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Study Objectives: Kleine-Levin syndrome (KLS) is a rare disorder of relapsing sleepiness. The hypothesis was that the syndrome is related to a change in

the vigilance peptide orexin A.

Methods: From 2002 to 2013, 57 patients with relapsing hypersomnolence were clinically assessed in a referral academic center in Beijing, China, and
44 (28 males and 16 females; mean age 18.3 + 8.9 y (mean * standard deviation, range 9-57 y) were determined to have clinical and behavioral criteria
consistent with KLS. Cerebrospinal fluid orexin A levels and diurnal blood pressure were measured in relapse versus remission in a subgroup of patients.
Results: Presenting symptoms included relapsing or remitting excessive sleepiness—associated parallel complaints of cognitive changes (82%), eating
disorders (84%); depression (45%); irritability (36%); hypersexuality (18%); and compulsions (11%). Episodes were 8.2 + 3.3 days in duration. In relapse,
diurnal values for blood pressure and heart rate were lower (P < 0.001). In a subgroup (n = 34), cerebrospinal fluid orexin A levels were ~31% lower in

a relapse versus remission (215.7 + 81.5 versus 319.2 + 95.92 pg/ml, P < 0.001); in three patients a pattern of lower levels during subsequent relapses

was documented.

Conclusions: There are lower orexin A levels in the symptomatic phase than in remission and a fall and rise in blood pressure and heart rate, suggesting a

role for orexin dysregulation in KLS pathophysiology.
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Significance

Kleine Levin Syndrome is a rare disorder of recurrent hypersomnia, accompanied by autonomic and behavioral symptoms. This investigation
connects the relapsing hypersomnia to cardiovascular downregulation and to reductions in CSF orexin A. Such biological markers may be clues to the
mechanisms for the presentation and suggests orexinergic dysfunction as a target for therapy

INTRODUCTION

Kleine-Levin syndrome (KLS) is a rare disorder of episodic
hypersomnia (~1-1.5/million persons). It is distinguished from
other disorders of excessive sleepiness by recovery and, in
Western clinical reports, ancillary features of cognitive impair-
ment, apathy and/or disinhibition, hyperphagia, hypersexuality,
derealization, and dysautonomia.! Symptoms remit over days
to weeks; relapses occur; and this cyclic pattern is a defining
feature. The course of KLS usually ends in clinical remission.
Clinical acumen is needed for recognition and diagnosis.

Functional imaging identifies thalamic hypoperfusion,*?
thalamic activation,* and/or widespread hypermetabolism.’
Some features are present in remission as well as relapse?; for
instance, thalamic-pontine connectivity appears altered in and
out of the disease state, with reversible deficits present in the
dorsal pons.® Confounding variables in the interpretation of
imaging studies is the dynamic entry and variable length of
both remission and recovery.'

Narcolepsy with cataplexy is also a disorder of hypersom-
nolence characterized by a pathologic loss of orexin containing
neurons in the hypothalamus with chronically and consistently
very low cerebrospinal fluid (CSF) orexin levels."” In KLS
reports mentioning orexin levels, a twofold reduction in CSF
orexin A (also known as hypocretin 1 levels in a patient with
Prader-Willi syndrome meeting clinical criteria for KLS® and
another reported a low range level in a 14-y-old girl with syn-
dromic KLS.? Other reports are mixed. Katz and Roper '° re-
ported CFS markers in two siblings in and out of episode and
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reported a low value in one; Knudsen et al."' reported values
for one patient in the normal range; and Bourgin et al.'? in their
review incidentally reported normal levels in six patients and
intermediate in two patients. These records suggest that orexin
levels may vary but are not the very low values observed in
narcolepsy with cataplexy.

Variations in orexin levels occur above the pathologic range.
Animal models indicate that CNS orexin levels are lower but
not absent in induced depression.”* Hypothalamic orexin levels
vary among common mouse strains, increased by the substitu-
tion of a single chromosome." In animal models of orexin de-
ficiency and in human narcolepsy, blood pressure is generally
lower."” Indeed, lower blood pressures and heart rate (HR) are
reported in the hypersomnia phase in KLS patients.'® These
observations form the rationale for systematic collection of
CSF orexin levels and autonomic function over the course of
KLS relapse.

As a referral center for hypersomnolence in Beijing China,
we encountered over time a number of KLS patients,” and
were exploring an orexin hypothesis. We found lower orexin
levels, and a lower blood pressure and HR, associated with the
symptomatic phase of the syndrome.

METHODS
Human Subjects

Patients were recruited at the Sleep Center at People’s Hospital,
Beijing University. In 2004, the institutional review board of

CSF Orexin in KLS—Wang et al.



Beijing University approved the retrospective collection of
clinical information from 2002, and prospective collection of
all clinical information, CSF samples, and measurements of
continuous blood pressure and HR. Written informed consent
was obtained from all subjects or parents (if the child was a
minor). At any time the parents or child could selectively de-
cline sleep testing, the lumbar puncture and/or blood pressure/
pulse measures, or withdraw.

Fifty-seven patients with recurrent hypersomnia were iden-
tified from 2002 to early 2013, with collection ending in June
2013, for this analysis. Thirteen patients were excluded be-
cause sleepiness episodes were < 2 days, or there was the pres-
ence of a primary neurological disorder including head trauma,
or primary psychiatric disorders, or because symptoms were
related to menstruation or pregnancy. The remaining 44 par-
ticipants had history of episodic sleepiness lasting > 2 days
(hypersomnia) consistent with KLS."® All patients were seen
at least twice after initial assessment and clinical information
was collected over at least one sleepiness/remission episode.
Many had several episodes with assessments and sometimes
recovery through the end of the study period.

A common, detailed sleep history and neurological exami-
nation were obtained at presentation, and confirmed by one
or more of the coauthors. Behavioral symptoms were assessed
by internists with sleep expertise, without specificity for psy-
chiatric dimensions. Brain computed tomography (CT) and/or
magnetic resonance imaging (MRI) scan, and HLADQB106:02
testing were performed. Polysomnography (PSG) and/or mul-
tiple sleep latency test (MSLT) was performed in 36 partici-
pants: 15 both in remission and relapse, 16 in remission only,
and 5 in relapse only. In eight participants, no studies were per-
formed because of lack of consent and/or financial resources.

CSF by lumbar puncture was collected between 10:00 and
13:00 in those who consented to the procedure. De-identified
CSF samples were frozen immediately and stored at —80°C
for batch analysis. Samples were from 18 patients both in and
out of hypersomnia phases, with 14 being collected from dis-
ease to recovery and 4 collected between recovery and disease.
There were seven patients with samples collected only in the
symptomatic phase, and eight patients only in remission. Three
patients provided consent for cerebrospinal fluid samples mea-
surement over two episodes, and one within the same episode
at three time points: hypersomnia, partial remission (insomnia
phase), and recovery.

Measurements of Orexin A

Hypocretin-1 (orexin A) levels were determined using a '*°I
radioimmunoassay kit (Phoenix Pharmaceuticals, Belmont,
CA),” for which there are known reference values. Samples
were measured in duplicate and results averaged. The lower
limit of detection is ~20 pg/mL; the analytic imprecision is
~5%. Measures in remission and relapse were performed in the
same assay.

24-Hour Blood Pressure Measurement

Blood pressure and HR were measured over 24 h using ambu-
latory blood pressure (Model #90217-18Q; Spacelabs Health-
care, Snoqualmie, WA) in (relapse) and out (remission) of
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hypersomnia episodes in 24 patients. The other 20 patients
were not recorded because of equipment unavailability or
family constraints.

Data Analysis

Group data are presented as mean and standard deviation (SD).
For the primary analyses, differences were tested between
clinical illness and remission. Comparisons in the same indi-
vidual used paired ¢-tests. Comparisons of subjects with values
only in illness or only in remission were made by nonpaired ¢
tests. The comparison of daytime or nighttime blood pressure
levels between remission and relapse were analyzed by a gen-
eral linear model, using univariate analysis, and by analyses of
several points together as a sum for point-to-point comparison.
Diurnal values were examined by a cosinor analysis fitting the
general cosine function, CS(t) = IM + A cos (rut + o) to the
family of datasets, where CS(t) is the blood pressure or HR
value at time t. We report mesor (midline value = M) and the
amplitude (A).?° Significance levels are provided in the text or
legend. Statistical tests were carried out using SPSS 13.0 soft-
ware (IBM, Armonk, NY).

RESULTS

During this time period there were 44 patients (28 males and
16 females; mean age 18.3 + 8.9 y, range 9-57 y at the time of
presentation) who met criteria for a condition of hypersomnia
lasting > 2 days with a later remission. The age of onset was
estimated by the majority (88%) as in their second decade of
life. There was no significant difference in the age of onset
for males (14.3 + 4.4 y; range 9-34 y) or females (14.3 £ 7.9
y; range 9—44 y), with average values similar to international
experience.! The average body mass index (BMI; 20.2 + 2.9
kg/m?) was within the normal range of age-matched healthy
Chinese controls (18.5 to 24 kg/m?). CT and/or MRI scans
were not informative, showing no anatomic abnormalities.
Thirty-three percent carried the human leukocyte antigen
HLADQBI106:02, similar to rates in a Chinese healthy pop-
ulation.”” PSG (n = 36) was unremarkable. MSLT revealed a
sleep latency (SL) of 15.2 + 3.3 min (range 8.2-20) in remission
(n = 31), and 11.2 + 5.0 min (range 1.7-20) in relapse (n = 20).
In 15 patients with MSLT in both remission and relapse, a
longer SL (15.3 + 3.4 min versus 10.4 + 5.4 min, P = 0.009)
was found in remission versus relapse. Fifteen patients (75%)
with an MSLT in relapse were pathologically sleepy (< 8 min
mean sleep onset). No patient in remission had SL in a patho-
logic range. Four of the 31 patients in remission and 4 of the
20 (all children) in relapse had sleep onset rapid eye movement
periods (SOREMs) > 2. None met criteria for narcolepsy with
SL <8 and SOREMs > 2 on the MSLT.

Sleep attacks, sleep drunkenness, prolonged sleep, sleeping
during meals, etc. (hypersomnia) had developed acutely over
days to weeks to the point of affecting family, social, and per-
sonal life and resulted in a patient or family seeking medical
advice. The family had consulted other health care providers
often (94%), and patients had undergone at least one remis-
sion. Recall by parents or the patient of any inciting events for
the initial illness are presented in Table 1. Often with relapse
there was no precipitant identified; with remissions there were
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occasional reports of difficulty in sleeping (insomnia, n = 4)
giving way to “normal” behavior over several days.

Twenty-nine patients had experienced five or more episodes,
and only two patients were assessed after only two cycles. The
average episode length was 8.2 + 3.3 days (overall range: 3
to 30 days), with 20 (68%) between 7 and 10 days. Shortest
lengths were an average of 4.6 + 2.1 days and the longest,
13.7 £ 8 days. One patient reported an episode as short as 3
days, and two patients reported an episode lasting > 16 days.
In the hypersomnolent phase there were elicited symptoms of
cognitive changes, eating disorders, depressive features, irri-
tability, hypersexuality, and compulsions (Table 2). In 19 pa-
tients there have been no episodes for 1 y or more, and 12 have
been asymptomatic for 4 y or more.

CSF values for orexin A collected in 33 patients are shown
in Figure 1. In the 18 patients in whom CSF was collected
over both phases, values for CSF orexin were 31% lower in
relapse than in remission (319.2 £+ 95.9 versus 215.7 + 81.5 pg/
mL, P <0.001). Those patients with CSF samples only in one
or the other clinical state showed a similar trend (329.4 + 69.3
versus 128.7 + 47.0 pg/mL, P < 0.001). There were only three
patients with values recorded below a proposed “lower limit”
of normal, i.e.,, < 110 pg/mL.! CSF orexin A were collected
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Figure 1—Concentration values forindividuals for Orexin A (hypocretin-1)
are shown for those values out (closed circles) and in (open circles) of the
episode; patients values are connected by a line. On the right are values
in different patients measured either in or out of the hypersomia episode.
Individual values are shown as circles, and group values presented as
mean + standard deviation by a dash and whiskers. The literature lower
limit of normal for CSF orexin is 110 pg/mL. Differences are significant
(P < 0.001 P for: values in and out of episode in the same patient (A vs
B, n = 18), paired t-test, and between values for groups of patients in
(C,n=7) orout of episode (D, n = 8), non-paired t-test.

over two episodes in three patients (Table 3). Although varia-
tions in difference were noted, in each the level of orexin was
lower in relapse than in remission. In measurements of one
patient in and following relapse, orexin levels during relapse
were 138 pg/mL, toward recovery (when insomnia was noted)
279.5 pg/mL, and in remission 304 pg/mL.

Blood pressure and HR were measured during a clinical phase
and in remission in 24 patients (F/M = 9/15) (Figure 2). The

Table 1—Precipitating factors in 44 patients with Kleine-Levin
syndrome.

Precipitating Factors Patients  Frequency (%)
No particular condition 13 29.5
Infection or fever 23 52.3

Upper respiratory tract infection 5 114
Unspecified fever, flu-like fever 16 36.4
Identified infection: mycoplasma 1 2.3
Ascare 1 2.3
Alcohol consumption 1 2.3
Mental stress 3 6.8
Physical exertion 1 2.3
Argument with family 1 2.3
Carbon monoxide poisoning 1 2.3

Parent and caregiver recall of precipitating events for an initial episode
of hypersomnia are provided. More than one could be provided per
participant.

Table 2—Presenting symptoms in 44 patients with Kleine-Levin
syndrome.

Symptoms Patients Percentage (%)
Hypersomnia 44 100
Forgetfulness 31 71
Decreased appetite 26 59
Juvenile behavior 24 55
Depression 18 4
Irritability 15 34
Hypersexuality 8 18
Compulsions (sing, write, pace) 5 1"
Overeating 4 9
Hallucinations 4 9

Symptoms on clinical assessment to the referral center reflect the
ancillary features of Kleine-Levin syndrome in a northern China cohort
as collected in an internal medicine/sleep center.

Table 3—CSF orexin-A levels over two episodes of relapse and remission of hypersomnolence in three participants.

Episode 1 Episode 2
Relapse Remission  Relapse/Remission Relapse Remission  Relapse/Remission
Patient (pg/ml) (pg/ml) Change (%) (pg/ml) (pg/ml) Change (%)
1 210.6 305.7 68 181.6 282.2 64
2 207.2 266.3 77 267.7 290.6 92
3 142.2 533.4 26 338.4 399.7 85
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Figure 2—Three 24-h profiles of systolic (A) and diastolic (B) blood pressure and heart
rate (C) represent collection of ambulatory values in 24 patients in and out of the episodic
clinical state. Data are presented as the mean + standard deviation. Significance levels
are presented in the text and the circadian analysis presented in Table 4. BP, blood
pressure; HR, heart rate; bpm, beats per minute.

were all lower in the symptomatic state than that
in remission (all: P < 0.01). Within this group, 18
had CSF orexin A levels measured before or after
the diurnal recordings, and all exhibited values of
blood pressure and HR in the disease state lower
than in remission. Values calculated over the 24-h
day (Table 4) found the mesor (mean values) for
cardiovascular tone were different (lower) in the
clinical phase; only in HR was the amplitude
swing over the 24 h different between episodes.
Peak, trough, and fit were higher in remission than
in the hypersomnia episode (data not shown).

DISCUSSION

In this relatively large Northern Chinese cohort
with the rare syndrome of KLS, we found char-
acteristic episodic sleepiness associated with a
reduction in CSF orexin A levels. Furthermore,
CSF levels will fall a second time upon a second
hypersomnia episode. We further show that
symptoms and lower levels are associated with
objective changes in autonomic functions, con-
sistent with known actions of the peptide.

The 1.8:1 ratio of males to females and child-
hood and adolescent age of onset of this cohort
is consistent with the existing literature.! Unlike
Western samples, however, the BMI was within
the normal population range. In addition, there
was a relatively low prevalence of reporting of
hypersexuality and hyperphagia and greater
reporting of a decreased appetite.! Such differ-
ences from Western reports may result from cul-
tural factors, effects of genetic background, or
publication bias, but these clinical features, like
hypersomnia, remit with recovery.

The current report indicates that blood pres-
sure and HR are reduced in relapse. A lower blood
pressure and a non-dipping pattern is observed in
narcolepsy, compared to healthy controls,” and
in narcolepsy orexin deficiency was the primary
predictor of a blunted HR response to arousals
in both non-rapid eye movement and rapid eye
movement sleep.?? In animal models there are
similar trends of decreasing and increasing auto-
nomic tone with decreased and increased peptide
levels or actions.?** In the current study, there
was reduced diurnal blood pressure and reduced
circadian mesor during episodes, but circadian
peak and trough were not affected. A potential
confounder in a relationship between reduced
CSF orexin levels and cardiovascular tone in
human disorders of hypersomnolence would be
the effects of sleep length and inactivity, which
might also result in a lowering of HR and blood
pressure. More detailed activity profiles in these
disorders might be informative.

daytime (06:00—22:00), nocturnal time (22:00—6:00), and 24-h A chronically low CSF orexin level is the signature feature of
levels of systolic blood pressure, diastolic blood pressure,and HR ~ narcolepsy with cataplexy,'’ and of all reports there is only one
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Table 4—Diurnal fitting of diurnal blood pressure and heart rate (cosinor summary).

heart rate; bpm, beats per minute.

Mesor Amplitude
SBP (mmHg)  DBP (mm Hg) HR (bpm) SBP (mmHg)  DBP (mm Hg) HR (bpm)
Remission 1M11.1£13.6 69.4 +8.9 78.0+11.6 19.5+11.0 16.8 £10.1 36.1£18.1
Relapse 1014 +8.9 61.8+6.2 67.5+10.6 129+12.0 126 £ 11.0 20.7 £ 131
P 0.001 0.001 0.00001 0.064 0.189 0.002

Values are presented as mean + standard deviation. This table provides values for mesor (median values) and the amplitude (swing in values) from a
cosinor analysis of blood pressure and heart rate values over time (as shown in Figure 2). SBP, systolic blood pressure; DBP, diastolic blood pressure; HR,

case of spontaneous clinical remission.” In the current study,
orexin levels were almost always above the limit considered
diagnostic for narcolepsy (Figure 1). This subtle change could
explain the inconsistency of stereotypic narcoleptic-like labo-
ratory findings in KLS patients, and some reports of a “normal”
CSF orexin. The etiology of narcolepsy with cataplexy in-
volves an interaction between an environmental trigger and a
genetically susceptible host, resulting in symptoms and a loss
of orexigenic neurons in the hypothalamus.” In KLS, there are
no such susceptibility markers. Nevertheless, an association
with an environmental trigger is still possible, as suggested by
a recent report of KLS associated with mild upper respiratory
tract infections in a population-based study from Taiwan.?
Orexin measurements in other hypersomnolence syndromes
do not show as unique an association as it does here in KLS.
For instance, orexin CSF levels may be normal in patients
with Parkinson disease and hypersomnia, not explained by an-
other disorder.?® In patients with Guillain-Barré syndrome and
sleepiness, one-third can have undetectable orexin levels, an-
other one-third had moderately reduced levels, and one-third
had levels in the normal range.”” Recently, an interaction be-
tween beta-amyloid and orexin CSF levels was observed dis-
tinguishing symptoms in patients with Alzheimer disease, and
higher orexin levels were associated with agitation.”® In non-
KLS disorders other peptides are suspected to be relevant to
the symptom of sleepiness/alertness. Histamine, a somnogenic
peptide, while in normal range in sleep apnea,'** may be low
in narcolepsy without the presence of a very low orexin level.*
Another marker, lipocalin-type prostaglandin D synthase (L-
PGDS), a brain enzyme that determines the level of prosta-
glandin D,, a substance with endogenous somnogenic effects,
has been studied in narcolepsy but reports are nonconclusive:
low values in one report,’' and increased values in another.*
Although we report in KLS a consistent decrease and increase
in CSF orexin levels with relapse and remission, we cannot
exclude the actions of other peptides or neurotransmitters.
This large cohort is restricted geographically, and different
from Western Hemisphere cohorts in terms of ethnic back-
ground and/or ecological circumstance in which the illness
develops. The landscape of clinical presentations in this rare
discase was assessed in a single center, with somewhat different
results from those described in Western cohorts. Within this co-
hort, those consenting to CSF levels and/or blood pressure moni-
toring did not appear clinically different from the whole group;
nevertheless, a hidden bias might have led participation in or
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consent for CSF results. In addition, we performed assessments
using sleep questionnaires, without psychiatric assessments that
might tease out cognitive features such as derealization, apathy,
etc., in and out of the hypersomnia episode.* As in other rare dis-
orders, there is a need for an international, multidisciplinary ef-
fort to develop standard assessments for studies of pathogenesis.

The current findings in KLS do not indicate an etiology, but
are translationally relevant by connecting relapsing hypersomnia
to cardiovascular downregulation and reductions in CSF orexin
A. Because KLS is rare, its treatment is currently empiric.” The
case reports of success with lithium, modafinil, clarithromycin,
acetazolamide, etc. presumably are not acting directly on the
orexinergic system, and success could be explained as much by
spontaneous recovery as by physician action.*3-%
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