Adv Ther (2020) 37:4538–4548
https://doi.org/10.1007/s12325-020-01495-8

REVIEW

Single-Use (Disposable) Flexible Bronchoscopes: The
Future of Bronchoscopy?
Sarah P. Barron . Marcus P. Kennedy

Received: June 8, 2020 / Accepted: September 3, 2020 / Published online: September 17, 2020
Ó The Author(s) 2020

ABSTRACT
The coronavirus disease (COVID-19) pandemic
has highlighted the importance of reducing
occupational exposure to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). The
reprocessing procedure for reusable flexible bronchoscopes (RFBs) involves multiple episodes of
handling of equipment that has been used during
an aerosol-generating procedure and thus is a
potential source of transmission. Single-use flexible bronchoscopes (SUFBs) eliminate this source.
Additionally, RFBs pose a risk of nosocomial
infection transmission between patients with the
identification of human proteins, deoxyribonucleic acid (DNA) and pathogenic organisms on
fully reprocessed bronchoscopes despite full
adherence to the guidelines. Bronchoscopy units
have been hugely impacted by the pandemic with
restructuring of pre- and post-operative areas,
altered patient protocols and the reassessment of
air exchange and cleaning procedures. SUFBs can
be incorporated into these protocols as a means of
improving occupational safety. Most studies on
the efficacy of SUFBs have occurred in an

anaesthetic setting so it remains to be seen whether they will perform to an acceptable standard in
complex respiratory procedures such as transbronchial biopsies and cryotherapy. Here, we
outline their potential uses in a respiratory setting,
both during and after the current pandemic.
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Key Summary Points
Bronchoscopy is an aerosol-generating
procedure and associated with a high risk
of viral transmission during the COVID19 pandemic
Single-use flexible bronchoscopes (SUFBs)
can reduce the number of healthcare
personnel exposed to SARS-CoV-2
SUFBs have many advantages over their
reusable counterparts
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INTRODUCTION
The development of reusable flexible bronchoscopes (RFBs) in 1968 was a ground-breaking
development in diagnostic and therapeutic
bronchoscopy. Common indications include
diagnostic washings, endobronchial biopsy and
brushings and transbronchial needle aspiration
(TBNA). Many therapeutic procedures are now
possible with both rigid and flexible bronchoscopy including foreign body removal and
tumour debulking while recent advances
include asthma and chronic obstructive pulmonary disease (COPD) therapies. By comparison, in the intensive care unit (ICU) their uses
include the confirmation of endotracheal tube
positioning in difficult airways as well as diagnostic sampling.
Bronchoscopy poses challenges from the
perspective of infection prevention with a risk
of transmission to both the patient and the
personnel involved [1–5]. Patient infections can
arise exogenously as a result of contaminated
equipment [1] and, while the majority of outbreaks of pseudo and actual infection have been
linked to breaches in bronchoscope reprocessing guidelines, a recent study demonstrated
that even with complete adherence to protocol,
contamination and microbial growth persisted
on fully reprocessed RFBs [5]. The main risk for
the personnel involved is the transmission of
acute respiratory infection (ARI) via aerosols
generated during the procedure [2, 6]. Currently, the risk of transmission of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV2) to both patients and healthcare personnel
(HCP) is of huge concern [7] and there is evidence of transmission of the virus in healthcare
settings [8]. Bronchoscopy should be avoided in
people with confirmed or suspected coronavirus
disease (COVID-19) [3, 9, 10]; however, if
essential, several organisations recommend
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avoiding RFBs to reduce the risk of viral transmission [11].
Until now, disposable or single-use flexible
bronchoscopes (SUFBs) have primarily been
used by anaesthetists in an ICU or peri-operative setting where they perform to an acceptable level in comparison to RFBs [12, 13]
combined with the distinct advantage of a
reduced risk of infection owing to their sterility
[14]. Several studies have assessed their cost
compared to RFBs [14, 15] and a recent review
that incorporated the cost of treating the
exogenous infections that might be caused by
RFBs found that SUFBs were significantly more
cost-effective [16].
In this review, the risk of infection with
standard RFBs will be outlined as will the
advantages of SUFBs, with comment on their
cost profile compared to RFBs and attempt to
suggest a rationale for their use during the
COVID-19 pandemic and in a respiratory setting. This article is based on previously conducted studies and does not contain any studies
with human participants or animals performed
by any of the authors. Standard review article
methodology was used. Search terms including
‘reusable bronchoscope’, ‘single-use bronchoscope’, ‘disposable bronchoscope AND covid-19
pandemic’ were placed in Pubmed, Google and
Embase search engines and the resulting English language papers that were available were
read. Additionally, the references of all these
papers were read and any citations deemed
appropriate were also sought and read and their
references were reviewed.

REPROCESSING OF REUSABLE
FLEXIBLE BRONCHOSCOPES
Bronchoscopy is a semi-critical procedure
(Spaulding classification)—there is a moderate
risk of infection as the bronchoscope is in contact with mucous membranes but does not
enter sterile tissues or the vasculature. Devices
in this category warrant high level disinfection
(HLD) [4]. When a bronchoscope is used for a
procedure that breaches the mucosa, it is recommended that the accessory that breaches the
mucosa is either single-use or undergoes
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sterilisation. HLD involves the elimination of all
bacteria, viruses and fungi with the exception of
some bacterial spores which are only removed
with sterilisation [1].
Reprocessing aims to stop the transmission
of exogenous infection to the patient. Outbreaks of bacterial infection associated with
RFBs have primarily occurred in the setting of
breaches in the reprocessing protocols whilst
pseudo infection (cultural evidence of transmission of organisms without evidence of
patient infection) has also occurred [1]. The
transmission of viral respiratory pathogens via
RFBs has not been reported to date.
The major recommendations from the various guidelines [4, 17, 18] regarding the appropriate reprocessing of RFBs are the same.
Mechanical cleaning is performed as soon as the
procedure is finished with leak testing to assess
the integrity of the scope coupled with brushing
(ideally with single-use brushes) and flushing.
The RFB then undergoes HLD—previously a
manual process [4]; however, use of an automated endoscope reprocessor (AER) is now
preferred [17]. Bronchoscopes must be stored in
a hanging position in a cabinet with appropriate aeration and with adequate space between
them to prevent cross-contamination [4]. Staff
should receive training and wear personal protective equipment (PPE) while reprocessing the
bronchoscopes [17]. If PPE is not used, staff are
at an increased risk of infection and may
recontaminate fully processed scopes [5]. In
some institutions, RFBs are cleaned and then
sterilised [15]; however, the chemicals used—
either ethylene oxide or hydrogen peroxide—
are expensive and interfere with the mechanical
properties of flexible bronchoscopes [1].
Certain infectious agents are unusually
resistant to standard methods of disinfection,
sterilisation and UV radiation e.g. the prions
that cause the transmissible spongiform encephalopathies (TSEs). If a patient undergoing
bronchoscopy has a suspected diagnosis of a
TSE, the RFB should be incinerated after use; or
if there is an expectation of repeat bronchoscopy in the same patient, the RFB should
be set apart for use in that patient only [19, 20].
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RISK OF INFECTION
WITH STANDARD
BRONCHOSCOPY
A recent study over three different clinical sites
inspected RFBs and measured levels of protein,
adenosine triphosphate (ATP) and infectious
organisms both before and after manual cleaning and HLD [5]. At all sites, the patient-ready
bronchoscopes had visible defects (100%) and
harboured antimicrobial growth (58%). At two
of the sites, the reprocessing was inadequate as a
result of multiple episodes of non-compliance
with the guidelines e.g. disabling of the cycles
of the AER, ungloved handling of bronchoscopes and dirty storage cabinets. However,
even at the third site where the reprocessing
procedures met national guidelines, there was
still an unacceptably high level of bio-burden
on reprocessed bronchoscopes leading to the
conclusion that a movement towards sterilisation of RFBs might be warranted [5], though this
has its own disadvantages as outlined earlier.
In 2019, ECRI highlighted the recontamination of flexible endoscopes due to mishandling
or improper storage as one of the top ten health
technology hazards. They referred particularly
to the recontamination of disinfected endoscopes caused by failure of staff to change their
gloves between inserting and removing the
endoscope from the AER [21].
Assuming that there is no risk of exogenous
infection with a SUFB, a systematic review in
2019 used avoidance of this risk as an effect
measure while trying to elucidate the true cost
of RFBs when cross-contamination and infection are taken into consideration. The 16 studies eligible for inclusion in the analysis involved
flexible bronchoscopy performed in both ICU
and respiratory units. The results revealed an
overall 2.8% infection risk to the patient which
considerably decreased the cost-effectiveness of
RFBs compared to SUFBs [16].
SUFBs are not designed to withstand the
standard reprocessing of RFBs. It has been
shown that following basic cleaning of a SUFB,
there was significant microbial colonisation of
the devices at 48 h including high-risk pathogens for causing pneumonia. This study
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confirms that SUFBs are only appropriate for
single use as opposed to single patient use [22].

RISK OF INFECTION
WITH REUSABLE FLEXIBLE
BRONCHOSCOPES IN THE COVID
ERA
A recent morbidity and mortality report from
the USA showed that HCP represented 11% of
the population infected with SARS-CoV-2 and
the majority (55%) of this group only had
exposure to an infected person within a
healthcare setting [8]. Occupational status as
HCP was only specified in 16% of all submissions so it is likely that their actual infection
rates were significantly underestimated. In
those HCP on whom outcomes were available,
8–10% required hospitalisation and 0.3–0.6%
died from the infection, highlighting the significant risks associated with the occupation [8].
Transmission of the virus occurs via droplets
and fomites. Droplets are respiratory aerosols
that are larger than 5 lm in diameter while
fomites are inanimate objects that can transmit
disease if they are contaminated with an infectious agent. Bronchoscopy is considered an
aerosol-generating procedure (AGP) [3]. Thus,
there is a risk of viral transmission both from
the aerosols generated during the bronchoscopy
and again during staff reprocessing of contaminated bronchoscopes. As a result, bronchoscopy is relatively contraindicated in
patients who are suspected of or confirmed with
SARS-CoV-2 infection in a bid to reduce disease
transmission and protect HCP [3, 9]. Despite
this, a balance must be achieved to ensure that
patients who need urgent therapeutic and
diagnostic interventions are not neglected.
In situations where bronchoscopy is essential, for instance a suspicion of malignancy in a
patient fit for cancer therapy, any day-case
bronchoscopy should be delayed by 28 days
following confirmed or suspected diagnosis of
COVID-19 and if proceeding thereafter, only
essential personnel should be present with all
staff wearing PPE and avoidance of high flow
nasal oxygen [9]. The American Association of
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Bronchology and Interventional Pulmonology
(AABIP) has gone as far as to recommend
avoiding the use of RFBs in this situation and
using SUFBs instead [11] with some institutes
having already adopted SUFBs as a result [23].
Exhaled air from a human patient simulator
(HPS) receiving 3–5 L/min of oxygen via nasal
cannula in a negative pressure room can travel
as far as 100 cm. Coughing can cause air dispersal to 68 cm which is reduced to 30 cm with
donning of a surgical mask by the HPS. Thus, it
is advised that all patients with COVID-19 wear
surgical masks to reduce transmission. Additionally, when using a nasal approach during
bronchoscopy, the patient’s mouth should be
covered by a mask and if they require non-invasive ventilation (NIV), it should be administered through a hole in the patient’s mask [2].
The construction of a surgical tent with disposable drapes may improve the safety of HCP
during the procedure [24], although any barrier
method needs research to evaluate whether it
might reduce COVID-19 transmission whilst
increasing the transmission of other hospitalacquired infections.
Similar principles apply in unavoidable surgical procedures in SARS-CoV-2-infected
patients that require a general anaesthetic—
single-use equipment is recommended where
possible e.g. a SUFB could be used to ensure the
correct positioning of an endotracheal tube
[25].
A systematic review completed in 2012
compared the risk of transmission of acute respiratory infections (ARIs) to HCP involved in
AGPs. The ten studies that met the inclusion
criteria all pertained to transmission of severe
acute respiratory syndrome coronavirus (SARSCoV) during the outbreak of 2002/2003 and the
AGPs included tracheal intubation, bronchoscopy and NIV. The data was only slightly
significant for tracheal intubation increasing
the risk of transmission of SARS-CoV and there
was insufficient data to come to any conclusion
about bronchoscopy. Unfortunately, the included studies were categorised as providing very
low-quality evidence; however, the review did
emphasise the importance of using appropriate
PPE during AGPs [6].
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Another study in Singapore General Hospital
during the SARS-CoV outbreak noted the high
risk of transmission to anaesthetists particularly
during intubation and bronchoscopy. Following the implementation of stringent infection
control measures including single-use devices
where possible and appropriate use of PPE, they
successfully reduced transmission to HCP even
when patients presented asymptomatically or
with atypical infections [26].
Therefore, evidence supports the introduction of SUFBs to decrease viral transmission
both from and to staff and patients. Furthermore, eliminating the requirement for reprocessing can help to counteract a reduction in
staff numbers due to local outbreaks [27].

TYPES OF SINGLE-USE FLEXIBLE
BRONCHOSCOPES
Several companies produce single-use bronchoscopes with some of them currently on fourthgeneration devices that have improved image
quality and degrees of angulation (Fig. 1). The
range of devices includes a selection of channel

Fig. 1 Use of a single-use ﬂexible bronchoscope to
perform an airway inspection in a 64-year-old woman
with chronic cough. a The SUFB used—BroncoﬂexÒAgilea; Endobronchial images: b The carina.
c The trifurcation of the right middle lobe (RML), right
lower lobe (RLL) (RB7-10) and the superior segment of
the RLL (RB6). aReproduced with permission (Axess
Vision)
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diameters (Table 1). Each company has produced a small portable reusable screen that is
easy to clean and from which videos or images
can easily be saved or downloaded.

ADVANTAGES OF SINGLE-USE
FLEXIBLE BRONCHOSCOPES OVER
REUSABLE FLEXIBLE
BRONCHOSCOPES (TABLE 2)
As SUFBs do not require any reprocessing after
use, the risk of transmission of infectious particles to HCP is reduced by minimising exposure
to fomites or aerosols. The portable screens are
also easy to clean and a less complex circuit
allows for easier tracing of any potential contaminants [14].
The ability of trainees to learn is limited
while current recommendations advise that
only essential personnel are allowed into the
room during bronchoscopy [2, 9, 24, 25]; however, the video function on SUFBs allows you to
easily record and store images which can be used
to demonstrate clinical anatomy and pathology
[14] from a remote location where social distancing can easily be observed. They are also
useful as general teaching aids such as simulation training with mannequins which has been
shown to reduce the amount of subsequent
damage to RFBs [28, 29]. SUFBS clearly have
advantages in centres performing bench,
cadaveric or large animal research, reducing cost
of equipment, cleaning costs and storage. SUFBs
may also be of use in training and research in the
veterinary field where bronchoscopy is performed for a variety of indications [30, 31].
The other major advantage for SUFBs is the
option for parallel as opposed to linear use in
the respiratory suite which can decrease delays
between procedures and increase the number of
bronchoscopies that can be performed. Their
immediate availability and the possibility of
out-of-hours use is also a distinct advantage in
the anaesthetic setting for the unanticipated
difficult airway [13, 32]. In the immunocompromised patient and in rare cases of prion
contamination due to TSE, they offer a safer
alternative to RFBs.
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Table 1 Characteristics of currently available single-use ﬂexible bronchoscopes
Single-use ﬂexible bronchoscopes
Company

Vathin Medical

Axess Vision

Ambu

Type

Videoscope

Videoscope

Videoscope

BroncoﬂexÒ

AmbuÒaScopeTM4

TM

Trade name

H-Steriscope

Outer diameter (mm)

2.2, 3.2, 4.9, 5.8, 6.2 3.9 (Agile) (Fig. 1), 5.6 (Vortex) 3.8 (slim), 5.0 (regular), 5.8 (large)

Inner diameter (mm)

0, 1.2, 2.2, 2.8, 3.2

1.4 (Agile), 2.8 (Vortex)

1.2 (slim), 2.2 (regular), 2.8 (large)

Working length (mm)

600

605

600

220°/220° (Agile)

180°/180° (slim)

200°/200° (Vortex)

180°/180° (regular)

Tip deﬂection up/downward 210°/210°

180°/160° (large)

Table 2 Clinical scenarios where single-use ﬂexible bronchoscopes have advantages
Advantages of single-use ﬂexible bronchoscopes
Ease of mobility

Practicality

Speciﬁc scenarios where reduced
risk of cross infection is critical*

Other
applications

Bronchoscopy in ICU

Out of hours bronchoscopy

Immunocompromised patient

Bronchoscopy
training

Bronchoscopy in
emergency department/
ward

End of day list—staff are not
Prion disease
required to stay and clean scopes

Veterinary
procedures

Emergency bronchoscopy
outside healthcare
facility

Weekend bronchoscopy where staff
are not available to clean scopes

Large animal or
cadaveric
research

Bronchoscope available for airway
inspection with EBUS
procedures
*Risk of cross-infection is hypothesised higher in reusable ﬂexible bronchoscopy than single-use bronchoscopy; however,
these are scenarios with signiﬁcant advantages for single-use bronchoscopes
EBUS endobronchial ultrasound

EVIDENCE OF EFFICACY OF SINGLEUSE FLEXIBLE BRONCHOSCOPES
SUFBs have been shown to be acceptable compared to RFBs in an anaesthetic setting [12, 13]
and for performing bronchoalveolar lavage
(BAL) in healthy volunteers for research purposes [33] (Table 3), though some users

comment that image technology and handling
is not yet equivalent to RFBs [34].
The studies of the efficacy of SUFBs to date
have compared them to RFBs in an anaesthetic
setting only, with no studies analysing their
efficacy in a clinical pulmonology setting. In
anaesthetics where bronchoscopes are often
used in emergency situations such as
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Table 3 Evidence of efﬁcacy of single-use ﬂexible bronchoscopes
Setting

Elective surgery

ENT surgery

Sample collection for research

Comparison AmbuÒaScopeTM2 vs AmbuÒaScope vs conventional videoscope
Karl Storz
ﬁbrescope

AmbuÒaScope vs conventional
scope

Intervention Orotracheal
intubation in
anaesthetised
patients

Tracheal intubation in awake patients

BAL collection for research
purposes in healthy volunteers

Nature of
study

Pilot study in 20 anaesthetised patients with
normal airways

60 patients
randomised to
either group
Operators familiar
with both devices

SUFB used for RML BAL in 10
volunteers vs BAL with
conventional scope in 50
Random assignment to either group of 40
volunteers
awake patients with predicted difﬁcult airways

Outcome

No difference in GRS Clinically acceptable—two instances of blurred Greater sample volumes in SUFB
between devices
image after lidocaine injection—new SUFBs
group
deployed
No difference in cell yield or
viability

Reference

[12]

[13]

[33]

GRS Global Rating Scale (a validated score for benchmarking operators who perform clinical bronchoscopy), BAL bronchoalveolar lavage, RML right middle lobe

management of the unanticipated difficult airway [32], it is essential that they are fit for
purpose.
The demonstration that SUFBs are adequate
in performing BAL for research [33] suggests
that they are also likely to be acceptable for
diagnostic purposes in a clinical respiratory
setting. An increased yield with BAL using
SUFBs [33] has the potential to reduce postprocedural side effects and, if this finding is
reproducible, could make them the preferred
choice over RFBs.

COST OF SINGLE-USE FLEXIBLE
BRONCHOSCOPES
During the COVID-19 pandemic the cost of
healthcare services and management of resources will ultimately affect patient outcomes. One
might anticipate that SUFBs will be more

expensive than RFBs; however, in addition to
the initial cost of the RFB, a significant amount
of resources are required for the appropriate
training of personnel, provision of designated
cleaning areas, PPE, maintenance of the AER as
well as supply of disinfectants, enzyme reagents
and detergents [1]. The limited number of
studies in this area (none conducted solely in a
bronchoscopy unit) have demonstrated that
SUFBs can be as cost-effective as RFBs in a variety of situations (Table 4).
Local factors such as initial purchase price,
service agreements and reprocessing protocols
influence the cost-effectiveness of RFBs—repair
costs can vary significantly between different
hospitals which will alter the cost per use
[15, 16]. Additionally, different procedures
require higher maintenance or are associated
with greater damage to bronchoscopes e.g.
more write-offs when performing percutaneous
tracheostomy compared to BAL [35]. There is a
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Table 4 Cost-effectiveness of single-use ﬂexible bronchoscopes
Setting

Fibre optic intubation
in the operating theatre
& emergency
department

Tracheal intubation &
double-lumen tube
position veriﬁcation perioperatively

BAL & percutaneous Reprocessing of an RFB
tracheostomy in the vs SUFB use in a
ICU of a university
university hospital
hospital

Nature of
study

Retrospective study of
cost of RFBs (with
eyepieces) for ﬁbreoptic intubations with
comparison to SUFB
costs

Micro-costing analysis for
RFBs with comparison
to SUFB costs

Compare cost of RFBs Comparison of the
& SUFBs in BAL &
environmental impact of
percutaneous
AmbuÒScopeTM4 to
that of RFB
tracheostomy

Detail

Allowed for initial
outlay, storage &
cleaning (sterilisation)
costs

Incorporated cost of
Decontamination
Simpliﬁed life cycle
treating a 2.8% infection
procedures done
assessment with
risk Assumed no
manually (no AER)
comparison of CO2equivalent emissions &
infection risk with
Included cost of RFB
resource consumption
SUFBs as no reports of
Delays between
purchase, tax writeconsumables to produce
same
to
date
procedures decreased
off, insurance policy,
the RFB & cost of screen
the cost-effectiveness of High ratio of repairs per
repairs &
for SUFB not
RFBs
use (18:1)
decontamination
incorporated
Vs cost of purchase,
decontamination & Incineration as disposal
method for SUFB
waste management
of SUFBs

Conclusion At a procedure frequency SUFBs more cost-effective
of up to 200 ﬁbre-optic
owing to elimination of
intubations a year, it
infection risk
was more useful to use
SUFBs

Cost of RFBs varied
greatly depending
on procedure
performed &
number of
interventions per
year
Cost of SUFB is
comparable to cost
of RFB

Reference

[15]

[16]

procedure number at which RFBs become more
cost-effective than SUFBs [15, 35] with mathematical modelling tools available to assess the
cost-effective number of RFBs or SUFBs that
should be purchased whilst allowing for locally
variable factors. When device demand is incorporated into these algorithms, there is a

[35]

Nil conclusion could be
drawn about which had
the greatest
environmental impact
Amount of PPE changes
during reprocessing could
sway the balance of
impact

[37]

suggestion that units performing a smaller
number of interventions could manage solely
with SUFBs whilst RFBs become more economical with increased demand [36] and it is likely
to be cost-effective to have a subset of SUFBs
available for emergency use [16, 36]. To date, no
studies have been published looking at the cost-
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effectiveness of SUFBs in a respiratory setting,
and the costs associated with RFB maintenance
and repair in an anaesthesia department may
not be comparable.
Prior to the recommendation to introduce
SUFBs into bronchoscopy units, it would be
important to optimise the current costs associated with maintenance and repairs of RFBs. It
has been shown that as much as 50.9% of the
cost of bronchoscope repair can be attributed to
preventable damage e.g. unsheathing a biopsy
needle within a working channel [38], and the
introduction of educational programmes which
focus on the cost of RFB repairs as well as
emphasising safety regulations and procedure
could drop the repair cost as much as 84% per
procedure [28]. Quality improvement campaigns are similarly useful in reducing the
incidence of scope damage and decreasing episodes of RFB unavailability [29]. Purchasing an
insurance policy for an RFB is another way of
reducing the cost of repairs [35].
In developing countries, adherence to bronchoscopy guidelines may impose prohibitively
expensive costs on the development of highquality flexible bronchoscopy units e.g. because
of the recommendation for AERs to reprocess
RFBs [39]. Depending on the anticipated number of procedures SUFBs may be a solution to
this problem.

the demand reaches a level that makes further
purchase of reusable devices more cost-effective.

CONCLUSION
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During the COVID-19 pandemic, SUFBs have
the potential to create a safer working environment in situations where AGPs such as
bronchoscopy or intubation are unavoidable.
Prior to introduction of SUFBs under normal
circumstances, it would be necessary to assess
their use and cost-effectiveness in a respiratory
setting. In the interim, there are many strategies
that can be employed to improve the cost-effectiveness of RFBs. It is likely that in the future,
mathematical modelling tools will be used to
guide procurement decisions for single-use and
reusable bronchoscopes depending on local
maintenance agreements, the number of procedures performed and SUFBs would be purchased to make up the capacity shortage until
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