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Full Spectrum of OSA: From Infant to Elderly – Cardiovascular to 

Neurologic Consequences and The New Approaches to Management

Jerald H. Simmons, M.D.

Director, Comprehensive Sleep Medicine Associates

Director, Sleep Education Consortium

www.CSMA.clinic

What do all these people have in common?
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What do all these people have in common?

62 y/o male presents with 

tenderness under his left breast 

region where an area of 

echymosis has developed 

overnight. He is a deep sleeper 

and has no clear recollection of 

what may have precipitated the 

lesion. 

Further questioning demonstrates 

excessive daytime sleepiness, most 

noted when sitting in meetings at 

work. Typically he keeps himself 

busy during the day and when 

first asked “are you sleepy during 

the day?” his response is “no”. 

Not until further questioning does 

his difficulties with daytime 

sleepiness become apparent. 
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On questioning of 

his wife it became 

clear that she 

induced the lesion 

by striking him in 

the chest with her 

elbow in the middle 

of the night in 

attempts to stop his 

snoring that kept 

her awake. 
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How do you explain OSA to your patients?

• Do you base your discussion on oxygen levels?

• Don’t center your explanation 

around oxygen levels!!!!!!!!

• WHY NOT? 

• What if the study doesn’t show any drop in 

oxygen, yet the patient has a host of 

symptoms suggesting OSA?

• Currently, Home Sleep Apnea Testing 

(HSAT) is being used frequently to assess 

for OSA, however, it may come back with a 

false negative result. The oxygen does not 

need to drop in have OSA. 

• As you improve your ability to identify 

patients with sleep related obstructive 

breathing, you are more likely to suspect 

patients who have more subtle 

obstructive events, who do not 

desaturate SaO2 levels and as a result 

the HSAT is more likely to be falsely 

normal (false negative test). 

You are best to describe OSA in terms of 

abnormal negative pressures in the airway.

Complete 

Obstructive Apnea 

Hypopneas

with SaO2 desaturations

(Hypopnea Rule 1B)

Hypopneas 

with normal SaO2

(Hypopnea Rule 1A) 

Respiratory Effort

Related Arousals

of Sleep (RERAS)

Normal

Breathing

The Full Spectrum of Obstructive Breathing During Sleep 

Snoring Gasping Pauses in breathing

< - Bruxing / Clenching During Sleep - >
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The Physics Behind Obstructive Breathing During Sleep

Bernoulli effect from the flow of air produces a 

negative pressure in the back of the airway

Flow and its relation to negative pressure (vacuum) – The Bernoulli Effect
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Obstructive Sleep Apnea is an anatomical / pressure problem, NOT an oximetry problem!!!!

Otherwise, we would call it Desaturation Sleep Apnea, but we call it OSA because of obstruction 
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OSA is a pressure problem at its origin, not an oxygenation problem. 

Oxygenation issues occur down stream, but not at its origin. 

Thus, the term “obstructive” sleep apnea is used be cause of airway obstruction.
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The heart has to function inside of a 

vacuum chamber in patients with OSA

Chest. 1991 Oct;100(4):894-902.

Abstract

Echocardiograms were taken from the parasternal long axis view during nocturnal sleep in ten 

patients diagnosed with OSAS. A table designed to support the echocardiographic probe prevented 

significant sleep disturbances during monitoring and allowed continuous data collection with and 

without nasal CPAP administration. In five of ten patients, there was before CPAP treatment a 

diastolic LSIVS during NREM sleep, inducing a flattening of the left ventricle. Arterial blood pressure 

recordings showed pulsus paradoxus when LSIVS was occurring. Nasal CPAP led to normal, 

unobstructed breathing, significant decrease in Pes nadir and disappearance of LSIVS and pulsus 

paradoxus. Increase in left ventricular afterload and increase in total peripheral resistance could lead 

to hypertrophy and hypertension in some OSAS patients. The presence of pulsus paradoxus in OSAS 

indicates a marked increase in Pes nadir, and its disappearance with nasal CPAP may be one of the 

signs of effective treatment of OSAS.
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Interventricular

 Septum

Esophageal

 Pressure

Interventricular

Septum

Esophageal

 Pressure

During repetitive Obstructive Sleep Apnea

During treatment with nasal CPAP
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“I’m having trouble sleeping at Night”

• The differential diagnosis starts at this 

point:

• Two major categories of difficulty sleeping:

– Difficulties falling asleep (sleep initiation 

insomnia)

– Difficulties staying asleep (sleep maintenance 

insomnia)

Taking a Sleep History

17

18



Sleep Education Consortium April 2026                                                                                                                         

Do not copy without permission

10

19

20



Sleep Education Consortium April 2026                                                                                                                         

Do not copy without permission

11

Reflux

Simmons, J.H., Mann, C., Banerji, 

S. Intrathoracic Pressure 

Monitoring During CPAP Titration 

in Patients with Esophageal Reflux 

and OSA. Sleep Research Vol 26, 

1997.

Nocturnal 

GERD

Atrial Natriuretic Peptide increases during OSA
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• Video of patient testimonial

of how her nocturia improved with use of 

CPAP

No Air flow -

Obstructive Sleep Apnea

200 seconds (3 min 20 sec)
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M

Pes signal
(Pressure in the 

Esophagus)

Post Arousal

Central Pause

Obstructive

Component

(Mixed Apnea)

Mixed Apnea (both central and obstructive components)

Two back-to-back Obstructive Apnea events 
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Pes signal

Hypopnea

120 seconds of data showing HYPOPNEA

(Pressure in the 

Esophagus)

Increased Effort Leading to Arousal

Rule 1A (Recommended rule)

Score a respiratory event as a hypopnea if ALL of the following criteria are met:

a. The peak signal excursions drop by ≥30% of pre-event baseline 

b. The duration of the ≥30% drop in signal excursion is ≥10 seconds.

c.    There is a ≥3% oxygen desaturation from pre-event baseline or the event is     

associated with an arousal. 

Rule 1B (Acceptable but not the recommended rule) Unfortunately many sleep 

facilities use this rule. Medicare only recognizes this rule. 

Score a respiratory event as a hypopnea if 

a. The peak signal excursions drop by ≥30% of pre-event baseline

b.  The duration of the ≥30% drop in signal excursion is ≥10 seconds.

c.  There is a ≥ 4% oxygen desaturation from pre-event baseline Note: No mention 

of arousals. Arousals are not part of 1B Hypopneas.  

Hypopnea Scoring Rules implemented by the AASM in 2013

Two different scoring rules currently exist, causing confusion. 

Note: No SaO2 desaturation required. 
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Repetitive Hypopnea over a 5 minute period 
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Drastic Improvement in the Intra-thoracic 

Pressures with CPAP

Conclusion:

1. Effective CPAP treatment substantially reduced BP.

2. In patient with a 50% reduction in the Apnea Hypopnea Index who still 

had abnormal AHI’s did not demonstrate improvement in BP. 

3. In the Effectively treated group, the reduction in mean BP of 10 mm Hg 

is predicted to reduce coronary heart disease event risk by 37% and 

stroke risk by 56%.
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Current PAP machines are sit comfortably on the nightstand. 

 Positive Airway Pressure (PAP)

CPAP = Continuous 

APAP = Auto-titrating

BiPAP = BiLevel

  IPAP = Inspiratory

  EPAP=Expiratory

33
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Now there are CPAP machines that can fit in 

the palm of your hand. 
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New Mask Technologies Improve Patient Compliance 

A Chin Strap May Be Needed To Keep The Mouth Closed

Controlling the mandible is the key to success!
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Full Face Mask

EPR (Expiratory Pressure Relief)

•Transiently lowers the 

pressure on expiration by 

1,2 or 3 cm H2O

•Can improve comfort and 

help overcome difficulties 

with CPAP acclimation

•Clearly NOT for 

everyone and can be 

disruptive to some patient

•Lowering the pressure 

can induce events in some 

patients
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CPAP Compliance Data obtained remotely from the cloud. 

Proper CPAP / BiPAP care

• Change Filter

• Clean Mask Cushion

• Clean Hoses

• Proper adjustment of straps

• Proper Hose placement 

Dirty CPAP Filter
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Keeping the humidifier clean is important. Moisture 

can become a place for mold to grow causing 

pulmonary infections.

Small Machines and Comfortable Masks
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The unit of measure is cm H2O. Typically, 4 – 20 cm H2O

Continuous Positive Airway Pressure = (CPAP)

BiLevel Positive Airway Pressure = (BPAP) 
High pressure in inspiration (IPAP) / Low pressure on expiration (EPAP)

PAP = Either of these (Positive Airway Pressures) 

APAP = Auto (adjusting) Positive Airway Pressure
This is the same as CPAP but the machine will adjust the pressures in response to OSA (if detected). The output is like CPAP not BiPAP

ERP = Expiratory Pressure Relief
 (Used with CPAP or APAP. The pressure drops on expiration by either 1,2 or 3 cm H2O. Similar to BPAP but Max = 3) 

Terms use for describing different types of 
positive pressure treatments 

Indications for CPAP and other modes of OSA Tx 

Centers for Medicare and Medicaid Services Guidelines 

• AHI > 15

or

• AHI > 5 with and of the following

– HTN

– Stroke

– EDS (Excessive Daytime Sleepiness – i.e. Epworth > 8)

– Ischemic Heart Disease

– Insomnia

– Mood disorder
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Treatment Options
• CPAP / BiPAP

• Oral Appliance Therapy (OAT) 
– Mandibular Advancing Dental Appliances

– Tongue Retaining Appliances

• Surgical Intervention
– Soft tissue reduction (UPPP, Tongue base reduction .etc. 

– Sinus surgery 

– Maxilla Mandibular Advancement 

– Hypoglossal Nerve Stimulator (Inspire) 

• Weight loss in selected patients

• Orthodontics / Restorative dentistry 

• Myofunctional Therapy 

• Changes in habits – improved sleep hygiene, alcohol reduction etc. 
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As the mandible opens and closes, the airway space changes

What happens with the Masseter, pterygoid muscles, genioglossus and other muscles that 

influence the upper airway .

Are these respiratory muscles? Some would say YES. 
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Increased masseter, genioglossus and pterygoids activity puts the TMJ into 

occlusion which hold the mandible, and thus the genioglossus muscle 

forward (preventing retraction), which helps keep airway open  
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Pes EMG Arousal Bruxing (phasic? / more like tonic)

Confounding factors in the body of published literature on Sleep Bruxism: 

1) Most Sleep Bruxing studies utilized older definitions of OSA (4% rule), not considering RERAS / UARS or the new AHI3% 1A definition. 

2) None of the other clinical studies utilized esophageal pressure monitoring to characterize airway pressures to assess these changes. 

Jerald H. Simmons, MD 2023 

CSMA / Sleep Education Consortium

www.CSMA.clinic 
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Tonic Bruxism Protects the Airway

CPAP Protects the Airway, Relieving the Need to Brux
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Brainstem regulation of Upper Airway Muscle 

Control of Respiration
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Brainstem regulation of Upper Airway 

Muscle Control of Respiration
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Increased phasic tongue (genioglossus) muscle occurs when there is flow generated negative 

pressure in the upper airway. 

Plugging the trach requires 

air to flow through the 

upper airway.
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Trach Closed Trach Open

Increased Masseter activity opens the airway by putting the TMJ into 

occlusion and holding the genioglossus muscle forward 

Open Airway Masseter - Bruxing
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Breathing against increasing resistive loads (through a 

mask with progressive narrowing of the lumen of the 

intake hose) resulted in a correlated increase in 

masseter muscle activity. 

Assessments of masseter EMG were obtained with 

pharyngeal pressures of -10, -20,-30,-40,-50 and -60 cm H2O

The masseter EMG increase progressively, and the 

increased EMG activity began about 100msec before 

the increase in negative pressure.  

The same pattern was present in the Alae nasi muscles 

and the chin (genioglossus, geniohyoid, myohyoid and 

digastric muscles), all of which provide airway dilatation 

and facilitate respiration. Therefore, it is reasonable to 

conclude that the Masseter functions in the same fashion 

as other phasic Upper Airway dilators.

Hollowell, Suratt, American Physiological Society 1989
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Obesity 

body mass index (BMI) : >30 kg/m2

An enlarged neck circumference highly associated with OSA

men: >43 cm [17 in]; 

women: >37 cm [15 in])

Neck Circumference
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OVERBITE

Retrognathia or Micrognathia

Some of the signs of Bruxism at the time of 

presentation to the sleep center

(This should be part of the Neurologic Exam)
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Examination of the Upper Airway in a Dynamic Fashion
Chin-Press / Chin-Press Tongue-Curl Maneuver 

Simmons, J.H., Mann, C., Lebby, R. The Chin Press Maneuver: A Method of Evaluating the Upper 

Airway During the Physical Exams, Sleep Research Vol 26, 1997. 

Simmons J., Mann C., Zuberi N., Lebby R., and Shellock F., Abstract - "Evaluating the Upper 

Airway During the Physical Exam with the Chin Press Maneuver". Sleep Research, 1996 Vol. 

24 p. 269. 

Simmons, J.H., Mann, C.A., Gulliminault, C. "The Chin Press/Tongue Curl Maneuver as Part of the 

Physical Exam on Patients Suspected of Sleep Related Obstructive Respirations." Somnologie 

(1997) 1 (Suppl. 2), 1-56. 

Meskill, G.,  Kincheloe, K., Simmons, J, Meskill, S. Abstract - Simmons Chin Press and Tongue Curl 

(SCPTC) Maneuver is a Reproducible Objective Physical Exam Finding to Screen for 

Obstructive Sleep Apnea (OSA) Associated with Cardiovascular Morbidities and All-Cause 

Mortality Sleep 2018 Vol. 41, 2018 p A187
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Open Airway Obstructed Airway
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Examination of the Upper Airway in a Dynamic Fashion
Chin-Press / Chin-Press Tongue-Curl Maneuver 

Simmons, J.H., Mann, C., Lebby, R. The Chin Press Maneuver: A Method of Evaluating the Upper 

Airway During the Physical Exams, Sleep Research Vol 26, 1997. 

Simmons J., Mann C., Zuberi N., Lebby R., and Shellock F., Abstract - "Evaluating the Upper 

Airway During the Physical Exam with the Chin Press Maneuver". Sleep Research, 1996 Vol. 

24 p. 269. 

Simmons, J.H., Mann, C.A., Gulliminault, C. "The Chin Press/Tongue Curl Maneuver as Part of the 

Physical Exam on Patients Suspected of Sleep Related Obstructive Respirations." Somnologie 

(1997) 1 (Suppl. 2), 1-56. 

Meskill, G.,  Kincheloe, K., Simmons, J, Meskill, S. Abstract - Simmons Chin Press and Tongue Curl 

(SCPTC) Maneuver is a Reproducible Objective Physical Exam Finding to Screen for 

Obstructive Sleep Apnea (OSA) Associated with Cardiovascular Morbidities and All-Cause 

Mortality Sleep 2018 Vol. 41, 2018 p A187

Examination of the Nasal Airway

• Collapse of the Nasal Bridge from the 

negative pressure

• Less than 10% of OSA patients resolve 

with Tx of the nasal anatomy alone

• Awakening with Nasal Congestion is a 

sign of obstructive respirations during 

sleep
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Snoring

Air Flow

Chest

Abd

SaO2

Pes
(Pressure in the 

Esophagus)

Increased Effort

Arousal

1992 sleep tracing from a 21 year old male in the Marine Corp who suffered from excessive 

daytime sleepiness to the degree that he would fall asleep while on the firing range with a 

machine gun in his hands. No Hx of snoring. Brain MRI and EEG were normal. 
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No measured 

decrease in air flow 

Snoring

Increased intrathoracic 

Pressure during 

respirations proceeding 

an arousal

Arousal from 

Sleep

Snoring Arousal Consistent with the 

Upper Airway Resistance Syndrome

Pes

-30 cm H2O

Post Arousal 

Central 

Pause

Arousal

RERA = Respiraotory Effort Related Arousal
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Sleep, 1992; Vol 15, No 6, Supp. pp S13-S16. 
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Respiratory Effort Related 

Arousal of Sleep (RERAS)

89

90



Sleep Education Consortium April 2026                                                                                                                         

Do not copy without permission

46

Types of Respiratory Disturbances During Sleep

• Obstructive Apnea

• Central Apneas

• Obstructive Hypopneas

• Central Hypopneas

• Respiratory Effort Related Arousals (RERA) (snore arousals)

Apnea Hypopnea Index (AHI) = Apneas + Hypopneas per hour sleep

Respiratory Disturbance Index (RDI) = Apneas + Hypopneas + RERAs 

per hour sleep

Rule 1A (Recommended rule)

Score a respiratory event as a hypopnea if ALL of the following criteria are met:

a. The peak signal excursions drop by ≥30% of pre-event baseline 

b. The duration of the ≥30% drop in signal excursion is ≥10 seconds.

c.    There is a ≥3% oxygen desaturation from pre-event baseline or the event is     

associated with an arousal. Note: No SaO2 desaturation required. 

Rule 1B (Acceptable but not the recommended rule) Unfortunately many sleep 

facilities use this rule. Medicare only recognizes this rule. 

Score a respiratory event as a hypopnea if 

a. The peak signal excursions drop by ≥30% of pre-event baseline

b.  The duration of the ≥30% drop in signal excursion is ≥10 seconds.

c.  There is a ≥ 4% oxygen desaturation from pre-event baseline Note: No mention 

of arousals. Arousals are not part of 1B Hypopneas.  

Hypopnea Scoring Rules implemented by the AASM in 2013

Two different scoring rules currently exist, causing confusion. 
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Pes catheter - Mylar feeding tube - typically a 6 French

Pes Placement

93

94



Sleep Education Consortium April 2026                                                                                                                         

Do not copy without permission

48

Patients with the Upper Airway Resistance Syndrome do not usually 

present with physical features typical of severe Obstructive Sleep 

Apnea Patients. This patient had a previous diagnosis of Chronic 

Fatigue Syndrome and was found to have the UARS

Prolonged periods of high intra-thoracic pressure

 in a patients with intermittent A-fib

Greater

Than -50 cm H2O

With no pauses in

breathing.

SaO2 is normal
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Obstructive breathing improves with the arousal

Large Pes

Pulls

Hypnogram showing long periods of increased respiratory effort during sleep

durng which the SaO2 is normal
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Complete 

Obstructive Apnea 

Hypopneas

with SaO2 desaturations

(Hypopnea Rule 1B)

Hypopneas 

with normal SaO2

(Hypopnea Rule 1A) 

Respiratory Effort

 Related Arousals

 of Sleep (RERAS)

Normal

Breathing

The Full Spectrum of Obstructive Breathing During Sleep. 

Snoring Gasping Pauses in breathing
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Middle aged female with a Hx of morning 

headaches, morning gastric distress, sleep 

bruxism, excessive daytime sleepiness, 

morning nasal congestion.

Had a NPSG study done at a sleep center  

Clinical Case 
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Increased Pes Normal Pes

Respiratory Effort Related Arousal 

Nasal Pressure

signal does not 

clearly show 

flow limitation.

The change in the flow 

signal could be from 

movement triggered by 

the arousal.
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Hypopnea 

1A AHI = 21.4

1B AHI = 0.4
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Complete 

Obstructive Apnea 

Hypopneas

with SaO2 desaturations

(Hypopnea Rule 1B)

Hypopneas 

with normal SaO2

(Hypopnea Rule 1A) 

Respiratory Effort

 Related Arousals

 of Sleep (RERAS)

Normal

Breathing

The Full Spectrum of Obstructive Breathing During Sleep. 

Snoring Gasping Pauses in breathing

< - Bruxing / Clenching During Sleep - >

Complete 

Obstructive Apnea 

Hypopneas

with SaO2 desaturations

(Hypopnea Rule 1B)

Hypopneas 

with normal SaO2

(Hypopnea Rule 1A) 

Respiratory Effort

 Related Arousals

 of Sleep (RERAS)

Normal

Breathing

The Full Spectrum of Obstructive Breathing During Sleep. 

Snoring Gasping Pauses in breathing

< - Bruxing / Clenching During Sleep - >

HSATNPSGPes
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Home Sleep Apnea Testing (HSAT) Devices 
(These are NOT equivalent to in-lab sleep studies)

 

ODI = 66 / hr

Severe OSA with one event per minute

Great example of when a HSAT result 

is without question showing OSA
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Heart Rate

Oximetry 

Air Flow

Apnea Link

Home Sleep Testing Devices 
(These are NOT equivalent to in-lab sleep studies)

 

These are only able to reliably identify Moderate to Severe OSA events

Ring Oximeter with 

Cardiopulmonary Coupling 

analysis

Home Sleep Apnea Testing

HSAT can rule in the diagnosis of OSA but can not Rule it out
It can be as easy as wearing an oximeter ring at night with special analysis (CardioPulmonary Coupling)  
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Complete 

Obstructive Apnea 

Hypopneas

with SaO2 desaturations

(Hypopnea Rule 1B)

Hypopneas 

with normal SaO2

(Hypopnea Rule 1A) 

Respiratory Effort

Related Arousals

of Sleep (RERAS)

Normal

Breathing

The Full Spectrum of Obstructive Breathing During Sleep. 

Snoring Gasping Pauses in breathing

< - Bruxing / Clenching During Sleep - >

HSATNPSGPes

Pediatric Sleep Patient with Pes
Look at his teeth
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We will cover clues that suggest a child or adolescent may 

have sleep related breathing problems.  

The goal is for early detection

ADA Children’s Airway Initiative
Children's Airway Screener Taskforce

CAST is primarily a dental initiative working to enhance the diagnosis of OSA in children. However, CAST 
consists of clinicians with a variety professional backgrounds, including several physicians. It MUST be 
recognized that the CAST position is that the diagnosis of OSA must be established by a physician and 

treatment by a dentist should be in collaboration with physician. 
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We need to a protocol that would act as a large net 

to catch all kids that are at risk of OSA. 
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Anatomic associations: 

Select the type of 

practice you have

Your (Clinician’s) name 

Cell phone and email and name 

of the person initially coordinating 

the activity within the office (these 

can be changed later)

How to participate in the C-GASP 

pilot research project. 
(To participate you must administer to ALL children 2-12 yrs old

while participating. You can end at any time. 100% voluntary)

Go to this QR code link

https://airwayassessment.azurewebsites.net/register
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Nightly Remote Patient Monitoring of Sleep 

Patients Home Doctors Review / Medical RecordsMedical OfficeCloud computation

John Doe

Group 3  |  Team 21  |  REST Technologies
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R.V. is a 67 y/o male with severe OSA with a AHI 3% = 44 / hr, SaO2 min 90%, not adequately treated 

with oral appliance therapy alone so now on Combination CPAP and Oral Appliance Therapy 

Started RPM, Feb 2022

sAHI 3%

Started Combo Tx with PAP plus OAT

Min SaO2 < 90%

-------- Titration of both OAT settings and PAP settings -------
-------- Stable Treatment  -------

Feb 2023

Note the night-to-night variability in the patients OSA.

Snoring App To Monitor Trends In A Patients Snoring 
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Monitoring Snoring

Patient with complaint of snoring

Monitoring snoring with a phone app

Track interventions

Uses a nasal dilator intermittently

Without Dilator

With Dilator

The improvement in snoring from 

use of the dilator is evident in the 

results from the two nights. 

The Future Landscape of 

Medication Treatment of OSA

Weight Reduction
GLP-1 /GIP

(Tirzepatide)

Upper Airway Motor Tone (Genioglossus & pharyngeal dilators)

AD109 AVE0118 Dronabinol (THC)

Combination of:           K+ Channel Blocker      ↑CB1/CB2 receptors 

Atomoxetine ↑ NEP

Oxybutynin   mACh

Loop Gain Stabilization 

Acetazolamide
Inhibits carbonic anhydrase

↑ CO2 / ↑ PH – stimulate resp
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Two Types of Medications Enhancing 

Upper Airway Muscle Activity For Tx of 

OSA

AD109
Atomoxetine ↑ NEP

Oxybutynin   mACh

Increase HGN muscle

activity

AVE0118
K+ Channel Blocker

sensitizing and amplifying 

the negative pressure reflex

Dronabinol (THC)
↑CB1/CB2 receptor action in Vagal N Ganglia, 

increasing magnitude of oscillatory resp input.  

The Main, Normal Feedback 

Loop, based on CO2 levels in 

the blood from sensors in the 

Aortic and Carotid Bodies 

Loop Gain Stabilization  

Acetazolamide
Inhibits carbonic anhydrase

↑ CO2 / ↑ PH – stimulates

Respiration and the 

stabilizes instabilities from 

increased Loop Gain
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IHL-42X

In Phase 2 trials

Combination of acetazolamide and dronabinol 

designed to treat Obstructive Sleep Apnea (OSA) by: 

Reducing upper airway collapsibility (Dronabinol)

Enhancing ventilatory stability (Acetazolamide)

Studies have demonstrated 35%–40% reduction in 

OSA severity in studies

AD109: Mechanism of Action
Targeting the Neurobiology of Upper Airway Collapse in OSA

Hypoglossal

Motor Nucleus

OPEN

AIRWAY

MUSCLE

TONE

MUSCLE

TONE

✓  Maintained During Sleep

ATOMOXETINE

75 mg  |  Selective NRI

Mechanism:

Selectively inhibits norepinephrine reuptake, 

increasing noradrenergic signaling to the 

hypoglossal motor neurons.

Effect:

Enhances excitatory drive to upper airway 

dilator muscles, counteracting sleep-induced 

muscle relaxation.

Note:

Ineffective as monotherapy — significantly 

worsens nighttime sleep quality when used 

alone.

AROXYBUTYNIN

2.5 mg  |  Novel Antimuscarinic

Mechanism:

Blocks inhibitory muscarinic (M2/M3) signaling at 

hypoglossal motor neurons, reducing the 

cholinergic suppression of airway muscle tone, 

which is most active during REM sleep.

Effect:

Disinhibits upper airway dilator muscles, allowing 

noradrenergic signals to act more effectively.

Advantage:

Novel antimuscarinic profile designed for targeted 

CNS activity with favorable tolerability.

Synergistic Action  →  Prevention of Upper Airway Collapse  →  Reduction in AHI  →  Improved Oxygenation

AD109 = Aroxybutynin 2.5 mg + Atomoxetine 75 mg  |  Fixed-dose combination  |  Once-nightly oral administration  |  NRI = norepinephrine reuptake inhibitor
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SynAIRgy (NCT05813275) —

• 6-month trial enrolling 646 adult, 73 centers

• mild (34.4%), moderate (42.4%), and severe (23.2%) OSA.

• Achieved AHI reduction of 55.6% 

• 51.2% experienced a reduction in OSA disease severity

• 22.3% achieved complete disease control (AHI < 5 events/hour).

• No serious adverse events 

LunAIRo (NCT05811247) — 

• 12-month randomized, double-blind, placebo-controlled trial

• 660 adult, 64 centers, 46% females 

• mild (37%), moderate (33%), and severe (30%). 

• AHI reduction of 46.8%. 

• The reduction in AHI remained significant after 51 weeks

• About 23% of participants achieved complete disease control (AHI < 5)

AD109 (Apnimed)

Oral pill aroxybutynin (2.5 mg) and atomoxetine (75 mg) taken at bedtime. 

Amatomoxetine increases noradrenergic drive to hypoglossal motor neurons, while aroxybutynin reduces inhibitory 

muscarinic signaling at the same neurons — prevents the pharyngeal muscle atonia that underlies airway collapse in OSA. 

Pivotal Studies for FDA Submission FDA Submission Status
AD109 granted Fast Track Designation in 2022

Apnimed expected New Drug Application submission 

date to the FDA in Q2 2026. 
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https://champions.learner.plus/sec/

OSA is not dependent on low oxygen levels in the blood 

That’s all for now 

Thank You
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