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Male
T Age
H/N flexion

Defectlve UA reflexes
{ Central drive

‘// 1 Pressure detection

Obstructive apnoea

—

Ineffective UA
dilator activity

I | Postapnoeic hyperventilation I

i— J,Central drive |«

High Loop Galn
—>Increase the
ventilatory
response to arousal,
Propensity for
cyclical breathing,
Periods of UA
dilator acitivity
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LN | High risk for OSA who should be evaluated fo@; w
& OSA symptoms

® Obesity (BMI >35)

® Congestive heart failure

@ Atrial fibrillation

® Treatment refractory hypertension

® Type 2 diabetes

® Nocturnal dysrhythmia

® Stoke

® Pulmonary hypertension

® High-risk driving population

® Preoperative for bariatric surgery

The AASM Manual
for the SCOTING of Sleep
& Associated Events

Rules, Termirology and Technical Spedfications
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® 2EEG, 2PSG
® 2 EEG tech, 2 PSG tech: 4 month rotation schedule
= 1tech=> &, %, =,
= 2tech> 3, 8 E
= EEG tech - Back-up MSLT, portable EEG
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Hypopnea (M =8)

BIE 22:43:36 8182
E1-M2

E2-M1 v Microarousal [Hyp] 2 . Microarousal [Hyp]
e AT
3 VW

Chint
F3M2 Wv

F4-M1

C3-M2
C4-M1
01-M2

02-M1

s | AP AR

Snore

Drop in nasal pressure by = 30% ey
Lasting at least 10 sec. -
= 3% desaturation or arousal t

R-Legs

L-Legs
- A | S —
Nasal-Trans| ‘/‘N \/ v " !

CPAP
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Overall AHI 24.5
REM AHI 75
Minimal Oxygen Saturation 84%
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- Pathophysiology of _ NS
Cheyne Stokes Breathing Pattern b=

o>

—Ventilatéry response to

arousal :

v
Crescendo Ventilati 1 PCO,

A between Eupnea CO2
nd Apnea threthold I
ensitivity

Ventilatory Instability

PCO2 T Decrescendo ventilation
Sleep = =\ = =
P 2
Central acy

{ Central Apnea Apneic
Drive Threshold

<
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With CPAP, a mask over your nose gently

During sleep apnea, air flow is completely blocked. blows air into your throat to keep your aif
passage open.
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- Recommendation of AASM

PRACTICE PARAMETER

Practice Parameters for the Use of Continuous and Bilevel Positive Airway
Pressure Devices to Treat Adult Patients With Sleep-Related Breathing Disorders

An American Academy of Sleep Medicine Report

Moderate to severe OSA (standard)

Mild OSA (option)

Improving self-reported sleepiness in patient with OSA (Standard)
Improving quality of life in patient with OSA (Option)

Adjunctive therapy to lower blood pressure in hypertension with OSA
(option)

- Sleep 2006

GI}G.{;

m CPAP: Continuous Positive Airway [’ o
i Pressure

CPAP Therapy

Exhalation

S=S E\e

(‘?_QE o)=
Lo 71718 &
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"  BiPAP: Bi-Level PAP =

Bi-Level PAP Therapy

10 PM 7 AM
D —

eear MMMANANAARAMARALY

riow  WWWWWWWWWWWA

Bi-Level CPAP2 57| A
S| Mol B7| Al &
S=ol0, 2utxo=z &
CHE 28 /e 371H

Exhalation

Auto-PAP: Auto-Titrated PAP

Auto CPAP Therapy

Auto CPAP :r"\:" “l.;r":_

P. Min

-
Flow A\ vWIWWW—wwwWWW . S

L FL_ SR » L HJ

Auto CPAPE AF2 X0 AHA ZHEHE|= flow | 3}L}o| Q20|
limitation, snoring, Apnea, hypopnea& 2 E3) 22
HASH7| loh Was tHe 5oz xH
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®  Bi-level PAP Use (1)

® Independent adjustment of inspiratory and expiratory pressures.

® OSA patients who cannot tolerate CPAP due to
= Persistent massive nasal mask air leakage
= Discomfort exhaling against positive pressure

® OSA patients with concomitant nocturnal breathing disorders
= Restrictive lung disorders
= COPD
= Nocturnal hypoventilation

® An additional PSG may be required to titrate bi-level PAP if CPAP failure
occurs.

®  Bi-level PAP Use (2)

® BPAP is an Optional therapy in some cases (Guideline)
= High pressure is needed
= Difficulty exhaling against a fixed pressure
= Coexisting central hypoventilation

® BPAP may be useful in treating some forms (Option)
= Restrictive lung disease
= Hypoventilation syndromes associated with daytime hypercapnia

fightldntste] 2020 A4 H20| Hdu=
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- Recommendation for BPAP

® Uncomfortable or intolerant of high pressure on CPAP

® Continuing obstructive respiratory events at |5 cmH,O of
CPAP

= Inspiration of the development of Auto-
titrating PAP

® Pressure requirement may change over time due to
= Variability in weight
= Change in underlying medical conditions
= Resolution of upper airway edema

@® Pressure for supine or REM sleep is higher than that needed on average

® The desire to improve the efficacy and comfort of treatment and to
simplify or improve pressure titration

Ceridntels] 2020 4 =2 &
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®  Not recommended (Standard) M

® Diagnosis OSA
® Co-morbidities
= CHF
= COPD
= Nocturnal oxygen desaturation due to conditions other than OSA
Obesity hypoventilation syndrome
® Not snore

® Central sleep apnea syndrome

@® Split night study

Sleep.2008

. >
Uses =

® Attended titration with PSG

= To identify a single pressure for use with standard CPAP for
treatment of moderate to severe OSA (Guideline)

® Unattended study in absence co-morbidities

= To determine a fixed CPAP pressure for moderate to severe OSA
(Option)

® Close clinical follow up to determine treatment effectiveness and safety

® Standard attended CPAP titration should be performed if symptoms do
not resolve

Sleep.2008

fightldntste] 2020 A4 H20| Hdu=
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Titration

JCSM
Journal of Clinical
Sleep Medicine

SPECIAL ARTICLE

Clinical Guidelines for the Manual Titration of Positive Airway Pressure in Patients

with Obstructive Sleep Apnea

Positive Airway Pressure Titration Task Force of the American Academy of Sleep Medicine

Task Force Members: Clete A. Kushida, M.D_, Ph.D., RPSGT (Chair)'; Alejandro Chediak, M.D. (Vice-Chair)%; Richard B. Berry, M.D %, Lee K. Brown, M.D %
David Gozal, M.D %, Conrad Iber, M.D ¥, Sairam Parthasarathy, M.D.7; Stuart F. Quan, M.D.%, James A. Rowley, M.D *

OSA?

AHI215
AHI=5+Sxs

P

Patient Educati%

Yes Patient

Education

v
Discuss
Treatment
Option

CPAP

Accept

CPAP
Offered?

Decline

Findings of study, severity of disease
Pathophysiology of OSA

Explanation of natural course of disease and
associated disorders

Risk factor identification, explanation of exacerbating
factors , and risk factor modification,

Genetic counseling when indicated
Treatment options
What to expect from treatment

Outline the patient’s role in treatment , address their
concerns, and set goals

Consequences of untreated disease
Drowsy driving / sleepiness counseling

Patient quality assessment and other feedback
regarding evaluation

Alternative Therapies

Behavioral Oral Appliance Surgical Adjunctive

SHYIYD MetEy
B SOON CHUN HYANG.
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- Troubleshooting Residual Sleepiness

Note that the patient may have
experienced an unrealistic
degree of improvement

at the start of CPAP

Ensure duration of 1
sleep is adequate

Confirm diagnosis 2
of OSAS

6 Exclude comorbid conditions
causing EDS, Detailed clinical history,
rule out depression, narcolepsy and

Confirm adequate
q 3 poor sleep hygiene

CPAP titration

Measure CPAP efficacy
at home to detect leaks,
measure compliance

Ensure adequate compliance

5

= Suggested Clinical Procedure in Non-
i Compliant CPAP

Maxillary and teeth
Problems

Sinus and hear problems
Local infections

Abdominal problems, thoracic pain
Expiration difficulties, aerophagia

]

ENT
Leaks
Skin lesions

/ Conjunctivitis
Noise

Different Cold and pressure sensation
mask ~
Bormeutls Negative May be transient
Social aspects (inform the patient)
humidification
Avoid leaks Lack of
Humidification improvement Anxiety/phobia
Mouth closure J' Desensitization
. psychotherapy
Review Involuntary
Other disorders Removal asleep \

Review steps 1-4
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Sunwoo & Yang, JSM 2017

. . gn . 0 iﬁ;
" Life style modification b
® Behavioral therapy
= Alcohol abstinence : at least 4 hours before sleep
= Avoid benzodiazepine or other muscle relaxant

/respiratory suppressant
= Avoid smoking

= Avoid sleep deprivation

® Weight reduction (70% of OSAS: obesity)
= Weight reduction 10% { — AHI by 26% |

® Lateral position

ek ntels| 2020 =7 TE2)

o
s



C

Weight Reduction

® Successful dietary weight loss may improve the AHI in
obese OSA patients. (Guideline)

® Dietary weight loss should be combined with a primary
treatment for OSA. (Option)

® Bariatric surgery may be adjunctive in the treatment of
OSA in obese patients. (Option)

H L] -]
1 1 )

(2]
1

-
1

o

Effect of weight change on AHI
(Peppard PE. JAMA 2000)

n=179
n= 371

Mean Change in AHI (Events/Hr)
Y N

'
N
1

n=22

-20 to -10%

n= 39

-10 to -5% -5to 5% 5 to 10% 10 to 20%
Change in Body Weight

fightldntste] 2020 A4 H20| Hdu=

49



09
o

50

|
Change

Percent Change
in Weight
(vs No Change)

Percent Change in the AHI for Weight

Estimated Percent
Change in AHI
(95% Confidence Interval)t

=20 -48 (=58 to —35)
| -10 —26 (=34 to —18) |
-5 -14 (-18 to —-9)
+5 +15 (+10 to +21)
+10 +32 (+20 to +45)
+20 +70 (+42 to +104)

—_—

® Effective secondary therapy or can be a supplement to primary therapies.
(Guideline)

Positional Change

L oeee
wieos,  DEEE

[CEEE)
238

:'1"""""‘ i i s i ™ i
N S N s T S 31/M. BMI 32.2
F@ z E iz ;,I gg : Overall AHI 37.2
) \ = T ?F = Supine AHI 52.2 / Off-supine AHI 2.8

— S
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- Use of Oral Appliance:

Recommendation of AASM

OSA must be determined before treatment (standard)
Primary snoring without OSA, UARS (standard)
Mild to moderate OSA who (guideline)
= Prefer OA to CPAP
= Do not respond to CPAP
= Fail to attempt with CPAP or behavioral treatment (weight loss, position change)
Severe OSA should have an initial CPAP (guideline)
Upper airway surgery (T&A, Craniofacial operation, and tracheostomy) may

also supersede OA in whom these are predicted to be highly effective
(guideline)

F/U at every 6 months at first year and then annually (quideline)

Recommendation of AASM

Sleep 2006

- Surgical Modification of the Upper Airway

Nasal-septal reconstruction, cauterization, tonsillectomy
Upper airway bipass : Tracheostomy

Soft tissue ablation to enhance patency of the retropharyngeal area
= Uvulopalatopharyngoplasty (UPPP)
= Laser-assisted uvulopalatoplasty (LAUP)
Retrolingual tissue ablation
= Laser midline glossectomy/lingualplasty (LMG)
= Radiofrequency tongue base ablation (RFTBA)
= Tongue base reduction with hyoepiglottoplasty (TBRHE)
= Uwvulopalatopharyngoglossoplasty (UPPGP)
Reposition soft tissue to improve retrolingual space
= Mandibular advancement (MA)
= Genioglossal advancement (GA)
= Hyoid myotomy and suspension of hyoid from mandible (HM-1)
= Hyoid myotomy and attachment of hyoid to thyroid cartilage (HM-2)
Improve patency of both RP and RL space
= Maxillomandibular advancement (MMA)

fightldntste] 2020 A4 H20| Hdu=
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- Use of Surgical Modification (1)

Recommendation of AAMS

® The presence and severity of OSA must be determined. (standard)
® The patient should be advised about surgical success and complications,
and alternative treatment options. (standard)

® Tracheostomy
= when other options do not exist, have failed, are refused, or when it is deemed necessary by
clinical urgency. (option)
® Maxillo-Mandibular Advancement (MMA)
= Severe OSA, cannot tolerate or unwilling to adhere to PAP (option)
v UvuIopalatopharyngoplasty (UPPP)
Does not reliably normalize the AHI in moderate to severe OSA.
= Severe OSA should initially be offered PAP
= Moderate OSA should initially be offered either PAP or OA (option)

«» Although UPPP alone may seem more convenient and desirable for some patient, routinely
other more proven treatments such as PAP or OA ought to be considered first

Sleep 2010

- Use of Surgical Modification (2)

Recommendation of AASM

® Multi-Level or Stepwise Surgery (MLS)
= Narrowing of multiple sited in the upper airway
= Have failed UPPP (option)
v" Laser Assisted Uvulopalatoplasty (LAUP)
= Not routinely recommended as a treatment for OSA (standard)
® Radiofrequency ablation (RFA)
= Mild to moderate OSA, cannot tolerate or unwilling to adhere to PAP or OA
(option)
® Postoperatively, follow-up evaluation including objective measure,
clinical assessment, and recurrence. (standard)
= Optimal interval an duration are not clear

CHEHAIZDISHE] 20201 57 H20| BMTS
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- Pharmacology

® SSRIs are not recommended for treatment of OSA.(standard)
. paroxetine, fluoxetine

® Protriptyline is not recommended as a primary treatment for OSA.
(Guideline) : REM suppresant, ex) clonidine

® Methylxanthine derivatives (aminophylline and theophylline) are not
recommended for treatment of OSA. (Standard)

. central sleep apnea-possible usefullness
® Estrogen therapy (estrogen preparations with or without
progesterone) is not indicated for the treatment of OSA. (Standard)
® Modafinil is recommended for the treatment of residual excessive
daytime sleepiness. (Standard)

® Short-acting nasal decongestants are not recommended for treatment
of OSA. (Option)

: chronic use-rebound vasodilatation, rhintis medicamentosa.
® Topical nasal corticosteroids may improve the AHI in patients
with OSA and concurrent rhinitis
- may be a useful adjunct to primary therapies for OSA. (Guideline)
. fluticasone nasal spray

fightldntste] 2020 A4 H20| Hdu=
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- Others

hypoglossal nerve

Hypoglossal Simulation
- Moderate to severe OSA
stmulatinglosd—__ Eastwood PR, Sleep 2011

R ‘cuff electrode

neurostimulator

respiratory

/7 sensing leads

Retro-palatal opening
\ -glossal opening

Tongue

Didgeridoo
- Moderate OSA
Puhan MA, BMJ 2007

Stimulation OFF Stimulation ON

o * & i ﬁZ}
- - Sleep Apnea: Treatment Option b
® |ifestyle ) :j)e\\/’é;?izgtegry control stability
= Fitness v Loop gain
= Avoid sleep deprivation, Alcohol, Sedative v’ Arousal threshold
= Lateral position
® Medical
= Positive pressure via a mask
CPAP
Bi-level pressure
Auto PAP

Servo ventilation
® Oral appliance
® Surgical
= Upper airway bypass (trach)

= Upper airway reconstruction
Phase 1: UPPP & Genioglossal advancement
Phase 2: Maxillomandibular advancement
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® Objective monitored to help assure utilization (standard).

® Close follow-up for PAP usage and problem during the first few
weeks (standard).

® Heated humidification improve PAP utilization (standard).
® Systematic educational program (standard).
® |ong term follow-up yearly (option).

® PAP therapy is safe; side effects are mainly minor and reversible
(standard).
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Air flow sensor, respiratory effort sensor(chest.abdomen), Leg EMG,
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Diagnostic PSG Interpretation Report

Pt. ID :3037135

Patient Name: Jo Dong Ho,NR
Study Date: 2019-01-30

Age: 61yrs 7 mos
Sex: M

Referring Physician:
PSG Tech: Jung Ga-Yi

Study Type: Polysomnogram

Weight (kg):90
BMI: 28.41

Sleep History: snoring, witnessed apnea, daytime sleepiness
Past Medical History:
Medications:

Procedure: The study was attended by asleep The monitored included:
left and right EOG, Frontal, central and occipital EEG, mental and submental EMG, left and right anterior tibialis
EMG, single ECG waveform, snoring, continuous airflow with thermistor and nasal pressure transducer, chest and
abdominal effort, oxygen saturation and body position via video monitoring.

Hypopnea definition: The peak signal excursions drop by 230% of pre-event baseline using nasal pressure (or
altemative hypopnea sensor). The duration of the 230%drop in signal excursion is 210 seconds. There is a 23%
oxygen desaturation from pre-event baseline or the event is associated with an arousal

SLEEP ARCHITECTURE

The study started at 09:11:03 PM and ended at 02:36:22 AM. Total sleep time was 230.5minutes resulting in a
sleep efficiency of 70.9% (TRT = 325.3 m). There were 61 awakenings with  total time awake after sleep onset

of 91.8 minutes. The sleep latency was 3 minutes and the REM latency was 59.5 minutes. The patient spent 80.0%
of sleep time in the supine position. The sleep stage percentages were 34.5% stage 1, 47.3% stage 2. 0%

stages 384 and 18.2% REM sleep. There were 235 arousals, resulting in an arousal index of 61.2. There were

198 stage shifts.

RESPIRATORY DATA
Snoring was noted .. There were 215 respiratory events consisting of 29 obstructive apneas, 0 mixed apneas, 1
central apneas, and 185 hypopneas. The apnea-hypopnea index was 50.0. The mean oxygen saturation during
the study was 92.1%, with a minimum oxygen saturation of 76%. The patient spent 10.9% of sleep time with an
oxygen saturation below 88%.

REM-Time | REM-index | NREM-Time | NREM-index | Total-Time | Total-Index
Supine 145m 66.2 170m 529 1845m 54.0
Off-Supine 275m 415 185m 973 46m 639
Total 42m 50.0 188.5m 573 2305m 56.0

Page 10f2 Soonchunhyang University Cheonan Hospital Skeep Lab

LIMB MOVEMENT DATA

Total periodic limb movements were 110, resulting in a PLM-index of 28.6. PLM arousal index was 0.3,

ECG DATA:

The average heart rate during sleep was 77 beats per minute, with a range of 39 to 100. During wake, the heart
rate was ranging from 62 to 100 beats per minute.

Diagnosi

Obstructive sleep apnea syndrome

Impressions:

Severe obstructive sleep apnea. The respiratory events were associated with significant oxygen desaturations
(nadir 02 76%)

2. Frequent leg movements during sleep were observed. However, the patient has not endorsed symptoms of
suggestive restless legs syndrome on the provided sleep questionnaire.

3. Abnormal sleep architecture likely due to respiratory events and first night effect

ing Physici

Kwang Ik Yang, M.D.

Page 20f 2
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Patiint Educa“zZion >
FhComponents of Patient Education Programs

Findings of study, severity of disease

OSA?

Yes Patient

AHI215 Education Pathophysiology of OSA
AHI=5+Sxs Explanation of natural course of disease and
associated disorders
v Risk factor identification, explanation of exacerbating
Discuss factors , and risk factor modification,
Treatment Genetic counseling when indicated
Option

Treatment options
What to expect from treatment

Outline the patient’s role in treatment, address their
concerns, and set goals

Accept

CPAP

CPAP Offered?

Consequences of untreated disease

Drowsy driving / sleepiness counseling

Patient quality assessment and other feedback

Decline regarding evaluation

Alternative Therapies

Behavioral Oral Appliance Surgical Adjunctive
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Obstructive Sleep Apnea

Normal Breathing
- Airway is open - Airway collapses
- Air flows freely to lungs - Blocked air flow to lungs

With CPAP, a mask over your nose gently.
blows air into your throat 1o keep your air
passage open.

During sleep apnea, air flow is completely blocked

3 » & »
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§ SOON CHUN HYANG = /o
UNIVERSITY HOSPITAL
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2. Routine PSG EEG A®
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2P setting Y93 30~40% FE 52 L2AD ol WA £ 34 A0
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Air flow sensor, respiratory effort sensor(chest.abdomen), Leg EMG,
snoring sensor, 5302 sensor(oxygen saturation), EKG setting
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PAP Titration Study Report

Patient Name: CPAP Jeon Jin Hyeon,NR
Study Date: 2019-01-29

Age: 31yrs 4 mos

Sex: F

Referring Physician:

Pt. ID :3113559

Height (cm): 187
9.5

PSG Tech: Oh Ju-Yeop Neck cir(cm):
Study Type: Polysomnogram Weight (kg): ss
. BMI: 25.17

Mask:F&P/Eson2 M size g v

Sleep History: The patientis a 31-year-old male with sleep disordered breathing. A routine PSG was
performed on 121112018 which shawed ssveta positionsl OBA (supioa AHI 31,8, verall AHI 256, Nacir O;

%)
Past Medical History:
Medications:

Procedure: The study was attended by a sleej The monitored included:
left and right EOG, Frontal, central and occipital EEG, mental and submental EMG, left and right anterior tibialis
EMG, single ECG waveform, snoring, continuous airflow with thermistor and nasal pressure transducer, chest and
abdominal effort, oxygen saturation and body position via video monitoring.

he peak signal drop by 230% of pre-event baseline using PAP device flow.
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LIMB MOVEMENT DATA
Total periodic limb movements were 17, resulting in a PLM-index of 2.8. PLM arousal index was 1.6.

ECG DATA:

The average heart rate during sleep was 58 beats per minute, with a range of 48 to 90. During wake, the heart
rate was ranging from 52 to 90 beats per minute.

Diagnosi

Obstructive sleep apnea syndrome

The duration of the >30%drop in signal excursion is 10 seconds. There is a 23% oxygen from pre-
event baseline or the event is associated with an arousal.

SLEEP ARCHITECTURE

The study started at 09:54:27 PM and_ended at 04:55:44 AM. Total sleep time was 363.8minutes resulting in a
sleep efficiency of 86.4% (TRT = 421.3 m). There were 13 awakenings with a total time awake after sleep onset

of 54.0 minutes. The sleep latency was 3.5 minutes and the REM latency was 78 minutes. The patient spent
100.0% of sleep time in the supine position. The sleep stage percentages were 18.1% stage 1, 66.7% stage 2, 0%
stages 384 and 15.3% REM sleep. There were 102 arousals, resulting in an arousal index of 16.8. There were

97 stage shifts

RESPIRATORY DATA

This is a CPAP titration study. Snoring was eliminated at a CPAP setting of 8 cmH,0. The CPAP settings upward
from 5 cmH20 during this study normalized the AHI. The mean oxygen saturation during the study was 97.5%,
with a minimum oxygen saturation of 94 %. The patient spent 0.0 % of sleep time with an oxygen saturation below

88%. At a CPAP setting of 9 cmH.0, the AHI was 2.4 and the arousal index was 8.4. At this pressure, the
minimum oxygen saturation was 96 %.

CPAP-BILEVEL SUMMARY:

Page 1o 2 Soonchunhyang University Cheonan Hospital Sleep Lab
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1. At a CPAP setting of 9 cmH20, the apnea-hypopnea index was normalized and the arousal index were
improved. Snoring was eliminated and the oxygen saturation was maintained above 96% at this setting

2. Abnormal sleep architecture likely due to respiratory events, CPAP titration and first night effect

Recommendation

CPAP 9 cmH;0 with humidification was recommended at initial therapy.

Interpreting Physician

Kwang Ik Yang, M.D.

Page 2 of 2 Soonchunhyang University Cheonan Hospital Sleep Lab
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‘Snoring is the vibration of respiratory structures
and the resulting sound due to obstructed air
movement during breathing while sleeping’
{https://en.wikipedia.org/wiki/Snoring). HAEIAR
Ofl! k23t 20| ZIEEI0] RICE SAEM snore= to
breathe during sleep with a rough hoarse noise
due to vibration of the soft palate’ (https://www.
merriam-webster.com/dictionary/snoring).
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