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OSA Pathophysiology

Jyotchi I, et al. Obstructive Sleep Apnea: A Pathophysiology and Pharmacotherapy Approach. 2019. [en ligne]. 

https://www.intechopen.com/books/noninvasive-ventilation-in-medicine-recent-updates/obstructive-sleep-apnea-a-pathophysiology-and-

pharmacotherapy-approach (Consulté le 30 janvier 2020). 
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• Changes during sleep: 

• Upper airway anatomy 
tissue characteristics

• Neuromuscular function

• Sleep-dependent changes 
play a major role between 
individuals

https://www.intechopen.com/books/noninvasive-ventilation-in-medicine-recent-updates/obstructive-sleep-apnea-a-pathophysiology-and-pharmacotherapy-approach


Pathogenesis of EDS in OSA

Lal C, et al. Annals ATS 2021



EDS in OSA : what is means for patients
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rEDS in OSA : what is means for patients



Excessively sleepy OSA 
patients show the highest 
symptom burden

Mazzotti DR, et al. Am J Respir Crit Care Med 2019.

• Substudy from the Sleep Heart Health Study : 
Multicenter prospective, community based
cohort

• 1207 patients with moderate to severe OSA 
(AHI≥15) vs patients with mild OSA (AHI<5)

• Median follow-up of 11,8 years



rEDS in OSA : comorbidities

Stepnowski et al, 2019



rEDS in OSA : comorbidities

Jennum et al, 2021



rEDS in OSA : Social impact



rEDS in OSA : Social impact

20 Controls

20 OSA patients



rEDS in OSA : Modifiers of disease burden

Waldman et al, 2020



Increased incidence of CVD, 
CHD and HF in excessively 
sleepy patients with OSA -
Sleep Heart Health Study

Mazzotti DR, et al. Am J Respir Crit Care Med 2019.

CVD: cardiovascular disease ; CHD: coranary heart disease ; HF: heart failure 

• Substudy from the Sleep Heart Health Study : 
Multicenter prospective, community based
cohort

• 1207 patients with moderate to severe OSA 
(AHI≥15) vs patients with mild OSA (AHI<5)

• Median follow-up of 11,8 years



Mortality of EDS (16% with OSA)



rEDS in OSA : Mortality

Gooneratne et al, 2011

• 289 persons > 65 yrs recruited
from the Philadelphia area

• 146 with self-reported EDS
• 143 without self-reported EDS

• FU for 13,4 years
• PSG to determine OSA (AHI≥20)
• SDB+/EDS+ vs SDB-/EDS- : HR = 2.7 



rEDS in OSA : Definitions



What is EDS ?



rEDS in OSA : Definitions

• Excessive daytime sleepiness

• Daytime sleepiness is defined as excessive when it causes a subjective complaint or interferes with 
function. 

• The International Classification of Sleep Disorders, third edition (ICSD-3) defines EDS as the inability to 
maintain wakefulness and alertness during the major waking episodes of the day, with sleep occurring 
unintentionally or at inappropriate times almost daily for at least three months

• Hypersomnia

• The terms hypersomnia and hypersomnolence are sometimes used interchangeably with EDS.

• The ICSD-3 defines hypersomnolence as excessive sleepiness when wakefulness is expected, and 
hypersomnia as a disorder characterized by hypersomnolence

• Fatigue

• Fatigue refers to a subjective lack of physical or mental energy.

• Clinical fatigue incorporates three components :

• inability to initiate activity (perception of generalized weakness, in the absence of objective findings)

• reduced capacity to maintain activity (easy fatigability);

• difficulty with concentration, memory, and emotional stability (mental fatigue)

American Academy of Sleep Medicine. International Classification of Sleep Disorders, 3rd ed, American Academy of Sleep Medicine, 2014.

Markowitz AJ, Rabow MW. Palliative management of fatigue at the close of life: "it feels like my body is just worn out". JAMA 2007; 298:217.

https://www.uptodate.com/contents/approach-to-the-patient-with-excessive-daytime-sleepiness/abstract/2


Tools to evaluate EDS

Commonly used tools for evaluating EDS

Tool Type Measurement Cutoff Value Suggestive of EDS

Maintenance of Wakefulness Test
Oxford Sleep Resistance Test
Mean Sleep Latency Test
Psychomotor Vigilance Task

Epworth Sleepiness Scale
Stanford Sleepiness Scale
Karolinska Sleepiness Scale 

Objective
Objective
Objective
Objective

Objective
Objective
Objective

Ability to stay awake (40-min session)
Ability to stay awake (40-min session)
Ability to fall asleep (20-min nap opportunity)
Sustained attention 
(i.e., reaction time, lapses in attention)
Sleep propensity in daily situations‡
Degree of sleepiness at a point in time§
Degree of sleepiness at a point in timeII

Sleep latency ≤19 min 
N/A*

Sleep latency ≤8 min
N/A†

Score > 10
Score > 3
Score ≤ 7

Lal C, et al. Ann Am Thorac Soc 2021.  

Berlin Questionnaire
Pichot Fatigue
Acti-watch



Epworth Sleepiness Scale
(ESS)

• Situational questions - not the same as 

asking “are you sleepy”. No quality of life 

assessment

• A patient may think they are not sleepy, but 

still score highly on the ESS

• A total score of 0-9 is considered normal, 

and 10-24 abnormal

• However, 15% of randomly selected adults 

score 10 or more. Clearly is a grey area, 

9-12 - borderline

Invented by Murray Johns at the Epworth Hospital in 
Australia

Epworth sleepiness scale. https://epworthsleepinessscale.com/about-the-ess/

https://epworthsleepinessscale.com/about-the-ess/


Berlin questionnaire
• Sleep Disturbed Breating (SDB) 

evaluation in primary care

• 3 categories of questions



Pichot Fatigue Score

Pichot fatigue scale. https://www.sommeil-mg.net/spip/questionnaires/pichot.pdf. 

https://www.sommeil-mg.net/spip/questionnaires/pichot.pdf


Objective tests during investigation of EDS

Actiwatch and sleep diary

Assesses sleeping and activity 
pattern.

Worn continuously for 2 weeks at 
home and reviewed with a sleep 
diary

Full PSG and MSLT (Multiple Sleep Latency 

Test) or MWT (Maintenance of Wakefulness 

Test)

OSleR (Oxford Sleep Resistance)



OSleR test

Other evaluation of Excessive Daytime Sleepiness (EDS)

• OSLER test (duration 40 min max, x3) to measure time to fall 
asleep

• A simplified MWT: simple easy reliable tool, doesn’t require 
EEG

• Semi-recumbent position in dark room

• RESPOND  (touch a button) to LED flashes 1 sec every 3 sec

• Test is terminated after 7 consecutive LED flashes without 
response: patient asleep

• 3 sessions in a day

• 2 types of results: Latency (minutes) and Error number

Krieger AC et al, Comparison of the MWT to a modified behavioral test (OSLER) in the evaluation of daytime sleepiness 

J Sleep Res 2004;13:407-11
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Predictors and phenotypes of EDS

Hypoxia plays a role



Predictors and phenotypes of EDS

REM-sleep plays a role



Predictors and phenotypes of EDS

Sympathetic activation



Predictors and phenotypes of EDS



From EDS to rEDS in OSA



How big is the problem of EDS in OSA ?

Bnsignore et al. 2021

56%



How big is the problem of EDS in OSA ?

Verbraecken J. J Sleep Res 2014.

ESS>10 before CPAP: 479/1050 (=46%)



OSA treatments: guidelines

1- Lifestyle changes such as losing weight, positional 
therapy, avoidance of alcohol & sedatives

2- CPAP: continuous positive airway pressure or a similar 
machine that uses positive airway pressure to help 
breathe

3- Oral breathing devices (or OA = oral appliance):  
Mandibular Advanced Orthosis (MAO) and tongue-
retaining devices (TRD) or other devices (such as nasal 
dilators)

4- Surgery (rare): uvulopalatopharyngoplasty, MMA = 
maxillomandibular advancement

5- Very rarely Hypoglossal (XII) nerve stimulation

Epstein LJ et al Clinical guideline for the evaluation, management and long term care of obtsructuve apnea in adults  

J Clin Sleep Med 2009, 5(3): 263-276

Others
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CPAP 
decreases 
EDS in OSA

McDaid C, et al. Sleep Med Rev 2009.



Gasa M             J Sleep Res 2013; 22:389-97

Residual excessive sleepiness under CPAP

Epworth Sleepiness Scale score ≥ 11 in a context of a well managed OSA treatment



Gasa M             J Sleep Res 2013; 22:389-97

CPAP-resistant syndrome



Aspects of CPAP management

1.Getting the patient onto 
a machine

2.Getting the patient 

to use it

3.Getting the patient 
to continue to use it 



Untreated OSA (after diagnosis): 
extent of the problem?

Rate of CPAP Stop in real practice after 3 years 

Pépin JL, et al. J Clin Med 2021.

23%

37%

48%

0%

10%

20%

30%

40%

50%

60%

1 y 2y 3y

Follow-up time

CPAP  Therapy Termination Rates



• 107 patients with symptomatic 

OSA (≥10/hr AHI ; ESS≥10) 

randomised to either therapeutic 

or sub-therapeutic nasal CPAP 

for 1 month

• Both groups on therapeutic 

CPAP for a further 5 months

Change in ESS with (sub)therapeutic CPAP

Jenkinson C, et al. Lancet 1999.

Subtherapeutic

Therapeutic



Change in ESS with hours of nightly use of 
CPAP

• Weaver et al, 2007: about 20% of 
the patients remained sleepy after 
3 months of CPAP use for 8 h/night

• Pepin et al, 2009: about 6% of 
CPAP-treated OSA patients 
remained sleepy after CPAP for 1 
year

• Residual sleepiness on CPAP 
ranged between 13% and 40% in 
other studies (Antic et al, 2011; 
Gasa et al, 2013; Budhiraja et al, 
2017)



Weak relationship 

with baseline 

AHI or ESS

Prevalence of EDS post CPAP 
treatment

Javaheri S, et al. Chest 2020.



28%

Residual EDS post CPAP 
treatment: ESADA cohort

Bonsignore M, et al. Frontiers in Neurology 2021.



Management of residual EDS

Santamaria J, et al. Sleep Medicine Reviews 2007.

Hypotiroidism, 

circadian rhythm 

disorders, 

psychiatric a illness, 

chronic medical 

condition, 

medications, illicit 

drugs use



OSA + somnolence can be due to 
several causes

Schwartz JRL. J Clin Psychiatry 2004.



Predictors of EDS in general population

• 16.583 persons Pen State Cohort
• 1741 healthy persons (20-100yrs) 

uderwent PSG to assess association
between EDS and OSA

• Depression is the most significant risk 
factor for EDS in general population; this
association is the strongest in younger
people and decreases with age



Elimination of competing etiologies of EDS



Suboptimal treatment 

of OSA

Inadequate adherence, non-normalisation of breathing 

(AHI), inappropriate ventilatory support

Lifestyle factors Insufficient sleep, diet, exercise

Sleep disorders Narcolepsy, idiopathic hypersomnie, Kleine-Levin syndrome, 

circadian rhythm sleep-wake disorders, restless legs 

syndrome, periodic limb movement disorder

Psychiatric disorders Depression, anxiety, substance use

Medical disorders Diabetes, hypothyroidism, renal disease, hepatic 

encephalopathy, cancer, inflammatory conditions, 

encephalitis, neurogenerative disorders, head trauma, stroke

Medications Alpha-2 antagonists, antihistamines, anxiolytics, 

antidepressants, anticonvulsants, antidiarrhea agents, 

antiemetics, antimuscarinics/antispasmodics, antiparkinsonian 

agents, antipsychotics, antitussives, barbiturates, 

benzodiazepines, beta-blockers, genito-urinary smooth muscle 

relaxants, mood stabilizers, opioids, sedative-hypnotics,

skeletal muscle relaxants

Elimination of competing etiologies of EDS



Rosenberg R, et al. Postgrad Med 2021.

How to manage EDS in 
a specialist sleep 
clinic?



Pharmacotherapy for EDS (1)



Schweitzer PK et al, 2019

Pharmacotherapy for EDS (2)



Schweitzer PK et al, 2021

Pharmacotherapy for EDS (3)

Solriamfetol and residual sleepiness in CPAP non-adherent patients



Pharmacotherapy for EDS (4)



Pharmacotherapy for EDS (4)

ESS mean change (pitolisant-placebo):         
-2.6 (CI 95%[-3.9;-1.4]; p< 0.001)

Pitolisant 201 pts – Placebo 67
ESS mean change (pitolisant-placebo) :

-2.8 (95% CI: [-4.0;-1,5]; p<0.001)



From Bonsignore ML – ESRS 2022

What with sleepy OSA patients refusing CPAP ?



Summary : EDS in OSA

Garbarino et al, 2019



Summary : How to manage EDS in a specialist sleep 
clinic?

Craig S, et al. 2022

Consider diagnosis of 
residual EDS


