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Abstract: Idiopathic hypersomnia was first described in 1976 under two forms: polysymptomatic, characterized by excessive daytime
sleepiness, long and unrefreshing naps, nocturnal sleep of abnormally long duration and signs of sleep drunkenness upon awakening;
monosymptomatic, manifested by excessive daytime sleepiness only. Yet, after 45 years, this sleep disorder is still poorly delineated
and diagnostic criteria produced by successive International Classifications of Sleep Disorders are far from satisfactory. The first part
of this review is a historical account of the successive names and descriptions of idiopathic hypersomnia: monosymptomatic and
polysymptomatic idiopathic hypersomnia in 1976; central nervous system idiopathic hypersomnia in 1979; idiopathic hypersomnia in
1990; idiopathic hypersomnia with and without long sleep time in 2005; idiopathic hypersomnia again in 2014; and, within the last few
years, the proposal of separating idiopathic hypersomnia into a well-defined subtype, idiopathic hypersomnia with long sleep duration,
and a more heterogeneous subtype combining idiopathic hypersomnia without long sleep duration and narcolepsy type 2. The second
part is a critical review of both current ICSD-3 diagnostic criteria and clinical features, scales and questionnaires, electrophysiological
and circadian control tests, research techniques, currently used to diagnose idiopathic hypersomnia. The third part proposes
a diagnostic evaluation of idiopathic hypersomnia, in the absence of biologic markers and of robust electrophysiological diagnostic
criteria.

Keywords: central disorders of hypersomnolence, idiopathic hypersomnia, idiopathic hypersomnia with long sleep time, idiopathic
hypersomnia without long sleep time, idiopathic hypersomnia with long sleep duration, idiopathic hypersomnia without long sleep
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Introduction

Idiopathic hypersomnia (IH) is a chronic neurological disorder clinically characterized by excessive daytime sleepiness
frequently accompanied by altered wakefulness, long unrefreshing naps, abnormally prolonged nocturnal sleep, sleep
drunkenness (a severe manifestation of sleep inertia), autonomic and cognitive symptoms. The condition is
a heterogenous entity. Clinical and electrophysiological diagnostic criteria presented in the successive diagnostic
classifications of sleep disorders have varied from one classification to the next one and still deserve improvement. IH
most often begins during adolescence or young adulthood. Prevalence of IH is unsettled due to the absence of biomarkers
and of a clear consensus on the frontiers of the condition. However, cohorts of patients published by different sleep
disorders centers suggest a prevalence lower than the one of narcolepsy. In contrast, the prevalence of “excessive quantity
of sleep” defined as a night sleep period or a 24h sleep duration higher than or equal to 9 hours, accompanied by
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complaints of impaired functioning or distress due to excessive sleep, was observed in 1.6% of a large sample of 15.929
non-selected individuals.! Thus, even if presumably not all of these subjects met diagnostic criteria for IH, it is clear that
some symptoms of [H are not uncommon in the general population. According to several cohorts, there is a higher
prevalence of IH in women.”> Approximately one-third of the patients have a positive family history of IH in favor of
a genetic contribution to TH.** However, no association with HLA has been evidenced. In this article, we will first give
a historical account of the successive descriptions of the disorder, then review the current diagnostic criteria and
approaches with their strengths and weaknesses, and finally propose a diagnostic evaluation of the condition in the
absence of biological markers and of robust electrophysiological criteria.

Historical Account

The knowledge of diseases with excessive daytime sleepiness has a relatively short history. Fifty years ago, the attention
was focused mainly on narcolepsy, while other conditions were neglected. Thus, it goes without saying that the
classification of hypersomnias including narcolepsy, hypersomnia and the subwakefulness syndrome proposed by the
Czechoslovak neurologist Bedrich Roth, in 1976, was of major interest.” Hypersomnia was recognized as either
symptomatic, due to organic affections of the brain, general metabolic affections as well as intoxications, or functional,
including IH, neurotic hypersomnia and hypersomnia with disorders of respiration during sleep. IH was in turn
subdivided into two forms, a polysymptomatic form characterized by prolonged night sleep of a duration of 12 to 18
hours or even more, diurnal sleep attacks if the patients are left undisturbed, sleep drunkenness occurring at every
awakening, and a monosymptomatic form manifested by “’states of excessive diurnal sleep of a duration of one to several
hours, not so irresistible as in narcolepsy”. This classification had been heralded by important contributions, description
of sleep drunkenness, a major difficulty in awakening, as soon as 1956° and successive clinical and polysomnographic
entities suggestive of either IH without affiliation status’ ° or IH polysymptomatic form.'%'" Three years after the initial
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description of IH with its two forms, the “Diagnostic Classification of Sleep and Arousal Disorders
“idiopathic CNS hypersomnia”, merging the two forms of idiopathic hypersomnia and mentioning that symptoms such as
total nocturnal sleep time of long duration or great difficulty in awakening affected many of the patients. Importantly,
polysomnographic monitoring failed to uncover either sleep onset REM periods (SOREMPs) or excessive apneas. In
1990, the International Classification of Sleep Disorders' came back to the term IH and recognized alike a single form of
the disorder, with a variable frequency of the different symptoms. Polysomnographically, one or more of the following
had to be present: 1) A sleep period that is normal or prolonged in duration; 2) Sleep latency less than 10 minutes; 3)
Normal REM sleep latency; 4) Multiple sleep latency test (MSLT) that demonstrates a sleep latency less than 10
minutes; 5) Less than two SOREMPs on the MSLT. In 1997, Bassetti and Aldrich,'* on a purely clinical basis, identified
three forms of IH, classic, referring to patients who tend to have sleepiness that is not overwhelming, who take long non-
refreshing naps up to a several hour duration, who have prolonged night-time sleep and have difficulty in awakening in
the morning; narcoleptic-like, referring to patients with overwhelming hypersomnolence, who take short refreshing naps
and awake without difficulties; and mixed, referring to patients with clinical features intermediate between the two other
groups. One year later, also on a clinical basis, Billiard et al'> suggested returning to Roth’s initial distinction, replacing
the terms polysymptomatic and monosymptomatic by the terms complete and incomplete and adding ICSD electro-
physiological features. In 2002, a revision of the ICSD was initiated by the board of directors of the American Academy
of Sleep Medicine and a Task Force on hypersomnias of central origin, not due to a circadian rhythm sleep disorder, sleep
related breathing disorder, or other causes of disturbed nocturnal sleep, was appointed. A large majority of members of
the Task Force agreed to separate IH into two subgroups, one characterized by excessive daytime sleepiness, prolonged
nocturnal sleep and difficulty in awakening and one remarkable for excessive daytime sleepiness only. Eventually, the
two conditions were referred to as idiopathic hypersomnia with long sleep time (IHWLST) and idiopathic hypersomnia
without long sleep time (IHwoLST) in the second edition of the International Classification of Sleep Disorders (ICSD-
2).'® Polysomnographically, IHWLST should demonstrate a major sleep period longer than 10 hours and, if an MSLT is
performed following overnight polysomnography, a mean sleep latency of less than 8 minutes and fewer than two
SOREMPs. In the case of IHwoLST, polysomnography should document a major sleep period that is normal (longer than
6 hours but less than 10 hours) and an MSLT demonstrating a mean sleep latency of less than 8 minutes and fewer than
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two SOREMPS. However, ICSD-2 included shortcomings such as the cut-off of 8 minutes for the mean sleep latency,
just a matter of expert opinion.'” Moreover, the distinction between IHwLST and IHwoLST was challenged by the

%19 and a mean sleep latency on the MSLT of shorter than 8

absence of clinical symptoms specific to one subgroup,
min in 40 patients with IH and of 8 min or longer in 32 patients with IH, without any difference in the other clinical and
polysomnographic parameters in the first study,'® and the normality (> 8 min) of the mean sleep latency in 71% of
patients with IHWLST in the second study.'® Thus, the latter released International Classification of Sleep Disorders - 3rd
edition (ICSD-3) abandoned the distinction between IHWLST and IHwoLST on clinical and MSLT grounds.*® However,
ICSD-3 somewhat neglected the clinical diagnostic criteria of the condition and settled two detailed electrophysiological
diagnostic criteria qualified by three electrophysiological notes, the last of which calling for clinical judgment in deciding
whether patients with a MSLT mean sleep latency longer than 8 min and total 24-hour sleep time shorter than 660 min
should be considered to have IH. Overall, ICSD-3 did not look fully satisfactory, neither from a clinical point of view,
clinical diagnostic criteria being reduced to a minimum, nor from an electrophysiological point of view, given the
numerous and unsure electrophysiological diagnostic criteria. Last, but not least, IH diagnostic criteria according to
ICSD-3 were close to narcolepsy type 2 (NT2) diagnostic criteria and the frontier between the two disorders was fuzzy.
Hence, sustained efforts in the last few years to identify better narcolepsy type 1 (NT1), NT2 and IH. The first one was
a data-driven cluster analysis based on clinical, polysomnographic and MSLT variables in a population of 96 patients
diagnosed with narcolepsy with cataplexy (NwC) (n=23), narcolepsy without cataplexy (NwoC) (n=22), IHWLST (n=26)
and IHWoLST (n=25) according to ICSD-2 criteria.”’ This study led to the identification of three main clusters of central
hypersomnia, namely cluster 1: combined IHwoLST/ NT2 (n=44); cluster 2: IHWLST (n=27) and cluster 3: NT1 (n=23).
Following this cluster analysis, at the 7th International Symposium on Narcolepsy held in Massachusetts in the late 2018,
a group of specialists gathered to reassess the 2014 ICSD classification of narcolepsy and IH. They proposed, based on
available data, that idiopathic hypersomnia with long sleep duration (IHWLSD) should be an identifiable and meaningful
sleep disorder, while NT2 and idiopathic hypersomnia without long sleep duration (IHwoLSD) should be merged into
a single disorder.”” Besides, a group of European experts published an important “position paper” aimed at discussing
shortcomings in the approach and structure of ICSD-3 in general, with subsequent focus on the chapter on “Central
disorders of hypersomnolence” in order to improve a future version of ICSD-3.>* Eventually, based on data from the
Hypersomnia Foundation Registry, including 563 registry respondents with IH (n=468), NT2 (n=44) and NT1 (n=51),
symptoms were compared between IHWLSD and IHwoLSD participants and it was found that “brain fog” and sleep
drunkenness were more frequent in those with long sleep duration.”* More recently, with the help of a structured
interview completed with information about disease history and a set of questionnaires and scales, a cohort of 43 patients
with TH was divided into 25 patients with [HwoLSD and 18 patients with IHWLSD.? In so doing, the authors could
confirm that patients with IHWLSD differed clinically as well as by objective measures from patients with IHwoLSD, at
the time of diagnosis and on long-term follow-up. Altogether, the historical account of IH shows a constant oscillation
between a presentation of IH under two forms, polysymptomatic with a long night sleep duration and monosymptomatic
without a long night sleep duration, or under one form with daytime and nighttime symptoms of variable frequency. It
also shows an evolution from purely clinical diagnostic criteria to progressively less clinical diagnostic criteria and more
electrophysiological diagnostic criteria in the successive classifications of sleep disorders and, eventually, during these
last years, the emergence of a well defined IHWLSD well separated from an IHwoLSD very close or similar to NT2
(Table 1).

Critical Review of ICSD-3 Clinical and Electrophysiological Diagnostic
Criteria and of Symptoms, Questionnaires and Scales, Electrophysiological
and Circadian Control Tests, Research Techniques, Currently Used in
Patients Suspected of IH

Symptoms

ICSD-3 clinical diagnostic criteria are clearly insufficient. Diagnostic criterion A for IH patients: “The patient has daily
periods of irresistible need to sleep or daytime lapses into sleep occurring for at least 3 months” is the same as for NT1
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Table | Idiopathic Hypersomnia: Historical Account

Authors (year)

Main Features

Roth (1956)°

Sleep drunkenness

Dement, Rechtschaffen, Gulevich (|966)7

Subjects with excessive sleepiness, but neither cataplexy nor SOREMPs, should be relegated to

another diagnostic category

Berti-Ceroni et al (1967)®

Clinico-polygraphic considerations on essential ““slow sleep” narcolepsy

Passouant et al (1968)°

NREM narcolepsy

Rechtschaffen and Dement (1969)'°

Hypersomnia remarkable for
- daytime sleep not as irresistible as that of narcolepsy, but usually lasting much longer
- absence of disturbed nocturnal sleep, but a profound extension of it
- post dormital confusion characterized by major difficulty in coming to full wakefulness following

nocturnal sleep

Roth and Nevsimalova (1972)"'

Hypersomnia with sleep drunkenness

Roth (1976)°

Idiopathic hypersomnia with two forms, polysymptomatic and monosymptomatic

Diagnostic Classification of Sleep and
Arousal Disorders (1979)'?

Idiopathic CNS hypersomnolence (one form)

ICSD (1990)"

Idiopathic hypersomnia (one form)

Bassetti and Aldrich (1997)"*

Idiopathic hypersomnia with three forms, classic, narcoleptic-like and mixed

Billiard et al (1998)'*

Idiopathic hypersomnia with two forms, complete and incomplete

ICSD 2" ed (2005)'¢

Idiopathic hypersomnia with two forms, with and without long sleep time

ICSD 3" ed (2014)%°

Idiopathic hypersomnia (one form)

Sonka, Susta, Billiard (2015)'

Three main clusters of central hypersomnias
1) Combined idiopathic hypersomnia without long sleep time/Narcolepsy type 2
2) Idiopathic hypersomnia with long sleep time
3) Narcolepsy type |

Fronczek et al (2020)*

Idiopathic hypersomnia with long sleep duration appears to be an identifiable and meaningful disease

subtype.

Idiopathic hypersomnia without long sleep time and narcolepsy without cataplexy share substantial

phenotype overlap and cannot reliably be distinguished with current testing.

Lammers et al (2020)%

European initiative to facilitate a structured discussion to improve the next edition of the ICSD,

particularly the chapter on central disorders of hypersomnolence.

Trotti et al (2020)**

Hypersomnia Foundation Registry: “Brain fog”, poor memory and sleep drunkenness all present in
most idiopathic respondents, with brain fog and sleep drunkenness more commonly endorsed by

idiopathic hypersomnia respondents with long sleep duration.

Nevsimalova et al (2021)*

Idiopathic hypersomnia patients with long sleep duration differ clinically as well as by objective
measures, at the time of diagnosis and in long-term follow-up, from idiopathic hypersomnia without

long sleep duration.

Abbreviation: ICSD, International Classification of Sleep Disorders.

and NT2 patients, whereas the experience of hypersomnolence may differ qualitatively in IH patients, many of them

complaining of a rather continuous, non-imperative hypersomnolence. Second, severe sleep inertia and long unrefreshing

naps appear only as notes.?’
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Questionnaires and Scales

Some questionnaires and scales are of interest whatever the subtype of IH: the Epworth sleepiness scale, a subjective
assessment of excessive daytime sleepiness>®; the Beck depression inventory questionnaire to exclude depression;?’ the
idiopathic hypersomnia severity scale, a recently designed scale that has proved to be correlated with daytime
sleepiness, depression symptoms and quality of life in patients with IH;*® the composite autonomic symptom score
31 (Compass-31),* a widely used questionnaire that provides a quantitative assessment of the severity and distribution
of autonomic symptoms, which has shown a great symptom burden in the orthostatic and vasomotor domains in IH;*
the section on non-sleep problems containing an auto-questionnaire designed by Vernet et al,>' showing attention
deficit, difficulties focusing on their task in a loud environment and memory problems more frequent in patients with
IH than in controls; psychomotor vigilance test,*” a reliable and objective measure of sleep inertia showing that sleep
inertia is more frequent in patients with IH, 56.5%, than in patients with non IH (patients with narcolepsy, non
specified hypersomnolence, obstructive sleep apnea and insomnia), 43.6%.>* Other questionnaires are of more value in
as much as they may orient towards IHWLSD: the fatigue severity scale,”* which has shown a higher score in patients
with ITHWLSD in comparison with patients with IHwoLSD;25 The Horne and Ostberg morningness-eveningness
questionnaire, the most widely used questionnaire to measure chronotype,” which has shown a lower score
(p=0.001) in patients with IHWLSD in comparison with patients with IHwoLSD;* and the sleep inertia
questionnaire®® showing a higher score in patients with IHWLSD (p=0.007) in comparison with patients with
[HwoLSD.>

Electrophysiological Tests

Multiple Sleep Latency Test (MSLT)

The ICSD-3 electrophysiological criteria of IH still rely heavily on the mean sleep latency and the number of SOREMPs
on the MSLT, and on the total 24-hour sleep time measured by a 24-hour polysomnographic monitoring or by a wrist
actigraphy in association with a sleep log despite the limits of these tests. The MSLT being the gold standard to measure
excessive daytime sleepiness, this test was chosen to measure the excessive sleepiness characterizing IH. However,
several caveats apply and challenge the relevance of this test in the case of IH. Awakening the patient in the morning in
view of the following MSLT sessions precludes documenting a possible prolonged night sleep and the MSLT sessions
preclude recording of possible prolonged unrefreshing daytime sleep episodes.’” Some of the IH patients, those affected
by the form with long sleep duration, suffer from altered alertness not explored by the MSLT.>* The cut-off used for IH,
the 8 min threshold, was copied from narcolepsy diagnostic criteria for reason of simplicity even if not tailored for this
condition. As previously indicated, the validity of the mean sleep latency during the MSLT in diagnosing IH was brought
into question in two successive studies.'®'? Forty out of 72 patients with IH had a mean sleep latency less than 8 min, but
32 out of the 72 a mean sleep latency of 8 min or more in the first study'® and 46 out of 75 patients with IH a mean sleep
latency less than 8 min, but 29 of the 75 a mean sleep latency of 8 min or more in the second study.'” Moreover, as
mentioned above, two studies recently questioned the consistency of the MSLT overtime.®>° The first one included 13
patients with TH, 7 patients with NwoC and 16 subjects with physiological hypersomnia, who underwent MSLT at an
interval of 4.2 + 3.8 years.>® A change in diagnosis occurred in 53% of the patients in relation with a change in the mean
sleep latency or in the number of SOREMPs. The second one, included 28 patients with IH, 33 with NT2, 14 with
unspecified excessive daytime sleepiness and 22 with NT1, who underwent MSLT at a 1.9-year interval (range 0.02—-11.9
years).”” The repeatability in the patients with NT1 (81.3%) was significantly higher than in the patients with NT2
(47.1%), IH (25.0% only) and unspecified excessive daytime sleepines (42.1%). Thus, patients with IH and NT2 show
a poor test—retest reliability of the MSLT.

24-Hour and 32-Hour Polysomnographic Monitoring

Several 24-hour ad Ilibitum polysomnographic protocols for capturing excessive sleep duration have been
developed.'>'?*% A first protocol including night 1 (10:30 pm—7:30 am) followed by an MSLT (day 1) and then,
from 6:30 pm to 6:30 pm the next day (night 2 and day 2) an ad /ibitum monitoring, was developed by Billiard et al as
soon as 1998 and used routinely in Montpellier.'> This protocol was re-used with slight modifications by Vernet and
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Arnulf in 2009, but for the first time, these authors provided normative values for the duration of sleep during an ad
libitum 24h continuous monitoring in 35 healthy controls. Compared with controls, the limit of 11 hours of sleep
presented the best sensitivity (72%) and the best specificity (97%) to discriminate IH patients from controls. A second
protocol including an ad libitum monitoring of sleep during the first 48 hours (day 1, night 1, day 2 and night 2) followed
by an MSLT on day 3, was then proposed by Pizza et al.* However, this protocol did not provide normative values.
Each of these two protocols had advantages and disadvantages, but both of them lacked standardization regarding the
level of physical and social activity during the ad libitum procedure. Hence, the interest and value of a more recent 32-
hour controlled bed rest protocol, including one night polysomnography (11 pm to 7 am) followed by a “modified
MSLT” (5 nap opportunities every 2 hours, between 9 am and 5 pm, with the subjects awakened after 1 min of sleep),
followed by a 32-hour bed rest protocol (night 1, 11 pm-7 am; daytime, 7 am-11 pm; night 2, 11 pm-7 am), the aim of the
bedrest condition being to obtain a maximum amount of sleep in totally standardized conditions, avoiding any form of
external influences. This protocol was tested in 37 clear-cut patients with IH, 79 probable patients with IH and 21
controls. Receiver operating characteristic curves were used to find total sleep time cut-off values. The total sleep time
cut-off discriminating clear-cut patients with IH from controls was 19 hours for the 32-hour recording (sensitivity
91.9%, specificity 85.7%) and 12 hours (sensitivity 100%, specificity 85.7%) for the first 24 hours. Noteworthy, patients
with IH above the 19-hour cut-off had more sleep inertia and had higher total sleep time on all periods compared to
patients below 19 hours. However, a limitation of this test is its complexity, making it difficult to be performed in most
sleep clinics around the world.

Actigraphic Monitoring

Actigraphic monitoring plays a major role in order to rule out insufficient sleep syndrome and circadian rhythm sleep/
wake disorders. In regard, studies using actigraphic monitoring in central disorders of hypersomnolence are scarce.
Recently, 33 patients with a diagnosis of IH underwent ad libitum polysomnography with concurrent use of Actiwatch
2.4 Actiwatch 2 sleep-wake activity threshold (SWAT) and sleep immobility onset and offset (SIOO) duration were
modified during data processing. Low SWAT + 25 epochs SIOO displayed the least divergent from polysomnographic
monitoring (mean difference 3.4 + 8.72 min). Higher SWAT and lower SIOO increased sensitivity and accuracy, at the
expense of reducing specificity and the ability to accurately estimate total sleep time. However, as pointed out by Trotti,
only a fraction of these subjects fulfilled the ICSD-3 criteria of IH.*’

In-Depth Analyses of Nocturnal Sleep and MSLT
These analyses have been developed to help the diagnosis of central disorders of hypersomnolence. Here we will
concentrate on analyses of interest for IH.

Analysis of sleep latencies to the occurrence of the first epoch of sleep stage 1 NREM and of three consecutive sleep
stage 1 NREM epochs or any other single epoch was performed in 44 patients with NwC, 7 patients with NwoC and 16
patients with TH.** TH patients showed significantly longer latencies to the occurrence of three consecutive sleep stage 1
NREM epochs or any other single epoch than to the occurrence of the first epoch of sleep stage 1 NREM compared to
patients with NwC and NwoC. Analysis of eleven variables of the nocturnal polysomnography in 101 patients diagnosed
with NwC (n=24), NwoC (n=38), IHWLST (n=21) and behavior-induced inadequate sleep syndrome (n=18) showed
a higher proportion of sleep stage 3 (p<0.05) in patients with NwoC and IHWLST.* Pizza et al compared sleep
architecture in 19 patients with IHwoLST, 17 patients with NwC and 13 controls.*® Patients with IHwoLST had increased
time in bed, sleep period time and total sleep time, and decreased sleep onset latency in comparison with normal controls
and increased in number of stage shifts, number of awakenings and sleep stage 1 percentage in comparison with controls
and patients with NwC. Comparison of the macro and microstructure of sleep in a sample of NT1 (n=24), NT2 (n=3 and
IH (n=25) patients and a snoring reference group of 24 subjects showed a higher sleep efficiency (p < 0.05) and a lower
wake after sleep onset (p < 0.01) in patients with IH, but similar arousal indices in comparison with patients with NT1.%’
Maski et al checked if patients with NT1 (n=46), NT2 (n=12) and IH (n= 18) had distinct nocturnal sleep stability
measures (number of wake and sleep stage bouts) in comparison with subjectively sleepy controls (n=48).** They found
out that patients with IH had a similar number of bouts but better survival of stage N2 bouts (p=0.001) and shorter stage
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N3 bouts in the first 8 hours of sleep (p=0.003). Altogether, these analyses bring reliable statistics polysomnographic and
MSLT features with potential application at the individual level, but only for supportive purpose.

Circadian Control Tests

In a study by Nevsimalova et al salivary samples of melatonin and cortisol were taken over a 24-hour period from 15
patients with THWLST and sleep drunkenness and from 15 controls, and measured by direct radioimmunoassay.*’
Remarkably enough, the melatonin and cortisol rhythms in patients with IHWLST were significantly phase delayed in
comparison with those in control subjects. More recently, urine melatonin metabolites were measured in patients with
IH.° A long biological night was demonstrated at 16 = 1.2 hours. Of note, the biological night was normal at 9 hours or
less in 10 patients, possibly in relation with the presence of both patients with IHWLST and with IHwoLST in the

sample.

Research Techniques

Advances in neuroimaging, investigations of the diurnal dynamics of circadian clock gene expression and measure of an
endogenous positive allosteric modulator of GABA-A receptors in the cerebrospinal fluid (CSF) open up the possibility
for new powerful tools to be applied to clinical populations in order to improve the diagnosis of IH.

Neuroimaging

Boucetta et al used SPECT in 13 patients with IH following ICSD-3 criteria.”' They found two opposite patterns of rCBF
perfusion, a lowered rCBF in medial prefrontal cortex, posterior cingulate cortex and putamen and an increased rCBF in
the left amygdala and temporo-occipital cortices. Lowered rCBF in the medial prefrontal cortex was associated with
higher self-reported daytime sleepiness as reflected by ESS score. Dauvilliers et al used [18F] fludeoxyglucose-PET in 6
patients with NT1, 9 patients with IH according to ICSD-3 and 13 healthy controls.”®> They found an increased
metabolism in the anterior and middle cingulate and in the insula in the two pathological conditions as compared with
healthy controls. Comparisons between patient groups were non-significant. Trotti et al used fluorodeoxyglucose-PET in
14 patients with NT1, 16 patients with IH and 9 controls.” They found somewhat overlapping, but distinct patterns of
regional metabolism. Overall, neuroimaging findings showed inconsistent results likely due to insufficiently defined
phenotypes of the patients, that is [H with insufficient affiliation status, and thus, at this point, cannot serve to improve
the diagnosis of IH.

Investigation of the Diurnal Dynamic of Circadian Clock Gene Expression

As soon as 2011 an association study was performed in 86 patients suffering from excessive sleepiness to analyze
whether there is a genetic predisposition resulting from the involvement of sequence variants in the genes CRY1,
CRY2 and BMAL1.’* One polymorphism was detected in CRY1, which was associated with excessive sleepiness
regardless of the underlying specific sleep disorder and was not present in the control group. This result suggests
that CRY'1 could play a role in the complex genetics of hypersomnias of central origin. Later on, dermal fibroblasts
have been used and have produced fascinating evidence that key circadian genes are abnormally expressed in IH.
Ten patients with IH were chosen after rigorous diagnostic evaluation including clinical, polysomnographic and
MSLT criteria.”> Dermal fibroblasts were obtained by skin biopsy. The expression of key circadian proteins was
measured over two consecutive 24-hour periods and compared to concentrations in a healthy control group. The
circadian amplitudes of the expressed genes BMALI, PERI and PER2 were decreased in fibroblasts of patients with
IH as compared to those of healthy controls. Posteriorly, Materna et al examined the circadian period length of
dermal fibroblasts in 15 patients with IH according to standard criteria of ICSD-3.°® Circadian period length of
fibroblasts was measured using a lentiviral bioluminescence assay that transfected a luciferase gene under the control
of BMAL1 promoter into human fibroblast cells. Patients with IH had significantly longer circadian period lengths
than controls.
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Endogenous Positive Allosteric Modulator of GABA-A in the CSF

In 32 subjects presenting for evaluation of a suspected primary hypersomnia including IH, NwC, subjective hypersomnia
and long sleeper, Rye et al showed that CSF from these subjects facilitated the binding of GABA-A to the GABA
receptor in vitro, which was not the case with CSF from control subjects.’” The bioactive CSF compound had a mass of
500 to 3000 daltons. This finding is of special interest but would benefit from being performed and compared in
homogeneous groups of patients with NT2, IHWLSD and IHwoLSD, long sleepers and controls.

Proposal for Diagnostic Evaluation of ldiopathic Hypersomnia in the
Absence of Biological Marker and of Robust Electrophysiological Criteria
First Step of the Diagnostic Evaluation: Rule Out Other Causes of Hypersomnolence

by Interview, Physical Examination, Questionnaires and Laboratory Tests

Insufficient sleep syndrome by interview and sleep log; circadian rhythm sleep disorder by interview, sleep log, Horne
and Ostberg morningness-eveningness questionnaire,®> or Munich questionnaire;*® obstructive sleep apnea syndrome by
interview, Berlin questionnaire,®® physical examination and home sleep respiration testing/polysomnography; hypersom-
nolence associated with psychiatric disorders, major depressive disorder, bipolar 1 and 2 disorders, and schizoaffective
disorder, by Beck depression inventory”’ and evaluation by a psychiatrist involved in sleep medicine; hypersomnolence
due to a medical condition such as traumatic brain injury, infectious disease, endocrine disorder, by interview, physical
examination and relevant laboratory tests.

Second Step: Diagnosis of IH

In the absence of biological markers and the relative inconsistency of the results of the MSLT, except in the case of NT1,
clinical interview should have the first place in the diagnosis of IH, IHWLSD and IHwoLSD. It should include
interviewing patients about excessive daytime sleepiness and decreased alertness, duration and refreshing quality of
naps, duration and quality of nocturnal sleep, degree of sleep inertia; looking for the presence of cognitive symptoms
such as attention and memory deficit, limited mental endurance, inappropriate conversation entries; questioning about
autonomic symptoms, particularly in the orthostatic and vasomotor domains; assessing comorbidities and eliminating
cataplexy.

Questionnaires and scales should include some or all of the following, according to clinical features: Epworth
sleepiness scale;?® Beck depression inventory;”’ idiopathic hypersomnia severity scale;*® vigilance tests, sustained
attention to response task (SART)®® and/or psychomotor vigilance test (PVT) ;** composite autonomic symptom score
(COMPASS 31);*° the section on non-sleep problems of the auto-questionnaire designed by Vernet et al;>' Horne and
Ostberg morningness-eveningness questionnaire;>> Munich chronotype questionnaire;*® fatigue severity scale;** and
sleep inertia questionnaire.*®
Electrophysiological tests remain an important part of the diagnosis in as much as their limitations are taken into

15:1940 51 32-hour controlled poly-

consideration. Classical tests include MSLT, 24-hour polysomnographic recording
somnographic bed rest protocol*' and actigraphic monitoring.** Lammers et al proposed giving them, particularly the
MSLT, a weighting based on their sensitivity and specificity.** In addition, in-depth analyses of nocturnal sleep may have
a supportive value.** *®Circadian control tests, melatonin and cortisol, have value supporting the diagnosis of

IHWLSD.**° Currently, neuroimaging,’'* expression of key circadian proteins in dermal fibroblasts>*>° and measure
of an endogenous positive allosteric modulator of GABA-A in the CSF>’ cannot yet be considered as helpful in the

diagnosis of IH (Table 2).

Conclusion

After wavering between one or two forms of IH during 40 years, recent approaches have given credit to a distinction
between IHWLSD and a more heterogeneous subtype grouping IHwoLSD and NT2. Different tests currently used in the
diagnosis of IH have been reviewed with their strengths and limitations. At present, definite diagnostic criteria of IH are
not yet available, but a body of clinical symptoms, relevant scales and questionnaires, electrophysiological tests of
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Table 2 Diagnostic evaluation of Idiopathic Hypersomnia, in the Absence of Biological Markers and Definite Electrophysiological

Criteria

Clinical interview

Presence or absence of cataplexy

Diagnostic value

Excessive daytime sleepiness and decreased alertness

Diagnostic value

Duration and refreshing quality of naps

Diagnostic value

Duration and quality of nocturnal sleep

Diagnostic value

Sleep inertia or sleep drunkenness

Diagnostic value

Cognitive symptoms

Supportive of IH

Autonomic symptoms

Supportive of IH

Scales and questionnaires

Epworth sleepiness scale?®

Useful to ensure the presence of excessive daytime sleepiness

Beck depression inventory?’

Useful to recognize depression

Idiopathic hypersomnia severity scale®®

Supportive of IH

Vigilance tests (Sustained attention to response test,

psychomotor vigilance task)?>¢°

Supportive of IH

COMPASS 31?°

Supportive of IH

Auto-questionnaire (fifth section)?'

Supportive of IH

Horne and Ostberg questionnaire

Supportive of IHWLSD

The Munich chronotype questionnaire®®

Supportive of IHwWLSD

Fatigue severity scale®*

Supportive of IHwWLSD

Sleep inertia questionnaire36

Supportive of IHwWLSD

Electrophysiological tests

MSLT following night polysomnography

Well-standardized procedure, but low validity of the test and low test-retest reliability

24-hour polysomnographic protocols'>"' 940

Inequally standardized procedures; total sleep time cut-off of || hours discriminating
the best IH patients and controls (sensitivity 72%, specificity 97%)"’

32-hour polysomnographic protocol*'

Standardized and validated procedure; total slee time cut-off of 19 hours discriminating
the best IH patients and controls (sensitivity 92%, specificity 85%)*'
Limited feasability in clinical practice

Actigraphic monitoring*?

Low sleep-wake activity threshold (SWAT) + 25 epochs of sleep immobility onset and
offset duration displayed the least divergent from polysomnography™*

In-depth investigations of nocturnal sleep and MSLT*+~*

Neither sensitive nor specific but supportive

Circadian control tests

; ; : 49
Salivary melatonin and cortisol measurement**°

Neither sensitive, nor specific

Supportive of IHWLSD

Research techniques

Neuroimaging®'~3

Neither sensitive, nor specific, nor supportive

(Continued)
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Table 2 (Continued).

Dermal fibroblasts to explore the expression of key Supportive but complex

circadian proteinss“'56

Research of an endogenous, positive allosteric Neither sensitive nor specific, nor supportive
modulator of GABA-A receptors in the CSF>’

various weighted sensitivity and specificity, and circadian control tests, opens the path for a rather reliable diagnosis of
IH and of its subtypes, IHWLSD and IHwoLSD, despite the absence of biological markers.

Abbreviations

CNS, central nervous system; CSF, cerebrospinal fluid; ESS, Epworth sleepiness scale; ICSD, International Classification
of Sleep Disorders; IH, Idiopathic hypersomnia without affiliation status; IHWLST, idiopathic hypersomnia with long
sleep time (from ICSD-2 to 2020); IHwoLST, idiopathic hypersomnia without long sleep time (from ICSD-2 to 2020);
IHwLSD, idiopathic hypersomnia with long sleep duration (from 2020 on); IHwoLSD, idiopathic hypersomnia without
long sleep duration (from 2020 on); MSLT, multiple sleep latency test; NT1, narcolepsy type 1 (from ICSD-3, 2014, on);
NT2, narcolepsy type 2 (from ICSD-3, 2014, on); NwC, narcolepsy with cataplexy (from ICSD-2, 2005, to ICSD-3,
2014); NwoC, narcolepsy without cataplexy (from ICSD-2, 2005, to ICSD-3, 2014); PET, positron emission tomography;
rCBF, regional cerebral blood flow; SOREMP, sleep onset REM period; SPECT, single photon emission computed
tomography.
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