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            Abstract

            
               
Kleine Levin syndrome (KLS) is a rare neurological disorder characterized by excessive sleep with or without associated symptoms
                  such as hyperphagia, abnormal behavior, cognitive dysfunction. Symptoms are cyclical and usually affect adolescents. Onset
                  of symptoms is usually rapid and may last for days or weeks. The exact cause of KLS is unknown though it shows features of
                  affection of hypothalamus that controls sleep, appetite and body temperature. There have been reports of viral infections
                  preceding KLS raising a possibility of autoimmune response. Presented here is a six years old patient who had features of
                  KLS. The FDG PET CT scan revealed hypometabolism in the thalami quite characteristic of the entity. F-DOPA scan revealed physiologic
                  expression of dopaminergic activity in the neostriatum. However, the over-expression of dopaminergic activity in the right
                  basi-frontal cortex and medial temporal lobe was also noted. The nigrostriatal, mesocortical, mesolimbic, tuberomammillary
                  pathways are known dopamine transmitters. This case report attempts to explain the reason for dopaminergic expression in these
                  regions in KLS.
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               Introduction

            Klein Levin syndrome (KLS) was initially described “periodic sleep disorder” in a series of five patients in 1925 by Willi
               Klein in Frankfurt.1  Four years later Max Levin in New York described a case of narcolepsy with hyperphagia.2 It differs from narcolepsy in that there are extremely long sleep periods. Narcolepsy on the other hand is characterized
               by excessive day time sleepiness and cataplexy i.e. sudden muscle weakness that may be initiated by positive emotion such
               as laughter.3 The sleep duration in KLS may last from one to two weeks. KLS is a relapsing disorder that may last for as long as 14 years.
               Behavioral changes (hypersexuality, hyperphagia), and cognitive dysfunction (memory, language disturbances) are known associates
               of KLS. Functional imaging has been reported to show hypometabolism in thalamus and hypothalamus. Earlier studies using SPECT
               during the symptomatic and asymptomatic phase have shown thalamic- hypothalamic hypoperfusion during the symptomatic phase.
               3 Studies have also demonstrated hypoperfusion in the cortex (frontal- parietal- temporal lobes) during the symptomatic phase.
               4

         

         
               
               Case 
               Report
               
            

            A six years old child had recurrent episodes of intermittent ataxia, aggressive behavior, prolonged sleepiness lasting 18
               to 20 hours for 2 years. He remained confused in the post sleep period. He was born of non-consanguineous marriage and had
               no obvious neurological deficit. Interictal and awake electroencephalograph (EEG) showed normal waveform and intermittent
               generalized epileptiform discharge. MRI of the brain was normal. An F-18-FDG (fluoro-deoxyglucose) PET CT (positron emission
               tomography computed tomography) was performed during the partial recovery phase. There was symmetric hypometabolism seen in
               bilateral thalami. To further map the neurotransmission F18- DOPA (dihydroxy phenylanaline) PET CT was performed after 48
               hours. The child had recovered from the sleep cycle during this scan. The basal ganglia showed symmetric uptake of dopaminergic
               activity. However, there was evidence of localization of DOPA in the right basi-frontal region as well. The uptake was in
               close proximity of amygdala. The uptake was asymmetric and has not been described previously.
            

            
                  
                  Figure 1

                  FDG PET CT, Plain CT; A: Fusion PET CT showing bilateral thalamic hypometabolism; B: Dedicated FDG Brain PET; C: Image showing bilateral thalamic hypometabolism.
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                  Figure 2

                  F-DOPA PET CT, Plain CT showing striatal structures; A: Fusion PET CT showing normal dopaminergic activity in striatum; B: Dedicated DOPA Brain PET image; C: showing normal dopaminergic activity in striatum.
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                  Figure 3

                  F-DOPA PET CT, Plain CT; A: Fusion PET CT; C: showing increased dopaminergic activity in right basi-frontal region; B: Dedicated DOPA Brain PET image showing increased dopaminergic activity in right basi-frontal region.
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                  Figure 4

                  F-DOPA PET CT, Plain CT; A: Fusion PET CT; C: showing increased dopaminergic activity in right mesocortical tract; B: Dedicated DOPA Brain PET image; C: showing increased dopaminergic activity in right mesocortical tract.
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               Discussion

            It is believed that the sleep-wake cycle is governed by neurotransmitters in a complex circuitry that connects hypothalamus-
               thalamus and various other parts of the brain.5 The exact etiology of KLS is unknown however, autopsy studies have demonstrated involvement of thalamus.6 Reduced pontine and thalamic connectivity has also been demonstrated in a case of congenital nystagmus with KLS using blood
               oxygen level dependence (BOLD) on functional MRI.7

            The ascending arousal system in brain follows two pathways. A ventral pathway passing via the hypothalamus and a dorsal pathway
               passing via the thalamus. The ventral pathway of ascending arousal system activates the neurons in the lateral hypothalamic
               area, basal forebrain and cerebral cortex. The origin of the ventral pathway is in the upper brainstem (monoaminergic), locus
               coeruleus (noradrenergic), dorsal and median raphe nuclei (serotoninergic), ventral periaqueductal grey matter (dopaminergic),
               tuberomammillary neurons (histaminergic).8 This pathway also receives signals from peptidergic neurons in lateral hypothalamus that contains orexin or melanocyte concentrating
               hormone and also from basal forebrain neurons that contain gamma-aminobutyric acid and acetylcholine. The dorsal ascending
               pathway that activate the thalamic relay neurons and the cortex receive signals from pedunculopontine and laterodorsal tegmental
               nuclei (both acetylcholine producing excitatory cell groups).  These neurons are active during wakefulness and rapid eye movement
               (REM) sleep. They are dormant during the non-REM sleep.9, 10 Relay to cerebral cortex is by lateral hypothalamic peptidergic neurons (mediated by orexin or melanin concentrating hormone)
               and basal forebrain neurons (acetylcholine or GABA). Orexin (hypocretin) is produced exclusively in posterior half of lateral
               hypothalamus. Lack of orexin has been shown to cause narcolepsy in experimental animals. 11 Orexin neurons are active during wakefulness and have ascending projections to the cerebral cortex and descending projections
               to monoaminergic and cholinergic cell group of arousal system. There are to and fro neuronal projections between the orexin
               producing neurons and ventrolateral preoptic (VLPO) cells. However, there are no orexin receptors in VLPO cells and hence
               they cannot inhibit VLPO cells. Lesions in rostral midbrain, thalamus, lateral hypothalamus produce profound sleep.12 There is a mutual inhibition between the sleep and arousal system the so called “switch” in which the VLPO nucleus appears
               to play a key role mediated by galanin and GABA.13 The VLPO cells send output to all the major cells in hypothalamus and brainstem that participate in arousal. 14 The VLPO neurons are primarily active during sleep. 15 Hence damage to VLPO nucleus causes insomnia. Noradrenaline, serotonin, GABA, galanin and endomorphin are inhibitory neurotransmitters
               on VMPO nucleus. 16 These hormones are released by neurons arising from locus coeruleus and tuberomammillary neurons.
            

            Acetylcholine activates cortical neurons and is released at high rate during waking and rapid eye movement sleep. Neurons
               involved in sleep wake control that release acetylcholine are located in basal frontal and mesopontine tegmentum of brainstem.
               17

            Dopamine neurons in ventral tegmental area show high impulses during waking and REM sleep. This results in increased of dopamine
               in target regions such as nucleus accumbens and prefrontal cortex. 18

            Keeping in view the preceding background an attempt is made to explain the findings in our patient with KLS. The FDG PET CT
               revealed hypometabolism during the terminal phase of sleep. Diminished activity of thalamus is known to induce sleep as described
               earlier. The F-DOPA PET CT scan was done while the child was recovering from his sleep cycle i.e. at 48 hours after the sleep
               cycle. The scan showed increased dopaminergic activity in the basal forebrain and adjoining medial temporal region. This can
               be attributed to stimulation of basal forebrain by dopaminergic pathway that is known to evoke waking. Within the ascending
               arousal system, the thalamus receives inputs from pedunculopontine pathway and laterodorsal tegmental nuclei. These facilitate
               the thalamocortical pathway. The mediators for secondary pathway include histamine, dopamine, serotonin, noradrenaline. Thus,
               the dopaminergic activity seen in the basal forebrain and medial temporal cortex n our patient explains the ascending arousal
               pathway.
            

            There is a complex neurotransmitter circuitry involved in sleep wake cycle. Most of the studies are done on animal models
               to explain various pathways of neurotransmission to explain the sleep wake mechanism. However, other than FDG PET CT we did
               not come across any publication related to F DOPA pattern in KLS. As this molecule plays critical role in various neurologic
               functions, further studies may help to identify its role in sleep wake cycle in greater detail.
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