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INTRODUCTION
Hypoglossal nerve stimulation (HGS) is a safe and

effective intervention to treat obstructive sleep apnea
(OSA) among typically developing individuals.1,2 Effective
management of OSA has demonstrated improvements in
neurocognitive and behavioral functioning in neurotypical
children.3–6

Children with Down syndrome (DS) have a high
incidence of OSA, with approximately 80% diagnosed com-
pared to <5% in the general pediatric population.7 Residual
OSA after adenotonsillectomy is common and minimally
invasive therapy (continuous positive airway pressure
[cPAP]) can have limited effectiveness in this population

due to reduced tolerability.8 When untreated, residual OSA
in children with DS can affect their neurocognitive abilities,
with one study documenting a lower verbal IQ by approxi-
mately nine points.9

HGS is currently being investigated at Massachu-
setts Eye and Ear Infirmary (NCT0234418) to assess
safety, OSA severity reduction, and sleep quality among
children and adolescents with DS. Preliminary results
indicate that it is a safe and effective intervention.10,11

Prior anecdotal reports by parents of participants in this
clinical trial have described neurocognitive and behav-
ioral improvements and have raised inquiry about the
potential of HGS to improve these aspects of functioning.

Fig. 1. Results from mean neurocognitive and behavior measures (N = 9), where higher standard scores indicate or reflect better performance.

From the Department of Psychiatry (J.A.G., M.B.P.), Massachusetts General Hospital, Boston, Massachusetts, U.S.A.; Harvard Medical School (J.A.G., C.
J.H., B.G.S., P.K.Y., M.B.P.), Boston, Massachusetts, U.S.A.; Department of Otolaryngology (C.J.H., P.K.Y., M.B.P.), Massachusetts Eye and Ear Infirmary, Boston,
Massachusetts, U.S.A.; and the Down Syndrome Program, Division of Medical Genetics and Metabolism, Department of Pediatrics (B.G.S.), Massachusetts
General Hospital, Boston, Massachusetts, U.S.A.

Editor’s Note: This Manuscript was accepted for publication on July 27, 2021.
This work was funded by LuMind IDSC Down Syndrome Foundation.
Dr. Skotko occasionally consults on the topic of Down syndrome through Gerson Lehrman Group. He receives remuneration from Down syndrome

nonprofit organizations for speaking engagements and associated travel expenses. Within the past 2 years, he has received research funding from
F. Hoffmann-La Roche, Inc. and LuMind IDSC Down Syndrome Foundation to conduct clinical trials for people with Down syndrome. Dr. Skotko is occa-
sionally asked to serve as an expert witness for legal cases where Down syndrome is discussed. Dr. Skotko serves in a nonpaid capacity on the Honorary
Board of Directors for the Massachusetts Down Syndrome Congress and the Professional Advisory Committee for the National Center for Prenatal and
Postnatal Down Syndrome Resources. Dr. Skotko has a sister with Down syndrome. Dr. Pulsifer serves in a nonpaid capacity on the Board of Directors for
the Massachusetts Down Syndrome Congress.

Send correspondence to Julie A. Grieco, PsyD, MGH Psychology Assessment Center, One Bowdoin Square, 7th Floor, Boston, MA 02114.
E-mail: jagrieco@partners.org

DOI: 10.1002/lary.29808

Laryngoscope 131: December 2021 Grieco et al.: Neurocognition Post Hypoglossal Stimulation

2830

The Laryngoscope
© 2021 The American Laryngological,
Rhinological and Otological Society, Inc.

mailto:jagrieco@partners.org
http://crossmark.crossref.org/dialog/?doi=10.1002%2Flary.29808&domain=pdf&date_stamp=2021-08-07


TA
B
LE

I.
In
d
iv
id
ua

lP
ar
tic

ip
an

t
D
em

og
ra
p
hi
c,

A
nt
hr
op

om
or
p
hi
c,

S
le
ep

,a
nd

N
eu

ro
co

gn
iti
ve

D
at
a
(N

=
9)
.

P
ar
tic

ip
an

t

D
em

og
ra
p
hi
c,

A
nt
hr
op

om
or
p
hi
c,

an
d
S
le
ep

D
at
a

N
eu

ro
co

gn
iti
ve

D
at
a

A
ge

at
B
as

el
in
e

G
en

d
er

H
ei
gh

t
(m

)
W
ei
gh

t
(k
g)

S
le
ep

E
ffi
ci
en

cy
(%

)

%
S
le
ep

Ti
m
e

w
ith

S
p
O
2

<
90

%
M
in
im

um
S
p
O
2
(%

)

A
p
ne

a-
H
yp

op
ne

a
In
d
ex

In
te
lli
ge

nc
e*

A
d
ap

tiv
e†

E
xp

re
ss
iv
e

V
oc

ab
ul
ar
y‡

C
om

m
un

ic
at
io
n§

W
or
ki
ng

M
em

or
yk

A
tt
en

tio
n

R
eg

ul
at
io
n¶

P
ro
ce

ss
in
g

S
p
ee

d
#

Q
ua

lit
y

of
Li
fe

**

B
L

B
L

B
L

B
L

B
L

B
L

FU
B
L

FU
B
L

FU
B
L

FU
B
L

FU
B
L

FU
B
L

FU
B
L

FU
B
L

FU

1
14

.1
F

1.
32

35
.2

96
.3

0.
10

86
22

16
.2

45
54

57
59

60
61

50
55

55
55

80
12

7
55

65
33

38

2
10

.2
M

1.
37

46
.5

60
.3

0.
97

82
17

.4
21

.2
52

57
72

73
66

71
74

74
55

55
98

84
55

55
10

4
11

2

3
19

.1
M

1.
56

54
.3

93
.9

0.
02

90
10

2.
6

45
45

63
69

54
54

53
70

55
55

10
7

85
55

70
10

5
10

8

4
17

.4
F

1.
38

60
.7

73
.4

1.
83

81
48

.5
30

.9
45

45
64

69
54

54
55

70
55

55
82

11
2

55
70

57
83

5
21

.1
M

1.
67

73
.9

84
.4

0.
10

82
31

20
.5

59
53

63
85

54
54

57
89

55
55

91
10

2
55

60
82

10
0

6
13

.6
F

1.
49

61
.1

90
.0

0.
45

81
10

.6
5.
7

57
59

69
71

63
66

71
71

55
55

55
12

6
80

70
30

66

7
14

.1
M

1.
51

59
.2

80
.2

2.
20

83
23

.8
8.
2

54
54

74
75

56
60

72
79

55
65

10
4

10
0

65
55

91
79

8
12

.0
F

1.
41

36
.8

83
.5

0.
06

89
18

.7
2.
1

52
62

65
77

54
54

65
77

55
60

56
12

0
55

55
53

86

9
15

.8
M

1.
55

73
.9

64
.6

3.
68

81
34

.8
10

.9
49

45
81

80
54

54
72

81
55

55
92

10
0

55
55

86
10

5

A
H
I=

ap
ne

a-
hy

p
op

ne
a
in
d
ex

;B
L
=

b
as

el
in
e;

F
=

fe
m
al
e;

FU
=

fo
llo

w
-u
p
;k

g
=

ki
lo
gr
am

s;
m

=
m
et
er
s;

M
=

m
al
e;

S
p
O
2
=

ox
yg

en
sa

tu
ra
tio

n.
Fo

r
al
ln

eu
ro
co

gn
iti
ve

m
ea

su
re
s,

sc
or
es

ar
e
re
p
or
te
d
as

st
an

d
ar
d
sc

or
es

(m
ea

n
=

10
0,

st
an

d
ar
d
d
ev

ia
tio

n
=

15
).

* W
ec

hs
le
r
A
b
b
re
vi
at
ed

S
ca

le
of

In
te
lli
ge

nc
e—

2n
d
E
d
iti
on

—
In
te
lli
ge

nc
e
Q
uo

tie
nt
.

†
V
in
el
an

d
A
d
ap

tiv
e
B
eh

av
io
r
S
ca

le
—
3r
d
E
d
iti
on

,
A
d
ap

tiv
e
B
eh

av
io
r
C
om

p
os

ite
.

‡
E
xp

re
ss
iv
e
O
ne

W
or
d
P
ic
tu
re

V
oc

ab
ul
ar
y
Te

st
—

4t
h
E
d
iti
on

.
§
V
in
el
an

d
A
d
ap

tiv
e
B
eh

av
io
r
S
ca

le
—
3r
d
E
d
iti
on

,
C
om

m
un

ic
at
io
n
D
om

ai
n.

k W
id
e
R
an

ge
A
ss
es

sm
en

t
of

M
em

or
y
an

d
Le

ar
ni
ng

—
2n

d
E
d
iti
on

,S
en

te
nc

e
M
em

or
y.

¶
B
eh

av
io
r
A
ss
es

sm
en

t
S
ca

le
fo
r
C
hi
ld
re
n—

3r
d
E
d
iti
on

—
A
tt
en

tio
n
P
ro
b
le
m
s.

#
W
ec

hs
le
r
In
te
lli
ge

nc
e
S
ca

le
fo
r
C
hi
ld
re
n—

5t
h
E
d
iti
on

/W
ec

hs
le
r
A
d
ul
t
In
te
lli
ge

nc
e
S
ca

le
—

4t
h
E
d
iti
on

,C
an

ce
lla
tio

n.
**
P
ed

s
Q
ua

lit
y
of

Li
fe
,T

ot
al

S
co

re
.

Laryngoscope 131: December 2021 Grieco et al.: Neurocognition Post Hypoglossal Stimulation

2831



Given the high prevalence rates of residual OSA in
DS7,12 and limited effective treatment interventions,
exploration of alternative interventions to improve health
status, cognition, and behavior is needed. This preliminary
work describes neurocognitive and behavioral data collected
prior to and following HGS in a sample of pediatric patients
with DS and severe OSA to determine whether improve-
ments in cognition and behavior are objectively supported.

Patients were eligible to undergo HGS if they were aged
between 10 and 21 years, diagnosed with DS, had severe
residual OSA despite intervention (e.g., adenotonsillectomy,
cPAP), and were able to communicate via spoken language.
A total of nine participants met criteria and received
neurocognitive and behavioral testing at baseline (immedi-
ately prior to HGS) and at a mean of 6.5 months (SD = 3.1)
post-surgery to assess change. This study was approved by
the PartnersHumanResearchCommittee.

The apnea-hypopnea index (AHI), a marker of OSA
severity, was measured on overnight polysomnography at
baseline and a follow-up titration. Neurocognitive and
behavioral testing was conducted using standardized
measures appropriate for individuals with DS.13,14 Age-
appropriate direct assessment of the participant included
measures of intelligence,15 processing speed,16 expressive
vocabulary,17 working memory,18 and parent-reports
assessing behavior,19 adaptive skills,20 and quality of life.21

Participant task demands included manipulating blocks to
match designs, completing patterns, naming and pointing
to pictures, matching shapes under timed conditions, and
repeating sentences. Caregiver rating scales assessed par-
ticipants’ attention regulation, communication, functional
independence, and quality of life.

Descriptive statistics were performed to characterize
the sample at baseline and follow-up. Because of the
small sample size, Wilcoxon’s signed-rank tests were used
to assess the change in pre- and post-implantation neuro-
cognition, behavior, andAHI. Raw scores fromneurocognitive
and behavioral measures were transformed to age-based
standard scores (mean = 100; standard deviation [SD] = 15)
to compare performances across all age groups using the
samemetric for comparison. Results are reported as standard
scores where higher scores reflect better performance. The
test-retest reliability of the measures administered are
considered adequate or higher (Pearson r coefficients,
0.76–0.97)22 reflecting confidence that the changes in scores
are secondary to actual changes in the trait measured and
not due to instability of the test itself. Analyses were per-
formed using SPSS version 24 (SPSS, Chicago, Illinois).

Clinically meaningful change in neurocognitive and
behavioral functioning among individuals with DS
and associated developmental delay and intellectual disabil-
ity requires special considerations, as the developmental
trajectory of these individuals differs due to developmental
gains occurring at approximately half the pace of the typi-
cal population and plateauing at a mean mental age of
approximately 6 years old.23,24 Although a change of 1 SD
(15 points) would be considered clinically and statistically
meaningful among a typically developing individual, a
change of 0.5 SD (7.5 points) would be more than notable
among individuals with DS given their unique develop-
mental trajectory.

For the nine participants, mean age at baseline was
15.2 years (SD = 3.4). All patients had severe OSA at
baseline (mean AHI of 24.1, SD = 12.3, range = 10.0–48.5);
there was a significant mean decrease by 11.0 post-HGS at
follow-up (P < .01) (mean AHI follow-up = 13.1, SD = 9.8,
range = 2.1–20.5). Neurocognitive scores improved in all
domains assessed (Fig. 1). Improvement in expressive
vocabulary approached significance (P = .06). Parent-
reported adaptive and behavioral measures revealed signifi-
cant improvements in all domains (P < .05) (Fig. 1). Individ-
ual participant’s demographic, anthropomorphic, and sleep
data and neurocognitive scores are reported in Table I.

DISCUSSION
This pilot study examined neurocognitive and behav-

ioral outcomes in a small cohort of pediatric patients with
DS and severe OSA following HGS. Benefits were demon-
strated not only in a reduction in AHI but also in
improvements in several neurocognitive and behavioral
outcomes. Clinically significant improvements in partici-
pants’ communication, attention regulation, and quality
of life were demonstrated; improvement in adaptive
behavior did not quite meet the threshold for clinically
meaningful change, however showed change in a positive
direction. The neurocognitive and behavioral findings
obtained from objective measures with this small cohort
of pediatric patients with DS are consistent with prior
anecdotal reports from parents and similar to the
domains of improvements seen in the neurotypical popu-
lation.3–6

The underlying mechanisms of neurocognitive and
behavioral improvements are not yet clearly understood.
Effective management of disrupted sleep patterns can
facilitate improved sleep quality and oxygen perfusion
leading to greater sleep-dependent learning/consolidation
of explicit knowledge,25,26 processing efficiency,27 and
improved behavior5 in neurotypical populations, which
may be applicable to those with DS. As such, HGS is a
promising intervention to promote treatment efficacy as
measured by not only better sleep quality but also
improved neurocognitive and behavioral functioning in
this population. Although preliminary results are favor-
able, a limitation of this study includes the very small
sample size, which reduces overall generalizability and
statistical power. Our ongoing research will assess
neurocognitive and behavioral functioning in a larger,
multisite cohort.

CONCLUSION
Treatment of severe OSA using HGS in nine pedi-

atric patients with DS resulted in clinically meaningful
improvements in neurocognitive and behavioral func-
tioning. These preliminary results are novel and
encouraging and warrant further investigation to deter-
mine whether the findings are confirmed in a larger
sample. The use of HGS to treat severe OSA in this
population may have more associated benefits beyond
health than originally anticipated, including benefits in
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neurocognitive, behavioral, adaptive functioning, and
quality of life.
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