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Am J Respir Crit Care Med. 2022 Mar 1;205(5):563-569.

- OSA severity : vary markedly from night to night
- Validated, under-mattress sleep analyzer
- N=67,278, 151 countries
- Average of approximately 170 nights/participant

- Pneumatic & sound sensors 
detect body movements, RR, HR, snoring, 
and episodes of breathing cessation.

- Clinical validation
good agreement with PSG-derived AHI 
with high predictive performance (88% 
sensitivity & 88% specificity) to classify 
mod to severe OSA

https://www.amazon.co.uk/Withings-Sleep-Analyzer-Clinically-Under-Mattress/dp/B084HS3HRD?th=1



- Misdiagnosis based on a single 
night : about 20% ~ 50%

- Misdiagnosis error rates decreased 
with increased monitoring nights

- Remained stable after 14 nights of 
monitoring

Am J Respir Crit Care Med. 2022 Mar 1;205(5):563-569.



• Contactless radar-based HSAT with automated scoring 
(Sleepiz One) over 10 nights

• Feasible & well tolerated, lower costs, multiple-night 
testing to increase accuracy

• Validation & reducing the failure rate are necessary

Jan. 25, 2022, FDA clearance 
(Wesper Lab system)

Feb. 9, 2024
FDA De Novo authorization

Feb. 20, 2024 (X-trodes) 
FDA 510(k) clearance



• 798 participants, PSG + PNS CT, age/sex/BMI

• Deep learning model 

– Accuracy : about 85% (4 class classification), 90% (2 class classification)



Contents

Diagnosis 

Moving beyond AHI

Emerging treatment

OSA & CV outcome

ASV for SDB in HF

Etc.



Sleep. 2021 Jul 9;44(7):zsab030.

Different patterns of obstructive respiratory events for 
people with AHI (range 20–30)

(a) Short events (AHI = 21.3, Average hypopnea duration 
20 sec, max duration 55 sec)

(b) Long events (AHI = 25.6, Average hypopnea duration 31 
sec, max duration 92 sec), 

(c) REM predominant (AHI= 21.5, REM AHI = 67.5, NREM 
AHI = 5.5)



• Limitations of AHI

– Inconsistent methodology

– Fails to capture the physiological abnormalities accurately

– Fails to predict clinical consequences of OSA or response to OSA Tx.

• Alternative metrics

– Hypoxic burden

– Arousal intensity

– Odds ratio product (ORP)

– Cardiopulmonary coupling (CPC)

– Apnea-hypopnea event duration

Sleep. 2021 Jul 9;44(7):zsab030.



• Sx. subtypes & OSA–specific HB 

• Elevated OSA-specific HB : higher risk of a 
CV event & all-cause mortality 

• Sx. subtypes :  not associated with MACE 
after adjustment for confounders

Am J Respir Crit Care Med. 2022 Jan 1;205(1):108-117.



• Which patients with OSA are at increased cardiovascular risk?

• Pulse wave amplitude drops (PWADs)

– Reflecting sympathetic activations & vasoreactivity

– Biomarker of cardiovascular risk in OSA

Am J Respir Crit Care Med. 2023 Jun 15;207(12):1620-1632.

* PWAD index : No. of PWADs (>30%) per hour during sleep



HypnoLaus study Pays de la Loire Sleep Cohort

ISAACC study

• Low PWAD index in pts with OSA
– Reflecting poor autonomic & vascular reactivity

– Independently associated with a higher CV risk

• Limitation : preexisting CVD, A.fib etc.

Am J Respir Crit Care Med. 2023 Jun 15;207(12):1620-1632.



Pays de la Loire Sleep Cohort

Am J Respir Crit Care Med. 2023 Jun 15;207(12):1620-1632.
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• Gastric bypass surgery

• Custom-made dual-block mandibular advancement devices

• Hypoglossal nerve stimulation (HNS)

• Myofunctional therapy

• Maxillo-mandibular osteotomy

• Carbonic anhydrase inhibitors

• Positional therapy

Randerath W et. al., Eur Respir Rev. 2021 Nov 30;30(162):210200.



Gottlieb DJ et. al., JAMA. 2020 Apr 14;323(14):1389-1400.

https://www.inspiresleep.com/en-us/

N Engl J Med. 2014 Jan 9;370(2):139-49.

https://www.geniosleep.com/en/Laryngoscope Investig Otolaryngol. 2019 Nov 22;4(6):703-707.



• Medical insurance with OSA & PAP intolerance 

meeting UAS implantation criteria

– Pre-op AHI : 15-65/h

– < 25% central & mixed apneas

– CPAP intolerance

– Absence of complete concentric collapse at the soft 

palate during drug-induced sleep endoscopy

Ann Am Thorac Soc. 2020 Dec;17(12):1610-1619.

Vries, Nico de et al.: 2021Drug-Induced Sleep Endoscopy

(a) Complete concentric collapse at palate : 
Not a good candidate
(b) Complete AP collapse at palate : Good
candidate



Ann Am Thorac Soc. 2020 Dec;17(12):1610-1619.



Ann Am Thorac Soc. 2020 Dec;17(12):1610-1619.



• Hypoglossal nerve stimulation (HNS) clinical outcomes in mod-severe OSA

• 12 studies (no RCT), 350 patients
– Median age 54.3, BMI 29.8

• Results : surgical success rate (50% reduction in AHI & overall AHI < 20)

– 12months : 72.4% (Inspire), 76.9% (ImThera), 55% (Apnex)

– 60months : 75% (Inspire)

• Limitations

– STAR trial was the only prospective cohort with a follow-up >1 year

– Majority of patients were treated in highly specialized centers

Sleep Breath. 2020 Jun;24(2):399-411.



• N=60, severe OSA at baseline (mean AHI : 33.1)

• Mean 24-hour SBP & other CV measures were not significantly different between 
sham and active HGNS therapy

JAMA Otolaryngol Head Neck Surg. 2024 Jan 1;150(1):39-48.



• Retrospective cohort study 

• Patients treated at the Cleveland 
Clinic for OSA

JAMA Otolaryngol Head Neck Surg. 2022 Jan 1;148(1):61-69.



JAMA Otolaryngol Head Neck Surg. 2022 Jan 1;148(1):61-69.



• Antimuscarinic agent (aroxybutynin) & norepinephrine reuptake inhibitor (atomoxetine)

• Phase II randomized, double-blind, placebo controlled, parallel-group, 4-wk trial comparing 

AD109 2.5/75 mg, AD109 5/75 mg, atomoxetine 75 mg alone, and placebo

• Side effects : dry mouth, insomnia, urinary hesitation/flow decrease

Am J Respir Crit Care Med. 2023 Dec 15;208(12):1316-1327.



• Pitolisant (Wakix)
– Effective in reducing daytime sleepiness in 12wk 

RCTs

– Patients with moderate to severe OSA and EDS, 
adherent to CPAP (HAROSA 1) or refusing or not 
tolerating CPAP (HAROSA 2)

• 512 adults included in the two RCTs, 376 
completed the 1-yr FU

• Effective in reducing daytime sleepiness 
over 1 yr with or without CPAP Tx
– Mean difference in ESS score from baseline to 1 

yr : 8.0 (95% CI, 8.3 to 7.5).

• Good safety profile

Chest. 2024 Mar;165(3):692-703.
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JAMA. 2023 Oct 3;330(13):1255-1265.



JAMA. 2023 Oct 3;330(13):1255-1265.



• 1,224 non-sleepy OSA participants

• Of fifty-five features entered into our model only two appeared in the final model (i.e., 
average OSA event duration and hypercholesterolemia)

• Longer OSA event duration and hypercholesterolemia : nearly 2.5-times more CVD 
events with CPAP compared to UC
– Longer event duration (>19.5 seconds), HR 2.24, p=0.011

• Shorter OSA event duration had roughly half the rate of CVD events if randomized to 
CPAP
– Below the model-derived average event duration threshold (19.5s), HR 0.46, p=0.002

Cohen O et. al., Ann Am Thorac Soc. 2024 Feb 15.



• Hypoxic burden (HB) : emerged as a strong predictor of CV risk in OSA

• Post hoc analysis of the ISAACC trial

– Non-sleepy pts with ACS diagnosed with OSA (AHI≥15) by respiratory polygraphy

• CPAP or usual care and followed for a minimum of 1 yr

Pinilla L, Esmaeili N et. al., 
Eur Respir J. 2023 Dec 7;62(6):2300828.



Pinilla L, Esmaeili N et. al., 
Eur Respir J. 2023 Dec 7;62(6):2300828.



Front Neurol. 2022 Mar 15;13:801167.
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Adaptive servo-ventilation (ASV)



ASV for CSA in HFrEF

• SERVE-HF trial
– International, multicenter, randomized 

study
– 1325 pts
– LVEF≤45%, AHI≥ 15/hr

– No beneficial effect in QoL
– ↑all-cause & CV mortality

– CSA may be a compensatory mechanism in 
pts with HF?

– PAP may impair cardiac function in at least 
some patients with HF?

N Engl J Med. 2015 Sep 17;373(12):1095-105.



• Enroll : Sep 2010 ~ Mar 2021
– Premature termination : SERVE-HF, COVID-19, Philips recall (not reached sample size)

• 731 pts (375 control/356 ASV)
– CSA 198 (106 control/92 ASV)

• Patients
– LVEF ≤ 45% (on optimal HF therapy)
– AHI ≥ 15 (both CSA and non-sleepy OSA)

• ASV (Philips Respironics)

• Primary endpoint : all-cause mortality + 1st admission to hospital for a CV reason + new onset A.fib or
flutter + delivery of an appropriate cardioverter-defibrillator shock

• Secondary endpoint : all-cause mortality

Lancet Respir Med. 2024 Feb;12(2):153-166.



Cumulative 
probability of event 
curves for the 
primary endpoint

Cumulative probability of event 
curves for all-cause mortality

All

CSA

OSA



Lancet Respir Med. 2024 Feb;12(2):153-166.

Improved objective measures of sleep quality, as well as health-related quality of life and Sx.



Contents

Diagnosis 

Moving beyond AHI

Emerging treatment

OSA & CV outcome

ASV for SDB in HF

Etc.



OSA & cognitive function

JAMA Netw Open. 2023 Jul 3;6(7):e2325152.

Sleep Med. 2024 Feb 17;116:27-31.

Eur Respir J. 2023 Apr 27;61(4):2201621. 
Ann Am Thorac Soc. 2023 Feb;20(2):296-306.

Alzheimers Res Ther. 2023 Jul 14;15(1):123.



Sleep Med Rev. 2021 Oct;59:101512.



• 1. AI can score sleep studies in a quick and accurate manner.

• 2. AI will allow screening of sleep disorder risk based on currently available clinical and objective 
test data from EMR.

• 3. AI has the potential to transform & simplify the diagnosis of sleep disorders, increase access to 
diagnostic services for patients, and make the process more cost-effective.

• 4. AI will be the key to personalized medicine in the future by integrating “omic” and clinical data 
to better understand the specifics of an individual’s sleep pathology.

• 5. AI facilitates endotyping of sleep disorders expediting effective treatment.

Sleep Med Rev. 2021 Oct;59:101512.



Summary

• Diagnosis 
– Variability, misclassification of OSA, new sleep tech devices

• Moving beyond AHI
– Hypoxic burden, Pulse wave amplitude drops (PWADs)

• Emerging treatment 
– Hypoglossal nerve stimulation (HGNS), Drugs (Aroxybutynin + Atomoxetine, Pitolisant)

• OSA & CV outcome
– Previous studies : SAVE, ISAACC, RICCADSA
– Post-hoc study of the ISAACC trial : hypoxic burden, Machine learning analysis

• ASV for CSA in HFrEF
– ADVENT-HF

• Etc.
– OSA & cognitive function, Artificial intelligence
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