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BACKGROUND: Positive airway pressure (PAP) is a standard therapy for the treatment of OSA
in children, but objective data on the effectiveness of PAP in infants are sparse. The aim of
this study was to compare the effectiveness of PAP in infants younger than 6 months of age
with that in school-aged children.

RESEARCH QUESTION: Compared with PAP in school-aged children, can PAP be titrated as
successfully in infants, and is adherence to PAP similar in both age groups?

STUDY DESIGN AND METHODS: Single-center retrospective study. For consecutive infants
younger than 6 months of age and school-aged children 5 to 10 years of age with OSA treated
with PAP, baseline and titration polysomnography data, PAP adherence data, and parent-
reported barriers to adherence were compared between groups.

RESULTS: Forty-one infants and 109 school-aged children were included. Median obstructive
apnea hypopnea index (OAHI) in infants was 25.7/h (interquartile range [IQR], 17.8-35.9/h)
and was greater than that in school-aged children (12.1/hr; IQR, 7.6-21.5/h; P < .0001). After
PAP titration, OAHI was reduced by a median of 92.1% in infants, similar to the median
93.4% reduction in school-aged children (P ¼ .67). PAP was used in infants on 94.7% of
nights, which was more than the 83% in school-aged children (P ¼ .003). No differences were
found in barriers to adherence between infants and school-aged children, with behavioral
barriers being most common in both groups.

INTERPRETATION: Objective data demonstrate that PAP is both highly effective at treating
OSA and well-tolerated in infants. Like older patients, PAP should be considered along with
other therapies for the treatment of OSA in even the youngest children.
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OSA increasingly is being recognized in infants,
especially in those with congenital craniofacial or airway
conditions and neuromuscular abnormalities.1,2 In
infants, OSA has been associated with reduced quality of
life, failure to thrive, developmental delays, and sudden
death.3-5 In addition, untreated OSA may reduce the
arousal threshold in infants.6

Positive airway pressure (PAP) is effective in treating
OSA in children and has been shown to improve
sleepiness and quality of life in pediatric patients.7-9

Efficacy of PAP can be limited by poor adherence to
therapy in children,7,10 but a multidisciplinary team
can improve PAP use, even in children with medical
and developmental comorbidities.11-13 The medical
management of OSA in infants is not standardized
because of unique challenges in this patient
population, including lack of infant-specific
polysomnographic rules, a paucity of available devices
to treat OSA, and anatomic challenges, including small
facial structure, irregular sleep patterns, and a high
chestjournal.org
degree of medical complexity.14 Parents dealing with
the recent addition to their family of a medically
complex child also may undergo significant stress,
adding an additional challenge. Although several case
series have reported successfully using PAP in infants
with OSA,15,16 little objective evidence is available to
assess the effectiveness of PAP and barriers to its use
in this age groups. Using objective data from PAP
machines and polysomnography provides stronger
evidence than subjective assessment used in previous
studies and could improve guidelines for PAP use in
infants.

The aims of this study were to compare the effectiveness
and barriers to adherence of PAP treatment in infants
and school-aged children with OSA. We hypothesized
that PAP would be able to be titrated effectively to treat
OSA in infants, that infants would have similar
adherence to school-aged children, and that mask fit
would be the most common barrier to PAP use in
infants.
Methods
Study Design and Participants
This was a single-center retrospective study of children who
received PAP for OSA between March 2013 and August 2019.
Included were consecutive infants who began PAP treatment
before 6 months of age and school-aged children who began
PAP treatment between 5 and 10 years of age. To be included,
participants in both groups underwent a diagnostic
polysomnography that demonstrated OSA, began PAP for OSA,
underwent a PAP titration polysomnography examination, and
underwent a follow-up clinic visit, where they received a
standardized multidisciplinary evaluation that included assessment
of barriers to adherence. In all patients, the initial diagnostic
polysomnography and first titration study were used for analysis.
No repeated measures were used in this study. All patients were
managed by our multidisciplinary CPAP program, which includes
nursing, respiratory therapy, and behavioral sleep medicine
personnel.13 All patients treated with PAP received an
individualized treatment plan determined collaboratively between
the family and CPAP team. Although some infants used PAP for
regular daytime naps, other infants with more irregular daytime
sleep or less consolidated sleep used PAP primarily for overnight
sleep. Patients receiving noninvasive ventilation for respiratory
failure or hypoventilation and those who required positive
pressure via tracheostomy were excluded. Successful PAP titration
was defined as having a residual OAHI of < 5/h on a pressure
studied on overnight polysomnography. All polysomnography
examinations were conducted and scored according to American
Academy of Sleep Medicine pediatric specifications.17 This study
was approved by the institutional review board at The Children’s
Hospital of Philadelphia, which waived consent for this
retrospective study (Identifier: 17-14434).
Data Collection

Data were collected at clinical visits to the Sleep Center and Sleep
Laboratory at Children’s Hospital of Philadelphia and entered into
an institutional review board-approved database in real time
(research electronic data capture18). Data extracted for this study
included demographics (age, past medical, and surgical history),
diagnostic polysomnography results (OAHI, saturation nadir, and
end-tidal CO2), titration polysomnography results (optimal pressure,
residual OAHI at optimal pressure, and saturation nadir at optimal
pressure), PAP download (set pressure and usage data), and barriers
to adherence reported at clinic visits, typically every three to six
months. PAP downloads were carried out at sleep center clinic visits
when barriers to adherence were being assessed. All PAP downloads
were carried out from Respironics CPAP machines or Respironics
Trilogy ventilators (Philips Respironics).

Data Analysis

The most recent download within one year of PAP initiation was used,
allowing time for PAP desensitization for both infants and school-aged
children. PAP downloads included adherence data for the period since
the previous sleep center visit. Barriers to PAP included child behavior
(child refusing PAP), caregiver factors (caregiver responsible for PAP
not present at bedtime, caregiver not attempting to place PAP), and
technical or medical barriers, including poor mask fit, skin irritation,
nasal congestion or dryness, and the machine not functioning properly.

Statistical Analysis
Data were summarized as mean � SD if normally distributed or
median (range). Differences between infant and school-aged groups
were analyzed using the c 2 test to compare proportions and the
Wilcoxon rank-sum test to compare continuous variables between
groups. Statistical analysis was performed using Stata version 13.1
software (StataCorp).
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Results
Fifty-five infants and 177 school-aged children began
PAP therapy for OSA during the study period (Fig 1).
Fourteen infants and 68 school-aged children were
excluded from the final cohort, most commonly because
they never underwent a titration study. Forty-one
infants and 109 school-aged children were included in
the final analysis. Compared with those included from
both the infant and school-aged cohorts, no differences
were found in those excluded in terms of age at PAP
initiation, OAHI, oxygen saturation as measured by
pulse oximetry nadir, or the proportion who were male,
obese, or had genetic, neurologic, or craniofacial
syndromes. Median age at PAP initiation was 2 months
for infants and 7.6 years for the school-aged group
(Table 1). Both age groups were about two-thirds male.
Twenty infants (48.8%) had an underlying craniofacial
abnormality compared with 10 school-aged children
(9.2%; P < .0001). Genetic syndromes were common in
both groups, including 19 infants (46.3%) and 32 of
school-aged children (29.4%). Most school-aged
children underwent adenotonsillectomy before PAP
initiation, whereas less than 25% of infants underwent
surgery before starting PAP, most commonly
mandibular distraction osteogenesis for infants with
micrognathia.

OSA was more substantial in infants who began PAP
treatment compared with school-aged children who did,
both in terms of OAHI and saturation nadir; a wide
range of OSA severity was found for both age groups
(Table 2). On diagnostic polysomnography, peak end-
tidal CO2 was significantly greater in the school-aged
group, perhaps because of a lack of end-tidal plateau in
many infant studies. Median PAP titration was
55 infants initiated on
PAP for OSAS

177 school-age
children initiated on

PAP for OSAS

41 infants included in
analysis

109 school-age
children included in

analysis

14 excluded
• 10: no titration study
• 3: never used PAP
• 1: no PAP use data

68 excluded
• 51: no titration study
• 2: never used PAP
• 10: no PAP use data
• 5: no baseline study

Figure 1 – Flow diagram showing participants included in the final
analysis. PAP ¼ positive airway pressure.
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performed after 13 days (interquartile range [IQR], 6-
91 days) in infants and 151 days (IQR, 94-215 days) in
school-aged children. Most patients in both age groups
achieved successful PAP titration: effective titration
(residual OAHI < 5/h) was achieved in 82% of infants
and 92% of school-aged children (P ¼ .07). After
titration, the residual OAHI and saturation nadir were
somewhat better in the school-aged group compared
with the infants, but substantial improvement was found
in both groups (Fig 2). The percent reduction in baseline
OAHI was the same between the two groups. No infants
in this cohort were treated with autotitrating PAP or
bilevel PAP, but about 10% of school-aged patients were
treated with each of these methods. In those treated with
CPAP, pressure was similar between the two groups.
Supplemental oxygen was not used for any patient in
either group during either the diagnostic or titration
polysomnography.

PAP downloads included 63 days (IQR, 30-90 days) of
data in infants and 110 days (IQR, 55-182 days) of data in
school-aged children. PAP adherence data demonstrated
significantly more nights with PAP use in infants
compared with school-aged children (P ¼ .003), with a
trend toward more nights with more than 4 h of total use
(median, 76.5% of nights compared with 61.2%; P¼ .062)
(Table 2). PAP duration on nights used was highly
variable in both groups; median use was 7.2 h/night in the
infant group and 6.3 h/night in the school-aged group
(P ¼ .20). In many cases for both age groups, the
percentage of the night that PAPwas used and duration of
use per night continued to improve throughout the first
year of use. Residual apnea hypopnea index reported from
the PAP download was significantly lower in the infant
group compared with the school-aged group, but data
were limited to 8 infants (19.5%) and 80 school-aged
children (73.4%) because some PAP reports, especially in
infants treated with ventilators, did not include this result.
The reliability of residual apnea hypopnea index in these
age groups has not been validated.

Reported barriers to PAP use were similar between the
infant and school-aged groups despite the substantial
difference in age. Child behavior, including the child
crying or refusing to wear the PAP device, was the most
common barrier in both age groups. No difference was
found in reported problems related to mask fit, which
was a barrier in 5 infants (12.2%) and 11 school-aged
children (10.1%). A trend was found toward school-aged
children having more caregiver barriers and broken
equipment, but these did not reach statistical
significance. No differences were found in barriers
[ 1 5 9 # 2 CHES T F E B R U A R Y 2 0 2 1 ]



TABLE 1 ] Demographic Data

Variable Infants (n ¼ 41) School-Aged Children (n ¼ 109) P Value

Age at initiation, median (interquartile range), mo 2.1 (1.0, 4.7) 91 (75,107) < .0001

Male sex 28 (68.3) 67 (61.5) .44

Obesity 1 (2.4) 39 (35.8) < .0001

Craniofacial abnormality 20 (48.8) 10 (9.2) < .0001

Neurologic abnormality 5 (12.2) 11 (10.1) .71

Any genetic syndrome 19 (46.3) 32 (29.4) .052

Trisomy 21 4 (9.8) 20 (18.4) .20

Surgery for OSA before PAP 10 (24.4) 92 (84.4) < .0001

Adenotonsillectomy 0 (0) 88 (80.7) < .0001

Mandibular distraction 6 (14.6) 1 (0.9) .0004

Other surgery 4 (9.8) 3 (2.8) .07

Data are presented as No. (%) unless otherwise specified. Differences between infant and school-aged groups were analyzed using the c 2 test to compare
proportions and the Wilcoxon rank sum test to compare continuous variables between groups. PAP ¼ positive airway pressure.

TABLE 2 ] Polysomnography and PAP Data

Variable Infants (n ¼ 41) School-Aged Children (n ¼ 109) P Value

Diagnostic polysomnography ... ... ...

Baseline OAHI, /h 25.7 (17.8-35.9) 12.1 (7.6-21.5) < .0001

Baseline obstructive apnea index, /h 11.1 (4.3-14.4) 2.6 (0.6-6.9) < .001

Baseline SpO2 nadir, % 81 (75-86) 87 (79-89) .004

Peak end-tidal CO2, mm Hg 49 (43-51) 54 (51-58) < .001

PAP titration polysomnography ... ... ...

OAHI < 5 on titrated pressure, % 34 (82.9) 101 (92.7) .07

Residual OAHI on final pressure, /h 2.3 (0.9-4.1) 0.8 (0.2-2.0) .009

Residual obstructive apnea index on final pressure, /h 0.4 (0-1.3) 0 (0-0.5) .04

Reduction in OAHI from baseline, % 92.1 (83.8-98.1) 93.4 (84.1-99.6) .67

SpO2 nadir on final pressure, % 91 (88-93) 93 (92-95) .0001

Final CPAP titration level, cm H2O 7 (5-8) 8 (6-10) .053

Bilevel PAP used 0 (0) 11 (10.1) .03

Autotitrating PAP used 0 (0) 12 (11.1) .03

PAP download data ... ... ...

Duration of PAP download, d 63 (30-90) 110 (55-182) .0001

Nights with PAP use, % 94.7 (21.2-100) 83 (0.7-100) .003

Nights with PAP use > 4 h, % 76.5 (40.1-89.3) 61.2 (21.9-82.9) .062

Duration of PAP on nights used, min 430 (255-531) 378 (236-485) .20

Residual AHI, /h 0.5 (0.2-1.2) 3.5 (2.3-5.9) .0005

Reported barriers to adherence ... ... ...

Child behavior 12 (29.3) 38 (34.9) .52

Caregiver factors 4 (9.8) 23 (21.1) .11

Poor mask fit 5 (12.2) 11 (10.1) .71

Skin irritation 2 (4.9) 4 (3.7) .74

Nasal congestion or dryness 1 (2.4) 3 (2.8) .89

Machine not working properly 0 (0) 8 (7.3) .08

Data are presented as median (interquartile range) or No. (%) unless otherwise specified. Differences between infant and school-aged groups were
analyzed using the c 2 test to compare proportions and the Wilcoxon rank sum test to compare continuous variables between groups. OAHI ¼ obstructive
apnea hypopnea index; SpO2 ¼ oxygen saturation as measured by pulse oximetry. See Table 1 legend for expansion of other abbreviation.
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Figure 2 – A, B, Graphs showing change in OAHI in infants and school-aged children treated with PAP. For infants (A), median reduction in OAHI
was 92.1% on the final PAP setting. For school-aged children (B), median reduction in OAHI was 93.4%. OAHI ¼ obstructive apnea hypopnea index.
See Figure 1 legend for expansion of other abbreviation.
related to skin or nasal irritation, which were
uncommon in both age groups.

For the infant group, PAP was discontinued because of
resolution of OSA in 23 patients (56.1%). Eleven infants
in this cohort continue PAP therapy, although only five
have been treated with PAP for more than two years. Six
participants are no longer cared for by our center, and
one infant died of cardiac arrest related to septic shock
while still being treated with PAP. Including those still
being treated with PAP, duration of use was 563 �
430 days. Of the five infants treated with PAP for more
than two years, all had genetic syndromes, underlying
complex neurologic conditions—including myopathy,
significant hypotonia, and chest wall deformity—or
both. In this cohort, 38 patients used a nasal mask (35 of
whom used 1 of 2 different models), and 3 were treated
with a cannula interface. Thirty of 41 infants in this
cohort received PAP through a ventilator, whereas the
others used a CPAP machine.

Discussion
To our knowledge, this is the largest study to assess the
effectiveness of PAP for the treatment of OSA in infants
using objective data. Despite a greater awareness of OSA
814 Original Research
in a variety of infant populations, few studies have
assessed the effectiveness of treatment in this age
group.2,19,20 Our data showed that PAP is effective in
treating OSA in most infants with a similar pressure to
that of school-aged children. In most patients with a
residual OAHI of > 5/h with PAP, very severe OSA was
present at baseline that still improved substantially with
PAP. Although using PAP for the treatment of OSA in
infants has been reported since the 1990s,21-24 limited
objective data exist regarding its efficacy in these very
young patients. McNamara and Sullivan15 reported
near-complete resolution of obstructive apnea in their
cohort of 21 infants who underwent a CPAP titration
study, but hypopneas were not recorded during this
early study. The baseline obstructive apnea index in their
cohort (14.6 � 3.9/h) was similar to that seen in our
cohort (11.1/h [IQR, 4.3-14.4/h]), and the residual
obstructive apnea index on final PAP pressure in our
cohort was also very low (0.4/h [IQR, 0-1.3/h]). Other
retrospective studies have used reported resolution of
symptoms to assess PAP efficacy in infants.21,22

Also, data are limited regarding adherence and
consequences of PAP use in infants. To our knowledge,
ours is the first study to provide systematic objective
[ 1 5 9 # 2 CHES T F E B R U A R Y 2 0 2 1 ]



Figure 3 – Infant and father sleeping with CPAP at home. Photograph
used with permission.
adherence and parent-reported barriers to adherence in
infants. McNamara and Sullivan15 reported that for the
18 infants in their cohort treated with PAP at home for
more than one month, no problems were reported by
parents concerning the PAP interface or tolerating the
pressure, nor did parents report any skin breakdown or
skeletal changes. In a series of 42 children treated with
PAP by Massa and colleagues23 that included 18 infants,
no serious complications were reported, but frequent
nasal symptoms or skin or eye irritation resulting from
poor mask fit were noted. In that study, good
compliance was noted by two-thirds of parents, but
specific adherence data in the infants were not provided.
Of note, both of these studies reported on the use of
nasal CPAP in the 1990s using older interfaces before
objective machine-based adherence data were available.
Although resources for assisting children with PAP
adherence and clinical practice vary across institutions,
our data showed that when using the same clinical team,
PAP adherence in infants was at least as good as in
school-aged children. Although infants experienced
significantly more nights with PAP use compared with
school-aged children, the duration of use in a 24-h
period was not greater in infants. Because appropriate
sleep duration for infants is 12 to 16 h/day compared
with 9 to 12 h/day for school-aged children,25 the
percent of sleep time when PAP was used actually may
have been less in infants. This finding may be related to
the less consolidated nature of sleep in infants compared
with older children. Because the family is responsible for
managing CPAP in the home environment, it is critical
to incorporate caregivers as team members at every stage
in the process of initiating and maintaining CPAP
therapy (Fig 3).

Compared with older children, for whom evidence-
based guidelines direct management,26 infants with OSA
pose unique challenges because treatment for OSA in
this age group is not well standardized. Current
treatment approaches include watchful waiting or
positioning, supplemental oxygen or airflow via nasal
cannula, or surgery. As was recommended in a recent
European Respiratory Society statement, a
multidisciplinary, stepwise, individualized treatment
approach including CPAP should be taken in the
management of infants with OSA.27 At our center, the
approach to initiating and titrating PAP in infants is
similar to that in older children in many respects. We
start CPAP at a low set pressure to assist with
desensitization and then increase the pressure in the
sleep laboratory as needed to treat OSA effectively.
chestjournal.org
Because some infants may be susceptible to PAP-
induced central apnea, particularly at higher pressures,
complete resolution of all obstructive events is not
always achieved. At our center, autotitrating PAP is not
used because these algorithms have not been validated in
infants. Because infants growth and mature rapidly,
polysomnography is repeated regularly to re-evaluate
OSA severity and optimal PAP settings.

Although PAP may be effective in improving OSA in
infants, its consequences also must be considered. In
addition to the risk of skin breakdown28 and nasal
trauma,29 evidence also exists to suggest that prolonged
CPAP use may contribute to retrusion of the midface,
particularly in patients with underlying craniofacial
conditions.28,30,31 With particularly immature skulls,
infants may be at particularly increased risk and should
be monitored closely with continued PAP use. In
815
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addition to the barriers discussed above, obtaining
insurance approval for PAP use in infants is another
challenge many providers face, because masks, headgear,
and machines often are not approved for use in infants
or young children.32 We were able to work with local
durable medical equipment companies to ensure that
PAP devices were made available to all patients, but a
number of patients were treated using home ventilators
instead of CPAP machines. Addressing disparities in
equipment availability nationally and worldwide is a
challenge that in some cases is the limiting factor for
treatment of these young patients.

This study had several limitations. In this retrospective
analysis, a significant number of patients prescribed PAP
did not meet inclusion criteria. Because the primary
outcome was effectiveness of PAP, those who never
underwent a titration study or did not have PAP use
data available were excluded because this could not be
assessed. This could bias results toward those
successfully undergoing a successful PAP titration and
with greater PAP use. Also, because the data described
here were clinically derived, the data collection time
points were not strictly consistent for all patients. A
school-aged cohort was chosen to provide a distinct
pediatric comparison without the biases of young
noninfants or nearly-adult adolescents. A more
comprehensive assessment of the efficacy of and barriers
816 Original Research
to PAP across the pediatric age spectrum or health-
related benefits to PAP in infants was beyond the scope
of this study. Our hospital is a large tertiary care center,
so infants treated with PAP may have more severe OSA
than in the general population.

Conclusions
PAP is an effective treatment for OSA in infants, even in
patients with underlying craniofacial conditions or
genetic syndromes. If pediatric-specific resources are
available to support patients with OSA, PAP should be
considered along with other treatment options, as it is in
older children. Additional infant-specific PAP interfaces
and size-appropriate headgear are needed to provide
options to the smallest infants and those with
craniofacial differences like midface hypoplasia. Studies
comparing the efficacy of PAP with other treatments of
OSA in infants, like surgery and nasal cannula systems,
are needed, including prospective clinical trials assessing
impact on the consequences of OSA. In addition, future
qualitative research is needed to describe better the
family experience with both ventilators and CPAP
machines for OSA in infants and children. Finally, the
natural history of OSA in infants is poorly understood,
and studies assessing the optimal frequency for
reassessment of OSA severity and retitration of PAP in
infants are needed.
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