Sleep and Vigilance (2020) 4:89-94
https://doi.org/10.1007/541782-020-00092-7

REVIEW

=

Check for
updates

Management of Aerosol during Noninvasive Ventilation
for Patients with Sleep-Disordered Breathing: Important Messages

during the COVID-19 Pandemic

Abdul Rouf Pirzada' - Salih A. Aleissi' - Aljohara S. Almeneessier'-2

- Ahmed Salem BaHammam'

Received: 21 May 2020 / Revised: 21 May 2020 / Accepted: 1 June 2020 / Published online: 17 June 2020

© Springer Nature Singapore Pte Ltd. 2020

Abstract

With the advent of COVID-19 infection and its rapid spread, preventive strategies are being developed worldwide, besides
following the universal infection control guidelines. Prevention of spread through aerosol generation is one of the essential
strategies in this regard, particularly for patients with sleep-disordered breathing at home and during hospital admission.
Aerosols are produced, at home and in health care facilities, by natural processes and aerosol-generating procedures. To
address this impinging problem, aerosol-generating procedures, like non-invasive ventilation (NIV), are to be handled
meticulously, which might warrant isolation and sometimes device/interface modifications.
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1 Introduction

First reported in Wuhan, China, in December 2019, with
subsequent global spread, “coronavirus disease 2019”
(COVID 19) infection was later declared as a pandemic by
World Health Organization (WHO). The sheer number of
persons infected, along with the rapid worldwide disper-
sion, it has threatened the health care systems all over the
world. COVID-19 is mainly transmitted through respiratory
droplets: close unprotected contact, and intense aerosols-
generating procedures [1]. Thus, the community spread
from person to person, and through fomites, the spread of
infection in healthcare workers is a more formidable threat.
The spread of infection among healthcare workers has more
implications since it jeopardizes the already reeling system
[2]. As the spread of infection in COVID 19 is by droplets,
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which happens during close contact or through fomites; thus,
the management of droplet dispersion forms the soul of the
prevention strategy [3]. Droplets or large aerosols are usually
of the size of more than 20 pm. These are produced either
during natural processes like coughing, sneezing or during
aerosol-generating procedures, like non-invasive ventilation
(NIV) [2]. It has been shown that masks, particularly com-
mon medical/surgical masks can prevent the natural process
of droplet spread though it is “easier said than done” and the
NO95 masks are to be reserved for high-risk encounters; how-
ever, aerosol management during aerosol-generating proce-
dures is still a challenge [4]. This review aims to formulate
guidelines and advisories for aerosol management during
NIV [particularly for patients with sleep-disordered breath-
ing (SDB)] and related procedures after critically reviewing
the scientific literature available so far; nevertheless, these
guidelines and advisories are dynamic due to the evolving
nature of the pandemic.

2 Aerosols

Aerosols are particles suspended in the air that can contain
a variety of pathogens, including viruses, and their clas-
sification is debatable. Arbitrarily, aerosols are categorized
as small droplets (which are usually called aerosols exclu-
sively) and large droplets, with small droplets having the
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potential to desiccate and form droplet nuclei that travel
long distances, while large droplets do not evaporate
before settling on surfaces [5]. This aerosol classifica-
tion has clinical relevance in relation to their dispersal
properties and patterns, but it is also important to classify
aerosols according to where they deposit in the respiratory
tract, upper or lower, because it has a bearing on patho-
genesis [5, 6]. Most often, 5 microns in diameter is taken
as a cutoff for small droplets, while another possible cutoff
between aerosol types is 20 microns, since aerosols less
than or equal to 20 microns in diameter can desiccate to
form droplet nuclei, and aerosols more 20 microns do not
deposit substantially in the lower respiratory tract [5].

In the case of COVID 19, it has been experimentally
postulated that the epidemiological characteristics of this
virus probably arise from other plausible factors like high
viral load in the upper respiratory tract and the potential
for infected persons to shed and transmit the virus while
asymptomatic [4, 5, 7]. Besides, aerosol and fomite trans-
mission of COVID 19 is highly possible, since the virus
can remain viable and infectious in aerosols for hours and
on surfaces up to days (depending on the inoculum shed)
[8, 9].

Aerosol generation can occur during natural processes
like coughing, sneezing, or expectorating; however, current
evidence suggests that, while it is possible that coronavi-
ruses can survive in the aerosol from within fluid particles,
under certain conditions, this is not the primary mechanism
for transmission in the community. However, the natu-
ral processes are presumed to be a potential transmission
mechanism in health care workers, besides therapeutic or
diagnostic aerosol-generating procedures. The procedures
that are believed to have a potential to generate aerosols and
droplets as a source of respiratory pathogens include positive
pressure ventilation (bilevel positive airway pressure (BPAP)
and continuous positive airway pressure (CPAP)), endotra-
cheal intubation, airway suction, high-frequency oscillatory
ventilation, tracheostomy, chest physiotherapy, nebulizer
treatment, sputum induction, and bronchoscopy [5-7]. In
experimental studies, this phenomenon of aerosol generation
and dispersion has been studied. However, those experimen-
tal studies had some practical short-comings because they
used smoke to simulate aerosol, and experiments were con-
ducted in the absence of negative pressure [3]. During NIV,
studies demonstrated that the dispersion had been grossly
variable depending upon multiple factors like the interface
used, pressure level, and the device used [3].

Respiratory procedures are known to stimulate coughing
and promote the generation of aerosols; however, their risk
of transmission of infection is not quantified. Thus, these
procedures are to be handled meticulously to minimize the
spread among health care workers and at times in the house-
hold [10-12].
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This short review aims to formulate guidelines and advi-
sories for home and hospital use of NIV. Since the aerosol-
generating procedures take place at home and in the hospital,
we will divide this article into two sections, at home and in
the hospital.

3 Athome

Aerosol generating procedures that take place at home are
home NIV systems, either CPAP or a BPAP, home oxygen
therapy, and sometimes home diagnostics like “home sleep
apnea testing” systems. NIV, BPAP, and CPAP are currently
listed by the WHO as a high-risk aerosol-generating proce-
dure. NIV accounts for high-dose viral transmission risk to
family and carers during the treatment of chronic respira-
tory diseases, especially obstructive sleep apnea [13—17].
The viral load is comparable in nasal and throat swabs of
symptomatic and asymptomatic patients with COVID-19
[17], suggesting that NIV-induced aerosolization of naso-
pharyngeal secretions from asymptomatic patients may pose
similar risks for high-dose viral transmission in households.
Aerosolised severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) has a half-life of 1.1 h in the air, and
therefore, a period of prolonged isolation may be required
following NIV usage [3, 8, 9]. However, patients with sleep-
disordered breathing need to use their positive airway pres-
sure (PAP) devices during this pandemic that may last for
months to come, besides CPAP use can have a bearing on
overall mortality and morbidity in these patients if infected
with SARS-CoV-2 [18-20].

Based on the literature review and personal experience
[16, 17, 21-23], the following is suggested:

e Universal isolation for NIV at home is impractical; hence
it has to be individualized.

e Temporary cessation is a plausible option, taking into
consideration the risks of withholding NIV in patients
with hypercapnia; however, this needs to be discussed
with the treating physician. In patients with whom NIV
therapy cannot be temporarily stopped, such as patients
with severe obesity hypoventilation, complete home iso-
lation is preferred to minimize the risk of aerosol spread
among the household.

e Other plausible options are modifications in the device
and interface of NIV to reduce the risk of aerosol disper-
sion (will be discussed down).

¢ Following routine hygiene advisories are highly recom-
mended: changing machine filters routinely, cleaning
surfaces, cleaning masks and tubing with hand-hot soap
water (washing-up liquid), and washing hands regularly.

e For home oxygen therapy, isolation is a must to prevent
the viral dispersion if there is suspicion or confirmation
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of COVID-19 infection as viral load and dispersion in-
home oxygen systems, though not quantified, is highly
infective.

e Portable home sleep studies and auto-adjusting PAP at
home are recommended to be suspended, particularly
in endemic zones; however, they can be considered in
emergent conditions in sporadic zones, only after ruling
out any suspicion of COVID-19 infection. In such cir-
cumstances, the applications of a disposable nasal pres-
sure transducer for sleep study and disposable or personal
masks and ventilator tubing for NIV are strongly recom-
mended [16, 17, 21-23].

4 In hospital

In the hospital, the procedures that are believed to or have
a potential to generate aerosols and droplets as a source of
respiratory pathogens include positive pressure ventilation
(BiPAP and CPAP), endotracheal intubation, airway suction,
high-frequency oscillatory ventilation, tracheostomy, chest
physiotherapy, nebulizer treatment, sputum induction, and
bronchoscopy [5, 8]. It is imperative to mention that titra-
tion studies during polysomnography fall under the same
category.

Hence, in countries with endemic zones, it is recom-
mended to suspend sleep studies except in emergent condi-
tions after examining the risk—benefit ratio with a strict pre-
condition of pre-procedural evaluation for COVID-19 [21,
24]. Besides, it is necessary to follow the infectious disease
protocol of negative pressure isolation and proper personal
protective equipment (PPE), whenever indicated. Indication
for infectious disease protocol is, nevertheless, ambiguous
and hence has to be individually tailored [21, 23, 25].

In the regions/areas with sporadic COVID-19, sleep
study and NIV can be continued, but it is recommended to
have portable home sleep studies and auto-adjusting PAP
at home. The applications of a disposable nasal pressure
transducer for sleep study and disposable or personal masks
and ventilator tubing for NIV are strongly suggested. How-
ever, it is recommended to suspend sleep studies and NIV
titration trials for subjects who report to having recent travel
or residential history in a high epidemic area [21], contact
history with COVID-19 infected patients, contact history
with febrile patients or subjects with respiratory tract symp-
toms from the high epidemic or cluster outbreak area, report
of fever or respiratory tract symptoms, or newly emerging
ground-glass opacities on a computerized chest tomogra-
phy (CT) scan [21, 23, 25]. For the recovered patients with
robust evidence of negative results of nucleic acid testing,
sleep studies and NIV can be performed [21, 23, 25].

For in-hospital NIV, dispersion of virus is common
if robust preventive measures are not applied. NIV in

hospital, in a setting of suspected or confirmed case of
COVID-19, warrants infectious disease protocol of isola-
tion in negative pressure room preferably with an ante-
room and attached washroom (well ventilated) and per-
sonal protective equipment for attending staff; however, it
is not possible in high volume patient inflow. Even under
such unavoidable conditions, PPE for the attending staff
is mandatory [3, 16, 17, 26, 27].

A practical approach is to work on and modify the NIV
device, mostly interface and tubing to minimize the disper-
sion and protect the health care workers.

Setup of CPAP or NIV/Bilevel ventilators for patients
with SDB is built to work with a single tube and a rela-
tively constant intentional leak. The leak occurs in three
parts: mouth leak, if a nose mask is used, leak around the
mask/face contact, and leak through the intentional leak
port.

Interventions to reduce leak include the use of a full-face
mask (discarding nasal masks) with the optimal fit; moreo-
ver, the mask needs to be non-vented with an exhalation port
in the circuit. Thus, the choice of a mask to minimize viral
dispersion would be [3, 24, 26, 28]:

e First choice, a full-face non-vented mask with an expir-
atory viral filter. A good mask seal for face masks is
important to minimize droplet dispersion and maximize
effectiveness.

e Second choice, a helmet with air cushion for CPAP.

e Third choice, a helmet without air cushion for CPAP.

e Fourth choice, a standard face mask

It is important while using a mask-system to humidify
the gas flow. A heat and moisture exchanger (HME)/viral
filter should be fitted to all exhaust systems to reduce drop-
let spread. HME filters need a close watch to look for any
waterlogging that warrants a change to prevent any high and
unidirectional flow. It must be ensured that the ventilator
mode employed supports the use of non-vented masks and
exhalation ports. Likewise, the sequence of events protocol
should be: to put the mask on, tie it, and then put the venti-
lator on; to disconnect, first put the ventilator off, and then
take off the mask.

To manage intentional leak, a viral/bacterial filter can be
placed in the circuit between the mask and the oxygen and
exhalation ports to ensure that if the oxygen tubing becomes
dislodged accidentally, the filter will stop exhaled breaths
escaping via the ports (Fig. 1) [22]. This viral/bacterial filter
can replace any filter at the machine end of the circuit and
ideally needs to be changed every 24 h to prevent any resist-
ance to flow due to the absorption of moisture, which can
mimic clinical deterioration. It is important to mention that
external humidification should not be used in such systems
[22].
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Fig.1 A scheme of NIV setup, a non-vented mask is fitted to a
bacterial filter, and then connected to a safety valve and an oxygen
entrainer port in between, at the end an exhalation port with a valve

Whenever oxygen is to be used, it can be entrained into
the circuit, and this should be done at the patient end of
the filter Fig. 1). Once a patient is admitted to the hospital
with suspicion/confirmed COVID-19 and is using home NIV
systems, it is essential to ensure that the used mask is non-
vented, the filter is entrained in the system, and there is no
humidifier [22, 26, 29].

To act during the exigencies of patient volume and mea-
ger resources, it is suggested to follow “jury rig,” which is
a system tailored to circumvent the lack of a commercial
bilevel circuit with an exhalation port; this can be done so

Fig.2 A schematic represen-
tation of a modified bilevel

circuitry setup to minimize Filter

aerosol dispersion by adding
a Y-connector, with one limb

connected to the device and the Hestrictar

by connecting a T- or Y-connector to the mask, then fit a
filter in the new limb; besides, introducing an exhalation
port (or resistor containing leak), which can be inserted
before (or after) the filter [30].

This addition of a “T” or “Y” tube piece with an “over-
flow” port allows filtering of all, but the unintentional face
leak (which can be managed using an appropriate mask);
however, it creates dead-space, which can be minimized
by connecting the Y or T piece as close as feasible to
the mask (Fig. 2). Merely adding a filter on the end of
the “overflow” tube will dissipate much of the delivered
pressure from the ventilator, unless, it is combined with
a resistor. Thus, the combination of a filter and a resistor/
restrictor in the right range will correct this issue. If a
resistor is not commercially available, it can be tailored
using a plug with a single 3.5 mm (1/8 or 5/32 inch) hole
drilled in it or 20 0.8 mm holes drilled in a standard medi-
cation pillbox that fits the tubing; holes are punctured/
melted into the bottom with a hot paper clip or 18-gauge
needle) [30]. This arrangement should provide leak flow of
12 I/min at 3 cmH20, and 35 1/min at 25 cm H20, provid-
ing adequate ventilation at most bilevel settings without
significant CO, rebreathing [30]. The setup would repli-
cate the typical leak port flows of existing masks or expira-
tory port circuits directed to a filter (Fig. 2). Sterility of
this part of the circuit is not a significant issue as the flow
is unidirectional away from the patient, even when the
patient is intubated [29, 30].

Other aerosol-generating ward procedures like nebu-
lization and oxygen therapy in suspected or confirmed
COVID-19 patients warrant a standard infectious disease
protocol, as already mentioned. Procedures like bronchos-
copy and endotracheal intubation are beyond the scope of
our discussion.
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5 Summary

Aerosol management during NIV use can be achieved
through multiple methods, besides suspending the use,
whenever possible. Standard infectious disease protocols
form the backbone of the preventive strategy; however,
modifications in the interface and the tubing can be tailored
through commercially available add-ons or using home
available materials to limit the aerosol dispersion during
NIV use.
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