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(Obstructive Sleep Apnea)
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Obstructive Sleep Apnea Syndrome

Symptoms
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=HCHE E A (PSG,Polysomnography)::

=0 2 AH(polysomnography) : =8 2% Xd( ZA
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(4) respiratory tracings : LS5

Z Ty
pa
11N

(5) oximetry : ArA LB E




B RemLogic - (0215 -]
Eile Edit Miew Data Events Analysis Reports Tools Window Help

] 2 Z=HY | : L% e ] | =T N ==
D@EFdBREo -8 & QA4 ERREEDR OB E| (¢ ||| B2 T[E ooy | e 0 S e e | e e & |7 | | 4
Medcare7000 PSG » x
3m 0s b - 4 3m 0s
kil 2 62450 ST 6:25:00 2T 6:25:10 D 6:25:20 DA 6:35:30 2 62540 23 62550 2 6:26:00 2 62610 23 6:26:20 2 6:36:30 2E 6:36:40 2 6:36:50 2 52700 2 62710 2T 6:27:10 T 637:30 2B 637
(R T R | [ T T Y Y Y B | e T [T T i [ T R S Y S G I A e L S e i S S S i e S i S T By o] ey Sy e ey B e
EDOG 1 | - | T
EUL-L | v
| _EOGR. i
| 1328fem

i w .IJ (L TP RAL LTI BT L L B 1L

TR [4' BT i

,Nm”5p11ﬁlwﬁm$l$m%\L_
k¥ T

L FIYSeT Inll.

| I|i"| |
ﬂr wlh

T TR 1 T | N VAW PP 8 11 L Lk,
0k

111 | ; el

; v L“W?u.”y

g?—i; 'IL "\ |‘l i T ‘II"‘- .Ili.i_. e u ]I oy g oI
il gy "'1Hr'w

e ‘W"ﬂl

i

f_549;.|xcm

Chiin
CLE

| mv
| EMG.Tibi..
| LeftLeg
Right Leg
|77 28lfem

E=
is

& 4

(&

A

i

Heart Rate? 2% S EE S o e BE ST .QQ.Qwr..Q.Qr-h.Qhr_hhhhhhhhhhhhhnhhhhhr—r—hhkwnkmmnkwkkgvmkmnhhﬁﬁﬁﬁgﬁﬂﬁﬁﬂhhhhmhknhhhkhn-uumkmmmuumm_r.nrkr.mkr-r.kmmo?-mmgc it

E R 000850088 - ks ) @, T
A T

5

| Flow_CU. [Apnea Obstructive (41.35s) |

PJhll |\ rf] [Apnea Obstructive (41715} | | | 1 Apnea Obstructlve
0353 \
o2 wprW/L/Jv,M_ ﬂﬂwﬁmt |%ﬁ “VPIL%J
éTherrmsmr F ‘,\ h ‘ v \ | ’ v ‘ \

-0.25=

I]f\/ TR U TET H

|89 18om I 7 AT | | Hlll\\Hllf
Esnm—cu_ Snlre K | Single ﬂ Slngle Snurlng Jring | [Sing Slngle 5] Slngle Sm:mng |
i [Sin] S Sin] Sing[ Singld Single Snoring [ Snoring | r— Sno b nore
£] . T
mbar
sp02 Wi [Cesaturation {43.00s) [157] T D S [Desaturation (32.60s) [11]] o B [Desaturation {44.00s) [147]
B B e b eate e M A A e e e R AR R L PRI R T R R e pee e N
752
Az
=
: Position
Supine -
Aty
076
15 ‘ :
T4 b Y Dpermtions {A1D-DB-FSG { A1 CRAR | A10 PSG [ AIOMSLT [ CalTest | [ EmbiaResp {MedcarsTo0D CRAR ) Medeare7000 P56 f gt { STOOGMSLT [ Polysomnography Raport [ m 1o,
2t Snare_CU 200Hz  |Ep: 978 |0I212:, impjapnea 19421853 9h 50rr-34s LM

YAER?



AL
=

Qpneamypopn@

o5EXo HEM A | i

y

Sleep fragmentation
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Hypoxemia

Negative intrathoracic

pressure
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e Sympathetic surge
* Hemodynamic effects on CV system
¢ Oxidative stress

¢ [nflammation

* Endothelial dysfunction
* Hypercoagulability

* Endocrine dysregulation
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Sleepiness

- Crashes
- QOL

Neurocognitive
effects

- Cognitive function
- Executive function
- Q0L
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Cardiovascular
disease

- Htn - Arrhythmia
-CAD -CVA

L 7 . &
Source: Michael A. Grippi, Jack A. Elias, Jay A. Fishman, Robert M. Kotloff, Allan 1. Pack,

Robert M. Senior, Mark D. Siegel: Fishman’s Pulmonary Diseases and Disorders:

www.accessmedicine.com

Copyright © McGraw-Hill Education. All rights reserved.

-CHF - Pulm htn

Endocrinopathy
- DM

- Insulin resistance
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(OSA and Metabolic Dysfunction)
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Sympathetic activation
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Test Parameters Measured
Blood Glucose . Fasting glucose level
Hemoglobin A, (HbA, ) . Glycaemic status over past 2-3 months
Oral Glucose Tolerance Test (OGTT) .  Impaired glucose tolerance (IGT)
Insulin sensitivity
Hyperinsulinaemic euglycaemic . Insulin Sensitivity
clamp
Homeostasis model assessment . Insulin resistance (HOMA-IR)
(HOMA) . Insulin secretion (HOMA-beta)
Frequently sampled intravenous .  Assesses both pancreatic beta-cell secretory capacity and
glucose tolerance test (FSIGT, peripheral glucose uptake in response to the bolus IV glucose.
FSIVGTT) . Additional information on insulin sensitivity is gained by

administration of insulin 20 minutes after the glucose load
Short insulin tolerance test(SITT) . Insulin sensitivity
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Metabolic Syndrome (MS) defined by NCEP—- ATP Il (2005)

2H) o

Risk Factors

Defining Level

Abdommal obestty, grven as watst circumterence
Men
Wotmet
Triglycendes
HD'L cholestercl
Men
Wotmet

Elood pressure

Fasting ghicose

102 ¢t (=40 1) | 90 in Men,
~88 cm (235 in) 85 in Women

2150 mg/dL (1.7 mmolL)

<40 mg/dL {=1.0 mmol/L)

<50 mgfdL (<13 mmolL) orth
2130285 mm Hg

2110 mgfdL (= 6.1 mmolL)
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(n=470) (BMI (n= 938) (BMI (n=62) (BMI (n= 305) (BMI (n=60) (BMI (n=663) (BMI (n=438) (BMI (n=58) (BMI
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Type 2 Diabetes Mellitus
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Abdominal Adipose Tissue Volume

CS57/BIG C57BI6
CONTROL SLEEP 30 DAYS SF

Figure 4. MRIl-derived abdominal fat content in a mouse
exposed to 4 weeks SF and a control mouse.
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Figure 6. Intraperitoneal glucose tolerance test after 1 week exposure of SF.
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NSEPR

( Homeostatic Drive for Sleep )
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( Circadian factors )
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( Drug effects ) :




( Arousal in sleep setting )
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+H A0 2| = H| = F(International Classification of Sleep Disorders, ICSD)
of o|st +=HEOf 2 F

— International Classification of Sleep Disorders

} Chronic insomnia disorder
Insomnia

Short-term insomnia disorder Irregular sleep-wake rhythm disorder

— sleep-wake :
Delayed sleep-wake phase disorder

Sleep-related | Central sleep apnea syndrome disorders
—— breathing < Sleep-related hypoventilation syndrome
disorders OSA disorders

Circadian rhythm {

Sleep-related | Restless legs syndrome
Central Narcolepsy movement Periodic limb movement disorder
—— disorders of [diopathic hypersomnia disorders Sleep-related bruxism
hypersomnolence | Insufficient sleep syndrome

Confusional arousals
Sleep terrors

NREM-related parasomnias {

Parasomnias
REM sleep behavior disorder

REM-related parasomnias . >
: P {Nightmare disorder




B ™S S %0} (sleep-related breathing disorders)

-5 +=HE DS F5(central sleep apnea syndrome), H2{H +HE 2 SF
(obstructive sleep apnea disorders), =H2tEH X 2t7| /M A A S22 (sleep-
related hypoventilation/hypoxemic syndrome)2. 2 &

- OSA disorders= 7| = L2 2] HE & S0 e}

ST ATO| AVEHEES R HYH $HHSEES HYNH +HESEE

- A-E0|(snoring)
9

SOIE QI 7| = E S0SIHM M 71 7| X I 20| &7 =8| 2= 0]
LS 47| = 2382

> ZE0| A2|e| EFO[L) SME TIS0| YOojLt= i FtE Hx2| f/X[0f 2
of Ek s

> HdAM EHEO| =20 o d0A= HZ7| 0|20 HHEO| S7I5tH
AAMSO| LMoY | = g 7hS ot oA s

> 30~35M| =d: 20%, 0} 2 5%; 60A]| O| & = 2| 60%, O 2 40%
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> H|2tl B2 H|=0| 38 S7t

> S8 IS0 A= ME2 F2E-M2E X7 150|d 2 7tsd =5
> ZE0|= F2 53 gibg &5 oot 20| &A1l 35%0| M 25 St
> A AL Y, S5, 2012HH, TEH =8, ¢

> 2 S HOFAFANY Z8 k= 00|32 & 48| TF AN

The progression of sleep breathing disorders: Snoring, UARS, and OSA

Normal Breathing Snoring UARS OSA
No airway obstruction, Partial obstruction causing Partial obstruction-snoring Partial obstruction
the airway remains open vibrations of tissues with sleep disruptions or (hypopnea-3% desaturations)
symptoms of OSA or complete obstruction

(apnea-breathing cessation)
for 10 seconds or more



- A7 HeZZ 7 (upper airway resistance syndrome, UARS)
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(obstructive sleep apnea syndrome, OSAS)

> TH IS A FEH(X=2g) Ee 2HHoHF=28) &27[=2| 7|7 T2 7F
dlst= Het

> N231 F2 32| He|= Ch=X| T de[ah X ol &4 21 010] Hf =3t +~H
CHl AAret el Qat 20| FASHY REHA|O| = R25-X =25 X7t At &

> 7|0 25 ==} 2tHA =l ZE M (respiratory effort-related arousal, RERA)= 57

ot O] Bl+=& F25-X2g X0 Gt WS 2 S0 X|2=(respiratory
disturbance index, RDI) 2 &I Gt

X RDI = AHI +RERA

TABLE. APNEA-HYPOPNEA INDEX SCORE
CLASSIFICATION FOR ADULTS

Normal <5
Mild 5< AHI < 15
Moderate 15 < AHI <30

Severe >30




MasaliOral Awflow

Eespiratory
Effort-chest

Eesprratory
Effort-abdomen

MasalOral Anflow

Respratory
Effort-chest

Respiratory
Effort-abdomen

Wasal/Oral Anflow

Eespiratory
Effort-chest

Bespuratory
Effort-abdomen

MNaszaliOral Awflow

Respiratory
Effort-chest

Resprratory
Efort-abdomen

Obstructive Apnea A

Central Apnea

S

Mixed Apnea
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S 55
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Hypopnea




M= Arousa| =

Electroencephalogram
(measures brain activity)

Electromyelogram m
(measures muscle aclivity)

A '—.l"\. " -—-
Nasal/oral airflow _Jl A /_\ prsa /L_/\ /\

Thoracic /-\ A /\

movement
Paradoxical abdominal

o wement with apnea
Abdominal ovemen | VaN
movement L= S 4

Oxyveen 100% v :
Y8 M Oy hemaglobin desaturation  se———

Saturation 50%

& Bradycardia

>
Flectrocardiogram 4__4_;._1_1_1_1‘_&_4’ ﬂr I‘J I‘ J\J a]’ "l qq 11

Warvedaker NV et al. Best Practice of Medicine. Sept. 1999
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+HE S S S (central sleep apnea, CSA)
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Central apnea

decrescendo

crescendo Depth of

, respiration —
"

— X{EtLtS(Hypocapnia)

ro
g
ot
Ir|ot

—_——

Pac0O20] CHBH
B+ ey

aelgrs 7t

=
0x
0=
1r
rx

____, Paco0fCHptRIZE | =

=
o
S X| o] Z7+

1o
ot
ot



- X&t7| & F o (hypoventilation syndrome)
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B = 3 S (insomnia)

JHZ

ol
<[
<0

_|

F

Sh 4Lt H| R

IH
Ki0
If

Of

F

O

FXF ARALO] =771 7| O

Joir

D ey ey ey e—

olo
T

[ Un

FO|2E ™ Q151 of 1/30| A

M= 67| & O] A M 21519] 1/100(| A

o0

N

T

= HS (primary insomnia) 2} O| XX = ™S (secondary insomnia)

F

==.0
SH X

o]
Klo
B
ifil

|0
al
I

Kl

oll

|0
fal

oy

Klo

- Psychophysiologic insomnia:

- ldiopathic insomnia:

o
K
Kl

KT
<r

|0

- Sleep state misperception: Z

—h

<0
|
10
<
{0]



=l
If

> O| kA

ol
Pl

=<
0
o
P!
K

Lyt

Ol X|=
2= X| & (Pharmacotherapy)

IO
&l

K-

of 2

-
@ Non-benzodiazepine: L1t o|&=M F
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= A

=M
)

@ Benzodiazepine: L1t O]

3 Antidepressant: Lij 1t | &= B XA B3 -
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Q1 X| 3l S X| & (Cognitive-Behavioral therapy)

o]
Klo
&
THU

O] 3l

ot

-
o

of| tH

Bl
<

<0

3

S
joll

I
K

ol
[al
<+

=0
K0

A

ol
Bl
<
m___m

ofmu

FC},

—

-
o

)

21 XpEH2rE 15 O|LH 2 M|etora.

X T O LtA

off &%

-

1) X0
x|

4) 20 40

d



7)=EAHC 2L AHES T[otet.
8) Ut ot AE G| AL ZIFS Hotil O 2tol= AS i # 8 +Hoj| =50] =Tt
o) A= B EEAE KM B ArESIEL
10) & AE|0f S0 20 O[LHO]| &0 2X| EF=CtH, &At2[0f A ZOfL} O 2
= Mf CHA| EA2[0f S0i2r §=M7HX| o] 4hd

ot X| 2 (sleep restriction therapy)

—

Ct.

S 2t SE: Ao BEot &2 ES0t7| flol A2t FUOMC +2
N

=
= 2% HAEO S0iE
x
T

L 2

|2t 20 =B st 280 20|12 o 2|57|50| 2 &

| 1IA[FE 7AITEX] RHE AL O 1 A F B 7A|7HK] At

I
Ot
I

A

M =B olls 22U 25 K27 AAle 2HS 2t TS

A A7), TVEY| =X

o}8D QICH7} mm st L7210

c|Zo|otat I HEX % BA2I0) 22 £ U

| 8=
O =
X| Otk Ol 293 Aot 71 S w20l H= =7 o 2 2=



5. O] 2tX| & (relaxation therapy)
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T (Restless leg syndrome, RLS)

- 19453 Karl-Axel EkbomOf| 2|8l A

7|£(a.k.a. Willis-Ekbom disease, WED)
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The patient has a complaint of an unpleasant sensation in the legs at night or difficulty
in initiating sleep

Disagreeable sensation of “creeping” inside the calves are present and are often
associated with general aches and pains in the legs

The discomfort is relieved by movement of the limbs

Polysomnographic monitoring demonstrate limb movements at sleep onset

There is no evidence of any medical or mental disorders that account for the
movements

Other sleep disorders may be present but do not account for the symptom

Minimal criteria: A+ B+ C




- F 719 AKX 2SS (Periodic limb movements during sleep, PLMS)
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https://www.youtube.com/watch?v=3xvmdOb1a0Q
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A. Polysomnographic demonstrated repetitive, highly stereotyped, limb movements with
the following features:

1. duration 0.5-5s
2. amplitude >25% of toe dorsiflexion during calibration
3. included in a sequence of four or more movements

4. separated by an interval of more than 5 s (from limb movement onset to limb movement
onset) and less than 90 s (typical interval 20—40 s)

B. The PLMS index exceeds 5/h in children and 15/h in most adult cases.
C. PLMS are accompanied by clinical sleep disturbance or a complaint of daytime fatigue.

D. The presence of PLMs is not better explained by another current sleep disorder, medical
or neurological disorder, mental disorder, medication use, or substance use disorder (e.g.,
PLMS associated with the termination of apnea episodes should not be counted as true PL
MS or PLMD)
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- =M YA (Hypnic jerks, hypnogogic jerks)
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A Model for Sleep
Disruption in Rodents




History of Sleep Deprivation

Marie De Manaceine : puppies and adult dogs

Kuniomi Ishimori : hypnotoxin theory

Eugene Aserinsky and Nathaniel Kleitman : REM sleep

Walter Reed Army Institute - acute sleep loss and performance

University of Oklahoma : New York disc jockey, Peter Tripp.
Awake for 201 hr.

William C. Dement : the first REM sleep deprivation

Mary Carskadon and William C. Dement : MISLT

Allan Rechtschaffen : sleep deprivation is associated with death
increased energy expenditure, a debilitated appearance, impared
thermo regulation, and REM rebound.




Sleep Stages in Humans

NREM sleep

Stage 1 Stage 2 Steges 3 and 4

IHF:] / v

il

1 |I | Al
bt AL\l it ]'5 \ ) \J‘f ARy

\
High -

Level of
CONSCIOUSNess

Tonic REM
with penods of
Type of sleep Ligyhit Intermediate Show-wave phasic activity

G0 minute cycles throughout the night




Control of Sleep-Wake State

Circadian
Rhythm

Sleep-Wake
Homeostasis

Process S

Sleep-Wake State




Simulation of Process S

BASELINE SD RECOVERY
I ——————

Delta power

LA

6 12 18 24 30 36 42 48
TIME [h




Circadian Rhythm

MELATOMNIN

|

Pineal gland

STIMULATION =~

neclews
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Process S and Process C

Sleep reduces adenosine
(Decreasing sleep pressure, or Process-!

¥

Hrocess-5%

Process-C — . . ._ .
Circadian . ‘2 ae" ags® .
'I_I"|.1.I. _1.:_1 i LA ==y AT T




Behavioral , Electrophysiological and
Molecular Characteristics of Sleep in

Mammals
Difference of neural
gene expression

QUiescence -

Response to
hypnotics

Cytochrome oxidase C,
subunit |

Behavioral Electrophysiological Molecular

characteristics characteristics characteristics




Animal Models of Sleep Deprivation - 1

__.lhl |
o

Rat

Mouse | IEMUMINE | K ]Povrnese seer

Human - '_- Maonophasic Sleep

Sleep stage transition (human)

Wake
REM sleep

Stage1
NREM | stage2
sleep | Stage3

Stage4
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0 1 2 3 4 5 6 7 hour




Animal Models of Sleep Deprivation — 2

Medaphase
— chromaosome
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Characteristics of Waveform in Rodents

NREM Sleep REM sleep

EEG ity 1Y 4% '1'.1 | it iy
| } |

Delta band lheta band
FFT
sl S | [P . . T —

EMG

Locomotor




Methodology for Sleep Deprivation

» Gentle handling technique

#t Brain electrical or Chemical stimulation
*t Punitive methods

*t Forced locomotion technique

#t Platform methods




Surgery




Forced Locomotion Technique

Natural movement to the animal

Continuous waking, even if they stay awake
Mild stress and fatigue
Need for additional exercise control




Disk-Over-Water (DOW) Method

Plexiglass cage over disk

POLYGRAPH

TOMOTOR

DATA TO MAIN HCOMPUTER
COMPUTER

Well established method, less stressful

Automated procedure
Possible to do long-term total sleep deprivation or partial sleep deprivation
Need for special apparatus and EEG surgery




Flowerpot (Single platform)
Technique

For REM sleep deprivation but decreases NREM amount

Isolation/restraint stress
one device, one animal
<4 days




Multiple Platform Method




Sleep Fragmentation (SF)

¢ Characteristics

frequent interruption of sleep

associated with noise, sleep apnea, periodic imb movement, chronic pain
syndrome, and intensive care unit syndrome

a Clinical and experimental findings on the effects of SF

1 cortisol (Spath-Schwalbe et al. Bio/ Psychiatry 1991), 1 upper airway collapsibility (Series F
et al. Am J Respir Crit Care Med 1994), | psychomotor performance (Bonnet M. Psychophysiology
1986), T daytime sleepiness (Bonnet M. Sleep Med Rev. 2003)

1 cognitive and spatial memory (Nair D. et al. Am J Respir Crit Care Med 2011), loss of NMDA
receptor-dependent LTP in the hippocampal CA1 region (Tartar J et al. £ur J Neurosci 2006),
reduced dentate gyrus neurogenesis (Guzman-Marin R et al. Neuroscience 2007)




Stage
WELG

NREM

WELG

NREM

Sleep Architecture in SF

consolidated

fragmented

- Mean NREM length: 70 s
- NREM bout number: 1
- Wake bout number: 0

- Mean NREM length: 10 s
- NREM bout number: 4
- Wake bout number: 3

Time (sec)




Forced Exercise Walking Wheel System
(Lafayette Instrument, Model 80805A)




SLEEP FRAGMENTATION

The Lafayette Instrument Company Model B0327 Sleep
Fragmentation Chamber provides researchers with the
necessary tools for sleep fragmentation studies in both
mice and rats.

The 80391 maintains an animal environment that is
virtually identical to that used in the original 80390
Chamber, The divider wall has been removed since a
much faster sweep time is now possible. The sweep bar,
food hopper, ad lib water and ventilated lid remain the
same. The living environment is now independent of the
drive mechanism making the chamber quieter and easy
to clean. It resembles a standard living environment
that includes food and water support. The height of the
sweeper bar is adjustable to accommodate bedding.

The cycle time selector includes a variety of different cycle
times. The continuous sweep setling now takes just 7.5
seconds. Selectable inter-sweep cycle values start at
0.25 minutes (15 seconds) all the way up to 30 minutes.
Alternately, sweeps may be initiated from a remote device.
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Stanford Sleepiness Scale
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- Visual Analog Scale (VAS) of sleepiness/alertness
- Herbert 0| 19763 &7l X
> = A[E0| E2|2 dE& €8 40 21 HA|SH= WHE
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Alertness Extremely
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Mild fatigue Moderate fatgue very fatigue




- Epworth Sleepiness Scale (ESS)
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*0 to 10 = normal range of sleepiness in healthy adults
*11 to 14 = mild sleepiness

*15 to 17 = moderate sleepiness

*18 to 24 = severe sleepiness
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- Pittsburgh Sleep Quality Index (PSQl)
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9 £MO| & X|$(Pitisburgh Sleep Quality Index : PSQI)
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- Insomnia Severity Index 2} Athens Insomnia Scale
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- STOP-Bang Questionnaire
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