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Study Objectives: Alternative therapies for childhood 
obstructive sleep apnea syndrome (OSAS) are needed as 
OSAS may persist despite adenotonsillectomy, and continuous 
positive airway pressure (CPAP) adherence is low. Nasal 
expiratory positive airway pressure (NEPAP) devices have not 
been studied in children. We hypothesized that NEPAP would 
result in polysomnographic improvement. Further, we aimed to 
determine NEPAP adherence, effects on sleepiness, behavior, 
and quality of life.
Methods: A randomized, double-blind, placebo-controlled, 
crossover pilot study was performed. CPAP candidates, 8-16 
years old, underwent NEPAP and placebo polysomnograms. 
Subjects with ≥ 50% reduction in the apnea hypopnea index 
(AHI) from placebo to NEPAP night or AHI < 5/h on NEPAP night 
wore NEPAP at home for 30 days. Adherence was assessed by 
daily phone calls/emails and collecting used devices.
Results: Fourteen subjects (age 13.4 ± 1.9 years, BMI z-scores 
2.2 ± 1 [mean ± SD]) were studied. There was signifi cant 
improvement in the obstructive apnea index with NEPAP vs. 
placebo: 0.6 (0-21.1)/h vs. 4.2 (0-41.9)/h (median [range], 

p = 0.010) and trends for improvement in other polysomnographic 
parameters. However, responses were variable, with 3 subjects 
not improving and 2 worsening. Older children and those with 
less hypercapnia had a better response. Eight subjects were sent 
home with devices; one was lost to follow-up, and adherence in 
the remainder was 83% of nights; these subjects had a signifi cant 
improvement in sleepiness and quality of life.
Conclusions: NEPAP devices are a potential alternative 
therapy for OSAS in a small subset of children. Due to 
variability in individual responses, effi cacy of NEPAP should 
be evaluated with polysomnography.
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The childhood obstructive sleep apnea syndrome (OSAS) 
is common. Prevalence rates range from 1% to 4%.1,2 

Although adenotonsillectomy is the usual fi rst step for treat-
ment, a recent study found that up to 20% of otherwise-healthy 
children may have residual OSAS following surgery.3 Further-
more, children with additional medical conditions, such as 
neurologic disease or craniofacial anomalies, may need further 
treatment. Continuous positive airway pressure (CPAP) is the 
usual second line treatment, but adherence rates in children are 
low.4-6 Thus, alternative therapies for children with OSAS are 
desperately needed.

The nasal expiratory positive airway pressure (NEPAP) 
device has been used to treat OSAS in adults.7-10 The device 
acts as a one-way valve. During inspiration the valve opens, 
with negligible resistance to fl ow.11 During expiration, the valve 
closes and airfl ow is routed through small air channels, which 
increases resistance.11 The NEPAP devices have been reported to 
have an expiratory resistance of 80 cm H2O*sec/L at a fl ow rate 
of 100 mL/sec.11 The increased resistance has been theorized to 
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help maintain the upper airway pressure during the critical end-
expiratory period when the upper airway has been postulated to 
be most constricted in the breaths preceding an apneic event.11

In contrast to CPAP, which provides positive pressure during 
both inspiration and expiration, the NEPAP device creates pres-
sure during expiration only. We hypothesized that adherence to 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Alternative therapies for children 
with obstructive sleep apnea syndrome (OSAS) are needed since OSAS 
may persist after adenotonsillectomy, and suboptimal adherence occurs 
with continuous positive airway pressure (CPAP). We conducted a pilot 
study to gain preliminary data to determine the effi cacy, tolerability, and 
adherence of nasal expiratory positive airway pressure (NEPAP) devices 
in children.
Study Impact: This pilot study is the fi rst pediatric study to our knowl-
edge that utilized NEPAP devices for the treatment of OSAS. NEPAP de-
vices may be a potential alternative therapy for OSAS for a small subset 
of children with persistent OSAS following surgery or those who are not 
able to tolerate CPAP.
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NEPAP would be higher than adherence to CPAP as reported in 
the pediatric literature,5 as NEPAP was less cumbersome and 
laborious than CPAP.

As NEPAP has never been studied in children, we conducted 
a small pilot study to gain preliminary data to determine the 
efficacy and tolerability of NEPAP devices in children. We 
hypothesized that NEPAP would result in polysomnographic 
(PSG) improvement of OSAS. Further, we aimed to determine 
adherence with NEPAP. We also hypothesized that, after using 
NEPAP for one month, there would be improvements in sleepi-
ness, behavior, and quality of life.

METHODS

This small pilot study was a prospective, randomized, double 
blind, placebo-controlled, crossover clinical trial. The insti-
tutional review board of Children’s Hospital of Philadelphia 
approved the study design for human subjects (IRB# 12-008691). 
Informed consent was obtained from a parent/guardian, and 
assent was obtained from children older than 7 years of age. The 
trial was posted on www.clinicaltrials.gov (NCT01768065).

Pediatric patients diagnosed with moderate-to-severe OSAS 
who were candidates for CPAP treatment, unable to tolerate 
CPAP, or used CPAP but desired an alternate treatment, were 
recruited from the Sleep Center. We first tried the NEPAP 
devices for size in a few children and found that the devices did 
not fit into the nares of most children < 8 years of age. Inclusion 
criteria were therefore ages 8-16 years, baseline clinical OSAS 
with an AHI ≥ 5/h, and the ability to tolerate NEPAP during an 
initial instruction session. Subjects were given instructions on 
habituation techniques during a coaching session with a clini-
cian (JM) who coached them on respiratory techniques. Chil-
dren with severe developmental delay where aspiration was 
considered a risk, severe pulmonary or heart disease, and chil-
dren whose families who did not speak English well enough to 
complete the psychometric measurements, were excluded.

The study design involved randomization of each subject to 
perform 2 PSG nights with alternating devices: NEPAP and 
placebo, performed in random order within approximately 
1 month of each other. The NEPAP devices utilized for the 
study were the same devices currently marketed for use in 
adults (Provent, Ventus Medical, Belmont, CA). Placebo 
devices appeared similar to the NEPAP treatment device but 
had no internal valves. Subjects who were previously using 
CPAP therapy were instructed to discontinue CPAP for 72 h 
as a washout period preceding the study PSG nights. Subjects 
who had ≥ 50% reduction in AHI from the placebo to NEPAP 
night, or those who had an AHI < 5/h on the NEPAP night, were 
considered responders and wore NEPAP at home for 30 days. 
Similar to the intended use for adults, the subjects wore the 
devices nightly and disposed the devices after one use. Adher-
ence was assessed by daily phone calls/emails and collecting 
used devices. Questionnaires regarding behavioral measure-
ments and quality of life were obtained at baseline and after 30 
days of home use.

PSGs were performed using standard pediatric techniques. 
PSGs included electroencephalogram, electromyogram 
(submental and tibial), electrooculogram (right/left), electro-
cardiogram, oxygen saturation and oximeter pulse waveform, 

transcutaneous CO2, thoracic and abdominal motion (respira-
tory inductance plethysmography), and digital video and audio. 
Oronasal air flow (thermistor), nasal pressure, and end-tidal 
CO2 (ETCO2) were measured using proprietary cannulas that 
clipped on to the valves. Data were recorded on a Rembrandt 
system (Embla, San Carlos, CA).

PSGs were scored in blinded fashion according to the Amer-
ican Academy of Sleep Medicine pediatric guidelines.12 The 
home phase of the study consisted of an open label extension 
to use the NEPAP devices for 30 days. Three methods were 
used to assess adherence. Families were requested to: (1) keep 
a daily log of NEPAP device use, (2) phone, text, or email daily 
with a report of the previous night’s NEPAP device use and 
any adverse effects, and (3) keep all discarded devices in a 
provided sealed container. After using the devices for 1 month, 
the subjects returned for their final visit and the adherence log 
and container of used devices were collected.

Subjects and their parents completed questionnaires prior 
to the initial PSG and after using NEPAP devices at home for 
30 days. Sleepiness was evaluated using the Epworth Sleepi-
ness Scale Modified for Children.13 Symptoms of the attention 
deficit hyperactivity disorder was evaluated with the Conners 
Abbreviated Symptom Questionnaire.14 Behavior problems 
were measured with the Child Behavior Checklist.15,16 OSAS 
symptoms and quality of life were evaluated with the Obstruc-
tive Sleep Apnea-18 questionnaire.17 General health-related 
quality of life was evaluated by the Pediatric Quality of Life 
Inventory.18 Nasal symptoms for side effects were calculated 
using the Nasal Obstruction Symptom Evaluation.19 Study data 
were collected and managed using Research Electronic Data 
Capture (REDCap).20

In Vitro Testing
The bi-directional pressure versus flow characteristics of the 

NEPAP devices were independently measured in vitro using a 
precision pneumotachometer (Hans Rudolph, Inc., Shawnee, 
KS) and pressure transducer (Validyne, Northridge, CA). Pres-
sure versus flow curves were characterized by pumping air 
from a calibration syringe bi-directionally through matching 
left and right nares devices mounted on a plate. Flow was deliv-
ered and pressure measured on the nares-side of the devices. 
A custom computer program sampled pneumotachometer flow 
and driving pressure at 100 samples/sec over the range of −0.6 
to 0.6 L/sec, which is typical of resting tidal peak flows in 
subjects younger than 18 years.

Statistical Analysis
The distributions of study variables were examined for 

normality using histograms and one-sample Kolmogorov-
Smirnov tests of normal distribution, and appropriate para-
metric or nonparametric tests were subsequently applied. 
Demographic characteristics measured on a continuous scale 
were compared between responders versus non-responders 
using 2-group t-tests or Mann-Whitney tests as appropriate. 
Fisher exact tests were used to examine the association between 
responder status and categorical demographic and baseline 
variables. For the crossover PSG data, a series of 2-group t-tests 
(or Mann-Whitney tests) were used to examine effects of carry-
over, period, and treatment, following Jones and Kenward.21 
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The first test analyzed carry-over effects by applying the test 
to the subject averages (or totals). The second test for deter-
mining the effect of period applied the test to the period differ-
ences. Finally, provided that there were no carry-over or period 
effects, the third test analyzed the treatment effects by applying 
the test to the crossover differences. A series of SAS Mixed 
Effects Models was also used to re-examine and confirm effects 
of carry-over, period, and treatment, on the various PSG param-
eters. Paired t-tests or Wilcoxon matched pairs signed ranks 
tests were used to examine differences between initial visit 
and repeat visit for the questionnaires regarding behavioral and 
quality of life outcomes.

RESULTS

Study Group
Details of enrollment are shown in Figure 1. Sixteen subjects 

were approached; one subject declined enrollment in the study 
due to time commitments. The remaining 15 subjects that trialed 
the NEPAP devices in their nares all tolerated the devices during 
the introductory session and enrolled in the study (Table 1). 
Most subjects had obesity as the etiology of their OSAS, except 
for one subject with Down syndrome and one subject who had 
neurofibromatosis with an upper airway plexiform neurofi-
broma. There were 6 subjects who used CPAP therapy prior to 
study enrollment. Prior to entering the study, 4 subjects used 
nasal steroids (2 NEPAP responders and 2 non-responders), and 
2 subjects (both NEPAP responders) used montelukast. There 
were no changes in the use of these drugs during the study period.

Polysomnography
One subject withdrew from the study after the first (placebo) 

PSG as she did not like sleeping without her CPAP. All subjects 
tolerated the NEPAP well overnight. For the group as a whole, 
there was a significant improvement in the obstructive apnea 
index (Table 2). However, in this small study, there were trends 
in reduction of AHI, arousal index, and the percent of total 
sleep time with oxygen saturation < 90% (Table 2, Figure 2), 

but these were not statistically significant. There were no signif-
icant changes in ETCO2 levels or sleep architecture. BMI did 
not change significantly between the 2 PSG nights (p = 0.77). 
There were no statistically significant effects of carry-over, 
period, or treatment for any of the PSG parameters.

Subjects Recruited (n = 16) 
Declined (n = 1), Enrolled (n = 15)

Randomization

1st PSG: Placebo Device 
(n = 8)

1st PSG: Treatment Device 
(n = 7)

2nd PSG: Placebo Device 
(n = 7)

2nd PSG: Treatment 
NEPAP Device (n = 7)

Phase 2: 30 day NEPAP home use
Eligible (n = 9)

Dropped out (n = 1)

Adherence and
Neurocognitive follow up
Lost to follow up (n = 1)

Neurocognitive Evaluated (n = 7)

Withdrew from 
study (n = 1)

Figure 1—Consort diagram of study participants

Table 1—Subject demographics
Demographics Total subjects Responders Non-responders p-value

Number 14 9 (64.3) 5 (35.7)
Age (years) 13.4 ± 1.9 14.2 ± 1.5 12.0 ± 2.0 0.032
Race

Caucasian
African American

2 (14.2)
12 (85.7)

1 (11.1)
8 (88.9)

1 (20)
4 (80)

1.00

Males (n) 10 (71.4) 6 (66.7) 4 (80) 1.00
Complex airway (n) 2 (14.2) 0 (0) 2 (40) 0.51
Baseline Clinical AHI (N/h) 27.1 ± 39.1 19.8 ± 13.8 40.3 ± 65.2 0.52
Adenotonsillectomy (n) 9 (64.3) 5 (55.6) 4 (80) 0.58
Weight (kg) 102 ± 47.7 120.3 ± 45.9 69 ± 32.8 0.049 *
Height (cm) 160 ± 16 165.4 ± 13.1 150.4 ± 17.6 0.09
BMI 38.6 ± 15.2 44.0 ± 15.2 28.9 ± 10.0 0.07
BMI z-score 2.2 ± 1.0 2.5 ± 0.7 1.6 ± 1.2 0.11

Data displayed as mean ± SD or N (%). AHI, apnea-hypopnea index; BMI, body mass index. * Note that data were skewed by one subject who weighed 223 kg.
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Table 2—Polysomnography outcomes by treatment night
PSG Outcomes Placebo (n = 14) NEPAP (n = 14) p-value

TST (minutes) 415 ± 45 432 ± 46 0.093
Sleep efficiency (%) 86 ± 8 89 ± 7 0.28
N1 (%TST) 5 ± 3 6 ± 3 0.59
N2 (%TST) 56 ± 12 49 ± 9 0.18
N3 (%TST) 19 ± 9 22 ± 6 0.38
REM (%TST) 20 ± 7 23 ± 6 0.23
Arousal index (N/h) 23 ± 25 16 ± 11 0.13
AHI (N/h) 11.3 (1-118.3) 6.3 (0.4-41.3) 0.13
Obstructive apnea index (N/h) 4.2 (0-41.9) 0.6 (0-21.1) 0.010
Time with SpO2 < 90% (%TST) 0.2 (0-45) 0.2 (0-9.6) 0.073
SpO2 nadir (%) 85 ± 7 86 ± 6 0.23
Time with ETCO2 > 50 mm Hg (%TST) 3 (0-93) 3 (0-93) 0.21
Peak ETCO2 (mm Hg) 56 ± 3 56 ± 3 0.97

All data are displayed as mean ± SD or median (range). PSG, polysomnography; TST, total sleep time; REM, rapid eye movement; N1, sleep stage N1; N2, 
sleep stage N2; N3, sleep stage N3; AHI, apnea hypopnea index; ETCO2, end-tidal CO2; SpO2, oxygen saturation.
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Figure 2—Changes in polysomnographic (PSG) parameters between placebo and nasal expiratory positive airway pressure 
(NEPAP) devices for the individual subjects (n = 14). 

(A) Obstructive apnea index; (B) obstructive apnea hypopnea index; (C) percent of total sleep time with oxygen saturation (SpO2) < 90%; and (D) percent 
of total sleep time with end-tidal CO2 > 50 mm Hg. There was a significant decrease in the obstructive apnea index from placebo to NEPAP PSG night 
(p = 0.010). TST, total sleep time.
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There was a variable individual response to NEPAP 
(Figure 2). Two subjects with very severe OSAS had a 
pronounced response (AHI declined from 118 to 41/h and 
100 to 37/h, respectively; Figure 2), although their AHI on 
NEPAP remained in the clinically severe range. Four subjects 
had a decrease in AHI to a normal pediatric level of < 1.5/h 
during the NEPAP PSG night. Two subjects had a paradoxical 
response to NEPAP with an increase in AHI with the treatment 
devices compared to placebo, from 2 to 7/h and 7 to 13/h. In 
addition, although all subjects had a clinical AHI > 5/h prior to 
study entry, 4 subjects had an AHI < 5/h on both the placebo 
and NEPAP nights. When those 4 subjects were excluded from 
analysis, a similar trend was reached for decreases in the AHI 
(40.1 ± 44.3 vs. 16.9 ± 15.4/h, p = 0.21) and the obstructive 
apnea index (14.5 ± 14.8 vs. 5.6 ± 7.5/h, p = 0.173) on NEPAP 
compared to placebo, but these did not reach statistical signifi-
cance. When analyzing for predictors of NEPAP PSG response 
versus non-response, the NEPAP responders were older than 
non-responders (Table 1). During the placebo PSG night, 
NEPAP responders also had less hypercapnia compared to non-
responders, as shown by a percentage of total sleep time with 
ETCO2 > 50 mm Hg of 2.1 (0-14.8) vs. 63.2 (1.6-93.1) mm Hg 
(p = 0.007) compared to non-responders. Otherwise, there were 
no significant predictors of response to NEPAP based on gender, 
BMI z-score, or baseline clinical AHI.

Home Phase
Nine subjects were eligible for the home phase of the study. 

One of these responders did not agree to be in the home phase, 
and a further subject entered the home phase but was lost to 
follow-up. Therefore data were reported on 7 subjects. Subjects’ 
long-term NEPAP use based on the used devices collected, 
excepting the dropout, was 25 ± 6 (83%) of 30 nights. Two 
subjects spontaneously commented that they preferred NEPAP 
devices to their usual home CPAP.

There was significant improvement in sleepiness as shown 
on the Epworth Sleepiness Scale and OSAS symptoms/quality 
of life on the Obstructive Sleep Apnea-18 for the NEPAP 
responders after using the devices for 30 days (Table 3). There 
was a trend (p = 0.05) for improvement in externalizing behav-
iors as shown on the Child Behavior Checklist. Otherwise, 

there were no significant changes in behavioral and quality of 
life outcomes in this small sample.

Subjects tolerated the devices well without serious adverse 
events. One subject reported mild skin irritation due to the 
adhesive bandage. Discomfort was reported by 2 subjects 
during 2 of the nights devices were worn, which resolved with 
habituation.

In Vitro Testing
In vitro testing was performed on representative samples 

of the intact and placebo devices. Figure 3 illustrates the 

Table 3—Behavioral and quality of life measurements by visit (responders only)

Outcomes N Baseline
One month of 

NEPAP use
Difference (1 month – Baseline) 

(95% CIs of Difference) p-value
Epworth Sleepiness Scale 7 11 ± 4 7 ± 3 4 ± 4 (1, 7) 0.031
NOSE 6 8 ± 6 7 ± 6 1 ± 5 (-4, 6) 0.70
OSA-18 7 50 ± 15 39 ± 17 12 ± 10 (2, 22) 0.028
Conners Abbreviated Symptom Questionnaire 7 8 ± 4 6 ± 4 2 ± 4 (-2, 6) 0.23
PedsQL Parent 7 75 ± 18 76 ± 15 -1 ± 8 (-9, 7) 0.79
PedsQL Child 7 79 ± 10 76 ± 16 3 ± 13 (-9, 15) 0.59
CBCL Total 7 55 ± 11 50 ± 6 5 ± 8 (-2, 12) 0.15
CBCL Attention subscale 7 55 ± 5 55 ± 4 0 ± 5 (-5, 5) 0.95
CBCL Internalizing subscale 7 55 ± 8 51 ± 8 4 ± 5 (0, 9) 0.069
CBCL Externalizing subscale 7 53 ± 11 44 ± 6 9 ± 9 (0, 17) 0.051

All data are displayed as mean ± SD and 95% confidence intervals of difference between baseline score and follow-up. NOSE, Nasal Obstructive Symptom 
Evaluation; OSA-18, Obstructive Sleep Apnea-18 questionnaire; PedsQL, Pediatric Quality of Life Inventory; CBCL, Child Behavior Checklist.
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Figure 3—The bi-directional pressure versus flow char-
acteristics of the nasal expiratory positive airway pressure 
(NEPAP) and placebo devices measured in vitro are shown. 

NEPAP device points are shown as solid circles, and placebo points as 
hollow circles.
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difference between an intact NEPAP device and the placebo. 
Generated pressure was low during inspiration, indicating low 
inspiratory resistance in both the intact and placebo device. 
During expiration, however, the intact NEPAP device had a 
high resistance that created the expiratory positive airway pres-
sure effect for the user. For example, in Figure 3, the expiratory 
pressure created at −0.100 L/sec was approximately 4 cm H2O 
for the intact device. That was equivalent to the manufacturer’s 
stated resistance value for the devices.

DISCUSSION

This pilot study is the first pediatric study to our knowledge 
that utilized NEPAP devices as therapy for the treatment of 
OSAS. Our goals were to determine efficacy and tolerability 
of the devices. Previous adult studies have shown improve-
ment with NEPAP in the AHI and oxygen desaturation index.7-9 
The current study demonstrated a variable response to NEPAP 
in our pediatric cohort, with overall improvement in obstruc-
tive apneas and trends for improvements in some other poly-
somnographic parameters, but with persistent abnormalities 
remaining.

Approximately two-thirds of individuals studied had improve-
ment in baseline OSAS with NEPAP, but only four subjects 
had normalization of their PSG, and two subjects worsened. 
Therefore, only a small proportion of individuals demonstrated 
a clinically important benefit from using the devices. Several 
predictors for response to NEPAP were analyzed; however, the 
only significant finding was that responders were older and had 
less percentage of total sleep time with ETCO2 > 50 mm Hg 
during the placebo PSG night than non-responders. There were 
four subjects who had an AHI < 5/h during both the placebo 
and NEPAP PSGs, despite having OSAS on their prior clinical 
studies. The reason for this is unclear. These subjects were 
included in the study as we initially suspected the placebo 
devices may have provided a small amount of therapeutic 
NEPAP. However, based on our in vitro data (Figure 3), the 
placebo devices only exerted a negligible pressure. However, 
it is possible a small amount of therapeutic pressure may have 
been provided in vivo.

The majority of the subjects tolerated the devices well, with a 
high adherence rate. However, subjects were requested to keep 
a daily log, and report daily use and return the used devices. It 
is possible that NEPAP adherence would be lower in the clinical 
setting. The number of nights with NEPAP use was similar to 
that of CPAP use in a similar population (24 ± 6 of 30 nights).5 
However, those subjects were contacted every 2 weeks over a 
3-month period. There was also no objective way to determine 
how many hours the NEPAP was worn per night. By parent and 
patient report, devices were worn most of the night.

Patients using NEPAP at home showed a significant improve-
ment in sleepiness, symptoms of OSAS and OSAS-related 
quality of life after 30 days of home NEPAP use. A decrease in 
sleepiness has also been noted in studies of NEPAP in adults.8-10

There were certain limitations to the study. Since it was a 
pilot study, there were a limited number of subjects enrolled. 
Polysomnography results may have been affected by night to 
night variability. However, pediatric studies have not shown 
clinically relevant night-to-night variability.22,23 Children 

younger than 8 years old could not be evaluated due to the large 
size of the NEPAP devices. Results could not be compared 
to baseline PSGs as some of the subjects had been on CPAP 
for several years so had not had a true baseline PSG recently. 
Another limitation to the study was potential bias by the respon-
dents during their follow-up questionnaires as subjects were not 
blinded during the home phase of the study.

CONCLUSION

This study has shown that some children respond to NEPAP, 
but there is individual variability in the response. Some chil-
dren had a clinically meaningful response, with both PSG and 
symptomatic changes, and devices were well tolerated. NEPAP 
devices may be a potential alternative therapy for OSAS for 
a small subset of children with persistent OSAS following 
surgery or those who are not able to tolerate CPAP. Due to vari-
ability in individual responses, the efficacy of NEPAP should 
be evaluated with PSG. Since the study had a limited number 
of subjects, these findings should be explored further in a 
large scale study to characterize which children will respond 
to NEPAP devices. The efficacy and tolerability compared to 
CPAP should also be addressed in future studies.

ABBREVIATIONS

AHI, apnea hypopnea index
CPAP, continuous positive airway pressure
NEPAP, nasal expiratory positive airway pressure
OSAS, obstructive sleep apnea syndrome
PSG, polysomnography
ETCO2, end-tidal CO2
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