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Abstract 

Sleep-related hypermotor epilepsy (SHE) is a focal epilepsy whose neurobiological underpinnings 

remain poorly understood. The present study aimed to identify possible neurochemical alterations in 

the dorsolateral prefrontal cortex (DLPFC) in participants with SHE using proton magnetic resonance 

spectroscopy (1H MRS). Thirty-nine participants with SHE (mean age, 30.7 years ± 11.3 [standard 

deviation], 24 men) and 59 controls (mean age, 29.4 years ± 10.4, 29 men) were consecutively and 

prospectively recruited and performed brain magnetic resonance imaging and 1H MRS in the bilateral 

DLPFC. Brain concentrations, including N-acetyl aspartate (NAA), myo-inositol (mI), choline, creatine, 

the sum of glutamate and glutamine, glutathione (GSH) and γ-aminobutyric acid, were estimated with 

LCModel and corrected for the partial volume effect of cerebrospinal fluid using tissue segmentation. 

ANCOVA analyses revealed lower concentration of NAA in the left DLPFC in participants with SHE 

compared with controls. A significant difference of NAA concentration between DLPFC in the two 

hemispheres (left > right) was observed only in the control group. We further confirmed a higher GSH 

concentration in men than in women in SHE participants which probably indicates that men are more 

susceptible to this disease. The mI concentration in the right DLPFC was negatively correlated with 

epilepsy duration. This study demonstrates that DLPFC is an important brain region involved in the 

pathophysiology of SHE, in which both neurons and astrocytes appear impaired, and the elevated GSH 

level may suggest an abnormality related to oxidative stress. 

Significance 

Recent evidence suggests that the sleep-wake circuitry depends on neurotransmitters such as glutamate 

and GABA and plays a pivotal role in seizure precipitation in sleep-related hyper motor epilepsy (SHE). 



However, the in vivo neurochemical changes of this disease have not been explored. Our results reveal 

metabolic abnormalities in the dorsolateral prefrontal cortex, indicating this brain region involved in 

the pathophysiology of SHE. These findings shed light on some of the neurobiochemical mechanisms 

of SHE and enrich our knowledge about MRI-negative SHE patients. 
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sleep-related hypermotor epilepsy; epilepsy; magnetic resonance spectroscopy; dorsolateral prefrontal 

cortex; GABA. 

 



1  Introduction 

Sleep-related hypermotor epilepsy (SHE), formerly known as nocturnal frontal lobe epilepsy (NFLE), 

is a focal epilepsy with a prevalence of at least 1.8/100,000 (Vignatelli et al., 2015), characterized by 

vigorous hyperkinetic or asymmetric tonic-dystonic seizures occurring mainly during non-rapid eye 

movement sleep (Tinuper & Bisulli, 2017; Tinuper et al., 2016). Diagnosis is mostly based on clinical 

history and semiology. Video-electroencephalography (VEEG), alone or in combination with 

polysomnography, is the recommended gold standard (Tinuper et al., 2016). However, onset during sleep 

and usually uninformative ictal and interictal EEG make it a difficult condition to diagnose, especially 

when seizures originate from the deep cortex (Nobili et al., 2007; Provini et al., 1999). Other objective 

evaluation methods would, therefore, be useful to provide support for the diagnosis. 

The etiology of SHE remains unknown. Genetic findings are inconsistent between familial cases and 

sporadic cases. In familial forms, autosomal dominant SHE (ADSHE), the syndrome is related to 

mutations in the genes which code for the subunits of the neuronal acetylcholine nicotinic receptor 

(nAChRs) (Aridon et al., 2006; De Fusco et al., 2000; Steinlein et al., 1995), and mutations in other genes 

(Heron et al., 2012; Korenke et al., 2016; Picard et al., 2014). However, most patients with SHE are 

sporadic cases, in whom similar genetic anomalies are rarely found (Phillips et al., 2000; Sansoni et al., 

2012). Neuronal AChRs can regulate the delivery of acetylcholine or other fast neurotransmitters such as 



γ-aminobutyric acid (GABA) and glutamate (Glu) (Alkondon et al., 2000). The high density of nAChRs 

has been found in the thalamus which may be overactivated through brainstem ascending cholinergic 

pathway (Aridon et al., 2006; Picard et al., 2006). Earlier models believe that wake-sleep regulation was 

controlled by cholinergic arousal systems (Saper et al., 2005), but recent evidence indicates that the 

sleep-wake circuitry, including brainstem, thalamus, and frontal lobe, depends on neurotransmitters such 

as Glu and GABA rather than acetylcholine (Saper & Fuller, 2017) and plays a pivotal role in seizure 

precipitation in ADSHE (Marini & Guerrini, 2007). The finding of a decrease nAChRs density in the 

dorsolateral prefrontal cortex (DLPFC) accords with focal epilepsy with the involvement of frontal lobe 

in patients with ADSHE (Picard et al., 2006). Furthermore, vigorous hyperkinetic or asymmetric 

tonic-dystonic seizures are also linked to the involvement of the frontal regions despite heterogeneous 

seizures origin (Proserpio et al., 2011; Tinuper et al., 2016).  

The in vivo neurochemical changes of sporadic SHE has rarely been explored, although its prevalence 

is much higher than ADSHE. Proton magnetic resonance spectroscopy (1H MRS) can measure brain 

neurochemical metabolites, which are potentially relevant to epileptogenesis, such as N-acetyl aspartate 

(NAA) and myo-inositol (mI), as well as the excitatory neurotransmitter Glu and the inhibitory 

neurotransmitter GABA. A few studies have found decreased NAA in the frontal lobe (Krsek et al., 2007), 

but it has not been studied in sporadic SHE, where the only MRS study so far has found decreased 

NAA/Creatine in the cingulate cortex and thalamus (Naldi et al., 2017).  



The present study aimed to investigate the neurochemical alterations in bilateral DLPFC in order to 

understand the underlying pathophysiology of SHE. We focused on DLPFC because a previous positron 

emission tomography study reported that nAChR density decreased in the right DLPFC (Picard et al., 

2006). We explored bilateral DLPFCs because of their rich interhemispheric interconnectivity, and EEG 

findings in SHE were usually bilateral (Scheffer et al., 1995). We hypothesized that there may be 

neurochemical abnormalities in the DLPFC of SHE participants, which, if related to the symptom severity, 

would be an additional helpful tool in the clinical evaluation of SHE.  



2  Materials and Methods 

2.1  Participants 

The prospective study was authorized by the local ethical committee of West China Hospital of 

Sichuan University and written informed consent was obtained from all participants. Clinical 

investigation has been performed according to the Declaration of Helsinki. SHE participants were 

consecutively enrolled from the Epilepsy Center of West China Hospital (X.W., D.Z.; neurologists and 

epilepsy experts with 10 and 35 years of experience, respectively) between December 2013 and 

December 2017. Primary diagnosis is based on the clinical history and semiology even in the absence of 

positive EEG findings. Final diagnosis was validated by video recording of hypermotor events during 

sleep, preferably by long-term VEEG. All cases were sporadic and did not perform genetic tests. Healthy 

controls were enrolled from the local area by poster advertisements. Exclusion criteria for both groups 

included comorbid neurologic or psychiatric diseases, major trauma or cranial surgery, age above 60 years 

or less than 16 years, and standard contraindications to MRI. Healthy controls with family history for 

epilepsy were also excluded. Participants who had any visible abnormality on MRI as judged by a 

neuroradiologist with >20 years of experience (Q.Y.) were excluded from the study. All of the participants 

were tested for the handness by observing their performance according to the Annett’s handedness 

questionnaire (Annett, 1994).  



2.2  MRI and MRS acquisition 

All the participants underwent high-resolution T1-weighted MRI and 1H MRS examinations using a 3T 

scanner (Siemens, Trio Tim, Erlangen, Germany) with an 8-channel phased-array head coil. Sponge pads 

were used to minimize head motion and mute earplugs were used to protect patients from scanner noise. 

High-resolution T1-weighted images were obtained with a three-dimensional Magnetization Prepared 

Rapid Gradient Echo (MPRAGE) sequence covering the whole brain with repetition time/echo time 

(TR/TE) 2250/2.6ms, flip angle 9°, slice thickness 1mm, total 192 contiguous sagittal slices, matrix 

256×256, and field of view 256×256 mm2.  

Single voxel 1H MRS acquisitions for general metabolites were conducted using Point-Resolved 

Spectroscopy Sequence (PRESS) with TR/TE 2000/30ms and spectral bandwidth 1200Hz, collecting 128 

water-suppressed and 16 water-unsuppressed averages. In a standard PRESS, GABA is overlapped and 

obscured by other metabolites, and so to detect this we used Mescher-Garwood PRESS (MEGA-PRESS), 

which allows a well-defined GABA signal at 3.0 ppm to be separated from overlapping signals by using 

the J-coupling (Kaiser et al., 2008; Shungu et al., 2016): parameters were TR/TE=2000/68ms and spectral 

bandwidth=1200Hz, 128 water-suppressed (EDIT ON scan) and 16 water-unsuppressed averages  (EDIT 

OFF scan) and editing pulse frequency 1.9 ppm. 1H MRS voxels (12 mL = 4.0 × 2.0 × 1.5 cm3) were 

placed in bilateral DLPFC, as shown in Figure 1. Pre-saturation bands were placed around the VOIs to 

avoid lipid contamination from scalp. All spectra data were acquired by the same investigator (W.W.) to 



keep the localization consistent. Fastmap shimming was conducted to ensure width at half maximum 

(FWHM) of water resonance <12 Hz. Spectra were both acquired with and without water suppression. 

The water signal was used for eddy-current correction and also as the internal reference in absolute 

metabolite quantification (see below). The total time of the examination was 36 minutes per participant.  

2.3  MRS Data Processing 

All MRS data acquired by PRESS and MEGA-PRESS were both processed using linear combination 

model (LCModel) (version 6.3-1H, http://s-provencher.com/lcmodel.shtml). It is automated for baseline 

and phase correction, and it can also obtain the absolute metabolite concentrations and uncertainty 

estimations (e.g. Cramer-Rao lower bounds (CRLB)). For MEGA-PRESS，we did eddy-current correction 

and water-scaling correction before calculating the difference spectrum. An example of PRESS and 

MEGA-PRESS spectra is illustrated in Figure 2. Neurometabolites of interest included NAA, mI, choline 

(Cho), creatine (Cr), glutathione (GSH), the sum of glutamate and glutamine (Glx), and GABA. Although 

GSH overlaps with peaks from other metabolites and could in principle be better approached using 

spectral editing, it is possible to detect the GSH contribution even when not all individual peaks are 

visible (Wood et al., 2010). The quality of all spectra and the fitting results were checked since sometimes 

low CRLB can occur in spectra with poor quality or artifacts. Those data meeting the criteria (full width 

at half maximum (FWHM) ≤  0.08 ppm, signal-noise ratio (SNR) ≥  15, and CRLB ≤  15% 



processed by PRESS, and CRLB ≤ 30% processed by MEGA-PRESS) were included for statistical 

analysis (see Table 2). 

Quantification of absolute concentrations was performed using both the suppressed and unsuppressed 

water signal (the later one as an internal reference), and they were reported as mmol/kg·wet·weight.  

Calculations of metabolite concentrations may be biased by inclusion in the volume of interest (VOI) of 

varying amounts of cerebrospinal fluid (CSF), and by variations in the amounts of gray matter and white 

matter (which may contain the metabolites of interest in very different concentrations). To allow for this 

the VOI fractions of different tissue types were calculated by segmenting each participant's 

three-dimensional T1-weighted images using the cortical thickness processing pipeline of Advanced 

Normalization Tools (ANTs) (http://stnava.github.io/ANTs/) (Tustison et al., 2014). The proportion of 

CSF was determined by creating a mask of the VOI on the segmented images according to its location, 

using Gannet (www.gabamrs.com). This was used directly to correct each metabolite concentration for 

CSF dilution (Hammen et al., 2008) : Ccorrect = Craw × [VTotal/(VTotal -VCSF)], where Craw is the uncorrected 

estimate for the whole voxel and Vtotal and VCSF represent the total volume of the voxel and the volume of 

CSF within the voxel, respectively. The gray and white matter fractions were not directly used to correct 

the estimated concentrations, but in the event of group differences being detected, it is important to 

exclude the possible contribution of different gray/white matter fractions. 

2.4  Statistics 



All statistical tests were carried out at a two-sided 0.05 level of significance using the open source R 

package v3.6.3. We compared the age and education years using the independent-samples t test and using 

chi-square test for sex. The spectrum quality indices (FWHM and SNR) and the voxel tissue fractions (%) 

were also tested by independent-samples t test between the two groups. The Shapiro-Wilk test was used to 

assess normality of metabolite concentrations. We conducted analyses via analysis of covariance 

(ANCOVA) to test group differences of metabolites with age, sex and education years as covariates. The 

threshold of ANCOVA P was set at 0.05, after Bonferroni correction for multiple comparisons with seven 

metabolites. 

We analyzed metabolic differences between left and right DLPFC using pared t test. To test the effect 

of sex, metabolic differences between men and women were tested by using the ANCOVA in control’s 

group with age, sex and education years as covariates. For the SHE group, the effect of sex was also 

tested by using the ANCOVA with additional covariates, including seizure frequency and disease 

duration. 

We performed partial correlations between each metabolite concentration and age at onset and illness 

duration after controlling the age, sex and education years. Spearman correlations were performed 

between each metabolite concentration and seizures frequency (‘low frequency’ here means seizure-free 

over 6 months before MR scan, or seizures no more frequent than 1 per month; ‘high frequency’ means 

seizures per night or week, or at least more than 1 per month).  



3  Results 

3.1  Participants 

We studied 39 participants with SHE (24 males and 15 females; age 17-57 years, mean 30.7 years) and 

59 healthy controls (29 males and 30 females; age 20-60 years, mean 29.4 years). All participants were 

right-handed. For the participants with SHE the mean age at onset was 24.2 years and mean illness 

duration was 6.5 years. At the time of study 21 (54%) were in the ‘low frequency’ seizure category and 18 

(46%) were ‘high frequency’. All but 8 were on antiepileptic mono- or polytherapy. The seizure type was 

secondary generalized tonic-clonic seizures for all but 3 participants. Interictal and ictal EEG was 

abnormal in 19 participants. Table 1 summarizes the demographic and clinical data. Participants with 

SHE and controls did not differ in terms of age (t(96) = 0.580, P = 0.563) or sex (2(1, n = 98) = 1.450, P = 

0.228). There is significant group difference in years of education (P = 0.001). Compared with controls, 

SHE patients had fewer years of education. 

3.2  MRS Results 

Table 2 summarize the neurometabolic concentrations in the two groups. It is worth noting that the 

number of participants varied in different metabolites. Because we collected bilateral DLPFCs’ MRS data 

and either side meeting the quality standards would be included in this study. After controlling for age, 

sex and education years, ANCOVA analyses showed that NAA concentration in the left DLPFC and mI 



concentrations in the bilateral DLPFCs were lower in the SHE group compared with controls (NAA, F(1, 

86) = 7.98, n = 90, P = 0.006; mI in the left DLPFC, F(1, 84) = 5.56, n = 88, P = 0.021; mI in the right 

DLPFC, F(1, 68) = 4.28, n = 72, P = 0.042), while GSH and Glx concentrations were higher in the right 

DLPFC (GSH, F(1, 66) = 6.76, n = 70, P = 0.012; Glx, F(1, 67) = 5.04, n = 71, P = 0.028). Among these 

changes, only the NAA change in the left DLPFC passed Bonferroni correction (P’ = 0.042). There were 

no significant between-group differences in other metabolites (Figure 3). Table 2 also summarizes 

spectral quality (FWHM and SNR) and mean CRLB, which did not differ significantly between the SHE 

group and control group. Table 3 shows the tissue fractions in the spectroscopy VOIs, but no significant 

difference was found between the groups (P > 0.05).  

Table 4 shows the left-to-right DLPFC differences in metabolite concentrations: the only significant 

difference was in the control group, wherein a paired t test analysis of NAA level in the left hemisphere 

was higher than the right (P = 0.041). The metabolic comparisons between men and women are shown in 

Table 5. The GSH concentrations in the right DLPFC were statistically significantly higher in men than in 

women in participants with SHE (P = 0.001). No significant difference was found in other metabolites 

between men and women in both SHE group and control group. 

3.3  Correlation between clinical data and metabolites  

 The mI concentration in the right DLPFC was negatively correlated with epilepsy duration (r28 = 



-0.501, P = 0.011). We did not find any other significant correlations between other metabolites and 

illness duration of SHE, age at onset or seizure frequency (P > 0.05). 

4  Discussion 

In the present study concentration of NAA in the left DLPFC and mI concentrations in the bilateral 

DLPFCs were lower in participants with SHE than in controls, while GSH and Glx concentrations in the 

right were higher than in controls. Except for NAA, other metabolites must be interpreted with caution 

because they cannot pass the Bonferroni correction. There was an asymmetry of NAA concentration 

(left > right) in healthy controls but no difference in the SHE group. Besides, the mI concentration in the 

right DLPFC was negatively correlated with epilepsy duration. Even though seizures may be derived 

from various brain areas, they will propagate to frontal lobe to generate a similar seizure semiology by a 

final common path (Tassinari et al., 2005). Such a pattern of metabolic changes may represent a common 

frontal metabolic alteration in SHE. We discuss these abnormalities, and some of the negative findings, 

below. 

4.1  Decreased NAA concentration in the left DLPFC 

  NAA is thought to reflect neuroaxonal integrity and density, being found almost exclusively in neurons, 

axons and dendrites (Moffett et al., 2007), and a decreased NAA is generally interpreted as a loss of 



neurons or neuronal dysfunction. Reduction of NAA levels has often been reported in the epileptogenic 

zone or epileptic network (Fojtikova et al., 2006; Heron et al., 2012; Lundbom et al., 2001; Naldi et al., 

2017; Savic et al., 2004). Such alteration has been found in temporal lobe epilepsy and it can recover after 

surgery (Cendes et al., 1997; Fountas et al., 2012), which might indicate it was not caused by loss of 

neurons. NAA is synthesized in neuronal mitochondria, whose dysfunction or increased energy 

requirement might lead to a reduction of NAA levels (Signoretti et al., 2001). Our main finding of lower 

NAA may reflect neuronal energetic impairment of the DLPFC as a chronic consequence of epileptic 

seizure (Hetherington et al., 2002). 

We also found, but only in controls, that NAA level in the left DLPFC was higher than the right. 

Similar neurochemical asymmetry has been noted before: a study related to healthy right-handed subjects 

existed a left-right metabolic asymmetry in the temporal lobe (Bernard et al., 1996). Anatomical 

asymmetry has also been reported especially in the frontal lobe, related to handedness (note that all our 

participants were right-handed) (Amunts et al., 2000). We hypothesize that epileptic seizures may affect 

both frontal lobes through the rich interconnectivity between the two hemispheres, but that the left 

hemisphere may be more vulnerable than the right. Although the mechanisms are of course very different, 

a similarly increased vulnerability of the left hemisphere to distributed pathophysiological processes has 

been reported in Alzheimer's disease (Loewenstein et al., 1989; Thompson et al., 2003). In addition, 

developmental factors may explain this phenomenon, because the left hemisphere matures later and more 



slowly than the right hemisphere and it may be more affected by early insults from early-onset seizures 

(Kemmotsu et al., 2011). 

4.2  Decreased myo-inositol (mI) concentrations in the bilateral DLPFCs 

  This is in line with studies reporting lower mI in an extratemporal region (frontal lobe) in TLE patients 

(Tan et al., 2018). Myo-inositol is taken as a glial cell marker located in astrocytes and it is a 

physiologically important osmolyte (Fisher et al., 2002). In one animal study, oxidative stress induced the 

failure of osmotic control in astrocytes, together with a massive loss of myo-inositol (Brand et al., 1999). 

It is tempting to suggest a similar mechanism here, as we discuss next. 

Furthermore, we found negative correlation between the mI concentration and epileptic duration in the 

right DLPFC. Perhaps more significant mI difference might be found in the right DLPFC in the future in 

a study with longer duration, due to less vulnerability of the right hemisphere and the progressive effects 

of seizures mentioned before. 

4.3  Increased glutathione (GSH) concentration in the right DLPFC 

GSH (a glutamate, cysteine and glycine tripeptide), the most abundant cellular thiol, is the brain's main 

antioxidant primarily produced in astrocytes because they can utilize various extracellular precursors to 

produce the three amino acids (Schmidt & Dringen, 2012). There is evidence that epileptic seizures are 

associated with an enormous production of reactive oxygen (Frantseva et al., 2000), which would be 



expected to decreased GSH acutely, and potentially between seizures if recovery processes are 

insufficient or overwhelmed. There is one report of lower GSH in the parietooccipital area of focal 

epilepsy (Mueller et al., 2001). In contrast, we found a significantly higher GSH in the right DLPFC in 

SHE. Increased GSH might reflect a compensatory response to oxidative stress, as appears to be the case 

in a rat model after status epilepticus (Filibian et al., 2012). and in the first-episode psychosis (Wood et 

al., 2009). A possible explanation for the increased GSH concentration in the right DLPFC alone is that 

compensatory GSH synthesis might increase bilaterally, but the oxidative stress might be greater on the 

left and thus offset the increase of GSH though more consumption. The high vulnerability of left 

hemisphere might support this speculation again.  

Otherwise, we further confirmed a higher GSH concentration in men than in women in SHE 

participants after eliminating the effects of seizure frequency, disease duration, et al. It probably indicates 

that men are more susceptible to this disease than women, which is in accord with a epidemiologic study 

showing that SHE predominates in men (7:3) (Menghi et al., 2018). Our recruited patients and another 

study both show a higher prevalence in men (Provini et al., 1999).   

4.4  Increased the sum of glutamate and glutamine (Glx) concentration in the right DLPFC  

Glutamate is the dominant central excitatory neurotransmitter (Magistretti et al., 1999), and in vivo 

(Petroff et al., 1995)  and in vitro (Sherwin et al., 1988) studies implicate that increased glutamate 



concentration is the pathophysiology of epilepsy. The trend towards increased Glx concentrations in SHE 

patients versus healthy controls are in line with previous epilepsy research, including idiopathic 

generalized epilepsy (Doelken et al., 2010; Helms et al., 2006; Simister et al., 2003) and temporal lobe 

epilepsy (Woermann et al., 1999). A larger sample size may contribute to verify this finding. 

4.5  No alteration in GABA concentration  

GABA is the major central inhibitory neurotransmitter (Olsen & Avoli, 1997) and plays an important 

role in epilepsy: impairment of GABA function produces seizures, whereas antiepileptic drugs (AEDs), to 

which SHE patients respond well, enhance GABA-mediated mechanisms (Olsen & Avoli, 1997). In the 

event, we did not find any significant alteration in GABA. This may be because 79% of participants with 

SHE were taking antiepileptic medications.  

4.6  Limitations 

Our study had some limitations. First, limited time precluded acquiring spectra in the thalamus, 

orbitofrontal cortex and brainstem. Second, AEDs use may be a confounding factor. They may have 

complex effects, perhaps helping to restore low NAA and prevent the loss/dysfunction of neuronal and 

axonal (Westman et al., 2007), but also confusing the picture for GABA. Third, sleep deprivation caused 

by frequent epileptic seizures in SHE is reported to impair executive function (Menghi et al., 2018), 

which is under DLPFC control. However, we did not perform psychological and cognitive evaluations of 



the two groups, and this should be part of future studies. Fourth, although we only included GSH values 

with Cramer-Rao lower bounds of less than 15%, a special MEGA-PRESS that can detect the GSH signal 

and remove other overlapping resonances or macromolecules would be preferable to standard PRESS for 

the detection of GSH (Shukla et al., 2018). Additional spectra in other brain regions, such as orbitofrontal 

cortex and brainstem, were not acquired, due to the limited acquisition time and susceptibility artifacts. 

We did not acquire spectra in thalamus and anterior cingulate cortex because they have been studied 

(Naldi et al., 2017). 

5  Conclusion 

This study demonstrates that DLPFC is an important brain region involved in the pathophysiology of 

SHE, in which both neurons and astrocytes are impaired, and the elevated glutathione level may suggest 

an abnormality related to oxidative stress. These findings may shed light on the neurobiochemical 

mechanisms of SHE and enrich our knowledge about MRI-negative SHE patients.  
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Figure Legends 

Figure 1. Sagittal, coronal and axial view of the VOI (voxel size: 12 mL = 4.0 × 2.0 × 1.5 cm3) 

positioned within the left and right DLPFCs. The proportion of cerebrospinal fluid within the voxels 

were determined by overlaying them on the segmented T1-weighted images. A = arterial, DLFPC = 

dorsolateral prefrontal cortex, L = left, P = posterior, R = right, VOI = volume of interest. 

 

Figure 2. Examples for general metabolites (A) and GABA (B) processed by LCModel.  

Cho = choline, Cr = creatine, GABA = γ-aminobutyric acid, Glx = glutamate/glutamine, GSH = 

glutathione, mI = myo-inositol, NAA = N-acetyl aspartate. 

Figure 3. Metabolic differences acquired by PRESS in participants with SHE compared with 

healthy controls.  

Cho = choline, Cr = creatine, Glx = glutamate/glutamine, GSH = glutathione, L = left, mI = myo-inositol, 

NAA = N-acetyl aspartate, PRESS = Point-Resolved Spectroscopy Sequence, R = right, SHE = 

sleep-related hypermotor epilepsy. *: p < 0.05. **: p’ < 0.05. 

 


