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Abstract: Excessive daytime sleepiness (EDS) can be caused by insufficient sleep but is
also a manifestation of medical or sleep disorders and a side effect of medications. It impacts
quality of life and creates safety concerns in the home, at work, and on the roads. Screening
questionnaires can be used to estimate EDS, but further evaluation is necessary. EDS is a
common symptom of both narcolepsy and obstructive sleep apnea (OSA). Polysomnography
and multiple sleep latency testing are used to diagnose these disorders. However, isolating
the primary etiology of EDS can be challenging and may be multifactorial. Untreated OSA
can show polysomnographic findings that are similar to narcolepsy. The effects of sleep
deprivation and certain medications can also affect the polysomnographic results. These
challenges can lead to misdiagnosis. In addition, narcolepsy and OSA can occur as comorbid
disorders. If EDS persists despite adequate treatment for either disorder, a comorbid diag-
nosis should be sought. Thus, despite advances in clinical practice, appropriate management
of these patients can be challenging. This review is focused on EDS due to OSA and
narcolepsy and addresses some of the challenges with managing this patient population.
Keywords: EDS, excessive daytime sleepiness, narcolepsy, OSA, obstructive sleep apnea

Introduction

Excessive daytime sleepiness (EDS) is defined as unintentional sleepiness or
inability to maintain wakefulness, thus impacting one’s functional ability." Due to
the subjectivity associated with self-reported EDS, prevalence in the general popu-
lation is difficult to estimate. A recent population-based study showed that 33% of
participants self-reported EDS at baseline and that 28% of participants without EDS
at baseline developed EDS during the 5-year study period. Younger age and
depression were independent predictors of incident EDS, and the degree of EDS
fluctuated over time.” The term EDS is used interchangeably with hypersomno-
lence, though EDS is a symptom and hypersomnolence is a disease process.

EDS impacts quality of life and contributes to unsafe work and home environ-
ments, in addition to jeopardizing public safety on the roads.> The most common
cause of EDS is insufficient sleep syndrome. However, EDS is also a common
symptom of medical disorders and a side effect of various prescription and over-
the-counter medications. EDS can be a manifestation of sleep disorders, including
obstructive sleep apnea (OSA), alveolar hypoventilation, restless leg syndrome,

periodic limb movement disorder, circadian rhythm disorder, narcolepsy, idiopathic
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hypersomnia and Kleine-Levin syndrome. Other medical
disorders in which EDS is a clinical symptom include
hypothyroidism, renal/hepatic failure, neurodegenerative
disorders such as Parkinsonism, stroke, myotonic dystro-
phy, multiple sclerosis, structural brain lesions, traumatic
brain injury, and psychiatric disorders such as depression,
anxiety, and substance abuse. Medications associated with
EDS include sedative-hypnotics, beta blockers, antihista-
mines, anticonvulsants, antidepressants and opiates. The
overlap of multiple risk factors in individual patients can
present a diagnostic dilemma. Thus, alternative diagnoses
for EDS should be considered if the patient does not
respond to the primary management.* Residual sleepiness
in adequately treated patients with OSA can be multifac-
torial and requires further investigation and management.’

Epidemiology

Obstructive sleep apnea is a common disorder in North
America. The estimated prevalence in the general adult
population has been reported as 9% to 38%.° The preva-
lence of narcolepsy is much lower in the general adult
population and has been reported as 0.07% to 0.20%.” The
occurrence of OSA in the setting of narcolepsy is at best
speculative. In a retrospective study of 133 patients with
narcolepsy, 25% of patients had an apnea hypopnea index
(AHI) > 10. Thirty percent of patients with AHI > 10 were
initially diagnosed with OSA only, and there was a delay
in the diagnosis of narcolepsy. Narcolepsy is associated
with increased body mass index (BMI), which is a risk
factor for OSA, again leading to under-diagnosis of
narcolepsy.® Additionally, two or more sleep onset REM
periods (SOREMs) may be observed on the multiple sleep
onset latency test (MSLT) in patients with untreated OSA,
potentially confounding the true prevalence of either
disorder.”

Pathophysiology

Narcolepsy

Breakthrough in the pathogenesis of narcolepsy occurred
in 1998 when two groups of researchers identified the
same gene in animal models. Lecea et al.'® named this
new gene hypocretin and Sakurai et al.'' referred to it as
orexin. Hypocretin/orexin is a neuropeptide produced in
the lateral posterior hypothalamus. It plays a crucial role in
control of the sleep/wake cycle and of neurocognitive and
metabolic functions. The pathophysiology of type 1 narco-
lepsy (NT1) is characterized by destruction of hypocretin/

orexin-producing neurons and reduced levels of hypocre-
tin/orexin in the cerebrospinal fluid (CSF). The destruction
of these specific neurons is thought to be related to an
autoimmune mechanism, though no direct evidence has
been found. The arguments that support this theory are
linked to a strong association between NT1 and the HLA-
DQB1*0602 allele and polymorphisms. Seasonal variation
in the incidence of NTI suggests infectious etiologies,
with an increased incidence of NT1 in Scandinavia after
the Pandemrix vaccination for the HIN1 influenza virus
was introduced. There is also a suggestion that NT1 is
associated with Streptococcus infections with the finding
of increased antibody titers to Streptococcus pyogenes
when compared to controls.'> In contrast to NT1, the
pathophysiology of type 2 narcolepsy (NT2) is unknown,
though it is thought to be due to less extensive damage to
hypocretin/orexin. Most patients with NT2 have normal
hypocretin levels; however, NT2 seems to be a heteroge-
neous disorder and subgroups may exist."

To elaborate on the genetic predisposition to narco-
lepsy, 86-98% of patients with NT1 are positive for the
HLA-DQB1*0602 allele, though that is not sufficient to
develop the disease. This allele is also reported in 5-38%
of the general population. Some studies have reported a
higher prevalence of this allele in NT2 than the general
population, but the data are limited."?

In a small study of 26 patients, increased BMI in
patients with narcolepsy/cataplexy was not correlated
with their CSF hypocretin levels. This finding suggests
that other metabolic mechanisms could explain the asso-
ciation of obesity with narcolepsy.'* In another study,
higher BMI was associated with delayed diagnosis."
Animal studies support the loss of hypocretin neurons
rather than loss of hypocretin itself to be responsible for
the weight gain. Some studies indicate that the food
choices of patients with NT1 when compared to controls
may also contribute to weight gain. This could indicate
altered reward motivation and processing in patients with
NTI1 because binge eating, nocturnal eating, and carbohy-
drate craving have been reported in NT1.'®!7

OSA And Excessive Daytime Sleepiness

Repeated upper airway obstruction leading to arousals and
sleep fragmentation is thought to result in EDS in patients
with OSA.'® Variable results have been found linking
intermittent nocturnal hypoxemia as well, but no clear
correlation exists between the severity of sleep apnea and
degree of EDS.'”?° Chronic intermittent nocturnal
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hypoxemia could potentially injure wake-promoting neural
networks with loss of dopaminergic and noradrenergic
neurons, thus contributing to EDS. These effects were
seen as early as two weeks in mice models.?'** A retro-
spective analysis in which untreated OSA was associated
with two SOREMs on the MSLT found baseline minimal
oxygen saturation to be an independent predictor, which
raises the possibility of nocturnal hypoxemia as a promoter
of SOREMs and EDS.*® Autonomic dysregulation with
increased sympathetic cardiac tone during autonomic arou-
sals in patients with OSA may also contribute to EDS.***
Additionally, obesity itself could be a contributing factor
to EDS in patients with OSA via adipokines and chronic
inflammation noted in obese patients.?®

Diagnosis And Current Diagnostic
Challenges

EDS is the primary clinical symptom associated with
narcolepsy. EDS is typically the first symptom to present
and often has the greatest impact on daily life. Patients
with narcolepsy experience generalized EDS in addition to
involuntary lapses into sleep. Daily occurrence of EDS for
at least three months is a required criterion for the diag-
nosis of narcolepsy.! EDS is also a common presenting
symptom of OSA, but it does not occur universally and is
not a required criterion for diagnosis." EDS is often con-
fused with fatigue, exhaustion, lethargy, tiredness, and
lassitude.

Sleep deprivation is the most common cause of EDS.
This could be behaviorally induced or related to circadian
misalignment. Medication reconciliation needs to be done
to ensure that the patient is not taking sedating medica-
tions. Although not an exhaustive list, these may include
benzodiazepines, non-benzodiazepines, opiates, antihista-
mines, anti-epileptics, antidepressants, nonsteroidal anti-
inflammatory drugs, digoxin, clonidine, prazosin, and
beta-blockers. Substance abuse, including alcohol and
marijuana, and endocrine disorders (especially hypothyr-
oidism) should also be ruled out. Other pertinent history
includes the presence of neurological lesions, stroke, trau-
matic brain injury, multiple sclerosis, neurodegenerative
disorders, encephalopathies and neuromuscular disorders
(Parkinson’s disease, myotonic dystrophy, amyotrophic
lateral sclerosis, myasthenia gravis). In addition, other
medical conditions such as heart failure, COPD, and rheu-
matological conditions should be evaluated. Psychiatric
disorders including depression, PTSD, and anxiety need

to be evaluated and treated. Other considerations include
restless legs syndrome, periodic limb movement disorder
of sleep, and parasomnias. A key tool for investigating
EDS is an overnight polysomnogram (PSG) followed by a
daytime MSLT to evaluate for sleep disorders that have no
obvious etiologic basis.

Screening Tools

The approach to a patient with EDS includes a subjective
evaluation of EDS that can be done using a variety of
validated scales. The Epworth Sleepiness Scale (ESS) is a
self-administered questionnaire in which respondents rate
their chances of falling asleep in eight situations that
commonly occur in daily life.?” Each situation is rated
on a scale of 0-3 based on how likely the respondent is
to fall asleep, with a score of greater than 10 being con-
sistent with EDS.*® The Epworth Sleepiness Scale for
Children and Adolescents (ESS-CHAD) is a version of
the ESS that has been modified to reflect the experiences
of younger respondents.”’

Other scales that may be used include the Karolinska
Sleepiness Scale (KSS), Stanford Sleepiness Scale (SSS),
and Pittsburgh Sleep Quality Index (PSQI). The KSS and
SSS are validated measures of subjective sleepiness at a
particular time.>*>' For the KSS, respondents rate their
sleepiness in the preceding five minutes on a 9-point
scale,’! and for the SSS, respondents rate their current
sleepiness on a 7-point scale.*® Because the KSS and
SSS are both answered at one point in time, they may be
useful to assess sleepiness as it relates to different activ-
ities, times of day, or levels of sleep. The PSQI is a
validated tool that includes an evaluation of daytime dys-
function due to EDS as part of a global assessment of
sleep quality.®? In addition to scales that evaluate EDS, the
Swiss Narcolepsy Scale (SNS) is a 5-item, self-report
scale that assesses for symptoms of narcolepsy with cata-
plexy. The SNS has a reported 96% sensitivity and 98%
specificity for NT1 (narcolepsy with cataplexy).*’

Objective Testing

If narcolepsy is suspected following the clinical assess-
ment, objective testing is the next step to confirming a
diagnosis. The International Classification of Sleep
Disorders — Third Edition (ICSD-3) has classified NT1
and NT2." Both present with symptoms of EDS, sleep
paralysis, and hypnagogic hallucinations, and the suppor-
tive criteria for objective testing is the same. An overnight
PSG followed by next-day MSLT is the standard of care
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for objective testing.'** Specific parameters that meet the
diagnostic criteria for narcolepsy include a mean sleep
latency of less than or equal to eight minutes and two or
more SOREMs on the MSLT. Alternatively, a SOREM on
the preceding night’s PSG should be counted in addition to
any SOREM on the MSLT." The PSG must be performed
on the night immediately preceding MSLT to rule out
other sleep disorders and evaluate for sleep disruptions
that could influence the result of the MSLT. A sleep
diary and/or actigraphy should be done 1-2 weeks prior
to the PSG/MSLT to ensure that the sleep studies are
completed during the patient’s usual sleep times.**?’
Additional instructions prior to MSLT are presented in
Table 1.

MSLT measures the physiological tendency to fall
asleep under standardized conditions. The MSLT begins
1.5 to 3 hrs after the PSG and consists of five nap oppor-
tunities at 2 hr intervals. The patient is allowed up to
20 mins to fall asleep and then up to 15 mins to enter
REM sleep.®* Sleep latency, defined as the time from
lights out to the first epoch of any stage of sleep, is
recorded for each nap. Sleep latency is considered an
indicator of the level of sleepiness, and decreased mean
sleep latency on the MSLT is associated with sleep dis-
orders that cause EDS, including narcolepsy and OSA.*
The presence of SOREMs is also evaluated during each
nap, defined as the first epoch of REM sleep that occurs
during the nap. Narcolepsy is a disorder of REM sleep,
and these patients typically enter REM sleep earlier than
expected, which is identified as a SOREM during the

nap.**

Table | Instructions For Multiple Sleep Latency Testing

The MSLT must be performed under standardized con-
ditions to maintain the validity of the results. The testing
environment should be conducive to sleep and comfortable
for the patient, and the test should be performed using a
defined protocol.** Additionally, patients should not be
taking any drugs that could affect sleep or cause sleepi-
ness, such as stimulants, central nervous system depres-
These
medications should ideally be stopped two weeks prior to
the MSLT, depending on the half-life of the drug, and
confirmed with a urine drug

sants, or REM-suppressing medications.

screen prior to the
MSLT."** Despite these recommendations, it is challen-
ging to ensure an adequate washout period of each drug.
This can be especially difficult in patients who are taking
antidepressant medications and the nature of their psychia-
tric illness limits the safe taper of these medications. The
diagnosis of narcolepsy by PSG/MSLT in such patients
may be missed due to the REM-suppressing effects of
these drugs. However, it can be difficult to wean off
these medications in clinical practice and the interpretation
should be done with this limitation in mind.
Polysomnography is the standard diagnostic test for
OSA,* which can coexist with narcolepsy.* OSA can be
an independent cause of EDS, decreased sleep latency, and
SOREMs, and should be treated prior to establishing a
narcolepsy diagnosis.***> A large retrospective study
showed that male sex and extent of oxygen desaturation
were some of the factors associated with SOREMs in
OSA.* If OSA is identified on the PSG, continuous posi-
tive airway pressure (CPAP) is instituted. Re-evaluation of
EDS by the Epworth Sleepiness Scale is done after

Before The MSLT

During The MSLT

Sleep logs/diary/actigraphy for at least one week

Maintain dark and quiet environment with room
temperature set to patient’s comfort

minimized.

Medication review and “washout” if indicated. Stimulant, stimulant-like medications, and
REM-suppressing medications stopped two weeks prior. Other usual medications
discussed with provider to ensure that stimulating or sedating effects of medications are

Avoid vigorous physical activity and stop any simulating
activity 15 mins prior to each nap

Urine drug screen

Abstain from caffeine and alcohol

Avoid lying down or falling asleep between naps
Avoid bright lights and direct sunlight

Abstain from smoking 30 mins prior to each nap

Provide a light breakfast and light lunch

Note: Data from Littner et al.>*
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adequate compliance (> 4 hrs of nightly use for > 70% of
nights) is shown on the CPAP device for a stable duration
of four weeks. Additionally, the absence of significant
mask leak and an adequate CPAP pressure to control the
AHI and nocturnal hypoxemia should be confirmed before
pursuing alternate causes of EDS.**” Other causes of EDS
need to be ruled out prior to initiation of wake promoting
drugs versus MSLT including suboptimal objective adher-
ence, poor sleep hygiene, insufficient sleep, depression
and/or restless legs syndrome.*® If after careful considera-
tion it is determined that the patient should undergo MSLT,
the preceding PSG is performed with the patient’s CPAP
device. The use of CPAP is necessary because untreated
OSA can cause SOREMs.”*

OSA and narcolepsy both present with EDS, and the
severity of EDS in patients with both conditions versus
just narcolepsy has not been shown to be significantly
different.**” Narcolepsy can be missed, especially if cata-
plexy is not identified at the initial presentation, which
leads to treatment delays. Therefore, diagnostic testing
for narcolepsy should be considered in patients with resi-
dual EDS despite CPAP therapy.*’

EDS can also be objectively evaluated after treatment
initiation with the maintenance of wakefulness test
(MWT). Whereas the MSLT measures the tendency to
fall asleep, the MWT measures the ability to stay awake.>*
The MWT must be performed using a standardized proto-
col. A preceding PSG is optional; however, optimal sleep
and daytime alertness must be confirmed prior to the test,
generally by sleep logs or self-report. The test begins 1.5
to 3 hrs after the typical wake time and consists of four
trials at 2 hr intervals, during which the patient is seated in
a room with minimal light and instructed to stay awake.
Each trial ends after 40 mins of wakefulness or if sleep
onset occurs during the trial, whichever comes first. Sleep
latency is recorded for each trial, and the mean sleep
latency is interpreted in the context of the clinical
situation.>® Clinical application of the MWT lies in the
change in mean sleep latency that occurs in response to
treatment for a disorder that is known to cause EDS, such
as narcolepsy or OSA. This may be especially significant
if the patient has an occupation that involves driving.**

As outlined above, actigraphy or sleep logs are needed
prior to the PSG/MSLT to ensure the test accuracy.
However, challenges can arise because actigraphy is not
universally available and sleep logs are a very subjective
measure. Sleep deprivation or circadian rhythm disorder
could therefore be missed during the clinical evaluation,

and the patient could be falsely labeled as narcoleptic due
to the effects of sleep deprivation/disruption on the PSG
and MSLT.

Measurement of CSF hypocretin levels would be use-
ful in a situation when the MSLT results are believed to be
falsely negative, particularly when the patient is taking
REM-suppressing medications. This test is now commer-
cially available at the Mayo Clinic, Rochester, MN,
USA.*” However, this test is only useful in diagnosing
NT1 and not NT2. One may argue that clinical judgment
should be used to guide the management of narcolepsy
rather than relying solely on the objective measures of
PSG/MSLT. A trial of wake-promoting drugs such as
modafinil or sodium oxybate for a short duration with
close clinical follow-up may be a consideration.
Additionally, patients with narcolepsy could be misdiag-
nosed and treated as attention deficit hyperactivity disorder
(ADHD) due to overlap in the symptomatology. Therefore,
screening patients with ADHD for hypersomnia should be

encouraged, especially in children.***!

Laboratory Evaluation

As an alternative to MSLT, NT1 could be diagnosed solely
on reduced CSF hypocretin levels in the presence of EDS.
Measurement of CSF hypocretin levels by radioimmu-
noassay (RIA) has been included in the recent ICSD-3
definition of NT1.! Levels of hypocretin < 110 pg/mL

are highly specific for the diagnosis of NT1.*

However,
RIA lacks accuracy because it cross-reacts with various
matrix constituents, which induces variability between
batches. Low levels of hypocretin can also be found in
patients with traumatic brain injury; therefore, interpreta-
tion should include the clinical context.*> A recent study
compared hypocretin/orexin A levels measured by RIA
(Phoenix Pharmaceuticals, Burlingame, CA, USA) to
ELISA (Wako Pure Chemical Industries, Osaka, Japan)
and found reliable results in that the measurements were
not equivalent (orexin A levels were much lower when
measured by EILSA versus RIA).** CSF hypocretin testing
has limited commercial availability, which limits its wide-
spread use. However, per the ICSD-3 definition, patients
with low hypocretin levels are diagnosed as NT1 even in
the absence of cataplexy.' This is supported by prospective
data that show patients with low hypocretin eventually
develop cataplexy.*’

HLA testing may be used to support a diagnosis of
narcolepsy, but it is not considered a diagnostic test.'
HLA-DQBI1*06:02 is a genetic marker that is strongly
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associated with NT1 but can also be present in healthy
individuals. HLA testing may be a useful first step if CSF
hypocretin testing is being considered because the hypo-
cretin level is unlikely to be reduced if the HLA testing is
negative.'*® Again, both CSF hypocretin testing and HLA
should be

42,46

testing interpreted within the clinical

context.

Current Treatments

Narcolepsy

Non-Pharmacological Management
Non-pharmacological therapies are considered to be
adjunctive in the management of narcolepsy. Scheduled
daytime naps improve alertness and decrease unintended
sleep periods.*’ Patients may take two 15- to 20 min
regularly scheduled naps that are well-timed to facilitate
optimal alertness when it is most needed during the day.
They should also be encouraged to maintain an adequate
and consistent nocturnal sleep schedule and practice good
sleep hygiene to avoid exacerbation of symptoms that can
occur with sleep deprivation.*”*® Medications that cause
insomnia or sleepiness should be avoided. Additionally,
weight loss should be encouraged if patients are over-
weight or obese.'* Weight loss may be especially impor-
tant if the patient has comorbid OSA.

Social support is an important element in the manage-
ment of narcolepsy. Narcolepsy can have negative social,
occupational, and economic consequences for the patient,
partner, and family.*’ The social and occupational needs of
the patient should be evaluated to determine if intervention
is needed. Regular follow-up is important to identify sup-
portive resources, monitor treatment response, and provide
ongoing education. Safety must always be evaluated, and
patients should be counseled to avoid driving or operating
heavy machinery at home or at work while sleepy.*’
Lastly, regular screening for mood changes and hyperten-
sion is needed due to the side effects of simulant
medications.*’-°
Pharmacological Management
To date, there is no cure for narcolepsy. Symptomatic
relief is achieved through various medications. Wake-pro-
moting drugs such as modafinil or sodium oxybate are the
mainstay of therapy for EDS (Table 2). Additionally, sti-
mulant medications may be used. The main side effects of
stimulants are headaches, irritability, and agitation. These
effects occur due to sympathetic stimulation and limit
usage in certain patients. Caution should be exercised in

patients who have uncontrolled hypertension or a previous
cardiac history. Approximately one-third of patients
develop tolerance, with the need to increase the dosage.
Although these medications are effective, due to the poten-
tial for addiction and negative side effects, there is a need
for newer, non-stimulating wake-promoting agents.”'
Although abuse potential is a concern, a cross-sectional
cohort study found an extremely low frequency of stimu-
lant abuse among narcolepsy patients.’>

Stimulant Therapy Approved For

Narcolepsy And OSA

Modafinil

Modafinil is a benzyhydrylsulfinylacetamide derivative
and a non-amphetamine stimulant. It is considered the
first-line treatment for EDS by the American Academy
of Sleep Medicine (AASM).*” The mechanism of action
is not fully understood, but it is believed to be related to
dopamine reuptake inhibition.”'>* It is readily absorbed
after oral administration, with maximum plasma concen-
tration occurring within 2 to 4 hrs.>* It is metabolized by
the liver with renal elimination. The FDA published a
maximum dosage of 400 mg, but dosages up to 600 mg
have been studied with positive results.’® The typical pre-
scribed dosage varies from 100 mg to 400 mg adminis-
tered once or twice per day.”' In 50-60% of adults with
narcolepsy, modafinil is sufficient as a monotherapy,
though it has no effect on cataplexy.” It has also been
shown to improve objective and subjective sleepiness in
patients with OSA with refractory sleepiness despite com-
pliant use of CPAP. Additionally, it has been shown to
improve behavioral alertness with reduction in functional
impairment in OSA patients on CPAP.>®

Armodafinil

Armodafinil is the R-enantiomer of modafinil, which acts as
a D2 receptor partial agonist.’*>” Armodafinil is adminis-
tered once daily at 100 mg to 250 mg and is FDA-approved
for EDS in patients with OSA and narcolepsy.>>” Though
the half-lives of modafinil and armodafinil are similar, dif-
ferences in pharmacokinetics result in the plasma concen-
tration of armodafinil being higher late in the day leading to
improved wakefulness throughout the day.’®

Solriamfetol

Solriamfetol is a dopamine and norepinephrine reuptake
inhibitor that received FDA approval in 2019 for EDS in
OSA and narcolepsy. The approval was granted after
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Table 2 Pharmacologic Management For Excessive Daytime Sleepiness
Medication Mechanism Of Action Half- Indication Dosage Side Effects Ref
Life
Modafinil Not fully understood; Inhibits 15 hrs | Improve 100 mg-400 | Headache 80
dopamine reuptake wakefulness in mg daily; up | Nausea
patients with EDS to 600 mg Nervousness
(off-label) Anxiety
Insomnia
Armodafinil Not fully understood; Inhibits 15 hrs | Improve 150 mg-250 | Headache 8l
(R-enantiomer of dopamine reuptake wakefulness in mg daily Nausea
Modafinil) patients with EDS Dizziness
Insomnia
Methylphenidate CNS stimulant; Inhibits reuptake 3.5 hrs | Improve 10 mg-60 Nervousness 61
and increases release of dopamine wakefulness in mg daily in Insomnia
and norepinephrine patients with EDS 2-3 divided | Anorexia
doses Nausea
Headache
Dizziness
Palpitations
Hypertension
Weight Loss
Increased HR and BP
Psychosis
Dextroamphetamines | CNS stimulant; Inhibits reuptake I'l hrs | Improve 5 mg-60 mg | Insomnia 82
sulfate and increases release of dopamine wakefulness in daily Anorexia
and norepinephrine patients with EDS Headache
Xerostomia
Emotional Lability
Dizziness
Palpitations
Increased HR and BP
Psychosis
Solriamfetol Inhibits reuptake of dopamine and 7 hrs Improve 75 mg-150 | Headache 60
norepinephrine wakefulness in mg daily Nausea
patients with EDS Insomnia
Anxiety
Decreased Appetite
Sodium Oxybate Not fully understood; CNS 0.5 to | Improve 4.5 grams-9 | Headache 83
depressant, possibly through binding | | hr wakefulness and grams Nausea
to GABA-B receptors; MOA for decrease cataplexy | nightly in 2 | Dizziness
effect on cataplexy unknown in patients with divided Somnolence
narcolepsy doses Enuresis
Tremor
Sleepwalking
Confusion
Depressive Symptoms
Pitolisant H3 histamine receptor antagonist 10— Improve 9 mg-36 mg | Headache 63
12 hrs | wakefulness in daily Insomnia
patients with Nausea
narcolepsy Anxiety
Irritability
Nature and Science of Sleep 2019:11 submit your manuscript 247
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publication of the results from the TONES studies
(Treatment of Obstructive Sleep Apnea and Narcolepsy
Excessive Sleepiness).””®® Solriamfetol is approved in 75
mg and 150 mg dosages for narcolepsy and 37.5 mg, 75
mg, and 150 mg dosages for OSA. The most common
adverse effects are headaches, anxiety, decreased appetite,
and nausea.

Other Stimulant Therapies For

Narcolepsy

Methylphenidate

Methylphenidate is a derivative of amphetamines. It is a
non-competitive dopamine reuptake blocker with some
inhibiting action on serotonin-noradrenaline reuptake. In
patients with narcolepsy, methylphenidate improves objec-
tive and subjective sleepiness but shows mixed results on
performance tests.®’ The starting dose is 10 mg per day,
with a recommended maximum dose of 60 mg per day.
Side effects include nausea, reduced appetite, headache,
insomnia, and psychosis. Due to its adverse reactions and
abuse potential, it is a second-line treatment or add-on
therapy for more stressful situations.®®

Dextroamphetamine Sulfate (R-Amphetamine Sulfate
Enantiomer)

Dextroamphetamine is a competitive dopamine transporter
blocker and is considered third-line therapy due to abuse
potential.

Pitolisant

Pitolisant is the first antagonist of the histamine H3 auto-
receptor and increases histamine release in the hypothala-
mus and cortex.®? In contrast to the HI receptor, H3
receptors are saturated in the CNS and therefore may not
cause the same side effects that have limited the use of H1
receptor stimulators. In a double-blinded study in five
European countries, pitolisant was found to be better tol-
erated than modafinil.*> However, its efficacy is compar-
able to modafinil.’" The dosage ranges from 9 to 36 mg
daily, and the half-life is about 10—12 hrs. Side effects
include headache, insomnia, nausea, and anxiety. Pitolisant
has been available in Europe for some time and received
FDA approval in the United States for EDS in narcolepsy
in 2019.

Sodium Oxybate (Xyrem®)

Sodium oxybate is the sodium salt of g-hydroxybutyrate
and considered a standard therapy for EDS with or without
cataplexy by the AASM.*” It has been shown to decrease

attacks of cataplexy, increase sleep latency, and reduce
sleep attacks.®* The mechanism of action remains incom-
pletely understood, but it is partially believed to act on the
GABA-B receptors.’

Sodium oxybate has a very short half-life; two doses
are required nightly. The dosing starts with 2.25 grams
twice per night and is titrated up according to the patient’s
symptoms. The maximum recommended dose is 4.5 grams
per dose with two doses per night (9 grams per night). The
effectiveness of the medication is gradual and time-depen-
dent, with symptom control achieved in 1 month or more.
The most frequent side effects are nausea, dizziness, anxi-
ety, and confusion, and the more disabling are enuresis,
sleep walking, and mood disturbance.’’** The combina-
tion of Modafinil and sodium oxybate may have an addi-
tive effect on EDS. A clinical trial is currently underway
to assess the efficacy and safety of a once-nightly formula-
tion of sodium oxybate.®® REST-ON is a double-blind,
randomized, placebo-controlled study of 264 patients to
assess the efficacy and safety of a once-nightly formula-
tion of sodium oxybate for the treatment of EDS and
cataplexy in patients with narcolepsy.®®

Sodium oxybate carries a black box warning for abuse
and is only dispensed by a central pharmacy per FDA
guidelines. Caution is advised for patients with an existing
history of depression or untreated sleep apnea. Given that
sodium oxybate is a sedating medication, there is a strong
warning against taking other sedating medications concur-
rently due to the risk of respiratory depression. The risk of
rebound cataplexy or status cataplecticus is low with with-
drawal or disruption of the medication.®’

Cardiovascular Risk Assessment Prior To

Initiation Of Stimulants

A large retrospective study showed no evidence of increased
serious cardiovascular events in patients with ADHD aged 2
to 24 years receiving stimulant medicaitons.®® Similar results
were seen in another retrospective cohort study in patients
with ADHD aged 25 to 64 years.®” Based on the aforemen-
tioned trials, the FDA concluded that there was no strong
association between ADHD pharmacotherapy and adverse
cardiovascular events.’® Nonetheless, patients should be cau-
tioned about potential changes in heart rate and blood pres-
sure. In general, stimulants should be avoided in patients with
cardiovascular disease; if needed, they should be prescribed
in consultation with a cardiologist. The American Academy
of Pediatrics, American Heart Association, and American
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College of Cardiology recommend a cardiovascular evalua-
tion (history, family history, and examination) in children
prior to the initiation of stimulants.”’

Clinical Dilemma

Clinicians are faced with challenging questions because stu-
dies of stimulant medications and cardiovascular risk did not
include patients above 65 years; thus, the effect of pre-existing
cardiac conditions in the elderly population is unclear. These
studies are also confounded by healthy user bias, which limits
generalizability. There is a need for further research on use of
stimulants in the elderly population, especially in patients with
OSA on CPAP with residual daytime sleepiness.

Excessive Daytime Sleepiness In OSA
CPAP has been shown to reduce daytime sleepiness and
therefore is considered the gold standard for treating
patients with OSA.”* The efficacy of CPAP therapy depends
significantly on the compliance and hours of usage. A multi-
center, quasi-experimental study in patients with severe
sleep apnea showed that at least 4 hrs, 6 hrs, and 7.5 hrs
of nightly CPAP usage were needed to show an improve-
ment in the ESS score, MSLT, and Functional Outcomes of
Sleep Questionnaire, respectively. The authors concluded
that more hours of CPAP use is associated with greater
improvement in sleepiness. However, there is variation in
the amount of CPAP use required to normalize sleepiness,
so nightly use recommendations may be individualized and
considered in terms of desired treatment outcomes.”” If
there is persistence of residual daytime sleepiness after
adequate CPAP use, clinical assessment as mentioned
above should be performed. If no modifiable factors are
identified and the patient is compliant with CPAP, MSLT
could be considered. Alternatively, a trial of stimulant ther-
apy may be considered.

Clinical Challenge

Meticulous stepwise screening for comorbidities contribut-
ing to EDS in OSA patients is warranted. Achieving the
above-mentioned CPAP usage parameters is a significant
challenge in the management of EDS. As a result, patients
are prematurely started on stimulant therapy for clinical
improvement and patient satisfaction, potentially exposing
them to adverse effects.

Co-Management Of OSA In Narcolepsy
Although sleepiness improves with CPAP therapy in
patients with comorbid narcolepsy and OSA, narcolepsy-

related EDS is not expected to respond to CPAP.
Therefore, the mainstay of therapy for narcolepsy should
be medications. CPAP in narcoleptics with OSA should
remain a second-line, adjunctive therapy to standard phar-
macological treatments.’’

Pediatric Population

EDS is required for the diagnosis of narcolepsy in the
pediatric population. In younger children, EDS may be
vague and present as behavior problems or concentration
difficulties.”* Treatment of narcolepsy in the pediatric
population is similar to the treatment in adults.’’ Sodium
oxybate has recently been approved for use in children
ages 7 and older and is the only FDA approved medication
for the treatment of EDS and cataplexy in the pediatric
population. The dosing for sodium oxybate in children is
weight based, and the most common side effects include
enuresis, nausea/vomiting, headache, decreased weight/
appetite and dizziness.”” Children with both narcolepsy
and mild to moderate OSA have shown improvement in
daytime sleepiness following adenotonsillectomy.”®

Future Trends

Auwailability of CSF hypocretin testing is forthcoming in the
United States, but the cost of testing and performing the
lumbar puncture is unknown and there are risks associated
with the procedure itself. To date, there is no cure for narco-
lepsy, and management focuses on symptomatic relief with
medications. Orexin supplementation is a novel therapy that
has a potential role in treating the disease. Various modalities
have been proposed, including orexin agonists, gene therapy,
and cell transplantation. Recent experiments in mice showed
that central administration of orexin in orexin-cell-ablated
mice improved wakefulness and reduced cataplexy.”’” Other
studies showed amelioration of narcolepsy symptoms with
peripherally administered YNT-185 (non-peptide selective
orexin type-2 receptor agonist)’® and TAK-925 (orexin 2
receptor selective agonist)’”® in mice models, providing
further proof of concept. Human studies with oral formula-
tions of orexin agonists are in the beginning stages.

Clinical Case |

30-year-old male with no significant past medical history
came to the sleep clinic for evaluation of snoring. His wife
was having difficulty sharing the bedroom with him due to
loud snoring. His Epworth Sleepiness Scale (ESS) score
was 15/24. Additionally, he reported dry mouth and morn-
ing headaches upon waking up. Infrequently, he felt
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“trapped in his body” due to the inability to move his body
while trying to initiate sleep. He had good sleep hygiene
with an average total sleep time of 7.5 hrs. Physical exam
revealed BMI of 36, Modified Mallampati score of III,
macroglossia, and neck circumference of 17 inches. The
rest of the exam was unremarkable, and the patient was on
no medications. The patient underwent attended polysom-
nography (PSQG) in the sleep laboratory. The sleep archi-
tecture was normal, and the apnea hypopnea index (AHI)
was 20/hour. He was titrated to CPAP of 12 cm H,O. He
returned for his compliance visit in 3 months and felt more
refreshed but still sleepy. The download from the CPAP
showed 80% compliance (> 4 hrs usage) with minimal
leaks and residual AHI of 0.1/hr. His ESS score was 12/24.
In the following clinic visit, the patient did not feel any
different and was still sleepy despite 100% compliance on
his CPAP machine. On further questioning, he still had the
feeling of inability to move his body while initiating sleep
but denied feeling weak with strong emotions. He also
endorsed occasional hypnogogic hallucinations. The
patient underwent PSG with the CPAP of 12 H,O, fol-
lowed by MSLT. The AHI on the PSG with CPAP was 1/
hr. MSLT showed 2 SOREMs with mean sleep onset
latency of 6 mins. On retrospective review, the first PSG
also revealed a REM sleep onset latency of 15 mins. The
patient was diagnosed with OSA and narcolepsy and
responded to modafinil. This case highlights the fact that
narcolepsy could be a missed diagnosis because the signs
and symptoms of OSA and narcolepsy may have signifi-
cant overlap. Note: This case is a mock case used to
highlight points raised in the review.

Clinical Case 2

25-year-old female with a previous diagnosis of NT1 pre-
sented with worsening EDS. She was previously well
controlled on modafinil 100 mg twice daily. Her cataplexy
episodes had already reduced in frequency and she did not
require any specific treatment for it. Recently, she started
working in the corporate sector and living independently.
In the interim, she was diagnosed with depression and
started on fluoxetine. Since then, her EDS had worsened.
She also gained 10 pounds in the past 2 years. Her sleep
routine was consistent, with 7 to 8 hrs of sleep, though she
was unable to nap now. Her caffeine intake had also
increased, and her ESS during the clinic visit was 14/24
which was up from 9/24 one year ago. On further ques-
tioning, the patient had been told that she started snoring.
On physical exam, her BMI was 30 and her Modified

Mallampati score was III with 2+ tonsils. The rest of the
exam was unremarkable. The patient was screened for
OSA with a PSG. She was diagnosed with moderate
OSA and was initiated on CPAP while she continued on
modafinil. After 3 months of CPAP usage, she returned to
clinic for re-evaluation. She had excellent compliance with
> 4 hrs usage of 90% and residual AHI of 1/hr. Her EDS
had improved and her ESS was 8/24. This case demon-
strates that other causes of EDS should be re-evaluated in
patients presenting with worsening of the previously well-
controlled symptoms of narcolepsy. Note: This case is a
mock case used to highlight points raised in the review.
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