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Arousal from sleep increases GG Activity

In many studies GG activity has been found to be increased during and following an
arousal from sleep.
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vdl Arousal induced GG activation may help achieve
@i stable breathing.
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Single motor units (SMUs)

Single motor unit (SMU) recordings provide information about the pre-motor inputs to the muscle.
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The genioglossus is composed of SMUs with 5 different firing patterns.




Wilkinson Sleep 2008 and 2010

Sleep Onset (2008) Arousal (2010)

* 50% IP and IT units stopped firing | e Recruitment of new units (75%
immediately at sleep onset. Pasic (19} :OP/ITJ{;) ut 55% only fired for 1-2
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 TT, EP and ET were unchanged.




To determine the genioglossus SMUs responsible for the
persistent increase in genioglossus muscle activity on the
return to sleep after a brief arousal.



Methodology

34 Healthy volunteers
e EEG, EOG and EMGmas
 Mask and Pneumotachograph

e 4 intramuscular GG SMU wire
electrodes

During stable NREM sleep auditory tones
(50-100dB, 0.5-3s) were played to induce
3-15s arousals from sleep.

GG SMUs were sorted before, during and
following arousal.




Ventilation and GG activity increased

i2d following return to sleep after arousal

1089 tones were played:
» 323 brief arousals

16000
» 98 arousals with 239 SMUs present = 14000
» 20 individuals (13 women) aged 23 S
>
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i Recruitment and changes in firing patterns

31 new units were recruited with arousal. Most

fired with an IP pattern.

3 units stopped firing.

I

0 (0%)
ET 40 (19%)
TT 28 (13%)
P 42 (20%)
IT 98 (47%)

M™12 intermittent

TN |
™ L1
M0 L1
™1

Some units changed pattern, mostly IP units
gaining a tonic component.

EP
ET
1T
IP
IT

0 (0%)

40 (19%)
28 (13%)
42 (20%)
98 (47%)

" saseine | Arouslseep

No changes
1 became ET for 2 breaths
16 became IT for between 1-8 breaths

2 became IP

Overall, the distribution of units was not altered on any breath post arousal. Breath P1 x*=1.86 p=0.603
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The mean firing frequency of units active at

baseline changed following arousal.
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Discussion

Increased GG activity on return to sleep after arousal is a result of:
» persistent firing in IP units recruited during arousal

» |IP units gaining a tonic component

» increased firing frequency of already active IP, IT and TT units.

EP/ET units appear to minimally contribute to the increased activity on
return to sleep.

The return to sleep after brief arousal appears to be a time of unique
motor control of the GG that is not equivalent to the transition to sleep
following a period of prolonged wakefulness.

13



SSSSSSSSSSSSSSSS
i irati Inspiration |

Inspiratory
Phasic (IP)

o——




Acknowledgements

Mr Andrew Dawson Dr Therese Thornton Ms Nicole Feast
tHE UNivirsiTY oF  Dr Joanne Avraam Dr Amanda Kay Ms Monika Fridgant
MELBOURNE  prof John Trinder Dr Christian Nicholas

I\
A ; | [ Vil g
/ X - e 5
L e e
!

Funding: ARC DP160101398
\ : ‘ pRese

-




event 155dB Tone

New Evts

o

C3-A2
uv
o

20

10

MU-3
Hz

30 . By - :
7 . o . R O e, it .- -
S - . .t ] et SelyW T ] LN - " P T Pr o Sad
g I 20 o . B _-."" ,‘“:-"-.-'. b AL -’ TV . il L . Pl Ml e "\qufn‘- . X o s ‘_'_\.“,-‘v_..‘. “t‘;d:' o
~ ] oo Tl il ~ I ] wia . Y J'_\:/v' 3 i, - - v - o L T
- ) . e = W ey L Y

MU-2
Hz
) — [So]
o o

GG3
uv

-200

o / VT B tone atast L P S b2 e b3 S pa s T pg

LA L L L L L L L L L L L L L L L R R R
18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 6
S



30

[ ]
[=]
o

20a

event

Memory
Hz

" "y [ 4
'w‘;.‘-‘--.w- » Uy L u i w :' - f"'. ‘.- X n ety ma'y w o
" n ™ o » -ﬁf. ﬂ o N L] " - ,h--'.

. e -_-"‘i_"'""‘- -q'.--Th.__ “"_. '.,_-n{ql--"l"- ST I STy -5,‘.‘_ '."::

Memory
Hz

New Evts

20
104
- ]
B3 0
10

L L I B L I L I I L L I B I I L I I L L I B I L R I L N R LR

16 18 20 22 24 26 28 30 32 34 36 38 40 42 e 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74
S



30 event

18 New Evts

01-A2
uv

MU-8

MU-7

MU-3  MU-4

MU-2

U-1

M

b
GG1

n
Flow

L/min

Hz

Hz

Hz
L
4
:
\
L™
J
s
ii
1

N
I

uv

45dB Tone

05
0.0
-05
-1.0
40 S . ., el

R el e A 272 PR R o b e el
P R Tt - T - e s i e,

e
vy " - - Fr Ly

30 . . g
--.h' "-

-
- Sapn

s

- . b .ﬁ.."‘- L ] .
- » .
w"--"-'"n. e, - "~ "-"“--. " = u O ..- "t = w =3 —----.'.'-.--.'F'.

105, = ""-'.......'... & an, e T L

25 _-. e, ':.w'—\-""-."-‘-' '.'.,.'.-ll._-.'l:'.ﬁ_ AR Mo '_"\-':.":-""-'“'-. _':.""-"'-'"' . et JOEFEs
0 - - ' - - - - - -

25 J,'.-v'-\-ll-‘.-'-,_ A S e PN i o g e, e, [P L

o — LT R —— LI LT LTI L P T — L LT T LT Py Lol L LTSI e e ] fae T S L T T T T

o
Lk jp TP TR

L]

- . " LY .
e e e N e e N e L e s .

10 L Lar e
.

% o LT Tt T R P i —— e e g et

= L% n

L [ [F F - ! - T - T
e e s s el S e PP TeRe——T T P L T RN P

30 . 5

20 . . ’e e, y F o 3
e i, S R L it s =Y """""""‘H-""""-'-ﬂ.""'--_d'” l“--m-"-“".d--.—-. e w

10 ntu, " .

30 -
-
- - [ QUTEE L u bl e s
fz A ol L NP Dl S o P i e ..-wh.wmwﬁ.-_-_-_.vh P P
0 -
500

e .d' e Pt S .ihhh'_“""lh"'ﬁ'.' A hr.-'ﬂdq,! - rﬂp‘-ﬁ Ao r-"v"n o | q_"'-_ﬁ'. A
"amm .-'-.. -."-'-.-- e A

Tone P1 P2

L L L L L O L L L L L L L L L L O L B I

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39




T Y OF
MELBOURNE

Sleep Onset

50% IP and IT units stopped firing immediately
at sleep onset.

Remaining IP and IT fired for a smaller %
breath, but with firing rate unchanged.

TT and EP/ET were unchanged.
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Arousal from sleep (3 breaths all awake)

* |P units fired for a larger % of breath (40%
becoming IT), but firing rate was unchanged.

e 22% of units stopped firing during arousal
(nearly all TT, EP and ET).

» Significant recruitment of new units (75% IP/IT)
but 55% only fired for 1-2 breaths.
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Genioglossus (GG) muscle in OSA

The GG is the largest upper airway dilator
muscle and the main muscle of the
tongue.

Genioglossus

Anterior ﬁbers

The sleep related reduction in GG activity
is proposed to contribute to airway ﬁbers
collapse in obstructive sleep apnea (OSA).

\\
Increasing GG activity may reduce airway \

collapse during sleep and protect against
OSA.
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