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Learning Objectives

• Identify the neurobiological bases of sleep-wake disorders

• Recognize the symptomatology and clinical presentation of 
various sleep-wake disorders

• Incorporate screening tools for sleep-wake disorders to 
improve time to diagnosis in patients with insomnia, 
narcolepsy, and idiopathic hypersomnia

• Develop effective evidence-based treatment plans for 
patients with insomnia, narcolepsy, and idiopathic 
hypersomnia
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The Sleep/Wake Cycle
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The Wake Circuit



The Sleep Circuit
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Theoretical Pharmacological Targets

Espana RA, Scammell TE. Sleep 2011;34(7):845-58.

• To promote wakefulness • To promote sleep



Sleep and Obesity

Stahl's Essential Psychopharmacology. 5th ed. 2021.



Insomnia



Insomnia: Excessive Nighttime Arousal
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Insomnia and Psychiatric Illness



DSM-5 Diagnostic Criteria for Insomnia



Resetting Circadian Rhythms

• Acts at MT1 and MT2 receptors 
as well as at the MT3 site

• Available over the counter

• Melatonergic agents promote sleep by resetting the sleep-wake cycle

• Endogenous melatonin is secreted by the pineal gland during periods of 
darkness

• Acts on the suprachiasmatic nucleus to regulate circadian rhythms

Melatonin

• Improve sleep onset
– ramelteon: FDA-approved for the 

treatment of insomnia
– tasimelteon: FDA-approved for 

Non-24-Hour Sleep-Wake 
Disorder 

MT1 and MT2 
Receptor Agonists

Bonacci JM et al. J Pharm Pract 2015;28(5):473-8; Crowley SJ et al. Sleep 
2004;27(6):1077-87; Stahl's Essential Psychopharmacology. 4th ed. 2013.
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Pharmacological Treatments for Insomnia

Pharmacological Agent FDA-Approved for Insomnia
Benzodiazepine Hypnotics
Estazolam ✓
Flurazepam ✓
Quazepam ✓
Temazepam ✓
Triazolam ✓
Nonbenzodiazepine Hypnotics
Eszopiclone ✓
Zaleplon ✓
Zolpidem ✓
Antidepressants
Doxepin ✓
Trazodone

Antipsychotics
Quetiapine

Olanzapine

Pharmacological Agent FDA-Approved for Insomnia

Hypocretin/Orexin Antagonist

Suvorexant ✓

Lemborexant ✓
Daridorexant ✓

Melatonin Receptor Agonists

Melatonin

Ramelteon ✓

Tasimelteon

Anticonvulsants

Clonazepam

Gabapentin

Tiagabine

Antihistamines

diphenhydramine

hydroxyzine

Stahl's Essential Psychopharmacology. 5th ed. 2021.



Orexin Receptor Antagonist

SORA1 works 
selectively at 
orexin 1 receptor 

SORA2 works 
selectively at 
orexin 2 receptor 

Single Orexin Receptor Antagonist (SORAs)

Dual Orexin Receptor Antagonist (DORA)

DORA bind to both 
orexin 1 and orexin 
2 receptors 

Stahl's Essential Psychopharmacology. 5th ed. 2021.



OX1R: orexin 1 receptor
OX1R: orexin 2 receptor
DORA: dual orexin receptor antagonists
GIRK: G protein-regulated inward rectifying potassium channel 

Blockade of Orexin Receptors

Stahl's Essential Psychopharmacology. 5th ed. 2021.



Blocking Orexin Receptors With Antagonist Agents 
May Help to Promote Sleep 

• By blocking orexin 
receptors, and particularly 
orexin 2 receptors, DORAs 
prevent orexin from 
promoting the release of 
other wake-promoting 
neurotransmitters

• Orexin receptor antagonists 
do not adversely affect 
sleep architecture

Stahl's Essential Psychopharmacology. 5th ed. 2021.



Orexin Receptor Antagonists Approved for 
Treatment of Insomnia Disorder

Dual Orexin Receptor 
Antagonist (DORA) FDA-Approval Doses Half-Life

Suvorexant
2014 for insomnia (problems 
with sleep onset and/or 
sleep maintenance)

5 mg, 10 mg, 
15 mg, 20 mg

Terminal half-life: 
approximately 15 hours 
(range, 10–22 hours)

Lemborexant
December 2019 for insomnia 
(problems with sleep onset 
and/or sleep maintenance) 

5 mg, 
10 mg

Effective half-life for 5 mg: 
17 hours; 
Effective half-life for 10 
mg: 19 hours

Daridorexant
January 2022 for insomnia 
(problems with sleep onset 
and/or sleep maintenance) 

25 mg, 
50 mg

Elimination half-life: 5.6–
8.5 hours



Dual Orexin Receptor Antagonist (DORA):
Lemborexant

Treatment of insomnia characterized by difficulties with 
sleep onset and/or sleep maintenance in adults

• Multicenter, randomized, double-blind, parallel-group 
phase III study

• Results showed decreases from baseline in patient-
reported (subjective) sleep onset latency and subjective 
wake after sleep onset, and increases from baseline in 
subjective sleep efficiency were significantly greater with 
5mg lemborexant and 10 mg lemborexant versus 
placebo

• FDA-approved at both 5 and 10 mg doses for insomnia

Kärppä M et al. Sleep 2020;43(9).



Dual Orexin Receptor Antagonist (DORA):
Daridorexant

• Latest FDA-approved treatment of adults with insomnia
• Half-life of approximately 6 hours
• Phase 3 Trials: two multicenter, randomized, double-blind, 

placebo-controlled, phase 3 study results showed a dose-
dependent effect on reducing WASO and latency to sleep 
versus placebo

• Both daridorexant 25 mg and 50 mg improved sleep outcomes
• 50 mg also improved daytime functioning, in people with 

insomnia disorder, with a favorable safety profile
• The most common adverse reactions reported were headache 

(25 mg: 6%; 50 mg: 7%) and somnolence and fatigue (25 mg: 
6%; 50 mg: 5%)

• FDA-approved January 2022
Mignot E et al. Lancet Neurol 2022;21(2):125-39.

WASO: wake time after sleep onset



Other Orexin Inhibitors Under Investigation:
Single Orexin Receptor Antagonist (SORA)

Seltorexant
• Selective, small-molecule antagonist of the orexin 2 receptor 

(OX2R) 

• Single Orexin Receptor Antagonist (SORA): this unique 
mechanism of action may offer hypnotic effects while preserving 
normal sleep architecture and reduced risk for cataplexy

• Half-life of 2 to 3 hours

• Phase 2 clinical trials, shown to improve sleep induction and 
prolong sleep duration; it is also being studied for the treatment of 
hyperarousal-related insomnia in patients with depression

• The most common AEs reported were headache, dizziness, and 
somnolence

• Currently in phase III development 

Dauvilliers Y et al. Ann Neurol 2020;87(3):347-56; Recourt K et al. Transl Psychiatry. 2019;9(1):216.

SORA2 works 
selectively at 
orexin 2 receptor 



Sleep Time Wake Time

Dark room

Cool 
environment

No stimulants 
before bed

Bright Light

Activity

No 
disturbances

Sleep-Wake Hygiene
Sleep hygiene is less effective than other treatments when used alone

Although sleep hygiene is not recommended as a single-component approach (i.e., the only 
treatment) it may be included in multicomponent interventions

Edinger JD et al. J Clin Sleep Med 2021;17(2):255-62.



Nonpharmacological Treatments for Insomnia

“Strong” recommendation is one that clinicians should follow under most circumstances. 

Recommendation

Strong Cognitive behavioral therapy Reduce negative attitudes and 
misconceptions about sleep

Conditional Relaxation training Aimed to reduce somatic tension and 
intrusive thoughts that interfere with sleep

Conditional Brief therapies Abbreviated versions of CBT-I (typically 1–
4 sessions)

Conditional Stimulus control therapy Get out of bed if not sleepy; use bed only 
for sleeping; no napping

Conditional Sleep restriction therapy Limit time spent in bed to produce mild 
sleep deprivation; results in more 
consolidated sleep

Conditional Intensive sleep retraining 25-hour sleep deprivation period in which 
the patient is given 50 sleep onset trials 
but awoken following 3 minutes of sleep

Edinger JD et al. J Clin Sleep Med 2021;17(2):255-62.

American Academy of Sleep Medicine Clinical Practice Guidelines

“Conditional” recommendation is one that requires that the clinician use clinical knowledge and experience, 
and to strongly consider the patient’s values and preferences to determine the best course of action.



Central Disorders of 
Hypersomnolence



Central Disorders of Hypersomnolence

- Idiopathic hypersomnia

- Recurrent hypersomnia

- Narcolepsy with cataplexy

- Narcolepsy without cataplexy

Other Causes of Hypersomnolence

- Medical conditions

- Medication side effects

- Substance abuse

- Psychiatric conditions



Excessive Daytime Sleepiness: Deficient Daytime Arousal?
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Idiopathic Hypersomnia (IH)

• Characterized by excessive 
daytime sleepiness in the 
absence of a known cause, 
often (but not always) with 
prolonged sleep time and 
difficulty waking

• In addition to excessive 
sleepiness, patients with 
idiopathic hypersomnia 
experience cognitive 
dysfunction, autonomic 
symptoms, and depressive 
symptoms 

Galušková K, Šonka K. Prague Med Rep 2021;122(3):127-39; Landzberg D, Trotti LM. Curr Sleep Med Rep 2019;5(4):201-6.



Narcolepsy

Stahl's Essential Psychopharmacology. 5th ed. 2021.



Resetting Circadian Rhythms
Offset Circadian Rhythm in
Advanced Sleep Disorder

Offset Circadian Rhythm in
Delayed Sleep Disorder



Resetting Circadian Rhythms

Bright Light Therapy
Suppresses melatonin release
• Treatment with 10,000 lux, 
bright, blue light for 30 
minutes a day may be used 
to reset circadian rhythms

• Shown to improve 
performance, alertness, and 
mood during the night shift

Bonacci JM et al. J Pharm Pract 2015;28(5):473-8; Crowley SJ et al. Sleep 
2004;27(6):1077-87; Stahl's Essential Psychopharmacology. 4th ed. 2013.



Promoting Wakefulness
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American Academy of Sleep Medicine 
Clinical Practice Guidelines

Treatment of Central Disorders of Hypersomnolence

Strong recommendation: “We recommend…”Almost all 
patients should receive the recommended course of 
action. Adherence to this recommendation could be 
used as a quality criterion or performance indicator.

Conditional recommendation: “We suggest…”Most 
patients should receive the suggested course of action; 
however, different choices may be appropriate for 
different patients. The clinician must help each patient 
determine if the suggested course of action is clinically 
appropriate and consistent with his or her values and 
preferences.

Maski K et al. J Clin Sleep Med. 2021;17(9):1881-93.

Published September 1, 2021



Promoting Wakefulness: Modafinil/Armodafinil

Stahl's Essential Psychopharmacology. 5th ed. 2021.



Promoting Wakefulness: Stimulants

Stahl's Essential Psychopharmacology. 5th ed. 2021.



Promoting Wakefulness: Solriamfetol

• Solriamfetol: A dopamine/norepinephrine reuptake inhibitor
• Approved to treat 

• Excessive daytime sleepiness (EDS) in adults with narcolepsy (75–150 
mg/day)

• Obstructive sleep apnea (OSA) (37.5–150 mg/day)

• Usual Dosage Range for Narcolepsy: 75–150 mg once daily upon 
waking

• Avoid administering within 9 hours of bedtime so that it does not 
interfere with sleep

• Common adverse events: Headache, insomnia, anxiety, nausea, 
decreased appetite, dose-dependent increase in blood pressure & 
heart rate



Histamine-Directed: Pitolisant

• Pitolisant is an antagonist at presynaptic 
histamine 3 autoreceptors 

• Boosts histamine levels in the brain and 
enhancing wakefulness

• FDA-approved for the treatment of excessive 
daytime sleepiness in patients with 
narcolepsy

• Usual Dosage Range
• 17.8–35.6 mg once daily upon wakening

• Dosage Forms
• Tablet 4.45 mg, 17.8 mg

• Notable Side Effects
• Insomnia, anxiety, nausea, decreased appetite

H3
autoreceptor

HA

pitolisant



Nighttime Agents: Sodium Oxybate 

• Sodium oxybate is also known as gamma-
hydroxybutyrate (GHB)

• Acts as a full agonist at gamma-hydroxybutyrate 
(GHB) receptors and as a partial agonist at 
GABA-B receptors

• FDA-Approved for:
• Reducing excessive sleepiness in patients ages 7 and 

older with narcolepsy (XYREM, XYWAV)
• Cataplexy in patients ages 7 and older with narcolepsy 

(XYREM, XYWAV)
• Idiopathic hypersomnia in adults (XYWAV)



Mechanism of Action of Sodium Oxybate (Xyrem, Xywav, GHB)



Xywav (calcium, magnesium, potassium, and sodium oxybates) 
Oral Solution for Idiopathic Hypersomnia in Adults

• First treatment FDA-approved for adult idiopathic hypersomnia
• Low sodium content 

• Significantly improved scores on the Epworth Sleepiness Scale, the Patient 
Global Impression of Change, and the Idiopathic Hypersomnia Severity 
Scale in a Phase III trials

• Side effects included nausea, headache, dizziness, anxiety, insomnia, 
decreased appetite, hyperhidrosis (i.e., excessive sweating), vomiting, 
diarrhea, dry mouth parasomnia, somnolence, fatigue, and tremor

• XYWAV, adults with idiopathic hypersomnia: up to 9 g/night in 2 doses or up 
to 6 g/night in one dose

• Common adverse events from sodium oxybate include nausea, bed-wetting, 
and dizziness
A multicenter study of the efficacy and safety of JZP-258 in the treatment of idiopathic hypersomnia (IH) with an open-label 

safety extension. ClinicalTrials.gov identifier: NCT03533114. https://clinicaltrials.gov/ct2/show/NCT03533114



FT218: Investigational, Extended-Release, 
Once-Nightly Formulation of Sodium Oxybate

• FT218, an investigational, extended-release, once-nightly formulation of 
sodium oxybate

• Phase 3 REST-ON study showed significant improvement in 
symptoms…of narcolepsy compared with placebo while also maintaining 
a safety profile similar to that of sodium oxybate

• Currently submitted as New Drug Application (NDA) to treat EDS and 
cataplexy in adults diagnosed with narcolepsy

• Oxybates are currently available as a twice-nightly formulation, which 
requires patients to wake up in the middle of the night for the second 
dose

Kushida CA et al. Sleep, 2021, zsab200, https://doi.org/10.1093/sleep/zsab200.



Summary

• It is important to understand the physiology of the sleep-
wake cycle and to be able to recognize and manage 
sleep-wake disorders

•Both hypersomnolence, broadly defined as excessive 
daytime sleepiness and/or excessive sleep duration, and 
insomnia can commonly occur in patients with psychiatric 
disorders

•There are numerous pharmacological and 
nonpharmacological treatment options available that 
target various components of the sleep-wake circuit to 
improve the sleep-wake cycle



Posttest Question

The neurotransmitters associated with arousal fluctuate 
during the ultradian sleep cycle. Which neurotransmitter 
reaches peak levels initiating REM (rapid eye movement) 
sleep?

1. GABA
2. Orexin
3. Acetylcholine
4. Histamine



Posttest Question

Which of the following approved insomnia medications is 
not a benzodiazepine receptor agonist (BZRA)?

1. Doxepin
2. Lemborexant
3. Ramelteon
4. Zaleplon
5. 1-3
6. All of the above



APPENDIX



Polysomnography

• Electroencephalogram (EEG) determines sleep 
stages

• Electrooculogram (EOG) measures eye movement 
to identify rapid eye movement (REM) sleep

• Electromyogram (EMG) measures muscle activity 
via electrodes on the chin, jawbone, and calf 
muscles

• Electrocardiogram (ECG) is used to measure heart 
rate and rhythm

• Breathing is measured with a piezo crystal effort 
sensor, which utilizes two Velcro bands around the 
chest and abdomen to measure movements and 
effort

• Airflow is measured with a thermistor secured 
under the nose, and oxygen saturation can be 
measured by a pulse oximeter on the finger or ear 
lobe

• The patient may be videotaped 
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Multiple Sleep Latency Testing

Method
Nocturnal polysomnogram

5 daytime nap opportunities
Quiet, dark room
2-hour intervals

Score time to sleep onset
Max time: 20 min

Wake patient 15 min from sleep onset
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Actigraphy



Sleep-Wake Diary



Epworth Sleepiness Scale


