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Objectives/Hypothesis: Patients with Down syndrome have a high incidence of obstructive sleep apnea (OSA) and
limited treatment options. Hypoglossal stimulation has shown efficacy but has not yet been approved for pediatric populations.
Our objective is to characterize the therapy response of adolescent patients with down syndrome and severe OSA who under-
went hypoglossal stimulation.

Study Design: Prospective longitudinal trial.

Methods: We are conducting a multicenter single-arm trial of hypoglossal stimulation for adolescent patients with Down
syndrome and severe OSA. Interim analysis was performed to compare objective sleep and quality of life outcomes at
12 months postoperatively for the first 20 patients.

Results: The mean age was 15.5 and baseline AHI 24.2. Of the 20 patients, two patients (10.0%) had an AHI under 1.5 at
12 months; nine patients of 20 (45.0%) under five; and 15 patients of 20 (75.0%) under 10. The mean decrease in AHI was
15.1 (P < .001). Patients with postoperative AHI over five had an average baseline OSA-18 survey score of 3.5 with an average
improvement of 1.7 (P = .002); in addition, six of these patients had a relative decrease of apneas compared to hypopneas and
seven had an improvement in percentage of time with oxygen saturation below 90%.

Conclusions: Patients with persistently elevated AHI 12 months after hypoglossal implantation experienced improvement
in polysomnographic and quality of life outcomes. These results suggest the need for a closer look at physiologic markers for

success beyond reporting AHI as the gold standard.

Level of Evidence: 4
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INTRODUCTION

Children with Down syndrome have a high incidence
of obstructive sleep apnea (OSA), with as many as 80% of
patients with Down syndrome having OSA compared to
less than 5% of the general pediatric population.!
Untreated OSA can have serious and lifelong conse-
quences.? OSA contributes to worsened quality of life and
adverse cardiopulmonary findings.2* There is also some
evidence that untreated OSA impacts neurocognition in
children; children with Down syndrome and untreated
OSA, defined by a conservative cutoff of an apnea-
hypopnea index (AHI) greater than 1.5, had intelligence
quotient (IQ) scores nine points lower on average than chil-
dren with Down syndrome without OSA.® This finding sug-
gests the need for aggressive OSA management in this
population.

There are limited treatment options for OSA for chil-
dren with Down syndrome. Adenotonsillectomy is the
first line treatment, but residual disease is common after
surgical options have been exhausted.® Only 16% to 33%
of children with Down syndrome have resolution of OSA
after adenotonsillectomy alone.”® Many require subse-
quent continuous positive airway pressure (CPAP) sup-
port, which can be poorly tolerated due to coincident
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sensory integrative disorders.'®!’ Hypoglossal nerve

stimulation is a novel therapy that has shown efficacy in
treating adults with OSA, but the device has not been
approved by the Food and Drug Administration for the
pediatric population.’® ' We hypothesize that this ther-
apy can be beneficial for patients with Down syndrome
and OSA.

The efficacy and therapy response rates of hypoglossal
nerve stimulation in a pediatric population have not yet
been described. Prognostic factors like body-mass index
have been investigated in other settings, with some evi-
dence suggesting that lower body-mass index (BMI) is asso-
ciated with improved therapy response after sleep
surgery.'* 1% In adults, high BMI and complete concentric
palatal collapse on drug-induced sleep endoscopy have been
established as contraindications to hypoglossal nerve stim-
ulation, but the prognostic factors associated with therapy
response in pediatric population are unknown.

We are conducting an FDA-approved Phase 1 clinical
trial of hypoglossal nerve implants in adolescents with
Down syndrome who have persistent severe OSA after
adenotonsillectomy and are not able to tolerate CPAP.
We present the outcomes for the first 20 patients who
underwent hypoglossal nerve stimulation. The objective
of our study is to present planned interim results describ-
ing outcomes for therapy responders and non-responders
and evaluating the association between BMI percentile
and therapy response, in addition to exploring other prog-
nostic characteristics.

MATERIALS AND METHODS
Study Design

We are conducting a Phase 1 single-arm multi-center clini-
cal trial of the safety and efficacy of hypoglossal nerve stimula-
tion in adolescent patients with Down syndrome and severe
OSA. Patients were identified as candidates by participating
physicians in institutional otolaryngology, sleep, and Down syn-
drome clinics. Verbal assent was obtained from all patients with
Down syndrome, and written consent obtained from both par-
ents/legal guardians and from patients with Down syndrome
18 years of age or older. Age, gender, and BMI percentile
(adjusted for age and gender) were measured at baseline. If
patient did not have a polysomnogram (PSG) in the last
6 months, they underwent a baseline PSG to confirm eligibility.
Eligible patients then underwent a drug-induced sleep endoscopy
(DISE) under sedation with propofol and/or dexmedetomidine.
The velum, oropharynx, tongue base, epiglottis (VOTE) classifica-
tion scheme was used to score the DISE exam and patients were
excluded if they had circumferential palatal collapse.'®

Patients with Down syndrome were included if they were
between 10 and 21 years old, were English-speaking, and had
persistent severe OSA. Persistent severe OSA was defined as
AHI >10 after adenotonsillectomy and either inability to tolerate
CPAP or dependence on a tracheotomy at night. Patients were
excluded if they had a central apnea contribution over 25%, BMI
over 95th percentile, a medical condition that would require
future need for magnetic resonance imaging, DISE consistent
with circumferential palatal collapse, or AHI >50. Sensory inte-
grative disorders were not an exclusion criteria.

Study patients meeting inclusion criteria then underwent
hypoglossal nerve stimulator implantation using standard tech-
niques. One month after implantation, the nerve stimulators
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were activated in clinic then turned off. That evening, patients
underwent titration of their devices during an overnight PSG,
after which they were discharged to use the therapy nightly.
Follow-up titration PSGs were performed at 2, 6, and 12 months.
PSGs were scored using American Academy of Sleep pediatric
standards.'” The majority of sleep centers reported percentage of
time with oxygen saturation below 90%, but the studies for five
of the patients reported percentage of time with oxygen satura-
tion below 88%; these were combined for the purposes of data
analysis. 12-month postoperative outcomes were measured at
goal voltage titration.

Subjective caregiver-reported outcomes were obtained at
baseline, 2, 6, and 12 months. The two surveys administered
were the OSA-18 and the Epworth Sleepiness Scale (ESS). The
OSA-18 is a validated quality of life survey for OSA that includes
questions in five domains (sleep disorders, physical distress,
emotional distress, diurnal problems, and caretaker occupa-
tion).’® The survey also has an additional question asking care-
givers to rate their child’s quality of life on a scale of 0 to
10 where higher scores correspond to better quality of life. The
OSA-18 survey score was calculated as the mean of the domain
questions, excluding surveys where less than half of the ques-
tions were completed. The change in survey score was calculated
by subtracting the follow-up from baseline survey score in order
to quantify the effect of the change.!® The change in survey score
ranged from —6 to 6 where a change <0.5 indicates a trivial
change; 0.5 to 0.9 a small change; 1.0 to 1.4 a moderate change;
and > 1.5 a large change. The total OSA-18 score was calculated
as the sum of all domain questions for surveys without any miss-
ing questions. The total score ranges from 18 to 126 where a total
score <60 indicates a small impact on quality of life; 60 to 80 indi-
cates a moderate impact; and >80 indicates a large impact. The
ESS is a validated survey of daytime sleepiness.?® The ESS is
scored as the sum of all items with scores ranging from 0 to
24 and higher scores indicating worse symptoms. Two patients
did not complete the OSA-18 at 12 months and one patient did
not complete the ESS at 12 months.

Patients were recruited from three academic centers with
one surgeon performing the surgery at each site. The study was
approved by the institutional review boards at each institution,
as well as by the United States Food and Drug Administration
(FDA), which issued an investigational device exemption (IDE)
with a target enrollment of 42 patients to demonstrate device
safety. Prior to this report, 37 patients were screened, of which
seven were ineligible (one due to age, two due to BMI percentile,
three due to PSG findings, and one due to DISE findings) and
10 declined. Planned interim analysis was performed for the first
20 consecutive patients implanted between April 2015 and
August 2018.

Data Analysis

The pre-specified primary outcome was change in AHI. Pre-
specified secondary outcomes were OSA-18 and ESS scores,
obstructive AHI, hypopnea proportion, and oxygen saturation.
“Therapy responders” were defined as having AHI <5 after goal
titration of the hypoglossal nerve stimulator. This threshold was
identified because CPAP therapy would need to be continued in
pediatric patients with moderate OSA (AHI > 5). The 12-month
postoperative outcomes were measured at goal voltage titration.

Paired t-tests were used to compare baseline and 12-month
post-operative normally distributed variables. Sign tests were
used for data that did not appear normally distributed or sym-
metric. The Shapiro—Wilk test was used to test normality. The
chi-square test was used to compare therapy response rates for
patients with high BMI percentile (85th percentile or higher
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based on age and gender). To compare characteristics of therapy
responders to non-responders, t-tests were used for normally dis-
tributed variables and Wilcoxon tests for variables that were not
normally distributed. A significance level of 0.05 was used for all
tests.

RESULTS

Overall Outcomes

Patient demographics for the first 20 patients who
completed the study are described in Table I. The major-
ity of patients were female (65%) with a mean age of 15.5
and a mean BMI percentile of 73.5%. The mean baseline
AHI was 24.2 with standard deviation (SD) 8.2, and the
mean 12-month AHI was 9.1 (mean change: —15.1; SD
12.5; P < .0001). All patients tolerated implantation well,
and there were no serious complications.

For the overall group of 20 patients, there were sig-
nificant improvements in subjective outcomes (Fig. 1).
The mean average baseline OSA-18 survey score was 3.5
(SD 1.3), and the mean 12-month post-operative OSA-18
score was 1.7 (SD 0.7). The mean change in OSA-18 was
—1.9 (SD 1.3, P <.0001). There were significant improve-
ments in all the OSA-18 domains except for emotional
distress (Table II). At baseline, the mean ESS was 8.9
(SD 6.5) and eight patients (42.1%) had abnormally ele-
vated ESS scores above 10. In comparison, the mean
12-month post-operative ESS was 5.4 (SD 5.3). In addi-
tion, there was a significant decrease in abnormal ESS
scores with three patients (15.8%) who had ESS scores
above 10 at 12 months (P = .027). The mean change was
-3.3 (SD 4.3; P = .004). Lower scores on the OSA-18 sur-
vey and total scores and the ESS reflect better quality of
life and less symptoms.

Therapy Response

Of the 20 patients, two patients (10.0%) did not expe-
rience a decrease in AHI and 15 patients (75%) had a
50% or greater decrease in AHI 12 months after surgery
when at the goal titration for hypoglossal nerve stimula-
tion (Fig. 1). There were nine patients (45.0%) who were
“therapy responders” (12-month post-operative AHI

TABLE I.
Patient Demographics (n = 20).

Characteristic Frequency (n = 20)
Gender
Male 7 (35%)
Female 13 (65%)
Age
10-12 3 (15%)
13-17 12 (60%)
18-21 5 (25%)
BMI Percentile
Normal (<85th percentile) 9 (45%)
Overweight (>85th percentile) 11 (55%)
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Fig. 1. Postoperative change in a) apnea-hypopnea index (AHI) b)
OSA-18 survey scores c) Epworth Sleepiness (ESS) scores.

under 5). Two (10.0%) out of 20 patients had a 12-month
post-operative AHI under 1.5, and 15 patients (75.0%)
had 12-month post-operative AHI under 10.
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TABLE II.
OSA-18 Survey Outcomes in All Patients, n = 20.

Characteristic Baseline (SD) 12-Month (SD) Change (SD) P Value
Survey score 3.5(1.3 1.7 (0.7) -1.9(1.3) <.0001
Total score 68.6 (20.9) 30.2 (8.8) —42.8 (20.0) <.0001
Domain average scores
Sleep disorders 4.6 (1.7) 1.9 (1.0) -2.8(1.6) <.0001
Physical distress 2.4 (1.3 1.7 (0.7) -0.8 (1.3) .02
Emotional distress 2.8(1.7) 1.8 (0.8) -1.0(1.7) .06
Diurnal problems 3.7 (1.4) 2.2 (1.0 -1.7(1.3) <.0001
Caretaker preoccupation 3.9(1.7) 1.5(0.7) -2.6 (1.7) <.0001
Overall quality of life” 4.7 (1.8) 8.1 (1.3 +3.3(1.7) <.0001

“"Scored on a scale of 0 to 10 where higher scores correspond to better quality of life.

There were 11 patients (55.0%) with BMI in the 85th
percentile or greater. Of these 11 patients, five patients
(45.5%) responded to therapy, compared to 44.4% of
patients with BMI under the 85th percentile (P = .96).
There were also not significant differences between
therapy responders and non-responders in gender, age,
baseline polysomnographic features, or baseline caregiver-
reported scores (Table III).

Outcomes in Therapy Non-responders

Among the 11 patients who had persistent AHI of
five or greater, improvements were noted in other
domains. With regard to subjective outcomes, the therapy
non-responders had an average baseline OSA-18 survey
score of 3.5 (SD 1.1) with an average change of —1.7 (SD
1.4; P = .002). Similarly, the average total OSA-18 score

at baseline was 70.7 (SD 13.4) with an average change in
total OSA-18 score of —38.5 (P = .005). There were signifi-
cant improvements in the OSA-18 domains of sleep disor-
ders, diurnal problems, and caretaker preoccupation in
the therapy non-responders (Table IV). The average
change in ESS was —2.1 (SD 3.3; P = .074). One of the
two patients with ESS over 10 in this group had normali-
zation of ESS.

With regard to PSG findings in the 11 therapy non-
responders, 6 patients (54.5%) had a relative decrease of
apneas compared to hypopneas, and one patient (9.1%)
started with apnea-dominant OSA at baseline that
became hypopnea-dominant OSA after implantation. In
non-responders, the baseline proportion of hypopnea
events out of total respiratory events was 70.7%
(SD 25.3%) compared to 80.9% at 12 months (SD
15.0%; P = .27).

TABLE Il

Baseline Characteristics of Therapy Responders (12-month Post-operative AHI <5, n = 9) Compared to Therapy Non-responders (12-month
Post-operative AHI >5, n = 11).

Therapy Responders,

Therapy Non-responders,

Characteristic =9 (95% ClI) n=11(95% Cl) P Value
Male gender 66.7% (28.2-100%) 63.6% (29.7-97.5%) .895
Age 15.2 (12.5-17.9) 15.6 (13.6-17.7) 785
Body-mass index percentile 78.7% (61.8-95.5%) 69.2% (46.0-92.3%) 964
Baseline caregiver-reported scores
Epworth sleepiness Scale 10.3 (4.5-16.2) 7.6 (4.0-11.3) .387
OSA-18 survey Score 3.4 (2.2-4.5) 3.5(2.8-4.3) .800
Baseline polysomnogram
AHI 26.8 (22.0-31.7) 22.1(18.9-28.3) .188
Obstructive AHI 24.2 (19.0-29.3) 19.9 (13.9-25.9) .256
Central apnea index 6 (0.7-4.6) 2 (1.2-3.2) .651
Hypopnea proportion” 67.0% (47.2-86.9%) 70.7% (53.8-87.7%) .655
Supine AHI* 37.6 (12.2-63.0) 23.4 (13.0-33.8) 231
Percentage of time Sp0O2 < 90%" 0.5% (0-1.3%) 5.5% (0-13.7%) .235
Sleep efficiency 80.3% (72.1-88.5%) 67.3% (56.4-78.2%) .055
REM percentage 12.2% (6.7-8.7%) 13.6% (8.3-19.0%) 672

AHI = apnea-hypopnea index; OSA-18 = Obstructive Sleep Apnea-18; REM = rapid eye movement; SpO2 = oxygen saturation.

“Missing for 1 patient.
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TABLE IV.
Outcomes in Therapy Non-responders, n = 11 (12-month Post-operative AHI >5).

Characteristic Baseline (SD) 12-Month (SD) Change (SD) P Value
Parent-reported outcomes
OSA-18
Survey score 3.5(1.1) 1.8 (0.9) -1.7(1.4) .002
Total score 70.7 (13.4) 31.5(9.5) —38.5 (20.1) .005
Domain average scores
Sleep disorders .6 (1.4) 2.1 (0.9 -2.5(1.4) .0003
Physical distress .1(0.9) 1.9 (0.8) -0.2 (0.8) .46
Emotional distress .2 (1.8) 1.8 (1.0) -1.2(1.9) .07
Diurnal problems .6 (1.1) 2.3(1.0 -1.3(1.4) .02
Caretaker 2 (1.7) 1.6 (0.8) -2.6 (2.0) .003
Preoccupation
Overall quality of Life" .8) .6) +3.5(1.7) .0001
Epworth sleepiness score mean score 4) 2) -2.1(3.3) .07
Polysomnographic outcomes
Respiratory events
AHI 22.1(9.2) 13.8 (16.0) -8.2 (12.4) .05
Obstructive AHI 19.9 8.9) 12.4 (15.2) -7.5(12.1) .07
Central apnea index 2(1.5) 5(1.5) -0.65 (2.1) .32
Hypopnea proportion 70.7% (25.3%) 80.9% (15.0%) 10.2% (28.9%) 27
Supine AHI 23.4 (15.5) 17.8 (18.6) -5.6 (14.1) 22
Oxygenation
Percentage of time 5.5% (12.2%) 0.84% (2.8%) —-4.7% (12.8%) 11
Sp02 < 90%
SpO2 Nadir 85.2% (6.1%) 87.6% (5.2%) +2.4% (5.3%) .05
Baseline SpO2 96.4% (1.5%) 95.0% (1.5%) -1.3% (1.5%) .01
Sleep fragmentation
Sleep efficiency 67.3% (16.2%) 69.2% (19.9%) +1.9% (23.7%) .80
Stage N1 percentage 7.8% (8.7%) 4.6% (5.0%) -3.2% (7.4%) .07
REM percentage 13.6% (8.0%) 12.6% (0.1%) -1.0% (10.3%) 75

AHI = apnea-hypopnea index; SD = standard deviation; REM = rapid eye movement; SpO2 = oxygen saturation.
*Scored on a scale of 0 to 10 where higher scores correspond to better quality of life.

Three of the patients with persistent AHI of five or
greater did not have baseline oxygen saturation below
90%. Of the remaining eight patients, seven of them
(87.5%) had a decrease in the percentage of time with
oxygen saturation below 90%. The mean baseline change
in percentage of time with oxygen saturation below 90%
was —4.7% (P = .11). These results were not changed
when excluding sleep studies performed at sleep labs that
report percentage of time with oxygen saturation below
88% instead of below 90%. Other PSG findings are
described in Table IV.

DISCUSSION

In this interim analysis of the outcomes after hypo-
glossal nerve stimulation for adolescents with Down syn-
drome and severe persistent OSA, we found overall high
rates of AHI improvement for 20 patients. At 12 months
after surgery, 15 patients (75%) had at least a 50%
decrease in AHI. However, 55% of patients still had
12-month post-operative AHI of 5 or greater. In a small
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study of three adult patients with severe OSA and Down
syndrome, all patients experienced substantial reductions
in AHI even though titrated AHI continued to be >5 in
two of these patients.?! In comparison, two large studies
in the general adult population have reported therapy
response rates of 63% to 69%.1% 22

Studies have identified different predictors of OSA
treatment response after tonsillectomy in children. Fac-
tors like BMI, baseline AHI, race, and age have been
identified as prognostic indicators of treatment success
after tonsillectomy.> 1% 2% 24 For instance, in the Child-
hood Adenotonsillectomy Trial, 464 children were ran-
domized to adenotonsillectomy or watchful waiting for
OSA. Black race, obesity, and higher baseline AHI were
all poor prognostic indicators for polysomnographic nor-
malization after tonsillectomy.'*

It is unclear whether these are also important fac-
tors for hypoglossal nerve stimulation. In a study of
71 adults who underwent hypoglossal nerve stimulation,
lower oxygen desaturation index was associated with
improved treatment response.?? Another study identified
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female gender as predictive of greater improvement in
AHI'® There have been mixed results regarding the
effect of BMI on therapy response.'® 1% 2 We did not find
any significant association between age, gender, BMI per-
centile, baseline polysomnographic features, or baseline
quality of life scores and pediatric hypoglossal stimula-
tion therapy response. To our knowledge, there is no
other data about treatment response rates after pediatric
hypoglossal nerve implantation.

Our findings raise the question of how best to define
success after OSA treatment. AHI is the most commonly
used measure of OSA severity and therapy response. The
advantages of AHI include universal reporting, ease of
comparison, responsiveness to treatment, and correlation
with cardiovascular and other health end points. Yet
some criticize AHI as a uni-dimensional and crude met-
ric.28 One limitation of AHI is that it places equal empha-
sis on apnea and hypopnea events. In our study, 54.5% of
patients who had 12-month post-operative AHI of five or
greater had a favorable decrease in apneas relative to
hypopneas, and a decrease in complete breathing cessa-
tion may still be beneficial.

Another concern is that AHI may not adequately
capture the outcomes that are of importance to patients,
such as quality of life scores and neurobehavioral out-
comes. Some have found a poor correlation between AHI
and subjective quality of life scores.?” 2% For instance, in
the Childhood Adenotonsillectomy Trial, ESS score
improved more after adenotonsillectomy than in the con-
trol arm, and reported sleepiness was only weakly associ-
ated with improvement in AHI.?®

One of the challenges is that there is not a consistent
definition for therapy response. We used a threshold of
AHI >5 since CPAP is typically recommended in pediatric
patients with moderate or severe OSA, and we found that
55% of patients still had AHI of 5 or greater 12 months
after surgery. However, there was a high baseline AHI of
24.2, and all but three patients had a decrease in AHI of
five or greater 12 months postoperatively. Excluding
those three patients, there was a mean decrease in AHI
of 19.0, representing substantial improvements even
though a majority of the patients were not fully cured.

As AHI is a single value that may not capture the
physiologic complexity of the disease, other outcomes
should also be considered in defining successful treat-
ment. These include other polysomnographic features of
improved sleep, such as oxygenation and sleep fragmen-
tation, as well as patient-reported outcomes and
neurobehavioral outcomes. In our study, we found
improvements in OSA-18 even in our therapy non-
responders. ESS scores also improved, even though pedi-
atric OSA is often associated with hyperactivity more
than daytime sleepiness. Our next steps include an inves-
tigation into expressive language and neurocognitive out-
comes, which are other domains that are important to
patients and their families. Sleep-disordered breathing is
associated with worse neurobehavioral morbidity in chil-
dren without Down syndrome, with improvements after
treatment like adenotonsillectomy but weak association
with change in AHI.'* 29731 Breslin et al. also found that
children with Down syndrome and OSA had an average
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1Q 9 points lower compared to children with Down syn-
drome without OSA.? Such other domains may not corre-
late with AHI but are nevertheless important to patients,
and a multidisciplinary approach is needed to consider
these outcomes holistically in forming patient-centered
treatment plans.

These data must be interpreted in the context of the
study design. Our results represent planned interim anal-
ysis, which can provide a preliminary report of safety and
efficacy but should be considered in the framework of the
larger study. Given the small number of patients, there is
limited power with regard to comparing outcomes for
therapy responders and non-responders. In the interpre-
tation of our results, it is also important to differentiate
between a statistically significant and a clinically signifi-
cant result by taking into consideration the magnitude of
the effect. In particular, there was a significant difference
in the mean oxygenation, but the magnitude of the differ-
ence was only 1.3% and both the baseline and follow-up
values were in the normal range. There was also some
site variation in the sleep study reports from different
sites, particularly with regard to percentage of time with
oxygen saturation below 88% versus 90%; results were
unchanged when excluding sites that reported oxygen
saturation below 88%. An additional consideration is that
some of the patients were young adults over 21 years old,
and there are different scoring criteria for adolescents
compared to young adults. Only three of the patients
were over 21 years old, so all patients were assessed
using the same criteria in order to maintain consistency
across the study. Sensory integrative disorders were not
in the exclusion criteria but no children with autism were
implanted, so the results may not be generalizable to that
population. Another limitation is the absence of a control
arm consisting of patients who did not undergo surgery,
though spontaneous resolution of OSA would be less
likely to occur in an adolescent population with severe
disease.?>3* At the trial completion, we plan to investi-
gate neurobehavioral outcomes for a subset of patients as
well as analyze additional characteristics like VOTE clas-
sification for the final sample of 42 patients. Pending
FDA approval of hypoglossal stimulation in a pediatric
population, future plans would also include a controlled
trial comparing outcomes in children who did and did not
receive the intervention.

CONCLUSIONS

In conclusion, hypoglossal nerve stimulation was
able to be safely performed for 20 adolescents with Down
syndrome with high efficacy rates. Patients with persis-
tently elevated AHI at 12 months after surgery still expe-
rienced improvement in caregiver-reported outcomes.
These results suggest the need for a closer look at multi-
faceted markers for success other than simply reporting
AHI values as the gold standard.
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