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ABSTRACT

The American Academy of Sleep Medicine commissioned a task force of clinical experts in pediatric
sleep medicine to review published literature on performing the Multiple Sleep Latency Test (MSLT) and
Maintenance of Wakefulness Test (MWT) for diagnosis and management of central disorders of
hypersomnolence among children and adolescents. This paper follows a similar format to the paper
“Recommended protocols for the Multiple Sleep Latency Test and Maintenance of Wakefulness Test in
adults: guidance from the American Academy of Sleep Medicine” that was published in 2021. Since there
is insufficient evidence to specify a recommended protocol for the MWT in children and adolescents, this
paper focuses only on the MSLT protocol. This protocol paper provides guidance to‘health care providers
who order, sleep specialists who interpret, and technical staff who administer the MSLT to pediatric
patients. Similar to the adult protocol paper, this document provides guidance based'on pediatric expert
consensus and evidence-based data when available. Topics include patient preparation, evaluation of
medication and substance use, sleep needs before testing, scheduling considerations, optimal test
conditions for youth, and documentation. Specific changes recommendedéfor,pediatric MSLT protocols
include (1) provision of a minimum of 7 hours of sleep (with a minimum,8-haeurkecording time) on
polysomnography (PSG) the night before the MSLT, ideally meeting/@age-based needs; (2) use of clinical
judgment to guide the need for sleep-disordered breathing treatments before PSG-MSLT testing; and (3)
shared patient-health care provider decision-making regarding madifications in the protocol for children
and adolescents with neurodevelopmental/ neurological disorders, young age, and/or delayed sleep phase.
Keywords: Multiple Sleep Latency Test; Maintenance of Wakefulness Test; pediatrics
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BACKGROUND

The onset of central disorders of hypersomnolence including narcolepsy and idiopathic hypersomnia (IH)
often occurs before 21 years of age.® Thus, it is critical to utilize best practices and standardized sleep
study protocols developed for children and adolescents in diagnosing these disorders. Adherence to
protocols promotes standardization of sleep lab practices and diagnoses, which is important for clinical
management and research. The American Academy of Sleep Medicine (AASM) convened a task force of
experts in pediatric sleep disorders to update protocols presented in the 2012 paper “Practice Parameters
for the Non-Respiratory Indications for Polysomnography and Multiple Sleep Latency! Testing for
Children* and modify the 2021 paper “Recommended protocols for the Multiple Sléep Lkatency Test and
Maintenance of Wakefulness Test in adults: guidance from the American Academyiof,Sleep Medicine’”
for pediatric patients. This pediatric task force reviewed the literature and used expert consensus in
formulating the recommended protocol. Importantly, this protocol considers diagnostic criterion changes
in the International Classification of Sleep Disorders, third edition, text revision'(ICSD-3-TR).® The
recommended protocol detailed here reflects the needs of patients in mostiSituations, but the protocol may
need modification based on the judgment of clinical providers to meet unigue patient needs. The AASM
Board of Directors reviewed and approved this pediatric protocol paper. Albmembers of the pediatric task
force and AASM Board of Directors completed detailed conflictef interest statements listed under the
disclosures section.

The peak onset of narcolepsy type 1 (NT1; formerly-nareolepsy with cataplexy) is 15 years of age
and typically begins between 7-25 years of age.* Narcolepsy type 2,(NT2, formally narcolepsy without
cataplexy) onset is typically reported in adolescence but,specific age of onset is not reported in the
literature. The mean onset of IH is 16.6-21.2 years across different case series.” Symptoms of narcolepsy
can present differently in children and adolescents compared toradults. First, daytime sleepiness may be
expressed as inattentive, hyperactive, emotionally labile, and/or impulsive behavior in children and
adolescents. Second, children and adolescents with’NTZ2 can present initially with cataplectic facies (a
static form of cataplexy presenting with ptosis, jaw,lowering, tongue protrusion) before more classic
emotionally triggered cataplexy develops.® Ovérall, daytime sleepiness and cataplexy may be more
observable to people who spend the most time withiehildren and adolescents during the academic year.
As a result, teachers and friends of pediatrieypatients may be the first to be aware of concerning daytime
sleepiness and other symptoms such as gataplexy and prompt parents/caregivers to seek medical
evaluation.

NTL1 is caused by the degenération of hypothalamic neurons that make orexin, resulting in very
low or no evidence of orexin in cerebral Spinal fluid (CSF). The ICSD-3-TR permits NT1 diagnosis based
on daily sleepiness and at least one ‘of the following (1) CSF orexin levels <110 pg/ml, (2) the presence of
a nocturnal sleep onset REM geriod [SOREMP; REM sleep occurring within 15 minutes from sleep onset
on the nocturnal polysomnogram (PSG)] and reporting of typical cataplexy, or (3) two or more sleep
onset REM periods on thesMultiple Sleep Latency Test (MSLT), mean sleep latency of 8 minutes or less,
and reporting of typical/cataplexy. The etiology of NT2 is unknown since CSF orexin levels are normal in
NT2. ICSD-3-TR diagnastic criterion is based on daily sleepiness and two or more sleep onset REM
periods on the MSLTpmean sleep latency of 8 minutes or less, and no reporting of typical cataplexy.

IH is alsg associated with normal CSF orexin levels and is a heterogeneous condition with
symptoms of long'sleep duration and excessive daytime sleepiness varying in severity.® As a result, the
ICSD-3-TR permits different ways to diagnose IH including use of MSLT (diagnostic criterion of mean
sleep latency < 8 minutes and less than 2 SOREMPS), 24 hours polysomnogram (diagnostic criterion of >
660 minutes of sleep), and 7-day average sleep duration on actigraphy testing (diagnostic criterion of >
660 minutes of sleep). Diagnostic PSG-MSLT remains the most commonly used clinical method for
making diagnoses of these central disorders of hypersomnolence due to limited capability to perform
alternative testing methods such as extended PSG, availability of resources such as actigraphy, or
willingness of pediatric patients to acquiesce to invasive NT1 testing methods with lumbar puncture.



It can be difficult to discern symptoms of a CNS disorder of hypersomnolence when excessive
daytime sleepiness is common in the general population. In a United States survey, 41% of teens aged 13-
17 years reported excessive daytime sleepiness and nearly 12% reported hypersomnolence as defined by
presence of excessive daytime sleepiness, unrefreshing sleep, difficulty waking in the morning despite
normal sleep duration.® Excessive daytime sleepiness in the pediatric population commonly results from
chronic insufficient sleep due to delayed circadian rhythm sleep-wake disorder coupled with early school
start times, insufficient sleep syndrome, irregular weekend/weekday sleep schedules, electronic use at
bedtime, and caffeine use.'®* Recommended sleep duration varies by age'? (see Figure 1) and may
require close monitoring and counseling to ensure optimal sleep needs are being met. In clinical practice,
patients often have difficulty differentiating fatigue from daytime sleepiness, with the latter warranting
more directed PSG-MSLT when severe. There are surveys specifically validated farehildren and
adolescents to assess sleepiness severity, such as the Epworth Sleepiness Scale for €hildren and
Adolescents (validated ages > 6 years™) or Pediatric Daytime Sleepiness Survey (validated ages > 9
years™), or to assess more specific symptoms of central disorders of hypersémnolence, such as the
Pediatric Hypersomnolence Survey® (validated ages >8 years), Pediatric iNarcolepsy Severity Scale
(validated for ages >10 years), or Idiopathic Hypersomnia Severity Scale,(validated for >16 years).'®

The MSLT is an objective measure of daytime sleepiness performedhafter a nocturnal PSG. This
test typically is performed with 5 nap opportunities during the daytime period with each nap opportunity
lasting 20 minutes and with a 2-hour wake period required between naps. The MSLT is indicated in
children and adolescents being evaluated for narcolepsy or IH.8it is important for health care providers,
patients, and their parent/caregiver to understand the limitations‘of the MSLT. The MSLT was validated
and proven reliable for NT1 with sensitivity of 90-95%gspecificity of 93-95%, and reliability of 72%.2"
Clinical use of PSG-MSLT testing was then expanded for the evaluation of NT2 and IH without formal
validation testing in these specific groups. Based on clinical use, the reliability of MSLT testing for NT2
and IH in adults ranges from 18-42% and accuracy is alsowariable.” According to prior pediatric MSLT
practice parameters, the MSLT is technically and ghinically valid in developmentally normal children ages
5 years and older but normative values differ depending on pubertal Tanner stage (see Appendix A in
supplemental material).?’ The accompanyingistipplemental material also includes a sample MSLT report
(see Appendix B) and a checklist for MSLTpreparation for the ordering health care provider (see
Appendix C).

The Maintenance of Wakefulness Test (MWT) is an objective test of daytime alertness assessing
the ability to stay awake in non-stimulating'econditions for four periods of 40 minutes across the day.
Based on literature review, there argfno normative values for people <18 years or data to inform task force
protocol development. Nevertheless, some centers report performing the MWT in pediatric patients to
clinically assess treatment efficacy. %

PROTOCOL FOR MSJ<T

The protocol for the MSLTuiS presented in Box 1 and Box 2. Box 3 contains data acquisition and
reporting proceduresi¥Asthorough justification of patient MSLT preparation, general testing, data
acquisition, reportingprocedures and protocol steps can be found in the paper “Recommended protocols
for the Multiple Sleep Latency Test and Maintenance of Wakefulness Test in adults: guidance from the
American Academy ‘of Sleep Medicine.” Further detail relevant to pediatric populations and new changes
to the ICSD-3-TR NT1 diagnosis allowing for diagnosis based on a nocturnal SOREMP on PSG and
presence of cataplexy is presented hereafter. The intent of this discussion is to guide health care providers
and sleep technologists on conducting accurate PSG-MSLT testing in pediatric populations.

Box 1—Multiple Sleep Latency Test (MSLT) clinical guidance and patient preparation.
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In preparation, the health care provider, patient, and parent/caregiver should define goals for adequate
sleep at home with regards to timing and duration. Adequate sleep should be documented by a sleep
diary and, ideally, actigraphy.*

If another sleep disorder that causes daytime sleepiness is present, an MSLT should be pursued after
this sleep disorder is treated using evidenced-based treatments or well-established therapies.
However, other sleep disorders can be comorbidities to primary central disorders of hypersomnolence
and clinical judgement is recommended. (see Comorbid sleep and other disorders section). For
patients with sleep-disordered breathing treated with positive airway pressure (PAP) therapy, the
health care provider should ensure efficacy and adherence based on a review of dewnloaded data. If
the patient is using non-PAP therapy for sleep-disordered breathing, self-report of:adequate use and
efficacy of therapy should be confirmed prior to the MSLT. If adequate effectivenessis suboptimal,
the health care provider should determine if the anticipated impact on the test results warrants
rescheduling. The patient should use PAP and/or non-PAP therapy (see Box'2, step 3) during the PSG
on the night prior to the MSLT.

The health care provider should develop a plan regarding use of prescription medication, over-the-
counter (OTC) agents, herbal remedies, and other substances. In general, medications with alerting,
sedating, and/or REM-modulating properties should be stopped at least two weeks before the MSLT,
but this may vary based on the half-life of medications. Clinieal judgment should be used regarding
the safety of withholding these medications. The patient and their parent/caregiver should be
instructed to consult with the health care provider before:starting any prescriptions or OTC
medications prior to the test.??

The health care provider should discuss acceptableaffeine consumption with the patient and their
parent/caregiver prior to testing to avoid confounding the MSLT results while avoiding caffeine
withdrawal symptoms on the day of the test. The goal should be abstinence and, when necessary,
preceded by a taper.

The health care provider should inform the patient and their parent/caregiver that a urine drug screen
will be obtained to ensure adherence to the medication instruction plan.

The patient should avoid insufficient sleep'(see‘Figure 1 for healthy sleep durations by age) or long
naps (>1 hour) before the PSG test to ensure habitual nocturnal sleep duration is present during
testing.
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Box 2—Multiple Sleep Latency Test (MSLT)general testing, conditions and instructions, and data

acquisition.

1. Patients being evaluated for central disorders of hypersomnolence should have PSG set-up at least 30
minutes prior to habitual edtime to avoid missing a diagnostic sleep-onset REM period® and
ensuring sufficient sleep on the PSG.

2. The MSLT should be performed following an attended PSG which allows at least 8 hours of time in
bed with at least 7 hours'of total sleep time. The test should not be performed after a night during
which PAP‘pressurésiwere adjusted (split-night or initial PAP titration study).*?

3. Any home PAP/Mon-PAP therapies for sleep-disordered breathing patients should be used during the
PSG and considered for use during MSLT naps based on clinical judgement. The therapeutic
modality, PAP settings, and/or mask interface should match those used at home.

4. Electronic devices should be turned off at least 30 minutes before lights out and should not be
accessible to the patient after lights out.

5. The patient’s clothing should be comfortable, appropriate to the environment, and not interfere with
the performance of tests. A change in clothing is not required between the PSG and MSLT.

6. The patient should abstain from caffeine, nicotine, alcohol, marijuana and other sedating or alerting

agents on the day of the test.




10.

11.
12.

13.

14.

15.

16.

17.

18.

The recording montage for the MSLT should, at a minimum, include three EEG recording leads with
at least one each for frontal (F3-M2 or F4-M1), central (C3-M2 or C4-M1), and occipital (O1-M2 or
02-M1) derivations, left and right eye electrooculograms (EOGSs), mental/submental electromyogram
(EMG), and electrocardiogram (EKG). Other recording devices or sensors used for the PSG are
unnecessary and should be removed to promote patient comfort. The use of alternate acceptable
montages in the current version of the AASM Scoring Manual are at the discretion of the sleep
clinician.

Audio-visual recordings must be made during the nap trials and be accessible to interpreting
clinicians. The patient must be audio-visually monitored throughout the day, but rétention of
recordings made between nap trials is discretionary.

The MSLT should consist of five nap trials. The initial trial should begin 1.5 te"3shours after
termination of the nocturnal recording. Each subsequent trial should begin two hours after the start of
the prior trial. Only when the results are clearly diagnostic of narcolepsy after four naps or unique
patient circumstances dictate a 4-nap study, should a shorter 4-nap trialtest be considered (see
Performance of nap trials section).

Sleep rooms should be dark, quiet, and at a comfortable temperature,during testing.
Parents/caregivers should be offered an area outside of the room to wait'during the nap trials. If
necessary, parents/caregivers may be in the room during thesaaptrialsout should be instructed to not
interfere with testing or provide any distraction to the patientand remain quiet.

The patient should be lying in bed for all nap trials.

Patient bio-calibrations should be conducted prior to starting each nap trial. Standard instructions
include: (1) lie quietly with your eyes open for 30 seconds, (2) close both eyes for 30 seconds, (3)
without moving your head, look to the right, then left, then right, then left, right and then left, (4)
blink eyes slowly 5 times, and (5) clench or grit your teethitightly together. Instructions should be
tailored to the developmental age of the patient. For example (5) “bite down on your teeth” or
“pretend like you’re chewing gum.”

At the start of each nap trial, the patient should\be instructed as follows: “Please lie quietly, assume a
comfortable position, keep your eyes closeédand allow yourself to fall asleep.” Testing starts
immediately after instructions are givensandibedroom lights are turned off.

Each nap trial ends if the patient doessot,fall'asleep in 20 minutes. If sleep onset occurs, the trial is
continued for an additional 15 minutes, regardless of the amount of intervening sleep or wake. Sleep
onset is defined as the start of the first époch scored as any stage of sleep.®

Vigorous physical activity and prolonged exposure to sunlight/bright artificial light should be avoided
all day.

Between nap trials, the patient should be out of bed and not permitted to sleep. Parents/caregivers
should participate in keeping thé patient awake between the nap trials.

A light breakfast at least'one hour prior to the first trial and a light lunch immediately after the
termination of the seeond nap trial is recommended.

Urine drug screening should be employed when indicated to ensure that the MSLT results are not
confounded by inadvertent, intentional, or illicit medication or substance use (see Appendix C in
supplemental material),

Box 3—Data acquisition and reporting procedure.

rPOONME

Patient demographics (name, date of birth, test date, body mass index, medical record number).
Names of referring health care provider, sleep specialist, and sleep technologist.

Documentation of the indication for the sleep study (e.g., narcolepsy, IH).

Documentation of daily medications that influence sleep or wake and changes to medications used
within the last 2 weeks. The type of drug screening should be documented.
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5. Documentation of patient symptom severity surveys is encouraged: such as Epworth Sleepiness Scale
for Children and Adolescents, Fatigue Score, Idiopathic Hypersomnia Severity Scale, Pediatric
Hypersomnolence Survey, and/or momentary sleepiness measures collected between naps.

6. Documentation of review of available pre-study data including habitual sleep time, sleep diary,
actigraphy and PAP download is strongly encouraged.

7. Recording parameters including start time, end time, total sleep time, sleep latency, and REM latency
of each trial. Sleep latency is defined as the time from lights out until the start of the first epoch of
any stage of sleep (an epoch of N1, N2, N3, or R). REM latency is defined as the time from the start
of the first epoch of sleep until the start of the first epoch of stage R (REM sleep)

8. Mean sleep latency, number of SOREMPs during naps and whether SOREMP oceurred on the PSG.
If no sleep occurs in a trial, 20 minutes is used for the sleep latency value anddn the calculation of the
mean sleep latency.

9. Deviations from ideal testing times and conditions (e.g., caffeine, nicotine, napping, cell phone, fire
alarms, or other stimulating activities) documented by the sleep technologist.

10. Interpretation of study findings with signature of board-certified sleep:medicine specialist. Other data
collected by the sleep technologist should be included in the reportdfirelevant,to interpretation to the
study results (see Appendix C in supplemental material).
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Considerations for the MSLT
Planning before the MSLT

Age considerations: MSLT may not be appropriate in children < 5 years of age due to lack of normative
data in this age group. However, consideration may be given to performing MSLT in children < 5 years
of age in special circumstances such as classic symptoms of narcolepsy with cataplexy, and/or inability to
obtain CSF orexin testing. Additional consideration'should be given when interpreting MSLT results in
pre-pubertal children, as pre-pubertal children are less likely to fall asleep during the day than older
adolescents.?® Habitual naps are common in younger children® and should be taken into account when
interpreting MSLT data. Furthermore, mean‘slegpilatencies tend to decrease with advancing Tanner
stages in pubescent children.?®?” Normativémean sleep latency data for Tanner stage are presented in
Appendix A in the supplemental material.

Sleep-wake scheduling before testing: Documentation of sleep-wake schedules through sleep diaries
and ideally for 2 weeks before testing is:advised to ensure a consistent and sufficient amount of sleep
leading up to the MSLT. Optimabsleeptimes by age as recommended by the AASM*? should be ensured.
In one adult study, 52% of patientstwith Insufficient Sleep Syndrome had MSLT findings necessary for
narcolepsy diagnosis suggestingradequate sleep duration is important for avoidance of false positive
results.?® Likewise, for pafients with circadian phase delay, it is important to take steps to gradually
advance bedtime and rise.time on a schedule that aligns with school or social requirements prior to
testing. Researchers have reported the presence of multiple SOREMPs on the daytime MSLT in 16% of
healthy adolescént 10thigraders with delayed circadian phase and experiencing early school start times.?
Furthermore, correction of irregular sleep timing on weekdays and weekends is advised. Testing should
be conducted in line with the patient’s habitual sleep-wake schedule. Guidance for shift workers can be
found in the recommended protocols for MSLT and MWT for adults.® Daytime naps ideally should be
avoided prior to overnight PSG but if needed, a nap < 1 hour duration and before 3 pm is suggested so not
to interfere with the patient’s ability to sleep through the night.

Comorbid sleep and other disorders: Patients with central disorders of hypersomnolence can have
comorbid sleep disorders. In narcolepsy, co-existing obstructive sleep apnea (OSA), periodic limb
movement of sleep, REM sleep behavior disorder, and restless legs syndrome are well-described.*®3! In
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addition, obesity is present in up to 50% of pediatric narcolepsy patients and may contribute to OSA
development.®*** On the other hand, daytime sleepiness can accompany a number of sleep disorders
making it difficult to discern the true cause of patients’ complaints. The severity of symptoms and
presence of other symptoms associated with narcolepsy and IH can guide health care providers.

Excessive daytime sleepiness is typically mild in children and adolescents with OSA with
average reported Epworth Sleepiness Scale (ESS) scores of 7.2 in children with untreated OSA compared
to 5.1 in treated OSA.3* More severe OSA is associated with more severe daytime sleepiness. In a study
of 54 pediatric OSA patients, only 7 (13%) had mean sleep latencies of <10 minutes.® All 7 patients had
AHI >10 events/h and shorter sleep latencies on MSLT were associated with obesity and oxygen
desaturation nadirs <92%.*® In another study of adults and children with OSA or suspected OSA (age
range 6-85 years), 5% of patients were reported to have two or more SOREMPs omfMSLT*® Factors
associated with increased odds of two or more SOREMPS included low minimum @xygen saturation
(model change with 15% point decrease) and severely elevated AHI (model change with 30 unit
increase). Thus, clinical judgement is required in determining if OSA severity warrants treatment prior to
the evaluation of severe daytime sleepiness. Based on these data, moderate to,severe OSA should be
treated prior to PSG-MSLT evaluation for central disorders of hypersomnolenceylt is worth noting that
disrupted nighttime sleep is common in narcolepsy,®” and caution should be'taken not to misattribute
cortical arousals to respiratory events, particularly given the low=AHI'threshold (AHI >1 event/h) for
OSA diagnosis in children.

Periodic limb movements of sleep are common in people‘'with narcolepsy. A large meta-analysis
showed a mean periodic limb movement index of 15.4 events/h'in people with narcolepsy versus 2.8
events/h in controls.®® PLMS are thought to be intrinsicsto the sleep-architecture of NT1 and may not
require directed treatment unless associated with RLS. 1t isialso important to recognize that PLMS may be
associated with, or exacerbated by, medications used to treat narcolepsy and other central disorders of
hypersomnolence, particularly selective serotonin reuptakesinhibitors (SSRIs).**

Many patients with central disorders of hypersomnolence have comorbid mood disorders. In
adults with depression, short REM latency, increased REM sleep duration and increased REM density
(i.e., the frequency of rapid eye movements/peREM period) have been reported in the literature and
considered as biological markers that might predictiwelapse and recurrence.** Although subjective sleep
disturbances are commonly reported in children with depression, there is not consistent
polysomnographic evidence for sleep arehitectural disturbance paralleling that seen in adult depression.*2
However, many medications such as SSRI/Serotonin noradrenergic reuptake inhibitors (SNRIs) used to
treat depression are understood to affect PSG.and MSLT results, particularly via suppression of REM
sleep. Consideration should be givento tapering of such medications prior to MSLT, when safe to do so,
as outlined in the section on Medications and Table 1.

Medications: Certain medications may impact sleep architecture and thus confound results of sleep
testing. In particular, medications that suppress REM sleep may inhibit SOREMPs on the PSG and
MSLT, and their discontinuation may result in REM rebound in the short-term. The task force
recommends that medications listed in Table 1 be discontinued prior to MSLT to minimize the impact of
such medications onSleep.architecture in general and REM sleep in particular. A sufficient period of time
for observation after discontinuation should be established and will depend on the pharmacokinetics of
each medication. A two-week washout period is generally considered adequate for most REM-
suppressing medications, although medications with longer half-lives may require a longer period. A
recent study showed that 13.2% of patients weaned off REM-suppressing medications > 2 weeks prior to
MSLT vs. 5.9% of patients with no history of such medication use had a positive MSLT.* Such results
may suggest that weaning off REM suppressing antidepressant even weeks before testing can still result
in REM-rebound and longer tapers may be needed.

Prior to discontinuation, the health care provider should consider an appropriate taper to also
minimize withdrawal effects and ensure patient safety. This may require developing a taper plan with the
patient’s care team prior to testing, and a medication re-initiation plan following testing.
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A two-week washout is generally recommended; agents with an asterisk in Table 1 have long
half-lives and longer washout (up to 6 weeks) may be needed. Table 1 includes commonly encountered
medications or those requiring a prolonged washout period, but it is not an exhaustive list.

Caffeine, drugs, and drug screening: Health care providers should screen for recreational and illicit
drugs prior to MSLT, as they can affect sleep architecture and either produce or inhibit daytime
sleepiness. Methods of drug screening vary from urine tests utilizing immunoassay technology to urine or
blood testing using more advanced gas chromatography-mass spectroscopy techniques that can also test
for prescription and over-the counter products.

In children, the yield of standard drug testing may be low. A 2014 study ofi224 MSLTs
performed in children revealed O positive screens for drugs of abuse, although further testing using gas
chromatography/mass spectrometry showed a 31% test positivity rate for caffeine, 5% positivity rate for
SSRIs, and 4% positivity rate for over-the-counter medications.> Positive ufine texicology screens may
be more likely in older adolescents. In a 2015 study of 383 patients undersage,21 undergoing MSLT, no
patients under 13 years old had a positive toxicology screen, but 20% ofypatientsiabove age 13 screened
positive for THC.>> Among the 14 patients with a positive urine drug/Screensfor THC, 71% had multiple
SOREMPs on MSLT. Data collection for these studies occurred.priorta legalization of marijuana in
many states and follow-up studies are needed.

Caffeine is known to affect nighttime sleep quality resulting in shorter sleep duration, increased
sleep onset latency, increased wake time after sleep onset, and decreased slow wave activity; increased
daytime sleepiness is associated with higher caffeine intake in children as young as 12 years of age.>*’

Overall positive drug and substance testing results'will require clinical judgement when
interpreting PSG and MSLT results.

Special populations

Secondary narcolepsy: Secondary narcolepsy'with:orwithout cataplexy can occur in pediatric genetic
syndromes including Niemann-Pick type C diseasepAngelman syndrome, Norrie disease, Prader-Willi
syndrome, DNMTI-complex disorder, andsmyotonic dystrophy. Orexin loss, as measured by CSF orexin
level, is not always found in these conditionssuggesting differing etiologies from primary NT1.
Additionally, secondary narcolepsy with'cataplexy symptoms can occur due to hypothalamic lesion due to
stroke, autoimmune or paraneoplastic-disorder (e.g., anti-Ma2 or antiaquaporin-4 antibodies), multiple
sclerosis, head trauma, or tumors. There has been no systematic study validating ICSD-3 or ICSD-3-TR
criterion for the diagnosis of secondary narcolepsy with or without cataplexy in any of these special
populations. Thus, health carg proviters must recognize limitations of PSG-MSLT testing in making
diagnosis of secondary narcolepsy:with or without cataplexy. Future research is needed to develop and
validate clinical criteria aswell as diagnostic tests for secondary narcolepsy not associated with orexin
deficiency.

Prader-Willi syndrome, Excessive daytime sleepiness is very common in Prader-Willi syndrome
(PWS), with prevalence approaching 67-95%.%*° Patients with PWS may manifest narcolepsy- and
cataplexy-like symptoms though the etiology of these symptoms are unclear. In a cohort study of 14
patients with Prader-Willi Syndrome, mean cerebrospinal fluid orexin levels were intermediate [192 (25-
75%: 161-234.5) pg/ml] and significantly higher than patients with primary narcolepsy with cataplexy
[mean 40 (25-75%: 40-60.5), p<0.001]; two Prader-Willi Syndrome patients with cataplexy had CSF
orexin levels >200 pg/ml.®® While a negative correlation between ESS and orexin levels in the
cerebrospinal fluid of individuals with Prader-Willi Syndrome has been reported,® decreases in the
number of orexin neurons do not seem to play a role in the Prader-Willi Syndrome narcolepsy phenotype.
PSG-MSLT testing is commonly employed for clinical investigation for secondary narcolepsy with or
without cataplexy in Prader-Willi Syndrome when sleep-disordered breathing (80% estimated prevalence
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in Prader-Willi Syndrome) is not felt to be solely causal to daytime sleepiness severity or is effectively
treated.®% As previously noted, PSG-MSLT testing has yet to be validated for diagnosis of secondary
narcolepsy with or without cataplexy in this population. In a study of n=15 patients with Prader-Willi
Syndrome [mean age 27.5 years (5.5)], patients had a reduced mean sleep latency [Prader Willi
Syndrome: 7.2 minutes (2.9), controls: 15.3 (7.2) minutes] but only 3 people with Prader-Willi Syndrome
had sleep onset REM periods during the MSLT. Limitations of this study are that none of the 15 people
with Prader Willi Syndrome had cataplexy and mean ESS showed mild subjective daytime sleepiness
(mean 11.2 points (0.7).5 Other abnormal features of REM sleep specific to primary NT1 have been
reported on nocturnal PSG in Prader-Willi Syndrome.**® In a study of n=9 patients with Prader-Willi
Syndrome ages 3-21 years and excessive daytime sleepiness, 5 participants had nocturnal,sleep onset
REM periods and authors noted features of REM without atonia in some participants»REM periods.®®
Future research is needed to not only validate PSG-MSLT testing in adults and ¢hildrenwith Prader-Willi
Syndrome and narcolepsy symptoms but also nocturnal sleep biomarkers available onthe PSG alone such
as the nocturnal sleep onset REM period that may facilitate diagnosis.

Considerations for patients with intellectual disability, neurodevelopmentalhdisorders, psychiatric
conditions: Children and adolescents with behavioral concerns, cognitive impairment,
neurodevelopmental disorders, and psychiatric conditions can pese challenges to adhering to standard
PSG-MSLT protocols. There is no published data providing guidance on‘modifications to PSG-MSLT
testing in such cases. Based on clinical experience, the followingds some guidance on planning for the
MSLT and data acquisition in special populations:

1. Health care providers should review the ICSD-8-TR for hypersomnia due to medical conditions
which does not require PSG-MSLT testing for diagnosis of hypersomnia associated with medical
disorders.® Plausibly, PSG-MSLT testing may/mot be necessary if other validated measures of
excessive daytime sleepiness are utilized.

2. Patient/patient families should be explaingdthe protocol in detail to share expectations.
Parents/caregivers may need to share the(responsibility of explaining the study protocol and
providing guidance to optimize protoedl adherence for the patient.

3. Lab tours and equipment desensitizationi(stch as having patients apply sample sensors at home
prior to testing) may be helpful

4. Additional technologists or staff,resources such as child life services, behavior response teams, or
nursing staff may be needed for'safety and protocol adherence, especially if patients have stopped
REM suppressing medications such as anti-psychotics or SSRI/SNRIs.

5. A parent/caregiver may be allowed to stay in the room with the pediatric patient to alleviate
separation anxiety and facilitate sleep.

6. Health care providersand sleep technologists may consider minimizing monitoring equipment
when possible (e.g., using@only 2 EEG leads [Cz, O2] for sleep stage scoring) if patient is
anticipated to haveror develops intolerance to study equipment.

General testing and data aeguisition

PSG before MSLT: AThe'PSG should be set-up at least 30 minutes before patients’ habitual bedtimes to
provide sufficient time for patients to adjust to monitoring equipment and capture accurate sleep onset
latency, REM sleep onset latency, and normal sleep duration for age. Across the literature, people with
central disorders of hypersomnolence have quick sleep onset latencies and delaying start time of the study
could impact the ability to capture habitual sleep duration. Ideally, habitual sleep duration is consistent
with normative values for age (see Figure 1). If delayed sleep phase is uncorrected, the sleep study may
need to start and end later to prevent false positive MSLT results for narcolepsy. Long sleep duration
(>10 hours) is present in 51.3% of adult IH patients and long sleep time may be an early manifestation of
pediatric NT1.>"%” Based on clinical experience, curtailing nocturnal sleep duration (specifically waking
patients from REM sleep) should be avoided because such actions have the potential to shorten mean
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sleep latency and result in daytime SOREMPs (particularly in the first 2 naps) during MSLT testing.
Likewise, the sleep technologist should not begin the MSLT prior to the patient’s typical awake period.

Accordingly, the timing of PSG testing and daytime MSLT may need to be personalized to the
patient which may require changes in sleep study staffing and space allocation as well as coordination
with environmental services for bed turnover. Overall, there is recognition that a habitual amount of sleep
may not be achieved in the sleep lab setting given unfamiliar surroundings and potentially uncomfortable
monitoring equipment. Thus, the task force consensus is that pediatric patients need to obtain a minimum
of 7 hours of total sleep time with minimum 8 hours of total recording time to ensure adequate sleep for
MSLT interpretation.

To eliminate confounding factors that can cause sleep disruption and daytime sleepiness, children
with clinically significant OSA should use their PAP or non-PAP device during the PSG.“Non-PAP
therapy includes mandibular advancement devices, palatal expanders, or hypoglossal nerve stimulation
which are used, although less commonly, in certain pediatric populations with OSA:

Environmental factors: Electronic devices should be shut off and inaccessible to patients for a minimum
of 30 minutes before lights out time. Electronic use is known to reduce sleep duration and delay sleep
onset latency in children and adolescents.®® Few studies have directly/measured the effects of light from
screens on PSG-measured sleep architecture. Young adults exposed to light-emitting devices (a light
emitting e-reader) before bedtime had a phase delay of melatonin release, modestly increased time to fall
asleep, and reduced REM sleep duration; changes in REM sleepylatency were not reported.® In a study of
adolescents, researchers found no significant changes on PSG NREM and REM sleep stage amounts with
evening exposure to light-emitting devices but again, REM sleep onset latency was not reported.” Thus,
it is unknown how lab procedures and environmental factors,may impact the presence of a nocturnal
SOREMP, a diagnostic biomarker for NT1.°

Efforts should be made to alleviate patient fears or@anxiety, including the need for comfort tools
such as preferred bedding, a stuffed animal or favarite pillow. Parents/caregivers should step out of the
room to avoid distracting the patient when they are.using their cell phone, tablets, or laptops. Likewise, if
a parent/caregiver is known to snore loudly, an‘alternative parent/caregiver should be advised to stay with
the patient to avoid sleep disturbance. Between naps; however, parents/caregivers should help keep the
patient awake.

Performance of nap trials: For both the PSG and MSLT nap trials, bio-calibrations should always be
attempted with clear, age-appropriatéiinstructions. Only when the results are clearly diagnostic of
narcolepsy after 4 naps (mean sleep lateicy < 8 minutes and 2 or more SOREMPs, one of which may be a
PSG SOREMP), does the task forceadvise a shorter 4-nap trial test be considered. Otherwise, all 5 nap
trials should be performed in0rdero obtain data that may inform overall disease severity and timings of
future medications.”

PROTOCOL FOR MWT

The protocol forthe MWT can be found in the paper “Recommended protocols for the Multiple Sleep
Latency Test and Maintenance of Wakefulness Test in adults: guidance from the American Academy of
Sleep Medicine.”® The MWT is not validated in people under 18 years of age and thus its clinical utility
in pediatric hypersomnolence evaluation is uncertain.?! Clinically, the MWT is used by pediatric health
care providers to assess treatment efficacy. Research investigators used the MWT to assess treatment
outcome in a double blind, randomized, placebo-controlled, multi-site study of pitolisant with people 6-17
years with narcolepsy (with or without cataplexy). In this trial, investigators reported a baseline MWT
score in the placebo group of 10.6 (8.3) minutes. More data are needed to determine the normative
baseline score for pediatric NT1 patients who are drug naive, or drug weaned.’? It should be noted that the
MWT may not be reliable to assess driving safety in adolescents with central disorders of
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hypersomnolence. The predictive power of MWT for an increased risk of impaired driving was
significant but low (area under the curve = 0.27, p = 0.01), and non-significant for the sustained attention
to Response Task in a recent study of n=44 adults with central disorders of hypersomnolence.”

DISCUSSION

Age, puberty, development, psychological needs, as well as physiology and operational capabilities affect
MSLT and MWT protocols and study interpretation. Given that some central disorders of
hypersomnolence such as narcolepsy are considered chronic, life-long disorders, thoughtful consideration
of pediatric patient needs and adherence to protocols is necessary for accurate diagnostic testing.
Diagnosis of a central disorder of hypersomnolence can affect the patients” abilitiestod@access treatments
and educational and social/emotional support services, as well as help address safetyiconcerns about
pedestrian and driving risks.”*" At the same time, misdiagnosis can expose/children and adolescents to
inappropriate medication risks and adverse side effects, misshape identity‘with an incorrect disease label,
and pose limitations on patient capabilities and job opportunities througheut lifexThe validity and
reliability limitations of the MSLT for NT2, IH, and secondary narcolepsy. reguire explanation to patients
and parents/caregivers to optimize preparation for testing, consider altefnative diagnostic testing options,
and mitigate unrealistic expectations.

The MSLT cannot be relied upon as the sole criterion for'diagnosis without clinical context.
Information on central disorders of hypersomnolence disease symptems and severity, habitual sleep
amount and timings, medical and psychiatric diagnosessand comorbidities, and medication and substance
history must be available to the health care provider making,the diagnosis. To facilitate this role, the task
force recommends the collection and documentation of validated surveys regarding disease severity, sleep
logs/diaries (and ideally other validated sleep tracking device data), protocol deviations or observations
about the patient or testing environment that impaet'study results, and information about medication and
substances recently taken or stopped. Communication of this information in the MSLT study report
ensures accurate data transfer across health cargvinstitutions and providers (see Appendix B in
supplemental material).

For the most part, the newly develeped protocol for MSLT in pediatrics follows guidance
specified in the 2021 recommended protocols for adults,>® which included the following changes from
prior adult MSLT recommendations’’: (1) frontal electrodes for sleep staging scoring based on The AASM
Manual for the Scoring of Sleep and'/Associated’Events: Rules, Terminology and Technical
Specifications;’® (2) termination of stimulating activity 30 minutes before naps/trials including the use of
all electronic devices for both the, MSLT and the MWT; (3) sufficient treatment of OSA using PAP or
non-PAP based therapies during PSG and MSLT naps; (4) shared patient-health care provider decision-
making concerning the use of medications and caffeine prior/during MSLTSs.

Specific changesagcommended for pediatric MSLT protocols from the 2021 MSLT protocol in
adults paper® include (1) provision of a minimum of 7 hours of sleep (with minimum 8 hour recording
time) on the PSG the nightibéfore the MSLT, ideally meeting age-based needs (see Figure 1);*? (2) use of
clinical judgement to'guide need for sleep-disordered breathing treatments prior to PSG-MSLT testing;
and (3) shared patient-health care provider decision-making regarding any suggested modifications in
protocol for children and adolescents with neurodevelopmental/ neurological disorders, young age, and/or
delayed sleep phase.

Limitations
The task force identified many limitations in formulating this recommended protocol including:
o Lack of pediatric data regarding normative values for age <5 years on MSLT and for children
with neurodevelopmental/neurological conditions
e Lack of normative values for age on MWT and MWT validation in children and adolescents with
and without central disorders of hypersomnolence
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Lack of MSLT validity and reliability data in pediatric patients with NT2 and IH

Unquantified influence of comorbid conditions to narcolepsy and IH such as OSA, attention-
deficit/hyperactivity disorder, and depression on mean sleep latency and SOREMPS

Unknown environmental effects, such as light/electronic exposure on presence of nocturnal
SOREMPs among people with NT1

Lack of validated alternative protocols that account for delayed sleep phase by starting and
ending all testing later

Lack of validated alternative protocols that account for long sleep time for age that may be useful
in diagnosis of IH

Unknown specific medication effects on PSG-MSLT diagnostic measures because,existing
studies typically group medications by class (e.g., SSRI/SNRI, anti-depressants, or stimulants).
The task force encourages health care providers to review the half-life of medications that may
influence sleep/wake physiology and ensure they have been stopped.atleast’5 half-lives of the
drug.

Lack of generalizability testing of alternative pediatric MSLT diagnostic criteria. While MSL of
<8. minutes or 2 MSLT SOREMPs alone have been shown tode highly.accurate for the diagnosis
of pediatric NT1 in two European testing sites, the generalizability, of these findings at other
international clinical sleep centers is needed.

Future directions
To improve diagnostic delays, the accuracy of objective diagnostic testing, and clinical care for pediatric
central disorders of hypersomnolence, future research s needed to:

1. Validate sleep-tracking devices beyond actigraphy. imchildren and adolescents to exclude other
sleep disorders such as insufficient sleep or circadian rhythm disorders prior to MSLT testing.

2. Validate PSG-MSLT protocol modificationssin children and adolescents with a)
neurodevelopmental, psychological, or neurological conditions, b) comorbidities such as OSA,
and c) altered sleep needs such as long,sleep durations or late bedtime/rise times.

3. Provide age-dependent data and validation studies for MSLT protocols with children <6 years.

4. Provide age-dependent data and validation studies for MWT in children and adolescents of all
ages.

5. Identify and validate other diagnostic biomarkers or testing methods that may be easier to obtain
from children and adolescents;and‘more accurately measure patient symptoms compared to PSG-
MSLT.

6. Validate and assess reliability-of NT1 diagnostic biomarkers such as nocturnal SOREMP and
measures of disruptedmighttime sleep available on the PSG alone to assess generalizability to
secondary narcolepsy withcataplexy.”>®

7. Identify clinical utility oFMSLT and MWT measures for assessment of prognosis, functional
capabilities such‘as driving, and treatment timing.

ACKNOWLEDGEMENTS

The task force thanks and acknowledges the early contributions of Mary Carskadon, MD, who kindly
provided expert guidance toward relevant literature for the creation of this document.



Downloaded from jesm.aasm.org by 222.131.30.132 on December 30, 2023. For personal use only. No other uses without permission.

Copyright 2023 American Academy of Sleep Medicine. All rights reserved.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Thorpy MJ, Krieger AC. Delayed diagnosis of narcolepsy: characterization and impact. Sleep
Med. 2014;15(5):502-7.

Longstreth WT Jr, Ton TG, Koepsell T, Gersuk VH, Hendrickson A, Velde S. Prevalence of
narcolepsy in King County, Washington, USA. Sleep Med. 2009;10(4):422-6.

Trotti LM, Ong JC, Plante DT, Friederich Murray C, King R, Bliwise DL. Disease
symptomatology and response to treatment in people with idiopathic hypersomnia: initial data
from the Hypersomnia Foundation registry. Sleep Med. 2020;75:343-49.

Aurora RN, Lamm CI, Zak RS, et al. Practice parameters for the non-respiratorysindications for
polysomnography and multiple sleep latency testing for children. Sleep. 2022;35(11):1467-73.
Krahn LE, Arand DL, Avidan AY, et al. Recommended protocols for the Multiple Sleep Latency
Test and Maintenance of Wakefulness Test in adults: guidance from the ‘/American Academy of
Sleep Medicine. J Clin Sleep Med. 2021;17(12):2489-98.

American Academy of Sleep Medicine. International Classification ef Sleep Disorders. 3rd ed,
text revision. Darien, IL: American Academy of Sleep Medicine;2023.

Trotti LM, Arnulf 1. Idiopathic Hypersomnia and Other Hypgrsomnia Syndromes.
Neurotherapeutics. 2021;18(1):20-31.

Serra L, Montagna P, Mignot E, Lugaresi E, Plazzi G¢ Cataplexy features in childhood
narcolepsy. Mov Disord. 2008;23(6):858-65.

Kolla BP, He JP, Mansukhani MP, Kotagal S, Frye MA, Merikangas KR. Prevalence and
Correlates of Hypersomnolence Symptoms in US Teens. J’Am Acad Child Adolesc Psychiatry.
2019;58(7):712-20.

Gradisar M, Gardner G, Dohnt H. Recent worldwide sleep patterns and problems during
adolescence: a review and meta-analysis of age, region, and sleep. Sleep Med. 2011;12(2):110-8.
Owens J, Adolescent Sleep Working G, Committee on A. Insufficient sleep in adolescents and
young adults: an update on causes and cansequences. Pediatrics. 2014;134(3):e921-32.

Paruthi S, Brooks LJ, D'Ambrosio Chpebal-:-Recommended Amount of Sleep for Pediatric
Populations: A Consensus Statement of thesAmerican Academy of Sleep Medicine. J Clin Sleep
Med. 2016;12(6):785-6.

Wang YG, Menno D, Chen A, et al. Validation of the Epworth Sleepiness Scale for Children and
Adolescents (ESS-CHAD) questionnaire in pediatric patients with narcolepsy with cataplexy
aged 7-16 years. Sleep Med¢2022;89:78-84.

Drake C, Nickel C, Burduvali'Ef Roth T, Jefferson C, Pietro B. The pediatric daytime sleepiness
scale (PDSS): sleep habits and school outcomes in middle-school children. Sleep.
2003;26(4):455-8.

Maski K, Worhach J; Steinhart E, et al. Development and Validation of the Pediatric
HypersomnolencesSurvey. Neurology. 2022;98(19):e1964-e75.

Dauvilliers Y, Evangelista E, Barateau L, et al. Measurement of symptoms in idiopathic
hypersomnia: The Idiopathic Hypersomnia Severity Scale. Neurology. 2019;92(15):e1754-e62.
Ruoff G, PizzayF;. Trotti LM, et al. The MSLT is Repeatable in Narcolepsy Type 1 But Not
Narcolepsy, Type2: A Retrospective Patient Study. J Clin Sleep Med. 2018;14(1):65-74.
Moscovitch A, Partinen M, Guilleminault C. The positive diagnosis of narcolepsy and
narcolepsy'siborderland. Neurology. 1993;43(1):55-60.

Andlauer O, Moore H, Jouhier L, et al. Nocturnal rapid eye movement sleep latency for
identifying patients with narcolepsy/hypocretin deficiency. JAMA Neurol. 2013;70(7):891-902.
Carskadon MA, Harvey K, Duke P, Anders TF, Litt IF, Dement WC. Pubertal changes in daytime
sleepiness. Sleep. 1980;2(4):453-60.

Zandieh S, Ramgopal S, Khatwa U, et al. The maintenance of wakefulness test in pediatric
narcolepsy. Pediatr Neurol. 2013;48(6):443-6.



Downloaded from jesm.aasm.org by 222.131.30.132 on December 30, 2023. For personal use only. No other uses without permission.

Copyright 2023 American Academy of Sleep Medicine. All rights reserved.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Mansukhani MP, Dhankikar S, Kotagal S, Kolla BP. The influence of antidepressants and
actigraphy-derived sleep characteristics on pediatric multiple sleep latency testing. J Clin Sleep
Med. 2021;17(11):2179-85.

Campbell 1G, Burright CS, Kraus AM, Grimm KJ, Feinberg |. Daytime Sleepiness Increases
With Age in Early Adolescence: A Sleep Restriction Dose-Response Study. Sleep. 2017;40(5).
Iglowstein I, Jenni OG, Molinari L, Largo RH. Sleep duration from infancy to adolescence:
reference values and generational trends. Pediatrics. 2003;111(2):302-7.

Viorritto EN, Kureshi SA, Owens JA. Narcolepsy in the pediatric population. Curr Neurol
Neurosci Rep. 2012;12(2):175-81.

Palm L, Persson E, EImqvist D, Blennow G. Sleep and wakefulness in normal preadolescent
children. Sleep. 1989;12(4):299-308.

Carskadon MA. The Second Decade. In: Guilleminault C, ed. Sleeping and/Waking Disorders:
Indications and Techniques. Addison-Wesley Publishing Company; 1982:99:125.

Murer T, Imbach LL, Hackius M, et al. Optimizing MSLT Specificity in?'Narcolepsy With
Cataplexy. Sleep. 2017;40(12).

Carskadon MA, Wolfson AR, Acebo C, Tzischinsky O, Seifer R., Adalescent sleep patterns,
circadian timing, and sleepiness at a transition to early school days. Sleep. 1998;21(8):871-81.
Filardi M, Demir N, Pizza F, et al. Prevalence and neurophysiolegical correlates of sleep
disordered breathing in pediatric type 1 narcolepsy. Sleep Med."2020;65:8-12.

Maski K, Mignot E, Plazzi G, Dauvilliers Y. Disruptednighttime sleep and sleep instability in
narcolepsy. J Clin Sleep Med. 2022;18(1):289-304.

Kotagal S, Krahn LE, Slocumb N. A putative link between‘childhood narcolepsy and obesity.
Sleep Med. 2004;5(2):147-50.

Inocente CO, Lavault S, Lecendreux M, et al. impact of obesity in children with narcolepsy. CNS
Neurosci Ther. 2013;19(7):521-8.

Paruthi S, Buchanan P, Weng J, et al. Effect.of’Adenotonsillectomy on Parent-Reported
Sleepiness in Children with Obstructive Sleep Apnea. Sleep. 2016;39(11):2005-12.

Gozal D, Wang M, Pope DW, Jr. Objective sleepiness measures in pediatric obstructive sleep
apnea. Pediatrics. 2001;108(3):693-7.

Chervin RD, Aldrich MS. Sleep onset,REM periods during multiple sleep latency tests in patients
evaluated for sleep apnea. Am JsRespir Crit Care Med. 2000;161(2 Pt 1):426-31.

Roth T, Dauvilliers Y, Mignot E, etial. Disrupted nighttime sleep in narcolepsy. J Clin Sleep Med.
2013;9(9):955-65.

Zhang Y, Ren R, Yang L, et.al. Polysomnographic nighttime features of narcolepsy: A systematic
review and meta-analysis, Sleep'Med Rev. 2021;58:101488.

Ferri R, Mogavero MP, Brani O, Picchietti DL, DelRosso LM. Periodic leg movements during
sleep associated with antidepressants: A meta-analysis. Neurosci Biobehav Rev.
2023;148:105126¢

Hoque R, Chesson AL Jr. Pharmacologically induced/exacerbated restless legs syndrome,
periodic limb mavements of sleep, and REM behavior disorder/REM sleep without atonia:
literature reviews,qualitative scoring, and comparative analysis. J Clin Sleep Med. 2010;6(1):79-
83.

Palagini L; Baglioni C, Ciapparelli A, Gemignani A, Riemann D. REM sleep dysregulation in
depression: state of the art. Sleep Med Rev. 2013;17(5):377-90.

Puig-Antich J, Goetz R, Hanlon C, et al. Sleep architecture and REM sleep measures in
prepubertal children with major depression: a controlled study. Arch Gen Psychiatry.
1982;39(8):932-9.

Kolla BP, Jahani Kondori M, Silber MH, Samman H, Dhankikar S, Mansukhani MP. Advance
taper of antidepressants prior to multiple sleep latency testing increases the number of sleep-onset
rapid eye movement periods and reduces mean sleep latency. J Clin Sleep Med.
2020;16(11):1921-27.



Downloaded from jesm.aasm.org by 222.131.30.132 on December 30, 2023. For personal use only. No other uses without permission.

Copyright 2023 American Academy of Sleep Medicine. All rights reserved.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Schweitzer P, Randazzo A. Drugs that disturb sleep and wakefulness. In: Kryger M, Roth T,
Dement WC, eds. Principles and Practice of Sleep Medicine. 6th ed. Philadelphia, PA: Elsevier;
2017.

Oberndorfer S, Saletu-Zyhlarz G, Saletu B. Effects of selective serotonin reuptake inhibitors on
objective and subjective sleep quality. Neuropsychobiology. 2000;42(2):69-81.

Ferreira JJ, Galitzky M, Thalamas C, et al. Effect of ropinirole on sleep onset: a randomized,
placebo-controlled study in healthy volunteers. Neurology. 2002;58(3):460-2.

Xiao L, Tang YL, Smith AK, et al. Nocturnal sleep architecture disturbances in early methadone
treatment patients. Psychiatry Res. 2010;179(1):91-5.

Dimsdale JE, Norman D, DeJardin D, Wallace MS. The effect of opioids on‘sleep. architecture. J
Clin Sleep Med. 2007;3(1):33-6.

Plazzi G, Pizza F, Vandi S, et al. Impact of acute administration of sodium,oxybate on nocturnal
sleep polysomnography and on multiple sleep latency test in narcolepsy ‘withicataplexy. Sleep
Med. 2014;15(9):1046-54.

Gillin JC, Jacobs LS, Fram DH, Snyder F. Acute effect of a glucacorticoid on normal human
sleep. Nature. 1972;237(5355):398-9.

Katz ES, Maski K, Jenkins AJ. Drug testing in children withxcessive daytime sleepiness during
multiple sleep latency testing. J Clin Sleep Med. 2014;10(8):897-901.

Dzodzomenyo S, Stolfi A, Splaingard D, Earley E, Onadeko O,"Splaingard M. Urine toxicology
screen in multiple sleep latency test: the correlation‘@f pesitive tetrahydrocannabinol, drug
negative patients, and narcolepsy. J Clin Sleep Med. 2015;24(2):93-9.

Bryant Ludden A, Wolfson AR. Understandingyadolescent caffeine use: connecting use patterns
with expectancies, reasons, and sleep. Health EducyBehav. 2010;37(3):330-42.

Orbeta RL, Overpeck MD, Ramcharran D, Kogan MDy Ledsky R. High caffeine intake in
adolescents: associations with difficulty sleeping and feeling tired in the morning. J Adolesc
Health. 2006;38(4):451-3.

Pollak CP, Bright D. Caffeine consumption@nd weekly sleep patterns in US seventh-, eighth-,
and ninth-graders. Pediatrics. 2003;244(1):42-6.

Reissig CJ, Strain EC, Griffiths RR<Caffeinated energy drinks--a growing problem. Drug
Alcohol Depend. 2009;99(1-3):1-10:

Aepli A, Kurth S, Tesler N, Jenni OG, Huber R. Caffeine Consuming Children and Adolescents
Show Altered Sleep Behavior and Deep Sleep. Brain Sci. 2015;5(4):441-55.

Ghergan A, Coupaye M, Let=Semenescu S, et al. Prevalence and Phenotype of Sleep Disorders in
60 Adults With Prader-Willi, Syndrome. Sleep. 2017;40(12).

Helbing-Zwanenburg B, Kamphuisen HA, Mourtazaev MS. The origin of excessive daytime
sleepiness in the Prader-Willi syndrome. J Intellect Disabil Res. 1993;37 ( Pt 6):533-41.
Omokawa M, Ayabe T)Nagai T, et al. Decline of CSF orexin (hypocretin) levels in Prader-Willi
syndrome. Am J Med Genet A. 2016;170A(5):1181-6.

Nevsimalova S; Vankova J, Stepanova I, Seemanova E, Mignot E, Nishino S. Hypocretin
deficiency in Prader=Willi syndrome. Eur J Neurol. 2005;12(1):70-2.

Duis J, Pullemi=C, Picone M, et al. Diagnosis and management of sleep disorders in Prader-Willi
syndrome. J Clin'Sleep Med. 2022;18(6):1687-96.

Fronczek R, Lammers GJ, Balesar R, Unmehopa UA, Swaab DF. The number of hypothalamic
hypocretin (orexin) neurons is not affected in Prader-Willi syndrome. J Clin Endocrinol Metab.
2005;90(9):5466-70.

Priano L, Grugni G, Miscio G, et al. Sleep cycling alternating pattern (CAP) expression is
associated with hypersomnia and GH secretory pattern in Prader-Willi syndrome. Sleep Med.
2006;7(8):627-33.

Reiter J, Katz E, Scammell TE, Maski K. Usefulness of a Nocturnal SOREMP for Diagnosing
Narcolepsy with Cataplexy in a Pediatric Population. Sleep. 2015;38(6):859-65.



Downloaded from jesm.aasm.org by 222.131.30.132 on December 30, 2023. For personal use only. No other uses without permission.

Copyright 2023 American Academy of Sleep Medicine. All rights reserved.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Vela-Bueno A, Kales A, Soldatos CR, et al. Sleep in the Prader-Willi syndrome. Clinical and
polygraphic findings. Arch Neurol. 1984;41(3):294-6.

Pizza F, Franceschini C, Peltola H, et al. Clinical and polysomnographic course of childhood
narcolepsy with cataplexy. Brain. 2013;136(Pt 12):3787-95.

Cain N, Gradisar M. Electronic media use and sleep in school-aged children and adolescents: A
review. Sleep Med. 2010;11(8):735-42.

Chang AM, Aeschbach D, Duffy JF, Czeisler CA. Evening use of light-emitting eReaders
negatively affects sleep, circadian timing, and next-morning alertness. Proc Natl Acad Sci U S A.
2015;112(4):1232-7.

Heath M, Sutherland C, Bartel K, et al. Does one hour of bright or short-wavelength filtered
tablet screenlight have a meaningful effect on adolescents' pre-bedtime alertness, sleep, and
daytime functioning? Chronobiol Int. 2014;31(4):496-505.

Baumann-Vogel H, Hoff S, Valko PO, Poryazova R, Werth E, Baumann‘CR{ Extending sleep to
confirm insufficient sleep syndrome is challenging. J Sleep Res. 2021;30(3):e131009.

Dauvilliers Y, Roth T, Bogan R, et al. Efficacy of Once-Nightly Sodium Oxybate (FT218) in
Narcolepsy Type 1 and Type 2: Post Hoc Analysis From the Phase 3'REST-ON Trial. Sleep.
2023.

Bijlenga D, Urbanus B, van der Sluiszen N, et al. Comparing objective wakefulness and vigilance
tests to on-the-road driving performance in narcolepsy and idiopathic hypersomnia. J Sleep Res.
2022;31(3):e13518.

Avis KT, Gamble KL, Schwebel DC. Does excessive daytime sleepiness affect children's
pedestrian safety? Sleep. 2014;37(2):283-7.

McCall CA, Watson NF. Therapeutic Strategies fonMitigating Driving Risk in Patients with
Narcolepsy. Ther Clin Risk Manag. 2020;16:1099-108:

Medicine AAO0S. International Classification of Sleeép Disorders, 3rd ed, text revision. . 3rd, text
revision ed. Darien, IL; 2023.

Littner MR, Kushida C, Wise M, et al. Practice parameters for clinical use of the multiple sleep
latency test and the maintenance of Wakefulness test. Sleep. 2005;28(1):113-21.

Troester MM, Quan SF, Berry RB, et al;forthe American Academy of Sleep Medicine. The
AASM Manual for the Scoring of Sleep and Associated Events: Rules, Terminology, and
Technical Specifications. Version 3. Darien, IL: American Academy of Sleep Medicine; 2023.
Maski K, Pizza F, Liu S, et al. Defining disrupted nighttime sleep and assessing its diagnostic
utility for pediatric narcolepSy type 1. Sleep. 2020;43(10).

Silvani A, Vandi S, Pizza F, Antelmi E, Ferri R, Plazzi G. Combining information on nocturnal
rapid eye movement sleep latency and atonia to facilitate diagnosis of pediatric narcolepsy type 1.
Sleep. 2021;44(3).



Downloaded from jesm.aasm.org by 222.131.30.132 on December 30, 2023. For personal use only. No other uses without permission.

Copyright 2023 American Academy of Sleep Medicine. All rights reserved.

Figure 1—American Academy of Sleep Medicine recommendations for health sleep duration.

Healthy Sleep Duration

The American Academy of Sleep Medicine recommends that you get the following
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Table 1—Medications that may interfere with sleep architecture.**

Drug Class

Example Agents

Adenosine modulators

theophylline, theobromine, caffeine

Alpha-2 delta ligands

gabapentin

Antidepressants

SSRIs*® fluoxetine,* escitalopram, sertraline, paroxetine
SNRIs venlafaxine, duloxetine
Bupropion bupropion

Tricyclic antidepressants

nortriptyline, amitriptyline, doxepin

Antihistamine, sedating

diphenhydramine, doxylamine

Antipsychotic agents

guetiapine

Alpha antagonists

prazosin

Benzodiazepines/NBRAS

flurazepam*, clonazepam, lorazepam, zolpidem,.eszopiclone, zaleplon

Dopamine agonists

pramipexole, rotigotine, ropinirole*®

Lithium

lithium

Melatonin agonists

ramelteon, tasimelteon

Opioid agonists

morphine, hydrocodone, methadene,” fentany!*®

Oxybates sodium oxybate; calcium, magnesium;, potassium, sodium oxybate*°
Steroids prednisone®
Stimulants methylphenidates, amphetamines

Wake-promoting agents

armodafinil, modafinil, pitolisant, solriamfetol

*Medication agents with long half-lives and longerawashout (up to 6 weeks) may be needed
SSRIs-selective serotonin reuptake inhibitors; SNRIs—sérotonin noradrenergic reuptake inhibitors;
MAOIs—monoamine oxidase inhibitors; NBRA-non-benzodiazepine receptor agonists, CBG—
cannabigerol. This list is not exhaustive and health care providers should consider impacts on sleep
architecture with newer/future medications.
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