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Abstract
Close contact is unavoidable in the care of patients with neuromuscular diseases 
(NMD). In addition, respiratory physiotherapy and noninvasive ventilation generate 
massive amounts of aerosols. Caring for a patient suffering from coronavirus disease-
 19 raises concerns about the risk of infection not only to the caregiver and/or medical 
staff but also to other individuals in contact with these personnel. We reviewed the 
points to be noted in infection control when a patient with neuromuscular diseases 
receiving respiratory care is infected with COVID- 19 and summarizes the recommen-
dation. Infected patients must be isolated in a negative- pressure or actively venti-
lated room. Clear zoning separating clean and infected areas should be performed 
for pathogen containment. Caregivers should wear appropriate personal protective 
equipment and thoroughly clean their hands. Leak- prevention measures and the use 
of proper respiratory circuits and filters with virus- removal performance are crucial 
to reducing aerosols in noninvasive ventilation. Although respiratory physiotherapy 
is essential, treatment should be minimized in consideration of the infection state 
and sputum status, and alternative therapies such as postural drainage should be 
carefully considered. Infection control is distinctly obligate; however, it impairs the 
quality of life and activity of daily living significantly. We should implement it with 
enough ethical consideration, adequate explanation, and patient consent. We hope 
that this paper will contribute to appropriate COVID- 19 infection control in patients 
with neuromuscular diseases requiring respiratory care.
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1  | INTRODUC TION

To prevent coronavirus disease- 19 (COVID- 19), avoiding the so- 
called 3 Cs of “closed spaces with poor ventilation,” “crowded 
places,” and “close- contact settings” appears crucial. Many patients 
with neuromuscular disorders (NMDs) such as muscular dystro-
phies (MDs) and severe physical and intellectual disabilities (SPID), 
however, need assistance in their daily lives, and close contact is 
thus unavoidable with these patients. When these patients require 
medical care, the number and types of caregivers involved will dif-
fer depending on each situation. Because these patients often have 
impaired swallowing, respiratory, and cardiac function, they have 
a higher risk of COVID- 19 infection and aggravation. So infection 
prevention measures are essential for these patients. On the other 
hand, we should also pay enough attention to the risk of clustering 
when these patients are infected. Among the care and treatment 
required, respiratory care such as mechanical ventilation (MV) and 
cough augmentation are known to scatter aerosols.1- 4 Caring for 
a patient suffering from COVID- 19 (including suspected patients) 
raises concerns about the risk of infection not only to the caregiver 
and/or medical staff, but also to other people in contact with these 
personnel. Especially in nursing homes and medical care wards, 
which care for many high- risk patients, prevention of nosocomial 
infection is paramount. This review describes the risk of droplets 
and aerosols in respiratory care for patients with NMD, and outlines 
general countermeasures for nursing homes and medical care wards, 
etc, with reference to studies and recommendations that have al-
ready been issued.1,3

2  | RISK OF DROPLETS AND AEROSOL S 
DURING RESPIR ATORY C ARE OF PATIENTS 
WITH NMD

In patients with NMD, respiratory dysfunction causes type II res-
piratory failure (alveolar hypoventilation) and reduces airway clear-
ance. Currently, noninvasive ventilation (NIV) is mainly used for type 
II respiratory failure. However, NIV involves a non- closed circuit, and 
thus cannot avoid aerosol diffusion.1,3,4 Even in MV with a trache-
otomy (tracheal intermittent positive- pressure ventilation; TIV), a 
closed circuit cannot be maintained in patients with severe tracheal 
deformity, especially when a speech cannula or loosely adjusted cuff 
has been used. As a result, leakage will occur and aerosols will be 
dispersed around the patient.

Respiratory physiotherapy such as lung inflation and cough 
augmentation, mechanically assisted cough (MAC), and suction are 
essential for the prevention of respiratory complications in NMD 
patients, but the dispersal of droplets and aerosols with these treat-
ments cannot be avoided. These procedures are performed by the 
caregiver in close proximity to the patient, so when the patient is 
suffering from COVID- 19, the caregiver will be exposed to massive 
doses of infected droplets/aerosols. Therefore, in respiratory care 
for confirmed or suspected COVID- 19 patients, we should recognize 

the risks of droplets and aerosols and should reduce these risks using 
appropriate precautions.

3  | LE AK POINTS IN NIV AND 
COUNTERME A SURES AGAINST THEM

In NIV, leaks can occur from the site of mask fitting, the mouth of 
nasal mask users, or the exhalation port. When the leak is large, in-
spiratory air flow from the ventilator could be increased to main-
tain the set ventilation. A large amount of aerosol is then likely to be 
dispersed, and the environmental pollution becomes serious.1 As a 
countermeasure, in confirmed or suspected COVID- 19 patients, use 
of a full- face mask (or total face mask) that covers both the nose 
and mouth and fits the shape of the face is highly recommended 
(Figure 1A,B).1- 3 A helmet- type mask that covers the entire head is 
also available (Figure 1C), but positive pressure is difficult to main-
tain with the air supply capacity of most of the currently used port-
able types of ventilator, so a ventilator running off compressed air 
would be preferable. As ventilation conditions will differ when the 
mask or circuit is changed, it is necessary to check the breathing con-
dition and adjust ventilator settings accordingly.

In NIV, a single circuit with an expiratory port is widely used. In 
such cases, aerosols are constantly scattered from the expiratory 
port. When a vented mask is used, the exhalate is disseminated into 
the room air, so a non- vented mask should be used, placing a filter 
with excellent virus- removal performance (hereinafter, “V- filter”) 
between the mask and exhalation port (Figure 2A). This will reduce 
the amount of virus diffusion. When a vented mask must be used, it 
may be possible to cover the port with a non- woven mask, but care 
should be taken to avoid blocking exhalation itself.

In a single circuit with an exhalation valve, place a V- filter be-
tween the mask and exhalation valve (Figure 2B). Avoid using a heat-
ing humidifier when using the V- filter.

Where possible, it is advisable to use a double- branch circuit 
(Figure 3) with V- filters on both inspiratory and expiratory sides.1,3- 5 
A double- branch circuit is a standard configuration in critical areas 
such as intensive care units, and is therefore recommended for NMD 
patients as a preventive measure against the infection, although the 
number of portable ventilators available at present is limited.4,5

Use of a heat and moisture exchanger (HME) with bacterial filter 
function is appropriate for humidification. When using a heating hu-
midifier, use the automatic water supply module to prevent the risk 
of aerosol diffusion during water supply.4

Additional installation of the V- filter and HME increases dead 
space and circuit resistance, which may alter ventilation condi-
tions, evoke failure to detect spontaneous breathing, and result in 
malfunction of the out- of- circuit alarm. Circuit resistance may also 
rise further due to contamination and water retention, as usage 
time increases. For these reasons, monitoring of vital parame-
ters, such as percutaneous O2 saturation (SpO2), and use of respi-
ratory alarms are recommended in the implementation of these 
procedures.3,4
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F I G U R E  1   Examples of full- face, total 
face, and helmet- type masks. A, B, Non- 
vented disposable masks (Classic Star® 
Dräger): Full- face mask® (A. left), Total 
face mask® (A. right). Suppression of leaks 
is easily achieved by adjusting the inflation 
of the air cushion providing the seal (B). 
C. Helmet- type mask (StarMed CaStar®; 
Intersurgical). Referring to the homepage 
of Intersurgical (https://www.inter surgi 
cal.com/produ cts/criti cal- care/starm ed- 
respi rator y- hoods - for- non- invas ive- mecha 
nical - venti latio n- niv) [accessed October 
27th 2020]

(A) (B)

(C)

F I G U R E  2   Examples of single circuits. 
A, A single circuit with an expiratory port. 
B, A single circuit with exhalation valve. 
Referring to Trilogy platform COVID- 19 
example circuit configurations (Philips). 
(https://www.usa.phili ps.com/c- dam/
b2bhc/ maste r/landi ng- pages/ exper ience 
- catal og/sleep - and- respi rator y- care/how- 
phili ps- is- globa lly- addre ssing - the- coron 
aviru s- covid - 19/clini cal- resou rces/trilo 
gy- examp le- circu its- for- covid 19.pdf) 
[accessed 27 Oct 2020]

https://www.intersurgical.com/products/critical-care/starmed-respiratory-hoods-for-non-invasive-mechanical-ventilation-niv
https://www.intersurgical.com/products/critical-care/starmed-respiratory-hoods-for-non-invasive-mechanical-ventilation-niv
https://www.intersurgical.com/products/critical-care/starmed-respiratory-hoods-for-non-invasive-mechanical-ventilation-niv
https://www.intersurgical.com/products/critical-care/starmed-respiratory-hoods-for-non-invasive-mechanical-ventilation-niv
https://www.usa.philips.com/c-dam/b2bhc/master/landing-pages/experience-catalog/sleep-and-respiratory-care/how-philips-is-globally-addressing-the-coronavirus-covid-19/clinical-resources/trilogy-example-circuits-for-covid19.pdf
https://www.usa.philips.com/c-dam/b2bhc/master/landing-pages/experience-catalog/sleep-and-respiratory-care/how-philips-is-globally-addressing-the-coronavirus-covid-19/clinical-resources/trilogy-example-circuits-for-covid19.pdf
https://www.usa.philips.com/c-dam/b2bhc/master/landing-pages/experience-catalog/sleep-and-respiratory-care/how-philips-is-globally-addressing-the-coronavirus-covid-19/clinical-resources/trilogy-example-circuits-for-covid19.pdf
https://www.usa.philips.com/c-dam/b2bhc/master/landing-pages/experience-catalog/sleep-and-respiratory-care/how-philips-is-globally-addressing-the-coronavirus-covid-19/clinical-resources/trilogy-example-circuits-for-covid19.pdf
https://www.usa.philips.com/c-dam/b2bhc/master/landing-pages/experience-catalog/sleep-and-respiratory-care/how-philips-is-globally-addressing-the-coronavirus-covid-19/clinical-resources/trilogy-example-circuits-for-covid19.pdf
https://www.usa.philips.com/c-dam/b2bhc/master/landing-pages/experience-catalog/sleep-and-respiratory-care/how-philips-is-globally-addressing-the-coronavirus-covid-19/clinical-resources/trilogy-example-circuits-for-covid19.pdf
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Most types of portable ventilators take room air, so when a pa-
tient is suffering from COVID- 19 and aerosols containing the virus 
are dispersed, the inside of the ventilator will be contaminated. If 
available, selecting a ventilator that takes compressed air from the 
central piping is ideal. Use of a ventilator model with an air intake 
filter that has the ability to remove viruses is also preferable,4 but 
the number of such models in distribution is limited. When these 
measures are not available, the ventilator used for a confirmed or 
suspected COVID- 19 patient must be solely dedicated to that indi-
vidual patient.4 The circuit with ventilator must be disposable and 
should be replaced according to an appropriate procedure to mini-
mize aerosol diffusion.4

4  | LE AK POINTS IN TIV AND 
COUNTERME A SURE AGAINST THEM

In TIV, a closed circuit has basically been formed, but many NMD 
patients use loosely adjusted cough or speech cannulae to maintain 
vocal communication, and leakage will thus occur from the mouth, 
nose, and parts of the tracheostomy.

Open- type suction involves a further problem, in that aero-
sols are scattered during the procedure. As a countermeasure, 
the respiratory circuit should be arranged in the same way as NIV. 
Properly manage the cuff pressure to maintain a closed circuit.6 
Use a closed tracheal suction system to prevent diffusion of aero-
sols during suction, or use a double suction tube to reduce the 
frequency of suction.

5  | PREC AUTIONS FOR OX YGEN THER APY

Oxygen monotherapy without MV should be avoided in patients 
with NMD. When required, it is preferable to use a face mask rather 

than a nasal cannula and to cover it with a surgical mask, in order to 
prevent aerosol diffusion,3 but the risk of CO2 retention becomes 
markedly higher. When oxygen is used, monitor the ventilation sta-
tus by transcutaneous CO2 monitoring or regular blood gas tests, 
and when any concern about CO2 narcosis arises, immediately con-
sider introducing MV.

6  | PREC AUTIONS FOR MAC

Currently, several models are used as sputum- assisting devices. 
Their main functions are mechanical insufflation- exsufflation (MI- 
E), intrapulmonary percussive ventilation (IPV), and high- frequency 
chest wall oscillation (HFCWO). MAC is extremely important for 
maintaining airway clearance in NMD patients, but careful judge-
ment of the necessity and urgency is warranted for confirmed or 
suspected COVID- 19 patients and the maximum protective meas-
ures should be taken, since MAC produces and disseminates large 
amounts of aerosols.

MI- E induces coughing by applying positive pressure to the air-
ways for a few seconds, then shifting to negative pressure to pro-
mote sputum production. In cases using a mask, when adhesion is 
insufficient, leakage may occur from the mounting portion in the 
positive phase. Even in cases of tracheotomy, leakage may occur if 
cuff pressure is insufficient. Further, contamination of the inside 
of the device becomes a problem, since the exhalate of the patient 
is sucked into the device during the negative phase. Keep the mask 
suitably tight and properly adjust the cuff pressure to minimize 
leaks and place a V- filter between the mask/tracheal cannula and 
circuit.

For IPV, place a V- filter between the expiratory port and mask/
tracheal cannula and port. In HFCWO, cover the percussion wrap 
attached to the chest wall with vinyl so that it does not come into 
direct contact with the patient.5

Covering the patient's head with a vinyl tent, etc, is expected 
to suppress aerosol diffusion to some extent, but evidence is cur-
rently lacking. The sputum support device has a risk of contaminat-
ing the inside of the device, because it takes room air regardless of 
the mode. Thus, limiting its use to individual COVID- 19 patients is 
necessary.

7  | PREC AUTIONS FOR RESPIR ATORY 
PHYSIOTHER APY

For patients with NMD, respiratory physiotherapy such as lung infla-
tion with resuscitation bags and cough augmentation are performed. 
Air leaks from masks and droplets/aerosols dissemination associ-
ated with cough also occur during these treatments, so the neces-
sity of physiotherapy is carefully judged in confirmed or suspected 
COVID- 19 patients. When using a resuscitation bag, attach a V- filter 
between the mask/cannula and the resuscitation bag and exclusively 
use the resuscitation bag for the COVID- 19 patients.4

F I G U R E  3   An example of a double- branch circuit (CleanAir 
ASTRAL™ 150® ResMed). Referring to the homepage of Fukuda 
Denshi Co Ltd. (partly modified by the authors) (https://www.
fukuda.co.jp/medic al/produ cts/inhome_medic al/astral.html) 
[accessed October 27th 2020]

https://www.fukuda.co.jp/medical/products/inhome_medical/astral.html
https://www.fukuda.co.jp/medical/products/inhome_medical/astral.html
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Protective measures should be taken during lung inflation and 
cough augmentation, such as having the patient wear a mask and 
directing the face to the side opposite the caregiver during exhala-
tion, if possible. Adequate ventilation is important during and after 
respiratory physiotherapy. In NMD patients, respiratory physiother-
apy is extremely important, even when suffering from COVID- 19, 
but treatment should be minimized in consideration of the infection 
state and sputum status, and alternative treatments such as postural 
drainage should be carefully considered.3,7,8

8  | CONSIDER ATION OF THE 
ENVIRONMENT SURROUNDING PATIENT 
ROOMS AND METHODS OF PRE VENTING 
C AREGIVER INFEC TION

Active ventilation, isolation of confirmed or suspected COVID- 19 
patients from non- infected patients, appropriate use of personal 
protective equipment (PPE), and environmental cleaning should be 
carefully considered.

The first step is to perform clear zoning. The rooms of COVID- 19 
patients must be designated as infected areas, and a semi- clean area 
should be placed between infected areas and clean areas. Clearly di-
vide each area with a tape or partition to prevent viruses from being 
brought into the clean area. This is particularly important when 
COVID- 19 and non- infected patients are together within the same 
ward or facility, and care should be taken not to cross the infected 
and clean areas.

For air ventilation, isolation in a negative- pressure compartment 
is ideal, in consideration of the risk of constant aerosol diffusion in 
patients with NIV or tracheostomy with a semi- closed circuit. Even if 
this is difficult, the confirmed or suspected COVID- 19 patient should 
be isolated in a private room as much as possible, and adequate air 
ventilation should always be performed. This entails a certain un-
avoidable cost, but it is preferable to create a negative- pressure 
space using a simple negative- pressure device. If air flow from the 
infected area to semi- clean or clean areas is difficult to control, con-
sider blocking the air flow with a vinyl curtain.

Caregivers should wear N95 masks when entering infected 
areas. Wear PPE such as gloves, face guard, vinyl apron (arm cover), 
and cap when performing care.1,4,9 To prevent contact infection, 
thoroughly clean the hands and perform hand sterilization at the 
time of entry/exit and care, regularly perform environmental clean-
ing (disinfection) of the patient rooms and infected areas. Items in 
the infected area should not be taken out, in principle. When such 
items must be taken out, thoroughly disinfect them. Time and effort 
are required to remove PPE, and the caregiver is likely to be infected 
when undressing. It is important that two members form a pair and 
check each other to ensure appropriate removal.

Consider using telecommunications such as intercoms and 
videophones to avoid unnecessary entry and stay in the infected 
room. In addition, individual caregivers should avoid caring for both 
COVID- 19 and non- infected patients within the same shift.

9  | THINGS TO BE AWARE OF WHEN 
IMPLEMENTING INFEC TION CONTROL

To date, we have described general measures, but actual implemen-
tation of these measures involves many difficulties and issues to be 
considered.

The first is the serious lack of supplies caused by the global pan-
demic of COVID- 19. We made a questionnaire survey to 12 facilities 
in the Japanese National Hospital Organization, which has special 
wards for MD and SPID, about the supply of medical equipment from 
April 23rd to 28th in 2020. In this survey, many facilities expressed 
severe concern about the shortage of ventilators, tracheal cannulae, 
ventilator circuits, HMEs, HEPA filters, etc As a result, most facilities 
have taken or have been considering measures such as postponing 
the replacement cycle or using alternatives (Table 1). A serious sup-
ply shortage of PPE was also seen. N95 masks are indispensable in 
the care of patients at high aerosol risk,1,4,9 but securing a stable 
supply has been difficult.

The second is a structural problem with facilities. Most hospi-
tals and institutions that treat patients with NMD do not have a 
negative- pressure room, etc Furthermore, many facilities are obliged 
to treat COVID- 19 and non- infected patients within the same ward, 
and proper zoning seems difficult in some facilities.

In addition, many problems are seen on the side of patients and 
also in terms of ethical issues. In NMD patients, where respiratory 
care is essential, daily treatment and care should be continued even 

TA B L E  1   Impact of COVID- 19 on the supply of ventilators and 
related products (urgent investigation of 12 facilities related to 
supply of ventilators and associated products during the pandemic 
condition of COVID- 19 between 23rd and 28th April 2020)

Facility Ventilator
Ventilator 
circuit, HME

Tracheal 
canula

Enteral 
tube

1 ◯ × × ×

2 △ ◯ ◯

3 × × ◯

4 ◯ △ × ×

5 × × ×

6 ◯ △ △

7 ◯ × ◯ ◯

8 △ × ×

9 × ◯ ◯

10 × ◯

11 × × × ×

12 × × × ◯

Abbreviation: HME, heat and moisture exchanger.
◯: There is no impact on supply.
△: There is a concern about the shortage of supply. We are considering 
some measures (postponing the replacement cycle or using alternatives, 
etc).
×: There is a shortage of supplies, and some measures are being taken.
Blank: no answer.
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under pandemic conditions of COVID- 19.2,6,10 In the case of con-
firmed or suspected COVID- 19 patients, a comprehensive judgment 
will be made considering the necessity of treatment, the medical 
condition, and the environment. Some patients have developmental 
disorders, mental retardation, or dementia, and many patients thus 
cannot accept changes even if it is necessary to change the ventila-
tor system or device in terms of infection control and treatment of 
infectious diseases. Concerns have also been raised regarding men-
tal stress associated with isolation and restrictions on visits by family 
members.6

Infection control always involves an ethical dilemma, because of 
the constraints placed on individual freedom and QOL. In particular, 
how much treatment is appropriate when a positive contact is sus-
pected due to onset in a family member or caregiver is a concern. 
How best to adjust the many contradictory issues such as the life 
and QOL of the patient, the safety of caregivers and other patients, 
and the maintenance of medical functions may differ depending on 
the situation, the condition of the patient, the environment, etc In 
actual application, it is important to take the best possible measures 
according to individual circumstances, taking into consideration the 
infection status, the condition of the general population, the neces-
sity of respiratory care, the environment, and collective immunity 
status.

On the other hand, COVID- 19 is likely to become serious in 
NMD patients with reduced respiratory function and swallowing 
dysfunction.2,10 With COVID- 19, the respiratory status may rap-
idly deteriorate even in the general population in a short time, so 
changes in respiratory management methods and endotracheal 
intubation are likely to be necessary. Endotracheal intubation is 
often difficult in patients with MD/SPID due to spinal/thoracic de-
formity and difficulty opening the mouth, so emergency intubation 
should be avoided. If limits to NIV support exist, intubation should 
be performed during a time when sufficient human resources can 
be secured.3

Consideration should be given to the use of a video laryngo-
scope, as intubation procedures carry the risk of aerosol dissemina-
tion. To prevent droplets/aerosols from directly hitting the operator, 
consider using a device such as an aerosol box to cover the head 
(Figure 4).

10  | CONCLUSIONS

Clusters of COVID- 19 have been formed in medical hospitals/insti-
tutions and nursing homes. In medical wards and nursing facilities 
that treat many NMD patients requiring respiratory care, precau-
tions against infection within the facility are extremely important. 
This review provides helpful information for taking appropriate pre-
cautions while maintaining daily care of NMD patients.
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