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OSA Part 1 — Pathogenesis, Risk Assessment,
Diagnostic options

Steven Holfinger, MD, MS
Assistant Clinical Professor
Department of Internal Medicine
Division of Pulmonary, Critical Care and Sleep Medicine
The Ohio State University Wexner Medical Center
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Learning objectives

* Whatis obstructive sleep apnea (OSA) in 20267
*Who is at risk for OSA?
* How is OSA diagnosed?

Sleep apneaiis... everywhere!
Global Adults Affected (30-69 years) ~1 Billion

Benjafield et al. Lancet Respir Med. 2019

Current and future estimates in the United States

Boers et al. Lancet Respir Med. 2025

2025 2050
AHIZ 5 Gogsr:rg‘;:on 76fer:r;|ul/lu|on
AHI 215 41 .2()3|:T;|:/lnlon 52.392r‘1;|:/l°|0n
AHI 2 30 20.162r:r‘1||‘;)|on 28.117r:r;|ul/lu|on

*AHI 2 5-15 with symptoms

Patient reported or observed:

Sleep study results

AHI,RDI,REI

S 30+

15-30

Mild* Moderate Severe

ICSD-3 Text Revision

Orobserved: 2023

* Waking up breath holding,
gasping, or choking

* Habitual snoring or breathing
interruptions during sleep

« Disruption of bedpartner’s sleep

Sleepiness or fatigue
Insomnia

Nocturia

Morning headaches

Impaired concentration,
memory, driving, social
function, or work-productivity

Comorbidities without
symptoms removed from
essential features:

diabetes, or stroke

HTN, ischemic heart disease,
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What is an event?
*Apnea

— Airflow cessation

Each last

at least 10
seconds

*Hypopnea (Rule 1B, or 4% criteria)
—Reduced airflow
— Associated 4% oxygen desaturation

*Hypopnea (Rule 1A, or 3% criteria)
—Reduced airflow
— Associated 3% oxygen desaturation
or
— Associated with an arousal caused by airflow

AHI (Apnea Hypopnea Index)
Apneas + Hypopneas
AHI = 4 44 p
Total sleep time

RDI (Respiratory Disturbance Index)

Apneas + Hypopneas + RERAs
Total sleep time

RDI =

REI (Respiratory Event Index)
Apneas + Hypopneas
Total Recording Time

REI =

The tale of 2 patients:

Patient 1: Patient 2:

Presents with

snoring, snoring,
witnessed witnessed
apneas, and apneas, and
excessive excessive
daytime daytime
sleepiness sleepiness
Sleep study Sleep study
AHI=30 AHI=30

Presents with

The PALM Framework for OSA Pathogenesis

Endotypes

J Carberry, ) Amatoury, D Eckert. Chest 2018

. Passive P ;; (Anatomy)
. Arousal Threshold (Sleep Stability)
. Loop Gain (Ventilatory Stability)

AW N

. Muscle Responsiveness (Compensation)
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Soft Palate

PALM: Anatomy, Passive P,

Underlying risk for all endotypes.

v |
|
|

Genioglossus
How it causes OSA: Collapsing forces Mandible
and structural support are insufficient ey

+ Influenced by genetics, weight, fluid shifts Mylohyoid
and tissue compliance

* Acollapsible upper airway is bad

* P, —Airway closes at this pressure

* P, usedinresearch, not clinically

* Smaller UA size, larger lateral pharyngeal walls, larger tongue, larger soft

palette
What do we look for?
* BMI, neck circumference, crowded oropharynx, nasal/septal deviation

Hyoid

Nasophanyny

Oropharynx

Hypopharynx

Mallampati Scoring

Class | Class Il Class Il Class IV

e N

Image adapted from ikimedi : -CCBY-5A3.0
Miller, J. N., &Berger, A. M. (2016). Screening and assessment for obstructive sleep apnea in primary care. Sleep
medicine reviews, 29, 41-51

So... what causes the initial collapse?

* Anatomy : Airway is collapsible
* Once asleep = Muscle tone decreases from baseline

Non-anatomical factors
1. Poor muscle responsiveness
2. Low arousal threshold
3. Unstable breathing (High loop gain)

Why is there stable breathing during parts of the night?
Answer: There are varying non-anatomic and compensating factors.

PALM: The Low Arousal Threshold
Arousal threshold = level of effort required to wake the brain.

How it causes OSA: A low threshold leads to early arousals,
preventing dilator muscle recruitment.

Association: COMISA (COMorbid Insomnia and Sleep Apnea)
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PALM: High Loop Gain (breathing instability)

Response

Loop gain describes the ratio of Disturbance

How it causes OSA: A high loop gain leads to periodic
breathing.

What can you look for?
May be reported on sleep studies, under interpretation.
Has a recognizable desaturation pattern on the hypnogram.

Central sleep apnea
Absence of air-flow and respiratory effort

Examples:

il ‘ i
* Opiates causing ataxic (biot) breathing patterns

PALM: Poor Muscle compensation

The upper airway muscles, such as the Genioglossus, respond reflexively
to negative pressure.

« Genioglossus EMG (main airway dilator) decreases during sleep’
* Wake pharyngeal muscle dilator activity is higher in OSA patients?
* OSA patients reduce muscle tone on sleep more than controls

How it causes OSA: Failure to respond to negative pressure or CO2

"Remmers et al. 1978, 2Mezzanotte, 1992

The future?

POP - Polysomnography observed physiologic risk factors
PUP - endo-Phenotyping Using Polysomnography

Example:

PUP/PUPpy Algorithm, a breath-by-breath analysis of flow and effort.

Finnsson et al. Frontiers in Sleep. 2023.
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OSA Phenotypes — symptom based

Phenotype

Features

Identification Metrics

Risk Factors for Sleep-Disordered Breathing

Excessively Sleepy (ES)

Classical presentation
of excessive sleepiness
and upper airway
symptoms

Epworth Sleepiness Scale
(ESS) score > 10; high
arousal index on PSG.

Physical exam

findings Cardio

Neuro Endocrine

Obesity

Disturbed Sleep (DS)

Potentially linked to a
low arousal threshold.

Symptoms of insomnia
(COMISA), frequent
awakenings.

Minimally Symptomatic (MS)

May involve a high
arousal threshold or
lower chemosensitivity,
allowing the patient to
"tolerate" events without
waking.

Lack of subjective
sleepiness; often identified
during screening for
hypertension or atrial
fibrillation.

Keenan et al. Sleep. 2018,

Anatomical Indicator

High-Risk Threshold or Finding

BMI

230

Neck circumference

>16” (Women), >17” (Men)

Mallampati Score

llorIV

Friedman Tongue position

lorlv

Jaw

Retrognathia or Micrognathia

Eyes

Floppy eyelid syndrome

Risk Factors for Sleep-Disordered Breathing

Physical exam

Risk Factors for Sleep-Disordered Breathing

findings Cardio Neuro Endocrine Obesity
Condition Estimated prevalence
Atrial Fibrillation >60% 1
50-90% are undetected
Hypertension 50%
Resistant Hypertension Up to 71% ?
71%

Heart Failure

48% OSA, 23% CSA’

Pulmonary hypertension

American Heart Association
consensus = screen all for OSA

"Sousa et al. J Clin Med. 2025
2Tao etal Front. Endocrinol, 2024

3Wang et al. Clin Cardiol. 2022
“McLaughlin etal JACC, 2009

Physical exam

findings Cardio

Neuro Endocrine

Obesity

Condition

Estimated prevalence

TIA or Stroke

71% - 72% (AHI > 5)"

Hemorrhagic Stroke

82.7% (AHI >5) '

US Testing Rate

~6% of stroke patients are screened 3

Neuromuscular disease in children

>42% have sleep disordered breathing ¢

"Lio etal. ) Stroke Cerebrovasc Dis. 2021

2Hoque, R. JCSM. 2016

*Brown et al. Sleep Med. 2019
4Chidambaram et al. Children (Basel). 2023
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Risk Factors for Sleep-Disordered Breathing

Physical exam

Risk Factors for Sleep-Disordered Breathing

Physical exam

findings Cardio Neuro

Endocrine Obesity

findings Cardio Neuro Endocrine Obesity
Condition Estimated prevalence
Women with PCOS 37%"
Type 2 Diabetes 55-82%
Acromegaly 44-87.5% s

"Jarfar et al. Front in Endo. 2025

2Huang and Chen, J Diabetes Investig. 2016 *Wolters et al. JCEM. 2019

Increased weight = increased OSA

10% weight ™ =~ * AHI about 32%

10% weight ¥ =~ ¥ AHI about 26%

Peppard, Paul E., et al. Jama. 2000

Pregnancy and maternal risk

Condition

Estimated prevalence

1st Trimester Prevalence

10.5% !

3rd Trimester Prevalence

26.7%

Hypertensive disorders of
pregnancy/ Preeclampsia

CPAP recommended 2

"Pien etal. Thorax. 2014

2Tang et al. Reprod Biol Endorcinol. 2025

Newer screening tools
Screening Sensitivity | Specificity
Tool (AHI=15) | (AHI=15) LR+ LR-
STOP-Bang
(Population 86% 44% 1.54 0.32
estimate)
STOP-Bang 95% 27% 1.30 0.20
(Sleep Clinic)
)
@ Samsung SAF | 83% 88% 6.72 0.20
|
® Apple SANF 66% 99% 18.6 0.36
L —

STOP-Bang population estimate from Holfinger et al. CHEST. 2022
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+ heart rate
¥ Sp0,

1960 ‘ 1970 ‘ 1980 ‘ 1990 ‘ 2000 ‘ 2010 ‘ 2020 I 2
1965 Polysomnograph! M
1965 1| ‘ ‘ jisgrmnoarapny ‘ ‘ 0 Photoplethysmography: PPG Roooioar
#Guidelines « Difference in absorbed
Home Sleep Apnea Test light from changesin LED A
blood flow D—
Reflective
. Receiver
Pulsatile
arterial
bloo.d Non-pulsatile arterial blood
==, Static blood Venous blood
or tissue Ti :
— issue: fat, muscle, water
(2022 pemer > : :
2024 1L >
- - - H M - 9
PPG algorithm pipeline: What is the intended use of each device?
Polysomnography i Home sleep apnea i Consumer devices
PPG changes: PPG +Pulse ox ! testing !
« Respiratory effort ' i
+ pulse wave amplitude during Utse v Gold-standard OSA 1 v HighriskforOSA | +/- Some can alert
inspiration, * during expiration Rate Respiratory v Gold-standard CSA H +/- CSA H user to very high
* Autonomic arousals PR RR v’ Other conditions i i risk for OSA
¥ pulse wave amplitude drop * Limb movements | PAT, SaMD, acoustic i
1 heart rate e 590, « REM behavior disorder ! m;ndibuiar chest P
. PRV 2 « Other parasomnias ' ’ '
Apnea or hypopnea  Partof narcolepsy/ : effort devices |
¥ pulse wave amplitude drop 1 1
| |
! !

Sleep Stages

Signal processing

Estimated
ALl

hypersomnia evaluation
v' PAP titration studies

v' High risk for OSA
+/- CO2 monitoring

+/- CSA
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Traditional HSAT (Home Sleep Apnea Test)

* Airflow

A *Respiratory effort
* Blood oxygenation

In-laboratory polysomnography

* Airflow
N *Respiratory effort
* Blood oxygenation

* EEG ~» Sleep staging
*EOG > REM sleep
*ECG » Single lead

*EMG - Detect leg
movements

+/- CO2 monitoring

Directly measured
signals

PPG +/- PAT
(Peripheral Arterial Tonometry)

* Airflow
* Respiratory effort
* Blood oxygenation

-|||||-|- :
-I-II|I" * Pulse wave amplitude1

* Blood oxygenation

*EEG - Sleep staging
*EOG > REM sleep
*ECG » Single lead

*EMG - Detect leg
movements

+/- CO2 monitoring

-|-|||||- *PPG :
* Accelerometer (Most) :

Examples:
WatchPAT, NightOwl, Belun
Ring, Sleeplmage SaMD,
TipTraQ, EnsoSleep PPG

Directly measured
signals

PAT/PPG + ECG
(SANSA, ANNE Sleep)

* Airflow
* Respiratory effort
* Blood oxygenation

1
-I-II|I" * Pulse wave amplitude 1

* Blood oxygenation

*EEG - Sleep staging
*EOG > REM sleep
*ECG » Single lead

*EMG - Detect leg
movements

+/- CO2 monitoring

*PPG

-|-|||||-
* Accelerometer

*1-lead ECG
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Directly measured PAT + EEG, EOG
signals (Somfit)
- Airflow i i

* Respiratory effort
* Blood oxygenation

""|||" * Pulse wave amplitude 1

*EEG - Sleep staging
*EOG > REM sleep
*ECG » Single lead

*EMG - Detect leg
movements

+/- CO2 monitoring

* Blood oxygenation

*Frontal EEG, EOG
* Accelerometry

* Respiratory effort
* Blood oxygenation

Directl d .
, y:measure Acoustic
signals
* Airflow * Acoustic airflow |

1
-l-||||l- * Suprasternal pressurel
——————————————————— ol

*EEG - Sleep staging
*EOG > REM sleep
*ECG » Single lead

*EMG - Detect leg
movements

+/- CO2 monitoring

Directly measured PPG + Acoustic
signals (AcuPEbble, BresoDX1)
¢ Airflow * Acoustic airflow |

* Respiratory effort
* Blood oxygenation

1
-l-|||||- * Suprasternal pressurel

* Blood oxygen

*EEG - Sleep staging
*EOG > REM sleep
*ECG » Single lead

*EMG - Detect leg
movements

+/- CO2 monitoring

*PPG
* Accelerometer

Directly measured
signals

Mandibular Movements

* Airflow
* Respiratory effort
* Blood oxygenation

*EEG - Sleep staging
*EOG > REM sleep
*ECG » Single lead

*EMG - Detect leg
movements

+/- CO2 monitoring
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Directly measured
signals

PPG + Mandibular
Movements (Sunrise)

* Airflow
N *Respiratory effort
* Blood oxygenation

.|||||e|.
il Respiratory effort

PPG: Blood oxygen

*EEG - Sleep staging
*EOG > REM sleep
*ECG » Single lead

*EMG - Detect leg
movements

+/- CO2 monitoring

. PPG and MM (arousals)

anlffe
| * Accelerometer, gyroscope

A *Respiratory effort
* Blood oxygenation

D.irectly measured Chest effort
signals
« Airflow i Ajrflow

* Respiratory effort

*EEG - Sleep staging
*EOG > REM sleep
*ECG » Single lead

*EMG - Detect leg
movements

+/- CO2 monitoring

Directly measured PPG + Chest effort
signals (Wesper Lab)
« Airflow Al e Ajrflow

N *Respiratory effort
* Blood oxygenation

» Respiratory effort

* Blood oxygen

*EEG - Sleep staging
*EOG > REM sleep
*ECG » Single lead

*EMG - Detect leg
movements

+/- CO2 monitoring

.|-|||||- *PPG
* Accelerometer

Home devices to assess risk for sleep apnea

* Prescription options

* Under-mattress mat: Withings Sleep Rx

* Smartphone: Drowzle

* Available to consumers

* Smartwatch apps:

* Samsung Galaxy Watch: Sleep Apnea Feature
* Apple Watch: Sleep Apnea Notification Feature

10



3/2/2026

Considerations when using derived signals

* Performance varies by device, mechanism, signal
processing
* Some use “optimal device-AHI cutoffs”
* Some report only the 3% or 4% criteria for hypopneas
« Varying ability to detect central sleep apnea
» Consider if the training and validation datasets match test
population
* PPG:
* Reliable in atrial fibrillation? Chronotropic medications?
* PPG affected by skin tone
* Incomplete reporting... positional sleep apnea?

Chiang A. etal. JCSM. 2024.

Take home points for OSA assessment

* Consumer or risk assessment devices
* Detectrisk, NOT a diagnosis

* Choice of diagnostic sleep testing should be
based on the intended purpose
* Newer, FDA-approved HSAT devices are designed for
simple, high-risk obstructive sleep apnea evaluation

* Awareness is needed regarding individual device
limitations

Treatment Updates for
Obstructive Sleep Apnea

Lawrence Chan, DO
Assistant Clinical Professor
Department of Internal Medicine
Division of Pulmonary, Critical Care and Sleep Medicine

MedNet21 The Ohio State University Wexner Medical Center (O Tomomesmae ey

Treatment Options

* Positive Airway Pressure

+ Dental Devices

» Hypoglossal Nerve Stimulation
* Medications

11
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Positive Airway Pressure

» Continuous
* Bilevel
» Kairos
« End-expiration
» Equal efficacy
* Improved comfort
* Less leak

Positive Airway Pressure

oo Wl Wuonl by e

A
Body Position R
g !

o

$a02

E2E2
H
13
:
H
H

Positive Airway Pressure

= [ A—— . e i
- i"fw‘ﬂ s L e e L e i
- y

Positive Airway Pressure

» Adherence

* Recall

12
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Oral Appliances

hitps:/iwww. doneskey.com/the-silent-partner/

Oral Appliances

ppliance-treat 1024576 pg
https://h3. IIAOLd_GEZOd15ifopdb - 5CcPBIA_0XmmexQwo: Mh6POCWEZ-R-
LwlUS71HIFGBLOdRUXqbG-cAHFOOU7/06hGE9J9p1 1y-EXIFITOKDXy0BS_LINGXybYciaxesbwaZ2ugwGd-
RYCrweBDIOACE2jnCrrdsMw=51024-1j
Hypoglossal Stimulation Hypoglossal Stimulation
A : K
L Effects of electrical of the 1
on upper airway resistance in anesthetized dogs
> oL o
Effect of electrical stimulation of the hypoglossal
nerve on airflow mechanics in the isolated upper
airway
Affations + expand > a st
PIID: 8484623 DOE 10.1164/aFccmy 14151144 ) . .
The effects of transcutaneous electrical stimulation

during wakefulness and sleep in patients with
obstructive sleep apnea

13



3/2/2026

Hypoglossal Stimulation

The Effect of Electrical Stimulation on
Obstructive Sleep Apnea Syndrome

Show more

hitps:/ars.els-cdn. 1-52.0-80012369215454777-gr2.jpg htps://ars. els-cdn.

15454777-gr1.jog

Hypoglossal Stimulation

>

Direct hypoglossal nerve stimulation in obstructive
sleep apnea

>

Therapeutic electrical stimulation of the hypoglossal
nerve in obstructive sleep apnea

Hypoglossal Stimulation

« Unilateral
« Bilateral

Unilateral Hypoglossal Stimulation

P ——

« Age >=18 yrs old

« Age 13-18, Down Syndrome f \gU\

i

* AHI 15-100 (<25% central or mixed) \:_/

« AHI 10-50 (Down Syndrome)

=

« CPAP intolerance — Inability or unwillingness to use

« Body Mass Index <40 kg/m2
« Free of Complete Concentric Collapse (CCC) at the Palate

14
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Hypoglossal Stimulation Hypoglossal Stimulation
= ey + STAR (Stimulation Therapy for Apnea Reduction)
% ™ NEW ENGLAND i o o o ¢ Inclusion criteria

JOLRERL M MRDITINE + AHI 20-50, BMI <32, CPAP intolerance

- ‘ .

Upper-Airway Stimulation for Obstructive Slee . .
PP Y P » Exclusion criteria

Apnea
. » Complete concentric collapse
Pt i, o s | G A YOLSESE - Median AHI reduction from 29.3 to 9.0 events per hour
Unilateral Hypoglossal Stimulation Sleep Medicine
» Troubleshoot PAP device, alternative treatments
» Education about hypoglossal stimulation, process
» Update Sleep Study >2 years
ee] . L Slee
[ Moo ] | B~t ] o [I’“"‘a""“““] o [AC“"*’“O“] D[ Study ] o [ Follow “pl « Severity criteria, central sleep apnea

* Body Mass Index <=40 kg/m2

15
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ENT

» Assessment
* Drug Induced Sleep

Implantation

» 2incisions II @

Endoscopy + Implantable Pulse Generator
+ Stimulating Lead EI l
Activation Activation
» Healing + Settings
* Neurapraxia » Waveform Testing
+ Education

ikimedi Jnilateral_hypoglossal_nerve_injury.jpeg

16
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Sleep Study

* Home Sleep Apnea Test
* In-laboratory Polysomnogram

Sleep Study

! nervi
B3 SLEEP STAGES RESPIRATORY EVENTS AROUSALS |
MNS | MEAT | TST | REM | REM | NREM | SLEEP | APNEAS | HYP. AW RA | TOTAL
V| LEVEL | (mins) | (mins) | SUPINE | (mins) EFRC. [OA | CA [MA | (A1) (1) | (18) | (18)
o | 10s |78 ] % | me | 0 [8]0] 0] & &6 @1 e %
20 | a1 |us ] @ |25 | o [w|lo|o| n | 5 " w1 | 0
21| @8 [us 08 0 | 28 [ o [s|o|o| & | g5 788 | B4 "
2| ny (24 0 @ | 24| o [4|0f0 o7 | N oy i) )
2| a3 M3 1] a0 | ®3 | o [slojo| » |0 |2 ws | 2@ 2
24 | w a8 ] 00 | = o [w|o|o| 2 z n1 1
28 | w4 |u7 ] @ | w1 | o [1 /0|0 % | TS| 788 | :3 ]
2 P Y 2 87 | 12 258 2
27 1072 | 1008 218 215 73 [ o lo o 2] 000 °
11 24

Follow up ===

280130 (93%)

10t 3033%)

» Continue to assess ...
tolerance/comfort

» Tongue Movement
» Waveform
» Usage Download

0.3 per night

W <17 17 18 BN 20 21 2

Bilateral Hypoglossal Stimulation

+ Battery-Free stimulator implant (paddle)

+ Single incision

» External sleep wearable battery (activation chip)
* MRI compatibility at 1.5T and 3T

+ Continuous stimulation

17
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Bilateral Hypoglossal Stimulation

Bilateral Hypoglossal Stimulation

« Eligibility criteria

JCSM | &S ietn
- - * Age >22
Bilateral for sleep apnea:
a‘nnnr:ndn ealin . AH| 15_65
* CPAP intolerance
* BMI <32
* 63.5% patients with >50% AHI reduction to <20 events/hr
* Mean AHI reduction 18.3 events/hr
Bilateral Hypoglossal Stimulation Medication

» Contraindications
» Central or Mixed AHI = 25%
» Compromised neurological control of the upper airway

* Warnings
« Age<22o0r>75
* BMI>32
« AHl outside of 15-65
« Complete Concentric Collapse

* Tirzepatide — Dual Agonist
* Glucose-Dependent Insulinotropic Polypeptide (GIP)
Receptor
* Glucagon-like Peptide-1 (GLP-1) Receptor

18
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Medication

The Mo Enghind owrmsl o Medis 108 i NIV Evbence NEIMAL NI ot
Accrs proidd by O St Umiers Cokombn

% ™ NEW ENGLAND
JOURNAL of MEDICINE

U S v SPEOAINS v TORKS v

—
Tirzepatide for the Treatment of Obstructive Sleep
Apnea and Obesity

Affla
Published une 21, 2024 | N Engl| Med 2024;391:1193-1205 | DOI: 10.1056/NEJMoaZ404381 | YOL. 391 NO. 13
Copmight © 2024

Medication

+ SURMOUNT-OSA

* Reduced AHI by 20-24 events per hour compared to
placebo = 58.7% reduction in baseline

» With and without CPAP

* 50% of patients — AHI <5 or 5-14 with normal Epworth
Sleepiness Scale

» FDA indication December 20, 2024

Medication

« Contraindications
« Personal or family history of medullary thyroid cancer
« Multiple endocrine neoplasia syndrome type 2 (MEN2)

« Cautions
« Gastrointestinal side effects
« Pancreatitis
« Gallbladder disease
« Acute Kidney Injury
« Hypoglycemia

19



