Indications, Clinical Utility, and Safety of Bronchoscopy in COVID-19
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BACKGROUND: Bronchoscopy is an aerosol-generating procedure and routine use for patients with
coronavirus disease 2019 (COVID-19) has been discouraged. The purpose of this review was to discuss
the indications, clinical utility, and risks associated with bronchoscopy in patients with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) pneumonia. METHODS: A literature search was
performed by using appropriate key terms to identify all relevant articles from medical literature
databases up to August 1, 2021. RESULTS: Twelve cohorts (9 retrospective and 3 prospective)
reported the performance of 2,245 bronchoscopies in 1,345 patients with COVID-19. The majority of
the subjects were male. Nearly two thirds of the bronchoscopies (62%) were performed for therapeutic
indications; the rest (38%) were for diagnostic purposes. Bronchoalveolar lavage had an overall yield
of 33.1% for SARS-CoV-2 in subjects with negative results of real-time polymerase chain reaction on
nasopharyngeal specimens. The incidence of a secondary infection ranged from 9.3% to as high as
65%. Antibiotics were changed in a significant number of the subjects (14%—-83%) based on the bron-
choscopic findings. Bronchoscopy was well tolerated in most subjects except those who required nonin-
vasive ventilation, in whom the intubation rate after the procedure was 60%. The rate of transmission
of SARS-CoV-2 among health-care workers was minimum. CONCLUSIONS: Bronchoscopy in
patients with COVID-19 results in a significant change in patient management. Transmission of
SARS-CoV-2 seems to be low with consistent use of appropriate personal protective equipment by
health-care workers. Therefore, bronchoscopic evaluation should be considered for all diagnostic and
therapeutic indications in this patient population. Key words: SARS-CoV-2; COVID-19; bronchoscopy;

indications,; complications. [Respir Care 2022;67(2):241-251. © 2022 Daedalus Enterprises]

Introduction

Bronchoscopy is a commonly performed procedure for
evaluation of respiratory diseases. It is a safe, minimally inva-
sive technique that has an important diagnostic and
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therapeutic role.' Bronchoscopy is often performed as an out-
patient or, when necessary, as an urgent or emergent proce-
dure in the in-patient setting, such as in the ICU.
Bronchoscopy is generally well tolerated by patients with
minimal risk of serious complications.” Bronchoscopy is an
aerosol-generating procedure and, therefore, has the potential
for airborne transmission of diseases that affect the respira-
tory tract, for example, tuberculosis.’ Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is the causative or-
ganism for coronavirus disease 2019 (COVID-19) and is re-
sponsible for the ongoing pandemic.*> SARS-CoV-2
typically spreads by respiratory droplets and aerosols; there-
fore, performing bronchoscopy in this patient population has
the potential to further increase the risk of exposure to health-
care workers.® As a result, professional societies recom-
mended universal use of personal protective equipment
(PPE) for health-care workers, testing patients for COVID-19
infection before bronchoscopy, and performing the procedure
in a timely and safe manner for patients with COVID-19.”'°
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However, the overall number of bronchoscopies per-
formed in patients with or without COVID-19 during this
pandemic had been significantly low.''""* Avoidance of
bronchoscopy in patients with COVID-19 carries the risk
of misdiagnosis of their disease, the possibility of missing
potentially curable cancers, and suboptimal treatment of
secondary infections. There are several reports of broncho-
scopic evaluation of patients with COVID-19 for different
indications. Thus far, no reviews have systematically eval-
uated the role of bronchoscopy in this patient population.
This article critically reviewed the medical literature and
informs the reader with regard to the indications, broncho-
scopic findings, clinical utility, and complications of bron-
choscopy in patients with COVID-19.

Methods

This systematic review was performed and reported by
following the PRISMA (Preferred Reporting Items for
Systematic Review and Meta-Analyses) guidelines.'*

Study Objectives

The primary objectives of the study were to determine
the indications, utility, and complications of bronchoscopy
in patients with COVID-19 pneumonia. The secondary
objectives were to assess the patient demographics, bron-
choscopic findings, benefits of PPE, and the risk of trans-
mission of COVID-19 among health-care workers. In this
study, the utility of bronchoscopy is defined as the new di-
agnosis of a secondary bacterial, viral, and fungal infection;
changes in antimicrobials, systemic corticosteroids, and
anticoagulation management.

Search Criteria

The MEDLINE, PubMed, and World Health Organization
COVID-19 databases were searched by using the following
formula: “(severe acute respiratory syndrome coronavirus 2
or SARS-CoV-2 or coronavirus disease 2019 or COVID-19)
and bronchoscopy.” The bibliography of the identified litera-
ture was then scrutinized to determine additional articles that
met the inclusion criteria for our study.

Inclusion Criteria

Articles that fulfilled the following criteria were included
in our study: (1) case control or cohort studies that reported
the performance of bronchoscopy in subjects with COVID-19
either confirmed by real-time polymerase chain reaction or
suspected based on the clinical or radiologic progression; (2)
studies that reported bronchoscopy, bronchial wash, and bron-
choalveolar lavage (BAL) performed both in the ICU and
non-ICU settings; and (3) articles published in peer-reviewed
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journals or a preprint server between January 1, 2020, and
August 1,2021.

Exclusion Criteria

The exclusion criteria were as follows: (1) articles that
reported subjects age < 18 years; (2) articles in the form
of “case reports,” and (3) literature not in the English
language.

Data Collection Process

Two researchers (BKS, SS) independently performed
eligibility assessment of the data in a standardized manner
to identify articles that reported the performance of bron-
choscopy in patients with COVID-19 or with suspected
COVID-19. The reviewers (BKS, SS) were blinded to
each other’s assessment. Any disagreement between them
was resolved by discussion and input from the third
researcher (WHC). After the citations were identified,
duplicate records were removed. The abstract of each cita-
tion was then screened for relevance to our study.
Unrelated citations were excluded. The full texts of the
remaining articles were then reviewed, along with the
careful examination of the bibliography of the published
articles.

Data Abstraction

Included studies were coded, and the extracted data from
the studies were then tabulated in a standardized Excel
sheet (Microsoft, Redmond, Washington). The following
data were gathered from full-text articles: patient demo-
graphics, study design, date of participant enrollment, year
of publication, number of patients in the study, indication
for bronchoscopy, secondary infections identified, broncho-
scopic findings, changes in management after bronchos-
copy, number of bronchoscopists, total number of
bronchoscopies, ventilator management during bronchos-
copy, use of PPE, and rates of SARS-CoV-2 transmission
or rates of infections among health-care workers. The char-
acteristics and outcomes of all included studies were
analyzed.

Study Risk and Bias Assessment

BKS and SS independently performed quality assess-
ments by using the Newcastle-Ottawa Scale'’; they were
blinded to each other’s assessments. The Newcastle-
Ottawa Scale contains 9 items for cohort and case-control
studies. In the Newcastle-Ottawa Scale, the total score
ranges from O to 9 and is categorized into 3 groups: low
quality, 0-3; moderate quality, 4-6; and high quality, 7-9.
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Search results
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Observational studies included in
the systematic review
12

Fig. 1. Flow chart.

Any disagreements between the researchers were resolved
by discussion among investigators.

Results
Study Selection

A total of 479 citations were identified in the initial
search. After the removal of duplicates (no. = 154) and
those that did not meet the inclusion criteria (by title,
abstract, and full text review: no. = 313), 12 studies were
eligible and included for this systematic review (Fig. 1).

Study Characteristics

The study characteristics are reported in Table 1. Nine ret-
rospective!!18:19-202122:232426 anq 3 prospective cohort stud-
ies'®'”* were included. Eight studies'®!"!81920:23:2426 \ere
from a single center, whereas 4 studies were conducted as
multi-center studies.!'*'*>?> Overall, the relevant data were
collected by researchers between March 2020 and December
2020. A total of 11 articles'"'"-*#2¢ were peer reviewed at the
time of this review. Eight studies were'"!6:!17:19202425:26 51y
lished in 2021 and four in 2020."**'** One manuscript was
published on a preprint server (medRxiv) in 2021.'® Three
studies were reported from Italy and Spain; 2 studies from the
United States; and 1 study each from France, Belgium,
Germany, and India. All included studies were of moderate
quality (Table 2).
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Patient Demographics and Diagnosis of COVID-19

All the subjects included in this systematic review were
diagnosed with COVID-19 either by real-time polymerase
chain reaction of the nasopharyngeal swab or suspected to
have the disease from their clinical and radiologic presenta-
tion and progression. Eight studies'!'7->!:22232526:27 gpeci_
fied the sex distribution among patients who underwent
bronchoscopy, and most of the patients were male (70.9%—
83.6%). The median and mean age ranged from 60 to 64.6
y and 59 to 62.1 y, respectively. The age of the patient pop-
ulation was not specified in 3 studies.'”"* Complete demo-
graphic data were not available for all studies
(Supplementary Table 1, see related supplemental material
at http://rc.rcjournal.com).

All subjects underwent bronchoscopy in the hospital af-
ter being admitted as in-patients. A total of 1,345 subjects
underwent 2,245 bronchoscopies. The severity of illness
among the subjects (patients on room air, oxygen supple-
mentation, noninvasive ventilation [NIV], or intubated)
while undergoing bronchoscopy was specified by 11 of the
12 studies (92%).!"!61718:192021.23.24.2526 The majority of
the bronchoscopies were performed in the patients who
were intubated, 1,879 of 2,245 (83.7%). Six of the 12 stud-
ies!618:19.2024.26 (5097) only included subjects who were in-
tubated and mechanically ventilated in the ICU; 73 of
1,345 subjects (5.4%) were receiving extracorporeal mem-
brane oxygenation and 10 of 1,345 (0.7%) required NIV
support; 107 of 1,345 of the subjects (7.9%) received vary-
ing quantities of oxygen during the bronchoscopy. Only 13
of 1,345 (0.9%) subjects were specified to be on room air.

Indication, Utility, and Bronchoscopic Findings

Bronchoscopies were performed for both diagnostic and
therapeutic indications. The indications for bronchoscopy
were specified in all but 1 study (Supplementary Table 1,
see related supplemental material at http://rc.rcjournal.
com).?° A total of 724 of 1,906 bronchoscopies (38%) were
diagnostic, whereas the rest, 1,182 of 1,906 (62%) (10 stud-
ies), were performed for therapeutic reasons. Among all the
diagnostic bronchoscopies, 179 of 724 (24.7%) were done
to evaluate for SARS-CoV-2 infection. The remainder of
the diagnostic bronchoscopies were undertaken for the sus-
picion of secondary infection or concerns for a non-
COVID-19 diagnosis. Primary indications for therapeutic
bronchoscopy were airway occlusion by mucus plug as
manifested by atelectasis or segmental collapse on chest ra-
diology,'®'®2!2* increased airway resistance,'” and overall
increased airway mucus with or without definitive airway
occlusion.'®'®?* The utility refers to the microbiologic
diagnostic yield, change in therapeutic interventions as a
direct result of bronchoscopic evaluation, and a positive
change in the patient’s clinical status. The indication,
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Table 2.  Newcastle-Ottawa Scale Score of the Included Studies
Selection® Outcome/Exposuref
Study Type of Study Comparability Total Score
1 2 3 4 a b c

Guarino et al'’ Prospective cohort X NA X X NA NA X X X 6
Mondoni et al®! Retrospective cohort X NA X X NA NA X X X 6
Patrucco et al* Retrospective cohort x  NA X x  NA NA X X NA 5
Chang et al* Retrospective cohort x  NA X x  NA NA X X X 6
Torrego et al'® Retrospective cohort x  NA X x  NA NA X NA X 5
Bruyneel et al*? Retrospective cohort x  NA X X NA NA X NA X 5
Mehta et al'® Prospective cohort x  NA X x  NA NA X X X 6
Baron et al'"’ Retrospective cohort x  NA X x  NA NA X NA X 5
Loor et al** Retrospective cohort x  NA X x  NA NA X NA X 5
Mahmood et al'’ Retrospective cohort x  NA X x  NA NA X X X 6
Arenas-De Larriva et al*®>  Prospective cohort x  NA X x  NA NA X X 6
Cornelissen et al* Retrospective cohort x  NA X x  NA NA X X NA 5

*Selection: 1, representativeness of the exposed cohort; 2, selection of the non-exposed cohort; 3, ascertainment of exposure; 4, demonstration that outcome of interest was not present at the start of the

study.

‘FOutcome/Exposure: a, assessment of outcome; b, was follow-up long enough for outcomes to occur; ¢, adequacy of follow-up of cohorts.

NA = not applicable

utility, and bronchoscopic findings in the reported studies
are summarized in Supplementary Table 1, (see related sup-
plemental material at http://rc.rcjournal.com).

Peri-Procedural Risk

Based on our review, bronchoscopy and BAL were well
tolerated in most patients, including those who were crit-
ically ill and in ICU. No severe adverse events related to
bronchoscopy were reported in any subject (Supplementary
Table 1, see related supplemental material at http://rc.
rcjournal.com). No patient had a cardiopulmonary arrest,
pneumothorax, or cardiac arrhythmia. When specified, tran-
sient hypoxemia (Spo, < 90%) was described in 10 of 331
of procedures (3%) (n = 2).'** Six of 10 subjects (60%)
who were on NIV required intubation after bronchoscopic
evaluation.'”*

Bronchoscopy Technique and Use of PPE

All bronchoscopies were performed in accordance with the
guidelines”*'” provided by the World Health Organization,
Centers for Disease Control and Prevention, and other profes-
sional societies. Eleven'!!6-171819.2021.22:2324.26 o 17 gpydies
(92%) specified the use of PPE. All the health-care workers
used full PPE, including gown, face shield, eye protector,
shoe cover, double gloves, filtering face pieces (FFP2/FFP3),
NO95 mask, and, sometimes, a powered air-purifying respira-
tor (Table 3). The use of negative pressure rooms for bron-
choscopy was not universal. Four of 7 studies'""""*%° (57%)
reported the use of negative pressure rooms for all their pro-
cedures. Bronchoscopies in the other 3 studies'®*** were
performed without negative pressure rooms. One study

RESPIRATORY CARE ® FEBRUARY 2022 VoL 67 No 2

reported that > 90% of the bronchoscopies were performed
without negative pressure rooms.” Flexible bronchoscopy
was performed in all but 1 patient.>’ Disposable broncho-
scope was used for all the patients in 6 of 9 reports
(67%).'7-'182021-2324 Two studies used both disposable and
non-disposable bronchoscopes,'*® whereas, in 1 study, only
a non-disposable bronchoscope was used.”® Bruyneel et al*®
reused a disposable bronchoscope in 15 ICU subjects who
required repeated procedures. The bronchoscopes were proc-
essed in the typical way after the initial bronchoscopy.?

The number of bronchoscopists and other health-care
workers who participated in bronchoscopy procedures var-
ied significantly among the studies. Six of nine studies
(67%) reported 1 bronchoscopist being present in the room
during the procedure.'®!7-'2!23 Of these 6 studies, a bed-
side nurse was available to assist the operator in
four.'”'?!%3 Chang et al* specified the presence of the
bedside nurse immediately outside the room, whereas
Mehta et al'® had a nurse, a technician, and a respiratory
therapist assist with the bronchoscopy (Table 3). Torrego et
al'® reported using a second bronchoscopist for assistance
with the ventilator during bronchoscopy. The other health-
care workers were available outside the room in this study.
Two studies reported a specific practice before entering the
room, including preparation of all necessary supplies to
reduce the stay inside the room.'”'®

Transmission Risk of SARS-CoV-2 Among Health-
Care Workers

Nine of the included studies'®'7-!8192021:23.24.26 repqrted
SARS-CoV-2 transmission risks among health-care work-

ers (Table 3). Among the studies that specified the
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incidence of transmission, 646 patients underwent a total of
1,034 bronchoscopies in our review. Only 1 study reported
1 bronchoscopist who developed COVID-19 during the
third week of study and needed to be replaced by another
bronchoscopist.'®

Discussion

Since the beginning of the pandemic, the transmission of
SARS-CoV-2 among health-care workers has been reported
in multiple studies. The rate of transmission varied between
4.1% and 18%.%”*° Because bronchoscopy is an aerosol-gen-
erating procedure, it has been hypothesized to carry a high
risk for SARS-CoV-2 transmission.” Predominantly small
cohorts of patients with COVID-19 who have undergone
bronchoscopy have been reported in the literature.
Bronchoscopic evaluation resulted in superior diagnostic
yield on microbiologic studies and changed treatment plans
for many patients.

The rate of a positive SARS-CoV-2 results by real-time
polymerase chain reaction from a lower respiratory tract
sample has varied in the literature. Wang et al** reported a
929% positivity (14/15) on the BAL specimen. In our study,
a significant number of subjects with a false-negative result
were eventually correctly diagnosed by bronchoscopy. The
rate varied between 2.3% and 55.1%, with an overall yield
of 92 of 278 (33.1%). These differences could be due to
better characterization of radiologic abnormalities caused
by SARS-CoV-2 pneumonia and the performance of bron-
choscopy on patients without such patterns to exclude
rather than make a diagnosis of COVID-19. Most of the
included subjects had double-negative nasopharyngeal real-
time polymerase chain reaction results, which likely also
reduced the likelihood of a positive test result. The yield of
the bronchial wash and BAL were similar.”* This finding
was crucial because large-volume BAL may be avoided by
performing a bronchial wash with a small volume of nor-
mal saline solution. Wang et al*° reported a diagnostic yield
of 63% from endobronchial brush biopsy specimens.

The bronchoscopic findings were nonspecific and are
summarized in Supplementary Table 1, see related supple-
mental material at http://rc.rcjournal.com. Although some
investigators reported normal mucosa in a minority of sub-
jects, most subjects demonstrated hyperemic and inflamed
airways.'®** Development of airway polyps was also
reported.’! As with previous studies, thick airway secre-
tions were also observed in the current review.*>?** Mucus
plugs that resulted in airway occlusion that caused hy-
poxia were likely the cause of an unusually high number
of the required bronchoscopies observed in some stud-
ies.?%*2* Guarino et al'’ reported performing bronchos-
copies in 33% of the subjects, Loor et al** performed 222
procedures in their series of 75 subjects. A recent study
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also reported the presence of thick mucus during 60% of
bronchoscopies.”

The most common sites for a mucus plug were bilateral
lower lobes, but involvement of more proximal airways,
including the trachea, was also seen.”> Clearance of mucus
was associated with improved oxygenation.** The presence
of hemorrhagic secretion in the distal airways was found to
be an independent predictor of increased mortality.?
Guarino et al'” reported a group of 30 subjects who were in-
tubated and who underwent bronchoscopic evaluation for a
rapid increase in pulmonary resistance. None of these sub-
jects had any evidence of airway occlusion on bronchoscopy,
but 23 of 30 (76.7%) were eventually found to have pulmo-
nary thromboembolism.'” Acute pulmonary embolism is a
known cause of bronchoconstriction and should be consid-
ered in the differential diagnoses, especially if the bronchos-
copy reveals no airway obstruction.*

Bronchoscopy brought on a number of modifications in
the management of these patients. These changes can be
categorized as (1) identification of secondary infection, (2)
adjustment of antimicrobials, (3) alteration in systemic corti-
costeroid therapy, and (4) changes in anticoagulation ther-
apy. Secondary bacterial and fungal infection is associated
with increased morbidity and mortality in patients with
COVID-19.* The incidence of secondary infection varied
widely. Bacterial and fungal isolates were identified in a sig-
nificant number of subjects in our study and resulted in the
optimization of antibiotic, antiviral, and antifungal therapy
(Supplementary Table 1, see related supplemental material
at http://rc.rcjournal.com). These isolated bacteria showed a
similar distribution as seen in subjects without COVID-19
and with ARDS.'®*** Whether SARS-CoV-2 represents a
specific risk factor for invasive Aspergillus infection is cur-
rently unknown.

However, a large number of patients with COVID-19
have been reported to have had invasive pulmonary asper-
gillosis.* The rate of Aspergillus infection was as high as
25% in 1 study.' Therefore, as with influenza, a low
threshold of suspicion is necessary to identify Aspergillus
infection early in patients with COVID-19.%° Several stud-
ies specified changes in the existing antibiotic regimen
based on bronchoscopy results.'®'#:19232* The rate of antibi-
otic change varied from 14% to 83% among the included
studies. Similarly, antifungal treatment modification and
initiation of antiviral treatment for non-COVID-19 viral
infection were also reported."”

Corticosteroid and systemic anticoagulation are com-
monly used in patients who are critically ill and with
COVID-19. Low-dose dexamethasone has been shown
to improve mortality in patients who are critically ill
with COVID-19, and is recommended by all major
guidelines.*! However, systemic corticosteroids can
predispose patients to secondary bacterial and fungal
infections, and, therefore, identification of secondary
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infection may necessitate reduction or discontinuation
of systemic steroid therapy.** Mehta et al'® reported dis-
continuation of systemic corticosteroids in 6% of their
subjects, Baron et al'® were able to initiate such therapy
in 21% of their subjects after bronchoscopy.

Development of alveolar hemorrhage can be a life-
threatening complication of therapeutic anticoagulation.
Systemic anticoagulation increases the risk of alveolar
bleeding, which can be easily diagnosed on bronchoscopy
and BAL. Mehta et al'® and Loor et al** reported modifica-
tion of anticoagulant therapy for a number of subjects after
bronchoscopy. Bronchoscopy helped to diagnose other
non-COVID-19, noninfectious diseases such as organizing
pneumonia and vasculitis. Pulmonary malignancy was
identified in 8 of 86 subjects in the report by Patrucco et
al.?? In addition, bronchoscopy provided the diagnosis of
non-COVID-19 lower respiratory tract infection by other
pathogens. Bronchoscopy and BAL seemed to be associ-
ated with a low risk of complications. No major adverse
events including cardiac arrhythmia or cardiac arrest were
reported in any patient. Mild hypoxemia and fever were
reported in a minority of patients. Importantly, when bron-
choscopy was performed in patients who required NIV, the
procedures were associated with severe hypoxia (Spo, <
60%), and the majority of patients subsequently were intu-
bated (6 / 10). Therefore, bronchoscopy in patients who
required NIV may be associated with further worsening of
hypoxemia and precipitation of respiratory failure that
requires ventilatory support.

The major concern with regard to SARS-CoV-2 transmis-
sion among health-care workers was minimum in our study.
Only 1 health-care worker was infected among all the studies
included in this review. In addition, in a retrospective obser-
vational study that included 280 subjects who underwent
> 450 bronchoscopic procedures in the ICU by 35 broncho-
scopists, only 1 operator serologically tested positive for
COVID-19 without any reported acute illness.”” As with
other respiratory pathogens, SARS-CoV-2 can be transmit-
ted by respiratory droplets and aerosols, and respiratory par-
ticles that measure in between these.® Use of negative
pressure rooms and frequent air exchanges (at least 12 times
an hour) reduces the quantity of infectious particles in the
room and likely provides beneficial protective effects.*?
Similarly, neuromuscular blockade, apneic bronchoscopy,
clamping of the endotracheal tube, and disconnection from
the ventilator during the insertion and withdrawal of the
bronchoscope may reduce the risk further. In addition,
the preparation of salinesolution-filled BAL syringes outside
the patients’ rooms is likely to shorten the procedure time."”
Minimizing the number of healthcare workers in the room
during the actual procedure reduces exposure and may have
contributed to the observed low transmission rate.

The use of PPE is crucial to minimize the risk of disease
transmission during bronchoscopy. All involved health-care
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workers were reported to have used appropriate PPE, except
in 1 study.” The rate of SARS-CoV-2 transmission among
health-care workers was not specified in this study. A com-
plete set of PPE includes a fitted high-filtration mask (or pow-
ered air-purifying respirator), eye protection (goggles or face
shield), hair cover, body gown, shoe cover, and double
gloves. A systematic approach in donning and doffing of PPE
is essential.** The bronchoscopies were performed in various
settings, including the ICU, bronchoscopy suite, medical
wards, and the operating room. However, the vast majority of
bronchoscopies (84%) were performed in subjects who were
intubated and on mechanical ventilation, with or without
paralytics. It is unclear if the safety data from a patient who
was intubated, on mechanical ventilation, paralyzed, and
undergoing apneic bronchoscopy can be generalized to other
patient populations, such as a patient undergoing bronchos-
copy under moderate sedation in the endoscopy suite.
Whether every protective measure that was undertaken is
necessary is also unknown. Well-designed prospective studies
in the future may provide valuable data to answer these con-
cerns. Both disposable and non-disposable bronchoscopes
were used without any heightened risk of disease transmis-
sion in our study. When processed in the usual manner, dis-
posable bronchoscopes could potentially be used for repeated
bronchoscopy in the same patient, if necessary.

Limitations of the Study

Our study had several limitations. First, most studies
included in this systematic review are composed of small
cohorts of subjects and the results may not be generalizable.
Second, there is a risk of publication bias because bron-
choscopies in these subjects that have been complicated by
adverse effects, non-utility, or disease transmission may not
have been reported. Third, the majority of the reports were
retrospective chart reviews. As a result, the reported data
were not complete for many studies. Similarly, there was
significant heterogeneity among reports. Fourth, the major-
ity of the studies were single-center based, which may have
affected the outcomes of the study. Fifth, the overall quality
of the studies was medium because no control group was
available.

Conclusions

Bronchoscopic evaluation of these subjects with
COVID-19 seemed to be safe and potentially added small
additional risks to health-care workers when appropriate
precautions were taken. Bronchoscopy helps with the di-
agnosis of SARS-CoV-2 pneumonia and with the identifi-
cation of secondary infections, thereby assisting in the
institution of appropriate antimicrobial therapy and
adjustment of systemic corticosteroid treatment. Alveolar
hemorrhage can be a life-threatening complication of
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therapeutic anticoagulation and can be easily identified on
bronchoscopy as well. In addition, clearance of thick air-
way secretion and mucus plugs may improve oxygen-
ation. Bronchoscopy in patients who require NIV may be
complicated by severe hypoxemia and precipitation of
ventilator-dependent respiratory failure, and should be
performed with caution. With proper use of PPE, broncho-
scopic intervention likely poses minimal risk to health-
care workers while possibly providing significant benefit
to the patient.
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