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Educational aims

The reader will come to appreciate that:

� Bronchoscopy is a high risk procedure in the COVID-19 pandemic, associated with increased risk of patient to health care worker
transmission due to aerosolised viral particles and contamination of surfaces during bronchoscopy.

� Bronchoscopy has a very limited role in the management of SARS-CoV-2 infected children.
� While the role of children in SARS-CoV-2 transmission in the community appears to be limited, the risk of transmission to health

care workers performing aerosol generating procedures on SARS-CoV-2 infected children is likely to be significant.
� Rigid bronchoscopy should be avoided, due to the increased risk of droplet spread; when necessary, jet ventilation must be avoided.
� When available single-use flexible bronchoscopes may be considered for use.
a r t i c l e i n f o

Keywords:
Bronchoscopy
COVID-19
SARS-CoV-2
Single-use flexible bronchoscopes
Personal protection equipment
a b s t r a c t

As the airways of SARS-CoV-2 infected patients contain a high viral load, bronchoscopy is associated with
increased risk of patient to health care worker transmission due to aerosolised viral particles and contam-
ination of surfaces during bronchoscopy. Bronchoscopy is not appropriate for diagnosing SARS-CoV-2
infection and, as an aerosol generating procedure involving a significant risk of transmission, has a very
limited role in the management of SARS-CoV-2 infected patients including children. During the SARS-
CoV-2 pandemic rigid bronchoscopy should be avoided due to the increased risk of droplet spread.
Flexible bronchoscopy should be performed first in SARS-CoV-2 positive individuals or in unknown cases,
to determine if rigid bronchoscopy is indicated. When available single-use flexible bronchoscopes may be
considered for use; devices are available with a range of diameters, and improved image quality and
degrees of angulation. When rigid bronchoscopy is necessary, jet ventilation must be avoided and con-
ventional ventilation be used to reduce the risk of aerosolisation. Adequate personal protection equip-
ment is key, as is training of health care workers in correct donning and doffing. Modified full face
masks are a practical and safe alternative to filtering facepieces for use in bronchoscopy. When anaes-
thetic and infection prevention control protocols are strictly adhered to, bronchoscopy can be performed
in SARS-CoV-2 positive children.

� 2021 Elsevier Ltd. All rights reserved.
INTRODUCTION

The emergence and rapid global spread of Severe Acute Respira-
tory Syndrome Coronavirus 2 (SARS-COV-2) resulting in Coron-
avirus Disease 2019 (COVID-19) initially reported in Wuhan,
China has been well documented. Since the start of the outbreak
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in December 2019 there is an ever-increasing number of infections
worldwide.

SARS-CoV-2 spreads primarily through respiratory droplets
and microdroplets generated by the infected person, although
aerosol transmission may also occur [1–3]. Aerosol generating
procedures (AGPs) pose the greatest risk of transmission [4].
The use of bronchoscopy is associated with increased risk of
patient-to-health care worker (HCW) transmission, due to aeroso-
lised viral particles, which may be inhaled but also results in
environmental contamination of surfaces during bronchoscopy
[5–8]. The airways of SARS-CoV-2 infected patients contain a very
high viral load [9]. Airway procedures result in the aerosolisation
of SARS-CoV-2 placing HCWs at high risk of getting infected [10–
12].

The first SARS-CoV-2 transmission to an HCW was described in
January 2020 and the first reported HCW death related to SARS-
CoV-2 was an otolaryngologist from Wuhan, China [13].

Limited information is available about the risk for front-line
workers during previous viral pandemics. Only one case-control
study about the risk for front-line HCWs caring for SARS-CoV-1
patients has been performed and in this study, conducted in China,
tracheostomies were performed by HCWs. This study demon-
strated with a univariate analysis, that in HCWs working with
SARS-CoV-1 patients, 6/85 cases (who had IgG against SARS-CoV-
1) versus 11/646 controls (who did not have IgG against SARS-
CoV-1) had performed tracheostomies during the epidemic (odds
ratio 4.15, 95% CI 2.75, 7.54). In this study the risk during bron-
choscopy did not reach significance (pooled OR 1.3, 95% CI 0.5,
14.2) [14].

Thompson et al measured the amount of viral RNA in the air in
the vicinity of H1N1 positive patients during bronchoscopy and
compared it to controls. They could not demonstrate increased
viral RNA during bronchoscopy [15].

It seems that the evidence for bronchoscopy to be listed as an
AGP by the World Health Organization is based on a study compar-
ing the rate of tuberculin skin test conversion among pulmonology
and infectious diseases fellows graduating in 1983 during a resur-
gence of tuberculosis in the United States [16,17].

Suctioning during bronchoscopy creates air currents, which
generate droplets as they move across the surface of the liquid lin-
ing of the airways. The size of the droplets is inversely proportional
to the velocity of the air [16].

The American Association of Bronchology and Interventional
Pulmonology (AABIP) released a statement that bronchoscopy
has a limited diagnostic role in SARS-CoV-2 infected patients, due
to substantial risk of contamination. The collection of upper respi-
ratory samples via nasopharyngeal and oropharyngeal swabs is
non-invasive and less contaminating. When patients are intubated,
respiratory specimen collection can include tracheal aspirates and
non-bronchoscopic bronchoalveolar lavage. The statement high-
lights that bronchoscopy is not an appropriate tool to diagnose
SARS-CoV-2 infection and the benefits are far outweighed by the
risks [18].

Bronchoscopy use in SARS-CoV-2 infected adults has reportedly
mainly been applied for the removal of airway plugs and the adap-
tion of antimicrobial agents [19–21].

The role of children in the transmission of SARS-CoV-2 in the
community is thought to be limited, yet the risk of transmission
to HCWs performing AGPs on SARS-CoV-2 infected children is
likely to be significant [22,23].

Bronchoscopy has a very limited role in the management of
SARS-CoV-2 positive children. It has been reported that most chil-
dren will have mild respiratory disease and do not need ventilation
or require bronchoscopy. Xia et al. reported that COVID-19 in chil-
dren is characterised by mild pneumonia, with only 10% of patients
developing tachypnoea. Imaging findings of pneumonic changes
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were confirmed by chest CT scan as in most children the chest x-
ray appearance was normal [24].

Children requiring emergency bronchoscopy procedures may
however be SARS-CoV-2 positive, but asymptomatic. In an emer-
gency situation the SARS-CoV-2 test may not be available. These
emergency indications for bronchoscopy include foreign body
inhalation, tuberculosis with airway obstruction and life threaten-
ing congenital or acquired airway obstruction. Only one report of
four children infected with SARS-CoV-2 who required bron-
choscopy is available in the literature [25]. Both paediatric and
some of the adult studies have reported that bronchoscopy can
be performed safely with no transmission to HCWs. In contrast,
Tomego et al. have reported on a bronchoscopy study in adults
on mechanical ventilation where one of the pulmonologists
became infected with SARS-CoV-2 [19].

Rigid bronchoscopy should be avoided, due to the increased risk
of droplet spread during the SARS-CoV-2 pandemic [26]. Flexible
bronchoscopy should be performed first in SARS-CoV-2 positive
individuals or in unknown cases, to determine if rigid bron-
choscopy is indicated. Foreign bodies often can also be removed
with flexible bronchoscopy, but rigid bronchoscopy should be
always available. When rigid bronchoscopy is used jet ventilation
must be avoided and conventional ventilation must rather be used
to reduce the risk of aerosolisation.
EQUIPMENT

Single-use flexible bronchoscopes (SUFBs)

Several companies produce single-use bronchoscopes with
some of them currently fourth-generation devices that have
improved image quality and degrees of angulation, and with a
range of diameters available. They are produced with a small, por-
table, reusable screen that is easy to clean and from which videos
or images can easily be saved or downloaded [27]. The efficacy of
SUFBs has been studied in an anaesthetic setting [28,29] and in
bronchoalveolar lavage (BAL) [30] in healthy volunteers but has
not been studied in complex respiratory procedures.

The risk of transmission of infectious particles to HCWs is
reduced with SUFBs, as reprocessing is not necessary and there is
less exposure to aerosols and fomites.

Thus, the AABIP has recommended avoiding the use of reusable
flexible bronchoscopes in the setting of the SARS-CoV-2 pandemic
and using SUFBs instead [18].

Adult studies have reported on SUFBs in SARS-CoV-2 positive
patients [21,27]. Some of these studies reused the SUFBs for the
same patient due to cost factors. Currently there are no paediatric
studies on the use of SUFBs in SARS-CoV-2 positive children.

The disinfection of reuseable bronchoscopes is done in the usual
fashion because the virus is sensitive to most disinfectants used.
Personal protection equipment (PPE)

The SARS-CoV-2 era is a challenging time for respiratory teams
to protect their patients and themselves. For SARS-CoV-2 infected
or suspected patients undergoing AGPs, the European Resuscita-
tion Council guidelines advocate the use of a long-sleeved water-
proof gown; one pair of non-sterile gloves; a filtering facepiece
(FFP3 or N99 respirator; FFP2 or N95 if FFP3 not available); and
eye and face protection (full-face shield/visor or polycarbonate
safety glasses). The gloves should cover the cuff of the gown.
Where filtering facepieces are not available, the resuscitation
council guidelines recommend use of powered air-purifying respi-
rators (PAPR) with hoods [31]. However, owing to global PPE short-
ages and supply chain challenges, many hospitals have had to



Fig. 2. An adapted Scuba diving mask and full PPE with filter being used during
bronchoscopy.
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procure alternatives to traditional PPE. The problem with using an
N95 mask and face shield is that the vision is not optimal. This lim-
itation is significant during complicated interventions, such as
removing foreign bodies and doing endobronchial ultrasound.

PAPRs are expensive and cost about 1400 USD each. They con-
tain a battery-powered high-efficiency particulate air filter that
delivers clean air into a hood and blows off exhaled air. The advan-
tages of PAPRs include that the risk of leakage is very small, thus
there is no need for a fit test and it can be used by those who fail
a fit test, the respirator can be used with beards and no additional
eye protection is required (Fig. 1) [32].

The SEAC� Libera (SEACSUB, Italy) full face snorkel mask (with
adaptor) was fitted with an Intersurgical Clear-Guard filter (Inter-
surgical, South Africa) and has been adapted by replacing the snor-
kel with a 3D printed adaptor and the addition of a bacterial/viral
filter (Fig. 2). This SEAC� PPE mask conforms to the provisions of
the EU regulation 425/2016 regarding PPE. These masks are ideal
for PPE due to their ability to withstand the intrusion of water.
The silicone face skirt is hypoallergenic, and the mask has a low
internal volume. The safety of the SEAC� mask is ensured by sepa-
rate air inlet and outlet channels, thereby decreasing breathing
effort, simulating natural breathing and preventing CO2 retention.
ETCO2 and ETO2 have shown to be stable in two case studies with
only single participants, as well as in similar masks that have been
used in endoscopic procedures [33–35].

HCWs should receive training in donning, doffing and decon-
tamination of the masks and should ensure a proper fit before
using the mask: the crown strap should be on the occiput of the
head, with the straps below the pinnae of the ears. To ensure a
proper seal, hair, head scarves and scrub caps should remain on
the outside of the silicone skirt of the mask. HCWs wearing specta-
cles need to switch to contact lenses. Verbal communication is
mildly impaired, requiring slower, slightly louder and properly
articulated speech [36]. The mask seal should be tested using the
modified quantitative negative-pressure test prior to entry into
the clinical environment [36]. A hand (or two) is placed on the
HME filter(s) and a deep breath is taken. If the mask seals ade-
quately, a vacuum is created inside the mask and a sensation of sti-
fling is experienced. Visual check for condensation of the mask’s
eye plate should be performed, as this is a warning sign of a leak
or CO2 build-up [36].

General measures

SARS-CoV-2 testing of all children needing bronchoscopy
should be done pre-operatively when possible. If results are not
available patients must be managed as if potentially SARS-CoV-2
Fig. 1. PAPR devices being worn by the bronchoscopy team during the SARS-CoV-2
pandemic.
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positive, due to the risk of asymptomatic infection. The viral load
may also vary during the course of the disease, which may affect
the sensitivity of the test. There may be variability in the quality
of the sampling, due to difficulty in swabbing the nasopharynx.
Patients may even become infected during their hospital admission
for the indicated procedure. The patient and the patient’s caregiver
must wear a surgical mask when they enter the bronchoscopy the-
atre. Bronchoscopy should be done in an adequately ventilated
room with air flow of at least 160 L/s per patient or in a negative
pressure room with at least 12 air changes per hour. This may
not be available in many parts of the world. The number of people
in the theatre must be limited to essential people, especially during
induction of anaesthetics. There should be no trainees and students
present and the bronchoscopy should be performed by the most
experienced person to reduce the duration of the procedure. Cor-
rect donning and doffing of PPE should be done by everybody
who is present in the theatre (Fig. 3).

Anaesthetic techniques for a bronchoscopy suite

Patients and caregivers should only be allowed to enter the
bronchoscopy theatre once all preparations are complete, thereby
reducing the exposure time for staff. Induction of anaesthesia, on
the lap of a caregiver, is completed with sevoflurane gas induction
and an FiO2 of 0.5. Standard ASA monitoring is applied, including
capnography. Intravenous access is established and alfentanil
10 lg/kg administered to obtund the airway reflexes and the
response to placement of a laryngeal mask airway (LMA). The
LMA is held in position by the anaesthetist ensuring a tight seal.
Spontaneous breathing is maintained with positive pressure venti-



Fig. 3. Flow diagram for paediatric bronchoscopy during the SARS-CoV-2 pandemic.
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lation by hand only when necessary, to prevent the potential of
aerosol generation. Placement of a Rusch Mainz Universal Adapter
between the anaesthetic breathing circuit and the LMA ensures a
71
sealed channel for both bronchoscopy and ventilation while min-
imising the risk of aerosolisation.
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Lignocaine 1% is injected onto the vocal cords via the
bronchoscope working channel, to a maximum dose of
7 mg/kg.

Aerosolisation during bronchoscopy via LMA can be reduced by
covering the swivel connection with plastic tape or TegadermTM.
Collecting bronchoalveolar lavage fluid may increase the risk of
droplet spread for HCWs involved. This should be done with care
and only if it will benefit the patient. Adult guidelines suggest
reducing the amount of fluid needed for BAL to reduce the risk of
aerosolisation [37].

LMAs must be removed under deep sevoflurane anaesthesia.
Once stable the spontaneously breathing patients can be trans-
ported to the recovery room in the left lateral head down recovery
position, wearing a surgical mask. All bronchoscopy and patient
monitoring equipment and the bronchoscopy theatre surfaces
must be cleaned as per hospital SARS-CoV-2 cleaning protocols.
Where possible an attempt must be made to keep the theatre
paperless.
Bronchoscopy in a paediatric intensive care unit (PICU)

Bronchoscopy in a PICU may be needed for either SARS-CoV-2
pneumonia with lobar collapse or in cases who develop nosoco-
mial co-infections and require samples to be collected. Bron-
choscopy in SARS-CoV-2 positive children might also be
indicated for conditions other than the SARS-CoV-2 infection.
These may include cardiac comorbidities, tuberculosis, suspected
foreign body inhalation and congenital lung anomalies. Bron-
choscopy should be done in a negative pressure suite in the PICU,
when available. Measures taken to protect PICU staff must be the
same as in the bronchoscopy suite. When available SUFBs may
be considered for use as the instruments can be discharged in
the PICU, compared to a re-useable bronchoscope that needs be
to send for cleaning. Neuromuscular paralysis is recommended to
reduce coughing and aerosol production, unless contraindicated.
The placement of a Rusch Mainz Universal Adapter between the
ventilation circuit and the endotracheal tube ensures a sealed
channel for both bronchoscopy and ventilation while minimising
the risk of aerosolisation. The room used for the bronchoscopy
needs to be disinfected after the procedure and correct donning
and doffing of PPE must be followed by the medical staff involved.
Reusable bronchoscopes should be placed into a sealed bag before
being transported for cleaning and disinfection.
Ear, nose and throat (ENT) procedures

Diagnostic endoscopy of the upper airways is listed as an AGP.
Due to the high viral loads in the upper aerodigestive tract of
SARS-CoV-2 infected patients aerosolised particles would likely
contain viral material. The highest viral loads occur in the nasal
cavities [38].

Furthermore, coughing may produce even more aerosols. Due to
the close proximity of the endoscopist performing outpatient ENT
procedures to an infected patient’s mouth and nose they are at
increased risk of infection [39,40].

Most endoscopes used for the upper aerodigestive tract do not
require suctioning, which might reduce the risk; however full
PPE is indicated, as for bronchoscopy.
CONCLUSION

Bronchoscopy is a high-risk procedure, with a great potential
for direct SARS-CoV-2 exposure and hospital-acquired infection
among HCWs during the SARS-CoV-2 pandemic.
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Many patients infected with SARS-CoV-2 will be completely
asymptomatic. We have long passed the stage in the pandemic
where travel history was a reliable indicator of the risk associated
with the patient. False negative SARS-CoV-2 test results further
complicate the pre-operative risk analysis of each patient. It is thus
not unreasonable for HCWs doing bronchoscopy procedures during
the SARS-CoV-2 pandemic to implement airborne precautions
regardless of the child’s SARS-CoV-2 status. Bronchoscopy can be
performed in SARS-CoV-2 positive children if infection prevention
protocols are strictly adhered to and HCWs wear appropriate PPE
at all times. Modified full face masks are a practical and safe alter-
native to filtering facepieces for use in bronchoscopy. It is advisable
to adhere to this high standard of PPE until the pandemic has
become a part of modern day history.

DIRECTIONS FOR FUTURE RESEARCH

� Assessing the efficacy of single-use flexible bronchoscopes in
complex procedures.

� Developing effective prevention methods for future viral
pandemics.
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