaminated
device.” This depends on ideal cleaning and HLD conditions.

The challenges of reprocessing have intensified as minimally invasive instruments become more complex, potentially
leading to higher microbial burdens and more difficult soil removal. Multiple reprocessing studies have reported
double-digit rates of microbial growth on endoscopes.''® The complexity of these devices—characterized by numerous
channels, crevices, and potential defects—creates areas where contaminants can accumulate.'™ The literature
demonstrates a wide variation in reprocessing practices and educational procedures.” Publications cite several factors
related to the effectiveness of reprocessing:!'>'®l
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Endoscopes encounter extremely high levels of microbes when used in the gastrointestinal (Gl) tract, particularly
in the colon, where microbial density can be as high as 1 trillion colony-forming units (CFU) per milliliter. Research
indicates that Gl endoscopes can retain millions to billions (107-10'° CFU) of microorganisms within their internal
channels after use. "8
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The reprocessing process involves three essential steps to

reduce microbial contamination: f o

» Cleaning: When cleaning and HLD are not ideal, Cleaning

effectiveness can be as low as 6-log,, reduction of

o 2-6log,,

microorganisms. This is not effective if there is between High-level
107 and 10 organisms.'”) Disinfection o 4-Blog,
12 log,,
High-Level Disinfection (HLD): Further reduces microbes Sterilizati
by 10,000 to 1 million times (4-6 log,, reduction). erization Microbial
commm—0 12 ?lg‘gj:;’tm"

Sterilization: Achieves a 12 log,  or greater reduction,

Potential 4 log,  Gap

Cleaning + HLD alone can be aslowas 6 log,,  Perfect Conditions of Cleaning + HLD alone

effectively eliminating all microbes, including spores,
providing the highest margin of safety. This process

ensures that the device is completely free from viable
microorganisms, offering a significant advantage over

cleaning and HLD alone.

The enormous variability of Cleaning & HLD creates important
contamination risk for organisms of concern

This highlights the gap between HLD and sterilization. While HLD is effective in reducing a significant portion of
microorganisms, it does not achieve the same level of microbial eradication as sterilization. Given endoscopes’ high
microbial burden, HLD alone may leave behind microbes if the steps leading up to HLD are not executed according to
the manufacturer's specified instructions. In contrast, sterilization provides a significantly higher margin of safety,
reinforcing the need for improved reprocessing practices.!”



Biofilms

“5 stages of biofilm development” by D. Davis, from D. Monroe, “Looking for Chinks in the Armor of Bacterial Biofilms”,
PLoS Biology 5(11), e307. Licensed under CC BY 2.5 (https://creativecommons.org/licenses/by/2.5/).

Five stages of biofilm development

(1) Initial attachment, (2) Irreversible attachment, (3) Maturation |, (4) Maturation I, and (5)
Dispersion. Each stage of development in the diagram is paired with a photomicrograph of
a developing P. aeruginosa biofilm. All photomicrographs are shown to the same scale.!""!

Biofilm is a complex aggregation of microorganisms, primarily bacteria, which adhere to surfaces and are embedded
in a self-produced matrix of extracellular polymeric substances (EPS). This matrix enhances bacterial adhesion to
surfaces and between cells, making biofilm formation common in clinical settings like contact lenses, central venous
catheters, and urinary catheters.?2" Recent studies have confirmed the presence of biofilms in the inner channels of
gastrointestinal endoscopes.??

Bacteria within biofilms can be up to 1,000 times more resistant to
I chemical disinfectants compared to free-floating (planktonic) bacteria.?"

Biofilms serve as reservoirs for pathogenic bacteria, which can detach, revert to their planktonic state, and potentially
contaminate patients. Additionally, biofilms may release endotoxins that can enter a patient’s circulation through
damaged mucosa, possibly leading to systemic disorders.?" Research indicates that if the channels of endoscopes are
not thoroughly cleaned before disinfection, complete decontamination may not be achieved.®! Therefore, identifying
effective cleaning agents capable of disrupting and removing biofilms on gastrointestinal endoscopes is critical for
enhancing anti-biofilm efficacy under current reprocessing conditions.

Biofilm plays a major role in bacterial persistence within endoscope channels. Biofilms have been found in endoscope
channels despite following recommended cleaning and disinfection protocols. Studies have shown that biofilm can
accumulate in endoscope channels within 30-60 days of use and reprocessing, especially in air/water channels.?4
There is also growing evidence that biofilms may resist high-level disinfectants.? For example, a recent outbreak
linked to a carbapenem-resistant enterobacteriaceae (CRE) strain” showed weak resistance to peracetic acid in its
planktonic state but strong resistance when in biofilm form.?4 Due to this, it has become a major concern for patient
safety because these biofilms can harbor bacteria and thus lead to infection.?4

*Carbapenem is a class of powerful antibiotics often considered a last-resort option.






Outbreaks and Contamination
of Endoscopic Equipment

Types of Healthcare-Associated Infections (HAIs):
» Onein 31 hospital admissions is at risk for an HAI?%!

» HAls fit into 4 general categories as classified by the CDC:['%2%]

Surgical Site Infections (SSI)

Catheter-Associated Urinary Tract Infections (CAUTI)
Ventilator-Associated Pneumonia (VAP)
Central-Line-Associated Bloodstream Infections (CLABSI)

Additional notable HAls include:

» Clostridioides difficile-associated diarrhea, caused by a spore-forming organism in the gastrointestinal tract.

» Methicillin-resistant Staphylococcus aureus (MRSA), often linked to skin structure infections.

The cost estimate of an SSI ranges from $28,219 to $38,202, while CLABSI-related bloodstream infections can cost
between $48,108 to $68,983-120)

The Cost Estimate of
an SS| Ranges from

[26]




Duodenoscopy

Ofstead et al. note that multiple studies and regulatory investigations have examined methods for providing
“pathogen-free” instruments in endoscopy.?” Estimates of contamination rates and infection outbreaks associated
with duodenoscopes vary widely, highlighting inconsistencies in reprocessing outcomes.’?”? Additionally, the
methodologies used for reprocessing differ significantly and often have critical limitations.!?” A study by Loor showed
that patients who underwent Endoscopic retrograde cholangiopancreatography (ERCP) had more than double the
post-procedure infection rate (4.1% vs. 1.8%) with more resistant pathogens (1.1% vs. 0.2%) compared to patients
who did not undergo ERCP.?”" Many of these were pathogens of high-concern.'42"

Frequently, outbreaks involve multidrug-resistant organisms (MDROs), sometimes referred to as “superbugs.” Despite
receiving the attention from the press, regulatory bodies, and industry, outbreaks continue to occur, and the true
incidence may be more widespread.

In fact, underreporting may be due to additional limitations:?”
» Failure to detect asymptomatic colonization
» Long lag time between the procedure and infection manifestation
» Disseminated infection occurring away from the procedure site
» Assumptions that the infection came from the patient’s own gut

Of course, some infection may have originated from the patient’s own gut flora.

Several high-profile outbreaks prior to the COVID-19 pandemic
prompted regulatory scrutiny from the U.S. Food and Drug Administration and congressional

oversight.U.S. Senator Patty Murray played a key role in investigating these incidents, which
ultimately led to a U.S. Congressional report highlighting concerns about duodenoscope-
associated infections and the need for improved reprocessing protocols.?!

One of the challenges for duodenoscope reprocessing is the presence of a complex elevator mechanism at the distal
tip. This elevator mechanism allows the endoscopist to steer guidewires into the pancreatic duct and biliary tree. The
complexity of the elevator may allow for the harboring of infectious organisms even after the cleaning process.

~
7 Challenges in Duodenoscope Reprocessing:

» The complex elevator mechanism at the distal tip, essential for
guiding instruments, is particularly challenging to clean thoroughly.

» Manufacturers have introduced disposable distal endcaps to simplify
cleaning, which has shown improvements in contamination rates.®

Concerns over patient-to-patient transmission of infection resulted in manufacturers of endoscopes implementing
changes to duodenoscope design. One of these changes was the introduction of a disposable distal endcap, making
cleaning the complex elevator mechanism easier. Studies have shown an improvement in contamination rates.!?”!

It is important to note that the distal elevator area is not the only area of an endoscope that may

be contaminated. 0



Endoscopic Retrograde Cholangiopancreatography (ERCP)
High Risk Clinical Populations

ERCP is now frequently performed in high-risk patient populations, including individuals who are elderly,
immunocompromised, or have complex medical conditions such as chronic liver disease, pancreatitis, or biliary
obstructions. Subsequently:

» Patients undergoing ERCP often have a weakened immune response and may be more susceptible to infection.

» Due to the complex design of duodenoscopes, infected patients can transfer pathogens, including multidrug-
resistant organisms (MDROs), to the device during ERCP, increasing contamination risks and potential
transmission to future patients if reprocessing is inadequate.

A retrospective cohort analysis of ERCP data examined over 800,000 US Medicare Fee-For-Service claims (2015-
2021) and over 16,000 all-payer data (2017) looking at 7 and 30-day post-procedure infection, hospitalization and
pancreatitis rates. The study found that approximately 3.5% were infected after 7 days and 5.5% after 30 days (see
graphic below).®? Risk factors identified in this study include those with chronic conditions including being post-liver
transplantation, a history of cancer and autoimmune disease.

While single-use devices are sometimes employed when a patient’s infection status is known—such as cases
involving MDROs, Hepatitis B or C, or HIV—a patient’s infectious status may not be known ahead of time. Additionally,
hospital protocols do not generally require the use of “sterile” endoscopes for immunocompromised patients, despite
their increased vulnerability to infection.

The Spaulding classification was originally designed as a general guideline and did not account for MDROs, high-
risk patients, or complex devices. Therefore, while endoscopy devices have traditionally been categorized as
“semi-critical", the nature of the patient population and the elevated risk of infection transmission should place
duodenoscopes in Spaulding's “critical” category—requiring sterilization.®"

Often, liver transplant patients require duodenoscopy/endoscopic retrograde cholangiopancreatography (ERCP) for
biliary complications.®? In a single-center trial, 97% of patients required therapeutic intervention for their biliary
disease.’? Within this transplant cohort, the infection rate was 16.1%.52

** Post ERCP infection, hospitalization and pancreatitis rates:’*%

7 DAYS

éb Post-liver transplant
POST PROCEDURE POST PROCEDURE

PATIENT CLAIMS PATIENT CLAIMS
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Bronchoscopy Outbreaks

While at least 25 outbreaks of multidrug-resistant organism from duodenoscopy have been reported internationally,
bronchoscopy has had at least 130 reported outbreaks. The actual numbers are potentially higher as these may be
underrecognized, underdiagnosed, and/or underreported. There are 500,000 U.S. bronchoscopies performed each year.
The CDC has conducted 15 separate investigations of bronchoscope outbreaks, with a vast range of organisms, including
those that can be considered MDRO species.

Bronchoscopy Contamination

Ofstead et al. published a study demonstrating an alarmingly high rate of contamination of bronchoscopes after
cleaning (100%) and a 58% rate after processing. The study suggests that pathogen transmission is an issue despite
guideline adherence.'® The comprehensive multi-site study indicated important contamination challenges, including
damaged endoscopes and improper use and maintenance of automated endoscope reprocessing (AER) equipment.

Urology Contamination and Outbreaks

Advancements in endoscopy have had significant application in urology. Flexible ureteroscopy is an important modality
for treating renal and ureteral stones. Effective reprocessing of urological scopes is underpinned by close adherence to
the manufacturer’s Instructions for Use (IFU) and meticulous adherence to cleaning protocols. This has been the subject
of a Food and Drug Administration (FDA) letter to healthcare providers.!'"® Outbreaks have included Pseudomonas
aeruginosa as well as Gram-positive cocci.['®

Advocating for Endoscope Sterilization

The Healthcare Sterile Processing Association (HSPA) Endoscope Reprocessing Manual highlights the growing consensus
among experts and regulatory bodies regarding the need to elevate endoscope reprocessing standards.® This shift

is driven by increasing concerns over healthcare-associated infections, particularly those linked to inadequately
reprocessed endoscopes. By transitioning from HLD to sterilization for certain devices, healthcare facilities can
significantly enhance patient safety. Sterilization offers a higher level of assurance, eliminating all microbial life,
including bacterial spores, which can be resistant to HLD (see Appendix B). While this transition may require
additional investments in equipment and training, the potential benefits in terms of reduced infection rates and
improved patient outcomes make it a worthwhile consideration.

12



Environmental Sustainability
Considerations in Endoscopy

Single-use endoscopes have been promoted to entirely prevent cross-contamination and eliminate the complexities
associated with reprocessing reusable endoscopes. However, the widespread adoption of single-use endoscopes has
been met with challenges related to cost and environmental impact.®® One key factor to consider is the break-even cost
of single-use devices (SUDs), which also involve added supply chain logistics and storage expenses.®

SUDs also have environmental impact:

» They have a higher carbon footprint: 10.9 kg CO, vs. 4.7 kg for reusable gastroscopes. This is equivalent to a
28 km (17.5 mile) car drive.®®

» They have an additional 40% creation of disposable medical waste.!*”

To meet physicians' needs, single-use duodenoscopes must closely match the maneuverability, flexibility, and image
quality of reusable scopes, as these factors are essential for procedural effectiveness.®

The environmental impact of disposable endoscopes, resulting from increased medical waste, raises concerns that
warrant further evaluation—particularly considering the healthcare sector's commitment to sustainability.

Since the materials used in the construction of reusable endoscopes are not compatible with the heat of steam
sterilization, low-temperature methods of sterilization are essential to prevent endoscope damage and degradation.
Ethylene oxide (EtO) sterilization has been widely used for sterilizing medical devices and is now being considered for
endoscopes as well. This method is highly effective, capable of eliminating all microbial life, including spores. However,
its practical use for endoscope reprocessing is constrained by lengthy cycle times and the need for extensive aeration to
remove residual toxic gas.




Conclusion

The reprocessing of endoscopes is a complex and critical process that directly impacts patient safety. While
significant advancements have been made in recent years, challenges persist, particularly in achieving complete
microbial elimination and preventing biofilm formation. The rise of multidrug-resistant organisms (MDROs) further
underscores the importance of rigorous reprocessing protocols.

The Spaulding classification system, while useful, may need to be revisited to better categorize endoscopes,
especially those used in complex procedures like ERCP. The increasing complexity of endoscopic devices and the
potential for biofilm formation highlight the need for innovative cleaning and disinfection techniques.

Shifting from high-level disinfection to sterilization for certain devices, particularly those used in high-risk procedures
where mucosal surfaces may be compromised, is a promising approach to enhance patient safety. However, this
requires careful consideration of the device's material compatibility and the sterilization method's effectiveness.

Future research should focus on developing more effective cleaning agents, improving biofilm removal techniques,
and evaluating the efficacy of newer sterilization technologies such as hydrogen peroxide gas plasma. Furthermore,
standardized reprocessing protocols, rigorous quality control measures, and ongoing surveillance are essential to
minimize the risk of healthcare-associated infections especially where there is a risk of MDRO transmission.

By addressing these challenges and implementing evidence-based practices, healthcare facilities can significantly
reduce the risk of endoscope-related infections and improve patient outcomes.
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Appendix A:

Glossary of Helpful

Definitions
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Automated endoscope reprocessor (AER): A machine that
automates the cleaning and disinfection of endoscopes.

Biofilm: A complex aggregation of microorganisms,
primarily bacteria, which adhere to surfaces and are
embedded in a self-produced matrix of extracellular
polymeric substances (EPS).

Cleaning: The removal of visible soil and microbial
contaminants. Water, detergent and enzymatic products
may all be used. Cleaning is essential to the overall high-
level disinfection or sterilization process.

Colony-forming unit (CFU): A unit of measurement used to
estimate the number of viable (living) bacterial or fungal
cellsin a culture.

Critical Items: Have the highest potential for creating risk
of infection because they encounter sterile tissue including
the vascular system. Historically, these are sold in sterile
packaging and include implants, cardiac and urinary
catheters, arthroscopes and laparoscopes and ultrasound
probes used in sterile tissue.

Disinfection: A process that eliminates many or all
pathogenic microorganisms on inanimate objects except
for spores.

Duodenoscope: A specialized endoscope used to view and
perform procedures on the duodenum (the first part of the
small intestine) and pancreatic and bile ducts.

Endoscope Reprocessing: The multi-step process of
cleaning, disinfecting, and drying an endoscope after each
use to prevent transmission of infection to the next patient.

Endoscopic retrograde cholangiopancreatography (ERCP):
A minimally invasive procedure that uses a duodenoscope
to diagnose and treat problems in the bile ducts and
pancreatic duct.

Endoscopy: A medical procedure that uses a thin, flexible
tube with a light and camera at the end to examine the
inside of the body.

Ethylene Oxide (Et0): A low-temperature sterilization
method commonly used for sterilizing heat-sensitive
medical devices.

Exogenous infection: An infection that arises from an
external source, such as a contaminated medical device.

Hydrogen Peroxide Gas Plasma (HPGP): A low-temperature
sterilization method that uses a combination of hydrogen
peroxide gas and plasma to kill microorganisms. This
method is effective for sterilizing heat-sensitive medical
devices and is considered a safer alternative to other low-
temperature sterilization methods.

High-Level Disinfection (HLD): A disinfection process that
eliminates most pathogenic microorganisms, but not all
spores, on inanimate objects.

High-concern organisms: Microorganisms that are
considered to be more likely to cause patient infection
than low-to-moderate concern organisms.

Liquid Chemical Sterilization (LCS): A method of
sterilization that uses a liquid chemical solution to kill
microorganisms.

Low-Level Disinfection: Destroys most bacteria and some
viruses especially enveloped viruses.

Low-to-moderate concern (LMC) organisms:
Microorganisms that are considered to be less likely to cause
patient infection than high-concern organisms.

Margin of Safety: The difference between the level of
microbial contamination on a medical device and the level
at which infection is likely to occur.

Multidrug-Resistant Organisms (MDROs): Bacteria that are
resistant to two or more classes of antibiotics.

Semicritical Items: Those that encounter mucous
membranes or non-intact skin.

Spaulding Classification: A three-category methodology for
classifying medical devices based on their risk of infection
transmission. The categories are critical, semicritical, and
noncritical.

Sterilization: The destruction or complete elimination of all
forms of microbial life.



Appendix B:

[ J [ B K J [ J [1’2]
Susceptibility Diagram
Modality/Level
Resistant Prions (Creutzfeldt-Jakob Disease) . (Prion Reprocessing)

Bacterial spores (Bacillus atrophaeus) SR

O
®
Coccidia (Cryptosporidium) Disinfection
Mycobacteria (M. tuberculosis, M. terrae) (High)
Nonlipid or small viruses (polio, coxsackie)
%) Fungi (Aspergillus, Candida) (Intermediate)

Vegetative bacteria (S aureus, P aeruginosa) ......................................

®
@®

Lipid or medium-sized viruses (HIV, herpes, hepatitis B) «--:-ee-e-- - N (Low)
Susceptible

This schema allows an approach to ranking resistance to disinfection and sterilization based on cellular structure.
Of note, Prions are proteinaceous infectious material that do not contain nucleic acid (i.e. deoxyribonucleic acid or
ribonucleic acid).” Destruction of spores requires sterilization.

Appendix C:

Spaulding Classification”

The Spaulding Classification System divides medical devices into three categories based on the

intended use of the device and the degree of risk of patient infection.

CATEGORY DESCRIPTION EXAMPLES CLASS OF DISINFECTION
Non-critical | Device that only contact | » Blood pressure cuff Since the risk of infection is low, these
intact skin ) Crutches surfaces are disinfected with low- or

intermediate-level disinfectants

» Other patient care equipment . .
(e.g., phenolic, iodophor, alcohol, chlorine).

Semi-critical | Device that contact » Endotracheal tube Minimally requires high-level disinfection
intact mucous » Non-invasive endoscope with FDA-cleared chemical disinfectants
membranes or » Cystoscopes such as glutaraldehyde, hydrogen peroxide,
nonintact skin of the » Anesthesia breathing tubes ortho-phthalaldehyde, and peracetic acid.
patient

Critical Device that are » Needles Since the risk of infection is very high,
introduced directly into | » Surgical instruments these devices must be sterilized before
the bloodstream or » Cardiac catheters each use.

sterile areas of the body | » Implants (e.g., heart valves)

16
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