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Abstract

Background: Bronchoscopy is generally a safe and efficient procedure. However, the risk of cross-contamination with
reusable flexible bronchoscopes (RFB) has been detected in several outbreaks worldwide.

Aim: To estimate the average cross-contamination rate of patient-ready RFBs based on available published data.

Methods:We performed a systematic literature review in PubMed and Embase to investigate the cross-contamination rate
of RFB. Included studies identified indicator organisms or colony forming units (CFU) levels, and total number of sam-
ples >10. The Contamination threshold was defined according to the European Society of Gastrointestinal Endoscopy and
European Society of Gastrointestinal Endoscopy Nurse and Associates (ESGE-ESGENA) guidelines. To calculate the total
contamination rate, a random effects model was applied. Heterogeneity was analysed via a Q-test and illustrated in a forest
plot. Publication bias was analysed via the Egger’s regression test and illustrated in a funnel plot.

Results: Eight studies fulfilled our inclusion criteria. The random effects model included 2169 samples and 149 events
(positive tests). The total RFB cross-contamination rate was 8.69% ± 1.86 (standard division [SD]) (95% confidence interval
[CI]: 5.06–12.33%). The result showed significant heterogeneity of 90% and publication bias.

Discussion: Significant heterogeneity and publication bias is likely associated with varying methodology and aversion towards
publishing negative findings, respectively. Based on the cross-contamination rate an infection control paradigm shift is needed to
ensure patient safety.We recommend to follow the Spaulding classification and classify RFBs as critical items. Accordingly, infection
control measures such as obligatory surveillance, and implementing single-use alternatives must be considered where feasible.
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Background

Bronchoscopy is frequently performed in more than
1,100,000 procedures annually in Europe (Eurostat - Your
key to European statistics, 2020). Contaminated reusable
flexible bronchoscopes (RFB) are frequently associated with
outbreaks of healthcare-associated infections (Kovaleva
et al., 2013). Bronchoscopy most often results in endoge-
nous infections caused by the microbial flora from the upper
respiratory tract, including viridans group streptococci,
staphylococci, Moraxella spp., Neisseria spp., and anaer-
obic bacteria (Spach et al., 1993). Endogenous infections are
associated with endoscopy but do not appear to be prevented
by well-controlled disinfection procedures (Srinivasan,
2003). The exogenous microorganisms most frequently

associated with transmission of infection during bron-
choscopy are Pseudomonas aeruginosa, Mycobacterium
tuberculosis and nontuberculous mycobacteria (Kovaleva
et al., 2013; Srinivasan, 2003). These microorganisms can
be transmitted from previous patients or contaminated re-
processing equipment such as contaminated RFBs or its
accessory equipment. Exogenous infection should be
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prevented by strict endoscope disinfection procedures
(Botana-Rial et al., 2016; Rutala and Weber, 2013). Ac-
curate reprocessing of flexible endoscopes is a multistep
procedure involving manual cleaning followed by high-
level disinfection (HLD) via automated endoscope re-
processors (AERs) or ethylene oxide (EtO) or hydrogen
peroxide plasma sterilisation with further rinsing and drying
before storage (Beilenhoff et al., 2007; Botana-Rial et al.,
2016; Kovaleva et al., 2013). Most RFBs belong to semi
critical devices which come into contact with mucous
membranes during use and have a moderate degree of in-
fection risk if contaminated at the time of use (Spaulding and
Gröschel, 1974). They should receive at least HLD resulting
in elimination of all vegetative bacteria, mycobacteria,
fungi, and viruses, except for small numbers of bacterial
spores (Garner and Favero, 1986; Simmons BP, 1983). RFB
used for therapeutic purposes in sterile body cavities belong
to critical devices and should be sterilised after each pro-
cedure to eliminate all forms of microbial life, including
bacterial spores (Garner and Favero, 1986; Spaulding and
Gröschel, 1974). Given their material composition, most
RFBs cannot be steam sterilised (Srinivasan, 2003).

Flexible bronchoscopes are complex instruments with
multiple and narrow internal channels which may become
heavily contaminated with microorganisms during use
(Beilenhoff et al., 2007; Botana-Rial et al., 2016). Because
of their complex structure, endoscopes are difficult to clean
and disinfect (American National Standard, 2015;
Beilenhoff et al., 2007). Infectious outbreaks after flexible
bronchoscopy have been linked to inadequate reprocessing
(cleaning, disinfection, and drying); contaminated AERs; or
malfunctioning RFBs (Cosgrove et al., 2012; Peaper et al.,
2015). According to a recent study, visible irregularities and
residual contamination after manual cleaning have been
observed in up to 100% of RFBs (Ofstead et al., 2018).
Microbial growth was found in 58% (14/24) fully re-
processed bronchoscopes (American National Standard,
2015; Beilenhoff et al., 2007; Botana-Rial et al., 2016).
The narrow lumens of the RFB are cleaned without visu-
alisation of the lumens, thereby making it difficult to dis-
infect small scratches and enabling bacterial adhesions and
potential biofilm formation (Kovaleva et al., 2009; Pajkos
et al., 2004). A biofilm is an assemblage of microbial cells,
potentially originating from patient materials, attached to a
surface and enclosed in a matrix of exopolymeric substances
(Donlan and Costerton, 2002). Biofilms are extremely
difficult to remove, show increased resistance to disinfec-
tants and antibiotics, and can result in failure in reprocessing
of endoscopes and outbreaks of endoscopy-related infec-
tions (Einav and Wiener-Well, 2017; Kenters et al., 2015;
Kovaleva et al., 2009; Pajkos et al., 2004). Microbiological
surveillance of flexible endoscopes is appropriate to trace
contaminations and to prevent contaminations and infec-
tions in patients after endoscopic procedures (Kovaleva
et al., 2009). Owing to the continuous reprocessing

irregularities and endoscope-associated outbreaks, micro-
biological surveillance is recommended along with a par-
adigm shift from endoscope HLD to sterilisation (Center for
Disease Control and Prevention, 2016; Kenters et al., 2015;
Kovaleva et al., 2009; Kovaleva et al., 2013; Mehta and
Muscarella, 2020; Ofstead et al., 2018; Rutala and Weber,
2013).

The aim of this study was to estimate the cross-
contamination rate of patient-ready RFB based on pub-
lished literature.

Methods

Study selection

This study is based on a systematic literature search to detect
full-text studies on RFBs. All studies should have investi-
gated the potential cross-contamination on RFBs. The
methods used to sort the studies was conducted per the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses’ (PRISMA) guidelines [Figure 1] (PRISMA,
2015).

All included studies must have been published from
January 1, 2010, until June 12, 2020, to account for the
continuous optimisation of reprocessing guidelines (Larsen
et al., 2020). To guarantee a systematic approach, the search
terms were inserted in a block chart addressing the problem,
intervention, comparator, and outcome. The block searches
were reviewed by two authors (HST and RVR). To ensure
searches within a broad spectrum, all studies were identified
using the following keywords in Embase: bronchoscopy’/
exp OR ‘bronchoscope’/exp AND cross contamination’/exp
OR ‘contamination’/exp OR ‘outbreak’/exp OR ‘device
contamination’. In addition, the following search string was
used in PubMed: (((“bronchoscop*”[All Fields] OR
(((“bronchial”[All Fields] OR “bronchiale”[All Fields]) OR
“bronchials”[All Fields]) AND “endoscop*”[All Fields]))
OR “tracheobronchoscop*”[All Fields]) AND
(((((((((“cross”[All Fields] OR “crosse”[All Fields]) OR
“crossed”[All Fields]) OR “crosses”[All Fields]) OR
“crossing”[All Fields]) OR “crossings”[All Fields]) AND
“contamina*”[All Fields]) OR “contamina*”[All Fields])
OR “outbreak*”[All Fields])). Truncation was applied for
some keywords to allow variations of the words. In addition,
Google Scholar was screened along with chain searches for
relevant studies. Duplicates were removed with the help of
Mendeley Desktop v1.19.2 (Copyright © 2020 Mendeley
Ltd).

The study inclusion criteria were total number of
samples from bronchoscopes (N), total number of positive
samples (contaminated RFB) (n), and samples collected
from bronchoscopes and not from patients. The exclusion
criteria were in vitro models or studies performed in an-
imals, conference abstracts, editorials, letters, non-original
research, and sample size ≤ 10 (to account for bias)
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(Higgins et al., 2003). Further, studies were excluded if
they did not identify microorganisms or if the colony
forming unit (CFU) was not declared.

Title and abstract review were conducted independently by
two authors (HSTand RVR). In case of doubt, particularly with
respect to abstract relevance, the full-text was assessed. All
publications assessed for eligibility were independently eval-
uated by two authors (HST and RVR). If any disagreements
occurred, they were discussed in plenum by the study authors.

Data extraction, analysis, and statistical methods

Positive samples were defined in accordance with the Eu-
ropean Society of Gastrointestinal Endoscopy and European
Society of Gastrointestinal Endoscopy Nurse and Associates
(ESGE-ESGENA) guidelines for quality assurance in re-
processing: Microbiology surveillance testing in endoscopy
is stated below (Beilenhoff et al., 2007).

· Minimum total count<20 CFU/channel (liquid sam-
ples from endoscope channels)

· Growth of indicator organisms in swab cultures
(Enterobacteriaceae, enterococci, P. aeruginosa, and

other gram-negative nonfermenters, Staphylococcus
aureus, Staphylococcus epidermidis, atypical myco-
bacteria, and Legionella spp.)

The primary data extracted from the studies that were
assessed for eligibility were authors; country; setting; total
number of samples (N); total number of positive samples
(n); and whether they fulfilled CFU thresholds or stated
indicator organisms, microorganisms, reprocessing method,
and sampling method. The data extraction was performed
manually and extrapolated into a commercially available
spreadsheet (Microsoft® Excel® for Office 365 MSO)
Table 1. The statistical analyses were conducted via the
metafor package in RV.3.6.2. To overcome the challenges of
anticipated heterogeneity, a random effects model was ap-
plied (Higgins et al., 2003; Von Hippel, 2015).

The results of the random effect models were presented
as average cross-contamination rate ± standard deviation
(SD) and 95% confidence interval (CI). Heterogeneity was
presented as an inconsistency index (I2), analysed via a Q-
test, and illustrated in a forest plot. Publication bias was
analysed via the Egger’s regression test and illustrated in a
funnel plot.

Figure 1. PRISMA.
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Results

Characteristics of included studies

We assessed 265 study abstracts: 130 originated from
Embase, 133 from PubMed, and two were identified through
chain searches. After duplicates were removed, 252 studies
were screened based on title and abstracts. After eliminating
180 studies based on the inclusion and exclusion criteria, 72
studies were assessed for eligibility upon screening of the
title and abstracts. After full-text review, an additional 64
studies were excluded. Finally, eight studies were included
upon full-text review and included in the analysis. The
included studies generated a sample size of 2,169, of which
149 were contaminated. The included studies were differ-
entiated according to countries, including USA (n = 2,
25.0%), Italy (n = 3, 37.5%), The Netherlands (n = 1,
12.5%), France (n = 1, 12.5%), and Spain (n = 1, 12.5%).

Analysis

The random effects model resulted in a total RFB cross-
contamination rate of 8.69% ± SD 1.86 (95% CI: 5.06–
12.33%). Subsequently, this represents that 95,590 (95% CI:
55,660-135,630) bronchoscopic procedures are conducted
with contaminated RFBs annually in Europe alone. The
forest plot [Figure 2] indicated a significant heterogeneity
between the studies (I2 = 90%, Q-test: p < 0.01). Further-
more, the Egger’s regression test showed significant pub-
lication bias between the included studies with a significant
funnel-plot asymmetry (z = 2.1403, p = 0.0323) [Figure 3].

Discussion

Recently, numerous outbreaks have been linked to cross-
contaminated, reusable, patient-ready RFBs, entailing sig-
nificant cost and potentially health-related quality of life
decrement (Mangen et al., 2017; Mouritsen et al., 2020).
Therefore, it is important to elucidate the actual

cross-contamination rate of RFBs. This study estimated the
RFB cross-contamination rate based on the best available
evidence via a systematic literature review. In all, eight
studies were identified utilising PRISMA, and the estimated
total cross-contamination rate was 8.69% via a random
effect model. To our best knowledge, this is the first meta-
analysis to estimate the total cross-contamination rate of
RFBs, including a standardised contamination threshold
based on a well-established endoscopy surveillance-testing
guideline (Beilenhoff et al., 2007).

This result clearly shows that despite continuous im-
provement in reprocessing and reprocessing guidelines, the
RFB cross-contamination rate is still high. By proving this, it
is evident that an infection control paradigm shift is needed
to ensure patient safety.

The total cross-contamination rate of 8.69% differs from
that reported in other studies. To the authors’ knowledge,
two other studies have investigated the total RFB

Figure 2. Forest plot of included studies. CI: Confidence interval, I2: Inconsistency index.

Figure 3. Funnel plot. RFB: Reusable flexible
bronchoscope.
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cross-contamination rate. Terjesen et al. (2017) conducted a
cost-effectiveness analysis on reusable RFB versus single-
use flexible bronchoscopes. The model input included the
total RFB cross-contamination rate, the subsequent risk of
cross-infection, the flexible bronchoscopy procedure cost,
and cost of ventilator-associated pneumonia. In this study,
the cost of cross-infection per bronchoscopy was £151
($199). They estimated the overall cross-contamination rate
to be 3.38% using the Delphi method, and subsequently
found that single-use FB provided a cost-effective alter-
native (Terjesen et al., 2017). Our estimate of RFB cross-
contamination rate was remarkably higher, and Terjesen
et al. (2017) reported an even lower 95% CI than ours
(Terjesen et al., 2017). The lower cross-contamination rate
was likely caused by an overall perception of low RFB
cross-contamination rate amongst the participants in the
Delphi survey, rather than an actual decreased rate.

Mouritsen et al. (2019) also conducted a cost-effectiveness
analysis on single-use versus RFB. They used a similar model
as that in used by Terjesen et al. (2017). However, the direct
procedure cost was based on a micro-costing approach, the cost
of treating cross-infections was extrapolated from published
literature, and the cross-contamination rate and subsequent risk
of cross-infection were based on published evidence. The cost
of treating cross-infections was £262 ($346) per procedure
(Mouritsen et al., 2020). They calculated the cross-
contamination rate to be 15.26%, which is notably higher
than that reported by us and above our 95% CI value. This
difference in the total cross-contamination rate can, in turn, be
explained by the mismatch in methodology between our
studies. Mouritsen et al. (2019) included studies dating back to
1982, wherein the cross-contamination threshold was not un-
derpinned by a guideline, missing datapoints in the total sample
size was inserted via linear regression, and the estimated cross-
contamination rate of 15.26% was calculated via a fixed effects
rather than a random effects model (Mouritsen et al., 2020).

The majority of included studies in our meta-analysis
sampled RFBs by flushing the RFB channels, whereas only
Ofstead et al. (2018) sampled the RFBs by the flush-brush-
flush method and swabbing the external surfaces (Ofstead
et al., 2018). Troiano et al. (2019) flushed the RFB channels
and swabbed the external surfaces (Troiano et al., 2019). It
has previously been indicated that the flush-brush-flush
method is superior to conventional sampling methods,
where saline or reverse osmosis water is flushed through the
channels of the endoscope. Moreover, the sample recovery
improves by adding friction. Hence, the diverse sampling
methods entail a potential cofounding factor that should be
considered when interpreting the results (Alfa, Ribeiro,
et al., 2017a; Alfa, Singh, et al., 2017b).

Our study has some limitations. The heterogeneity in our
meta-analysis was high (I2 = 90%) and the subsequent Q-test
was significant (p < 0.01), indicating that the variance in the
results were rather caused by study heterogeneity than
sample variance. The non-randomised design of the

included studies, low number of datapoints, varying sam-
pling methods, geography, and clinical settings all potentiate
the heterogeneity of results (Glasziou and Sanders, 2002).
Furthermore, there is significant publication bias in our
analysis (z = 2.1403, p = 0.0323). This bias could potentially
be diminished if routine surveillance testing of RFBs were
conducted and published (Kovaleva et al., 2009). Accord-
ingly, the aversion towards publishing negative findings
likely represents a large proportion of the publication bias
(Matosin et al., 2014).

The evidently high RFB cross-contamination rate, high
heterogeneity, and bias indicated in our meta-analysis
highlights the need for a large multicentre prospective
study to assess the RFB cross-contamination rate utilising
the flush-brush-flush sampling method. In parallel, it
would be valuable to initiate a regional or ideally global
endoscope cross-contamination register, to enable sta-
tistical analysis of register data. Further, given our
findings and considering the persistent risk of cross-
infection because RFBs are frequently in contact with
non-intact mucous membranes and sterile tissue, we
recommend to follow the Spaulding classification and
classify RFBs as critical items (Kovaleva et al., 2013;
Rutala et al., 2019; Spaulding and Gröschel, 1974).

In conclusion, we showed that RFB cross-
contamination is still a relevant and persistent healthcare
issue. The current reprocessing methods and surveillance
strategies are flawed, and new approaches must be con-
sidered. To eliminate the risk of cross-contamination, in-
novative single-use technologies should replace RFB where
feasible. For the remaining bronchoscopy procedures,
systematic surveillance using flush-brush-flush and micro-
biological culturing methods must be made mandatory along
with a sterilisation step and strict adherence to periodic
servicing (Alfa, Singh, et al., 2017b; Mehta and Muscarella,
2020). This study is uploaded to the Research Registry and
is accessible via reviewregistry953.
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Appendix

Abbreviations

AER automated endoscope reprocessor
CFU colony forming unit
CI confidence interval

ESGE European Society of Gastrointestinal
Endoscopy

ESGENA European Society of Gastrointestinal
Endoscopy Nurse and Associates

EtO ethylene oxide
HLD high-level disinfection

I2 inconsistency index
RFB reusable flexible bronchoscope
SD standard deviation.
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