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ARTICLE INFO ABSTRACT

Available online xxxx The outbreak of the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has pre-
sented a global public health emergency. Although predominantly a pandemic of acute respiratory disease, co-
rona virus infectious disease-19 (COVID-19) results in multi-organ damage that impairs cardiopulmonary (CP)
function and reduces cardiorespiratory fitness. Superimposed on the CP consequences of COVID-19 is a marked

gg/mll[(;ﬁ; reduction in physical activity that exacerbates CP disease (CPD) risk. CP exercise testing (CPET) is routinely used
Gas exchange in clinical practice to diagnose CPD and assess prognosis; assess cardiovascular safety for rehabilitation; and de-
Stress testing lineate the physiological contributors to exercise intolerance and exertional fatigue. As such, CPET plays an im-
portant role in clinical assessments of convalescent COVID-19 patients as well as research aimed at
understanding the long-term health effects of SARS-CoV-2 infection. However, due to the ventilatory expired
gas analysis involved with CPET, the procedure is considered an aerosol generating procedure. Therefore, extra
precautions should be taken by health care providers and exercise physiologists performing these tests. This
paper provides recommendations for CPET testing during the COVID-19 pandemic. These recommendations in-
clude indications for CPET; pre-screening assessments; precautions required for testing; and suggested decon-
tamination protocols. These safety recommendations are aimed at preventing SARS-CoV-2 transmission during

CPET.
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Introduction

The outbreak of the novel, highly contagious, severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection, has presented a
global public health emergency. Within a year of the first reported
cases in the United States, more than 25 million Americans have
been infected with the virus and over 400,000 deaths have been
reported.! Although predominantly defined as a pandemic of acute
respiratory disease, corona virus infectious disease-19 (COVID-19)
has since been shown to result in multi-organ damage resulting in a
wide spectrum of clinical manifestations. Importantly, cardiovascular
(CV) complications that demonstrate a pathophysiology that is
unique to COVID-19 are consistently reported.> In this respect, in-
flammatory mediated thrombotic disease, cardiac and vascular injury
are all highly prevalent in COVID-19 patients and associated with hos-
pitalization and death.>-® Moreover, even after COVID-19 recovery, a
large proportion of individuals demonstrate cardiac dysfunction,
myocardial inflammation, endothelial dysfunction and increased
arterial stiffness.”® As such, beyond the acute period of COVID-19 re-
lated illness, some individuals report persistent symptoms that are
marked by shortness of breath and extreme fatigue.>'® These
prolonged clinical symptoms have been termed ‘long-COVID-19’ syn-
drome and pose a growing heath concern with an undefined
pathophysiology.®

Superimposed on the cardiopulmonary (CP) consequences of
COVID-19 is a marked reduction in physical activity (PA) levels that
are secondary to ‘work from home’ and ‘shelter in place’ public health
efforts to reduce the transmission of the SARS-CoV-2.!! It is well
established that reduced PA levels are a known contributor to the devel-
opment and progression of CV diseases.!? In addition, leading a more
sedentary lifestyle increases the risk of an exercise induced myocardial
infarction.' Prior to the COVID-19 pandemic, a larger proportion of the
global population presented with a sedentary phenotype, a phenotype
that may permanently worsen as we recover from the current global
health crisis.'*

Cardiorespiratory fitness (CRF) portends a wealth of information
related to health status and prognosis. In fact, the prognostic value of
CRF is so robust it is now considered a vital sign; regardless of health
status at the time of assessment (i.e., apparently healthy, at risk for
chronic disease, or diagnosed with one or more chronic conditions),
individuals with a higher CRF have an improved prognosis.'> As
such, improving CRF, through lifestyle, pharmacologic, or surgical in-
terventions, is a clinical imperative. CP exercise testing (CPET) is the
gold-standard approach to assessing CRF, both cross-sectionally and
longitudinally, and is routinely employed in clinical practice and re-
search for 1) diagnostic indications to further confirm suspected CP
disease (CPD) or gauge disease severity if confirmed; 2) for prognostic
risk assessment; 3) to ascertain the safety of taking part in exercise
following a sedentary lifestyle and develop individually tailored exer-
cise prescriptions; and 4) to delineate the pathophysiological contrib-
utors to exercise intolerance and exertional fatigue.'® Therefore, due to
the CP consequences of COVID-19, the recent further increase in sed-
entary behavior in the general population, and the unknown contrib-
utors of Long-COVID-19 related fatigue, there is an increased need
for CPET in clinical practice and research. In fact, current clinical guide-
lines in the United Kingdom now call for a CPET in the clinical work up
for long-COVID-19.°

Due to the breath-by-breath ventilatory expired gas analysis in-
volved with CPET, the procedure is considered an aerosol generating
procedure.!” Additionally, the increased exhalation pressure and vol-
ume associated with exercise may increase the span and number of
pathogen-bearing droplets.'® For these reasons, to prevent the trans-
mission of SARS-CoV-2, additional safety precautions are necessary
when performing CPET. We therefore propose a brief overview for clin-
ical and research professionals performing CPETs during the COVID-19
pandemic (Fig. 1).

Progress in Cardiovascular Diseases Xxx (XXXX) XXX
Indications for CPET and pre-screening

For patients with COVID-19 or suspected COVID-19, CPET is gener-
ally not indicated, other than for patients with resolved infection to es-
timate the long-term non-infectious consequences of the disease.
Consultation with infectious disease and/or epidemiology may be also
be needed. For patients without COVID-19, standard indications for
CPET should be followed.!° It is preferable for patients be outside of
the window of infectiousness. For these patients, requirements for a
negative polymerase chain reaction (PCR) test varies given the time
from first sign/symptom of infection, time from initial positive screen-
ing, and severity of illness.

All patients or participants referred for a CPET should undergo com-
prehensive COVID-19 pre-screening to mitigate the chances of
performing a test on a patient with active SARS-CoV-2 infection. Pre-
screening should involve a PCR SARS-CoV-2 test within 48-72 h of
CPET, as well as comprehensive COVID-19 symptom and body temper-
ature checks within 24 h that are repeated immediately prior to the test.
The recommended pre-screening procedure is detailed in the algorithm
shown in Fig. 2. Rapid testing assays are not recommended due to the
high prevalence of false-negative in asymptomatic individuals.?° Pa-
tients previously diagnosed with COVID-19 can test positive for the in-
fection up to 3 months after symptom onset.?! These patients are no
longer considered infectious and it is appropriate to deescalate their
case following the guidance set forth by the Center for Disease Control
and Prevention (CDC).?? All patients that are outside the 3 month win-
dow of their first positive test should be retested. Patients who had a
mild case of COVID-19 should be 10 days out from their first test and
symptom onset, and free of all symptoms experienced during the initial
phase of their infection.?? Patients who were severely ill, and immuno-
compromised patients, should also be symptom free and at least 20 days
out from the first positive test and symptom onset.?* It should be ac-
knowledged that even with a negative test, subjects should still be
treated as if they are positive due to the increased risk of transmission
during CPET, and all testing staff should adhere to appropriate personal
protective equipment (PPE) guidelines set forth by their institution,
which may include the use of a N95 mask and face shield, gown and
gloves.

Pre-test considerations

As per routine practice, testing equipment should be turned on and
calibrated for quality control. It is best practice to ensure the tempera-
ture and humidity of the room is within recommended ranges. All test-
ing equipment should be inspected for wear and tear, replacing
damaged or worn-out pieces when necessary. In efforts to minimize
the spread of respiratory droplets, surfaces should be clear of items
not necessary for CPET. In line filters are recommended for pulmonary
function testing, but not recommended for CPET.?* Prior to retrieving
subject for test preparation, the test administrator should ensure that
everything needed for the test is in the room to avoid having to leave
the room after applying appropriate PPE.

The patient should not remove their mask until the test administra-
tor has applied the proper PPE for the test. If the patient needs to remove
their mask for any reason prior to applying the mouth-piece or face
mask, a level 3 surgical mask and face shield is appropriate. However,
it is recommended to fully don following the recommendations in the
following section to avoid excessive removing and reapplying PPE
after the patient has already removed their mask.

PPE requirements for patients and test personnel

PPE guidelines for patients and testing personnel during aerosolizing
procedures have been set forth by the CDC? and are outlined in Table 1.
In brief, the patient should remain in their mask until the test adminis-
trator has properly donned and has instructed the patient to remove
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Disinfect
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- Hospital Grade Disenfectant Wipes for Surfaces

- Single Use Supplies When Possible

- Sterilize / Bleach Facemasks, Mouth-Pieces &
Ventilation Tubes

Fig. 1. An overview of CPET procedures and precautions during the COVID-19 pandemic. PCR, polymerase chain reaction; PPE, personal and protective equipment.

their mask. Prior to the removal of the patient's mask, a level 3 surgical
mask and a face shield is recommended while in the same room as the
patient. During preparation the test administrator will be in physical
contact with the patient and it is important due to the close proximity
of the two individuals as well as the duration of pre-test procedures
(>15 min), that both parties maintain appropriate protection from
one another.

Donning should be done in the follow order: 1) hand hygiene;
2) gown; 3) N95 respirator mask; 4) eye protection; and 5) gloves. Be-
fore donning, hands should be washed with soap or an alcohol-based
solution or hand sanitizing gel. To avoid touching the face, eyes or
mouth, a plastic gown should be secured first, followed by a N95 respi-
rator mask and then face shield. Gloves should be placed on last and
changed between adjusting the face mask and or mouthpiece on the pa-
tient and the start of the test. To minimize exposure, the number of per-
sonnel in the room during the test should only include essential
personnel required for test administration and safety. All personnel re-
quired to be in the room during the test should adhere to these recom-
mendations when entering the room. The door to the room should be
securely closed and remain closed until the test is completed.

After completion of the test, the test administrator can remove the
mask or mouth-piece from the patient and should instruct the patient
to put on their mask that was removed for testing. Once the patient
has replaced their mask they can leave the room.

Post-test decontamination

Decontamination of the testing room should immediately follow the
test. Surfaces that come in contact with patients should be cleaned after

every test. Visible debris should be removed with warm water and a lig-
uid detergent prior to the use of disinfecting wipes. Hospital grade dis-
infectant wipes are recommended to disinfect all surfaces in the testing
laboratory. Table 2 outlines recommended single use, single patient use,
and products that can be decontaminated, sterilized, and reused. For re-
usable products, it is important to check after every use and sterilization
that the product has not been damaged or warped. Check for cracks,
stains, and parts not fitting together appropriately and replace when
necessary.

Single use items should be discarded after every test. Single patient
items can be washed in warm water and detergent, dried, placed in an
appropriately labeled bag for the patient, and stored for future uses. If
a patient uses a neoprene mask and does not plan a test again, the
mask can be considered single use and discarded with the other single
use items.

Multi-use items should be cleaned with warm water and a detergent
solution to remove visible biological matter. If available, items should
then be submerged in a neutral-pH enzymatic solution to prevent the
adherence of any present biological materials before sending for sterile
processing. If sterile processing is unavailable, submerging the items in
10% bleach solution for 60 min, followed by a cold water rinse is recom-
mended. Room temperature or low-pressure air drying is appropriate.
Drying chambers are acceptable to use so long as the temperature
does not exceed 49 °C.

Lastly, it is important to provide adequate time in between tests to
allow the testing environment to air out. The European Respiratory So-
ciety (ERS) recommends rearranging test schedules to allow for at least
30-60 min between tests.? High efficiency particulate air (HEPA) filtra-
tion systems have been considered as an extra precautionary measure
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Do not proceed with CPET;

Refer patient for follow up
medical advice

Fig. 2. Recommended pre-screening algorithm for CPET during the COVID-19 pandemic. CPET, cardiopulmonary exercise test; PCR, polymerase chain reaction.

for post-test aeration, however it is unclear if this is best practice due to
these systems collecting aerosolized material creating viral coloniza-
tion. Therefore, the ERS does not recommend the use of HEPA filters
during lung function testing. %*

Considerations regarding SARS-CoV2 immunity

There are many questions regarding SARS-CoV2 immunity with the
ongoing campaign for vaccination in the healthcare providers and the

Table 1
Recommended PPE requirements during CPET preparation, testing, and decontamination
procedures outlined by the Center for Disease Prevention and Control.>®

Activity Personnel/Patient Activity PPE requirement

Test preparation ~ Test personnel Test
preparation

Level 3 surgical mask
Face shield/eye
protection
Face mask
Gown

N-95 mask
Face shield/eye
protection
Gloves

Patient None

Test personnel Post test Gown

N-95 mask
Face shield/eye
protection
Gloves

Face mask
Gown

N-95 mask
Face shield/ eye
protection
Gloves

Patient
CPET Test personnel CPET

Post test

Patient
Decontamination Test personnel

CPET, cardiopulmonary exercise testing; PPE, personal protective equipment.

community, the significant number of cases who have already experi-
enced the disease, and a number of cases who have received passive im-
munization by means of convalescent plasma or monoclonal antibodies
directed against the SARS-CoV2 proteins. While the SARS-CoV-2 vac-
cines appear to be highly effective in clinical trials, complete protection
cannot be assumed, and therefore the same degree of precautions ap-
plies to both the providers and patients independent of vaccination
status.

For those patients or providers who have recovered from COVID-19,
immunity from re-infection cannot be assumed and therefore, the same
degree of precautions applies independent of whether or not a prior in-
fection has occurred. Similarly, the use of passive immunization may
confer immunity, yet the efficacy and duration are unknown and there-
fore, as before, the same degree of precautions apply.

CP function in convalescent COVID-19 patients

Due to the respiratory and cardiac manifestations of COVID-19, it
would be expected that CRF is markedly reduced during the period of
acute infection. However, cardiopulmonary function in convalescent
patients is largely unknown, particularly in severely infected patients
experiencing long-COVID-19 syndrome. Recent evidence from both
non-severe and hospitalized COVID-19 patients show that these indi-
viduals have a peak oxygen consumption (VO,) below age-predicted
levels three months after discharge or convalescence.'®?° Towards un-
derstanding the pathophysiology of long-COVID-19 syndrome, compre-
hensive assessments of CP function and the oxygen transport chain are
warranted. In this respect, lasting pulmonary damage®”-*® could poten-
tially alter oxygen diffusion from the lungs to the circulation, resulting
in hypoxemia. Impairments in CV function that are evident in convales-
cent patients® stand to hamper oxygen delivery to meet the metabolic
demand of active skeletal muscle. Finally, some recent evidence sug-
gests that dynapenia is a substantial contributor to reduced CRF in
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Table 2
Equipment use and decontamination recommendations.
Equipment Use Decontamination
Flow sensors Reusable Wash with soap and water. Submerge in
(discard after 10 neutral-pH enzymatic solution. Sterile
uses) processing recommended.

Mouthpiece Reusable Wash with soap and water. Soak for 60 min
in 10% bleach solution and rinse with cold
water; OR Submerge in neutral-pH
enzymatic solution and send for sterile
processing.

Nose clip Single use Discard after use; OR wash with soap and
water. Soak for 60 min in 10% bleach
solution and rinse with cold water.

Face mask and Reusable Wash with soap and water. Soak for 10 min

in 10% bleach solution and rinse with cold
water; OR Submerge in neutral-pH
enzymatic solution and send for sterile
processing.

Wash with warm soap and water. Rinse with
cold water. Air dry.

Wash with warm soap and water. Rinse with
cold water. Air dry.

coupler

Neoprene masks Single patient

use®

Pulse oximetry  Single patient
band/ head use?

band

@ Can be reused for same patient and discard when tests are discontinued.

convalescent COVID-19 patients,2%?° thus implicating a peripheral lim-
itation to exercise tolerance in this population. The long-term conse-
quences of diminished skeletal muscle quality and function and the
consequential effects on oxygen utilization warrant investigation. In
this respect, CPET is a powerful tool to help uncover the physiological
contributors to CRF and fatigue.

Conclusions

Guidelines for aerosolizing procedures may vary by institution, how-
ever, each institution should incorporate the guidance set forth by the
CDC and ERS for optimal safety>42°], The value of CPETs for diagnostic
and prognostic evaluation of cardiovascular diseases, as well as
assessing interventional efficacy, justifies the importance of continuing
these tests during the SARS-CoV-2 pandemic. Testing personnel should
be prepared and familiar with the unique risks that come with CPET
during the SARS-CoV-2 pandemic and should proceed with caution dur-
ing its conduction. The risks and benefits of CPET should be weighed on
a case by case basis, and institutions should highly consider cancelling
or postponing tests that do not provide greater benefit than risk.
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