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INTRODUCTION

THE KLEINE-LEVIN SYNDROME (KLS) IS A RARE DIS-
ORDER WITH ONSET DURING TEENAGE YEARS.1-4 IT IS 
SEEN MOSTLY IN MALES, BUT FEMALE AND MIDDLE-
aged adult-onset cases have been reported.4-7 The diagnosis of 
KLS is based on the clinical presentation, as no objective test 
affirming it has been described. The most common symptoms 
are periodic hypersomnia; hyperphagia; and various behavioral 
disturbances such as hypersexuality, social disinhibition, aggres-
siveness, irritability, and depressed mood.8-12 When hyperphagia 
is absent, the term periodic hypersomnia or atypical Kleine Levin 
has been applied.13-17 The different symptoms may not be seen 
with each recurrence.1,10 This variability of the symptomatology, 
in addition to the absence of an objective diagnostic test, may 
inhibit proper diagnosis. The etiopathogenesis of KLS is still un-
known. Hypothalamic dysfunction based on abnormal prolactin 
or growth hormone secretions18-23 has been reported.
 The presence or absence of serotonin and dopamine metabo-
lism or neurotransmitter imbalance in the serotoninergic or dopa-
minergic pathways19,24,25 remains controversial. Possible triggers 
for KLS include head trauma and viral infections.10,26-28 Carpen-
ter and Fenzi28 performed histologic studies on brains of subjects 
who had KLS and found infiltrates of inflammatory microglia in 

the thalamus, the diencephalon, and the midbrain; the presence 
of a small locus coeruleus; and a decreased pigmentation in the 
substantia nigra. In another histologic case report, abnormalities 
in the hypothalamus, amygdala, and gray matter of the tempo-
ral lobes were identified.29 Recently, the possible presence of an 
autoimmune process was investigated. Visscher et al30 first stud-
ied the HLA-DR antigens in KLS. Since then, HLA-DR1, HLA-
DR2, tryptophan hydroxylase, and catecholomethyl-o-transferase 
gene polymorphisms31,32 have been studied. Based on the HLA 
findings, an autoimmune hypothesis has been elaborated.32

 There are few articles on brain structural changes. Hypodense 
lesions in the suprasellar cistern, suggesting an infundibular li-
poma, have been reported by CT scan.33 SPECT has demon-
strated hypoperfusion in the right frontal lobe;34 left frontal lobe, 
temporal lobes, and right parietal lobe;35 and left mesiotemporal 
structures.36 This report presents 7 subjects with KLS on whom 
we performed systematic SPECT studies during (n=5) and out of 
(n=7) the symptomatic period.

SUBJECTS

 The 7 subjects are all right-handed males and presented with 
onset of symptoms between 11 and 17 years (mean = 13.4 years). 
They had clinical follow-up and reevaluations to date between 
14 months and 13 years (mean = 6 years and 2 months). They 
presented with a minimum of 2 and a maximum of 7 symptom-
atic episodes per year. The duration of each episode was variable 
within and between subjects, from 7 to 28 days. Table 1 presents 
the 7 subjects. All subjects presented with behavioral hypersom-
nia and hyperphagia, but this hyperphagia was not observed with 
each episode in 4 of 7 cases. Other symptoms included hyper-
sexuality or sexual and social disinhibition (5/7) that included 
obvious masturbation with ejaculation (3 cases), irritability and 
burst of aggression (6/7), apathetic presentations (5/7), person-
ality changes (7/7), depressive mood (1/7), de-realization (4/7), 
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and questions of visual and auditory hallucinations (2/7). Sub-
jects, particularly those with long-term follow-up, had received 
treatment trials that included lithium, imipramine, fluoxetine, 
moclobemide, risperidone, methylphenidate, modafinil, acetazol-
amide, carbamazepine, and influenza type A vaccine. None of the 
treatment trials had an impact on the duration of the episode or 
prevented a relapse. All subjects had imaging investigations sev-
eral months to several years after treatment was discontinued; 1 
subject had never been treated. 
 Prior to imaging studies, all subjects had normal urine and 
blood tests, including C-reactive protein. IgG and IgM antibod-
ies in serum and cerebrospinal fluid were evaluated at the first 
symptomatic episode to rule out viral infection or immunologic 
disorders. Cerebrospinal fluid studies performed after imaging 
and during other occurrences were noncontributive. 

METHODS

 During a symptomatic (n=5) and an asymptomatic period 
(n=7), KLS subjects underwent an imaging investigation. Af-
ter routine blood and urine tests, each subject had an awake and 
asleep clinical electroencephalogram; a brain computerized to-
mography (CT) scan; brain magnetic resonance imaging (MRI), 
and Tc-99m ECD single photon emission tomography (SPECT). 
Cerebral perfusion SPECT was performed using a triple-head 
gamma camera SPECT system (Multi-SPECT 3; Siemens, Hoff-
man Estate, Ill) equipped with fan-beam collimators. The acqui-
sition was started 20 minutes after intravenous injection of 925 
MBq (25mCi) of technetium-99m ethyl cysteinate dimer (Tc-99m 
ECD) in 120 projections, 3 degrees apart. The acquisition data 
were reconstructed using the filtered back-projection method 
with a Butterworth filter and Chang attenuation correction. The 
visual inspection reports of SPECT were performed by 2 experi-
enced nuclear medicine specialists blind to the timing of the scan 
and the condition of the subject. Subtraction was performed. The 
quantitative analysis of SPECT was done based on the level of 
cerebellum and analyzed by using the same machine a. All data 
were normalized, and a Wilcoxon signed rank test was used to 

perform statistical analysis that included all patients and all af-
fected regions during the symptomatic period compared with the 
asymptomatic period.

RESULTS

 The 7 subjects had a typical clinical presentation of symp-
toms during the symptomatic period selected for imaging stud-
ies. The mean time in bed had been 19.5 hours (± 1 hour) for 
at least 4 days, associated with hyperphagia (from moderate to 
severe n=2); apathetic presentation (n=7) when not behaviorally 
in bed with eyes closed; bursts of irritability when asked to do 
something with aggressive language (n=6) and sexual disinhib-
ited behavior (n=3) (Table 1). Electroencephalogram awake and 
asleep, CT scan, and MRI were all read as normal. Two out of 
the 7 subjects who underwent SPECT during the asymptomatic 
period withdrew consent for further imaging study during the 
symptomatic and aggressive period during wakefulness. The last 
5 patients showed a hypoperfusion covering both thalami in all 
cases (5/5). The thalamus was the only brain structure that was 
consistently affected during the symptomatic period. Further-
more, hypoperfusion was seen in the basal ganglia (4/5 cases) and 
cortex (3/5 cases), specifically, the temporal cortex (3/5 cases), 
occipital cortex (3/5 cases), and frontal cortex (3/5 cases). These 
5 cases had a follow-up SPECT study at least 1 month after the 
end of the symptomatic period. Complete resolution of the perfu-
sion problems involving the thalami was seen in all 5 cases, and 
the thalami of the last 2 subjects who had refused imaging during 
the symptomatic period showed normal perfusion. As shown in 
Tables 2 and 3, after normalization of the data, the SPECT studies 
were analyzed quantitatively, and the relative perfusion compar-
ing asymptomatic to symptomatic test was obtained. A right-to-
left analysis was also performed. A more than 30% difference in 
thalamic perfusion was seen in all SPECT when comparing the 
2 studies. The difference was the most dramatic in patients #2 
and #6 (see Table 2), in whom there was a very important differ-
ence also noted between the left and right thalami. An important 
cortical perfusion decrement (more than 30%) was also observed 
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Table 1—Demographic and Clinical Data of 7 Male Subjects with Kleine-Levin Syndrome 

Patient # 1 2  3 4 5 6 7
Current age, y 27 12  13 27 23 18 13
Age at onset, y 17 11 12 14 14 15 11
Episodes, no./y 2-3 4-5 4-5 3 5-6 1-2 6-7
Triggering factor URI, URI, fever URI,  URI, SE URI URI, fever 
   SE: exam SE: conflict school stress 
    with friend 
   
Duration of episodes, d 10-14 14-20 7-10 7-14 7-14 14-21 21-28
Behavioral  TST  per day, h 20 18 20 20 18-20 18 18
Hyperphagia + +++ BW gain + ++ ++ + +
Hypersexuality ++ + + +++ +++ _ _
Other psychiatric Irritable,   VH+, irritable, Irritable,  Irritable, Irritable, Psychotic Irritable,
symptoms fearful,  fearful,   personality  sad, personality personality symptom fearful,
 sad, personality  personality change, change, change,  (AH,VH,  personality
 change,  change,  derealization,   derealization, uncooperative delusion), change,
 derealization derealization apathy hot temper  attitude, apathy apathy,
     apathy  mutism

VH refers to visual hallucination; AH, auditory hallucination; SE, stress event; URI, upper respiratory infection; TST, total sleep time. +Mild in-
crease, ++moderate increase, +++severe increase; (-)no increase
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during the symptomatic period in patients #5, #6, and #7, but this 
decrement involved different lateral cortical regions depending on 
the subject. For example hypoperfusion was predominant on the 
right in patient # 6 and the left cortical regions in patients #5 and 
#7; the basal ganglia changes were limited in patient #6 but were 
much more marked in patient #7, as indicated by the pixel count. 
Some decrement (<30%) was noted in the frontal, temporal, and 
occipital areas in subject #3, and no decrement in cortical perfu-
sion was not noted in the last subjects. Similarly, decrement was 
noted in the basal ganglia, but, again, it was completely absent in 1 
subject (#2), and it was limited in 2 patients (#3 and #6). The con-
sistent finding during the symptomatic period in all subjects was 
the thalamic hypoperfusion (Tables 2 and 3 and Figures 1 and 2) 
This hypoperfusion was always more marked on the left thalamus 

when a right-left difference was noted. All 7 patients had SPECT 
performed during an asymptomatic period. Perfusion of the thal-
ami was shown to be appropriate in all cases when asymptomatic, 
but 2 patients had persistent areas of brain hypoperfusion. Patient 
#1 had hypoperfusion in the left anterior temporal cortex. Patient 
#4 had decreased cerebral perfusion over the temporal lobe, the 
right posterior frontal lobe, bilateral parietal and occipital lobes, 
and the left basal ganglia. This patient had the longest syndromic 
evolution, with symptoms present over 13 years. In summary, a 
persistent decreased cerebral perfusion was seen over the tempo-
ral lobes in both subjects and over the frontal, parietal, and oc-
cipital lobes and the basal ganglia in the patient who had the lon-
gest evolution. The Wilcoxon rank signed test that included the 
5 subjects submitted to SPECT during the symptomatic period 

SPECT and Kleine-Levin Syndrome—Huang et al957

Table 3—Symptomatic Versus Asymptomatic Single Photon Emission Computed Tomography: Statistical Analysis 

Brain structure   Cortex: frontal  Cortex: temporal  Cortex: parietal Cortex: occipital  Basal  Thalamus 
  lobe  lobe lobe lobe ganglion
SMP R 3.36 3.26 3.55 3.39 4.36 3.51 
(count per pixel)  (1.40) (1.27) (1.17) (1.30) (2.01) (1.33)
 L 3.32 3.25 3.31 3.34 4.26 3.19
  (1.33) (1.23) (1.25) (1.28) (2.15) (1.02)
ASMP R 4.65 4.49 4.76 4.79 5.14 5.16
(count per pixel)  (1.30) (1.31) (1.41) (1.43) (1.19) (1.40)
 L 4.50 4.65 4.69 4.75 4.90 5.11
  (1.15) (1.26) (1.40) (1.39) (1.21) (1.50)
Wilcoxon R  0.043* 0.043* 0.043* 0.043* 0.500 0.080
Test, P value L  0.080 0.043* 0.043* 0.043* 0.500 0.043*
  
Data are shown as mean (SD) with Wilcoxon signed-rank test used due to the small sample size. SMP refers to symptomatic period; ASMP, asymp-
tomatic period; R, right side; L, left side. *P<.05

Table 2—Quantitative Analysis of Single Photon Emission Computed Tomography
Normalized data   Pt #2   Pt #3   Pt #5   Pt #6   Pt #7
  R L R/L R L R/L R L R/L R L R/L R L R/L
Cortex:  SMP 5.20 5.15 1/0.99 3.06 3.06 1/1 1.72 1.64 1/0.95 4.32 4.00 1/0.93 2.50 2.75 1/1.1
frontal lobe ASMP 5.25 4.95 1/0.94 3.82 3.82 1/1 2.92 3.00 1/1.03 6.25 6.04 1/0.97 5.00 4.71 1/0.94
 SMP/ 0.99/1 1.04/1  0.8/1 0.8/1  0.59/1 0.55/1  0.69/1 0.66/1  0.5/1 0.58/1 
 ASMP
Cortex: SMP 4.85 4.90 1/1.01 3.06 2.94 1/0.96 1.52 1.76 1/1.16 4.08 4.04 1/0.99 2.81 2.63 1/0.94
temporal lobe ASMP 5.10 5.00 1/0.98 3.88 4.00 1/1.03 2.68 3.20 1/1.19 6.16 6.56 1/1.06 4.65 4.47 1/0.96
 SMP/ 0.95/1 0.98/1  0.79/1 0.74/1  0.57/1 0.55/1  0.66/1 0.62/1  0.6/1 0.6/1 
 ASMP
Cortex: SMP 4.68 4.95 1/0.93 3.06 2.94 1/1.04 1.88 1.72 1/1.09 4.48 4.12 1/1.09 2.75 2.81 1/0.97
parietal ASMP 5.15 5.00 1/1.03 3.88 4.00 1/0.97 3.16 2.92 1/1.08 6.88 6.72 1/1.02 4.71 4.82 1/0.98
lobe SMP/ 0.91./1 0.99/1  0.79/1 0.74/1  0.59/1 0.59/1  0.65/1 0.61/1  0.58/1 0.58/1 
 ASMP
Cortex: SMP 5.10 5.20 1/1.02 3.12 3.12 1/1 1.96 1.88 1/0.96 4.68 4.44 1/0.95 2.88 2.94 1/1.02
Occipital  ASMP 5.20 5.30 1/1.02 3.94 4.00 1/1.02 3.48 3.14 1/0.9 7.32 7.36 1/1.01 5.71 5.47 1/0.96
lobe SMP/ 0.98/1 0.98/1  0.79/1 0.78/1  0.56/1 0.6/1  0.64/1 0.6/1  0.5/1 0.54/1 
 ASMP
Basal  SMP 5.80 5.85 1/1.01 3.24 2.94 1/0.91 2.20 1.96 1/0.89 7.08 7.12 1/1.01 3.50 3.44 1/0.98
ganglion ASMP 5.10 5.25 1/1.03 4.82 4.41 1/0.91 3.96 3.68 1/0.93 4.68 4.32 1/0.92 7.12 6.82 1/0.96
 SMP/ 1.14/1 1.11/1  0.67/1 0.67/1  0.56/1 0.53/1  1.51/1 1.65/1  0.49/1 0.5/1 
 ASMP
Thalamus SMP 5.15 4.40 1/0.85 3.00 2.94 1/0.98 1.88 1.76 1/0.94 4.56 3.92 1/0.86 2.94 2.94 1/1
 ASMP 4.55 4.95 1/1.09 4.24 4.06 1/0.96 3.68 3.32 1/0.9 6.72 6.88 1/1.02 6.59 6.35 1/0.96
 SMP/ 1.13/1 0.89/1  0.71/1 0.72/1  0.51/1 0.53/1  0.68/1 0.57/1  0.45/1 0.46/1 
 ASMP

Measurement unit: count per pixel. Pt refers to patient; SMP, symptomatic period; ASMP, asymptomatic period; R, right; L, left; R/L, the relative 
perfusion of right to left side area; SMP/ASMP, relative perfusion during symptomatic compared to asymptomatic period. The quantitative data are 
based on the level of cerebellum. Normalization of data for each brain region was done before calculation. 
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showed significant differences compared with the asymptomatic 
period in the right frontal lobe, right and left temporal lobe, pa-
rietal lobe, and occipital lobe and in the left thalamus (Table 3). 
The comparison of the basal ganglia was nonsignificant; this was 
related to opposite perfusion changes in different subjects during 
the symptomatic period, with increased perfusion, for example, in 
patient #6.

COMMENTS

 This is the first and largest systematic study on brain imag-
ing in KLS patients. Our patients had a typical clinical presenta-
tion for KLS. They all had been followed for several years, and 

the repetitive nature of the hypersomnic episodes had been well 
documented. The other symptoms were also clearly related to the 
syndromic symptomatology and associated with the hypersomnic 
phase. As frequently mentioned, none of the medications tried 
over time had any influence either on the repetitiveness of the 
periodic hypersomnia or on the duration or severity of any of the 
episodes. There was variability in the severity of the hypersexu-
ality and hyperphagia from episode to episode within patients; 
however, behavioral hypersomnia, apathy, and aggressiveness 
triggered by environmental demands were seen with each epi-
sode. The aggressiveness during the symptomatic period pre-
cluded performance of SPECT at that time in 2 cases, despite 
prior agreement and full cooperation of all subjects out of the 
symptomatic period.
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Figure 1a—Patient #3 (Symptomatic) Hypoperfusion of right tempo-
ral (left arrow), left thalamus and basal ganglion (right arrow). 

Figure 1b—Patient #3 (Asymptomatic) : Negative finding

Figure 1c—Patient #3: Each of the 2 conditions SMP and ASMP is 
represented by 2 photos, the figures are axial sections going through 
basal ganglia and thalamic planes. The same section is presented for 
the SMP and for the ASMP period on left and right side of the fig-
ure, and the same colors are used to represent the different brain area 
in both conditions. In the first (left) section of the SMP cut and the 
1st (left) section of the ASMP cut, purple identifies occipital cortex, 
orange: parietal cortex, yellow: temporal cortex, white frontal cor-
tex. On the right section of SMP and ASMP cut, yellow identifies the 
thalamus and white, the basal ganglia. The extreme right 2 photos 
show that perfusion of the thalami is significantly decreased during 
SMP (left thalamus to 50 count/ pixel) and right thalamus to 51 count/ 
pixel). The basal ganglia also present hypoperfusion (left with de-
crease to 50 count/ pixel and right to 55 count/ pixel).

Figure 2a—Patient #5 (Symptomatic) The arrows demonstrated hy-
poperfusion in the right temporal and occipital junction;the left frontal 
cortex, left occipital cortex, left basal ganglion and left thalamus.

Figure 2b—Patient #5 (Asymptomatic) : Negative finding

Figure 2c—Patient #5: The photos are similar to those from patient 
# 3 (figure 1c) with a similar color legend.each of the 2 conditions, 
SMP  and ASMP, is presented again by 2 photos, with the axial sec-
tions through basal ganglia and thalamic planes. The left 2 photos 
showed the perfusion of frontal, parietal, temporal, and occipital cor-
tices decreased during SMP to 44 count/ pixel. The 2 photos on the 
right show the perfusion of the left thalamus is significantly decreased 
during SMP to 44 count/ pixel as was the right thalamus, to 47 count/ 
pixel There is a simultaneous hypoperfusion of the basal ganglia with 
a decrease on the left to 49 count/ pixel and to 55 count/ pixel in the  
right basal ganglion. 
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 None of the studied subjects presented imaging abnormalities 
on CT scan and MRI independent of the time of the study. SPECT 
studies, however, were abnormal in all 5 cases during the symp-
tomatic period. The thalami demonstrated normal perfusion dur-
ing the asymptomatic period in all 7 cases. Thus, the consistent 
difference between the symptomatic and asymptomatic periods 
is the presence of thalamic hypoperfusion only during the symp-
tomatic period. Furthermore, the thalamic hypoperfusion always 
resolved in all studied subjects during the asymptomatic period. 
Also, the longer a patient had a recurrence of episodes, the more 
likely abnormalities in SPECT were to be seen during the asymp-
tomatic period. With 13 years of recurrent periodic hypersomnia, 
patient #4 had the largest amount of hypoperfusion in both hemi-
spheres. 
 The explanation for the acute hypoperfusion, particularly in the 
thalamus, is unclear. Primarily based on the presence of HLA-
DQB1-0601 in a group of well-documented Caucasians with 
KLS, a suggestion has been raised that an autoimmune process 
is involved in the occurrence of KLS as noted by Dauvillier et 
al.32 Only 2 of 6 of our Asian patients were positive for HLA-DQ 
B1*02 (Huang, Tafti, Guilleminault; personal communication). 
The distribution of the HLA-DQB1*02 haplotype has been re-
ported to be common in Taiwanese individuals. A recent study 
identified this haplotype in 28% of a 540-subject control group.37 
Despite the limited number of subjects with the HLA DQB1*02 
haplotype, the autoimmune hypothesis is still the most plausible 
and is supported by the evolution of the clinical syndrome, the 
SPECT thalamic hypoperfusion, and its resolution. KLS patients 
present with symptoms that are seen in psychiatric disorders, in-
cluding sexual disinhibition, aggressiveness, and mood disorders. 
The clinical manifestations are of very short duration compared 
with psychiatric disorders, and none of our subjects fulfill the 
Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition diagnostic criteria for these disorders. There have been 
neuroimaging studies performed in these psychiatric conditions, 
but the results are still controversial, with articles indicating that 
the frontal lobe, temporal lobe, and basal ganglia may play roles 
in the pathophysiology of mood disorders. It will be of interest to 
perform further comparisons, when the field is more advanced, 
that investigate some of the behavioral changes associated with 
hypoperfusion of the overlapping cortical regions.38,39 
 The most interesting finding with our study is the involvement 
of the thalamus during the hypersomnic period. It was the only 
brain structure consistently involved during the symptomatic 
period and free of hypoperfusion during the asymptomatic one. 
Catsman-Berrevoets and von Harskamp40 reported a case of bi-
thalamic lesions leading to persistent apathetic behavior. In 1993, 
we reported 2 cases of behavior hypersomnia, hypersexuality, 
and aggressiveness when disturbed; all were related to bilateral 
lesions of the paramedian nucleus of the thalamus. These results 
in 2 young adults were secondary to vascular lesions of termi-
nal arteries after smoking “crack” cocaine.41 Continuous poly-
somnography showed that the “behavioral hypersomnia” was, 
in reality, a “pseudohypersomnia.” The subjects were unable to 
develop stages 2, 3, and 4 non-rapid eye movement and rapid eye 
movement sleep during the daytime at a circadian time away from 
their normal sleep period. During the daytime, subjects presented 
hypersynchronic alpha and electroencephalogram figures of stage 
1 sleep. Two to 3 months after their bi-thalamic stroke, subjects 
presented a persistent apathetic syndrome without pseudohyper-

somnia. Years later, however, 1 subject with long-term follow-up 
would still close his eye and assume a “nap posture” when idle. 
With persistent apathy as the major sequelae, he was unable to take 
any initiative. The clinical presentations during the acute phase of 
our 2 thalamic-stroke patients with very localized lesions and the 
acute phase of the KLS are very similar. SPECT cannot give as 
accurate a localization of vascular lesion as angiography can, but 
a clear hypoperfusion of the thalamus was seen in our patients. 
Even if the hypoperfusion were more extensive in our KLS than 
in the stroke patients, it would still involve the arterial territories 
impacted by the thalamic stroke in our previous 2 cases. Because 
these arteries are terminal arteries, the hypoperfusion would not 
be compensated, and clinical symptoms related to them would be 
dominant. As in our stroke patients, KLS was associated with a 
behavioral aspect of sleep. These patients can be easily pulled out 
from this behavioral state; at this time, they display disinhibited 
behavior and aggressiveness. 
 It is interesting to note that Villablanca’s athalamic cats showed 
a complete loss of the behavioral sleep presentation without elim-
ination of sleep. This indicates that the thalamus plays many roles 
in the sleep-wake regulation and is also involved in the “behav-
ior” associated with sleep.42 
 Finally, our study shows that SPECT abnormalities may be 
seen during the asymptomatic period of patients, particularly 
those with numerous recurrences of symptoms over many years. 
It is interesting that some of the regions (including temporal, 
frontal, and occipital lobes and basal ganglia) that were hypo-
perfused during the asymptomatic period matched the regions al-
ready mentioned with SPECT studies (including the right frontal 
lobe,34 left frontal lobe, temporal lobes,35 and left mesiotemporal 
lobe36). Some of the hypoperfused structures correlate with his-
tologic lesions found in the amygdala, the temporal lobe, and the 
thalamus29,30 of KLS patients. This should lead to more systematic 
investigation of patients with long KLS evolution and search for 
more, even if subtle, permanent deficits in these subjects. Consid-
ering the location of hypoperfusion and histologic reports, neu-
ropsychometric evaluation should be undertaken; there should 
be particular emphasis on the search for memory, cognitive, at-
tention, and/or emotional problems.36,43 Finally, the fact that the 
hypoperfusion of the thalamus resolves with disappearance of the 
hypersomnia-apathetic presentation suggests that there is direct 
involvement of this structure in the acute clinical presentation. 
SPECT has been a very positive tool in the investigation of KLS; 
further investigation of this type is warranted in the occurrence of 
this syndrome.
 
ACKNOWLEDGEMENTS

 Our deepest appreciation to the Nuclear Medicine department 
and Mr. Chi-Hsiang Wang, an experienced nuclear medicine 
technician at the Chang Gung Medical Center, for his assistance 
in completing the SPECT test and quantitative analysis.

REFERENCES

1. Critchley M. Periodic hypersomnia and megaphagia in adolescent 
males. Brain 1962;85:627-56.

2. Mukaddes NM, Alyanna KB, Kora ME, Polvan O. The psychiatric 
symptomatology in human development 1999;29:253-8.

3. Garland H, Sumner D, Fourman P. The Kleine-Levin syndrome. 
Some further observations. Neurology 1965;15:1161-7.

SPECT and Kleine-Levin Syndrome—Huang et al959

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/28/8/955/2708215 by guest on 24 April 2024



SLEEP, Vol. 28, No. 8, 2005

4. Kesler A, Gadoth N, Vainstein G, Peled R, Lavie P. Kleine Levin 
syndrome (KLS) in young females. Sleep 2000;23:563-7

5. Reynolds CF, Black RS, Coble P, Holzer B, Kuper DJ. Similarities 
in EGG sleep finding for Kleine- Levin syndrome and unipolar de-
pression. Am J Psychiatry 1980;137:116-7. 

6. Pike M, Stores G. Kleine-Levin syndrome: a cause of diagnostic 
confusion. Arch Dis Child 1994;71:355-7.

7. Peimao R, Shimizu MH. Kleine-Levin syndrome: clinical course, 
polysomnography and Multiple Sleep Latency Test. Arq Neurop-
siquiar 1998;56:650-4.

8. Kleine W. Periodische Schlafsucht. Mschr Psychiatr Neurol 
1925;57:285.

9. Levin M. Periodic somnolence and morbid hunger: a new syndrome. 
Brain 1936;59:494-504.

10. Billiard M. The Kleine Levin syndrome. In: Kryger MH, Roth T, 
Dement WC, eds. Principles and Practice of Sleep Medicine Phila-
delphia: WB Saunders; 1989;377-8.

11. International Classification of sleep Disorders: Diagnostic and Cod-
ing Manual. Rochester, MN: American Sleep Disorders Associa-
tion; 1990.

12. Diagnostic and Statistical Manual of Mental disorders, 4th ed-Text 
Revision. Washington: American Psychiatric Association; 2000.

13. Smolik P, Roth B. Kleine- Levin syndrome etiopathogenesis and 
treatment. Acta Universitatis Carolinae Medica Monographia 
1998;128:5-94.

14. Powers PS, Gunderman R. Kleine-Levin syndrome associated with 
fire setting. Am J Dis Child 1978;132:786-9.

15. Fenzi F, Simonati A, Crosato F, Ghersini L , Rizzuro, N. Clinical 
features of Kleine-Levin syndrome with localized encephalitis. 
Neuropediatics 1993;24:292-5.

16. Billiard M, Les hypersomnies recurrentes. In : Billiard M, ed. Le 
Sommeil Normal et Pathologiue. Paris: Masson; 1994:280-8.

17. Muller T, Kuhn W, Bornke C, Butter T, Przuntek H. Kleine-Levin 
syndrome and parkinsonian syndromes—a case report. J Neurol Sci 
1998;157:214-6.

18. Goldberg MA. The treatment of Kleine-Levin syndrome with lithi-
um. Can J Psychiatry 1983;28:491-3.

19. Gadoth N, Dickerman Z, Bechar M, Laron Z, Lavie P. Episodic hor-
mone secretion during sleep in Kleine- Levin syndrome: evidence 
for hypothalamic dysfunction. Brain Dev 1987;9:309-15.

20. Chesson AL, Jr, Levine SN, Kong LS, Lee SC. Neuroendocrine 
evaluation in Kleine-Levin syndrome: evidence of reduced dopa-
minergic tone during periods of hypersomnolence. Sleep 1991;14: 
226-32.

21. Fernandez JM, Lara I, Gila L, et al. Disturbed hypothalamic-pitu-
itary axis in idiopathic recurring hypersomnia syndrome. Acta Neu-
rol Scand 1990;82:361-3.

22. Malhotra S, Das MK, Gupta N, Muralidharan R. A clinical study of 
Kleine-Levin syndrome with evidence for hypothalamic- pituitary 
axis dysfunction. Biol Psychiatry 1997;42:299-301.

23. Koerber RK, Torkelson R, Haren G, Donaldson J, Cohen SM, 
Case M. Increased cerebrospinal fluid 5- hydroxytryptamine and 
5- hydroxyindoleacetic acid in Kleine-Levin syndrome. Neurology 
1984;34:1597-600.

24. Mayer G, Leonhard E, Krieg J, Meier- Ewert K. Endocrinologi-
cal and polysomnographic finding in Kleine-Levin Syndrome: 
no evidence for hypothalamic and circadian dysfunction. Sleep 
1998;21:278-84.

25. Will RG, Young JPR, Thamas DJ. Report of two cases with on-
set of symptoms precipitated by head trauma. British J Psychiatry 
1988;152:410-20.

26. Merriam AE. Kleine- Levin Syndrome following acute viral en-
cephalitis. Biol Psych 1986;21:1301-4.

27. Salter MS, White PD. A variant of the Kleine-Levin Syndrome pre-
cipitated by both Epstein-Barr and varicella-zoster virus infections. 
Biol Psych 1993;33:388-90. 

28. Carpenter S, Yassa R, Ochs R. A pathologic basis for Kleine Levin 

syndrome. Arch Neurol 1982;39:25-8.
29. Takrani LB, Cronin D. Kleine- Levin syndrome in a female patient. 

Can Psychiatr Assoc J 1976;21:315-8. 
30. Visscher F, van der Horst AR, Smith LM. HLA-DR antigens in Kle-

ine-Levin syndrome. Ann Neurol 1990;28:195.
31. Manni R, Martinetti M, Ratti MT, Tartara A. Electrophysiological 

and immunogenetic findings in recurrent monosymptomatic type 
hypersomnia: a study of two unrelated Italian cases. Acta Neurol 
Scand 1993;88:293-5.

32. Dauvilliers Y. Mayer G. Lecendreux M. Neidhart E. Adrados P. 
Sonka K. Billiard M. Tafti M. Kleine-Levin syndrome an autoim-
mune hypothesis based on clinical and genetic analyses. Neurology 
2002;59:1739-45.

33. Servan J, Marchand F, Garna L, Rancurel G, Willme JC. Two new 
cases of Kleine-Levin syndrome associated with CT scan abnor-
malities. Can J Neurol Sci 1993; 20(suppl4):A5137.

34. Arias M, Crespo Iglesias JM, Perez J, Requena-Caballero I. Sesar-
Ignacio A, Peleteiro-Fernandes M. Kleine- Levin Syndrome: contri-
bution of brain SPECT in diagnosis. Rev Neurol 2002;35:531-3.

35. Portilla P, Durand E, Chalvon A, et al. SPECT-identified hypoper-
fusion of the left temporomesial structures in a Kleine-Levin syn-
drome. Rev Neurol 2002;158:593-5.

36. Landtblom AM, Dige N, Schwerdtk, Safstrom P, Granerus G. A 
case of Kleine-Levin syndrome examined with SPECT and neuro-
psychological testing. Acta Neurol Scand 2002;150:318-21.

37. Chen HM, Hsieh RP, Yang H, Kuo YS, Kuo MYP, Chiang CP. HLA 
typing in Taiwanese patients with oral submucous fibrosis. J Oral 
Pathol Med 2004;33:191-9.

38. Soares JC, Mann JJ. The functional neuroanatomy of mood disor-
der. J Psychiatry Res 1997;31:393-432. 

39. Germain A, Buysse DJ, Wood A, Nofzinger E. Functional neuroana-
tomical correlates of eye movements during rapid eye movement 
sleep in depressed patients. Psych Res Neuroimag 2004;130:259-
8.

40. Catsman-Berrevoets CE, Von Harskamp F. Compulsive pre-sleep 
behavior and apathy due to bilateral thalamic stoke: response to 
bromocriptine. Neurology 1988;34:647-9.

41. Guilleminault C, Querra-Salva MA, Goldberg MP. Pseudo-hyper-
somnia and pre-sleep behaviour with bilateral paramedian thalamic 
lesions. Brain 1993;116:1549-63.

42. Villablanca J Salinas-Zeballos ME. Sleep-wakefulness, EEG and 
behavioural studies on chronic cats without the thalamus: the “atha-
lamic” cat. Arch Ital Biol 1972;110:383-411.

43. Landtblom AM. Dige N. Schwerdtk. Safstrom P. Granerus G. Short-
term memory dysfunction in Kleine- Levin syndrome. Acta Neurol 
Scand 2003;108:363-7.

SPECT and Kleine-Levin Syndrome—Huang et al960

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/28/8/955/2708215 by guest on 24 April 2024




