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8 Respiratory infection

Low utilisation of bronchoscopy to
assess COVID-19 respiratory infection:
a multicenter experience

Kamran Mahmood,' Matt Abbott,’ Keriann Van Nostrand,? Rabih Bechara,®
Anne V Gonzalez,* Amanda Brucker,® Cynthia L Green, Christopher R Polage®

ABSTRACT

Objective For the diagnosis of COVID-19, the yield of
nasopharyngeal (NP) swabs is unclear, and bronchoalveolar
lavage (BAL) is obtained to confirm the diagnosis. We
assessed the utilisation of bronchoscopy for COVID-19
diagnosis in a multicenter study and compared the
diagnostic yield of BAL versus NP swabs.

Methods This retrospective study included all patients
who were admitted with clinical presentation concerning
for COVID-19 and underwent BAL from 1 March to 31 July
2020 at four tertiary care centres in North America. We
also compared concordance of BAL with NP swabs for
diagnosis of COVID-19 infection.

Results Fifty-three patients, with clinical suspicion for
COVID-19 and admitted for respiratory failure, underwent
bronchoscopy to collect BAL for SARS-CoV-2 testing.
During the same period, 2039 bronchoscopies were
performed on patients not infected with COVID-19. Of 42
patients with NP swabs and BAL collected within <7 days,
1 was NP swab negative but positive by BAL for SARS-
CoV-2 (n=1/42 (2.4%)). Across a wide array of testing
platforms, the overall agreement between NP swabs and
BAL results was 97.6% (95% Cl: 93.0% to 100%) with
Cohen’s k of 0.90 (95% Cl: 0.69 to 1.00). The sensitivity,
specificity, positive and negative predictive values of NP
swabs compared with BAL were 83.3% (95% Cl: 53.5% to
100%), 100%, 100% and 97.3% (95% Cl: 92.1% to 100%),
respectively.

Conclusions BAL was used infrequently to assess
COVID-19 in busy institutions. NP swabs have a high
concordance with BAL for COVID-19 testing, but negative
NP swabs should be confirmed with BAL when clinical
suspicion is high.

INTRODUCTION

The COVID-19 pandemic has led to devas-
tating morbidity and mortality, primarily
related to respiratory failure and associated
multiorgan dysfunction. Prompt diagnosis
of COVID-19 is critical for the treatment
of infected individuals and prevention of
infection transmission. The diagnosis of
COVID-19 is established by clinical presenta-
tion, radiologic findings of the chest and
testing based on reverse transcription (RT)
PCR. The RT-PCR test is performed for the

» Bronchoscopies for bronchoalveolar lavage (BAL)
represented 2.5% of total bronchoscopies per-
formed in the participating institutions, and the over-
all agreement between nasopharyngeal (NP) swab
and BAL results was significant at 97.6% (95% CI:
93.0% to 100%).

» We describe details of bronchoscopy practice and
SARS-CoV-2 testing platforms at different institu-
tions, and emphasize that when the suspicion for
COVID-19 remains high despite negative NP swab,
BAL should be performed to confirm the diagnosis.

detection of nucleic acid from SARS-CoV-2
on  various  specimens—nasopharyngeal
(NP) swabs being one of the most common
source of testing.! > However, several studies
have reported that the sensitivity of NP swabs
is variable.” * Since the COVID-19 infection
involves the lower respiratory tract, especially
in sicker patients, bronchoscopy is often
performed in patients with negative NP swabs
to obtain bronchoalveolar lavage (BAL), as
an early study by Wang et al suggested that
lower respiratory samples provide a higher
diagnostic yield.4 In this study, the diagnostic
yield of BAL was 93%, while the yield of nasal
swabs was only 63% from patients suspected
of COVID-19." However, the bronchoscopy
is an aerosol-generating procedure that can
potentially expose the healthcare providers to
COVID-19 and may strain the limited health-
care resources.” Several professional socie-
ties came out early with guidelines advising
against routine use of bronchoscopy for
COVID-19 diagnosis, based on the experi-
ence from other coronavirus epidemics.® The
objectives of this study were to assess the clin-
ical utilisation of bronchoscopy in COVID-19
diagnosis and compare the diagnostic yield of
BAL and NP swabs in patients with suspected
or confirmed COVID-19 infection.
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METHODS

Study design and settings

We performed a retrospective review of all patients who
were clinically suspected to have COVID-19 and under-
went BAL and NP swab testing for COVID-19 testing
at four large academic institutions in North America.
Medical records were reviewed for all patients who met
the criteria from 1 March 2020 to 31 July 2020. Data from
participating institutions were entered into a REDCap
database maintained by Duke University.

Patient and public involvement statement

It was not appropriate or possible to involve patients or
the public in the design, or conduct, or reporting, or
dissemination plans of our research, but the study was
performed to improve patient care outcomes. We thank
our patients and their families for their strength and
endurance, as stated in the Acknowledgements.

Specimen collection

NP swabs were collected by trained healthcare personnel,
according to Centers for Disease Control and Prevention
(CDC) recommendations.” ® The swabs were made of
synthetic fibre attached to a plastic or aluminium shaft.
The swabs were inserted in the posterior nasopharynx,
parallel to the palate and maintained in place for a few
seconds to absorb the secretions. Afterwards, the swabs
were removed and placed immediately into a sterile trans-
port tube containing 2-3mL of viral transport medium
or sterile saline. NP swabs for point-of-care nucleic acid
amplification (NAA) tests were performed directly on
the instrument near the collection location.

BAL was performed via bronchoscopy by trained health-
care providers. The bronchoscope was inserted into the
airways and wedged into a distal, segmental bronchus.
Then, sterile saline in two to three 50mL aliquots was
instilled into the airway and suctioned back into a trap.
From the retrieved BAL fluid, 2-3 mL was sent in a sterile
container for SARS-CoV-2 RT-PCR.

COVID testing

SARS-CoV-2 coronavirus testing was performed following
the manufacturer’s instructions for use and/or validated
protocols on multiple US Food and Drug Administration
emergency use authorisation RT-PCR or other NAA test
platforms. Tests were independently verified and vali-
dated by each performing laboratory before clinical use.
NP samples were generally tested on a laboratory RT-PCR
assay (Cepheid Xpert SARS-CoV-2, DiaSorin Simplexa
COVID-19 Direct, Roche cobas SARS-CoV-2 and Panther
Fusion SARS-CoV-2), with a few tested on a rapid point-of-
care NAA test (Abbott ID Now COVID-19). BAL samples
were only tested by laboratory RT-PCR on platforms vali-
dated locally for BAL (CDC SARS-CoV-2, Abbott Alinity
m SARS-CoV-2, Cepheid Xpert SARS-CoV-2, Roche cobas
SARS-CoV-2 and Panther Fusion SARS-CoV-2).

Statistical analysis

Continuous variables are presented as median with 25th
and 75th percentiles (Q1-Q3), and categorical variables
as frequency counts with percentages. The concordance
of NP swab and BAL testing was assessed using McNe-
mar’s test and Cohen’s k with 95% CI. A two-sided p value
of 0.05 or less was considered statistically significant. All
analyses were performed with SAS V.9.4 (SAS Institute).

RESULTS

Bronchoscopic BAL was performed to assess for
COVID-19 infection on 53 hospitalised patients at four
centres during the study period, while 2183 patients were
admitted with confirmed COVID-19 diagnosis. Overall,
2039 bronchoscopies were performed on patients
not infected with COVID-19 during this time frame.
COVID-19 was confirmed in 13 of our cohort of 53 patients
who underwent BAL. Confirmed patients with COVID-19
(N=13) underwent a total of 57 non-bronchoscopy
procedures and 2 patients had a repeat bronchoscopy
performed; bronchoscopies thus accounted for 26.3% of
total procedures.

The clinical characteristics of the patients included in
the study are summarised in table 1. The patients included
in the study were deemed high risk for COVID-19 as they
had symptoms and radiographic findings concerning for
COVID-19 infection along with respiratory failure or acute
respiratory distress syndrome (ARDS). Forty-six patients
(86.8%) were admitted in intensive care units (ICU),
while others were admitted on medical wards. Diabetes
mellitus (32.1%) was the most common comorbid condi-
tion. Chest radiographs showed bilateral infiltrates in
83%, unilateral infiltrates in 11.3% and pleural effusions
in 15.1% of patients. Chest CT scan showed consolidation
in 43.4%, ground-glass infiltrates in 58.5%, interlobular
septal thickening in 3.8%, mediastinal lymphadenop-
athy in 3.8%, and pleural effusions in 26.4% of patients.
Fortysix patients (86.8%) were on mechanical venti-
lation; 31 patients (59.5%) had ARDS and 5 patients
(9.4%) required extracorporeal membrane oxygenation.

Prior to BAL, 41 patients had negative NP swabs,
while 12 patients had positive NP swabs for SARS-CoV-2
testing. BAL was done in patients with negative NP swabs
to confirm the COVID-19 diagnosis, while the BAL in
positive NP swab patients was performed to assess for
other coinfections. In the patients (N=13) who were later
confirmed to have COVID-19, the BAL was performed at
a median of 14 days (Q1-Q3: 8-18days) from the onset
of symptoms. In 46 patients (86.8%), the last NP swab
closest to BAL was done when they were on mechanical
ventilation, and 7 patients (13.2%) had swabs obtained
while spontaneously breathing. A wide array of platforms
was used for COVID-19 testing on NP swabs and BAL, as
shown in table 2. Some patients had multiple negative NP
swabs done before BAL was performed.

All bronchoscopies were done in a negative pressure
room with powered air purifying respirator or N95 with
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Table 1 Patient characteristics
Total
Baseline characteristics (N=53)
Age, median years (Q1-Q3) 62 (46-69)
Gender, n (%)
Male 36 (67.9)
Female 17 (32.1)
Race, n (%)
African American 16 (30.2)
Asian 2 (3.8)
Caucasian 30 (56.6)
Hispanic 1(1.9)
Other 4(7.5)

BMI, median kg/m? (Q1-Q3)
Comorbidities, n (%)

28 (23.7-34.2)

Diabetes 17 (32.1)
Congestive heart failure 9(17.0)
Coronary artery disease 13 (24.5)
Hypertension 14 (26.4)
Cirrhosis/liver failure 4 (7.5)
Chronic kidney disease/renal failure 12 (22.6)
Thrombocytopenia 4 (7.5)
Malignancy 8 (15.1)
Lung transplant 7 (138.2)
Chronic obstructive pulmonary 7(13.2)
disease

COVID-19 symptoms, n (%)
Cough 28 (52.8)
Shortness of breath 40 (75.5)
Fever 20 (37.7)
Hypoxaemia 31 (58.5)
Chest pain 1(1.9)
Haemoptysis 2 (3.8)
Fatigue 3(5.7)
Gastrointestinal symptoms 2 (3.8)

X-ray findings of the chest infected with

COVID-19, n (%)
Bilateral infiltrates 44 (83.0)
Unilateral infiltrates 6(11.3)
Pleural effusion 8 (15.1)

CT findings of the chest infected with

COVID-19, n (%)
Consolidation 23 (43.4)
Ground-glass infiltrates 31 (58.5)
Interlobular septal thickening 2 (3.8)
Mediastinal lymphadenopathy 2(3.8)
Pleural effusion 14 (26.4)
Not done 2(3.8)

Continued

Table 1 Continued
Total
Baseline characteristics (N=53)
ARDS, n (%)
No 22 (41.5)
Mild 10 (18.9)
Moderate 15 (28.3)
Severe 6(11.3)

FiO, — baseline at the time of
bronchoscopy, median (Q1-Q3)

0.40 (0.30-0.50)

PaO, - baseline at the time of n=43
bronchoscopy, median mmHg (Q1-Q3) 90 (72-115)
ECMO, n (%) 5(9.4)
Respiratory failure requiring mechanical 46 (86.8)
ventilation, n (%)

Ventilator mode, n (%) n=46
Pressure control 20 (43.5)
Pressure support 16 (34.8)
Volume control 10 (21.7)

Driving pressure for pressure control, n=20/46

median cm H,O (Q1-Q3) 16 (11-18)

Driving volume, median mL (Q1-Q3) n=10/46

390 (350-450)

PEEP, median cm H,0 (Q1-Q3) n=46

12 (8-14)

*ARDS defined according to Berlin definition where PaO,/FiO,
ratio of 201-300 is mild, 101-200 is moderate and <100 is severe
ARDS.

.ARDS, acute respiratory distress syndrome; BMI, body mass
index; ECMO, extracorporeal membrane oxygenation; FiO,,
fractional inspired oxygen; PaO,, arterial oxygen tension ; PEEP,
positive end-expiratory pressure.

face shields (table 3). Most bronchoscopies (96.2%) were
done with deep sedation or general anaesthesia. Endo-
tracheal tube (92.2%) was the preferred airway device
for bronchoscopy. Disposable bronchoscopes were used
for 36 (67.9%) procedures. The bronchoscopies were
tolerated well and only one patient with septic shock
developed transient hypotension requiring temporary
escalation of vasopressors.

Across different platforms at the participating institu-
tions, the concordance between NP swabs and BAL was
evaluated in 42 patients who had NP swabs and BAL
collected within 7 days. The NP swabs closest to BAL were
used for concordance assessment, and were collected at
a median of 1day (Q1-Q3: 0—4days) prior to BAL. One
patient had a negative NP swab but subsequent BAL
was positive (n=1/42 (2.4%) table 4); the remaining 41
patients had NP swabs and BAL results that were concor-
dant, yielding an overall agreement of 97.6% (95% CI:
93.0% to 100%) and Cohen’s k of 0.90 (95% CI: 0.69
to 1.00). In addition, the p value from McNemar’s test
for marginal homogeneity was 0.317; therefore, the null
hypothesis that the NP swabs and BAL were concordant
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Table 2 COVID-19 and other diagnostic testing for
patients with NP swabs and BAL performed within 7 days

COVID-19 and other testing characteristics .(rr\?leZ)
No. of NP swabs performed
Total 82
Within 1 week and closest to BAL 42
No. of patients with single or multiple NP swabs
within 7 days of BAL
1 14 (33.3)
2 16 (38.1)
>3 12 (28.6)
NP swab testing platforms (%) within 1 week and
closest to BAL
Cepheid Xpert 24 (57.1)
DiaSorin 8(19.0)
Abbott ID Now 3(7.1)
Roche cobas 6800 4 (9.5)
Panther Fusion 1(2.3)
Missing (other institution) 2(4.8)
No. of BAL performed for COVID-19 testing
Total 53
Within 7 days of NP swab 42
BAL testing platforms within 7 days of NP swab (%)
Abbott Alinity 1(2.4)
Centers for Disease Control and Prevention 26 (61.9)
Cepheid Xpert 7 (16.7)
Roche cobas 6800 6(14.3)
Panther Fusion 2 (4.8)
Days between symptom onset and BAL in n=13
COVID-19 confirmed patients, median (Q1-Q3) 14 (8-18)

Days between NP swab and BAL performed within 1 (0-4)
7 days, median (Q1-Q3)

Positive BAL cultures other than COVID-19

Bacterial, n (%) 3(7.1)
Staphylococcus aureus 2(4.8)
Pseudomonas aeruginosa 1(2.4)
Fungal, n (%)—Aspergillus fumigatus 1(2.4)
Acid fast bacilli, n (%)—Mycobacterium avium 1(2.4)
Pneumocystis jirovecii PCR, n (%) 1(2.4)

BAL, bronchoalveolar lavage; NP, nasopharyngeal.

could not be rejected. The sensitivity, specificity, posi-
tive predictive value and negative predictive value of NP
swabs compared with BAL were 83.3% (95% CI: 53.5%
to 100%), 100%, 100% and 97.3% (95% CI: 92.1% to
100%), respectively.

DISCUSSION

This multicenter study evaluated the clinical utilisation of
bronchoscopy for COVID-19 diagnosis and showed that
bronchoscopy and BAL for diagnosis of COVID-19 made

Table 3 Bronchoscopy data

Bronchoscopy characteristics Total (N=53)
Sedation, n (%)
Deep/general 51 (96.2)
Moderate 1(1.9)

Awake/local anaesthetic 1(1.9)

Airway for deep sedation/general anaesthesia, n (%)

Endotracheal tube 47 (92.2)
Laryngeal mask airway 4 (7.8)
Bronchoscope type, n (%)
Disposable 36 (67.9)
Non-disposable 17 (32.1)
Type of respiratory protective equipment, n (%)
Powered air purifying respirator 40 (75.5)
N95 with face shield 13 (24.5)
Negative pressure room, n (%) 53 (100)
Medications while performing bronchoscopy, n (%)
Aspirin 21 (39.6)
Clopidogrel 2 (3.8)
Heparin—subcutaneous 11 (20.8)
Heparin—intravenous 0
Enoxaparin—prophylactic 10 (18.9)
Other anticoagulants 0
Vasopressors 21 (43.8)

Complications, n (%)

Hypotension 1(1.8)

up a small fraction of overall bronchoscopies in busy US
and Canadian centres. The high concordance between
NP swabs and BAL is reassuring, but BAL should be
considered in patients with negative NP swabs who have a
high clinical suspicion for COVID-19 infection.

The participating centres in the study were tertiary
care, academic medical centres with a high volume of
bronchoscopic procedures and patients with COVID-
19. However, bronchoscopy and BAL utilisation was low,
accounting for only about 2.5% of total bronchoscopies,
and NP swabs were primarily used to assess COVID-19.
This practice is in accordance with the guidelines issued
by American College of Chest Physicians (ACCP) and

Table 4 NP swab* and BAL test results performed within
7 days

BAL result
Frequency Positive Negative Total
NP swab result Positive 5 0 5
Negative 1 36 37
Total 6 36 42

*NP swabs collected closest to BAL were used for the analysis.
BAL, bronchoalveolar lavage; NP, nasopharyngeal.
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American Association of Bronchology and Interventional
Pulmonology, based on experience from previous coro-
navirus epidemics, and aimed to prevent the exposure to
healthcare workers.’

We found a high concordance rate between NP swabs
and BAL. One of the original reports describing the
diagnostic yield of respiratory specimens was reported
by Wang et al.* They described the diagnostic yield of 8
nasal swabs, 398 pharyngeal swabs and 15 BAL specimens
in patients admitted with COVID-19 infection. The posi-
tive test rate from nasal swabs, pharyngeal swabs and BAL
was 63%, 32% and 93%, respectively. Gao et al reported
their single-centre experience in 123 patients with
COVID-19 infection and respiratory failure requiring
mechanical ventilation.” Fourteen patients (11%) had
discordant NP swabs and BAL assays. When compared
with BAL, they described the sensitivity of the NP swab
to be 88.6%, specificity 88.6%, positive predictive value
93.3%, negative predictive value 81.3% and accuracy of
88.6%. In another study, Geri e al evaluated the agree-
ment between negative NP swabs and subsequent BAL
in 79 patients admitted with respiratory failure."” Two
patients with negative NP swabs had positive BAL with an
accuracy of 97.5% (Cohen’s k=0.487). In another study,
in 28 patients with suspected COVID-19, 3 sequential
negative NP swabs, and negative IgG and IgM serologies
were completely concordant with negative BAL results.!
Barberi et al reported in a cohort of 198 patients with
suspected COVID-19 and negative NP swabs, 32 (16%)
patients had positive BAL."? But multiple case reports
and studies have reported lower concordance between
NP swabs and BAL.""™" Patrucco et al reported a sensi-
tivity of NP swabs of 23% in a cohort of 43 patients, as 33
patients with negative NP swabs were subsequently diag-
nosed with COVID-19 on BAL."® Similarly, Mondoni et al
reported a sensitivity of NP swabs of only 44.8% in their
series, as 43 out of 78 patients with negative NP swabs
tested positive for COVID-19 on BAL."” Therefore, the
published literature about the yield and concordance of
NP swabs and BAL is highly variable. We found a high
concordance of 97.6% (Cohen’s k=0.90) between NP
swabs and BAL with a wide range of testing platforms.
Our results are more aligned with published studies of
high concordance, which might be related to a better
technique of NP swab collection—a critical step stressed
by many experts.'® ' The high agreement between NP
swabs and BAL and attempt to minimise provider expo-
sure to aerosol-generating bronchoscopy may be the
reason why BAL was performed infrequently to diagnose
COVID-19 at our institutions.

COVID-19 primarily affects the lower respiratory tract,
especially in patients with severe disease, and thus lower
respiratory specimens such as BAL are expected to have
a higher diagnostic yield.*” There are reports of initial
negative upper respiratory RT-PCR tests in patients with
clinical or CT scan findings consistent with COVID-19,
but subsequent upper respiratory samples were posi-
tive on repeat testing.”' ** In addition, NP swabs may be

fraught with suboptimal specimen collection technique.'®

In a report of four patients with suggestive symptoms
and negative NP swab, repeat NP swabs by otolaryngol-
ogists within hours were positive.'? All the patients had
nasal obstruction, and the initial false-negative test was
attributed to inadequate sampling. Another study also
found lower human DNA on suspected false-negative
NP swabs, suggestive of suboptimal sampling.” The
high yield and concordance of NP swabs with BAL in
some published studies and our cohort highlights this
important diagnostic consideration.

Radiological findings suggestive of COVID-19 infection
might be helpful but have low sensitivity and specificity,
as in a study evaluating chest CT based COVID-19 prob-
ability scores in negative NP swab patients, 7/46 (15%)
patients with atypical or low suspicion CT scans had
positive BAL.* Similarly, in another study evaluating 50
patients suspected of COVID-19 with negative NP swabs,
3 patients with CT scan indeterminate for COVID-19
were found to have positive BAL." Therefore, WHO and
ACCP guidelines suggest obtaining a lower respiratory
specimen if the upper respiratory specimen is negative
and clinical suspicion of COVID-19 is high.®* Our study
findings support the available data and expert opinion,
and in patients who remain suspicious for COVID-19
infection despite NP swab testing and radiographic find-
ings, BAL testing should be performed to confirm the
diagnosis.

Bronchoscopy may be necessary to establish alternate
diagnosis in patients with suspected COVID-19 infec-
tion. Torrego et al reported their experience of bron-
choscopy in 101 patients with COVID-19 on mechanical
ventilation.” They reported presence of thick secretions
and studies positive for other pathogens in 29% of the
patients. In our cohort of patients who had NP swab and
BAL done concomitantly, the BAL studies isolated other
pathogens in 14.2% (6/42) patients. The lower isolation
of other pathogens in our study could be related to differ-
ences in underlying disease process or ongoing antibiotic
coverage.

Strengths and limitations

The strengths of this study include its multicenter design
that provides a broader picture of the bronchoscopy
practice for diagnosis of COVID-19 in North America
compared with the previous single-centre studies and
suggests that the negative predictive value of a well-
collected NP swab for a subsequent negative BAL may be
higher than previous reports. The study also evaluated a
broad spectrum of platforms for COVID-19 testing on NP
swabs and BAL. The weaknesses of the study are its retro-
spective design and limited number of patients who had
BAL specimens available for comparison with NP swabs,
which is in alignment with current guidelines. During the
COVID-19 pandemic, bronchoscopies for non-COVID-19
indications continued at our institutions. We instituted a
policy to obtain a preprocedure NP swab for COVID-19

Mahmood K, et al. BMJ Open Resp Res 2021;8:6000962. doi:10.1136/bmjresp-2021-000962 5



testing, and the bronchoscopies were performed only if
NP swabs were negative. Since BAL was not performed
to assess for COVID-19 during these bronchoscopies, we
cannot comment on the value of BAL in asymptomatic
patients for COVID-19.

CONCLUSIONS

In conclusion, this multicenter experience suggests a
high concordance between NP swabs and BAL for diag-
nosis of COVID-19 in patients with severe acute lower
respiratory illness and a high negative predictive value of
NP swabs for subsequent negative BAL. This experience
supports professional societal recommendations limiting
bronchoscopy procedures in persons under investigation
for COVID-19 and may have contributed to a decreased
utilisation of bronchoscopy for diagnosis of COVID-19
at these centres. However, NP swab results should be
interpreted in clinical and epidemiological context, and
BAL testing should be considered to definitively rule out
COVID-19 in patients with negative NP swabs when clin-
ical suspicion of COVID-19 remains high.
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