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INTRODUCTION 
The coronavirus disease 2019 (COVID-19) pandemic has prompted increased use of 
personal protective equipment (PPE) to maintain the health and safety of caregivers. This 
study was conducted in 2020 to evaluate the safety and efficacy of external nasal dilator 
strips (ENDS) coupled with N95 respirators in a sample of community hospital emergency 
department personnel. 

METHODS 
After obtaining written consent, the authors tested participants’ response to exercise (i.e., 
walking up 10 flights of stairs) while wearing an N95 respirator, both with and without an 
ENDS. The authors measured participants’ heart rate and respiratory effort responses 
over four minutes following their exercise trial. A convenience sample of these personnel 
also repeated their respirator fit testing while wearing an ENDS with the N95 style they 
had previously been fitted for. 

RESULTS 
A total of N = 50 participants were enrolled. Peak heart rate while wearing an ENDS was 
125 beats per minute (BPM) with the ENDS versus 130 BPM without (p = 0.21). The Borg 
Exertion Score while wearing an ENDS peaked at 13 with the ENDS versus 14 without (p = 
0.08). However, when subjects were surveyed before and after the trial upon whether they 
would consider using an ENDS beneath their N95 using a scale of 1-5, their interest in this 
significantly increased (p = 0.004). Four of the 13 (31%) participants who completed 
repeated fit testing while wearing the ENDS beneath their N95 respirator failed the repeat 
testing. 

CONCLUSIONS 
These results first suggest that a sizable proportion of ED personnel may fail N95 fit 
testing while wearing an ENDS beneath the N95 mask for which they had been previously 
fitted. Although providers’ subjective interest in use of ENDS increased, these results also 
demonstrate that use of an ENDS beneath an N95 respirator may not significantly 
increase exercise tolerance. 

INTRODUCTION 

The coronavirus disease 2019 (COVID-19) pandemic has 
prompted the increased use of personal protective equip-
ment (PPE) to maintain the health and safety of healthcare 
workers. N95 respirators (which block at least 95 percent 
of very small (0.3 micron) test particles) provide barriers 
aimed at preventing the transmission of aerosol transmissi-
ble diseases to healthcare personnel. N95 respirators must 

be tight fitting to maintain a proper seal, which often leads 
to some undesirable side effects (e.g., constricting the nasal 
passages, in some cases skin breakdown).1,2 

Given the widespread use of PPE during the COVID-19 
pandemic, Yildiz et. al., examined the use of external nasal 
dilator strips (ENDS) as prophylactic dressings under PPE 
to prevent skin injuries in healthcare workers.3 This 2021 
study group found a significant reduction in skin injuries 
with use of ENDS beneath masks and fewer reported cases 
of breathing discomfort.3 However, it should be noted that 
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the safety of using ENDS under N95 respirators was not 
evaluated in this study. 

Although the efficacy of ENDS when used with N95 res-
pirators has not been previously demonstrated, their use 
within sleep medicine and sports medicine has been well-
studied and demonstrated to facilitate breathing in sleep, 
sports, and sinonasal disease.4 Current literature demon-
strates that ENDS are an effective means to prevent and 
treat sleep disorders, snoring, and nasal congestion both 
through subjective and objective indicators. 

Although it has been demonstrated that ENDS do not re-
duce work of breathing while exercising at 70% maximum 
rate oxygen used during exercise (VO2 max), other objective 
markers have shown improvement with application of 
ENDS.5 For example, Deyak et. al., demonstrated in 1998 
that Division I collegiate hockey players had significantly 
faster skate times, shorter recovery periods to baseline 
heart rate (HR), and lower blood lactate levels when using 
ENDS.6 

ED personnel frequently have exertional components to 
their work (e.g., administration of cardiopulmonary resus-
citation (CPR) or orthopedic reductions). N95 respirators 
have been recommended by the Center for Disease Control 
(CDC) while performing clinical duties during which 
providers come in close contact with patients suspected or 
known to be infected with COVID-19.1 To our knowledge, 
there was no prior published research at this time evaluat-
ing whether: a) ENDS are safe and/or effective when worn 
in conjunction with N95 respirators, or b) how ENDS use 
might moderate dyspnea and/or HR during exercise while 
wearing an N95. 

PURPOSE OF STUDY 

The primary objective of this study was to examine if use 
of an ENDS with the N95 respirator increased exercise tol-
erance, measured by a validated exertion score, peak HR, 
and time to return to baseline HR. The authors’ secondary 
objective was to evaluate whether N95 respirators retained 
their function when used in conjunction with ENDS. 

METHODS 
STUDY DESIGN AND DATA COLLECTION 

After receiving “expedited” approval from the Spectrum 
Health Lakeland IRB, this study was conducted in 2020 at 
a community-based ED with an emergency medicine resi-
dency program. Prior to their written consent to participate 
in the study, all participants had been separately fitted for 
and issued N95 respirators. The approved N95 respirators 
used in this study were either Surgical Mask 1860 or 1860S 
or 3M Particulate Respirator 9210+, N95.7,8 

During exercise testing, participants used score sheets to 
first record their baseline HR and complete the Borg’s Rate 
of Perceived Exertion (RPE) scale rating at rest.9 The RPE 
is a validated scale used in exercise research to assess de-
grees of dyspnea during exercise.9 Scores range from 6 (“No 
Exertion”), 7-9 (“Light Breathing”), 10-12 (“Deeper breath-
ing but subject is still conversational”), 13-14 (“Conversa-
tion is difficult”), 15-16 (“Subject is uncomfortable”), 17-19 
(“Breathing deep and forceful”), up to 20 at maximal exer-

tion. Heart rates were measured and recorded by the partic-
ipants palpating their radial pulse and counting HR over a 
15-second period. 

As a surrogate measure of exertion during ED clinical du-
ties, the authors asked participants to complete two exer-
cise trials to investigate whether ENDS use improved ex-
ercise tolerance while wearing an N95 respirator. In one 
trial, participants performed the stair climb exercise with 
an N95 respirator alone. In the other trial, they performed 
the same stair climb exercise while wearing an ENDS under-
neath the N95 respirator. Participants were alternately ran-
domized with regards to whether they completed the trial 
with or without the ENDS first. Hand hygiene was utilized 
per standard protocol when replacing masks. 

The ENDS used during the study were generic Walgreens 
brand tan extra-strength nasal strips. During each trial, 
groups of four-to-six participants joined an investigator to 
climb 10 flights of stairs (i.e., 100 steps). Upon completion 
of 100 steps, participants immediately recorded their HR 
and RPE scale rating (Time Zero). Heart rates and RPE scale 
ratings were subsequently recorded every 60 seconds for 
four minutes (i.e., total of five time points). 

After the completion of both trials, participants were 
asked how likely they were to use an ENDS with the N95 res-
pirator in the future. Data were recorded on de-identified 
scoresheets and were anonymously collected. 

A convenience sample subset of participants also com-
pleted qualitative respiratory fit testing while wearing an 
ENDS beneath their pre-study assigned and fitted N95 res-
pirator. Qualitative respirator fit testing is a pass/fail test 
method that uses sense of taste or smell to detect leakage 
into the respirator facepiece.10 

STUDY SAMPLE 

All study participants were ED personnel who had previ-
ously been fitted for and issued N95 respirators. Inclusion 
criteria were personnel working in the ED, (i.e., attendings 
and resident physicians, mid-level providers, nurses, techs, 
and fourth year medical students). Exclusion criteria con-
sisted of self-reported medication use that could affect HR, 
or physical inability to perform the stair climbing exercise. 

DATA ANALYSIS AND OUTCOMES 

The primary outcomes of interest were peak HR, time to 
return to baseline HR, and perceived RPE scale ratings in 
response to exercise while wearing a fitted N95 respirator 
with and without ENDS use. We secondarily examined suc-
cessful respirator fit testing while wearing the ENDS under-
neath the N95 respirator. 

The third author (MH) performed statistical analyses us-
ing a series of two-tailed Student’s t tests to evaluate for 
differences between HRs and Borg’s RPE scores at each time 
point, in addition to the visual analog scale regarding par-
ticipant’s interest in using ENDS in the future. These analy-
ses were performed using free calculators available from 
www.socscistatistics.com. 
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RESULTS 
SAMPLE CHARACTERISTICS 

A total of N = 50 participants were enrolled in this study. Of 
these, 26 (52%) were female. The median age was 31 years, 
(interquartile range (IQR) 21 - 48 years). Of the 50 study 
participants, 25 (50%) were resident physicians, 14 (28%) 
were registered nurses, five (10%) were fourth year medical 
students, 5 (10%) were ED techs, and one (2%) was an at-
tending physician. 

EXERCISE TOLERANCE RESULTS 

Following randomization, 27 (54%) participants completed 
the initial exercise without using an ENDS whereas 23 (46%) 
completed their initial exercise with an ENDS. In the sub-
group of those who initially climbed without an ENDS, their 
peak HR was 129 beats per minute (BPM). Their peak HR re-
duced to 127 BPM while using the ENDS during the second 
climb. 

In the subgroup who first climbed with the ENDS, the 
peak HR was 122 BPM compared with 131 BPM in their 
subsequent climb without. The pooled average peak HR of 
climbers using the ENDS was 125 BPM, and the peak HR av-
erage of climbers without using the ENDS was 130 BPM. Al-
though this demonstrated a difference in average peak HR 
of 5 BPM, this was not statistically significant (p = 0.21). By 
Minute 3, both arms of the study had essentially no differ-
ence in HR (Figure 1). 

Similarly, there was a slight difference in RPE exertion 
scores. Exercise trials using the ENDS averaged a peak score 
of 13, while the average peak score was 14 in trials without 
the ENDs. This difference approached, but did not reach, 
statistical significance (p = 0.08). There was essentially no 
difference in average exertion scores 1+ minute after exer-
cise (Figure 2). 

SUBJECTIVE ASSESSMENT OF ENDS USE WITH N95 

Before their initial stair climb, participants were first asked 
how likely they would be to wear an ENDS. They were also 
asked the same question following the trials, rating their re-
sponse on a Likert 1 to 5 scale from “No Chance” (1), to “Un-
sure” (3), to “Certain” (5). Initial responses averaged 2.97 
(SD = 0.93) and final responses averaged 3.58 (SD = 0.79), 
which was significant (p < 0.01). 

FIT TESTING RESULTS WITH ENDS 

The secondary outcome, successful fit testing using an 
ENDS in conjunction with their earlier-fitted N95 respirator 
per hospital policy, was achieved in only nine out of 13 
(69%) of participants. A convenience subgroup of consented 
participants underwent repeat fit testing while wearing an 
ENDS underneath their assigned N95 respirator on a sepa-
rate occasion from their participation in the exercise trials. 
Four (31%) participants failed fit testing while using an 
ENDS. One of these four participants had been fitted for a 
3M Health Care Particulate Respirator Surgical Mask 1860 
and one had been fitted for the 3M Particulate Respirator 
9210+, N95 (the other two participants did not specify 

Figure 1. Effect of ENDS on heart rate at Baseline, 
Time Zero, One minute, Two minutes, Three 
minutes, and Four minutes after completion of stair 
climb. 

Shaded bars = patients with ENDS, open bars = patients without ENDS. 

Figure 2. Effect of ENDS on RPE at Baseline, Time 
zero, One minute, Two minutes, Three minutes, and 
Four minutes after completion of stair climb (p = 
0.08). 

Shaded bars = patients with ENDS, open bars = patients without ENDS. 

which respirator was worn). 

DISCUSSION 

Investigators have long evaluated the N95 respirator’s ef-
fects upon discomfort from altered cerebral hemodynamics 
and breathing resistance.11 It was our hope that use of 
ENDS might ameliorate some of these effects. Of the 50 par-
ticipants enrolled in this study, 13 (26%) were respiratory fit 
tested while wearing an ENDS beneath their assigned N95 
respirator. Of those 13, an alarming four participants (31%) 
failed the respirator fit test. 

This finding of inadequate N95 fit in ENDS sample users 
may be due to the ENDS having caused increased nasal dila-
tion and allowed increased passage of particulate test mat-
ter into the nostrils, not detected by the user.12 It is also 
possible that participants failed fit testing at an increased 
rate while wearing ENDS beneath their assigned N95 respi-

Safety and Efficacy of External Nasal Dilator Strips with N95 Respirator Masks by Emergency Department Personnel

Spartan Medical Research Journal 3

https://smrj.scholasticahq.com/article/30215-safety-and-efficacy-of-external-nasal-dilator-strips-with-n95-respirator-masks-by-emergency-department-personnel/attachment/76887.png
https://smrj.scholasticahq.com/article/30215-safety-and-efficacy-of-external-nasal-dilator-strips-with-n95-respirator-masks-by-emergency-department-personnel/attachment/76888.png


rator due to placement of the ENDS high on the nasal dor-
sum, so as to interfere with the respirator seal.12 Due to 
these potential fit limitations, our higher fit testing fail rate 
suggests that healthcare workers who choose to wear ENDS 
beneath the N95 respirator should likely undergo fit test-
ing to ensure that ENDS do not interfere with the respirator 
seal. 

To our knowledge this is the first study evaluating the 
safety and efficacy of ENDS in a sample of healthcare work-
ers. In the sports medicine world, results have been mixed. 
In 1999, Seto-Poon, et. al., demonstrated that athletes were 
able to continue nasal breathing longer while wearing ENDS 
although Deyak, et. al., found improved performance in col-
lege hockey players using ENDS.6,13 In 2001, O’Kroy, et. al., 
did not find increased performances as athletes pushed into 
higher exertion rates.5 It is unlikely that this difference of 
five BPM with ENDS use would be clinically significant, sim-
ilar to the 2020 results of Overend, et. al.14 

It is notable that some participants in our study ex-
pressed increased interest in using ENDS even though our 
results failed to show overall sample significant differences 
in HR or RPE scores. Yildiz et. al., similarly demonstrated 
that use of ENDS improved perceived breathing discomfort 
in a small sample.3 As dyspnea is a subjective finding, this 
may represent more of a psychological or placebo compo-
nent from ENDS use. Alternatively, the main benefit of the 
ENDS may lie with improving baseline breathing and im-
proving participants’ ability to nasally breathe while not 
working hard. ENDS have been previously shown to de-
crease nasal resistance and oral fraction of ventilation dur-
ing sleep while also increasing sleep architecture.15 In 2007, 
Høyvoll, et al demonstrated that minimal cross-sectional 
areas of the anterior nasal passages and nasal cavity vol-
umes as measured by acoustic rhinometry were increased 
after application of an END with efficacy like that of decon-
gestive nose drops.12 

STUDY LIMITATIONS 

First, most of our participants in this smaller convenience 
sample were young individuals who appeared to be in rel-
atively good health. Second, human error must be consid-
ered, as participants self-applied their ENDS under their 
N95 respirator and measured their own HR. It is possible 
that some participants may have placed their ENDS higher 
on their nasal dorsum (i.e., bridge of their nose) where it 
would be less likely to open the nasal passages but more 
likely to interfere with the seal of the respirator. Finally, 
we recognize that our surrogate stair climbing measure of 
exertion did not exactly mirror the typical workday of ED 
providers. 

CONCLUSION 

Our results indicate that ENDS use may sometimes compro-
mise the fit integrity of N95 respirators. Healthcare person-
nel should probably successfully pass a second respirator fit 
test before using an ENDS. Future studies of ENDS with N95 
respirators in larger samples are needed to examine the si-
multaneous use effects of these devices on both baseline 
breathing and exercise tolerance. 
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