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Study Objectives: The objective of this study was to determine if positional therapy is a viable treatment alternative for obese children with persistent

obstructive sleep apnea (OSA).

Methods: A retrospective review was performed of children who underwent an adenotonsillectomy for OSA from 2014 to 2017. Children were included if
they had a body mass index = 95th percentile and underwent a postoperative polysomnogram. Subjects fell into one of three categories: mixed sleep (the presence
of = 30 minutes of both nonsupine and supine sleep), nonsupine sleep, and supine sleep. Cure was defined as an OSA/apnea-hypopnea index of < 1 events/h.
Paired t tests were used to assess the differences, and a linear model adjusting for obesity class, age at procedure, and sex was performed to assess the

differences between nonsupine and supine sleep.

Results: There were 154 children who met the inclusion criteria. Using a paired { test, supine sleep position had a significantly higher average OSA/apnea-
hypopnea index (7.9 events) compared with nonsupine (OSA/apnea-hypopnea index of 4.1); P value was < .01 for the 60 children with mixed sleep. Forty-three
children had predominantly nonsupine sleep and 33 predominantly supine sleep, and a McNemar's test comparing these children showed that those sleeping
in the nonsupine position were significantly more likely to be cured than those in the supine position (P <.001).

Conclusions: Sleep physicians and otolaryngologists should be cognizant of positional treatment when consulting with families and note that the postoperative
polysomnography may be inaccurate if it does not include supine sleep. Positional therapy as a potential treatment option for obese children with persistent OSA

after adenotonsillectomy warrants further investigation.
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BRIEF SUMMARY

however, positional therapy is infrequently recommended in children.

apnea after warrants further investigation.

Current Knowledge/Study Rationale: Obese children are more likely to have persistent obstructive sleep apnea after an adenotonsillectomy. The
primary treatment option is noninvasive ventilation, but adherence is suboptimal. For adults, positional therapy is an alternative to noninvasive ventilation;

Study Impact: In our investigation, obese children with persistent obstructive sleep apnea after an adenotonsillectomy have more severe obstructive
sleep apnea in the supine position, suggesting that positional therapy as a potential treatment option for obese children with persistent obstructive sleep

INTRODUCTION

Obstructive sleep apnea (OSA) affects 1%-3% of children' and
may produce significant cardiovascular and neurobehavioral
comorbidities.>* The American Academy of Pediatrics clinical
guideline on OSA recommends adenotonsillectomy (T&A) as
first-line therapy for OSA.* In the only randomized control trial
for T&A, about 80% of children were cured after surgery.’
Besides adenotonsillar hypotrophy, obesity is also a sig-
nificant risk factor. Obese children are at a higher risk of de-
veloping OSA and are less likely to be cured by T&A alone.*?
A 2009 meta-analysis reported that up to 88% of obese children
still have persistent OSA after a T&A.'® In the Childhood
Adenotonsillectomy Trial, which excluded patients with severe
obesity (z score > 3), surgical cure following a T&A for obese
children was achieved in only 67%.° For those who have
persistent OSA after T&A, continuous positive airway pressure
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(CPAP) is a treatment option. Unfortunately, compliance to
CPAP is low in the pediatric population.'"'?

For some patients with OSA, obstructive respiratory events occur
more frequently in the supine position rather than in the nonsupine
position. Positional obstructive sleep apnea (POSA) is characterized
by an apnea-hypopnea index that is at least twice as high in the
supine position compared with the nonsupine position.'* POSA is
present in about 53% of adult patients and in about 19% of
children; however, the prevalence of POSA in children after a
T&A is higher at 32%'*"'> Of note, although POSA does not
affect sleep architecture, it does have a significant effect on gas
exchange and breathing patterns in children.'®!”

Because T&A success is variable, positional therapy may be
another treatment option for children with persistent OSA."
Positional therapy aims to keep patients in the nonsupine position to
alleviate OSA symptoms that would occur in the supine position.'®
In adults, the sleep position trainer is a device that is worn around
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the chest and gives a gentle vibration when a patient is in the supine
position.'® The adult adherence rate for sleep position trainer use
is relatively high and is as effective as oral appliance therapy in
reducing the apnea-hypopnea index in POSA patients.?* %2

For children who struggle with CPAP compliance, positional
therapy could be beneficial; however, it is infrequently rec-
ommended in children compared with adults.?*** Recognizing
that POSA is common in adults and that positional therapy is a
treatment option, the objective of this study was to evaluate the
role positional therapy might play for obese children, who are
less likely to be cured after a T&A.

METHODS

The Colorado Multiple Institutional Review Board reviewed
and approved this research study (COMIRB no. 19-2031). Our
primary objective was to analyze patients with persistent OSA
to determine whether body position plays a significant role.

Study participants

Obese children who underwent T&A from 2014 to 2017 for
OSA at Children’s Hospital of Colorado were identified ret-
rospectively through an electronic medical record search.
Subjects were included if they were obese with a body mass
index (BMI) percentile > the 95th percentile. Our primary
analysis included children who had at least 30 minutes
of sleep in the both the nonsupine and supine position, that
is, the mixed sleep position. The secondary analysis in-
cluded children who had predominantly nonsupine sleep (ie,
< 30 minutes of supine sleep) and predominantly supine sleep
(ie, < 30 minutes of nonsupine sleep). Cure was defined as an
obstructive apnea-hypopnea index (OAHI) < 1 event/h. Indi-
vidual charts were reviewed to confirm inclusion criteria.
Children were excluded if they were not obese, had Down
syndrome, or had neuromuscular conditions.

Measures
For each patient, the following demographic information was
recorded: age, sex, race, ethnicity, date of surgery, indication for
surgery, height, weight, and obesity severity. Obesity was di-
vided into classes, with the BMI expressed as a percentage of the
95th percentile by sex and age: class 1, BMI 100%—120% of the
95th percentile; class 2, BMI > 120% to < 140% of the 95th
percentile; and class 3, BMI 2 140% of the 95th percentile.*
Polysomnogram (PSG) metrics collected include total sleep
time, time in stage R, mean asleep oxygen saturation, saturation
nadir, OAHI, and rapid eye movement (REM) OAHI. All
metrics were reported overall and for those with mixed sleep,
predominantly nonsupine (prone and lateral combined) sleep,
and predominantly supine sleep. PSGs were scored using the
American Academy of Sleep Medicine guidelines.®?” At our
institution, each study is performed with all-night video, and the
sleep technologists continuously monitor and mark body po-
sition changes on the PSG rather than relying on a position
sensor. After the acquisition, a scoring technologist scores and
reviews the study data, including the body position before the
PSG is interpreted.
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All data were stored in a secure REDCap (Research Electronic
Data Capture) database hosted at the University of Colorado
Anschutz Medical Campus.?® REDCap is a secure web-based
application designed to support data capture for research
studies, providing the following: (1) an intuitive interface for
validated data entry, (2) audit trails for tracking data manipu-
lation and export procedures, (3) automated export procedures
for seamless data downloads to common statistical packages,
and (4) procedures for importing data from external sources.

Data analysis

Demographic data and sleep characteristics were reported using
means with standard deviations for continuous variables and
frequencies and percentages for categorical variables. Paired
t-tests or McNemar’s tests were used to assess the differences
between supine and nonsupine sleep, depending on the dis-
tribution of the variables. Change in OAHI from supine to
nonsupine position was used as the outcome for a linear re-
gression model, adjusting for obesity status, age at procedure,
and sex. A P value of .05 was used for as a cutoff for significance.
All summaries and analyses were done using R (R Founda-
tion for Statistical Computing, Vienna, Austria. URL: https://
www.r-project.org/foundation).?’

RESULTS

A total of 154 children were identified who had a postoperative
PSG after T&A and a BMI > 95th percentile. Of those, 78
children had “mixed sleep” with at least 30 minutes each in the
supine and nonsupine sleep positions, 43 children had pre-
dominantly nonsupine sleep, and 33 had predominantly supine
sleep. Table 1 includes their demographic information. The
mean age was 9.4 years (SD + 3.9), 60% (n =92) were male, and
40% (n=62) were female. Forty-four percent (n = 67) of patients
were considered to have class 1 obesity, 30% (n = 46), class 2
obesity, and 26% (n = 41) class 3 obesity. Table 2 includes
patients’ PSG findings: total sleep time, asleep oxygenation,
REM OAH]I, and overall OAHI stratified by each sleep position.

For patients with mixed sleep, the mean age was 9.6 years
(SD £4.0),and 14 (18%) children were considered “cured” with
an overall OAHI < 1. Sixty-four patients (82%) had persistent
OSA after T&A. Figure 1 highlights the OAHI by supine and
nonsupine sleep. The supine position had a significantly higher
mean OAHI at 7.9 events/h as compared with nonsupine sleep,
with amean OAHI of 4.1 (P value =.004). For the mixed group,
no significant difference was found in the REM OAHI between
supine and nonsupine sleep. Overall, 32 children (50%) had
more severe OSA in the supine compared with the nonsupine
position. When analyzing supine or nonsupine OAHI rather
than overall OAHI, only one patient experienced a “cure”
(OAHI < 1) in the supine position compared with 19 patients
(30%) in the nonsupine position, which was significant
(P value < .0001). Twenty-nine children (48%) met the rigid
definition for POSA with an OAHI that was at least twice as high
in the supine position compared with the nonsupine position.
The overall OAHI for supine and nonsupine sleep was analyzed,
and adjusting for obesity level, age, and sex, no significant
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Table 1—Demographics stratified by sleep position.
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Demographic Characteristic 0= 154 =78 Nonsupine (n=43) | Supine (n = 3
Mean age at T&A (y) 9.4 (3.9) 9.6 (4.0) 9.2 (3.8) 9.1(3.8)
Child’s sex (female/male) 62 (40%)/92 (60%) 30 (38%)/48 (62%) 19 (44%)/24 (55%) 13 (30%)/20 (60%)
Obesity class
Class 1 67 (44%) 35 (45%) 21 (49%) 11 (33%)
Class 2 46 (30%) 24 (31%) 14 (33%) 8 (24%)
Class 3 41 (26%) 19 (24%) 8 (18%) 14 (43%)
Race
White 37 (24%) 17 (22%) 13 (30%) 7 (21%)
Hispanic 95 (62%) 47 (60%) 23 (54%) 25 (76%)
Black/African American 13 (8%) 6 (8%) 6 (14%) 1(3%)
Asian 2 (1%) 2 (2%) 0 (0%) 0 (0%)
Other 7 (5%) 6 (8%) 1 (2%) 0 (0%)

Age, sex, and race/ethnicity of our cohort stratified by mixed sleep, predominantly nonsupine sleep, and predominantly supine sleep. For obesity class,
class 1 = body mass index (BMI) 100-120% of the 95th percentile, class 2 = BMI > 120% to < 140% of the 95th percentile, and class 3 = >140% of the

95th percentile.

Table 2—Sleep characteristics.

Sleep Characteristic Overall Mixed Sleep Predo_minantly Pret.iominantly
(n = 154) (n=78) Nonsupine (n = 43) Supine (n = 33)
Sleep time < 90% SpO; (%) 1.2 (4.3) 1.4 (4.8) 0.55 (2.4) 1.7 (4.9)
SpO, nadir of TST (%) 84.6 (4.9) 83.7 (5.3) 85.3 (4.4) 85.9 (4.4)
Mean SpO, of TST (%) 95.4 (1.3) 95.5 (1.4) 95.5 (1.2) 95.3 (1.4)
Nonsupine Supine
TST (min) 421.7 (79.2) 189.1 (99.1) 220.5 (103.6) 433.3 (67.8) 427.9 (76.3)
Stage R sleep (%) 17.6 (5.5) 16.3 (6.1) 18.3 (5.7) 16.7 (5.2) 18.9 (5.9)
OAHI (events/h) 3.3 (4.9) 41 (5.5) 7.9 (12.1) 14 (2.3) 2.8 (3.1)
REM OAHI (events/h) 8.7 (12.5) 14.3 (15.0) 17.1 (17.0) 2.7 (3.2) 7.8(9.7)

REM = rapid eye movement. Total sleep time (TST), oxygen saturations (Sp0O,), and obstructive apnea-hypopnea index (OAHI) stratified by mixed sleep,

predominantly nonsupine sleep, and predominantly supine sleep.

difference was found in OAHI status when comparing age, sex,
and class 1 with higher levels of obesity (Table 3).

Figure 2 highlights the OAHI outcomes of children who slept
predominantly nonsupine compared with those who slept supine.
Twenty-seven children (63%) with nonsupine sleep were cured,
whereas only 15 children (45%) who had predominantly supine
sleep were cured. A McNemar’s test showed that those who sleep
in the nonsupine position are significantly more likely to be cured
than those who sleep in the supine position (P value < .001).
Table 2 shows that our cohort had about the same amount of
stage R sleep in both positions, and REM OAHI was signifi-
cantly higher in the predominantly supine group compared with
the predominantly nonsupine group (P value < .01).

DISCUSSION

Obese children are more likely to have persistent OSA 32103031

The primary treatment for these children is noninvasive ventilation;
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however, the compliance rate for children to these therapies is
low.'""'*3273% In addition, there is a risk of craniofacial changes
caused by the mask interface, depending on the child’s age.**
Besides weight reduction programs and noninvasive ventilation,
other management options for persistent OSA include oral ap-
pliances, medications, drug-induced sleep endoscopy, and revi-
sion surgery.?* Despite the comprehensive review of therapies
from Bluher et al., positional therapy is not listed as an option.

The incidence of persistent OSA after T&A is variable and
has been reported to be as high as 88%.'° The Childhood
Adenotonsillectomy Trial study’s rate of persistent OSA for
obese children was lower, but children with severe obesity
(BMI z score 3) were excluded. In our analysis, 82% of obese
children experienced persistent OSA; however, the cohort may
exhibita selection bias and is most likely an overestimate. Being
a retrospective study, it is unknown how many obese children
underwent T&A during the study period and did not have a
postoperative PSG, so there is no proper denominator. Fur-
thermore, the PSG practice patterns of providers are unknown.
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Figure 1—Obstructive apnea-hypopnea index (OAHI) category by supine and nonsupine position for the mixed sleep position group.
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The dark black line indicates the median, the X indicates the mean, and the circular data points indicate outlier values. Dashed lines have been placed to
indicate important clinical OAHI cutoffs (OAHI = 1, 5, 10). The supine position had a significantly higher mean OAHI at 7.9 events/h as compared nonsupine

sleep with a mean OAHI of 4.1, P value = .01.

Table 3—Difference between nonsupine obstructive apnea-
hypopnea index (AHI) and supine obstructive AHI (OAHI).

Predictors Estimates 95% Ig:::c:r NC€ | pvalue
Obesity class 1 vs 2/3 -.09 -2.40-2.22 941
Age at procedure -.22 -.52-.08 .160
Male 41 -1.95-2.77 734

Linear regression model for the nonsupine and supine obstructive apnea
hypopnea index (OAHI) adjusted for age at procedure, sex, and obesity
class. There is no significant difference in OAHI status when comparing
age, sex, or class 1 to higher levels of obesity.

Potentially, providers routinely request a postoperative PSG
only for severe OSA or persistent symptoms.

Recognizing that POSA is common in adults and that positional
therapy is a treatment option, we wondered what role positional
therapy might play for obese children, who are less likely to be cured
after a T&A. The original criteria for POSA was an apnea-
hypopnea index that is at least twice as high in the supine
position as in the nonsupine position."* More recently, some
studies include a minimum duration of time spent in supine sleep
before being diagnosed with POSA.'*! In our investigation, 48% of
the children with persistent OSA were diagnosed with POSA under
Cartwright’s definition of an OAHI at least twice as high in the
supine position compared with the nonsupine position. Verhelst
et al. published a prevalence of only 19% also using Cartwright’s
definition of POSA. In their investigation, they included children
with the following conditions: nonobese, obese, Down syndrome,

Journal of Clinical Sleep Medicine, Vol. 17, No. 2

surgically naive (no T&A), and those who had a previous T&A.
POSA was present in 32% (7/22) of the T&A cohort, of which
only 13 children were obese. The inclusion criteria required a child to
have moderate or severe OSA (OAHI > 5 events/h), in contrast to our
investigation, which included mild OSA (OAHI > 1 events/h).
Inclusion of children with mild OSA enables clinicians to be aware
ofhow positional status matters for any child with OSA. Overall, the
supine OAHI was significantly higher, with a mean value of 7.9
compared with a nonsupine mean OAHI of 4.1 events/h.

Because about 50% of our cohort did not have sufficient sleep
in both supine and nonsupine positions to be included in the
primary analysis, where each child served as his or her own
control, a secondary analysis comparing children with pre-
dominantly nonsupine to predominantly supine sleep was
performed. Of note, children who slept predominantly non-
supine were more likely to be cured (63% vs 45%). In addition,
patients were more likely to have a lower REM OAHI in pre-
dominantly nonsupine sleep. These findings suggest that body
position does matter after a T&A in obese children, and if a
child’s postoperative PSG has minimal supine sleep, one may
falsely assume that the T&A was curative.

The current study has a few limitations. The study was retro-
spective, the cohort was relatively small, and a disproportionate
number of the children were Hispanic. In addition, body position
documentation relies on the acquiring sleep technologist. Al-
though this documentation is reviewed by both the scoring
technologist and the interpreting physician, some of the docu-
mentation is potentially inaccurate; however, the technologist-to-
patient ratio is low (1.2:1), so the technologist is not overextended.
The strengths of the study are that by requiring an inclusion
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Figure 2—Patients in predominantly supine sleep and predominantly nonsupine sleep.
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The dark black line indicates the median, the X indicates the mean, and the circular data points indicate outlier values. Dashed lines have been placed to
indicate important clinical OAHI cutoffs (OAHI = 1, 5, 10). Those who sleep predominantly nonsupine are more likely to be cured than those who sleep

predominantly supine (P <.001). OAHI = obstructive apnea hypopnea index.

criterion for mixed sleep of at least 30 minutes of sleep in both
nonsupine and supine sleep, the risk of a sampling error in the
OAHTI s reduced and would occur only in the event of a few events
occurring during a short sleep period in a specific position. Also,
analyzing the data by obesity severity allowed us to better stratify
the potential benefits of positional therapy.

Although persistent OSA symptoms after T&A are often
treated with CPAP, compliance is suboptimal in the pediatric
population.'"'* Because most of our cohort had more severe
OSA in the supine position after a T&A, positional therapy may
be a viable treatment option. Positional therapy is infrequently
recommended in children compared with adults, but our results
demonstrate that further investigation of positional therapy as a
management option for persistent OSA is warranted.

CONCLUSIONS

Sleep physicians and otolaryngologists should be cognizant
of positional treatment when consulting with families and note
that the postoperative PSG may be inaccurate if it does not

Journal of Clinical Sleep Medicine, Vol. 17, No. 2

include supine sleep. Positional therapy as a potential treatment
option for obese children with persistent OSA after T&A
warrants further investigation.

ABBREVIATIONS

BMI, body mass index

CPAP, continuous positive airway pressure
OAHI, obstructive apnea-hypopnea index
OSA, obstructive sleep apnea

PSG, polysomnogram

POSA, positional obstructive sleep apnea
REM, rapid eye movement

T&A, adenotonsillectomy
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