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Disclosure

• CO-PI. Sleep for Stroke Management and Recovery Trial (Sleep SMART). 

• Sub-PI. A Phase 3, Multicenter, Randomized, Double-blind, Placebo-controlled Study to Evaluate the 
Efficacy and Safety of Suvorexant for the Treatment of Insomnia in Participants with Opioid Use 
Disorder. 

• Member: ABIM, Sleep Medicine Testing Committee

• Artificial intelligence was not used in the creation of this PP
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• Artificial Intelligence (AI): Wish List in sleep medicine
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• History of AI in medicine
• Data: Wearables, polysomnograms, EKGs, EEGs, MRI 
• OSA. PLMS.RBD. Insomnia. Narcolepsy

• Challenges

• The American Academy of Sleep Medicine’s Statement
• VII. Closing remarks



Netflix
Recommendations



Netflix
220 million viewers

• Tracks what you watch----How long---Finished it/not
• Uses information from your past: Shows you have watched (genre, actors, 

theme), ratings you gave, movies other users with similar preferences watched

• Relies on AI and machine learning. 2006. Algorithms. Spots patterns, trends. 
Challenging for humans to detect. 

• THEN:
• Match your taste
• Customize, individualize service 
• Makes Tailored Recommendations JUST FOR ME

• Ref: Netflix Recommendations : How Netflix Us es  AI, Data  Science, And ML. By Simplilearn.  Las t updated on Sep 24, 
2024

https://www.simplilearn.com/authors/simplilearn


• Screen
• Diagnose
• Sleep staging, leg movements, and 

respiratory events: Automation
• Insomnia and narcolepsy subtyping
• Circadian rhythm: Gene expression
• Phenotyping: obstructive sleep apnea (OSA)
• Sleep and wake tracking and feedback
• Risk assessment
• Treatment tracking 
• PAP adherence 
• Treatment selection



Current Challenges
Artificial Intelligence can step in to help

• Limitation of the human eye
• Labor intensive-scoring

• Patient access issues:
• In spite of the growing number of accredited 

sleep centers, there remains a significant 
gap in healthcare access to sleep medicine 
in the United States, where the ratio of 
people to sleep specialists is over 43,000

Watson, N.F.; Rosen, I.M.; Chervin, R.D. The Past Is Prologue: The Future of Sleep Medicine. J. Clin. Sleep Med. 2017



What is Artificial Intelligence?

• Development of computer algorithms, 
programs, and software systems capable 
of learning and adapting

• Purpose: Improve performance over time

• Gains experience 
• Intelligent behavior



Definitions
NF Watson. Sleep Medicine Reviews. 2021



Deep Neural Network



Precedence 

• Neuro-Radiology: Detect a clot. Vis I

• Ophthalmology: Promising use of AI is in field of retinal diseases. “Deep 
learning” AI system taught itself to accurately detect diabetic retinopathy and 
diabetic macular edema in fundus photographs

• Oncology: Watson

• Dermatology: classifying skin lesion images into different skin cancer

Artificial intelligence applied in acute is chemic s troke: from child to elderly La Radiologia Medica 
Oct 2023

Fundus  photograph-based deep learning algorithms  in detecting diabetic retinopathy. Eye.
November 2018

https://www.researchgate.net/journal/La-Radiologia-Medica-1826-6983?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0


Cluster Analysis
Used  in machine learning to 
optimize the task of grouping 

together data

Seeks to identify a configuration 
of clusters 

Can identify distinct endotypes 
of OSA

OSA with/out disturbed sleep

OSA with/out hypersomnia

OSA in different ethnic groups, 
sex, age

Cluster analysis identified  three 
clinical phenotypes of ischemic 

stroke patients with OSA







Consumer sleep technology (CST) 
Smartphones, sleep apps, in-bed sensors as well as devises that are designed as 
therapeutic or sleep enhancing including bio-feedback sensors and 
neurostimulators

Track basic physiological functions including motion, heart rate, skin 
conductance, and temperature and extrapolate sleep and wake data 

Advantages: Low cost, accessible for healthcare providers. User friendly for 
users. Cloud-based

Disadvantages: Not validated against evidence-based interpretations, 
assessment and management. Lack of consensus among clinicians and 
researchers. Various apps, various algorithms-lack of consistency for 
standardized instrumentation 



The Software 
Precertification (Pre-Cert)
• Launched in 2017 and completed in September 2022
• Regulatory oversight of medical device software 

and to monitor real-world performance of products 
that is being developed by organizations around the 
world when they reach US market 

• FDA does not regulate consumer wearable devises 
but merely provide information

• (https://www.fda.gov/medical-devices/digital-health-center-
excellence/digital-health-software-precertification-pre-cert-pilot-
program).

https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-pre-cert-pilot-program
https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-pre-cert-pilot-program
https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-pre-cert-pilot-program


Harnessing Data for Sleep Medicine
 



Data already in Use

• PAP downloaded data
• Polysomnograms
• Mean sleep latency tests
• Actigraphy
• Coupled with patient’s demographics and medical history
• EKG: >100 million performed in US annually
• EEG: 25 million performed in US annually
• Others…wearables?
• Drazen, E et al. A. Survey of computer-assisted electrocardiography in the United States. J. Electrocardiol. 1988. 



NF Watson. Sleep Medicine Reviews. 2021



Sleep  
Disordered 

Breathing

• AHIs < 5 + clinical symptoms of sleep apnea= Dilemma

•  Subtypes of OSA
• Upper airway resistance syndrome 
• Primary snoring
• ? others

• Machine learning: 
• Identifies subtypes, endotype, genetic expression
• Tailor treatment

• Eckert DJ Am J Respi Crit Care Med 2013 to discuss OSA traits. Sleep disordered breathing subtypes remain unknown 



AI and Endotyping 
personalized, 
precision medicine

Severity and subtype 

Differential response to therapy 
PAP, oral appliance, surgical, other treatments

Craniofacial anatomy, oropharyngeal adipose tissue deposition, 
airway dilatation reflexes and muscle recruitment, arousal 
threshold, chemotactic breathing stability (loop gain), fluid 

distribution from upright to supine sleep

Applied: RLS, circadian sleep disorders, 
narcolepsy, insomnia





REM Sleep 
Behavioral 

Disorder

• Interpretation is a challenge 
• PSG for detecting tonic RWA for 

the evaluation of RBD: “Any 
(tonic/phasic) chin EMG activity 
combined with bilateral phasic 
activity of the flexor digitorum 
superficialis muscles in > 27% of 
REM sleep (scored in 30-second 
epochs) reliably distinguishes RBD 
patients from controls.”

• Safety issues for patients and bed 
partner

• Therapeutics 



REM Sleep Behavioral Disorder



Periodic Limb Movements of Sleep

• Challenges: Labor intensive scoring

• ICSDIII definition: AT EMG shows repetitive contractions, each lasting 0.5 to 10 seconds. There must be at least 5 seconds and no 
more than 90 seconds between limb movements. There must be at least 4 limb movements in a series. If limb movements occur in both 
legs, they are scored as a single movement unless they are separated by at least 5 seconds

• Phenotyping with/out RLS 

• Separate or part of OSA



Periodic 
Limb 

Movements 
of Sleep





Insomnia

• JBHI 2017 Nov;21(6):1546-1553.



Central Disorders of Hypersomnia

• Narcolepsy presents with unique challenge because excessive daytime sleepiness, its core 
feature, is also common in other sleep disorders, making it difficult to rely solely on this 
symptom for an accurate diagnosis 

• Narcolepsy type 1 (narcolepsy with cataplexy) is characterized by low or absent cerebrospinal 
fluid (CSF) hypocretin levels, which serves as a reliable biomarker 

• Narcolepsy type 2, have poor retest reliability with the MSLT
• Idiopathic Hypersomnia versus Narcolepsy
• PSG and MSLT is laborious

• Trotti, L.M. Twice Is Nice? Test-Retest Reliability of the Multiple Sleep Latency Test in the Central Disorders of Hypersomnolence. J. Clin. 
Sleep Med. 2020, 16, 17–18





• Polysomnograms might not be the only 
diagnostic tools to detect OSA or other 
sleep disorders



EKG and OSA



Brain MRI and OSA



Challenges of Artificial Intelligence
 in Sleep Medicine

Logistics of 
creating datasets

Standardization 
of commercial 

algorithms

Limited data 
available for 

research

Regulation

Integration of 
“omics” data



Artificial Intelligence in Sleep Medicine: an American 
Academy of Sleep Medicine position statement
• Put forth in 2020
• In support of AI for current application for scoring polysomnographic events 
• However, analysis of massive physiological data that is already available to use is NOT ready at 

this time for clinical use
• Future: Allow clinicians to gain greater insight into the data provided by the polysomnogram 

besides the currently used metrics and moving towards disease subtyping and phenotyping and 
ultimately tailored management

• Warn: Hurdles that require work including data security and ethical issues  

• (Cathy A Goldstein , Richard B Berry et al.. J Clin Sleep Med. 2020 Apr 15;16(4):605-607).

https://pubmed.ncbi.nlm.nih.gov/?term=Goldstein+CA&cauthor_id=32022674
https://pubmed.ncbi.nlm.nih.gov/?term=Berry+RB&cauthor_id=32022674


The American 
Academy of 
Sleep 
Medicine
Position 
Statement
2020

• “It is the position of the AASM that the 
electrophysiological data acquired during 
PSG is well-suited for analysis using AI. 
While AI applications that score sleep and 
associated events are expected to improve 
sleep laboratory efficiency and yield greater 
clinical insights, the goal of AI integration 
should be to augment, not replace, expert 
evaluation of sleep data. Guidance 
addressing logistical, security, ethical, and 
legal considerations will need to be provided 
to sleep facilities to enable clinical 
implementation of AI.”





Future of AI in Sleep Medicine
• Sleep disorders are prevalent in the general population and present significant health challenges 
• The current diagnostic approach, based on a manual analysis of overnight polysomnograms, is 

costly and time-consuming 
• AI has emerged as a promising tool in this context, offering a more accessible and personalized 

approach to diagnosis, particularly beneficial for under-served populations
• Assist in diagnosis, monitor progress, identify challenging cases (paradoxical sleep) 
• Still require oversight by health care providers
• Need continued advancement in technology
• Population health (big data)
• Personalized medicine 
• Allowing more time for physician–patient interaction 
• Augment physician–patient relationship



• Thank you
• Questions?
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