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Abstract

In the past, the use of face masks in western countries was essentially limited to occupational health. Now, because of the
COVID-19 pandemic, mask-wearing has been recommended as a public health intervention. As potential side effects and
some contraindications are emerging, we reviewed the literature to assess the impact of them in daily life on patient safety and
to provide appropriate guidelines and recommendations. We performed a systematic review of studies investigating physi-
ological impact, safety, and risk of masks in predefined categories of patients, which have been published in peer-reviewed
journals with no time and language restrictions. Given the heterogeneity of studies, results were analyzed thematically. We
used PRISMA guidelines to report our findings. Wearing a N95 respirator is more associated with worse side effects than
wearing a surgical mask with the following complications: breathing difficulties (reduced FiO,, SpO, PaO, increased ETCO,,
PaCO,), psychiatric symptoms (panic attacks, anxiety) and skin reactions. These complications are related to the duration of
use and/or disease severity. Difficulties in communication is another issue to be considered especially with young children,
older person and people with hearing impairments. Even if benefits of wearing face masks exceed the discomfort, it is rec-
ommended to take an “air break” after 1-2 h consecutively of mask-wearing. However, well-designed prospective studies
are needed. The COVID-19 pandemic could represent a unique opportunity for collecting large amount of real-world data.
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Introduction

The use of face masks (FMs) has become widespread as part
of a multi-faceted approach to limit spread of the COVID-19
virus. In the past, use of the mask was limited to occupa-
tional health and safety settings, as well as use by individu-
als to combat impact of air pollution, allergies, and risk of
infection in immunosuppressed people The increased use
during the pandemic has highlighted problems in their use.

As of December 2021, more than 86% of the world's pop-
ulation lived in countries that recommended or mandated
FMS in public; more than 130 countries have mandated the
masks [1] The wearing of masks along with physical dis-
tancing or during exercise has been contentious [1, 2].

A well-performing FM must have the following four basic
ergonomic requirements:

(1) Protect the respiratory system from the polluting or
infectious agent.

(2) Allow adequate ventilation.

(3) Fit the face well.

(4) Ensure good protection and comfort during normal
activities.

The demand for masks has led to new approaches to the
design of face masks [3]. Different types of FMs are listed
in Table 1 [3, 4].

Rationale for the review

Reports on potential side effects of mask wearing led us to
query the safety implications of wearing masks [5]. The side
effects include a false sense of security, reduced compliance
with other measures

and contraindications to mask wearing including young
children, persons with breathing difficulties or who are
unconscious, incapacitated, etc. [4].

Table 1 The different types of face masks

Papers identified in electronic
database (n=3.718)

Papers excluded after
title/abstract screening
(n=3.577)

W

Papers retrieved for more
detailed evaluation

Additional papers identified
from reference lists (n=7)

<

v

Papers where full text
assessed for eligibility (n=148)

Duplicated papers excluded
w (n=19)

Papers excluded after full
text screening (n=66)

\4

v

Papers included in the review
(n=63)

Fig.1 Studies® identification and selection

Methods

We performed a systematic review of published studies
investigating the safety of FMs categorized to different
groups, i.e., children, pregnant women, patients with neu-
rodegenerative diseases, cognitive impairment, obesity,
lung/cardiac/renal diseases, psychiatric disorders, eye or
upper airway diseases. We searched Medline/PubMed and
EMBASE using the search strategy reported in Supplemen-
tal files, with no time and language restrictions.

The search and screening process was independently con-
ducted by two researchers (MLR and DDS) with no time
restrictions. Reports were considered potentially eligible
for this review if they assessed the safety, risks and/or the
respiratory impact of FMs. We included papers about the

Cloth face masks can be made from a variety of fabrics although they are less effective than surgical mask or N9. CDC suggests wearing two

masks (disposable mask underneath and cloth mask on top)

Surgical masks are fluid-resistant, disposable, and loose-fitting devices that create a physical barrier between the mouth and nose of the wearer
and the immediate environment. They are for use in surgical settings and do not provide full protection from inhalation of airborne pathogens,

such as viruses

Respirators such as N95 and Filtering Face-pieces (FFP2 and FFP3) are personal protective equipment that tightly fit the face and filter airborne
particles to protect health care workers. They provide a higher level of protection against viruses and bacteria when properly fit- tested

@ Springer



Internal and Emergency Medicine (2023) 18:275-296

277

impact of FMs on communication, especially in noisy envi-
ronments. Figure 1 shows the study selection process. Exclu-
sion criteria were as follows: papers not peer reviewed, not
focused on risks, safety or impact on respiratory function,
no reported exposure to any type of face mask, not focused
on age range or disease. From each paper we extracted the
following: authors’ names, year of publication, study design,
sample size, safety indicators and/or respiratory parameters,
safety and/or respiratory outcomes.

Given the heterogeneity of studies, results were analyzed
thematically. We used PRISMA guidelines to report our
findings.

Consensus recommendations

Following the systematic review, we arbitrary selected a
panel of specialists with experience and/or interest in patient
safety (1 gynecologist, 1 pediatrician, 3 internists, 1 pulmo-
nologist, 1 ear-nose- throat specialist, 1 public health and 2
occupational medicine physician, 1 ergonomist, 1 coroner)
to address specific recommendations. A Delphi consensus
approach was used [6]. A detailed document with a research
evidence summary, including methodological details of
included papers, was sent to each panelist who reviewed
the document and gave their own recommendations for any
thematic area anonymously with the rationale for their pro-
posal. All statements with the associated rationale of the
proposal were sent back to the panelists to choose one option
in any thematic area. We conducted three rounds to reach an
acceptable level of consensus.

Results

Our research retrieved 3718 papers, of which 3577 were
excluded after title/abstract screening, 66 after full test read-
ing and 19 because of duplication; seven papers were identi-
fied from the reference list. We included 63 eligible papers,
published between 1995 and January 2022. Details are pro-
vided in Table 2. We divided them into 12 thematic catego-
ries according to the investigated population/safety issues.
Key lessons from all the papers are that each group may
experience challenges to wearing masks. In each category
there are specific challenges. These include the following:

Discomfort (in all groups).

Impact on respiratory function in people with respiratory
disease, children, elderly, people with heart disease.
Irritation of the skin especially for people with skin dis-
ease.

Communication problems for people with a hearing loss.
Issues with mask reuse.

Side effects with respirators [53-56] include concentra-
tion problems, reduced working capacity [56], respiratory
difficulties [48, 56-58], fogging glasses, difficulty with
facial recognition and psychiatric symptoms. Headache was
reported after prolonged use.

Discussion

To the best of our knowledge, this is the first systematic
review on FMs-related patient safety issues. We have
assessed the safety, the risks and/or the respiratory physi-
ological impact of FMs in age ranges or disease categories.
We could not pool data as in a meta-analysis, nor could we
cover the entire spectrum of diseases as too few papers were
retrieved and they were heterogeneous in nature.

In Table 3 we summarize the recommendations based on
our review to facilitate safe evidence- based use of FMs in
different categories.

Published evidence suggests that mask-related safety
issues included the following:

Increased breathing resistance with subsequent increased
respiratory effort.

Decreased FiO, and increased FiCO,.

Inconvenience in the face, head, and neck areas, increased
humidity, temperature, pressure on the nose, around the
ear lobes.

Psychosocial effects.

In addition, there may be inadequate protection to people
who cannot tighten their face properly due to malformations
or a following an operation of the skull or face.

Pregnant women have an increased risk for severe ill-
ness from COVID-19 and are at a higher risk for preterm
birth and stillbirth and other pregnancy complications [72].
Interactions between FMs use and pregnancy-related rhini-
tis, induced airway changes (increased breathing resistance
and residual volume loss) and pregnancy-related dyspnea
remain to be solved [70]. Wearing FM during childbirth
is not associated with any adverse outcome for mothers or
newborns [73].

Most of the studies noted that the pandemic negatively
affected people’s mental health. Mask- wearing is associated
with mask-related panic attacks, worsening mood, depres-
sive symptoms, anxiety and sense of suffocating [48, 49, 57].
People with mental health can have difficulties to follow the
recommendations due to their disorders [45, 46]. For exam-
ple, children with ASD for example, struggle to tolerate FMs
for more than 15 minutes [50, 51].

Most people with Alzheimer Disease had no knowledge
of the pandemic and did not wear the masks properly even
with help, leading to increased risk of infection [34, 35]. We
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Table 3 Recommendations for a safe use of respiratory protective devices during epidemic outbreaks in different categories of patient

Category Number and type of
included studies

Sample size

Recommendations
(To note that they are based on available evidence)

Pregnant women  No studies included®

Children 2 observational studies
1 survey
Chronic 4 experimental studies
lung diseases 3 observational studies
Neurologic 1 observational study
diseases 1 review

Not applica-
ble

20.353

602

55

Use face mask for short periods (1 h), alternating periods of use with others
without (e.g., outdoor exit far from other people)

Mainly use other prevention measures: avoid places crowded unless strictly
necessary

Women suffering from rhinitis of pregnancy, may need to change the mask more
often because it can be easily moistened, breathing mainly with the mouth

In case of difficult breathing or drowsiness, prefer FN95 with valve, keeping in
mind the risk of spreading germs to others increases

If supplementation with O2 is required, use nasal cannulas or ventimask to be
covered with a surgical mask, that is less protective

In addition to the following recommendation from CDC and American Pediatric
Academy:

Children over age 2 wear face masks covering over their nose and mouth in com-
munity settings where social distancing measures are difficult to maintain

If children are playing outside their own homes, it is essential that they remain 6
feet from anyone who is not in their own household. Avoid gathering in groups
and try to stay home

Keep hands clean

Face masks should not be placed:

On children under 2, because of the risk of suffocation

On children with cognitive impairments who may not tolerate a face mask

Special precautions may be needed with these children, such as:

Avoiding public areas and maintaining social distancing from others outside
their home

Putting a light blanket over the baby seat but giving them the ability to breathe
comfortably. Make sure that the blanket cannot fall on the baby or that the baby
cannot overheat. Never leave the blanket on the baby seat at any time when the
baby is not in direct view

Face masks with multiple layers of fabric or disposable, surgical-style masks
are fine for most people to wear. For a child ensuring the right fit is important.
Adult masks are usually 6 X 12 inches, and even a child-sized 5x 10 inch mask
may be too large for young children

Children who are considered high-risk or severely immunocompromised are
encouraged to wear an N95 mask

If children are afraid of wearing a mask, parents should wear masks too, and
reassure children emphasizing how they are taking steps to stay safe and to
keep other people safe

Children could wear a mask at home first. Decorate and personalize the mask.
We recommend:

Consider pediatric consultation for a tailored risk/benefit evaluation, in case of
fragile children, if N95 respirators are required

People with chronic lung disease should discuss with their physician whether
they can attend crowded places and use a respiratory protective device

An accurate definition of disease status and a blood gases test at rest and after
walking with a mask could be required to state a safe use

Even if the face mask is allowed, they should be advised to:

Use face mask for short periods (<2 h), especially during exertion even mild
(i.e., walking)

Alternate periods of use with others without (e.g., outdoor exit)

Practice physical distancing, avoid crowded locations, stay home, keep hands
clean

Epilepsy

Wear the mask in crowded situations (i.e., malls, theme parks, movie theaters,
etc.), with intermittent breaks away from others

Remove the mask of the patient at the time of a seizure

Alzheimer’s Disease:

Help people with AD to wear the mask properly

@ Springer
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Table 3 (continued)

Category

Number and type of
included studies

Sample size

Recommendations
(To note that they are based on available evidence)

Ear-nose-throat
diseases

Heart diseases
Hemodialysis

Eye Disease

Exercise

Side effects and
contraindica-
tions

Other mask-
related patient
safety issues

4 experimental studies
3 observational studies
1 survey

1 review

1 editorial

2 experimental studies
1 observational study

2 observational study
1 experimental study
1 survey

1 comment

2 experimental studies
1 review

7 observational studies
2 experimental studies
2 surveys

2 commentaries

1 review

1 scoping review

1 letter

1 experimental study

1 review

1 observational study

604

110

39

3.739

28

3.467

(a) People with hearing impairment

Use speech-to-text mobile apps, available on the most popular cellular applica-
tion stores, written scripts (e.g., Chalkboard) and masks with a plastic transpar-
ent panel over the mouth, which make the lip reading easier

(b) Laryngectomized patients

Leave the house only if necessary

Do not procrastinate necessary medical consultation

Constantly use HME filter on the top of tracheotomy tube; it ensures adequate
filtering, heating and humidification of the inspired air (remember that it lasts
24 h)

The mask should be worn above tracheotomy if patients attend places with a
high risk of infection (customized masks can be used): HME filter does not
guarantee protection against COVID-19

The only specific stomal device, with proven virus filtering properties available
on the market, is the Micron HME. It filters thanks to an electrostatic mecha-
nism and does not compromise patients’ quality of life in term of breathing or
speaking functions (for voice prosthesis carriers)

The use of nasal and facial protection (e.g., masks or scarfs) to reduce the risk of
contact with oral or nasal mucosal surfaces, should not be forgotten

Remind that the use of masks and micron HME filters in COVID-19 positive
laryngectomized patients are necessary to prevent the spread of the virus, that
is easier in this population, thanks to the anatomical conformation of their
respiratory tract

(c) Allergic and rhinopathic patients

Face mask can become a protective factor, helping to filter the pollen grains.

In fact, the size of the pollen and of the fungal spores is between 1 and 15
microns (100, 1.000 times larger than the Coronavirus, placed between 0.6
and 0.14 microns), and the mask filter can contribute to reduce the inhalable
concentration of these particles leading to a reduction of allergic symptoms

Limited evidence suggest that N95 use for <2 h is safe for people with coronary
heart disease in a stable state

Prolonged use of N95 in hemodialysis patients should be avoided if possible as it
results in reduced pO2 after 4 h

Increased airflow upward caused eye irritation and dryness: to prevent COVID-
19 sanitize or wash hands before rubbing irritated eyes or itching due to mask

Low or moderate exercise intensity is recommended, because it prevent obesity,
cardiovascular disease and depression, but it could intensify the dyspnea due to
the higher face humidity/temperature

To avoid side effects (headache, pressure on the nose etc.), avoid prolonged face
mask wearing, take a break every 2 h

Contraindications:

Anyone who has trouble breathing

Anyone is unconscious, incapacitated, or otherwise unable to remove the mask
without assistance

To avoid communication problem due to the decrease of higher frequencies of
speaker’s voice is recommended to use written orders or read-back procedure
for high-risk communications, as face masks can impair speech perception in
communicating with patients and with colleagues, especially in noisy environ-
ment, reduce the background noise, speak slowly and louder,

“Reported recommendations for pregnant women are from CDC (Centre for Disease Prevention and Control).

retrieved only an expert opinion paper about people with
epilepsy. FMs may induce hyperventilation which can acti-

vate seizure activity [74].

@ Springer

People who have had a laryngectomy have an anatomical
and/or surgical alteration of the upper airways that enhances
susceptibility to contagion. They require multiple protection
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[75] in people with allergies and rhinopathology FMs have
an advantage of preventing exposure to pollen grains [24,
25], but in 70% with and without chronic rhinitis the FM
seemed to decrease the quality of life [76].

The literature regarding FMs and eye disease showed that
not only there are mask-related symptoms: MADE (mask-
associated dry eye), eye irritation and inflammation can
cause increased face touching and spread of COVID-19.
Artifacts could also occur in the results of the examination
of the visual field [29-33].

The literature on physical exercise and FMs is limited. In
general, FFP2/N95 masks are perceived as more uncomfort-
able than surgical mask [27]. Exercising at low or moderate
intensity when wearing FM can prevent an increased risk
of obesity, cardiovascular disease, and depression [36, 37].

Common SMs are responsible for a loss of hearing more
than 20% while F-PPE (e.g. FFP3 masks combined with a
face shield) could cause a reduction of almost 70% and sig-
nificant verbal communication issues [77] to improve intel-
ligibility without altering physical distance, the clinician had
to increase the voice volume increasing the risk of loss of
confidentiality [78]. Using written order and/or read-back
procedure, speech-to-text mobile apps, written scripts (e.g.,
chalkboard) or masks with a plastic transparent panel over
the mouth, make communication easier for hearing impair-
ment patients [79].

In children N95 respirator wearing is associated with a
reduced FiO, and/or SpO, and/or PaO, and an increased
ETCO, and/or PaCO,, proportionally to the duration of use
and disease severity [7]. Recommendations for children are
provided by the CDC and the American Academy of Pedi-
atrics [70, 71].

Safety of FMs have not been yet investigated in patients
with heart failure, gastroesophageal reflux, obesity, adenoid
hypertrophy, and cognitive impairment.

Extended use, reuse, or decontamination of SMs and N95
respirators may result in inferior protection. Some evidence
suggests that reused and makeshift mask should be used
when medical- grade protection is unavailable [68]. Reuse
of masks has also led to a debate given the cost and the
environmental impact of discarded masks. The most fre-
quent methods used are the decontamination with hot water
and ethanol or specific cleanser because it is more suitable
for people to perform at home. Information campaigns are
required to promote the correct use of masks and limit the
infection rate [68].

With the greater obligation to use FM, some recommen-
dations should be made on legal medical issues. The emer-
gency has forced governments to act based on two opposing
and antithetical presumptions. In particular, the policy of
mandatory mask wearing was established by assuming that
the population was a potential vector of infection and that
the use of FMs was free from side effects. However, not

being able to go out or enter a place without a mask can be
considered a restriction of individual freedoms. Similarly,
a contraction of the fundamental and inalienable right to
health could occur when the obligation involves individuals
suffering from specific pathological conditions which could
be aggravated by wearing a mask.

Nonetheless, according to current evidence, the use of
FMs is complementary to other measures such as physical
distance and hand hygiene. Therefore, to reconcile personal
protection with public health needs, it is recommended that
we recommend appropriate and safe use [80] of FMs through
targeted educational campaigns and more detailed guidelines
rather than solely through mandating, because the reduction
of the virus and the benefits of wearing FMs outweigh the
discomfort [58].

Limitations

We may have missed minor papers with our search strategy
as there are no specific terms to univocally indicate pro-
tective FMs. In addition, recommendations change when
new evidence is published. Finally, published papers do not
provide data on major clinically relevant outcomes, such as
adverse effect-related diseases or hospitalization. Evidence
on respiratory impact in sick/frail subjects and mask-related
patient safety issues is limited and heterogeneous; current
expert-opinion recommendations need to be validated with
large scale studies.

Conclusions

In general, evidence demonstrates that benefits of wearing
face masks exceed discomfort; anyway an “air break” after
1-2 hours consecutively of mask-wearing can be a good
practice for people with respiratory function compromised
by diseases or in particular conditions (i.e. pregnancy, epi-
lepsy, etc.). The present COVID-19 pandemic, where dif-
ferent public health agencies and governments have rec-
ommended universal use of FMs, represents a unique
opportunity for collecting large amount of real-world data.
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