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Introduction

In early January 2020, a novel coronavirus, Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), 
was identified as the cause of the increasing in pneumonia 
cases reported in Wuhan (1). This finding emerged 
from the analysis of bronchoalveolar washing fluid of a 
patient (2). Due to its person-to-person transmission, 
coronavirus disease rapidly spread worldwide (3), becoming 

a pandemic. On 11 February 2020, the World Health 
Organization named the SARS-CoV-2-induced illness as 
2019 coronavirus disease (COVID-19). As of 19 January 
2021, over 93,000,000 COVID-19 cases have been reported 
around the world, with over 2,000,000 deaths (4).

The main symptoms of SARS-CoV-2 infection are fever, 
asthenia, dry cough, dyspnea ageusia and anosmia (5). In 
some cases, severe interstitial pneumonia, acute respiratory 
distress syndrome (ARDS) and subsequent multiorgan 
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failure are responsible for severe acute respiratory failure 
and high death rate associated to this infection.

Since SARS-CoV-2 is predominantly transmitted 
via droplets and fomites, healthcare workers (HCW) 
participating in aerosol-generating procedures (such as 
bronchoscopy, endotracheal intubation (ETI), upper 
gastrointestinal endoscopy, otolaryngologic procedures 
involving the upper airway, tracheotomy) are at high risk 
of infection (6). Considering the relevance of the topic, few 
days after the beginning of the pandemic several societies of 
interventional pulmonology provided guidelines regarding 
bronchoscopy during COVID-19 pandemic (7-9). In this 
review we analyze and summarize the suggested behavior 
about endoscopic activity in COVID-19 period, derived 
from statements of scientific societies and articles that has 
been already published in literature. PubMed was searched 
for publications about COVID-19 and bronchoscopy or 
thoracoscopy; websites of the main international scientific 
societies were also consulted. We conducted thematic 
synthesis of the results of the included publications. 
Particularly, we analyze in which cases interventional 
pulmonology can be useful in the management of 
COVID-19 patients with acute clinical problems related 
to it; furthermore, we describe how to manage endoscopic 
procedures in the COVID-era focusing on the timing 
and how performing them in both areas of bronchoscopy 
and pleural procedures. In addition to this, we explore the 
future perspectives of interventional pulmonology in the 
post pandemic era. We present the following article in 
accordance with the Narrative Review reporting checklist 
(available at http://dx.doi.org/10.21037/jtd-20-2192).

Diagnosis of COVID-19

In this pandemic period, the diagnosis is needed as quickly 
as possible, therefore it is common to collect a variety of 
upper and lower respiratory samples including throat, nasal, 
nasopharyngeal (NP), sputum and bronchial fluid (10-12). 
RT-PCR is a test that allows the qualitative determination 
of the virus nucleic acids (RNA) and is commonly used to 
search for the presence of the virus in the upper airways. 
SARS-CoV-2 RNA detected in oropharyngeal (OP) swabs 
is lower (32%) than that in NP swabs (63%) (13). The 
sensitivity on bronchoalveolar lavage (BAL), brush biopsy 
and sputum resulted respectively 93%, 46% and 72% (13). 

NP swabs are currently performed for rapid and qualitative 
detection of SARS-CoV-2 antigen, in particular with the 
purpose of mass screening considering its many advantages, 

such as its low cost and rapidity, but it is characterized by a low 
sensitivity, especially when the viral load is not high (14,15).

Several studies addressed the importance of chest 
computed tomography (CT) examination in COVID-19 
patients (16) and reported the CT sensitivity as 98% (17).  
Additionally, CT examination is also important in 
monitoring disease progression and evaluating therapeutic 
efficacy, especially in epidemic areas with high pre-test 
probability for the disease (18,19). The positive and negative 
predictive value of chest CT for COVID-19 are estimated 
at 92% and 42% respectively, in a population with high pre-
test probability for the disease (19-21). 

Antibody tests are not able to show if the patient has 
a current infection, because it can take 1–3 weeks after 
infection to make antibodies (22). However, serology can 
facilitate the diagnosis of SARS-CoV-2 infections when 
an NP swab specimen was collected inappropriately and 
the molecular assays were performed unsatisfactorily (23).  
Their main use is for epidemiological scope. Rapid 
serological antigenic tests (for IgG and IgM detection) are 
also available for mass screening in asymptomatic patients, 
but they are not indicated for clinical diagnosis (24). 

The role of interventional pulmonology in 
COVID-19 patients

Bronchoscopy for the diagnosis of SARS-CoV-2 infection

Bronchoscopy is an invasive procedure achieved in different 
settings and with heterogeneous characteristics between 
performing centers (25). According with current statements 
(8,9,26), this exam should not be a first-line test for patients 
with suspected COVID-19 infection. This infection is rather 
considered a relative contraindication to airway endoscopy 
and it is discouraged (8). Even if finding the virus RNA in 
the BAL has a specificity that CT cannot offer, the estimated 
sensitivity of BAL (93%) is not higher than CT (13).  
Moreover, a recent Italian multicentric retrospective study 
evaluated 79 patients who underwent bronchoscopy with 
BAL, with at least one negative or indeterminate nasal 
or NP swab considering the peristence of clinical suspect 
for COVID-19. This study releved only two patients 
with negative swabs and a positive detection of SARS-
CoV-2 RNA in BAL, supporting a limited role for BAL 
in diagnosis of COVID-19 if thoracic imaging and upper 
respiratory tract specimens are concordantly negative (27).  
The advantage of using bronchoscopy to confirm the 
diagnosis of COVID-19 and to detect co-infection or virus-
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related complications has to be carefully weighed because of 
the risk of bronchoscopy in propagating the infection (28). 
One study demonstrated that SARS-CoV-2 could remain 
aerosolized for up to 3 hours in experimental conditions (29). 
Furthermore, it should also be remembered that BAL is a 
procedure that can worsen the patient’s respiratory failure.

Nevertheless, a survey conducted in Italy has revealed 
that bronchoscopies for diagnosing COVID-19 are quite 
frequent, both in intubated and non-intubated patients (30).  
Since this use of bronchoscopy is not in line with 
international recommendations (8,9,26), the Italian 
Thoracic Society - Associazione Italiana Pneumologi 
Ospedalieri (ITS-AIPO) recommended avoiding unnecessary 
bronchoscopies, proposing a diagnostic algorithm that 
involves performing a swab and, in case of negativity, 
a chest CT scan and a pneumological assessment (30).  

If the presence of COVID-19 is excluded, consequent 
measures will be taken; in the event that the pattern is 
typical or at least probable, the patient must be managed 
as affected by COVID-19. Only if the patient does not 
fall into any of the two previous cases and the SARS-
CoV-2 infection is possible, a multidisciplinary evaluation 
(pulmonologist, infectious disease specialist, radiologist) 
should be performed to evaluate the indication for BAL (30); 
in this way, COVID-19 can be confirmed or an alternative 
diagnosis could be obtained (31). A proposal of flow-chart 
about the role of bronchoscopy in this field is reported in 
Figure 1. When bronchoscopy is considered necessary, a 
collection of a sample (minimum of 2–3 mL) into a sterile 
and leak proof container is recommended and it is suggested 
to alert laboratory personnel regarding COVID-19 
specimen processing and testing (8).

Figure 1 Proposal of flow-chart about the role of bronchoscopy in COVID-19 era.
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Bronchoscopy in the management of COVID-19

The management of  pat ients  with COVID-19 is 
complex and bronchoscopy may be helpful under some 
circumstances, such as tracheobronchial obstruction 
by secretions (for example in the case of bacterial 
superinfection and/or ventilator-associated pneumonia) 
or the appearance of hemoptysis. The latter can be 
favored by the use of anticoagulant drugs often used in the 
management of these patients (32,33). Bronchoscopy can 
also be useful in tracheostomized patients with COVID-19 
and it can be functional to perform tracheobronchial toilets, 
to search for complications related to tracheostomy or to 
carry out a preliminary evaluation for tracheostomy tube 
removal (34,35). Another emergent role of bronchoscopy 
in COVID-19 patients is for the diagnosis of COVID-19 
associated pulmonary aspergillosis (CAPA). It is defined 
as invasive pulmonary aspergillosis (IPA) in temporal 
proximity to a preceding SARS-CoV-2 infection (36). 
Increasing number of reports documenting CAPA cases 
raised concerns about this superinfection as an additional 
contributing factor to mortality (37,38). Patients with 
respiratory insufficiency requiring intensive care are 
at high risk for CAPA; the risk is further increased by 
corticosteroids or anti-IL-6 receptors treatments. Recently, 
the European Confederation for Medical Mycology and 
the International Society for Human and Animal Mycology 
instituted a group of experts to propose consensus criteria 
for the definition of CAPA (36); three different grades were 
proposed distinguishing in proven, probable and possible 
CAPA. CAPA can be also distinguished in pulmonary 
or tracheobronchial infection. Tracheobronchitis can be 
defined only by the direct visualisation via bronchoscopy 
of alterations in tracheobronchial tree as ulceration, 
nodule, pseudomembrane, plaque or eschar. In addition, 
bronchoscopy allows to collect respiratory specimens from 
the lower respiratory tract for microbiological tests; in 
particular, an infection biomarker such as galactomannan 
is validated for BAL but not for other specimens, including 
tracheal aspirate and non-bronchoscopic lavage. Lung 
biopsy, usually contemplated for diagnosis of IPA, is 
a procedure with a high-risk of complications in this 
population and for this reason it is scarcely used.

In all these circumstances, the choice to perform 
bronchoscopy must be made by carefully evaluating both 
risks of the procedure and risks of not performing it, 
even danger from alternative interventions. In confirmed 
COVID-19 patients who recover and need a routine 

bronchoscopy, the correct time to perform it is still 
unknown; nevertheless, it is considered reasonable to wait 
at least 30 days from resolution of symptoms, with negative 
SARS-CoV-2 RNA tests from at least two consecutive NP 
swab specimens collected 24 hours apart (39). As for evidence 
showing the rarity of virus that can be cultured in respiratory 
samples after 9 days after symptom onset, especially in 
patients with mild diseases (40), that indication is no longer 
so convincing; consistently with WHO suggestions (41), less 
rigid local protocols about performing bronchoscopies in 
patients who have had COVID-19 are acceptable.

Pleural and mediastinal diseases related to COVID-19

Spontaneous pneumomediastinum (SPM) and pneumothorax 
(PNX) unrelated to positive pressure ventilation have 
been recently reported as unusual complications in 
cases of severe COVID-19 pneumonia (42). Different 
pathophysiological mechanisms are involved in SPM 
and PNX, such as diffuse alveolar injury or ischemic 
parenchymal damage, leading to alveolar rupture and air 
leak when the intrathoracic pressure increases, for example 
during persistent coughing (43). Another mechanism is the 
formation of pneumatoceles or cysts due to COVID-19, even 
in patients not requiring positive pressure ventilation (44);  
therefore, barotrauma associated with positive pressure 
ventilation alone cannot account for the cyst formation, 
which may contribute to the likelihood of developing a 
secondary pneumothorax (45-47). It has also been described 
that the risk of pneumothorax is increased by administration 
of high dose of methylprednisolone, that probably delays 
lung healing, as well as the presence of a higher LDH serum 
peak and peripheral leukocyte count which are expression 
of a greater lung damage (48). The pathophysiology of 
SPM is based on the Macklin phenomenon, that is due 
to a large pressure gradient between the marginal alveoli 
and the lung interstitium, resulting in air leaks to the 
surrounding bronchovascular sheath. The damage of the 
wall of these alveoli can let air escape into the connective 
tissue sheath, which can result in pulmonary interstitial 
emphysema, leading to PM (42). Clinical scenarios 
include COVID-19 patients admitted to hospital with 
acute pneumothorax, patients who develop PNX or SPM 
during the hospitalization and patients who develop these 
complications while intubated and ventilated, either with or 
without concurrent extracorporeal membrane oxygenation. 
The diagnosis may be difficult in critically ill patients, 
but sudden changes in respiratory parameters, acute 
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thoracic pain or swelling of the chest and subcutaneous 
emphysema, should suggest the possibility of pneumothorax 
or pneumomediastinum (49). SPM in COVID-19 patients 
usually requires only conservative management (SPM is 
mostly a self-limiting benign condition) as close monitoring, 
bed rest, analgesia and oxygen therapy (42). Primary 
spontaneous PNX could be managed in an outpatients clinic 
with a conservative approach in minimally symptomatic 
patients, if local expertise and resources allow it. Otherwise, 
in symptomatic patients it requires chest drain insertion, in 
particular in hospitalized patients undergoing invasive or non 
invasive mechanical ventilation (MV) for ARDS (50). In some 
selected cases, MV with low pressure support is allowed even 
if PNX or SPM are present. Sometimes in these patients, 
according to BTS guidelines, persistent pneumothorax and 
air leak may ultimately require surgery (51).

Interventional pulmonology procedures in the 
COVID-19 era

Bronchoscopy—when to perform

The COVID-19 pandemic changed how bronchoscopies 
are performed for all patients. Since a patient undergoing 
an interventional procedure (for example for a pulmonary 
nodule) can be asymptomatically infected and he might 
infect the operators, a safe approach has to be improved in 
each procedure (52). Indeed, bronchoscopy is one of the 
procedures at greatest risk of contagion due to aerosols 
that are generated. If strict prevention rules are not 
implemented, any infection can be spread from one patient 
to another, including through healthcare professionals. 
In areas with a high prevalence, all candidates for 
bronchoscopy could be potentially carriers of COVID-19. 
In COVID-19 patients, bronchoscopy has a limited role 
in the diagnosis and the statements currently published 
suggest to postpone non-urgent procedures. The Spanish 
society of pulmonology and thoracic surgery (SEPAR) 
lists the exceptions to the rule of delaying procedures 
(immunocompromised patients, atelectasis, hemoptysis, 
foreign bodies, airway obstruction, help to ventilatory 
support measure) (53). The British Thoracic Society 
(BTS) believes that bronchoscopy should be avoided for 
at least 28 days from onset of infection, if the delay would 
not be detrimental to the patient prognosis (26). The 
American Association for Bronchology and Interventional 
Pulmonology (AABIP) indicate to delay the procedure 
until the full recovery and infection free declaration of the 

patient (8); in their view and in the context of suspected or 
confirmed COVID-19, even urgent/emergent indications 
should be considered only if a lifesaving bronchoscopic 
intervention is necessary or if the delay would cause a 
significant alteration in clinical prognosis. In the case of 
suspect infection, two negative swabs are suggested.

However,  a lot of procedures of interventional 
pulmonology are requested because of acute or subacute 
diseases and for the diagnosis (or staging) of cancer. 
Therefore, one of the main challenges for bronchoscopists 
during this pandemic is the decision to perform, not 
to perform or delay procedures. In general, scientific 
societies proposed strategies focused on the evaluation 
of the COVID-19 status of patients (infected, suspected, 
not suspected) and the stratification of exams urgency 
level. More than ever, indications of every endoscopic 
request have to be deeply analyzed by the interventional 
pulmonologist, in discussion with consultants responsible 
for patients care and/or who requested the procedure. BTS 
consider the condition of malignancy as the milestone to 
decide if performing bronchoscopy or not: if the patient 
doesn’t present a malignant (or pre-invasive) lesion, 
bronchoscopy should be questioned (26). Both AABIP 
and SAB present a table as general guidance on procedure 
urgency. Chest/AABIP Guidelines suggests to postpone not 
urgent procedures; emergent/urgent bronchoscopies include 
severe or moderate symptomatic tracheal or bronchial 
stenosis, symptomatic central airway obstruction (mass 
or mucus plug), hemoptysis, migrated stents, suspected 
pulmonary infection in immunocompromised patients, 
lung nodule, masses, mediastinal or hilar adenopathies 
suspicious for cancer, foreign object aspiration, alveolar 
proteinosis requiring whole lung lavage. As regards to 
suspected or confirmed lung cancer, it is suggested to limit 
bronchoscopies as follows. For stage I and II, surgical 
resection should be considered without tissue diagnosis; 
for stage III with single station N2 disease, lymphonodal 
staging with linear Endobronchial Ultrasound-guided 
transbronchial needle aspiration (EBUS-TBNA) or via 
Transesophageal Bronchoscopic Ultrasound Guided Fine 
Needle aspiration (EUS-B FNA) is recommended but for 
patients with bulky/multi-station mediastinal involvement 
on positron emission tomography (PET), systematic 
mediastinal staging is not mandatory and PET can be 
sufficient to define the disease extent in order to minimize 
HCW exposition; for the same reason, percutaneous 
biopsy with CT or ultrasound guidance where technically 
possible are recommended rather than bronchoscopic 
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approach (54). Diagnostic and staging procedures cannot 
be delayed indefinitely because significant delays in therapy 
(e.g., surgery or radiotherapy) could result in disease 
progression. Available data suggest that for diagnosis 
and staging of cancer a brief delay could be implemented 
without much adverse impact (55); two weeks delay can 
be considered reasonable in order to contain the risk 
of SARS-CoV-2 transmission (39). Elective procedures 
such as bronchoscopic lung volume reduction, bronchial 
thermoplasty, routine tracheostomy changes and routine 
surveillance bronchoscopy in transplant patients should 
be deferred until the epidemic context will improve up to 
consider safe elective procedures (8,53).

Bronchoscopy—how to perform

Performing bronchoscopy in COVID-19 era needs to 
take into account some recommendations such as those 
proposed in Table 1. Before scheduling procedures and 
prior to patient’s arrival for planned endoscopic procedures, 
a screening process should be followed. All the measures 
suggested by scientific societies and here summarized 
should be adapted to the possibilities and the resources 
available in each interventional pulmonology unit; 
moreover, local epidemiological conditions should be taken 
into consideration. At the time of scheduling, patients 
should be asked about contacts and symptoms. If the patient 
has risk factors, signs or symptoms of a viral infection, the 

Table 1 Proposal of recommendations for interventional pulmonology procedures during COVID-19 era 

No. Recommendations for interventional pulmonology procedures

1 Implement a screening process before the procedure (ask to patients about contacts and symptoms, test for SARS-CoV-2)

2 Always use personal protective equipment (PPE), including FFP3, gown, gloves and shield

3 Wash hands frequently with soap and water or alcohol-based solutions

4 Use disposable bronchoscopes when available

5 High-level disinfection procedures for re-usable bronchoscopes 

6 Standard disinfection protocols for re-usable video monitors and other equipment

7 Perform procedures in negative pressure rooms, if available

8 Limit the number of staff participating

9 Minimize cough with adequate sedation

10 Use barriers between the patient and the operator

11 Avoid devices that produce aerosols and the use of atomized lidocaine

12 Prefer the nasal access for the bronchoscope

13 Limit rigid bronchoscopy; if necessary, perform it without jet ventilation

14 Perform bronchoscopy with urgent-emergent indications (massive hemoptysis, severe airway stenosis, malignant conditions with 
endobronchial obstruction and serious symptom) and for other undelayable indications (infectious disease, mild or moderate 
hemoptysis, suspect of lung or bronchial cancer)

15 In the management of lung cancer:

•	For stage I and II, surgical resection should be considered without tissue diagnosis

•	For stage III with single station N2 disease, lymphonodal staging with EBUS-TBNA and/or EUS-B FNA is recommended except 
for patients with bulky/multi-station mediastinal involvement on PET

•	Percutaneous biopsy, where technically possible, are preferable rather than bronchoscopic approach

16 Consider to postpone or avoid bronchoscopy in mediastinal adenopathy suspect for sarcoidosis, interstitial lung diseases, cough 
and chronic infections

17 Consider to postpone or avoid Bronchial Thermoplasty or Bronchoscopic Lung Volume Reduction
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procedure should be possibly delayed. Prior to performing 
bronchoscopy in an area where community transmission of 
SARS-CoV-2 infection is present, it is suggested to test for 
SARS-CoV-2: if the result is negative, the procedure can 
be performed (using personal protective equipment, PPE), 
but if the result is positive non-emergent bronchoscopies 
should be postponed (39,52). The day before the procedure, 
all the questions should be asked the patient again. If the 
patient reports respiratory symptoms due to an unexplained 
cause, the procedure should be rescheduled and COVID-19 
should be investigated. The day of the procedure, both the 
patient’s and caregiver’s temperature should be measured 
and bronchoscopy should be delayed in presence of fever. 
Same questions about fever, respiratory problems and 
contacts with ill patients should be posed again. Caregivers 
are generally prohibited from entering the endoscopic units 
and they have to stay in a specific waiting area. All societies 
recommend to limit the number of staff participating in 
any procedure in order to minimize the use of PPE and 
reduce known or occult exposure to infectious aerosols. 
Furthermore, to minimize the potential transmission of the 
infection it is important to wash hands with soap and water 
or alcohol-based solutions frequently; specific actions about 
it should be put in place as it’s the most important hygiene 
measure against cross infections (56). When available, 
single-use bronchoscopes are to be preferred to standard 
bronchoscopes (8,9,57). For re-usable bronchoscopes, high-
level disinfection procedures should be performed; standard 
disinfection protocols are important for re-usable video 
monitors and other equipment (6). Bronchoscopies should 
be performed in negative pressure rooms or designated 
isolation rooms and all members of staff should wear 
standard Personal Protective Equipment (see paragraph 

PPE) (8,9,26). The droplets spread should be minimized 
using sedation for cough and some barriers between the 
patient and the operator [e.g., “aerosol box” (58) or masks, 
see Figure 2]. Devices that produce aerosols and atomized 
lidocaine should be avoided. Nasal access is to be preferred 
in flexible bronchoscopy. Rigid bronchoscopy has greater 
risks, so it should be performed only when necessary and 
after having reasonably excluded a SARS-CoV-2 infection; 
in these cases, the procedure should be performed without 
jet ventilation (9,30). 

Management of pleural diseases—when to perform

Thoracoscopy, pleural biopsies, drainage of pleural effusion 
or chest drain insertion for pneumothorax could reasonably 
be considered to be aerosol-generating procedures and 
recently SARS-CoV-2 viral RNA has been detected in 
pleural fluid in post-mortem analyses (59,60). Therefore, 
there is a significant risk of spread of COVID-19 infection if 
pleural effusion splash during these procedures (61); another 
possible risk is related to the possible virus aerosolization 
from an air leak in the chest drain (62). Nevertheless, 
thoracoscopy together with pleural biopsies and drainage of 
pleural effusion of suspect malignant origin are considered 
high priority procedures in the management and treatment 
of lung cancer; in addition to this, both empyema and 
abscess evacuation need prompt interventions (63).  
For these reasons it is essential to stratify procedures 
according to indication and urgency minimizing hospital 
access for patients, safeguarding both patients and HCW 
safety. Guidelines suggest performing diagnostic pleural 
procedures in patients with suspected pleural infections or 
malignancy in whom performance status and comorbidities 
do not preclude systemic anti-cancer therapy. It is also 
recommended to minimize hospital visits and admission 
for symptomatic patients with both benign and malignant 
conditions; admission for talc pleurodesis should be 
considered after a careful discussion about the risks of 
hospital admission and alternative strategies, if COVID-19 
screening is negative and the procedure can be performed in 
a non-COVID area. Postponing pleural procedures should 
be evaluated in patients with malignant pleural disease not 
considered fit for systemic anti-cancer therapy or in patients 
with mild or tolerable symptoms; in addition to this, routine 
follow-up of benign asbestosis or benign pleuritis should 
be deferred; alternatively, a telephonic or video follow-up 
should be considered.

Figure 2 In order to protect the healthcare workers and the 
environment, the bronchoscope can be passed through a small hole 
made on a mask worn by the patient. 
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Management of pleural diseases—how to perform

In suspected pleural infections or malignancy, before 
planned procedures patients should be investigated about 
the presence of symptoms consistent with COVID-19 and 
a nasal or OP swab should be performed within 48 hours; 
clinicians may also consider a low-dose CT scanning on 
the day of the procedure to assess radiological evidence of 
COVID-19 disease (50). During pleural aspirations and 
chest drain insertion it is suggested to use surgical masks, 
visors, gowns and gloves; instead, open procedures such as 
thoracoscopy and indwelling pleural catheter (IPC) insertion 
should be considered as AGP (50), so HCW should wear a 
FFP3 mask, a long sleeved gown, gloves and eye protection. 
Several strategies are suggested to minimize droplets 
exposure via the chest drain circuit in confirmed or suspected 
COVID-19 patients: connect any chest drain to wall suction, 
install a viral filter onto the suction port of a Rocket chest 
drain bottle or consider the use of digital drain circuits 
(51,62). Moreover, patients discharged or managed in an 
outpatient clinic with a pleural device or a chest drain in situ 
for pneumothorax due to COVID-19, should be advised to 
self-isolate given the risk, albeit small, of aerosol generation.

PPE

All staff members participating in endoscopic procedures 

must use PPE, such as gowns, masks, eye shields and gloves 
(see Figure 3). When operators wear PPE, their skin should 
never be exposed, because of the possibility of contact with 
infected biological fluids. The presence of an observer when 
a health care worker is putting on (donning) or removing 
(doffing) PPE could be useful, to identify and immediately 
correct any mistake: these moments are essential for the 
right protection of the workers. The use of a checklist is 
recommended to exactly document the steps in putting on 
or taking off PPE. Practical training courses about using 
PPE are very important to increase compliance and improve 
the correct practice. Using two pairs of gloves is suggested. 
Gowns should be fluid-resistant or impermeable. Boot 
coverings should cover the leg up to the midcalf. 

Using masks or respirators is crucial; the N95 mask is a 
particulate filtering facepiece respirator that protects against 
droplet and airborne transmission of 95% of particles 
greater than 0.3 microns in size. Considering the possibility 
that the availability of materials may be scarce, CDC 
suggested instructions for prolonged use or reuse of these 
products (64). Powered air purifying respirators (PAPRs) 
could have a theoretical benefit over N95 respirators, 
because they have a higher assigned protection factor (65).  
However, the reusability of PAPRs may carry risks of 
contamination if donning and doffing are not correctly 
done (66); this is why for many reasons there is not a firm 
conclusion about favoring PAPRs or masks (39). In case of 
the interruption of protective barriers during a procedure 
to a patient with suspected or confirmed COVID-19, 
immediate actions must be taken: the exposed worker 
should interrupt the procedure immediately and he should 
be replaced to complete the procedure (backup providers 
should be available if possible) (8). The right removal of 
potentially contaminated PPE is the most difficult challenge 
in preventing inadvertent exposure to pathogens (67). 
Removal of PPE should take place in a dedicated area that 
is separate from the endoscopic room or the patient’s room. 
These areas are considered to be contaminated and have to 
be separated from the clean area used for putting on PPE. 
Before doffing, the health care worker should disinfect 
any visible contamination on his PPE and disinfect the 
outer gloves with an alcohol-based hand rub, waiting for 
drying. Once removed, all PPE should be discarded in a 
biohazardous waste container. It is particularly important 
to avoid contamination of the eyes and mucous membranes 
when removing facial PPE. The gowns should be taken 
away from the body and rolled inside-out. Sitting down 
on a dedicated chair could be useful to remove the boot 

Figure 3 An interventional pulmonologist performs a rigid 
bronchoscopy correctly wearing PPE: gown, FFP3 mask, eye 
shield and gloves. PPE, personal protective equipment.
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covers. The respirator should be removed touching only 
the straps, whit a clean pair of gloves. At the end, hands 
should be disinfected with an alcohol-based hand rub. Every 
step should be performed without rush, taking the correct 
amount of time. 

Looking forward to the post-pandemic era: the 
role of interventional pulmonology

Diagnosis of COVID-19 related fibrosis

There is growing interest around long term pulmonary 
complications of SARS-CoV-2 infection, in particular in 
term of fibrotic damage (68,69). Other coronaviruses have 
been associated with the development of a fibrotic damage 
following the acute phase of the disease in a considerable 
amount of patients (up to 30%) (70), and it is also known that 
sub-acute viral infections are involved in the development 
of fibrosis (71). Moreover, ARDS and prolonged MV, 
conditions that are frequently found in patients with 
COVID-19, could be the triggers for the development of 
such damage (72,73). There are evidences of radiologic 
pattern changes during the course of the disease (18),  
but there are still not data on the real incidence of lung 
fibrosis following the acute phase of the disease. Pathology 
data are also lacking: in a recent report, the early pathologic 
changes of the lung parenchyma are described in patients 
undergoing lobectomy for lung cancer and radiologic 
and laboratory evidence of SARS-CoV-2 infection, 
describing the features of organizing pneumonia (OP) 
and acute fibrinous organizing pneumonia (AFOP) (74).  
In contrast, other autopsy reports of patients died in ICU 
due to severe COVID-19 showed the presence of diffuse 
alveolar damage in the initial and proliferative phase, rarely 
fibrotic evolution (75). Even if there are growing evidences 
of the underlying inflammatory pathway leading to the 
possible development of fibrotic damage (76), on the other 
hand there are not data on the time of onset of this peculiar 
evolution: some reports describe fibrotic changes in the 
acute phase (77,78), while others describe the presence 
of CT abnormalities at 12 weeks (79). It is also known 
that some patients exhibit different grades of functional 
impairment, even after recovery of acute respiratory failure, 
depending on the severity of the disease and in particular 
regarding the diffusion lung capacity of carbon monoxide 
(DLCO) (80,81). The first follow up studies published 
describe significant abnormalities at lung function tests, 
CT imaging and the persistence of respiratory and systemic 

symptoms after several months, depending on the severity 
of the disease. This data show that longer follow up 
studies in the post-pandemic period are needed and will 
probably clarify the real incidence of COVID-19 related 
fibrosis and the functional impairment of patients hit by 
this delayed manifestation (82,83). On the other hand, the 
possible therapeutic implications for the persistent lung 
abnormalities have been evaluated, focusing in particular 
on the role of corticosteroids (84); there is also a growing 
debate over the potential role of antifibrotic therapy for this 
particular clinical condition (85). However, longer follow-
up are definitely needed.

In this field, bronchoscopy could fill the gap of 
knowledge with diagnostic techniques used for the diagnosis 
of diffuse parenchymal lung disease such as transbronchial 
lung biopsy (TBLB) and transbronchial lung cryobiopsy 
(TBLC) (86,87). In particular, due to the greater dimension 
of the samples, TLCB could have an effective role in 
identifying the pathologic pattern of the COVID-19 related 
fibrosis. It is well known that, in diseases where a greater 
tissue sample is required, the gold standard is the surgical 
lung biopsy (SLB) (86) but, due to the great amount 
of patients potentially involved and the relatively cost-
effectiveness of the procedure, compared to the SLB, TLCB 
could have an important role in the diagnosis of fibrotic 
sequelae (88). Moreover, understanding the pathological 
basis of the fibrosis following this disease will have a crucial 
role in the subsequent therapeutic management. TBLC has 
already shown to be useful in filling this gap of knowledge in 
post-mortem analysis: Barisione and co-workers associated 
pathology patterns found on TBLC samples obtained  
30 minutes after death with the lung CT features in patients 
with SARS-CoV-2-related ARDS (89,90). These data refer 
to the acute phase of the disease, but this tool could be 
applicable also in the late phase of the lung damage, once 
established.

Follow-up in intubated or tracheostomized patients

As previously said, the disease related to SARS-CoV-2 could 
originate many different clinical phenotypes (91); in the 
most severe ones, patients soon develop severe respiratory 
failure with many typical features of ARDS (92). For this 
reason, ETI and MV have been largely used in these 
patients during this pandemic (93); on the other hand, most 
of the patients undergoing ETI due to this disease needed 
MV for a long period and consequently the practice of 
tracheostomy spread through ICUs in order to facilitate the 



2504 Piro et al. Interventional pulmonology in COVID-19: a narrative review

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(4):2495-2509 | http://dx.doi.org/10.21037/jtd-20-2192

weaning process and to reduce the length of ICU stay, even 
if the improvement in clinical outcomes is not known (94). 
Actually, tracheostomy can free patients from ventilatory 
support and, in the peak of pandemic, this is important 
in order to maximize scarce resources (95). Nevertheless, 
optimal timing and technique of tracheotomy are not 
defined (96) and it depends on the availability of resources 
and have to be decided on a case-by-case basis. Given the 
great amount of intubated and tracheostomized patients, 
the next clinical problem is the timing of decannulation. 
Even if there is still uncertainty in literature on this 
theme, bronchoscopy could play an important role, along 
with other clinical tools, in assessing the right time for 
decannulation and in avoiding decannulation failure (97,98).

ETI and tracheostomy are invasive procedures that can 
cause also delayed adverse events such as tracheal stenosis 
or granuloma formation at the end of the tracheal tube (99).  
The incidence of stenosis ranges up to 20% of patients 
undergoing ETI or tracheostomy, and the symptoms usually 
appear between the 4th and the 8th week after extubation 
or tracheostomy tube removal (100-102). Moreover, in this 
particular field, bronchoscopic procedures could cover an 
important role for the diagnosis and the treatment of post-
intubation or post-tracheostomy stenosis. Tracheal stenoses 
have been described in COVID-19 patients after intubation 
and tracheostomy, considering also that these conditions 
share a common risk factor: obesity (103). Management 
of tracheal stenosis is a classical indication for rigid 
bronchoscopy procedures with the use of various techniques, 
such as balloon dilatation, laser, argon plasma coagulation, 
electrocauterization, cryotherapy and stent placement 
(104,105). Nevertheless, the other therapeutic option is 
the surgical approach, and it is well defined that a complete 
and multidisciplinary evaluation of the stenosis between 
interventional pulmonologists and otolaryngologists is 
the best way to face these adverse events, considering the 
characteristics of the stenosis and the consequent prognosis 
after treatment (104). Given the great number of patients 
undergoing ETI and tracheostomy, it is quite likely that 
a large number of tracheal stenosis will be detected in the 
post-pandemic era (106), with the consequent need for 
more bronchoscopic procedures in order to diagnose and 
to treat these affections. Follow up programs for intubated 
or tracheostomized patients appear to be necessary in order 
to make a rapid diagnosis and to find the best treatment for 
each patient, either endoscopic or surgical.

Conclusions

COVID-19 has become increasingly prevalent worldwide, 
reaching a pandemic stage in March 2020. This infection 
is primarily transmitted via droplets and fomites; aerosol 
transmission is also possible during aerosol-generating 
procedures.

During the COVID-19 pandemic it is important 
to minimize the number of interventional pulmonary 
procedure, balancing risks and rewards for every single 
procedure in order to reduce community spread of SARS-
CoV-2 infections and preserve healthcare workforce and 
hospital resources. Bronchoscopy is an aerosol-generating 
procedure and for this reason it has to be considered a 
procedure at high risk of exposure and infection for HCWs 
and patients.

Even if BAL demonstrated higher sensibility in diagnosis 
of SARS-CoV-2 infection, compared to sputum or upper 
respiratory swabs, bronchoscopy should not be a first 
line testing modality for diagnosis in patients suspected 
for COVID-19 infection and less invasive tests should be 
chosen, firstly NP specimen. A tight integration between 
clinical and laboratory data, analysis of upper respiratory 
specimens and imaging is essential to establish the correct 
diagnosis.

Bronchoscopy may be considered in the setting of 
severe progressive disease after negative upper respiratory 
specimens or when an alternative diagnosis will change in 
clinical management. It may also have a role in diagnosing 
co-infections or in the management of COVID-19 related 
complications, carefully weighing the benefits and the risks.

It is essential to review the need for each procedure case-
by-case in order to stratify and schedule airway procedures 
according to indication and urgency, postponing non-urgent 
ones both in COVID-19 or in non-COVID-19 patients.

Each patient who has to undergo bronchoscopy should 
be investigated for the presence of symptoms suggestive 
for COVID-19, travels or contacts with a suspicious or 
confirmed COVID-19 cases and a NP specimen should be 
obtained. Particularly, in confirmed COVID-19 patients all 
non-emergent bronchoscopies have to be postponed waiting 
at least 30 days from resolution of symptoms with at least 
two consecutive negative NP swabs specimens collected  
>24 hours apart, except for less restrictive local protocols. 

If it is necessary to proceed with bronchoscopy is 
essential to minimize the risk in propagating infection 
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performing the procedures in negative pressure rooms 
or designated isolation room and using appropriate 
protections for healthcare staff who should be wear contact 
precautions (face shield, mask, gown and gloves) and N-95 
respirators or PAPRs even on asymptomatic patients; 
proper training on donning and doffing of PPE is crucial 
to avoid contamination. Limiting the number of staff 
participating to any procedure, using some kind of barrier 
between the patient and the operator and using disposable 
bronchoscopes are also recommended. Rigid bronchoscopy 
should be avoided when possible.

Thoracoscopy, pleural biopsy and drainage of pleural 
effusions are not closely aerosol-generating procedures; 
however, there is a significant risk of spread of SARS-CoV-2 
infection linked to possible pleural effusion splash during the 
procedure; another eventual risk is related to the possible 
aerosolization of the virus from a chest drain with an air leak. 

For these reasons, it is very important to minimize 
these procedures only to essential ones. Guidelines suggest 
to continue performing diagnostic pleural procedures in 
patients with suspected pleural infection or malignancy 
and who are potentially candidates for systemic anti-cancer 
therapy; routine follow-up of benign asbestos pleural 
disease or benign pleuritis should be deferred. Before 
planned procedures, patients should be investigated about 
the presence of symptoms consistent with COVID-19 and a 
nasal or OP swab should be performed within 48 hours. 

Utilization of PPE is mandatory; thoracoscopy and IPC 
insertion should be considered as an AGP so HCWs should 
wear FFP3 masks, long sleeved gowns, gloves and face 
shields; during “closed” pleural procedures as aspirations or 
chest drain insertions it is recommended the use of surgical 
masks, visors, gowns and gloves.

Finally, a novel potential role for the interventional 
pulmonology procedures pertains the post pandemic period, 
in particular regarding the direct and indirect consequences 
of the viral damage. First, the research on and the diagnosis 
of COVID-related fibrosis; second, the role of diagnostic 
and therapeutic bronchoscopy in patients having been 
intubated and tracheostomized, in order to diagnose, to 
treat and to avoid the complications related to these invasive 
procedures (e.g., decannulation failure and post-intubation 
stenosis).

In conclusion, bronchoscopy should be used sparingly in 
the evaluation and management of patients with suspected 
or confirmed COVID-19 infections. A careful review of 
the need for every single procedure postponing non-urgent 
ones and the use of PPE are the main strategies to minimize 

the risk of exposure and infection for health-care workers 
and patients.
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