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Which one looks more handsome?
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A ICU patient with sepsis? COPD AE?
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Intermittent Hypoxemia
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pattern NREM REM
period 5-10% 40-50% 25% 25% (increasing with each cycle)
Stage Stage 1 Stage 2 Stage 3
EEG Low-amplitude K-complexes Delta wave Alpha-like, low-voltage
Sleep spindles High voltage Random ,High-frequency
Awake-low voltage-random, fast Sle?p .S‘)‘?d'e K complex —",",H M :e': s,'leep" ‘Q‘:o 2"_cps‘de"'? wavis}rs e REM 3'900-'5\*/ véztage-:andom. fast W"“SS:‘:*;Z?": g;ﬁ%oth
. WW”W P g q-,.,.... grn ; Lf“\v-’\a;'w‘i" ! ! .| |.| w! \ ,' H [l ’, "' | .'{." ’:.‘ waves  waves
T ) | 1\ ] ) fJ Wy '*,{ \'./ |'.J' 4 IJ TR \ A A A W AW At i o
Muscles exhibit tone and movement paralyzed
temperature maintained Loss of regulation
respiration Respiratory rate slows , tidal volume decreases, Upper airway resistance increase
minute ventilation (13-15%4,/) , PaCO2 1~2-4 mmHg minute ventilation | {
Systemic BP J5-10 % 3 8-14 % variability and elevated (risk 1)
Clinical Awake to sleep Very low level of Dreaming; Heart rate variability; Arrhythmias;

2-10 minutes

responsiveness

GH release
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Tongue

Normal breathing during sleep

Hard palate

Soft palate

Obstructive sleep apnea

Blocked airway
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Sleep related breathing disorders

RERAs \
Hypopnea (GZI¥ k)
(Respiratory Effort-Related Arousals
k& NMmERE) 10~70% of

baseline airflow

EEG AWM A AN M AN Ao A A M A AT

__Arousal | Arousal

Airflow /\/\/\/\/\/ \/ S g——— V.S Vs

Effort /\./\/\/\/\/\/ ’\/\/\/\/\/\/\/\/
(Rib cage)

Effort /\/\/\/\/\/\/ ’\/\/\/\/\/\/\/\/

(Abdomen)
Effort m
(Pes)
PR—— \_/—
Sp02
-« > < >
10 sec 10 sec 10 sec At least

3% decrease

« Apnea-Hypopnea Index, AHI:
— (Events of Apnea and Hypopnea)/hour

 Respiratory Disturbance Index, RDI:
— (Events of Apnea, Hypopnea and RERAS)/hour

Apnea (IR ET (=) Central Sleep
Apnea
< 10% of
baseline airflow
AN~ N A A
Arousal
P aWa™ o

Sleep apnea severity

<5 Normal
5-14.9 Mild
15-29.9 Moderate
230 Severe



Obstructive Sleep Apnea
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Epiglottic

Low arousal threshold
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Craniofacial factors
(Nasal/Dental problems)
(Hypothyroidism)
(Down syndrome)
(Acromegaly)



Craniofacial factors
(Nasal/Dental problems)

(Hypothyroidism)
Narzv';«::;?:::ed/ | (Down syndrome)
Obesity (Acromegaly)

upper-airway

Arousal

EMGMTA. o~ A\t N/ - :
Poor muscle responslveness:
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Epiglottic
pressure

Low arousal threshold
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Ventilatory response
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Low arousal threshold
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(Down syndrome)
(Acromegaly)

Muscular




i F RAVIEIR RS
Co-Morbid Insomnia and Sleep Apnea: COMISA

o e
29%~67% having OSA
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39%~58% having Insomnia
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Low arousal threshold OSA
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Non-
Myorelaxant
Hypnotic

RERAs

(Respiratory Effort-Related Arousals

v

Increased
Upper airway %
neural activity = [HZ u& % jj ﬁ,ﬁ % EE )
(upper airway ‘ Arousal
dilation) Threshold
MM A WA AN A A A

- Minimal SpO2 > 82.5% Cesi e Sk

- Hypopnea > 58.3% AHI

(Hypopnea/Apnea+Hypopnea) Wm

At least Two above ) A

Increased
Pump muscle
neural activity
(respiratory load,
hypoxia,

Am J Respir Crit Care Med. 2014 Dec 1;190(11):1293-300.



(Respiratory Effort-Related Arousals
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Obstructive Sleep Apnea: Phenotype

RERAs
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Obstructive Sleep Apnea: Phenotype

P A Anatomy/Structure

Airflow Resistance Collapsibility Muscular

AN AN 1. [FIRERE /7180 (OSA) : IEIRINBIBRR
Respiratory Drive Ventilation 2. CO2/02 {EE B34

(c0:0 ) (Arousats) CAnxiety) Q —> Over-Response

High loop gain \ ﬂ
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Ventilatory disturbance t
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High Loop Gain: “UNDER or OVER?” breathing
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Obstructive Sleep Apnea: Phenotype

RERAs

(Respiratory Effort-Related Arousals
IR 2 ) T E)
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OSA and Associated Manifestations GERD vs Chronic Sinusitis

* Treatment of GERD could improve Chronic Rhinitis and Post Nasal Drips

* However, no reflux contents found in Nasal Cavity

* Gastroesophageal “REFLEX" (instead of REFLUX): nasal congestion,
irritation and increased secretion

-H* induced sensory neuropeptides

Vibration
Trauma

Neurogenic inflammation

reduced Cough receptor threshold
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SR - 1]
circumference

70 -
T = -0.802 o
r=-0.792 60 -
251 p <0.001 ®
E n=23 50
e’ 2 - D ® ®
® 40 1
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= 30 -
@ 14
= ~
= o0s
O -
0 -
o E
0 0 40 -80 -120 -160 200 -240 -286 -$29 40 0 -40 -80 -120 -160 -200 -240 -280 -320
Change in LFV (ml) Change in LFV (ml)
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Am J Respir Crit Care Med Vol 179. pp 241-246, 2009
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Role+of+nocturnal+rostral+fluid+shift+in+the+pathogenesis+of+obstructive+and+central+sleep+apnoea#
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Female, >= 5 AHI

Male >= 5 AHI

90%
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Female, >=15 AHI
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Female, >=30 AHI

Sleep Medicine Reviews 34 (2017) 70e81
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Male, >=15 AHI

),——,tc’/.

ale, >=30 AHI

o—@

49%

Medlan of the respectlve age group in years

® & ¢ ¢

Lee et al 2014

Duran et al 2001
Bixler et al 1998
Bixler et al 2001

® Reddy et al 2009

® Plywaczewski et al 2008

® Jenum & Sjol 1992
Heinzer et al 2015
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Obstructive Sleep Apnea

During sleep, gravity and muscle relaxat'on allows the tongue
and surrounding soft tissues tc fall back intc the throat
area obstructing air flow.

—- Sensors on
i#£3¢" face and scalp |
'y measure eye
movement

Sensor at nose
to measure air flow

andbrain |
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Artachmeam

Lower Jaw

Elastic belt.
sensors around
chestand belly
measure amount -
of effort to breath

Sensor on finger
measures amount of
oxygen in blood

@ Dea Loctorire.

W § 2wl — Lower Jaw/

ol Tongue to

Positional pillow
Oral appliance Positional Therapy _
Stomach Hack
may be beneficlal in mild sieep apnea Sleeper  Sieeper

able to breathe through the nose adequately

effective only in mild OSA Snore Ball

~

Sedee
Seapear

All
Sleepers
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surgical Airway Enlargement
- wadlopaiatophanyngoplosty (UPPP)

- sSimple tonsilectomy/odencidectomy in children
- midline glossectamy and Anguaipiosty

- maxifomandvibulor advancement (MMA)

- Rodiofrequency tissue ablotion (RFTA)

- racheostomy

Least invasive
weight loss
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Unmet Needs: E3bE: EERRITFIRIGETF S | AFESE | BEAERFXERIEN

Driving

Cardiovascular behavior

Insomnia

Environmental
factors

Eﬁ%ﬂﬁ*&?r Cognitive

30-50% B
; MPpPli 10N
ComigS%iOnS COMISA ﬂ¥$§¥ Co pl cations

Psychological

Lifestyl
R Sleep-disordered

breathing

Therapeutic

Assessments approaches
Following up

COMISA: CO-Morbid Insomnia and Sleep Apnea
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Brain activity

Wearable sensors
for sleep monitoring

Blood oxygen
LED

Could Non-wearable possible?

IScience. 2021 Apr 21,24(5):102461.



Non-Wearable sensors for sleep,

)1
Sh 2
&y 3.

W) 4

respiration and others

Sleep-related breathing disorders
Prediction of Upcoming Heart Failure
Detection of Preceding Sleep Apnea

Respiratory Sinus Arrhythmia: Coupling



Non-Wearable sensors for sleep,
respiration and others

K
% 1. Sleep-related breathing disorders
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C SM Journal of
J Clinical Sleep Medicine

SCIENTIFIC INVESTIGATIONS J Clin Sleep Med. 2024,;20(8):1267-1277

Combining a wireless radar sleep monitoring device with deep machine

learning techniques to assess obstructive sleep apnea severity

Shang-Yang Lin, PhD'; Cheng-Yu Tsai, PhD*3; Amab Majumdar, PhD?; Yu-Hsuan Ho, PhD*; Yu-Wen Huang, MS*; Chun-Kai Kao, MS®; Shang-Min Yeh, MS*;
Wen-Hua Hsu, MS’; Yi-Chun Kuan, MD®"®®; Kang-Yun Lee, MD, PhD?; Po-Hao Feng, MD, PhD?; Chien-Hua Tseng, MD, PhD>; Kuan-Yuan Chen, MD?:
Jiunn-Homng Kang, MD, PhD'®"""2: Hsin-Chien Lee, MD'®; Cheng-Jung Wu, MD, PhD'*; Wen-Te Liu, MD, PhD":36:1°

Figure 3—Signal waveforms of various respiratory events as obtained through polysomnography and wireless radar
framework (Bestshape vital sign system).

A Normal breathing pattern B Hypopnea event C Apnea event
3 3 - 3
event event
Bestshape < : e . 2 2
. . ° o ©
Vital Sign 2 2 2
Q. Q. Q.
System £ £ 11 £ 1
) 0+ 0
0 '; l'() 1'5 2'() .J'S 0 ’; 1'0 15 .;) .’r‘: 0 :1 1'0 1'5 )1() 7' 5
Time (sec) Time (sec) Time (sec)
. (,‘, ) event gl event
= = \ N A A o
P6 g | oo oAl FINEN N ] 8
Nasal ; i(_}m fre= ' s % 15 - 'J ‘ 1 M‘ ‘,.”/‘ ‘L—f’ ‘,‘P——AM-/-/ w / __D;'_ ’ ) .YI Ll U | |
Pressure 2 g W 3 I
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0 ; 1'0 l'S 2'1) P'S 0 ; 1'0 1'5 ..’:O )‘S 0 ‘; 110 !": 2'0 2'5
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Combining a wireless radar sleep monitoring device with deep machine

learning techniques to assess obstructive sleep apnea severity
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Utilizing a Wireless Radar Framework in
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Non-Wearable sensors for sleep,
respiration and others
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@ 2. Prediction of Upcoming Heart Faillure
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Evaluating Cardiac Impairment from Abnormal Respiratory Patterns:
Insights from a Wireless Radar and Deep Learning Study

IEEE Journal of Translational Engineering in Health and Medicine, doi: 10.1109/JTEHM.2025.3588523.
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Evaluating Cardiac Impairment from Abnormal Respiratory Patterns:
Insights from a Wireless Radar and Deep Learning Study

IEEE Journal of Translational Engineering in Health and Medicine, doi: 10.1109/JTEHM.2025.3588523.
e Associations of Radar-based parameters with Cardiac conditions

B coefficient (95% CI)

Variable RDI /h PB cycle length
ARyt el eugi. (8) e RDI increased 1/h:
LVEF: decreased 0.22%

NT-proBNP (pg/mL) 66.65 (-153.2 to 286.49) 158.49 (16.31 10 300.67) * | \/EcD: incremced 0 14 mm
LVEF (%) -0.22 (-0.41 to -0.03) * -0.21 (-0.35 t0 -0.07) * .

e PB cycle length, increased 1s:
LVEDD (mm) 0.07 (-0.05 t0 0.19) 0.11 (0.01 to 0.19) * NT-proBNP: increased 158.49 pg/mL
LVESD (mm) 0.14 (0.01 to 0.27) * 0.16 (0.06 to 0.25) *x ~ -VEF: decreased 0.21%

LVEDD: Increased 0.11 mm

LVESD: iIncreased 0.16 mm

e 50% Left Ventricular Ejection Fraction (LVEF) Threshold

Variable Crude OR (95% CI) ® Adjusted OR (95% CD)® (Age, Gender, BMI)

RDI (events/h) 1.03 (1.01 to 1.05) * 1.04 (1.01t0 1.07) * 4 RDIincreased 1/h

PB cycle length (s) 1.02 (1.01 to 1.04) ** 1.03 (1.01 to 1.05) * °* PBcyclelength, increased 1s




TR AR,

< /b\ﬂﬁ?ﬂ%ﬂ /~A|_.l
o BIRIRCO2E =R

JERESNIREA S E:
FRIRIETVE R

e Cheyne-Stokes Respiration
e Periodic Breathing

APCO./AV,
Plant Gain

ik
sl § ¢
W

Neural Outflow Clrculation Time

D P

Chemoreflex Gain to CO,
AV /APCO,

PC02

Congestlve Heart Failure

IEINEEE{E ZTEE RER

Raw data axample

- >
= . -
v
s .
e
P
. <>
R e e R LI e A e s L ere> e R R e e SN N

B Hypopnea + Apnea [l Wake eathing

Sleep | NN 1 NN 1 ARV -llll LR llllllllll
B ICTOE VML (O 0 LM e

== PB%/ per 10 min

B%=36.2%

b4

= hRDliper 10 min ™= bRDV per 30
A R 0.1

j

T

T

- AN Wb b JOCL
O0OO0000O00O0O

Cycle length

21:00 2200 2300 00:00

. {
LMMWMWM_MM
eriodic breat Ing
19
Apn
18 = ~ R i
1.7

EXAEF1: 1817809

(V)

2023/10/01~2042/11/02 = == e




*BestShape

ss.2 + PB 37.8%

' BestShape

IS RATEFFIR S thr

*BestShape

Be SE-A X - Oe Bne M- o> | - g
5 M (1] ofF 5 M ad afr
m 3 EMI Fx . av : .
2025/03/11 21:00 - 2025/03/12 12:00 PER 2025/03/11 21:00 - 2025/03/12 12:00 =
—ﬂ = R A IE W | | memsh - emae o
03/11 21:36 R 6524 9, 91.4% SRS, S5/ S o WHPGR  FOM0D  WIESAD | | mEwaws 990 BPE-D
Eﬁ 0312 05:18 e 14, 79% 111 O TN T A 0 O 1 R 55 8
BEITEEE AT 87.9% || 285% || ¥F 1R38.07% | | ‘ AWTHN BRAN AW
BEET -1} e 124
BER SR PERESES LR Nanional Skep Foundition, NSF) | | I l I | | I | I I
. 118.271% D00 B 0000 0100 G200 0300 0400 000
o SR 04 00% | 21-30% TTg— OO RO 2TV R0 W IR T W E I, VT W T LR
.a 6“39 ”. 95.6% £ B0% e | lJ-I [ 1240 O30 D OO iS00 Oeveed  OGy00 0O A0 000 Ot
. T8 LTS || 16-20% ' W
NERE 08 || <08 . u o | n “ | [
D sy v - v . . T T
¥ Fat | v )| oo 0140 00 U300 ost0 J500 L )
W AR« Ry D "

OS85 145 $®-15 299 BR-300LE
TR R ) SRR TR
SFUS N A4 - 0n R oey, g4 80En

B £« R @ Aty

T e T

= QSN SI0nE -~ FRARESRSTY

0%

&0 %

%

) % -
i &

-~ -

- RGN RIS ~ PR EMR00E - TISRGrNe

ARl

0000 0100 (1200 0300 0

- RPN R0RE - FEREMRI0DE = TR

i
|

2 ' l |
N
: ]

88.2
TN x|
5 30

1K
w

nm i 23 ﬂ“ .
‘ommo .

“ “ o000 u,' 300 -‘ 0500 ‘vols(; . -+ = - i
vu2NE  WIELT W RANS  WEZ s ;’7 0 W R U
an 1 M' |l i
e S18 BTN | ST 268 WM }lr %lw :
- BRGNS A MR R T 3 ]': a I’,
 BARRERR OO = 10 S 043y B shseN o 00 00 a300 0500 o U }v T’% w
"3: h 9
’ 'AW A J. bbb i
w'\ M ,w Phidivd 4 8 ww iAo :
h N "”V el b (31 -".. 128 !.
2200 3N LOX ’J'!.‘..'C (el s Jato Sa '.!!-1]
TR TG . SASAEA ST O A TS Ok
1 >3 Z . 3 R
wge LTS v23 o 05 v2.3 S LS vi3



bRDI 88.2 + PB 37.8% ££F] TFDA

BERAYE *BestShape EZERnHE *BestShape EZRIEE *BestShape

21:00 04:00
21:15 0415
21:30 04:30
21:45 04:45
22:00 05:00
2215 05:15
22:30 05:30
22:45 05:45
23:00 06:00
23:15 06:15
23:30 06:30
2345 06:45
00:00 07:00
015 o7:15 : | ’{

St ASEREEN Ob) SRS SIS O SR SIISREREH O

55-_'?- s ';3.: A LTS w23 B s 23



Non-Wearable sensors for sleep,
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@ 3. Detection of Preceding Sleep Apnea
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Detection of Preceding Sleep Apnea
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Prediction of Preceding Apnea/Hypopnea events
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Core Technology — nFOPT RS0

Applied pressure/movement

Non-invasive Fiber Optic Physiological Monitoring Technology

: | / :  Inputlight(LED) Multimode fiber optic sensor Output light(LED)
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External applied pressure or movement BENDS the multimode fiber
optic so that the transmission light refracts through the cladding
layer, thereby causing an attenuation of optical intensity.

Physiol Meas. 2019 Jul 30;40(7):075005.
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Non-Wearable sensors for sleep,
respiration and others
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@ 4. Respiratory Sinus Arrhythmia: Coupling




Respiratory Sinus Arrhytnmia Coupling
RSA coupling

Relation between ECG and Respiration Series
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Association Between RSA coupling and Slow Wave
Activity during Sleep

A 22-year-old male
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Non-wearable monitoring: Sleep/Mental states

Respiratory Sinus Arrhythmia (RSA) Coupling

Neuro-Cognitive:

" Relaxed state " Alert state
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expiration expiration
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(1) Slow wave sleep: RSA coupling

Sleep stages, Mental  (2) Psychological evaluation: Anxiety, Agitation, Restless
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Obstructive Sleep Apnea

During sleep, gravity and muscle relaxat'on allows the tongue
and surrounding soft tissues tc fall back intc the throat
area obstructing air flow.

—— Sensors on
syl face and scalp |
'} measure eye
movement
and brain
activity

Sensor at nose
to measure air flow
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Elastic belt.
sensors around
chestand belly
measure amount
of effort to breath

Sensor on finger
measures amount of
oxygen in blood
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Artachmeam
ol Tongue to
Lower Jaw

Positional pillow
Oral appliance Positional Therapy :
Stomach Hack
able to breathe through the nose adequately gy Ee henkiiciel fnmid e apaes Sleeper  Sleeper

effective only in mild OSA Snore Ball
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Sleepers
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Surgical Airway Enlargement
- wulopaictophanyngoplosty (UPPP)

- sSimple tonsilectomy/edencidectomy in children
- midline glossectamy and Anguaiplosty

- maxifomandvibulor advancement (MMA)

- Rodiofrequency tissue ablotion (RFTA)

- racheostomy

Least invasive
weight loss

upPPP
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BARE

Esophagus

Lower Esophageal
Sphincter Open
Allowing Reflux

Stomach
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THE STORY OF A HIDDEN EPIDENMNIC

SANDRA KAHN an¢ PAUL R. EHRLICH

Foraword by Robart Sapolsky, author of Fedave
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ke & John Mew

M

Orthotropics (MewingQ)






Normal Values:
SNA >82°
SNB =>80°
MP-H <15mm

S: sella; N: nasion; A: subspinale; B: supramentale; MP: mandibular plane; H: hyoid



Normal Values:
SNA >82°

SNB =>80°
MP-H <15mm




orthotropics

Orthotropics
@0Orthotropics - 49.3B{IFTFE - 381 38R

The Founders of Mewing: Dive into the Authentic Guide to a Natural Jawline )
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Mewing Works!!! : A

Month 0
Month 6 Month 12 \
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Good Anterior Posterior Lumbar Thoracic Forward

posture pelvic tilt pelvic tilt lordosis kyphosis  head
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ldentical Twins

Age 8 TRAIN TRACKS AND EXTRACTIONS. Age 13
Ben’s front teeth ‘stuck out’ 8mm.
He now needs to wear an appliance for
the rest of his life to hold the teeth
straight. Note the Vertical growth.

Age 8 ORTHOTROPICS NO EXTRACTIONS Age 13

Quinton’s front teeth ‘stuck out’

9mm. His upper jaw was taken forward
7mm and then his lower jaw brought
forward to match. The teeth have stayed
in place since then with no retainer.




MEWING: How to monitor?
/\/\/\/\/\ Normal Respiration

Kussmaul Breathing

A/\/\NVWW NW\NV\ Cheyne-Stokes Respiration

Periodic Breathing

M MWLl n Biot's Respiration



Orthotropics: Mewing (Dr. John Mew)

By nFOPT:

MewrdC)  © Mewing : smaller airflow

resistance leading to entire

> breathing phases detected
Trme (inhalation+exhalation)




Comprehensive Safety

Monitoring
Personalized
Al-generated Lullabies
Breathing Sound
‘ .
Mouth / Nasal Breathing
\ F

Mewing or Not
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