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ABSTRACT 
The risk of infection and contamination of endoscopes is well known. 

Current guidelines recommend that experts perform regular audits to 

ensure sufficient reprocessing practices. Borescopes have a role to play 

in endoscope reprocessing by allowing thorough visual inspection, 

ensuring effective cleaning, and reducing the risk of cross-contamination. 

However, a greater understanding of what types of defects can be 

tolerated without raising infection risk and which require the endoscope 

to be repaired before use.  
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Purpose of Review:  
Bronchoscopy related infection is recognized as a 
leading cause of healthcare hazard and this review 
delves into its incidence, causes and prevention.  
 

Introduction 
There is an emphasis on the now well-recognized 
challenge of the risk of infections and contaminations 
associated with endoscopic procedures and reprocessing 
of devices. 1–7 In 2019, the Emergency Care Research 
Institute (ECRI), an independent healthcare technology 
and safety organization, identified recontamination of 
endoscopes after disinfection as the top 10 health 
technology hazards.8 Additionally, the Center for Disease 
Control (CDC) Division of Healthcare Quality Promotion 
(DHQP) conducted several separate investigations of 
bronchoscopy-associated outbreaks involving around 
150 patients throughout 2014-2019.1 In 2021, The U.S. 
Food and Drug Administration (FDA) updated its safety 
communication on reprocessed flexible bronchoscopes to 
its original communication in 2015; this update came 
after the FDA reviewed 867 Medical device reports 
(MDR) associated with contamination or infection of 
reusable flexible bronchoscopes between 2015- 2021.9 
 
A review of infections related to bronchoscope 
procedures highlighted factors contributing to infection, 
including failure to follow manufacturer instructions or 
continued use of devices despite integrity, maintenance, 
and mechanical issues.10 The FDA communication also 
outlined recommendations for bronchoscopy reprocessing 
and advocated for sterilization over high level 
disinfection (HLD). Single-use flexible bronchoscopes 
(SUFB) are recommended when there is an increased risk 
of spreading infection. A consensus statement from the 
American College of Physicians (ACCP) and American 
Association of Bronchology on the prevention of 
bronchoscopy-associated infections, though long due for 
an update, did put a big spotlight on this issue and 
provided strong recommendations on preventive 
measures and reprocessing steps for bronchoscopes.11 
 
This review article briefly summarizes the steps involved 
in reprocessing flexible bronchoscopes and the potential 
associated challenges. It aims to promote better 
education and implementation to reduce the risk of 
infection/contamination. Additionally, this article 
investigates using borescope as an inspection tool and its 
currently reported utility. 
 

Reprocessing and its challenges 
Currently, reprocessing guidelines for medical devices 
are based on CDC’s adopted Spaulding Classification. 
For more than 60 years, it has served as the framework 
for medical device disinfection and sterilization process. 
12  
 
As medical technology advances, leading to the 
innovation and development of more complex devices, 
significant concerns have been raised about the continued 
viability of the Spaulding Classification system. Studies 
have acknowledged the need for an updated or revised 
system to promote appropriate standards for medical 
device reprocessing to uphold patient safety.13,14 
 

Based on the Spaulding classification, the bronchoscope 
is categorized as a semi-critical device, encompassing 
equipment that encounters mucous membranes or 
nonintact skin. This classification mandates HLD 
reprocessing as the acceptable minimum. In contrast to 
HLD, sterilization destroys all microorganisms on 
equipment or in liquid, while HLD destroys viruses, fungi, 
some bacterial spores, and vegetative bacteria. 
 
During routine use, reusable bronchoscopes can become 
heavily contaminated and, if improperly or inadequately 
cleaned and reprocessed, can inadvertently be 
associated with infection. Indeed, several outbreaks of 
multidrug-resistant organisms have been associated with 
reusable bronchoscopes. The bronchoscope-associated 
infection has been linked to contamination even when 
reprocessing was done well.6,15,16. 
 
Cleaning and reprocessing a bronchoscope involves 
several critical steps well described in the 
literature.7,11,17–20  The initial step for reprocessing is the 
pre-cleaning with the intended goal to prevent biofilm 
formation. The next step is leak testing, which evaluates 
for damage to the internal channels of the bronchoscope 
and the external surface. Leak testing has been 
suggested to reduce repair costs and extend the life of 
the bronchoscope.21 Next is manually cleaning the 
internal and external surfaces using specialized channel 
cleaning brushes, detergents, or enzymatic cleaners.22  
Following manual cleaning is a visual inspection under 
high magnification and often enlists using a borescope. 
There are also emerging technologies using artificial 
intelligence to identify working channel defects and 
residues.23 After the visual inspection, HLD is carried out. 
This is achieved by perfusing the channels of the 
bronchoscope with a chemical sterilant to ensure that the 
entirety of the channel is in contact.24 Next, the 
bronchoscope is rinsed with either sterile water or filtered 
water in the case of automated endoscope reprocessor’s 
(AER). This is intended to remove the disinfectants used 
during the HLD step. Improper rinsing can harm patients 
as the residual chemicals cause injury and anaphylaxis.25 
Finally, the bronchoscope is dried. This is a critical step 
and has been identified as a potential source for 
contamination and outbreak. Despite the known concern, 
there are no clear guidelines on approaching this step, 
and each institution has its approach.  
 

Following the cleaning and reprocessing, the 
bronchoscope is stored. This is done by hanging the 
bronchoscope vertically in cabinets. There is a 
recommendation to use cabinets with circulating high 
efficiency particular absorbing (HEPA) filtered air over 
static air to prevent recontamination.26 
 

VISUALIZATION STEP: WHY IS VISUALIZATION SO 
TRICKY? 
Damage that goes unnoticed in the interior channels of 
endoscopes, like deep grooves and scratches, can 
operate as havens for bacteria, make manual cleaning 
and HLD more complex, and even increase the risk of 
infection transfer. 
 

With the rising awareness of endoscope-related 
infections, borescopes are increasingly available to 
diagnose and guide the repair of endoluminal defects. A 
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borescope, like an endoscope in design, is a small optical 
instrument that can be inserted into the working channel 
of an endoscope for purposes of visual examination. 
(Figure 1)27 Examination of the inner aspects of the 
working channel is for any apparent defect or debris. 
Defects reported include discoloration, scratches, dents, 
perforations, and residual fluid within the working 

channel. (Figure 2)27 A study from 2018 by Barakat et 
al. describes a systematic approach to grading and 
characterizing findings during borescope examination.28 
To assist in the evaluation, many borescopes are 
designed to be able to record and save both still and 
video images. This is an additional quality measure for 
assurance of endoscope reprocessing. 

 
Figure 1:  

 
Borescope being inserted into the working channel of a flexible endoscope for visual inspection.  
 
Figure 2:  
A: 

 

B:  

 
C 

 

 
 
 
 
Borescope visual inspection of the working 
channel of a flexible endoscope demonstrating A: 
Kink. B. Debris. C. Moisture 
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Most of the data evaluating the benefit of using a 
borescope as an additional tool for inspection and 
quality monitoring is based on gastrointestinal 
endoscopy. Alarming results were noticed in a 
prospective 2018 study that adopted a borescope. 
Twenty-four clinically used bronchoscopes (therapeutic, 
pediatric, and endobronchial ultrasound (EBUS)) were 
evaluated with culture samples from ports and distal 
ends.   Microbiological growth was found in 55% of the 
manually cleaned bronchoscopes and 58% in the fully 
reprocessed (HLD) bronchoscopes. Internal examination 
with a borescope demonstrated fluid, discoloration, 
scratches, filamentous debris, and dented channels in all 
bronchoscopes (100%). They did not find any association 
between bronchoscopes with these irregularities and the 
age of the bronchoscope or the site utilized.2 

 
During the HLD process, borescopes were used to assess 
drying and storage practices. A study by Ofstead et al. 
evaluated 45 endoscopes from three different sites. 
Residual fluid was found in 45% (21/45) of endoscopes. 
Notably, all the endoscopes found to have residual fluid 
were from two sites, while the third had no evidence. 
During further investigation, those two sites with residual 
fluid followed substandard reprocessing practices, 
including drying and storage.29  

 
Within the gastrointestinal literature, a review of 68 
endoscopes was inspected. They noted that some form of 
damage was noted on all endoscopes. However, no 
endoscope demonstrated severe working channel 
damage (including deep scratches, burns, and channel 
perforations) that would require endoscope repair. Of 
the endoscopes evaluated, 67/68 had visualized 
scratches, and 52/68 had scratches associated with the 
peeling of small strips of the inner lining of the endoscope 
working channel. Debris was seen in 65/68, consisting of 
localized small linear black or white particulate matter. 
Residual fluid was seen in 29/68 working channels, and 
no biofilms were evident. 28 

 

Many questions remain regarding using borescopes to 
assist with visual examination during reprocessing and 
care. Of the many, it is essential to understand the 
implications of each finding by a borescope and how 
reliably they can be identified.30 

 

Additionally, considerable time for training technicians 
remains a barrier. There will always be interobserver 
heterogeneity in identifying and grading the extent of 
functioning channel damage. There is also an inevitable 
level of human error in this process.   
 

There has been interest in leveraging artificial 
intelligence (AI) to combat this dilemma. Combined with 
human efforts, it has been shown to routinely outperform 
human efforts alone in visual diagnosis in radiology and 
pathology. Recently, it has been used to increase yield in 
gastrointestinal endoscopy. A recent study by Barakat et 
al. evaluated AI's first application and integration in the 
visual inspection and identification of working channel 
abnormalities within endoscopes. The results of the AI 
findings were compared to a consensus by three 
endoscopists. The overall sensitivity of the AI findings was 
91.4%. The read-to-read variability was minimal and 
reported to have a test-retest. 
 

Conclusion 
Current guidelines recommend that experts perform 
regular audits to ensure sufficient reprocessing practices. 
Borescopes have a role to play in endoscope 
reprocessing by allowing thorough visual inspection and 
ensure effective cleaning and reduce the risk of cross-
contamination. However, a greater understanding of 
what types of defects can be tolerated without raising 
infection risk, and which require the endoscope to be 
repaired before use. Looking ahead, advancements in 
borescope technology could lead to greater efficiency 
and accuracy in reprocessing procedures. Integration of 
features like automated image analysis could streamline 
inspections and enhance quality control, ultimately 
improving patient safety.  
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