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BACKGROUND: Obstructive sleep apnea (OSA) is diagnosed through polysomnography (PSG) test-

ing and commonly treated with positive airway pressure (PAP). The initial recommended treatment

for pediatric OSA is adenotonsillectomy, but when this is contraindicated or ineffective, PAP is the

next option. Children followed in our pediatric sleep disorders center who are diagnosed with OSA

and meet criteria for therapy are empirically prescribed a PAP device, usually auto-titrating PAP

(APAP), to avoid delays in therapy. Titration PSG is performed later to assess adequacy of settings.

The aims of this study were to determine how often PSG titration results in changes to empirically

prescribed PAP and to assess adherence to therapy before and after PSG titration. METHODS: A

retrospective medical records review was completed for children diagnosed with OSA, prescribed

PAP, and had a titration PSG within a 5-y consecutive period of 2008–2012. Demographic data, type

of device, pressure settings, and adherence downloads were reviewed. Adherence was assessed before

and after titration overall and compared for those who did and did not have therapy changes follow-

ing titration. RESULTS: The study included 121 participants. Median age at the time of the diag-

nostic PSG was 11 (interquartile range [IQR] 8–14) y. Most (106, 88%) were initially prescribed

APAP. Median length of time between initial and follow-up PSG was 6.4 (IQR 4.4–10.1) months.

The majority (94, 78%) had therapy changes following titration. Overall, adherence percentage > 4

h per night was not significantly increased post titration (P 5 .47). There were no statistically signif-

icant differences in adherence between those who had therapy changes and those who did not (P 5
.26). CONCLUSIONS: Titration studies resulted in therapy modifications for most children.

Adherence was not increased following the titration PSG. Changes in therapy did not result in

increased adherence. Titration PSGs may optimize empirically prescribed settings. Key words:
polysomnography; titration study; obstructive sleep apnea; pediatric; positive airway pressure; auto-
titrating positive airway pressure; continuous positive airway pressure; bi-level positive airway pres-
sure. [Respir Care 2022;67(4):464–470. © 2022 Daedalus Enterprises]

Introduction

Obstructive sleep apnea (OSA) is characterized by recur-

rent partial or complete upper-airway obstruction during

sleep, causing abnormal gas exchange and/or fragmented

sleep.1-3 The prevalence of pediatric OSA ranges from 1–

5%.2,3 Untreated OSA can lead to behavioral issues, cogni-

tive deficits, impaired growth, depression, decreased quality

of life, and severe complications including cardiovascular

effects.2,3 Diagnosis is made through clinical evaluation and

polysomnography (PSG) testing.1,3-5 Adenotonsillectomy is

the recommended initial treatment for OSA in children, but

when this is contraindicated or ineffective, the next option is

usually a positive airway pressure (PAP) device.1-3,6 This dif-

fers from adult OSA where PAP is considered the first

treatment.7

PAP can be administered either as fixed CPAP, auto-titrat-

ing PAP (APAP), or bi-level PAP (BPAP) therapy. APAP

devices employ algorithms to automatically adjust and titrate

the pressure within the defined range for events such as snor-

ing, apnea, hypopnea, and air flow limitation.8-9 APAP is

considered as effective as CPAP for treating OSA in

adults.10-15 Whereas commonly utilized for managing OSA

in children, APAP has not been as extensively studied as

compared to adults.4,16-21 PAP is an effective treatment for

OSA, but adherence to therapy is often inconsistent or poor

for both adults and children.22-25

Following diagnosis of OSA through PSG testing, chil-

dren followed in our practice who are candidates for PAP

are prescribed therapy, usually APAP, with empirical set-

tings. This approach is utilized to avoid treatment delays

due to the wait period for PSG scheduling in our lab. Most
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of these children are then enrolled in a multidisciplinary ad-

herence program created to assist with adjusting to the de-

vice and improving adherence to therapy.22 Mask fit is

determined by the sleep clinic respiratory therapist and

assessed at each follow-up visit. Adherence is evaluated at

each visit by analysis of device download reports. Once

children are considered desensitized to the equipment, a

follow-up PSG is performed to titrate and assess adequacy

of therapy settings.

Initiation of PAP therapy with empirical settings has

been utilized in adults with improvement in OSA symp-

toms.26 This approach may also assist with reducing delays

in starting treatment.8,16 The aim of this research study was

to assess how often pediatric PSG titration studies result in

changes to empirically prescribed PAP and the effect of

therapy changes on adherence.

Methods

The study was approved by the institutional review board

at the University of Arkansas for Medical Sciences. This

was a retrospective review of medical records in the Sleep

Disorders Center at Arkansas Children’s Hospital in Little

Rock, Arkansas. Inclusion criteria were children diagnosed

with OSA through initial PSG testing, prescribed PAP ther-

apy, and had a PSG titration study within a 5-y consecutive

period of 2008–2012. Children with a tracheostomy or de-

pendent on invasive mechanical ventilation were excluded.

The primary outcome was identification of therapy modifi-

cations following PSG titration. The secondary outcome

was adherence to therapy.

Collected data included demographics, body mass index

(BMI), comorbidities, diagnostic and follow-up PSG, apnea-

hypopnea index (AHI) and other sleep measures, type of de-

vice, PAP settings, and adherence. American Academy of

Sleep Medicine criteria were used to score all PSGs.27

Categorical data were expressed as a frequency and percent-

age. Summary statistics for continuous data were expressed

as either mean 6 SD or median and interquartile range

(IQR), depending on the distribution.

Adherence was obtained from the device download

report and included 2 measures: adherence > 4 h per night

and total adherence. Adherence > 4 h was the percentage

of nights therapy was used > 4 h a night.22 Total adherence

was reported as the percentage of all nights the device was

used for any amount of time.

Adherence comparisons before and after follow-up PSG

were evaluated for normality and equal variance. Subjects

with missing pre- or post-adherence data were excluded from

analysis. Initially, age was assessed as a covariate to deter-

mine if there was an association with adherence variables.

There was no statistically significant association between age

and adherence pre-to-post intervention.

Adherence at > 4 h was parametrically sound; therefore, a

paired t test was performed to determine if differences existed

from pre-to-post intervention. Data on total adherence was

too strongly skewed for parametric statistics, so a Wilcoxon

signed-rank test was performed to determine if before and af-

ter values differed. To assess whether the number of subjects

differed by type of device from pre-to-post intervention, a

chi-square test was conducted. Cohen d formula for a paired t
test was used to estimate the effect size for before and after

adherence findings. Statistical significance was set at P #
.05. Data analyses were conducted in SAS software, version

9.4 (SAS Institute, Cary, North Carolina).

Results

The study included 121 subjects of whom the majority

were male (77, 64%), white (68, 56%), and non-Hispanic
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(118, 97%). Refer to Table 1 for additional demographics.

Median age at the time of the diagnostic PSG was 11 (IQR

8–14) y. The median BMI was 32 (IQR 21–41) kg/m2.

Most subjects (111, 92%) had comorbidities in addition to

OSA, and several of those (89/111, 80%) had more than

one comorbid condition. The most common comorbidities

were obesity (74, 61%), allergic rhinitis and/or allergies

(28, 23%), and asthma (27, 22%). A small number of sub-

jects had behavioral health issues such as attention deficit

disorder (18, 15%) or depression (15, 12%). All comorbid-

ities are included in Table 2.

On the diagnostic PSG, the median AHI was 20.1 (IQR

11–34) events per h. Most had abnormal oxygenation and

normal ventilation. Table 3 includes additional PSG details.

The majority of children (106, 88%) was empirically pre-

scribed APAP (105 auto-titrating CPAP, 1 auto-titrating

BPAP). The remaining subjects (15, 12%) were prescribed

fixed-pressure therapy devices (10 CPAP, 5 BPAP). BPAP

was ordered rather than CPAP when there were issues with

elevated CO2. For those prescribed APAP, the mean mini-

mum and maximum pressures were 5 6 1 and 13 6 3 cm

H2O, respectively. The single auto-titrating BPAP device

settings were inspiratory PAP (IPAP) 10–16 cm H2O and ex-

piratory PAP (EPAP) 6–10 cm H2O. The mean fixed CPAP

pressure was 9.1 6 1.4 cm H2O. Mean fixed BPAP settings

were IPAP 136 3 cm H2O and EPAP 66 2 cm H2O.

After PAP initiation, 117 (97%) subjects attended at least

one clinic visit before the follow-up PSG. Adherence data

obtained from the last visit prior to the follow-up PSG were

reported for 113 (93%) subjects. The median adherence

percentage for > 4 h per night was 72% (IQR 42–86). The

median percentage of total nights used was 94% (IQR 78–

97). Few subjects (16, 13%) had therapy changes prior to

the follow-up PSG. Of those with modifications, most were

adjustment to settings (12/16, 75%; 10 change in auto range

settings, 2 fixed pressure increased), and the others were

changes in device type (4/16, 25%; 2 changed from CPAP

to APAP, 1 APAP to CPAP, 1 BPAP to CPAP).

The median length of time between the initial and follow-

up PSG was 6.4 (IQR 4.4–10.1) months. The majority of

children (94, 78%) had therapy changes following PSG titra-

tion. Most modifications were for change of device type (67,

55%), with many transitioning from APAP to CPAP (58,

48%). All other modifications were settings adjustments (27,

22%), primarily changes to the APAP range (20, 17%). The

addition of supplemental oxygen was required for one sub-

ject who also had a change in device type. Table 4 includes

additional information regarding specific device changes.

Most subjects were prescribed an APAP device after the

initial PSG. Following the titration PSG, the majority was

transitioned to fixed-pressure CPAP or BPAP devices (74,

Table 1. Demographic Characteristics

Demographic Subjects, n (%)

Sex

Female 44 (36)

Male 77 (64)

Race

Black 49 (40)

Latino/Hispanic 3 (3)

Multiracial 1 (1)

White 68 (56)

Ethnicity

Hispanic 3 (3)

Non-Hispanic 118 (97)

Table 2. Comorbidities

Comorbid Conditions Subjects, n (%)

Obesity 74 (61)

Allergic rhinitis/allergies 28 (23)

Asthma 27 (22)

Down syndrome 20 (17)

Attention deficit disorder 18 (15)

Depression 15 (12)

Gastroesophageal reflux 14 (12)

Seizure disorder 9 (7)

Hypertension 9 (7)

Developmental delay 8 (7)

Asperger syndrome 6 (5)

Cardiac diagnoses 5 (4)

Neuromuscular disease 4 (3)

Cerebral palsy 4 (3)

Prader-Willi 4 (3)

Diabetes 4 (3)

Hypothyroidism 4 (3)

Unspecified behavioral issue 4 (3)

Anxiety 3 (2)

Upper-airway anomalies 3 (2)

Obsessive-compulsive disorder 3 (2)

Spina bifida 2 (2)

Adjustment disorder 2 (2)

Unspecified eating disorder 2 (2)

Other (1 subject each)

Goldenhar syndrome

Bipolar disorder

Crouzon syndrome

Autism

Strabismus

Dysphagia

Brain tumor

Acanthosis nigricans

Chromosome VI deletion

Post-lung transplant

Post-traumatic stress disorder

Moyamoya disease

Scoliosis

Tuberous sclerosis

14 (12)
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61%; chi-square ¼ 61.9, P < .001). See Figure 1. Pressure

settings for all devices were similar after the follow-up

PSG. Table 5 presents the comparison of before and after ti-

tration settings.

A follow-up clinic appointment was attended by 107

(88%) subjects after PSG titration, and all had adherence

downloads. Median adherence > 4 h per night was 76%

(IQR 44–90), and total nights used was 93 % (IQR 75–97).

Before and after titration paired adherence data were avail-

able for 101 (83%) subjects. The differences before and af-

ter titration were not significant for adherence > 4 h (t ¼
0.72, P ¼ .48) but were for total adherence (M ¼ 18.5, P <
.001). The effect size was small; therefore, any differences

were not clinically important. Table 6 includes additional

details. There was no effect or association of subject age on

either adherence measure.

A subgroup analysis compared adherence in subjects

with and without therapy changes before and after titration.

Paired data were available for 81 (81/94, 86%) subjects

with therapy modifications and 20 (20/27, 74%) without

changes. There was no significant difference in adherence

> 4 h (t¼ 1.13, P¼ .26) or total nights used (t¼ 0.34, P¼
.73). See Table 7.

Discussion

In our practice, most children are prescribed an APAP

device with empirical settings for initial treatment of OSA.

We utilize this approach to avoid delays in treatment as

there is typically a 4–6 month wait for PSG scheduling in

our lab. Many are then followed in our Adherence Program

for desensitization prior to a follow-up PSG for titration.22

Some centers have indicated challenges with obtaining

PAP equipment prior to titration due to third-party payer

requirements. However, we have not encountered this

when the diagnostic PSG meets criteria for diagnosis of

OSA.

Follow-up titration studies resulted in both device

changes and settings adjustments for the majority of sub-

jects in our study. The most common modification was

transition from APAP to a fixed-pressure device, and there

were more children with fixed-pressure devices than APAP

after the titration PSG. A previous study that evaluated

Table 3. Diagnostic Polysomnography Results

Sleep Efficiency

Percentage

Median (IQR)

Arousal Index

Events per h

Median (IQR)

Abnormal

Oxygenation

n (%)

Lowest SpO2
%

Median (IQR)

% Sleep Time

SpO2
< 90%

Median (IQR)

Abnormal

Ventilation

n (%)

Highest ETCO2 mm

Hg Median (IQR)

% Recorded CO2

> 50 mm Hg

Median (IQR)

88.7 (81.1–85.0) 25.3 (15.2–40.6) 82 (68) 83 (76–89) 0.15 (0.01–2.30) 42 (35) 54 (50–58) 1.6 (0–14.2)

IQR ¼ interquartile range

ETCO2 ¼ end-tidal CO2

Table 4. Changes Post-Titration Polysomnography

Type of Change Subjects, n (%)

Change Device Type

APAP to fixed device

Auto CPAP to CPAP

APAP to BPAP

Auto BPAP to BPAP*

Fixed pressure to APAP

CPAP to APAP

BPAP to Auto BPAP

Change Auto Type

Auto CPAP to Auto BPAP

67 (55)

63 (52)

58 (48)

4 (3)

1 (< 1)

3 (2)

2 (2)

1 (< 1)

1 (< 1)

Settings adjustments

Auto range

Increase CPAP

Increase BPAP

27 (22)

20 (17)

5 (4)

2 (2)

*Addition of supplemental oxygen.

APAP ¼ auto-titrating PAP

BPAP ¼ bi-level positive airway pressure
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Fig. 1. The majority of children utilized APAP devices prior to poly-

somnography (PSG) titration but were changed to fixed-pressure
devices after the follow-up PSG. APAP ¼ auto-titrating positive air-

way pressure.
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variable versus fixed-pressure therapy in adults found no

differences in patient preference of device.28 Literature

regarding device preference in children was not available.

After titration, the last clinic note and adherence report

were evaluated along with follow-up PSG results. If the opti-

mum pressure determined by the study did not fall in the

range of APAP, or if the APAP pressure was too wide, then

pressures were changed. Pressure changes were especially

made if adherence was poor or if there were complaints about

the PAP device. Change to a fixed device occurred when the

90th percentile pressure on the adherence download varied

substantially from the optimum pressure determined on the

sleep study or when the range of optimum pressure for

different stages of sleep in different body positions was not

distinct. This was done mainly when adherence was poor or

there was no improvement in symptoms with PAP.

An evaluation of PSG titration in children requiring long-

term CPAP and BPAP identified frequent settings changes

following titration, and when changes were implemented,

there was improvement in symptoms.29 Most of the children

in that study had other underlying diagnoses besides OSA

such as neuromuscular disease or various syndromes.

Another evaluation of PSG titration found an association

between therapy changes and the length of time between

therapy initiation and titration.30 The authors concluded that

changes were more likely if there was a shorter time from

Table 6. Before and After Titration Adherence

Adherence Measure
Pre-Titration

Median (IQR)

Post-Titration

Median (IQR)
P Effect Size*

Percentage > 4 h per night 75 (44–56) 77 (47–91) .47 0.10

Percentage total all nights used 94 (82–97) 93 (75–97) < .001 0.15

*Based on a Cohen d for paired data.

IQR ¼ interquartile range

Table 7. Subgroup Adherence Comparison With and Without Therapy Changes

Adherence Measure

No-Change Group

Pre-Titration

n ¼ 20

Median (IQR)

No-Change Group

Post-Titration

n ¼ 20

Median (IQR)

Therapy Changes Group

Pre-Titration

n ¼ 81

Median (IQR)

Therapy Change Group

Post-Titration

n ¼ 81

Median (IQR)

Percentage > 4 h per night 60 (28–86) 68 (35–90) 75 (51–86) 77 (52–90)

Percentage total all nights used 91 (74–96) 91 (75–97) 95 (86–99) 93 (76–97)

IQR ¼ interquartile range

Table 5. Settings Comparison Before and After Titration Polysomnography

Device
Pre-Titration Settings

X 6 SD

Post-Titration Settings

X 6 SD

Auto-titrating CPAP Minimum 5 6 1 cm H2O

Maximum 13 6 3 cm H20

Minimum 5.3 6 1.4 cm H2O

Maximum 12.6 6 2.6 cm H20

Auto-titrating BPAP IPAP 10–16 cm H2O
*

EPAP 6–10 cm H2O
*

Minimum IPAP 9.0 6 1.4 cm H2O

Maximum IPAP 16.0 6 2.8 cm H2O

Minimum EPAP 3.0 6 1.4 cm H2O

Maximum EPAP 9.0 6 1.4 cm H2O

CPAP 9.1 6 1.4 cm H2O 9.8 6 2.2 cm H20

BPAP IPAP 13 6 3 cm H2O

EPAP 6 6 2 cm H20

IPAP 13.56 2.7 cm H2O

EPAP 8.6 6 3.0 cm H20

*Single device settings in lieu of X 6 SD.

BPAP ¼ bi-level positive airway pressure

IPAP ¼ inspiratory positive airway pressure

EPAP ¼ expiratory positive airway pressure
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the start of therapy to titration.30 Whereas a few pediatric

studies examined outcomes of titration studies, they did not

assess the impact of therapy changes on adherence.

Adherence rates in children have been described as rang-

ing from 30–60%.31 A systematic review of adherence

across age groups described factors including age, maternal

education, and mask style as affecting adherence in chil-

dren.24 A recently published study by Blinder and col-

leagues found that older children with less severe sleep-

disordered breathing were more apt to be non-adherent to

PAP.32 A study of PAP use in infants found comparable ad-

herence rates to that of school-age children.33 Hawkins et

al23 identified poor adherence in half the pediatric popula-

tion they studied and that females and those with develop-

mental delay were more likely to have good adherence to

therapy. Higher maternal education and increased caregiver

support have also been found to improve PAP adherence in

children.31,34 We found no effects or associations of age on

either adherence measure, but we did not evaluate the effect

of OSA severity, gender, or comorbidities on adherence.

PAP usage of at least 70% for > 4 h per night is consid-

ered adherent by many equipment providers and third-party

payers.22,23,32,35 However, total adherence provides informa-

tion on the number of nights device use was at least

attempted. Consequently, it is possible to utilize PAP on a

nightly basis and be considered non-adherent if use is < 4 h.

A retrospective study that compared differences in adherence

versus use in adults with OSA found that whereas 86% of

subjects regularly used PAP adherence was only 63%.35 Our

findings were similar in that median adherence > 4 h was

lower than total adherence, both before and after PSG

titration.

There were several limitations to our study. This was a ret-

rospective chart review, and we did not collect information

regarding the prescribed device brand or model, the type of

mask interface, clinical status, actual h of use per night from

the adherence report, or an explanation when adherence data

were missing. There were only 4 subjects who did not attend

a clinic visit prior to the follow-up PSG, and this was likely

due to a short time frame between the initial and titration

PSG. Several subjects were lost to follow-up after titration

and did not attend further clinic appointments. Additional

details surrounding the reasons for this were not within the

scope of the study.

Although many follow-up appointments were attended,

adherence data were not always reported. We speculate

those who attended clinic visits but did not have adherence

reported did not bring their equipment to the appointment.

Those who attended, brought equipment, but had not used

it were recorded as 0% adherence per the download report

and were included in the analyses. Additionally, there is not

a standard for device recorded data for the download from

the home machine, and device model was not collected.

Mask changes were also not evaluated, so it is unknown if

this had an effect on adherence.

Another limitation is the age of the study period, and

some of our practices have changed since that time.

Currently, therapy changes are often based on the APAP

adherence download prior to titration. Download reports

are also now more easily accessible with remote access

capabilities.

Despite the limitations, this study still provides relevant

information regarding PAP management and adherence in

children. The literature for pediatric use of APAP is limited.

We were unable to identify any similar studies for out-

comes of PSG titration following empirically prescribed

PAP therapy in children. Although, a recent study of APAP

in children found that pressures derived from the APAP de-

vice correlated with titration pressures,19 whereas a previ-

ous comparison identified differences.18

PSG titration likely has a role in optimizing empirically

prescribed PAP settings. Titration studies and therapy

changes did not increase PAP adherence in the children we

studied. Differences in adherence were not found for PAP

settings or type of device in other studies.23,24 Although

PSG titration may assist with enhancing therapy, more

research is necessary to determine the clinical implications

of titration and therapy changes on adherence.

Conclusions

PSG titration studies frequently resulted in modifications

to PAP therapy for the majority of children followed in our

pediatric sleep disorders clinic. Titration studies may assist

with optimization of PAP but do not seem to increase ad-

herence. Changes in device type or settings adjustments did

not have an impact on adherence. Further study is needed

regarding the association of adherence and PSG titration.
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