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Abstract
Objective: To describe in some detail published cases who were diagnosed as atypical Kleine-Levin syndrome 
(KLS), and discuss the validity and usefulness of this diagnostic term.

Methods: The English written literature was reviewed using the search terms Atypical KLS, KLS mimic, KLS like 
and KLS variant. Only reports which provided complete clinical features were reviewed. The present diagnostic 
criteria of KLS were applied in each case and the reasons why each case was considered as atypical were outlined 
in a table form. The cases were grouped according to the primary etiologies which could explain the symptoms 
into infectious, autoimmune, cerebrovascular, head trauma, brain tumor and genetic metabolic disorders. Cases 
in whom we could not establish a definite diagnosis were coined “atypical “and a few which could not be assigned 
to a specific group were coined “miscellaneous”.

Results: Fifty seven reports describing 60 “atypical“ cases were found. Out of those, 14 suffered from a variety 
of medical conditions which could explain the symptomology while in 19 cases a definite diagnosis could not 
reached. Five cases were coined as “miscellaneous” since we could not assign them to a specific group.

Conclusion: The eponym “atypical” KLS, refers to patients in whom a variety of medical disorders were associated 
with sleep-wake disorder, however, it seems appropriate that in such cases the diagnosis should express the primary 
cause of the symptoms rather than suggesting that those cases are a variant of KLS.

Introduction
Kleine Levin Syndrome (KLS), is a peculiar and rare type of 
periodic hypersomnia. The diagnostic criteria as defined in 
the 2014 revised version of the International Classification of 
Sleepiness Disorders, 3rd (ICSD-3), consist of the presence of 
recurrent episodes of unexplained sleepiness lasting from a few 
days to four weeks, which occur at least annually and may or 
may not be accompanied by impulsive and rapid consumption 
of large amounts of food (hyperphagia, ‘‘binge eating”), and 
hypersexuality (Darien, 2014). KLS affects mainly adolescent 
boys and to a lesser extent adolescent girls and young women 
(Gadoth & Oksenberg, 2017). In 1970, Miller was probably 
the first to suggest the possibility of Atypical KLS (AKLS), 
in a patient with clinical features of KLS in whom “a long 
history of serious pre-morbid psychopathology” was recorded. 
He noted that REM sleep deprivation and psychiatric disorders 
can mimic KLS (Miller, 1970). Since then, a significant 
number of reports describing patients with a variety of medical 
disorders showing some similarities to KLS, mainly recurrent 
hypersomnia episodes, were published. It was suggested and 
seems likely that patients with AKLS suffer from damage to 
brain circuits involved in sleep - wake regulation. Thus, in 
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order to be able to precisely diagnose youngsters with KLS it 
is essential to be familiar with the clinical features of AKLS.

Methods
The PUBMED, Medline, Google scholar and Cochrane 
database were searched for English written publications using 
the search terms Kleine Levin Syndrome, Atypical Kliene 
Levin Syndrome, Kleine Levin variant, and Kliene Levin 
mimic. Only publications in the form of case reports, letters or 
meeting abstracts which provided detailed clinical descriptions 
of patients were reviewed. We have used the latest diagnostic 
criteria for ascertainment of the diagnosis of KLS in each case 
(Darien, 2014). Those criteria are the following:
1. Episodes recur usually more than once a year and at least 

once every 18 months
2. The patient has normal alertness, cognitive function, 

behavior and mood between episodes
3. The patient must demonstrate at least one of the following 

during an episode: 
• Cognitive dysfunction 
• Altered perception 
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• Eating disorder (anorexia or hyperphagia) 
• Disinhibited behavior (such as hypersexuality) 
4. Symptoms are not better explained by another sleep, 

medical, neurologic or psychiatric disorder (especially 
bipolar disorder), or use of drugs or medications. 

Results
We have found 57 publications reporting 60 cases (43 males) 
who did not fulfill the above-mentioned diagnostic criteria. 
Twenty-six of those were reported between the years 1972-
2005 during which 2 earlier versions of the diagnostic criteria 
were available (American Academy of Sleep medicine, 2005; 
Throphy, 1990). Twenty of the patients were previously 
considered as AKLS by Arnulf, Billiard or both (Arnulf et 
al., 2005; Billiard et al., 2011). An additional AKLS patients 
was previously mentioned by Gadoth (Gadoth, 2018). We 
did not include in this review 3 case reports (McGilchrist et 
al., 1993; Hasegawa et al., 1998; Reimão & Diamant, 1989), 
considered as AKLS by Arnulf and Billiard (Arnulf et al., 
2005; Billiard et al., 2011), since the authors of those reports, 
stated clearly and correctly that their cases did not suffer from 
KLS or AKLS. We have also omitted the patient reported by 
Miller in 1970 as “atypical”. (Miller, 1970). This case would 
have been diagnosed at present as KLS according to the 2014 
diagnostic criteria mentioned above. We have summarized the 
epidemiological and relevant clinical “atypical” features of 
each case in Table 1 and 2. The 60 cases were divided into 

subgroups according to the primary cause of the symptoms 
i.e., infection, trauma, stroke etc. (Table 1). Similarly, we have 
included in Table 2, cases under the headings “Atypical” in 
whom a variety of clinical features did not meet the present 
KLS diagnostic criteria and “miscellaneous” for cases which 
could not be assigned to a specific group. The largest subgroup 
(Atypical) consisted of 19 patients in whom the characteristics 
of hypersomnia episodes, late onset of symptoms, presence of 
behavioral impairment in-between episodes, or progressive 
intellectual decline noticed since onset of symptoms, did not 
meet the KLS diagnostic criteria. Brain tumors, stroke and 
genetic - metabolic disorders were the cause of symptoms 
in 7 cases. In 5 cases the cause was significant brain trauma. 
There were 14 cases in whom the etiology of symptoms was 
caused directly by various infections or autoimmune disease 
processes. Autism could explain the symptoms in 5 patients 
and severe obstructive sleep apnea (OSA) was the cause of 
symptoms in 5 cases. The 5 patients in the “miscellaneous” 
group suffered from unspecified brain disease, Parkinson, 
epilepsy and migraine. In 4 cases a significant psychiatric 
morbidity could explain the symptomatology. In regards to the 
age of onset, the youngest case was one year old and the oldest 
was 80 years old. Eight cases were older than 50 at onset (mean 
age 65.25 years). It should be noted that in a recent study of 
637 patients in whom the diagnosis of KLS was confirmed 
by the authors, the mean age of onset was 15.47± 0.39 years 
(Ambati et al., 2021). 

Author / (year of 
publication)

age at onset
(y) / sex

KLS like 
symptoms      

atypical features Previously
mentioned (ref.)

Tumors 
Argenta G/1981 18 / M H Lipoma of 3rd ventricle                                        (7)
Jungheim K/1999 22 / F H, HP, S Acromegaly, Munchausen syndrome, brain 

radiation necrosis
Nishikuni K/2014 61 / M H, HP, S Colloid cyst 3rd ventricle, severe OSA worsened 

after removal of tumor
Stroke
Drake ME / 1987 60 / F H, HP Multi infarct state. late onset (6,7)
Maskara S / 2009 79 / F H, HP, S Late onset, prolonged episodes (4 months), MCA 

stroke, ischemic angiopathy
Genetic/Metabolic
Gau SF / 1996 9.5 / M H, HP Prader Willi syndrome, small hypothalamus, (6,7)
Bozinov N / 2018 23 / M H Citrullinemia, hyperammonemia stupor
Trauma
Chiu HF / 1989 16 / M      H, HP Thalamic syndrome, multifocal traumatic 

brain damage 
(6,7)

Kosti´c VS / 1998 19 / M       H, HP epidural hematoma, prolonged coma, residual 
traumatic brain damage

(6,7)

Pelin Z / 2004 22 / M H, HP Abnormal in-between episodes, traumatic brain 
damage

(6,7)

Cheung G / 2006 62 / M H, HP, S Late onset, rapid cycling episodes, depression, 
traumatic brain damage

(7)

Javadpour A / 2020 25 / M H traumatic brain damage, prolonged coma, abnormal 
in-between episodes  
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Infectious & autoimmune
Persson T / 1969 29 / M H, HP Encephalitis, neuro-impairment, headache, 

persistent behavioral impairment
(6)

Takrani LB / 1976 48 / F H Paraneoplastic (uterine carcinoma) (6)
Merriam AE / 1986 25 / M H Meningoencephalitis, altered periodic behavior (6)
Testa S / 1987 20 / M H Multiple sclerosis, Schizophrenia, orthostatic 

hypotension
(6)

Fenzi F / 1993 8 / F H, HP Encephalitis, neuro-impairment (6,7)
Thacker AK / 2007 15 / M H, HP TB meningoencephalitis with brain damage, rapid 

cycling of episodes  
Afshar K / 2008 28 / M H, HP Neurosarcoidosis

Das A / 2012 10 / F H, HP PANDAS, episodes responsive to penicillin, 
drowsy in-between episodes 

Rout UK / 2014 11 / M H, S Involuntary movements, perseveration, 
hallucinations, anti-GAD65 low titer in serum

Kahanna A / 2015 18 / F H, S TB meningoencephalitis

Geraradi DM / 2015 9 /M H, HP PANS/PANDAS, hemihypertrophy, OCD, gradual 
onset and rapid cycling episodes

Feigal J/2016 21.5 / F H Low IQ, substance abuse, neurological impairment, 
midbrain damage, suspected narcolepsy, NMDA 
encephalitis?

Takayanagi M / 2017 13 / F H Influenza encephalitis with transient splenial 
lesion, delta waves during wake EEG 

(6,7)

Tani M / 2020 14.5 / M H, HP Encephalitis influenza B, anti-NMDAR in CSF

Autism 

Berthier ML / 1992 16 / M
16 / M

H, HP
H

Asperger, retinitis pigmentosa, cortical dysplasia, 
Asperger, mental retardation, abnormal behavior 
between 2 episodes 

(6,7)

Mukkades NM / 
2009

12 F

15 / M

H,  HP

H, HP, S

Stots syndrome, mental retardation, epilepsy, 
sparse details of episodes and neurological 
evaluation.
Very early infantile meningitis , mental retardation, 
MRI-periventricular leucomalacia with thinning of 
posterior corpus callosum

Hakim Shoushtari M 
/ 2015

1 / F H, HP Early onset, epilepsy with dysautonomic features, 
early infantile meningitis, neurological impairment

OSA

Vardi J / 1978 33 / M H, HP Diurnal narcoleptic attacks, ictal EEG, OSA (2)

Cuetter AC / 1985 17 / M H, HP Severe OSA, remission with weight reduction                         (6)

de Araújo Lima TF / 
2014

13 / M H Mild OSA evolving to severe, improvement with 
CPAP

Chawla G / 2019 35 / M H, HP, S Rapid cycling short episodes, severe OSA

Divya MP / 2020 47 / F H severe OSA responding to CPAP, rapid cycling of 
episodes, brain leucoareosis

Table 1: Patients with periodic hypersomnia due to specific etiologies inster. (HS-hypersomnia ; HP-hyperphagia;  S-hypersexuality)
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Author / (year of 
publication)

age at onset
(y) / sex

KLS like 
symptoms                               

atypical features Previously
mentioned (ref.)       

Atypical
Wilder J / 1972 27 / M None Bouts of diarrhea, insomnia, Whipple?                  (6)
Yassa R / 1978 44 / M H, HP, S Late onset, paranoid psychosis, gradual 

onset of hypersomnia                                                             
P

Striano S / 1986 17 / F H Single prolonged episode, (>3 months), 
atypical onset, sleep terrors, psychogenic 
polydipsia

Ferguson BG / 1986 10 / M H, S Shallow sleep, confabulations, strange 
behavior

Sagar SR/ 1990 10 / M
12 / M
18 / M

H, HP, S
H, HP, S
H

Cognitive and behavior decline. light sleep (6,7)

Brown R / 1990 74 / F H, HP Late onset, kleptomania, manic attacks                     P
Badino R / 1992 80 / M H Late onset, ptosis, gait impairment, post 

encephalitis, alcoholism
Pike M / 1994 9 / M H, HP Onset immediately following 3 

consecutive general anesthesia, short 
course, mainly behavioral, mild prolonged 
total sleep time

Fontenelle L / 2000 14 / M H, HP, S Mental impairment in-between episodes 
Landtbolm AM / 2002 16 / M H, HP, S Brain hypoperfusion and short memory 

impairment long after clinical recovery 
(authors: solvent exposure?)

Chakraborty R / 2007 17 / M H 2 prolonged (9 &6 months) episodes, sleep 
fragmentation, absent REM sleep, OCD

Bidaki R / 2011 2/ M H Prolong (3 months) episodes, seizure 
during episode, depressive state, suicidal 
attempts 

P

Seo JG / 2014 55 / F H, HP Late onset, cognitive decline
Lechman A / 2014 10 / M H, HP, S Recurrent bipolar attacks, oligoarthritic, 

short episodes with visual blurring and 
headaches, complex partial seizures

P

Neto FK / 2015 2.3 / M H Early onset, post viral encephalitis, 
rapid cycling episodes, reduced thalamic 
capitation

Marčić M / 2018 14 / M H, HP Gradual onset of prolonged hypersomnia 
(6 months), visual hallucinations, normal 
MSLT

Edaki O / 2019  28 / F H, S Short episodes, exposure to nerve gas, 
RLS, Depression

P

Miscellaneous
Livrea P / 1977 12 / M H, HP EEG -occipital spikes and delta waves, 

mental retardation, pyramidal signs                                                             
(6)

Müller T / 1998 51 / M H, HP Dopa responsive Parkinson disease (6)

Masi G / 2000 14 / M H, S Epilepsy with Rolandic spikes, self-
mutilation, dreamlike state, depressive 
mood, suicidal ideation, impaired 
concentration in-between episodes 

P
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Sharma A / 2010 9 / M H, HP Complex partial seizures, Status 
epilepticus

Nesbit AD/2016 41 / F H Sleep deprivation, brain stem neurological 
signs, brain stem migraine with aura, post 
episode insomnia

Table 2: Patients with periodic hypersomnia due a veracity of etiologies HS-hypersomnia; HP-hyperphagia ; S- hypersexuality

Disscusion
As often happens with rare clinical syndromes lacking a 
biological marker such as KLS, the early described diagnostic 
clinical characteristics tend to expand with time as additional 
cases are published. The recurrent attacks of hypersomnia, 
hyperphagia and hypersexuality, the classical Critchley “tirade 
“ (Critchley & Hoffman, 1942), affecting previously healthy 
youngsters who “grow out of it”, reminded authors as well 
as public of legendary “sleepers” such as Kumbhakarna, a 
giant who was made by the Gods to fall asleep for 6 months, 
and upon waking up he ate everything (“Ramayana”: ancient 
Indian mythological epic, 8th-4th century BC), (Chilakamarri 
& Kryger, 2019), “The sleeping beauty” by the Grimm 
brothers (Nebhinani & Suthar, 2017), Honi HaMeagel , a- 1st 
century BC Jewish scholar who fell asleep for 70 years (Klein, 
1901) and Washington Irving’s fictional Rip Van Winkle who 
fell asleep and woke up after 20 years (Lisk, 2009). By using 
the eponym “Kleine Levin” in publications of atypical cases, a 
“mysterious fragrance” was added and subsequently, a growing 
number of “atypical” cases were published i.e. 20 until 2011 
(Arnulf et al., 2005; Billiard et al., 2011; Gadoth, 2018), and a 
total of 60 according to the present report. In contrast to KLS 
where brain CT and MRI are normal, the findings in “atypical” 
cases such as in those with multiple sclerosis, tuberculosis 
with meningeal involvement, sarcoidosis, multi-infarct state, 
PANDA & PANS, and autoimmune encephalitis, are localized 
to thalamic/hypothalamic and additional brain areas involved 
is sleep-wake control such as the floor of the 3rd ventricle, 
diencephalon and fronto-temporal cortex (Gomp & Anaclet, 
2020). Interestingly, there is a striking similarity between the 
morbidities associated with AKLS and those found in a large 
group of patients diagnosed as “atypical or narcolepsy like” 
who suffered from traumatic brain injury, acute disseminated 
encephalomyelitis, hypothalamic sarcoidosis, multiple 
sclerosis and Parkinson disease (Guilleminault & Cao, 2011). 
Moderate-severe OSA can mimic the clinical features of KLS 
since recurrent daytime hypersomnia is common. We found 5 
cases of OSA mimicking some features of KLS. As expected 
in OSA weight reduction (Vardi et al., 1978), or treatment with 
CPAP  resolved the symptoms (Vardi et al., 1978; Cuetter, 
1995; de Araújo Lima, 2014; Chawla et al., 2019; Divya et 
al., 2020). In the case of severe OSA reported by Nishikuni, 
hypersomnia, bulimia and hypersexuality appeared few days 
after the surgical removal of a colloid cyst blocking the 
foramen of Monroe and subsequent removal of postoperative 
hemoventricle (Nishikuni et al., 2014). The authors suggested 
that the damage to structures near the foramen of Monroe and 
the 3rd ventricle during the surgical procedure was responsible 
for worsening of OSA and the onset of transient “Atypical 
KLS”. The patient with severe OSA reported by Divya had a 
past history of late onset of recurrent episodes of hypersomnia 

with quite atypical features as to the duration, frequency and 
cycling of episodes and abnormal brain imaging (Dyvia et 
al., 2020). Psychiatric morbidity is not rare in KLS, mainly 
during the hypersomnia episodes but also prior to the onset 
of KLS symptoms, between episodes or years after cessation 
of episodes, mainly in the form of mood disorders (Gadoth, 
2020). Indeed, Groos reported that 16.5% of 115 patients had a 
history of psychiatric disorder prior to the appearance of KLS 
(Groos et al., 2018) while only 4 (6.6%) patients of the present 
case series suffered from significant psychiatric morbidity. We 
found 5 case reports of various autistic disorders with clinical 
features resembling those of KLS. Berthier reported 2 patients 
with Asperger syndrome. One of them suffered from retinitis 
pigmentosa and cortical dysplasia and the other from low 
IQ, clumsiness and features of OCD (Berthier et al., 1992). 
Two patients with “autism” were reported by Mukkades. One 
suffered from meningitis during the first week of life and 
later was diagnosed with mental retardation while the other 
had an early onset seizure disorder (Mukaddes et al., 2009). 
Hakim Shaushatri reported a patient with ataxia, tremor and 
active seizure disorder during which 3 episodes coined as KLS 
attacks were recorded (Hakim Shoushtari et al., 2015). Two 
patients were diagnosed with PANDAS and PANS/PANDAS. 
The patient with PANDAS was drowsy between episodes 
which did not return after treatment with Penicillin (Das 
& Radhakrishnan, 2012), while the patient with PANS had 
typical and rapidly cycling (every 2 weeks) bouts of clinical 
and behavioral features compatible with OCD (Gerardi et al., 
2015). Although the majority of children with PANS suffer 
from disordered sleep mainly due to Periodic Limb Movement 
Disorder and REM sleep without atonia, it was postulated 
that neuroinflammation is the mechanism responsible for the 
clinical characteristics of PANS (cognitive, motor and sleep 
impairment in the form of sleep-wake cycle disturbances 
(Gagliano et al., 2021). Of special interest are 3 patients 
with AKLS and one with typical KLS in whom antibodies to 
GAD65 or NMDAR were detected. In regard to the 2 cases 
in whom anti- NMDAR antibodies were found; in the patient 
reported by Tani there were no clinical features suggestive of 
autoimmune encephalitis. Moreover, the possibility of Anti 
NMDAR encephalitis was ruled out since CSF and serum 
were negative for anti-NMDAR on cell-based assay (Tani et 
al., 2020). On the other hand, the case by Fiegel, with anti-
NMDAR in the CSF, is intriguing. The clinical pictures and 
the lack of CSF pleocytosis are not typical for this form of 
encephalitis, however, the presence of 2 oligoclonal bands 
in the CSF cannot be ignored (Feigal et al., 2016). As for the 
cases with anti-GAD65; The patient reported by Tse (Tse et 
al., 2021), suffered from relatively late onset KLS, but there 
was no evidence of a neurological disorder associated with 
anti-GAD65, i.e., Stiff Person Spectrum Disorder, cerebellar 
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ataxia, epilepsy, limbic encephalitis, cognitive impairment, 
myelopathy or brain stem dysfunction (Budharm et al., 2021).
The elevated titer of anti-GAD65 antibodies found may be 
related to concomitant latent autoimmune diabetes detected in 
this patient. In the case reported by Rout, with clinical features 
of AKLS, GAD65 antibody serum titer was only 9 times higher 
than in normal controls while titers over 1000-fold higher than 
the upper limit of normally indicate a high clinical specificity 
for GAD65 neurological autoimmunity (Rout et al., 2014). 
Low titers similar to those found in this patient may be found 
incidentally in a number of neurological disorders without 
autoimmunity to GAD65, isolated DM1, and even healthy 
controls Budharm et al., 2021).

Few conclusions can be drawn from the present review. 1. 
Lumping cases with some features of KLS may indicate that 
those cases have in common a malfunctioning sleep-wake 
neural-circuits, which in some of those patients is transient 
either due to successful treatment of the cause of the symptoms 
(epilepsy, OSA, neurometabolic, psychiatric, infectious and 
autoimmune disorders), or restoration of lost function as in 
cases with stroke or TBI. 2. Splitting classical KLS from AKLS 
is essential for further studies to elucidate the etiology of KLS 
and develop specific treatment. This approach may also help 
in solving the mystery why is KLS a disorder of youth which 
resolves spontaneously towards the end of the third decade 
of life, in the majority of the patients. Finally, it seems to us 
that using the term AKLS should be abandoned. Instead, such 
cases should be diagnosed according to their primary cause of 
symptoms which can cause also periodic hypersomnia.
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