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A B S T R A C T

World-wide reports of duodenoscope-associated outbreaks of multidrug resistant micro-organisms are an
indication that transmission of infection via contaminated endoscopes occurs more frequently than previously
thought. To reduce the incidence of endoscope contamination, open communication between manufacturers,
institutions, and government agencies is urgently needed. Endoscope risk factor studies and thorough investi-
gation of outbreaks by experts are instrumental in lowering and ultimately eliminating infections. These stud-
ies should yield improvements in endoscope design, endoscope reprocessing, as well as hospital surveillance
and infection control measures. Current reprocessing methods have a very small margin of safety, allowing no
room for error. Strictly following the manufacturer’s instructions regarding reprocessing does not adequately
guarantee complete removal of micro-organisms. New reprocessing measures to reduce contamination show
promising results, but they are costly to implement and do not assure zero contamination risk. Redesign of
endoscopes to facilitate better cleaning and ultimately sterilization instead of disinfection might provide a
solution. Going forward, the focus should extend beyond the forceps elevator to include the entire instrument
since every aspect of the duodenoscope can be contaminated by infectious organisms. Single-use duodeno-
scopes would completely eliminate the risk of transmission of exogenous micro-organisms, but they not the
Food and Drug Administration-approved, and are likely to be costly and of unproven efficacy. Indeed, balanc-
ing cost-effectiveness of any redesign or use of disposable endoscopes with the actual risk of transmitting
exogenous micro-organisms will ultimately determine which solutions are adopted and utilized.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

This issue of Techniques in Gastrointestinal Endoscopy is dedi-
cated to raising awareness for the existence and extent of endo-
scope-related infections. In this article, we will discuss future
directions and opportunities that may limit and eventually elimi-
nate endoscope-related infections. Short-term measures to reduce
the chance of endoscope contamination with current-design reus-
able endoscopes are essential. Further development of endoscope
design, reprocessing techniques, and control measures to prevent
contamination are needed to eventually eliminate endoscope-
related infections.
2. The current state

Endoscope-associated infections due to contaminated endo-
scopes continue to be reported worldwide [1-3]. Although endo-
scope-associated infections are in particular duodenoscope-related,
recent reports also discuss outbreaks related to gastroscopes [4,5],
colonoscopes [6], and bronchoscopes [7-9]. Patients infected via
endoscopes are mostly detected during outbreak investigations or
carriage by epidemiologically linked patients. Infections with multi-
drug-resistant micro-organisms are easily recognizable and thus
most frequently reported. It is needless to state that these infections
are only the tiny tip of the iceberg as persistent contamination of
antibiotic sensitive (nonresistant) micro-organisms and contamina-
tion lasting only 1 or 2 procedures, remain unnoticed. A better esti-
mate of the problem is the number of contaminated endoscopes
despite “adequate” reprocessing. Recent studies have mainly
assessed duodenoscope contamination incidence rates ranging from
0.3% to 30% [10-16], although linear echoendoscopes with a similar
complex design [11,12,17], gastroscopes [12,18,19], and colono-
scopes can also be contaminated [12,18,19]. Klebsiella pneumoniae
and Pseudomonas aeruginosa are frequently involved in endoscopy-
related outbreaks, probably due to their persistence in biofilms. Sub-
ject to heavy wear and tear, damaged parts such as biopsy channels
are vulnerable to biofilm formation.

The actual risk for a patient of becoming infected (ie, transmis-
sion) by a contaminated endoscope is not yet known. Duodenoscope-
associated outbreaks have shown attack rates (the number of infected
or colonized cases/number of exposed persons) from 12% to 41%
[20-24]. However, in a nonoutbreak setting, it is unclear what the
actual risk of transmission of exogenous micro-organisms is when
using a contaminated endoscope. Outbreaks have been reported to
be associated with multiple factors, including reprocessing protocol
breaches [4,24,25], inadequate endoscope maintenance [10,26], duo-
denoscope design issues [22], and ineffective or even absence of
microbiological surveillance [20,21,27,28]. Moreover, the true extent
of the problem is unknown as detected outbreaks are not adequately
reported, registered and/or communicated by manufacturers, hospi-
tals, and governmental bodies [1,2]. A worldwide survey reported
that nearly one fifth of the responding institutions experienced at
least 1 endoscope-associated outbreak [29].

Providing minimal invasive diagnosis and therapeutic options,
endoscopy has established itself as an essential part of contempo-
rary medicine with both low procedural risks and costs. The total
volume, complexity, and invasiveness of endoscopic procedures are
expected to continue rising in the coming decades. Safe endoscopic
procedures without avoidable microbiological transmission risk in
this day and age of increasing reports of antibiotic resistant bacteria
and attributable deaths [30] are only possible if all parties involved
(gastroenterologists, medical microbiologists, government agencies,
regulatory bodies, and manufacturers) acknowledge the issue and
act concertedly.
3. Future view 1: short-termmeasures

3.1. Transparent communication

More transparent communication and thorough assessment of
adverse events (ie, outbreaks, device failures, and reprocessing
risks) by hospitals and manufacturers, whether involving endo-
scopes or reprocessing equipment, is essential. The US Food and
Drug Administration (FDA) has emphasized that if adverse events
are not reported in a proper and timely manner, patient safety may
be put at risk [31]. Investigation of the outbreaks by experts, includ-
ing dismantling the persistently contaminated endoscope, is instru-
mental to assess and improve endoscope design, scope reprocessing
and surveillance measures. Although up to 40 duodenoscope-associ-
ated outbreaks have been reported [2,32], few reports describe
investigation of the endoscope concerned [22,23,26,33-35]. One
independent investigation ultimately contributed to a design modi-
fication and worldwide recall of the Olympus TJF-Q180V duodeno-
scope [22,34,35], including 4400 duodenoscopes in the United
States [36].

In 2015, the FDA demanded postmarket surveillance studies on
the Instructions for Use related to duodenoscope reprocessing by all
three major manufacturers of these instruments: Fujifilm, Olympus,
and Pentax [37]. After all 3 manufacturers initially failed to conduct
these studies [31], the first interim results demonstrated higher-
than-expected contamination rates of up to 3% for high concern
organisms [37]. In response to this, the FDA stated that reprocessing
alone may not be sufficient to avoid duodenoscope-associated infec-
tions [31]. Awareness that endoscope contamination is a clinical real-
ity and cannot be neglected should enforce a proactive attitude of all
relevant professionals working with endoscopes. Close and regular
communications are required between reprocessing staff, medical
device experts, infection control professionals, medical microbiolo-
gists, and gastroenterologists in order to control endoscope-related
infections.

3.2. Endoscope risk factors

To develop tailored measures to control endoscope contamina-
tion, more information about endoscope-specific risk factors such as
vulnerable design issues, endoscope durability, and optimal inspec-
tion frequency are needed. Currently, attention focuses on complex
design endoscopes, as persistent contamination of the forceps eleva-
tor [10,24,26,38], and the protection cap [22,33], have been a source
for multiple outbreaks. Although several type specific design issues
have been raised [22,33], contamination of duodenoscopes and linear
echoendoscopes does not seem to depend on manufacturer or type
[11,39]. Moreover, not only the forceps elevator but the whole endo-
scope should be critically assessed. All endoscope locations including
channels can be contaminated [39], and all endoscope types are at
risk of contamination [12]. Borescope studies show that the inside of
all types of gastrointestinal endoscopes are often damaged [40,41],
which can affect the risk of contamination [42], as damage to internal
parts may facilitate biofilm formation.

The American Society for Gastrointestinal Endoscopy warns
that endoscope longevity and durability are understood incom-
pletely [43]. Several outbreak investigations have shown that nor-
mally-functioning duodenoscopes were ultimately found to harbor
critical abnormalities [10,26,33] which may have contributed to
contamination. Timely, routine inspections and preventive mainte-
nance could prevent use of damaged endoscopes. Affected centers
and professional societies have advocated that guidelines should
become available pertaining endoscope evaluation and mainte-
nance schedules [7,10,17,26,44]. Nowadays, manufactures advise
yearly inspections of duodenoscopes [36,45-47]. Contamination of
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duodenoscopes and linear echoendoscopes, however, is indepen-
dent of physical age and therefore usage-based inspections could
be considered [11]. We advocate the implementation of an endo-
scope-specific log file in which users and manufacturers keep track
of previous endoscope repairs and culture results (where per-
formed).
3.3. Process control

Although improvements in endoscope designs and reprocessing
techniques are to be expected, the majority of hospitals will con-
tinue to use current-design endoscopes and high-level disinfection
(HLD), at least in the decade to come. Therefore strict process con-
trol, regular intensive training of cleaning personnel and regular
audits remain essential [48], as the current reprocessing technique
has a very small margin of safety [49-52] and is error-prone [53-55].
Surveys show a large variation of compliance with reprocessing
practices [14,29,56,57]. A worldwide survey among 163 institutions
showed that manual cleaning of endoscopes is not routinely per-
formed in 20% of institutions [29]. This is alarming because without
manual cleaning, adequate disinfection of the endoscope is not pos-
sible. Repeated surveys can help to identify persistent reprocessing
flaws and create a critical awareness as well as promote knowledge-
sharing among institutions [56,58]. Endoscope manufactures may
develop tools to assess (and thereby enhance) compliance with
Instructions for Use after they have completed the FDA-ordered
human factors studies [31]. Even when novel reprocessing techni-
ques including sterilization become available, protocol adherence
including meticulous manual cleaning will remain imperative to
reduce the risk of endoscope-related infections.
3.4. Control measures

According the FDA, following current reprocessing practices is
not sufficient to avoid all duodenoscope-associated infections [31].
Therefore, the efficacy of scope decontamination should be verifi-
able with easily applied and effective control measures. Microbio-
logical surveillance is the gold standard and considered as the bare
minimum by the majority of the international guidelines to pre-
vent the use of persistently contaminated endoscopes [44,59-61].
Negative culture results, however, do not guarantee a total absence
of micro-organisms. Several outbreak investigations were not able
to retrieve the concerning micro-organism from the contaminated
endoscope [23,33,62,63]. Furthermore, there is no (international)
consensus on the sampling and culturing method of endoscopes.
This complicates the comparison of culture outcomes from studies
around the globe. The optimal culture frequency is also subject of
debate, varying between weekly to yearly cultures. Culture-and-
quarantine strategies may be challenging for some centers from
the viewpoint of economics: obtaining culture results takes at least
48-72 hours and quarantining endoscopes while awaiting these
culture results thus requires the purchase of extra endoscopes to
overcome scope downtime. Other tests for which the result is read-
ily available, such as adenosine triphosphate tests and bioburden
assays measuring protein, hemoglobin, or carbohydrates, have sev-
eral limitations. Testing is performed mainly after manual cleaning
to allow the endoscope to proceed to HLD, as post-HLD testing is
not sensitive enough to negate the presence of micro-organisms.
Although the correlation between adenosine triphosphate test
results and culture outcomes seems poor [64], these tests could
also prove useful to enhance manual cleaning protocol adherence
and thereby reduce the incidence of post-HLD endoscope contami-
nation.
4. Future view 2: new reprocessing methods for current-design
heat labile endoscopes

4.1. Spaulding criteria: still applicable?

The Spaulding classification has been used for decades and catego-
rizes reusable medical devices in 3 classes based on the risk of trans-
mission of micro-organisms. Duodenoscopes are classified as “semi-
critical” devices, meaning that they come in contact with nonintact
skin or mucous membranes, requiring HLD [65]. However, the Spauld-
ing classification may be outdated for flexible endoscopes since the
procedures for which these devices are being used have become more
invasive. Endoscopes are contaminated with a microbiological load up
to 7-10 log10 [49-52], while reprocessing reduces this load at a maxi-
mum of 6-12 log10 [49-52]. This means that reprocessing leaves no
room for error [53-55]. This is of particular relevance to duodeno-
scopes which are even more difficult to reprocess than straight-chan-
nel endoscopes due to their more complex design [22,49].

Sterilization reduces a much higher load of micro-organisms, but
is only required for critical instruments that come in contact with
sterile tissue [65]. Endoscopic retrograde cholangiopancreatography
(ERCP) and therapeutic endoscopic ultrasound have become more
invasive while breaching more often natural mucosal barriers, for
example, through papillotomy, ampullectomy, and endoscopic
necrosectomy. In addition, patients presenting for endoscopic proce-
dures have become increasingly complex with additional comorbidity
and immune compromise. The possibility of an infection due to trans-
location of endogenous micro-organisms, that is, those originating
from the patient him/herself, has always been a potential risk that is
inherent to ERCP [66]. Importantly, outbreaks now show that duode-
noscopes are vectors for transmission of exogenous micro-organism,
that is, those originating from a previously treated patient with that
same endoscope.

In an outbreak setting it was shown that biliary obstruction (ie,
cholangiocarcinoma and biliary stent placement) was associated with
an increased risk of transmission of exogenous micro-organisms [67].
This leads to the question as to whether or not duodenoscopes are in
fact critical devices which should be sterilized to exclude avoidable
transmission risks for the patient. Current-design heat liable endo-
scopes cannot endure regular high temperature sterilization meth-
ods. Therefore, reprocessing methods with a larger margin of safety
should be developed which are both suitable for use with current
design duodenoscopes and safer for cleaning staff personnel.

4.2. Double HLD or low temperature sterilization

In 2015, the FDA suggested 4 supplemental measures in addition
to regular reprocessing to reduce endoscope contamination rates.
These measures, repeat HLD, ethylene oxide (EtO) sterilization
[15,16,68-70], the use of a liquid chemical sterilant and surveillance
culturing [10,11,15,17] have been explored in several studies.
Although some of these studies show that a reduction of contamina-
tion is feasible, no studies convincingly show a zero contamination
rate. Most of the suggested measures require extensive logistical and
financial investments including the purchase of extra endoscopes to
overcome scope downtime. Double HLD could be easily implemented
in daily practice and does not require extensive additional costs.
Studies assessing the effect of this method were unable to show a
zero contamination rate [13,16,69], even if a second manual cleaning
step was added [69].

Performing 2 cycles of HLD or EtO sterilization after single HLD has
not led to lower contamination rates compared to the standard pro-
cedure using single HLD [13]. EtO sterilization uses low temperatures
and has been used effectively to clean contaminated duodenoscopes
after outbreaks [71] or when contamination persisted despite
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repeated processing cycles. However, this form of sterilization comes
with several limitations. EtO has an increased turn-around time
requiring the purchase of additional duodenoscopes, it can damage
duodenoscopes, and it is toxic and carcinogenic to personnel [72,73].
Furthermore, complete sterilization has not yet been proven in ran-
domized trials [13,71] and the addition of EtO does not appear to be
cost-effective [74]. Hydrogen peroxide ozone sterilization [75] and
disinfection using plasma-activated water [76] have both so far only
been tested in small studies. Both methods showed promising results,
but have yet to be proven in clinical trials. For now, none of these
additional measures to the current reprocessing cycle seem to be able
to a guarantee a zero contamination rate of reusable endoscopes.

5. Future view 3: redesign of endoscopes

5.1. Peer-review is essential

The expectation is that redesigned endoscopes will facilitate
improved reprocessing or sterilization, thereby preventing the risk of
transmission of micro-organisms. However, lessons can be learned
from the introduction of recently adapted duodenoscope models. The
current risk classification of endoscopes in both Europe and the US
state that new endoscope models are given market authorization
without the need for additional scrutiny by regulatory bodies if the
modified design is sufficiently similar to previously approved designs
[77,78]. In 2010, Olympus introduced the TJF-Q180V duodenoscope
with a sealed elevator channel, based on a previously approved
design with an open elevator wire channel [1]. In 2014, only after the
occurrence of multiple outbreaks related to the use of the TJF-Q180V,
the FDA indicated that the design modifications had a potential
impact on safety. Subsequently, after a 2016 modification to the ele-
vator wire channel sealing, did the FDA consider the modified design
to be equivalent [36,79] to previous models. Ultimately, this leads
Olympus to recall the TGF-Q180V worldwide [36,80]. The lesson to
be learned is that successive design adjustments of endoscope models
can ultimately result in a substantial functional change as compared
to the original “legacy” model with a resulting potential safety risk.
This questions whether this system of semiautomatic “renewal” of
market authorization is not outdated and poses safety risks that can
be avoided.

5.2. Reusable endoscopes with single-use parts

Newly introduced duodenoscope models have disposable protec-
tion caps [81,82], including models with a disposable forceps elevator
or with a sterilizable removable elevator mechanism [83,84]. These
adjustments should facilitate adequate cleaning of crevices surround-
ing the forceps elevator, but these changes have not yet been proven
in peer-reviewed studies. Current design adjustments have focused
on the tip and the forceps elevator but multiple sites within the duo-
denoscope have shown to be predilections for contamination [39].
More innovative designs should also address other parts, in particular
the damage-sensitive biopsy channel as this site has shown to be
often contaminated.

5.3. Single-use endoscopes

A very important and relevant issue is the fact that it is still
unknown which percentage of postprocedure infections is to be attrib-
uted to contaminated endoscopes. The use of single-use endoscopes
would eliminate any risk of transmission from exogenous micro-
organisms. The use of disposable bronchoscopes and ureteroscopes
has already been tested in clinical practice, and a disposable duodeno-
scope is in the latter stages of development [85-87]. Apart from
whether single-use endoscopes perform as well as reusable endo-
scopes, implementation will ultimately depend on their cost-
effectiveness. A recent report estimated the total per-procedure costs
of reusable duodenoscopes at $297-$818, depending on the ERCP vol-
ume [88]. Although extrapolation to other practices is limited as the
analysis was performed in a US tertiary center, the report stated that
the use of single-use instead of reusable duodenoscopes would add
significant costs. Furthermore, the costs of the HLD reprocessing infra-
structure would remain largely the same because these facilities would
still be required for the cleaning and disinfection of gastroscopes and
colonoscopes until these are disposable as well. Another cost explora-
tion report conservatively estimated reprocessing costs of one reusable
endoscope at $114-$280, excluding purchase and maintenance costs
[89]. The bigger picture, however, also includes costs for managing col-
onized individuals and infected patients, infection prevention, risk
management and litigation, and implementation of previously
described supplemental reprocessing measures [74]. Surveillance costs
can vary, as currently there is no consensus on which microbiological
surveillance method to use and its frequency. In a US tertiary center
performing monthly cultures, annual costs per endoscope were $1500
to which the purchase of extra duodenoscopes to overcome downtime
was not added [70]. In addition to the burden patients have to endure
because of repeated culturing or isolation measures, outbreak manage-
ment also poses a large financial strain to the health care system. The
costs of other nonendoscope-related nosocomial outbreaks ranged
from €10,778-€356,754 or even up to $804,263 [90,91] of which about
50% lost revenues were caused by missed income due to closed beds.
Future studies incorporating all hidden expenses should determine if
the costs of single-use duodenoscopes are justified.

6. Conclusion

Endoscope-related infectious outbreaks of micro-organisms
including multidrug-resistant micro-organisms call for stringent con-
trol measures and critical assessment of current-design endoscopes
in the short term, and for the development of innovative reprocessing
techniques and radically different endoscopes designs in the long
term. To date, the ideal reprocessing method that guarantees absence
of exogenous micro-organisms of reprocessed endoscopes with an
acceptable turnover time while being safe for staff and endoscopes
remains elusive. Newly introduced duodenoscope models with dis-
posable parts are the first step toward the development of durable
endoscopes that potentially have a lower risk of contamination.
Single-use endoscopes may provide yet another solution; however,
cost may be a barrier to wide-scale implementation. Ultimately, the
actual risk of transmission of exogenous micro-organisms through
contaminated endoscopes and the burden of world-wide antibiotic
resistance patterns, relative to the cost-effectiveness of any one mea-
sure designed to reduce or abolish the risk of infection, will dictate
which solution holds the future.
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