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Background: Diagnosing narcolepsy without cataplexy is often a challenge as the symptoms are nonspecific, current diagnostic tests are limited,
and there are no useful biomarkers. In this report, we review the clinical and physiological aspects of narcolepsy without cataplexy, the limitations
of available diagnostic procedures, and the differential diagnoses, and we propose an approach for more accurate diagnosis of narcolepsy without
cataplexy.

Methods: A group of clinician-scientists experienced in narcolepsy reviewed the literature and convened to discuss current diagnostic tools, and to
map out directions for research that should lead to a better understanding and more accurate diagnosis of narcolepsy without cataplexy.
Recommendations: To aid in the identification of narcolepsy without cataplexy, we review key indicators of narcolepsy and present a diagnostic
algorithm. A detailed clinical history is mainly helpful to rule out other possible causes of chronic sleepiness. The multiple sleep latency test remains
the most important measure, and prior sleep deprivation, shift work, or circadian disorders should be excluded by actigraphy or sleep logs. A short
REM sleep latency (< 15 minutes) on polysomnography can aid in the diagnosis of narcolepsy without cataplexy, although sensitivity is low. Finally,

measurement of hypocretin levels can helpful, as levels are low to intermediate in 10% to 30% of narcolepsy without cataplexy patients.
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1. INTRODUCTION

Narcolepsy with Cataplexy is usually easy to diagnose as
cataplexy is often distinctive and occurs in almost no other
conditions. In contrast, Narcolepsy without Cataplexy is often
a challenging diagnosis, even for highly experienced clinicians.
This uncertainty arises from the nonspecific nature of the symp-
toms, the limitations of our current diagnostic tests, and the lack
of useful biomarkers. The problem is further compounded by
the fact that in some patients, narcolepsy may evolve over time;
for example, patients in whom daytime sleepiness is the sole
initial manifestation may develop cataplexy many years later.

To advance understanding of Narcolepsy without Cata-
plexy, a group of clinician scientists experienced in narcolepsy
convened in June 2012 to discuss these diagnostic challenges.
The participants have all published extensively on narcolepsy,
and the meeting (but not the writing of this paper) was funded
by Jazz Pharmaceuticals. This meeting helped clarify aspects of
this disorder and inspired us to write this manuscript.

The goals of this paper are to review briefly what is known
about Narcolepsy without Cataplexy, to discuss the usefulness
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and limitations of current diagnostic tools, and to suggest direc-
tions for research that should lead to a better understanding and
more accurate diagnosis of Narcolepsy without Cataplexy.

2. BASICS OF NARCOLEPSY WITHOUT CATAPLEXY

2.1. Current diagnostic criteria

In this paper, we use the new terms Narcolepsy type 1 (Na-1)
and Narcolepsy type 2 (Na-2) in keeping with the revised nomen-
clature of the 3" Edition of the International Classification of
Sleep Disorders (ICSD-3). Na-1 includes Narcolepsy with Cata-
plexy, and Na-2 is simply Narcolepsy without Cataplexy.

In the ICSD-3, Na-1 is defined as excessive daytime sleepi-
ness (EDS) and at least one of the following criteria: (a)
cataplexy and a positive MSLT, or (b) hypocretin deficiency.
A MSLT is considered positive if the mean sleep latency
is < 8 minutes and there are 2 or more sleep onset REM periods
(SOREMP). Hypocretin deficiency is defined as cerebrospinal
fluid (CSF) hypocretin-1 level < 1/3 of normal or < 110 pg/mL
if a Stanford reference sample is used for radioimmunoassay.
This new definition is much like that of the ICSD-2 except that
low CSF hypocretin plays a more important role in the diag-
nosis of Na-1, and the counting/analysis of SOREMPs can now
include a SOREMP within 15 minutes of sleep onset on the
preceding nocturnal polysomnogram (PSG). Usually, the diag-
nosis of Na-1 is straightforward as definite cataplexy can often
be elicited by a careful history and low hypocretin levels are
highly specific for narcolepsy." A thoughtful approach usually
leads to high diagnostic certainty in Na-1 patients.
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In contrast, the diagnosis of Na-2 remains challenging. In the
ICSD-3, Na-2 is defined by chronic sleepiness plus a positive
MSLT as defined above. Of course, the patient must also lack
clear cataplexy, and if CSF is tested, hypocretin-1 levels are in
the normal range. Thus, the diagnosis of Na-2 critically hinges
on clinical findings and the MSLT, yet as discussed below, the
MSLT has limitations and a positive MSLT is not specific for
narcolepsy.

2.2 Epidemiology

Little is known about the epidemiology of Na-2, but two
groups independently examined the population prevalence of
a positive MSLT result, and their findings are corroborative. In
one sample of 539 subjects, 3.9% had 2 or more SOREMPs,
and 2.5% of subjects met MSLT criteria for narcolepsy with
mean sleep latencies < 8 minutes plus > 2 SOREMPs.? These
findings suggest that in the general population, SOREMPs are
not uncommon, especially in subjects with EDS.

A separate cohort study of 556 subjects found a surpris-
ingly high prevalence of positive MSLTs, especially in men®:
13.1% of men had > 2 SOREMPs, and 4.1% met the criteria
for narcolepsy with > 2 SOREMPs, a mean sleep latency < 8
minutes, and subjective sleepiness (Epworth Sleepiness Scale
score > 10). These findings were especially common in shift
workers. In contrast, 5.6% of women had > 2 SOREMPs, but
only 0.4% had positive MSLTs plus subjective sleepiness. It
is possible that some of these subjects have Na-2, but none
had cataplexy. A more likely explanation is that the MSLT can
produce false-positive results, especially in shift workers.

Very little is known about the natural history of Na-2.
Andlauer and colleagues classified 171 narcolepsy without
cataplexy subjects by their CSF hypocretin levels: 24% had
low, 8% had intermediate, and 68% had normal levels.* To
avoid suspected confounding factors, subjects with shift work,
insufficient sleep, or untreated sleep-disordered breathing were
excluded. They found that 33% of the subjects with low hypo-
cretin levels at baseline developed cataplexy an average of 14.7
years after sleepiness onset. In those with intermediate levels,
18% developed cataplexy, but among those with normal levels,
cataplexy occurred in only one subject. This study demon-
strates that hypocretin deficient patients may lack cataplexy
when first evaluated and develop it many years later. Whether
this is caused by progressive injury to the hypocretin-producing
neurons, maladaptive changes in brain function, or another
process remains unknown. Perhaps in some individuals hypo-
cretin deficiency develops slowly, so that the > 90% hypocretin
cell loss observed at autopsy in individuals with cataplexy is
only achieved after a long evolution. Supporting this hypoth-
esis, a diagnostic cut off of 200 pg/mL rather than 110 pg/
mL performed slightly better in narcolepsy without cataplexy,
although a minority were positive.

2.3 Neuropathology of narcolepsy without cataplexy

Though researchers have learned much about the pathology
of Na-1, very little is known about the underlying cause(s)
of Na-2. Among patients with narcolepsy, hypocretin levels
are low or undetectable in over 90% of those with cataplexy
but in only about 10% to 24% of those lacking cataplexy.'?
In subjects with Na-1, several postmortem studies have
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consistently demonstrated a severe (> 85%) loss of the hypo-
cretin-producing neurons across the hypothalamus.®!" Thus far,
only one complete hypothalamus from a subject with Na-2 has
been studied, and this individual had only a 33% loss of the
hypocretin neurons.'? Interestingly, the cell loss was restricted
to the posterior part of the hypocretin field, suggesting a more
focal attack on the hypocretin neurons than in Na-1. The
density of hypocretin axons in the anterior hypothalamus was
normal in this and a second Na-2 subject, suggesting that with
partial injury to the hypocretin neurons, axonal sprouting by the
remaining neurons may help compensate. These observations
indicate that at least some Na-2 cases may simply be caused by
less extensive injury to the hypocretin neurons, but clearly there
is a need for additional neuropathological evaluations of many
more individuals with Na-2.

In contrast to Na-1, there is no biomarker for Na-2, and its
pathophysiology remains elusive. Some researchers debate
whether Na-2 exists as a distinct entity or instead lies in the
borderland between Na-1 and idiopathic hypersomnia. Other
investigators argue that Na-2 exists as a specific disease because
patients have chronic sleepiness, persuasive MSLT findings,
positive HLA typing, and frequent hypnagogic hallucinations,
without sleep inertia or chronic sleep deprivation. On the other
hand, the observation that cataplexy can appear years after the
onset of sleepiness demonstrates that in some patients, Na-2
can be an early form of Na-1. As the symptoms of Na-2 overlap
with other disorders, this controversy will likely persist until
useful biomarkers can be identified.

3. LIMITATIONS OF CURRENT DIAGNOSTIC PROCEDURES

3.1 Clinical history

Chronic daytime sleepiness is the key symptom of Na-2; it
is often severe and occurs every day. Daytime naps are usually
short (< 30 min), restorative, and often include dreaming.
Patients score high on the Epworth Sleepiness Scale. In a Japa-
nese series, the mean ESS (14.9 + 3.5) in 62 patients with Na-2
was similar to the mean ESS (14.6 + 3.7) of 52 patients with
Na-1." A similar finding was observed in a French series (ESS:
19 + 3.3 in 54 patients with Na-1 vs. 17.5 + 2.7 in 46 patients
with Na-2)." Of course, EDS can be caused by a wide variety
of sleep disorders, but ESS scores are usually lower, except for
psychiatric disorders.

Hypnagogic or hypnopompic hallucinations with or without
sleep paralysis occur in about 28% of Na-2 patients,'* but these
symptoms also occur in the general population. For example, a
cohort study of 36,533 subjects revealed an overall 7.6% life-
time prevalence of sleep paralysis, with much higher preva-
lence in students (28.3%)." Hypnagogic hallucinations were
also common (24.8%) in a European cohort of 13,057 subjects,
whereas hypnopompic hallucinations were less common
(6.6%).' In 90% of these subjects, however, hypnagogic hallu-
cinations occurred less than once per month.'

Similarly, in a small community sample, all subjects with a
lifetime occurrence of sleep paralysis recalled not more than 3
events in total.'” Among patients with narcolepsy, in contrast,
the frequency of these events is much higher: 54 patients with
Na-1 reported a mean frequency of 10 hallucinations (some-
times with sleep paralysis) per month, and 46 patients with

Narcolepsy without Cataplexy—Baumann et al.



Table 1—MSLT findings in hypersomnia disorders.24%

N Age Male/Female
Na-1 25 3111 8/17
Na-2 41 34+9 26/15
IH 21 34+ 5/16
ISS 20 44 +12 8/12
PLMD 20 51+18 10/10

This table shows the total percentage of naps with SOREMP per pooled number of naps, and the percentage of SOREMP naps in which REM sleep
immediately followed N1. Abbreviations: ISS, insufficient sleep syndrome. PLMD, periodic limb movement disorder.

Mean sleep latency Naps with SOREMP  SOREMP after N1
26+16 62.7% 75%
40+2.1 59.7% 52%
54+18 1.0% 0%
76+39 7.1% 0%

10.2+4.9 4.7% 0%

Na-2 had an average of 3 episodes each month." Frequent
hallucinations and sleep paralysis can also occur in patients
with psychiatric disorders.'*'> Thus, hallucinations or paralysis
during sleep may be useful for diagnosing Na-2 if they occur
frequently in the absence of psychiatric disorders.

A good clinical history is also helpful in identifying alterna-
tive diagnoses. For instance, patients who report a sleep need
of more than 10 hours per day and sleep inertia are more likely
to have idiopathic hypersomnia. Shift-workers or young adults
with irregular bedtimes may suffer from insufficient sleep
syndrome. Patients with mood disorders may score high on the
ESS, but most often have normal or borderline MSLT values.
The history might also reveal symptoms suggestive of a neuro-
logical or systemic disorder causing sleepiness or tiredness.

Na-2 is likely in patients with severe EDS plus frequent sleep
paralysis or hallucinations, but the clinical history is mainly
helpful to rule out other possible causes of sleepiness.

3.2 Multiple sleep latency test

The diagnosis of Na-2 depends on the MSLT, but this test
has many limitations."® One large cohort study showed that
about 4% of men had > 2 SOREMPs, a mean sleep latency < 8
minutes, and subjective sleepiness.’ Most likely, the majority of
these MSLTs were falsely positive due to factors such as shift
work, insufficient sleep, sleep apnea, or medications. Recent
discontinuation of antidepressants or stimulants that suppress
REM sleep may also produce multiple SOREMPs. Unfortu-
nately, there are few controlled studies that document how often
such findings confound interpretations and how they might be
best minimized.

Conversely, the MSLT may be falsely negative in a signifi-
cant portion of subjects clinically suspected to have narcolepsy.
In a recent study, Andlauer found that the MSLT was falsely
negative in 7% of Na-1 patients." In contrast, the false negative
rate in Na-2 is unknown since the MSLT results are part of the
definition.?’ Sometimes the MSLT may be negative due to poor
sleep from environmental factors, anxiety, older age, or medi-
cations that interfere with sleep.

These weaknesses result in low test-retest reliability of the
MSLT. Among 18 individuals with Na-2 who had two MSLTs,
fewer than half showed positive MSLT results on both studies."
In addition, a recent study of 36 patients with Na-2 and other
CNS hypersomnias showed that after a second MSLT, differ-
ences in mean sleep latencies and number of SOREMPs spurred
a change in diagnosis in 53% of patients.?! Without a reliable
biomarker for Na-2, it is currently difficult to establish the false
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positive and false negative rates for the MSLT in identifying
Na-2. Repeating the MSLT to reveal consistent results is likely
useful.

Some of the variability in MSLT results may arise from meth-
odological problems. The AASM has published clear guidelines
for performing the MSLT,*” but nevertheless, specific protocols
often differ between sleep labs (e.g., the quantity of the prior
night’s sleep, the timing of the first nap in relation to habitual
sleep times and duration, performing 4 vs. 5 naps, optimal nap
durations, rigor in ensuring wakefulness between nap oppor-
tunities, methods to score SOREMPs). Scoring of SOREMPs
can be a challenge due to the occurrence of saccadic eye move-
ments or atonia in NREM sleep, and comparison to REM sleep
on the PSG is often helpful. In addition, chronic insufficient
sleep is common, yet most labs do not use actigraphy or even
sleep logs prior to MSLT. In the same line, it is unclear whether
the minimum of 6 hours sleep during the preceding nocturnal
polysomnography is sufficient for all adults or whether this
constitutes physiologically significant acute sleep deprivation.?
Also, medications such as antidepressants or other psychotropic
drugs may significantly affect REM sleep for weeks or months
after discontinuation, but management of these medications is
not uniformly defined for MSLT protocols.

Age and sex also influence the MSLT. With advancing age,
the number of SOREMPs decreases and the mean sleep latency
increases in Na-1.% For instance, mean sleep latency is lower in
adolescents with narcolepsy (3.6 min) compared to narcolepsy
patients above 65 years (5.2 min), and the mean number of
SOREMPs decreases from 3.7 to 2.8. In the Wisconsin cohort
study, positive MSLT results were much more common in men,
though the reasons for this are unknown.?

To provide some insights into MSLT parameters in patients
reporting sleepiness, we selected two recent studies performing
MSLT with the AASM guidelines. These studies also performed
2 weeks of actigraphy or sleep logs plus nocturnal PSG prior to
MSLT to rule out confounding disorders (Table 1).2**° These
studies show that SOREMPs are very common in narcolepsy,
but they also occur with insufficient sleep and a variety of
neurological disorders. In addition, these studies suggest that
the sequence of sleep stages on MSLT may be diagnostically
helpful, as SOREMPs commonly follow N1 sleep in narcolepsy
but not in other disorders (in which REM sleep commonly
follows N2 or N3). These rapid transitions into REM sleep
may reflect the REM sleep dysregulation of narcolepsy, and if
supported by additional research, a more refined definition of
SOREMPs might improve their diagnostic usefulness.
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Though it has several limitations, the MSLT remains the
most important test for the diagnosis of Na-2. It should be
performed according to the AASM guidelines, and prior sleep
deprivation or circadian disorders should be excluded using 2
weeks actigraphy or if unavailable, using sleep logs. In this line,
patients should be allowed their habitual sleep timing and dura-
tion during the preceding PSG. Analyzing whether SOREMPs
follow N1 on the MSLT might improve diagnostic specificity,
but studies in larger samples are needed to confirm this.

3.3 Nocturnal polysomnography

In the evaluation of possible narcolepsy, the PSG is mainly
helpful to rule out other potential causes of sleepiness and to
evaluate sleep quality and amount, but a rapid entry into REM
sleep can support the diagnosis of narcolepsy. In ICSD-3, REM
sleep within 15 minutes of sleep onset on the preceding nocturnal
PSG may be included toward the count of > 2 SOREMP on the
MSLT. This change in the definition of SOREMPs is based on
the finding that a REM latency < 15 minutes on PSG occurs in
51% of patients with Na-1 and has a high diagnostic specificity."
In addition, REM sleep latencies < 15 minutes during the PSG
occur in 64% of Na-2 patients with low hypocretin levels and
in 23% of Na-2 patients with normal hypocretin levels.* Such
short REM sleep latencies on PSG were very rare (< 1%) in
the Wisconsin cohort,® suggesting that short REM latency may
be closely associated with hypocretin deficiency. It would be
helpful to further examine the diagnostic usefulness of a PSG
SOREMP in additional, large, ethnically and geographically
diverse groups of sleep-satiated normal subjects and patients
with sleep disorders. In the future, a PSG SOREMP might make
the MSLT unnecessary in some patients, ultimately reducing
the labor and cost of diagnosis.*

Sleep fragmentation is also common in Na-2, and future
studies should also examine the diagnostic usefulness of low
sleep efficiency and increased arousal indices.

A short REM sleep latency (< 15 minutes) on the PSG
can aid in the diagnosis of Na-2, although sensitivity is low.
Polysomnography is also important to rule out other causes of
sleepiness.

3.4 Sleep logs and actigraphy

Sleep logs, actigraphy, and other ancillary tools can strengthen
the diagnosis of Na-2 by providing long-term information about
the timing and amounts of sleep. Shift work is associated with
multiple SOREMPs and short sleep latencies,® and 15% of
chronically sleep deprived subjects have short mean sleep laten-
cies and SOREMPs.?¢ Sleep logs are an inexpensive method
to determine if a subject has obtained adequate sleep, but they
may not be reliable, as some patients do not provide complete
data and many overestimate their amount of sleep. Actigraphy is
much more objective than sleep logs, and 1 to 2 weeks of actig-
raphy prior to MSLT is strongly recommended. Unfortunately,
there is debate about the best methods, and actigraphy is not
clinically reimbursed in many countries. Still, these tools should
be used whenever possible to provide evidence of a concurrent
circadian disorder and to demonstrate that patients have obtained
an adequate amount of sleep prior to their sleep studies.

Actigraphy or at least sleep logs should be performed prior
to sleep studies to rule out chronic sleep deprivation, abnormal
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phase of the circadian cycle, or shift work which might produce
MSLT findings resembling Na-2.

3.5 Hypocretin level determination in cerebrospinal fluid

CSF hypocretin levels are low (< 110 pg/mL, when using
Stanford reference samples) in 87% to 96% of patients with
Na-1, and as this test has high specificity and sensitivity in this
population, it can be used for diagnosis according to the ICSD-
3.327 However, in patients with suspected Na-2, there has been
less interest in measuring hypocretin, as levels are usually
normal. In a recent study of 171 narcolepsy without cataplexy
patients, Andlauer and colleagues categorized hypocretin
levels as low (< 110 pg/mL), intermediate (110-200 pg/mL),
or normal (> 200 pg/mL).* They found that 24% of these indi-
viduals had low levels, 8% had intermediate levels, and 68%
had normal levels. Using receiver operator curve analysis, they
determined that a hypocretin level below 200 pg/mL predicted
Na-2 with a specificity of 99%, but because reduced hypo-
cretin is uncommon in this population, the sensitivity was only
33%. Further, the sample was highly selected, so positivity for
this test is likely much lower in randomly selected narcolepsy
without cataplexy patients in most sleep clinics.

The Andlauer study suggests that CSF hypocretin is most
likely to be <200 pg/mL in patients who are HLA DQB1*06:02
positive, developed narcolepsy at a young age, or are African
American.* Patients with reduced hypocretin were also more
likely to have a short REM latency (< 15 min) on the PSG and
more SOREMPs on the MSLT.

In HLA-positive patients with chronic sleepiness but no
cataplexy and with positive MSLT results, hypocretin levels
can help confirm the diagnosis of narcolepsy and distinguish
between Na-1 and Na-2. Low CSF hypocretin-1 in the absence
of cataplexy may be more common in African Americans.

3.6 Genetic testing

Human leukocyte antigen (HLA) DQB1*06:02 is found in
85% t0 95% of Na-1 patients.”® The risk to develop narcolepsy
is 7 to 25-fold higher in subjects heterozygous for this geno-
type, and homozygosity for HLA-DQB1*06:02 increases the
risk an additional 2 to 4-fold.” However, only about 40% to
50% of Na-2 patients carry DQB1*06:02.%*° As 12% to 38% of
the general population is DQB1*06:02 positive, testing for this
allele is not very helpful for diagnosing Na-2.%

Other genes have been linked to Na-1, and some such as
the T cell receptor o polymorphism have been examined in a
variety of populations.’! Whether these genes are useful for the
diagnosis of either Na-1 or Na-2 remains to be established.

HLA DQB1*06:02 typing is not highly specific for Na-2 and
is not generally recommended. However, in patients with other
evidence for Na-2, the presence of DQB1*06:02 may slightly
strengthen diagnostic certainty.

4, DIFFERENTIATING NARCOLEPSY WITHOUT CATAPLEXY
FROM OTHER SLEEP DISORDERS

Ruling out other sleep disorders is a major aspect of diag-
nosing Na-2. As the symptoms and lab findings of Na-2 can
be nonspecific, one must thoroughly search for evidence of
other disorders. Narcolepsy without cataplexy is a diagnosis of
exclusion.
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4.1 Idiopathic hypersomnia without long sleep time

Idiopathic hypersomnia (IH) is a likely diagnosis in a sleepy
adult who sleeps more than 10 hours each night, but in the
absence of a long sleep time, the distinction between IH and
Na-2 mainly relies on the absence of SOREMPs on MSLT."

Additional but not well-validated findings may also help but
will not overrule MSLT results. First, nighttime sleep and naps
are usually refreshing in narcolepsy patients, whereas many
patients with IH suffer from sleep inertia, i.e., a subjective
feeling of grogginess upon awakening. In a study of 77 patients
with TH, Anderson and colleagues found that sleep inertia is
insensitive (55%) but highly specific (97%) for IH.** Another
study in 75 patients, however, showed that sleep inertia is much
rarer in [H patients without long sleep time than in those with
long sleep time.** Furthermore, long (> 60 min) and generally
unrefreshing naps are 87% sensitive and specific for IH rather
than narcolepsy.*

Second, sleep efficiency on the PSG is generally higher
(often > 95%) in IH than in narcolepsy. In addition, IH is
thought to respond less well to medications, though evidence
for this is weak, with a recent study showing similar responses
to modafinil in [H and Na-1 patients.*

Three features can help distinguish idiopathic hypersomnia
from Na-2: (1) absence of multiple SOREMPs on MSLT, (2)
presence of long habitual sleep periods, long naps, and sleep
inertia, and (3) high sleep efficiency on PSG.

4.2 Insufficient sleep syndrome

Chronic sleep deprivation, defined as insufficient sleep
syndrome (ISS), is defined by chronic sleepiness, short habitual
sleep episodes, and sleep rebound during weekends or holidays.
In addition to short mean sleep latencies on MSLT, about one in
six ISS subjects have multiple SOREMPs,26:35:36

While multiple SOREMPs alone may be insufficient to
discriminate ISS from Na-2, the sequence of sleep stages on
MSLT can be helpful. In Na-1, about 75% of SOREMPs imme-
diately follow N1 sleep, and this same pattern occurs with
52% of SOREMPs in Na-2. In contrast, with ISS, nearly all
SOREMPs follow N2 sleep, with fewer than 15% after N1
sleep.?2

Two key findings can help discriminate ISS from Na-1: (1)
longer sleep duration on weekends and holidays compared to
weekdays, as assessed by sleep logs or actigraphy; and (2) if
SOREMPs occur on the MSLT, they usually follow N2 sleep.

4.3 Shift work and phase delay

Shift work commonly leads to circadian phase delay and
chronic sleep deprivation that can affect the MSLT. The
Wisconsin cohort study (n = 556) revealed a strong corre-
lation between SOREMPs on the MSLT and shift work in
men (OR = 29 for multiple SOREMPs).* Most likely, the
neurophysiological basis for this phenomenon is that REM
sleep is normally under tight circadian control, and phase
changes from shift work permit REM sleep to occur during
the daytime.’” With mild phase delay of several hours, one
would predict that SOREMPs would be more likely in the
morning MSLT naps, but whether the timing of SOREMPs
helps distinguish between phase delay and Na-2 has not yet
been tested. Still, phase delay and especially shift work must
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be considered when dealing with sleepy patients with multiple
SOREMPs on MSLT.

In addition to a careful history, actigraphy or sleep logs might
be the best measures to discriminate shift work from Na-2.

4.4 Secondary narcolepsy

Secondary or symptomatic narcolepsy is rare, but it is easy
to recognize and should always be considered, as management
differs from that in other forms of narcolepsy.*®* As a general
rule, these individuals have obvious neurological signs related
to injury to the hypothalamus or rostral midbrain including
visual field cuts, corticospinal deficits, poor memory, and pitu-
itary dysfunction. This hypothalamic injury often injures the
hypocretin neurons or their projections, resulting in low CSF
hypocretin levels. In addition, nearly all reported patients with
secondary narcolepsy sleep more than 10 hours each day.

A wide variety of pathologies can injure the hypothalamus,
including strokes, tumors, head trauma, and inflammatory
processes such as sarcoidosis or demyelination. These same
processes can cause EDS alone, so a positive MSLT is neces-
sary to diagnose secondary Na-2.

To rule out secondary narcolepsy, MRI with and without
contrast and fine cuts through the hypothalamus should be
performed in any narcolepsy patient with focal neurological
deficits. MRI is generally unnecessary in the large majority of
adult narcolepsy patients with normal neurological exams.

5. THE DIAGNOSIS OF NA-2 IN CHILDREN

The diagnosis of Na-2 in the pediatric population is equally
if not more challenging than it is in adults for several reasons.
First, EDS, especially in young children, often presents with
symptoms related to cognition, attention, behavior and mood
dysfunction that may not be recognized as manifestations of
sleepiness,***! or with more subtle alterations in sleep patterns
such as resumption of daytime napping in a school-aged
child. There may be waxing and waning levels of sleepiness
throughout the day rather than discrete sleep episodes, and naps
may be long and non-refreshing.

In children, the symptoms of cataplexy may also differ from
those in adults and thus can potentially be overlooked by clini-
cians.** For example, the classic cataplexy presentation in adults
of total loss of muscle tone with falls is less common in chil-
dren,* while “cataplectic facies” (prolonged episodes of facial
muscle weakness with jaw slackness, ptosis, tongue protrusion,
and slurred speech) is common in children.** Caregivers may
also attribute head nodding to sleepiness rather than loss of
head/neck muscle tone due to cataplexy.

Moreover, MSLT testing for Na-2 in children carries more
uncertainty, as the test can be more difficult to conduct and to
interpret. While normative MSLT values in children younger than
8 years old do not yet exist, it is clear that adult normative sleep
latency values should not be used to assess pre-pubertal chil-
dren,”” and it has been suggested that a mean sleep latency < 10
min should be considered abnormal. Although not a standard,
some labs use a 30-minute rather than a 20-minute nap protocol
in children, as the normal mean sleep latency in preadolescents
is over 20 minutes.* Children are also more likely to resemble
a diagnostic “moving target” as they develop, and in fact, there
is some evidence to suggest that serial MSLTs may be required
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Figure 1—Proposed algorithm for the diagnosis of narcolepsy without cataplexy and its differential diagnoses. ISS, insufficient sleep syndrome (chronic sleep
deprivation); CSF, cerebrospinal fluid; EDS, excessive daytime sleepiness; ESS, Epworth Sleepiness Scale; MSL, mean sleep latency; MSLT, multiple sleep
latency test; SOREMP, sleep onset rapid eye movement sleep. In patients with an atypical history or neurological deficits, other causes of narcolepsy-like
findings should be considered, and a brain MRI should be performed. Suggested laboratory parameters include a full iron panel, complete blood count,
vitamin B12, and thyroid markers (TSH, T4). Children with Na-2 should receive a more extensive workup for unusual causes of sleepiness (e.g., tumors,
metabolic disorders, seizures). @ Sleep logs or preferably actigraphy over 14 days should be performed before the PSG and MSLT to exclude ISS or shift
work. If the habitual sleep schedule is a concern, it may be helpful to schedule the MSLT just after 1-2 weeks’ vacation to provide an opportunity for adequate
sleep on a regular schedule. © During the nocturnal PSG, the patient should be permitted their habitual amount of sleep, which will usually be more than 6
hours of sleep. Long sleepers should be allowed to sleep up to 10 hours. ¥ MSLT should be performed according to AASM guidelines, and medications that
might alter sleep pressure or REM sleep should be discontinued well in advance. For example, antidepressants should be discontinued at least 3 weeks
prior to the sleep studies. ® According to ICSD-3 criteria, one SOREMP within 15 minutes of sleep onset on the preceding nocturnal PSG can be included
in the total SOREMP count. © In patients without cataplexy, we recommend measuring CSF hypocretin to distinguish Na-1 from Na-2. A clinical history of
frequent hypnagogic/hypnopompic hallucinations, frequent sleep paralysis, fragmented nocturnal sleep, or positive HLA DQB1*06:02 typing may increase the
likelihood of Na-2. ® Sleep inertia, the need for multiple alarm clocks, and long but unrefreshing daytime naps are more indicative of idiopathic hypersomnia.
®1n patients with multiple SOREMPs but normal mean sleep latency or normal hypocretin levels, the MSLT should be repeated, preferably after a period of
documented sleep extension.

to confirm the diagnosis in some children.> Other potential
logistical challenges include an exaggerated “first-night effect”
with difficulty sleeping in the lab during the preceding PSG and
larger “normal” sleep needs in children compared to adults.

In pediatric narcolepsy populations, the percent of patients
with Na-2 ranges from 0 to 100%, and most studies report
50% or less.*** In one study, compared to patients with Na-1,
those with Na-2 had a similar age of onset (13.8 vs. 14.3 years),
associated symptoms (hallucinations, etc.), and behavioral and
academic concerns. The presence of HLA DQB1*06:02 was
similar (89% vs. 83%), and MSLT results were not signifi-
cantly different (sleep latency: 3.7 vs. 4.4 min; SOREMPs: 3.4
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vs. 2.8). While these findings seemingly contradict the clinical
experience in adults with Na-1 compared to Na-2, the small
sample size (N = 30) may have contributed to the apparent lack
of between-group differences.

The epidemiology of pediatric narcolepsy occurring in asso-
ciation with an environmental “trigger” may also yield different
results. In two recent studies that examined cases of narco-
lepsy occurring after HIN1 vaccine administration, of which
a significant percentage were children, 94% and 100%"°' of
these patients had Na-1, perhaps because the vaccine was a very
potent immune system stimulus that triggered extensive hypo-
cretin neuron loss.
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Another potential confound is differences in the duration of
follow-up after initial presentation. It is often assumed that the
absence of cataplexy in children with Na-2 represents a tempo-
rary condition in the evolution of Na-1. For example, in a case-
control study of 150 patients with Na-1, cataplexy first occurred
during childhood or adolescence in only 48% of patients, and
earlier age of onset of EDS was associated with fewer related
symptoms (including cataplexy).”> Clearly, more research is
needed to document the epidemiology, clinical presentation,
and natural history of Na-2 in the pediatric population.

Unique features of cataplexy in children may present chal-
lenges in differentiating Na-1 from Na-2 in this age group. The
apparent prevalence of Na-2 in children varies across studies
and may be related to age, referral patterns, duration of follow-
up, and the presence of environmental “triggers.”

6. APROPOSED APPROACH FOR DIAGNOSING NA-2

Based on the considerations above and some clinical intu-
ition, we propose an algorithm for the diagnosis of Na-2
(Figure 1).

7. PROPOSED FUTURE DIRECTIONS

We appreciate that diagnosing Na-2 with confidence remains
a challenge, and we hope that the opinions and suggestions
presented in this paper will make it easier. Looking forward,
several lines of research could improve diagnostic certainty.
Large prospective studies of patients with EDS would be very
helpful—especially studies that include objective measures
such as actigraphy, sleep laboratory tests, vigilance tests, and
biochemical and genetic markers. Research to improve our
current methods is needed such as improving our understanding
of the effect of age and other factors that may confound the
MSLT; defining the importance of sleep stage sequences (e.g.,
REM sleep after N1); and optimizing and standardizing the
interpretation of actigraphy data. Furthermore, development of
more sensitive and easily obtained hypocretin assays would be
very helpful. Progress along these lines should make the diag-
nosis of narcolepsy easier and more reliable, and ultimately, it
should provide a much better understanding of narcolepsy in
general.
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