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Effects of N95 Mask Use on Pulmonary Function in Children
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Objective To assess whether use of an N95 mask by children is associated with episodes of desaturation or res-
piratory distress.
Study design Twenty-two healthy children were assigned at random to 1 of 2 groups: one group wearing N95
masks without an exhalation valve and the other group wearing N95 masks with an exhalation valve. We
tracked changes in partial pressure of end-tidal carbon dioxide (PETCO2), oxygen saturation, pulse rate, and
respiratory rate over 72 minutes of mask use. All subjects were monitored every 15 minutes, the first 30 minutes
while not wearing a mask and the next 30 minutes while wearing a mask. They then performed a 12-minute
walking test.
Results The children did not experience a statistically significant change in oxygen saturation or pulse rate during
the study. There were significant increases in respiratory rate and PETCO2 in the children wearing an N95 mask
without an exhalation valve, whereas these increases were seen in the children wearing a mask with an exhalation
valve only after the walking test.
Conclusions The use of an N95mask could potentially cause breathing difficulties in children if themask does not
have an exhalation valve, particularly during a physical activity. We believe that wearing a surgical mask may be
more appropriate for children. (J Pediatr 2021;237:143-7).
I
n the year since the onset of the Coronavirus disease 2019 (COVID-19) pandemic, many public health problems have arisen,
including the lack of vaccine potency against new viral variance1,2 and the possible risk of viral transmission among unvac-
cinated persons.3 While awaiting new evidence, universal masking, handwashing, social distancing, and other public health

measures remain important strategies to limit the spread of infection.4-6

Two types of masks are commonly used in community settings: surgical masks and filtering facepiece 2 masks, known in
Europe as FFP2, in the US as N95, and in China as NK95 masks. There are 2 types of N95 masks: those with and those
without exhalation valves. Valved N95 masks have a one-way valve that restricts airflow on inspiration but allows free
outflow of air on expiration. This provides greater comfort for the wearer, with improved breathability and reduced humid-
ity, but the exhalation port significantly reduces the effectiveness of the mask because of the large number of droplets that
can exit through the valve, facilitating the spread of infection by a potentially infected person.7,8 Compared with surgical
masks, N95 masks are more effective in reducing the risk of infection, protecting the wearer from the inhalation of airborne
particles, whereas the surgical mask only protects bystanders from the spread of the virus caused by the infected person wear-
ing it.9

In pediatrics, the use of a mask remains a matter of debate, given the unclear role of children in the spread of virus infec-
tion.10-14 In addition, many scientific societies believe that mask use in younger children is dangerous, especially in those
with severe cognitive or respiratory impairment.15,16 Although one study reported that the use of masks by children did not
lead to changes in their respiratory function,17 no data exist describing changes in respiratory function with the use of N95
masks in children.

The objective of the present study was to test the use of N95 masks with and without an exhalation valve in children and
evaluate the masks’ potential effects on respiratory function.
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COVID-19 Coronavirus disease 2019

PETCO2 Partial pressure of end-tidal carbon dioxide

PR Pulse rate

RR Respiratory rate

SaO2 Oxygen saturation
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Figure. Modified mask: the edges were tucked into the inner
surface, sewed, and the ear loops were moved.
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Methods

This was a cohort study designed to test respiratory function
in children wearing N95 masks. In January and February
2021, we enrolled 25 healthy children aged 36-144 months.
The subjects were divided at random into 2 groups: group
A, comprising children wearing N95 masks without an exha-
lation valve, and group B, comprising children wearing N95
masks with an exhalation valve. Exclusion criteria included
lung or cardiac disease, neuromuscular disorders, use of
drugs that could influence the measures being studied (eg,
bronchodilators, corticosteroids, cardiac drugs), and patient
age >144 months.

The primary objective of the study was to examine whether
the use of N95 masks with or without an exhalation valve
induced changes in partial pressure of end-tidal carbon diox-
ide (PETCO2), oxygen saturation (SaO2), pulse rate (PR), and
respiratory rate (RR). The secondary objective was to eval-
uate whether the use of N95 masks with or without an exha-
lation valve led to physical signs of respiratory distress in
these children.

The study was conducted at the Pediatric Unit of Santa
Maria Goretti Hospital, Latina-Sapienza University of
Rome and was approved by the Institutional Review Board
of our department. For each participant, informed consent
was obtained from both parents. The study protocol con-
formed to the ethical guidelines of the 1975 Declaration of
Helsinki as revised in 2000.18

At 2 days before study initiation, each childwas examined by
a pediatrician to verify the state of wellness. The following N95
masks were used for the study: for group A, masks without an
exhalation valve (Dongguan AOXING AV Equipment), and
for group B, masks with an exhalation valve (Shanghai Chuan-
daoAimeiMachinery Equipment). A fit check (user seal check,
self-check) was used to verify a good facial seal by the absence
of air leaks, using both positive and negative pressure checks.19

In the case of test failure, the mask wasmodified by tucking the
edges into the inner surface, sewing them, and moving the ear
loops (Figure), as described by Kaifeng et al.20

The parents were taught the correct way apply, wear, and
remove the masks, and the children were encouraged to use
the masks at home for short periods and while playing. Dur-
ing the test day, parents and doctors also wore N95 masks to
encourage compliance.

In both groups, testing consisted of 3 sessions: the first
30 minutes without a mask, the second 30 minutes while
wearing the mask, and a third session consisting of a 12-
minute walking test (Twt) along a 40-m-long corridor while
wearing the mask.

The instructions given for the last session were similar to
those for the Twt.21 The children were asked by the supervis-
ing physician to walk quickly, and the distance traveled was
recorded.

During the study, each child was connected to a patient
monitoring system (Rad-97 with NomoLine capnography;
Masimo) to log PETCO2 (mmHg), SaO2 (%), and PR (pulsa-
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tions/minutes). RR (breaths/minute) was measured manu-
ally by an observer. All measures were recorded at
15 minutes (T15), 30 minutes (T30), 45 minutes (T45),
and 60 minutes (T60), followed by a final assessment at the
end of the 12-minute walking test (Twt).
The supervising physician was responsible for detecting

any signs of distress, including the use of accessory muscles
of respiration and any changes in skin color.

Statistical Analyses
Statistical analysis was performed using JMP version 14.3.0
for Mac (SAS Institute). For all measures, the approximation
to normal of the distribution of the population was tested us-
ing the Kolmogorov-Smirnov one-sample test and statistics
for kurtosis and symmetry. As results were asymmetrically
distributed, data are expressed as median and IQR, and
nonparametric tests were used. Data were analyzed with
Kruskal-Wallis nonparametric one-way ANOVA to examine
the changes in measurements at T15, T30, T45, T60, and Twt
in the 2 groups. The null hypothesis was that the study groups
came from the same distribution. When the Kruskal-Wallis
test was significant, the Wilcoxon test was used to compare
the intragroup differences at the 5 observation times. A P
value of < .05 was considered significant.

Results

A total of 25 children were enrolled; of these, 3 children aged
<3 years (all males) dropped out because of refusal to wear
the N95 mask. Participants were then assigned at random
to group A or group B. Group A comprised 11 children
(43% males and 57% females), with a median age of
96 months (IQR, 72-108 months), and group B comprised
11 children (64% males and 36% females), with a median
age of 96 months (IQR, 72-108 months). The 2 groups had
no significant differences in age, weight, height, or body
Lubrano et al



Table I. Demographic and anthropometric
characteristics of groups A and B

Characteristics Group A Group B P value

Age, mo, median (IQR) 96 (72-96) 96 (72-108) 1.0
Sex, male/female, n 5/6 7/4 .75
Weight, kg, median (IQR) 24 (18.8-38.9) 26.5 (21.5-32) .84
Height, m, median (IQR) 1.25 (1.16-1.33) 1.27 (1.18-1.4) .66
Body mass index, kg/m2,
median (IQR)

15.46 (14.73-19.02) 16.33 (14.2-19.09) .84
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mass index (Table I). The average distance traveled by the
children during the Twt was similar in the 2 groups (750 m
[IQR, 600-820 m] in group A and 650 m [IQR, 600-820] in
group B; P < .223).

Data for SaO2 (%), PETCO2 (mmHg), PR (pulsations/min-
ute), and RR (breaths/minute) at the set times in the 2 groups
are provided in Table II. In group A, there were no
statistically significant changes during the study period in
SaO2 (P = .66, Kruskal-Wallis test) or PR (P = .79,
Kruskal-Wallis test), but RR (P = .014, Kruskal-Wallis test)
and PETCO2 (P = .0012, Kruskal-Wallis test) showed
significant variations during the study period. In particular,
we found significant increases in RR (T45 vs T15, P < .037;
T45 vs T30, P < .0012) and PETCO2 (T45 vs T15, P < .026;
T45 vs T30, P < .0095) as soon as the children applied the
mask.

In group B, there were no statistically significant changes
during the study period in SaO2 (P = .44, Kruskal-Wallis
test) or PR (P = .12, Kruskal-Wallis test), but RR
(P = .0001, Kruskal-Wallis test) and PETCO2 (P = .046,
Kruskal-Wallis test) showed significant variations during
the study period. In this group, RR (T15 vs TW, P < .0004;
T30 vs Twt, P < .0001) and PETCO2 (T15 vs Twt, P < .0184;
T30 vs Twt, P < .013) increased significantly after the Twt.

Throughout the duration of the study, no child in either
group showed clinical signs of respiratory distress.

Discussion

Our findings show that the use of N95 masks without an
exhalation valve in children can cause changes in respiratory
function, as evidenced by increased PETCO2 and RR as soon as
the children donned the masks. In the same test performed in
the children wearing N95 masks with an exhalation valve, the
Table II. SaO2, PETCO2, PR, and RR test values in groups A

Variables

Group A

T15 T30 T45 T60 Tw

SaO2, % 98 (97-98) 98 (97-98) 98 (96-98) 97 (97-98) 97 (96
PETCO2, mmHg 34 (31-36) 32 (31-35) 37 (35-41) 37 (35-41) 39 (37
PR, pulsations/min 96 (92-100) 99 (90-102) 93 (83-108) 91 (82-100) 95 (85
RR, breaths/min 24 (22-26) 22 (19-24) 26 (24-28) 22 (20-25) 24 (20

Data are median (IQR).

Effects of N95 Mask Use on Pulmonary Function in Children
increase in PETCO2 occurred only after the Twt. This finding is
important, as rising PETCO2 is an earlier sign of alveolar hypo-
ventilation than falling SaO2 and is indicative of respiratory
distress.22-26 Indeed, we observed an increase in RR as a
compensatory mechanism for this effect.
A previous study reported that the use of surgical masks

was tolerated in children younger than 24 months and did
not lead to changes in respiratory function either at rest or
after a walking test.17

We believe that it is important to consider these new data
given how effective mask use has been in helping control the
current pandemic and previous epidemics.27-30 Some au-
thors have suggested that universal masking could become
a form of “variolation” that could generate immunity and
slow the spread of the virus.31 In fact, based on an old theory
about viral pathogenesis that holds that the severity of disease
is related to viral load,32 mask-wearing could reduce the viral
inoculum to which wearer are exposed, leading to a greater
proportion of asymptomatic infections and a lessened clin-
ical impact of the disease.
We believe that the use of masks should be broadly imple-

mented among children to limit the spread of infection.
Based on our present findings, we believe that this can be
achieved through the use of surgical masks. Disposable surgi-
cal masks are intended to reduce large droplet transmission
by the wearer but do not prevent the wearer from inhaling
aerosols.33,34 Consequently, a high degree of mask use
compliance is needed to reduce viral transmission in the
community.4,5

We suggest that the use of N95 masks by healthy children
be considered only in special circumstances, for example,
when in confined and crowded spaces for prolonged
periods. Children should not wear N95 masks during phys-
ical activity.
The consistent and effective use of any type of masks by

children requires parental effort at creating acceptance and
compliance.16,35,36 N95 mask use requires fit-testing to
ensure a tight fit around the user’s face for maximum effec-
tiveness, with many mask users perceiving discomfort with
this.37,38

Children with chronic illnesses represent a group at
increased risk of morbidity from SARS-CoV-2 infection.
The American Academy of Pediatrics and Centers for Disease
Control and Prevention encourage the use of N95 masks in
these children.15,16 As demonstrated by our results, rather
and B

Group B

t T15 T30 T45 T60 Twt

-98) 98 (98-99) 98 (98-99) 98 (98-99) 99 (98-99) 98 (97-99)
-40) 38 (33-38) 37 (33-38) 38 (37-38) 38 (36-39) 39 (38-40)
-107) 94 (85-110) 97 (85-102) 89 (84-103) 97 (73-106) 112 (89-115)
-30) 20 (18-22) 20 (18-20) 18 (16-22) 20 (18-22) 28 (28-30)
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than a simple N95 mask, the use of a N95 mask with an exha-
lation valve offers the best possible protection, provided that
the child does not perform intense physical activity. n
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Opioid Epidemic: Collateral Impact in Children

Robinson LD, Kwiterovich P, Lietman P, Vavich J. The hazard of narcotics in the home: accidental ingestion by infants and young
children. J Pediatr 1971;79:688-60

In 1971, Robinson et al commented on an alarming and pressing issue in the pediatric population: the accidental
ingestion of narcotics in children that resulted from the increased use of opioids for management of chronic

pain in the US population. The authors accurately foretold that with the increasing use of opioids, the potential
exposure of children to narcotics would lead to an alarming number of deaths and hospitalizations due to overdose
in opioid-naive children. Less than 50 years into the future, this became a fact.1

Children younger than 6 years are especially vulnerable to unintentional and highly preventable overdoses due to
their inquisitory nature of exploring, lack of parental supervision, and increased use of these medications. Robinson
et al recommended a redesign of the presentation of prescription drugs to make them less attractive to children and to
decrease the risk of accidental ingestion. Three decades later, the Center for Disease Control created the Prevention of
Overdose and Treatment Errors in Children Taskforce (PROTECT) to assess and address this public health problem,
as well as the “Up and Away Campaign,” which reduces exposure by keeping medication out of children’s reach and
sight.2

Despite ongoing efforts, the National Poison Data System indicates that opioid pain medications are the most
frequent cause of pediatric deaths resulting from accidental ingestion. Moreover, the number of emergency
department visits involving children’s accidental ingestion of opioids has tripled, with hydrocodone and oxycodone
being the most common substances of accidental ingestion.3 From 1971 to the present, the monitoring of
cardiorespiratory status in children suspected of opioid ingestion remains the cornerstone of management to decrease
mortality rate.
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