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Key Points
e Pulmonary function testing and procedures represent important challenges during the
COVID-19 pandemic because they have the potential for high aerosol generation and
transmission of SARS-CoV-2.
¢ Important considerations in operating the pulmonary function laboratory and conducting
pulmonary procedures are local prevalence and risk of COVID-19, clinical importance of
the test, relative risk of the test for aerosol generation, and availability of resources to

enhance mitigation of viral transmission to patients and staff.

Abstract

Because of the potential for high aerosol transmission during pulmonary function testing and
pulmonary procedures, performing these tests and procedures must be considered carefully
during the COVID-19 pandemic. Much has been learned about the transmission of SARS-CoV-2
by aerosols and the potential for such transmission through pulmonary function tests and
pulmonary procedures, and subsequently preventative practices have been enhanced and
developed to reduce the risk of transmission of virus to patients and personnel. This chapter will
review what is known about the potential for transmission of SARS-CoV-2 during pulmonary
function testing and pulmonary procedures and the recommended mitigation steps to prevent the

spread of COVID-19.

Text

Introduction



One of the unique features of pulmonary function testing is the effort dependence of testing and
the reliance of spirometry on a forced exhalation. By necessity this creates the potential for high
aerosol generation, which is of primary concern for transmission of infectious agents. This
concern quickly resulted in the abandonment of pulmonary function testing (PFT) at the
beginning of the COVID-19 pandemic. Subsequently many authorities issued summary
statements, recommendations, and guidelines on how to best proceed with pulmonary function
testing and other pulmonary procedures during the pandemic, especially in cases that were felt to
be necessary for proper and appropriate patient care (1-9). This chapter will review the key
principles involved in the development of such statements and guidelines as well as review the
guidelines themselves. A detailed international document has just been issued that likewise

reviews these topics (10).

Basics of aerosol science

Aerosols are collections of particles that settle out very slowly by gravity because of their small
size (Figure 1). Aerosols are characterized by their mass median aerodynamic diameter
(MMAD), which can by described by the diameter at which 50% of the particles are larger, and
50% are smaller. Particles of MMAD = 0.5-5 u are considered the respirable fraction because
they are most likely to be inhaled and settle into the lung. Larger particles are considered
droplets and are typically > 5-10 [ in size. Aerosol particles are thought to be generated during
inhalation from the reopening of small, collapsed airways during quiet breathing, but additional
mechanisms including shear stress and vibration of airway walls contribute to particle generation
during coughing or sneezing (11). These aerosols are then emitted during exhalation together

with droplets in the range of 0.1 to 1000 p in size (12). Humans emit aerosols through not only



forced exhalation but also quiet breathing and speaking. The factors that determine how droplets
and aerosols behave in the air are their size, inertia, gravity, and evaporation (12). If they
undergo gravitational settling before evaporation, they can contaminate surfaces on contact. If
they undergo evaporation faster than they settle, they remain buoyant and can be transported
across distances in the air. Small particles on the order of 0.5 u in size settle out slowly, while

larger particles of 20 p size settle out much more quickly (13).

Evidence that SARS-CoV2 is transmitted by aerosols

Most studies of viral transmission by aerosols have involved influenza. Influenza A, as well as
rhinovirus, RSV, influenza B, parainfluenza 1, 2, and 3, and human metapneumovirus, have been
detected mainly in smaller particles <5 p in size. Like these other viruses, SARS-Co-V-2,

which is 80-160 nm in size (14), is thought to transmit primarily by aerosols (13, 15).

Production of aerosols by spirometry

Previous work has shown that microbiological contamination of spirometers by aerosol is quite
uncommon, with minimal risk of transmission after 5 minutes of time between tests (16).
However, this work was performed using a volume spirometer and did not specifically
investigate aerosol transmission of virus, only transmission of non-pathogenic bacteria. To our
knowledge, there has never been a reported outbreak of viral infection associated with a PFT lab.
The first study to demonstrate aerosol transmission during spirometry was published based on
data from 5 volunteers at Mayo Clinic (17). Spirometry resulted in an increase in respirable 0.3
W particles when measured near the exhalation port of the spirometer, but none were detected at

1.5 or 3 feet away. In a subsequent study of 28 patients conducted in 3 PFT laboratories, there



was a small increase in ambient small particles (<0.5 p) with return to pretest baseline within 25-
30 minutes (18). Larger particles were also detected. As expected, particles took longer to
return to baseline in smaller rooms or those with less ventilation. With the use of bacterial
filters, particles were not detected during testing, only after when patients removed the
mouthpiece and started talking or breathing without a face mask (19). Another study found
small particle emission increases during simple breathing maneuvers that might be used during

lung function testing, as well as during cough (20).

Production of aerosols by other pulmonary function procedures

One study has shown that aerosol generation increases not only during spirometry, but also with
measurement of lung volumes and diffusing capacity (DLCO) while the patient sat in a body
plethysmograph. There were no differences in particle emissions between tests, although the
sample size was small (n=25) (15). Aerosol transmission is increased during peak flow testing,
as expected, but the concentration is small (21). Also as expected, methacholine challenge
testing, which involves repeated spirometry, results in high emission of ultrafine particles (0.02-1
W), but particle generation was significantly reduced by using a breath-actuated dosimeter with
viral filter (21). Importantly, this study demonstrated significant variability between patients,
with most particles detected only a short distance from the mouth despite likely inadequate room
ventilation. Of note, the estimated number of viral gene copies emitted was about one order of
magnitude higher than would be expected from quiet breathing and the same order of magnitude

as expected from normal speaking.



Aerosol generation is also documented after exercise. A study of 8 healthy volunteers
demonstrated significant aerosol generation with exercise, although there was considerable
heterogeneity between participants (22). Similarly, exercise involved in cardiac rehabilitation
resulted in aerosol generation that peaked at 35-40 minutes after the start of each class, even
though patients wore procedural masks (23). However, lower levels of exercise did not generate
excess particles while participants in a different study wore procedural masks (24). Wearing a
surgical mask has been shown to have negative consequences on exercise performance during
maximal cardiopulmonary exercise testing (CPET) in young healthy people, including increased
dyspnea, lower peak oxygen consumption and lower anaerobic threshold (25). Aerosol

generation during exercise is significantly reduced by use of a HEPA filter with fume hood (26).

To date, no studies have documented the extent to which aerosols are generated during other
pulmonary function tests such as inert gas washout, measurement of fractional excretion of nitric
oxide (FeNO), or oscillometry, although oscillometry, in particular, has been suggested as a

relatively safe, low aerosol-generating procedure to use during lung function testing (27).

Mitigation of transmission of SARS CoV-2 by aerosols

The primary way to reduce COVID transmission is through masking and social distancing (28).
Masks are of critical importance to protect people from viral transmission through droplets and
aerosols (28). The WHO recommendation for social distancing of 6 feet is based on studies of
respiratory droplets performed in the 1930's (28). We now know 100 p droplets will settle to the
ground as far away as 8 feet and a 1 | aerosol may take up to 12 hours to settle in still air.

Coughs and sneezes can result in particles traveling at 8 m/s that can propel particles more than



20 feet (11). Transmission of virus is much less likely outdoors due to air movement, dilution

and the effects of UV radiation and concomitant air pollution (28).

Recommendations for operation of the PFT lab

Initial guidelines for operation of the PFT lab during the pandemic were issued by major medical
societies such as ATS, ERS, OSHA and others (1-5, 7, 9, 14). A comprehensive literature
review of available statements at the time was published by Crimi and colleagues (29). An
international guideline statement has now been published and is based on the consensus opinion
of 23 experts (10). The first section focuses on transmission, environmental and equipment
considerations, with specific recommendations for the type of inline filter and personal
protective equipment (PPE) to be used during different PFTs. For common procedures such as
spirometry, lung volumes and DLCO, these recommendations include use of an inline filter, N95
or equivalent mask, apron/gown and goggles/shield. For high aerosol potential procedures, such
as bronchial challenge testing or bronchodilator testing with a nebulizer and CPET, an N99 mask
is recommended, and such procedures should ideally be conducted with a filter on the expiratory
port and in a negative pressure room, if available. An important point that is emphasized in the

document is the proper consideration of room ventilation, as discussed below.

The second section focuses on referral, triage, and PCR testing. The need for the PFT must be
weighed against the potential risks of exposing test personnel and other patients to the virus.
Low priority need might include routine screening or monitoring of stable patients, whereas high
priority need might include monitoring of patients with heart or lung transplant, those on

potentially pulmonary toxic drugs, or those with severe symptoms for whom diagnostic testing is



important to help with diagnosis of dyspnea. High aerosol generation procedures should be
avoided, such as bronchial challenge testing and CPET. If a bronchodilator is administered, it is
thought better to use a metered dose inhaler than a nebulizer to minimize exogenous aerosol
emission from the device, although evidence for this is lacking (19, 30). Using biofilters on the
exhalation port of a nebulizer will effectively reduce escape of aerosols from the device (19).
Doing testing in a body plethysmograph could theoretically reduce environmental aerosol
exposure. A protocol must be in place for assessing symptoms and need for COVID testing prior
to pulmonary function testing. The timing of testing should consider local prevalence of
COVID-19 and the most recent evidence for infectivity, with current recommendations
suggesting performing PFTs no earlier than 10 days after onset of illness in mild-moderate
COVID if there are 2 negative PCR tests after disease available, no earlier than 20 days in severe
patients who have one negative PCR, and no earlier than 30 days with no PCR needed. The
latter guideline seems the most sensible since the CDC recommends against repeat PCR testing
up to 90 days after acute illness due to persistent positivity that may last that long even though a

patient is no longer infectious (31).

The third section focuses on operational issues, including staffing and waiting area. Patients
should wear a mask in the waiting area after passing the pre-screening procedure. Patients
should be distanced at least 6 feet apart, although this may be flexible depending on room
configuration and ventilation. There should be physical barriers such as plexiglass shields and

equipment covers to prevent cross-contamination and protect both patients and staff.



The fourth section focuses on testing room precautions including air conditioning and
ventilation. It is recommended there be at least 6 air changes per hour but 12-15 is better (14,
32), and testing in a negative pressure room is preferable. Recently, the value of portable HEPA
filters in reducing aerosol contamination has been demonstrated (33). Reducing viral

transmission by UV light also holds promise (34).

The fifth section focuses on lung function testing procedures, with detailed instructions for
spirometry, bronchodilator testing, lung volume measurement, DLCO, FeNO, oscillometry,
capnography, muscle pressures, 6-minute walk test, CPET, and bronchial challenge tests. Of
particular importance is the proper use of in-line filters, which should be of sufficient efficacy in
screening out viral-sized particles smaller than SARS Co-V-2 (< 0.8 y) while maintaining low
enough airway resistance to allow high peak expiratory flows of up to 700 L/min. Manufacturers

should provide testing data to demonstrate that their filters have at least 99.9% efficiency.

The sixth section focuses on management of special populations, such as pediatrics, elderly, lung
cancer and surgery patients, immunocompromised patients. Precautions should be taken to
prevent infection and cross-contamination in each context, and caregivers of these patients

should be adequately protected as well.

The final section focuses on testing outside the hospital, for example, community and primary
care offices. In non-hospital settings, it is important to consider the availability and proper use of
in-line filters vs. disposable sensors, PPE, room ventilation, and screening and waiting room

policies. In this context, telemedicine or remote, video-coached spirometry is becoming more
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prevalent. New techniques, such as the use of wearable electromagnetic sensors, have also been
described to allow for non-contact, point-of-care monitoring of pulmonary function during the

COVID-19 pandemic (35).

Outcomes in PFT labs so far

There is no evidence to date that the PFT lab has been the source of an outbreak of COVID-19,
which is remarkable considering the high-aerosol generating potential of the procedures
involved. Only one study has specifically analyzed the incidence of COVID-19 after lung
function testing (36). In a retrospective analysis of 278 patients tested between April and
September 2020, the cumulative incidence of COVID-19 within 15 days of testing was 0.36%,
with none of the technicians developing symptomatic disease. This finding is very encouraging
and speaks to the efficacy of following protocols and guidelines to mitigate spread of COVID-

19.

Regarding PFT lab performance and adherence to guidelines, a survey of 132 laboratories
conducted between August and October of 2020 found that nearly all labs required adequate PPE
for their technologist, including the use of N95 masks for at least some procedures (37).
Likewise, nearly all labs used in-line filters, used proper recommended room and equipment
cleaning and 83% provided time for air exchange. While screening for COVID-19 symptoms
and temperature checks were nearly universal, PCR testing was variable depending on local
COVID prevalence. By the close of the survey, 71% of labs were fully operational,

demonstrating how PFT labs were able to cope with the pandemic in its early phases.

11



A qualitative review of international practices among pediatric PFT labs has also been published
(38). A unique feature of this review included the concern of both patients and parents in terms
of symptom screening, waiting room conditions, and use of face masks, which is especially
challenging for younger children. In addition, special mention was made of the sequence of
testing, with the most aerosol generating procedures such as forced exhalation and exercise

testing done last to be able to leave the room as soon as such testing is completed.

Another review of PFT lab practices during the pandemic revealed a sharp decline in total
number of PFTs performed starting in March 2020, reaching a maximum decline in April 2020,
and then variably rebounding since then (39). Bronchoscopies showed the smallest decline, and

there were more ambulatory exercise tests and CPETSs than compared to before the pandemic.

Pulmonary Procedures Other Than Pulmonary Function Testing

The following section will review pulmonary procedures in the context of COVID-19, including
bronchoscopy, tracheostomy, and pleural procedures. The pulmonologist may be in a unique
position of risk due to the nature of the procedures performed involving the airway and hence the
high aerosol-generating potential of these procedures. In addition, pulmonologists may be
involved not only in the care of acutely ill patients with COVID-19, but also of those recovering
from the illness who may require post-tracheostomy care or diagnostic bronchoalveolar lavage

(BAL) or lung biopsy in the setting of persistent pulmonary fibrosis (40).

Bronchoscopy
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Bronchoscopy is classified as a high aerosol-generating procedure, which could lead to
accidental transmission of droplet and airborne particles to healthcare professionals (41). In the
COVID-19 era, indications for bronchoscopy have not changed apart from following a more

cautious approach and careful selection of the procedure if absolutely needed.

Safety of bronchoscopy in patients with COVID-19

In a review published by Saha and colleagues (42), twelve cohorts (9 retrospective and 3
prospective) reported on the safety of bronchoscopy and transmission of virus among
bronchoscopists. A total of 2,245 bronchoscopies were performed among 1,345 patients. Eleven
of 12 studies (92%) specified the use of PPE. All the healthcare workers used full PPE, including
gown, face shield, eye protector, shoe cover, double gloves, filtering face pieces (FFP2/FFP3),
N95 mask, and, sometimes, a powered air-purifying respirator. Only 57% reported the use of
negative pressure rooms for all their procedures (42). Only one study reported 1 bronchoscopist

who developed COVID-19 during the three weeks of study (43).

Recommendations for bronchoscopy from major respiratory societies

American College of Chest Physicians/American Association for Bronchology and
Interventional Bronchoscopy (CHEST/AABIP) guidelines suggest avoiding invasive methods
like bronchoscopy with BAL to establish diagnosis unless necessary (8). A nasopharyngeal
specimen should be obtained first in patients suspected of having COVID-19 infection. In
patients with severe respiratory failure who require intubation, specimens from an endotracheal
aspirate or bronchoscopy with BAL can be performed (8). In terms of therapeutic bronchoscopy,

this guideline recommended four indications for emergent bronchoscopy regardless of COVID-
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19 status which included 1) moderate to severe tracheobronchial stenosis; 2) symptomatic central
airway obstruction; 3) massive hemoptysis and 4) stent migration. Meanwhile, in patients with
confirmed COVID-19 infection and undergoing elective bronchoscopy, the guideline
recommended waiting at least 30 days from resolution of symptoms with two, negative
consecutive nasopharyngeal swab PCR specimens collected > 24 hours apart (8). However, local
practice varies by the waiting time for negative tests and the number of tests prior to elective

procedures.

The Society for Advanced Bronchoscopy (SAB) provided similar recommendations to
CHEST/AABIP (6), with combined recommendations for urgency of bronchoscopy shown in
Table 2. The SAB described the advantages of single-use (disposable) flexible bronchoscopes,
which, in addition to avoiding reprocessing equipment, requires less equipment to set up, and
only needs a single user to operate, decreasing the number of contact personnel. However, the
access to disposable bronchoscopes may vary based on local resources (44). Other procedural
recommendations include intubation with general anesthesia rather than conscious sedation,
using an endotracheal tube rather than laryngeal mask airway for a tighter airway seal, and
consideration of use of paralytics to abolish coughing (8, 45, 46). For rigid bronchoscopy, a
recommendation is made for a closed-circuit ventilation system rather than jet ventilation (47).
Other international expert panels from Europe and Asia also provided recommendations for

bronchoscopy which were very similar to other respiratory societies as mentioned above (48).

Lastly, decontamination of the procedural area is important. Recent literature shows that the

SARS-CoV-2 virus can remain aerosolized for up to 3 hours and can be found on surfaces for up
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to 3 days, depending on the surface type (49). The room turnover time will depend on changing
of room air volume. The negative-pressure bronchoscopy rooms require a minimum of 12 total
air exchanges per hour in order to provide dilution and exhaust of contaminated air (31). At this

rate, after 23 minutes 99% of particles will be cleared (6).

In conclusion, flexible bronchoscopy must be cautiously performed amid the COVID-19 crisis.
Judicious case selection and meticulous contact and airborne precautions are important to
minimize infection transmission. Mandatory universal personal protective equipment, pre-
bronchoscopy PCR tests, dedicated protective barriers and disposable bronchoscopes might be

the safest and simplest way to perform bronchoscopy in the setting of COVID-19.

Tracheostomy

Tracheostomy is another high aerosol-generating procedure with risk of infectious transmission

for healthcare workers (50).

Optimal time to perform tracheostomy in COVID-19 patients

Since the start of the pandemic, the duration of mechanical ventilation for COVID-19-related
acute respiratory distress syndrome (ARDS) has been longer compared with non-COVID-19-
related ARDS, with many COVID-19 patients remaining intubated for at least one to two weeks
or longer (51-53). This observation has been true for patients with asymptomatic COVID-19
infection as well, who have been admitted to ICU for trauma-related causes (54). Despite this
observation of prolonged ventilation, there is insufficient evidence on optimal timing to perform

tracheostomy on COVID patients. The CHEST/AABIP guidelines did not recommend a specific
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timing of tracheostomy due to insufficient evidence to suggest performing a tracheostomy either

early (< 10 days) or late (> 14 days) (55).

The early tracheostomy strategy accelerates weaning from the ventilator and may have a critical
role in freeing up ventilators, ICU beds, and staff during surges (56). However, there was a
concern of COVID-19 transmission for operators and healthcare workers. The early report of
case series for tracheostomy from New York University showed a median of 10.6 days from
intubation to tracheostomy. There were no team members testing positive for SARS-CoV-2 (57).
A multicenter, retrospective study included 118 COVID-19 patients who underwent
tracheostomy (58). Early tracheostomy (<14 days) was associated with decreased ventilator
days, decreased ventilator-associated pneumonia, and shorter ICU duration and shorter hospital
length of stay (LOS) among patients who were discharged. The median time from intubation to
tracheostomy was 22 days with 78% of patients undergoing percutaneous dilatational technique
vs. 22% surgical technique. Although there was a concern of COVID-19 infection risk for
healthcare workers, a high rate of infection has not been reported. The systematic review and
meta-analysis of 69 studies indicated that enhanced PPE is associated with low rates of SARS-

CoV-2 transmission during tracheostomy (59).

Meanwhile, delaying tracheostomy may reduce the risk to healthcare workers because the viral
load of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) may be lower, but that
reduction in risk must be weighed against prolonged intubation (56). SARS-CoV-2 infectivity
peaks 3 to 4 days after infection, and infectivity is diminished by waiting 10 days before

performing tracheostomy (56). In addition, SARS-CoV-2 viral loads are highest in upper
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respiratory tract mucosa, particularly the nasopharynx (60). Thus, aerosolization may be less in
patients with mechanical ventilation. A cross-sectional review of institutional protocols and
practices from 26 countries demonstrated timing for tracheostomy varied from 3

to>21 days depending on risk of implied infectivity to personnel performing and handling
tracheostomy (61). In this study, over 90% of protocols recommended 14 days of intubation
prior to tracheostomy. Most protocols advocate delaying tracheostomy until COVID-19 testing
was negative. A report from a single tertiary care institution reviewed 258 invasive mechanical
ventilation patients out of whom 46 (18%) required tracheostomy (Table 1). While tracheostomy
placement in patients with COVID did not decrease overall LOS, duration of mechanical
ventilation, or intensive care unit (ICU) LOS, patients with a tracheostomy experienced a
significantly lower number of deaths vs. those without tracheostomy (62). A systematic review
and meta-analysis of 18 studies exploring 3,234 COVID-19 patients showed that only 5.2% of
tracheostomies were performed within 7 days (early), and 21.2% were performed between days 8
and 13, whereas most (71.5%) of the tracheostomies were performed 14 days or later post-
intubation. The meta-analysis did not reveal the benefit of early tracheostomy in terms of
duration of mechanical ventilation or time to decannulation, nor was late tracheostomy

associated with increased mortality (63, 64).

Based on above studies, there is evidence supporting both strategies. Thus, a specific timing of
tracheostomy cannot be recommended. When COVID-19 overwhelms capacity in ICUs, early
timing of tracheostomy may accelerate ventilator weaning and free up critical care resources.
General decisions surrounding optimal timing in the critically ill patient can be complex outside

of the pandemic, but given the clinical evidence so far, one may conclude that early
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tracheostomy may be a better option for these patients given the overall benefits to patients and

the healthcare system. However more data and research are required.

Tracheostomy techniques in the COVID era

As for other high aerosol-generating procedures, patient selection for tracheostomy is important.
Contraindications including hemodynamic instability, hypoxemia (PaO2/FiO2 <200), high
intracranial pressure (>20 mmHg), multi-organ failure, coagulopathy, platelet dysfunction or
anticoagulation, surgical site infection, history of major cervical surgery that alters cervical
flexion-extension, and abnormal cervical anatomy apply to COVID patients just as any patient
(65). Patients who are in the prone position or likely to be placed prone for respiratory failure
should not be considered for tracheostomy due to the increased risk of complications i.e., tube

displacement, occlusion, or impaired ability to identify complications (56).

Multiple factors influence the technique for this procedure. The first consideration is the location
of the patients. These patients are critically ill and usually admitted to the ICU, hence
percutaneous technique is preferred as it minimizes transfer. Ideally aerosolizing procedures
should be performed in a negative pressure room but those are not always available. Performing
tracheostomy at the bedside offers advantages of time availability as compared to needing to
schedule in the operating room. Some disadvantages include less trained ancillary staff, and less
equipment to control complications. To minimize aerosolization, Angel and colleagues have
developed a modified percutaneous technique where the flexible bronchoscope was passed
alongside the endotracheal tube (through vocal cords) and not inside the tube as in conventional

percutaneous tracheostomy (57). This modified technique permitted the operator to perform
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uninterrupted mechanical ventilation after re-positioning the inflated endotracheal tube cuff to
the distal trachea. It offered significant mitigation of the risk of virus aerosolization during the
procedure. Another modification described is percutaneous tracheostomy using an acrylic box as
an aerosol shield (Figure 2) (66). This technique had the least aerosolization and contamination
but has a long procedure time compared to standard technique with or without a ventilator pause.
Another prospective single-system multi-center observational cohort study was conducted
examining safety for both patients and healthcare workers (67). In this series, 29 percutaneous
tracheostomies were performed; 19 cases used a conventional technique with intermittent
ventilator pause and 10 cases used a modified technique. There was no report of healthcare

worker transmissions resulting from performing the procedure.

These proposed modifications of standard percutaneous tracheostomy provide minimal
aerosolization which may mitigate viral transmission to operator and health care workers. The
selection of the technique should depend on the expertise of operator, availability of team and
resources, and overall safety of patient and providers. It is imperative that appropriate PPE is

always used by every member of the procedural team (68).

Pleural procedures

All pleural procedures, including thoracentesis, chest tube insertion and pleural biopsy by
thoracostomy or pleuroscopy, might be considered aerosol-generating as patients may cough,
and theoretically virus-containing aerosols may be emitted from a chest drain with an air leak
(40). SARS-CoV-2 viral RNA has also been detected in pleural fluid (40), making direct

transmission by contact also a potential risk due to fluid splashing and contamination. A
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statement from the American Association for the Surgery of Trauma (AAST) Acute Care
Surgery and Critical Care Committees recommends putting in-line antimicrobial filters on the
suction line of a chest tube drainage system while on suction or on water seal (69). While no
other special techniques are described to perform these procedures, the usual precautions in
terms of stratifying by current risk of active infection and prioritization of the procedure should
apply, with personnel wearing appropriate PPE in all circumstances where a patient has COVID-

19 or their COVID-19 status is unknown.

Transitioning Back to Normal Operations

To date, there are no formal guidelines about how to make the transition back to normal
operations of the PFT lab or pulmonary procedures, other than some societies recommending
"return to pre-COVID standards" in the post-pandemic phase (5, 70). However, the Canadian
Thoracic Society has explicitly stated that "return to pre-pandemic infection control practices in
the PFT testing will not provide acceptable risk mitigation", and lessons learned and additional
precautions taken during COVID-19 should result in updated PFT laboratory testing protocols to
protect against SARS CoV-2 as well as other emerging pathogens (71). It makes sense that any
transition back to normal operations will need to include ongoing consideration of local
prevalence of COVID-19, immune or vaccination status of the community, and importance of
testing or procedure for patient relative to risk to PFT and proceduralist staff. Screening
procedures will, and already have, become less involved, with many institutions no longer
requiring PCR testing and only relying on symptom screening. A selective rather than universal
approach to PCR testing prior to elective surgery has been shown to be safe (72). The role of

antigen testing is unclear although has been proposed (73). Individual institutional policy will
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dictate local PPE and infection control procedures, such as wearing N95 or procedural masks,

eye protection, contact precautions, cleaning and disinfection, and procedure room ventilation.

Conclusion

The COVID-19 pandemic has caused us to carefully reconsider all that we do in the PFT lab,
from the importance of ordering the test, to the screening of patients, waiting room conditions,
testing environment, personnel protection, and decontamination procedures. While like many
aspects of health care the PFT lab initially had to stop operations for all but the most urgent
conditions, labs around the world have adapted to COVID-19 and are most are back in full
operation. It is a tribute to the testing personnel and the careful attention and care to infection
prevention that the PFT lab has not been a source of community spread during the COVID-19
pandemic despite the high aerosol-generating potential of its many procedures. Similarly,
regarding pulmonary procedures, it is mandatory that contact precautions and proper training on
donning and doffing of PPE be provided to all healthcare workers. Another key element is
advanced planning and keeping each procedure unit well-organized. Although the reduction in
the number of elective procedures represents one of the central strategies to improve safety, it is
crucial that patients not suffer unnecessary delays in diagnostic or therapeutic procedures. The
lessons learned so far regarding the impact of the COVID-19 pandemic on PFTs and pulmonary

procedures will certainly apply to any potential future outbreaks.

Clinics Care Points
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Figure Legends
Figure 1 - Overview of aerosol generation and transport. Aerosols and droplets are emitted
during exhalation, including breathing, speaking, and coughing/sneezing. Larger droplets will

settle out quickly to surfaces, whereas smaller aerosols may travel significant distances.

From Wang CC, Prather KA, Sznitman J, et al. Airborne transmission of respiratory viruses.

Science. 2021;373(6558):eabd9149.

Figure 2 - Example of customized acrylic box used to provide an additional barrier to
contamination during percutaneous dilatational tracheostomy. Shown are the positions of the

bronchoscopist at the head of a simulated patient, and the proceduralist on the left.

Adapted from Majid A, Ayala A, Uribe JP, et al. Protective Strategies in a Simulated Model When
Performing Percutaneous Tracheostomies in the COVID-19 Era. Ann Am Thorac Soc. 2020;17(11):1486-

1488.
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Tables

Table 1- Suggested Requirements for Safe Testing in the PFT lab and Selective Pulmonary

Procedures
Test/Procedure | In-line Mask (N95 | Gown | Eye protection | Other
antimicrobial or
filter equivalent)
Spirometry + + + +
Lung volumes | + + + +
body box
gas dilution
DLCO + + + +
Bronchodilator
MDI - + + +
nebulizer + + + + filter on
expiratory
port
Bronchial + + + + negative
challenge pressure room
testing if available
6 min walk - + + -
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CPET - negative
pressure room
if available

Oscillometry +

FeNO +

MIP/MEP +

Bronchoscopy | NA negative
pressure room
if available

Tracheostomy | NA negative
pressure room
if available

Pleural + (in suction

procedures tubing)

+ required; - not required

Modified from McGowan A, Laveneziana P, Bayat S, et al. International consensus on lung

function testing during the COVID-19 pandemic and beyond. ERJ Open Res. 2022;8(1):00602-

2021. Published 2022 Mar 7.

Table 2 - Relative Urgency and Timing of Indications for Bronchoscopy
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Emergent

(Same day)

Urgent

(1-2 days)

Non-Urgent

(> 2 days)

Acute foreign body

aspiration

Infiltrates in neutropenic or
immunocompromised host with

fever

Airway inspection for cough or

minor hemoptysis

Massive hemoptysis
(without obvious source

for embolization)

Lung mass or mediastinal/hilar
adenopathy suspicious for

cancer

Mild central airway stenosis

Severe symptomatic
central airway

obstruction or stenosis

Non-massive hemoptysis

Clearance of mucus

Migrated stent

Whole lung lavage

Suspected sarcoidosis

Acute lobar atelectasis

Detection of chronic infection

(e.g. mycobacterial, fungal)

Chronic interstitial lung disease

Bronchoscopic lung volume
reduction or bronchial

thermoplasty

Evaluation for

tracheobronchomalacia

Tracheostomy changes
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Surveillance transplant

bronchoscopy

Data from Wahidi MM, Shojaee S, Lamb CR, et al. The Use of Bronchoscopy During the
Coronavirus Disease 2019 Pandemic: CHEST/AABIP Guideline and Expert Panel Report. Chest.
2020;158(3):1268-1281 and Pritchett MA, Oberg CL, Belanger A, et al. Society for Advanced
Bronchoscopy Consensus Statement and Guidelines for bronchoscopy and airway management

amid the COVID-19 pandemic. J Thorac Dis. 2020;12(5):1781-1798.
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