
January 2018 | Volume 9 | Article 61

Case RepoRt
published: 22 January 2018

doi: 10.3389/fneur.2018.00006

Frontiers in Neurology | www.frontiersin.org

Edited by: 
Tony L. Strickland,  

Sports Concussion Institute,  
United States

Reviewed by: 
Ramon Diaz-Arrastia,  

University of Pennsylvania,  
United States  

Eric Peter Thelin,  
University of Cambridge,  

United Kingdom

*Correspondence:
Zahari N. Tchopev  

zahari.tchopev@usuhs.edu

Specialty section: 
This article was submitted to 

Neurotrauma,  
a section of the journal  
Frontiers in Neurology

Received: 06 August 2017
Accepted: 03 January 2018
Published: 22 January 2018

Citation: 
Tchopev ZN, Yeh P-H, Morgan GW, 

Meyer E, Wolf JM, Ollinger JM, 
Riedy GP and Young LC (2018) 

Acquired Sleep-Related Hypermotor 
Epilepsy with Disrupted White Matter 

Tracts Assessed by  
Multishell Diffusion Magnetic 

Resonance Imaging.  
Front. Neurol. 9:6.  

doi: 10.3389/fneur.2018.00006

acquired sleep-Related Hypermotor 
epilepsy with Disrupted White Matter 
tracts assessed by Multishell 
Diffusion Magnetic Resonance 
Imaging
Zahari N. Tchopev1*, Ping-Hong Yeh2, Greg W. Morgan2, Eric Meyer1,3, Johanna M. Wolf4, 
John M. Ollinger2, Gerard P. Riedy2 and Lisa C. Young3

1 School of Medicine, Uniformed Services University of the Health Science, Bethesda, MD, United States, 2 National Intrepid 
Center of Excellence, Walter Reed National Military Medical Center, Bethesda, MD, United States, 3 Department of 
Psychiatry, Walter Reed National Military Medical Center, Bethesda, MD, United States, 4 Inpatient Neurobehavioral Program, 
Walter Reed National Military Medical Center, Bethesda, MD, United States

Sleep-related hypermotor epilepsy (SHE) (previously frontal lobe epilepsy) is a rare seizure 
disorder commonly misdiagnosed or unrecognized, causing negative patient sequelae. 
While usually reported in familial studies, it is more commonly acquired. Diagnosis is a 
challenge due to its low incidence in comparison with the more common sleep disorders 
or psychogenic etiologies in the differential diagnosis. Diagnosis is scaled on degree 
of certainty based on described or clinically documented semiology, with video EEG 
as a helpful, but not necessary, adjunct. Current treatment is similar to other focal epi-
lepsies. We studied a 36-year-old active duty male soldier who presented with 2 years 
of predominantly sleep related, abrupt, short, and anamnestic hyperkinetic movements 
with unstructured vocalizations. Prior workup included non-contributory video electroen-
cephalograph (EEG) and polysomnography as well as normal brain magnetic resonance 
imaging (MRI). Treatments for presumed psychiatric and parasomnia disturbances were 
not effective in establishing diagnosis or relief. Evaluation at our tertiary, multidisciplinary 
care institution recorded events consistent with the diagnosis of clinical SHE. He was 
enrolled in an advanced multishell diffusion-weighted imaging MRI research study to eval-
uate white matter tracts, given his history of mild, repetitive, non-penetrating traumatic 
brain injury, not otherwise requiring hospitalization. Multishell diffusion MRI tractography 
found changes not previously described in the right frontal lobe white matter tracts. 
These changes were consistent with neurological localization and serve as a potential 
nidus for this patient’s seizure disorder. Misdiagnosis of SHE can result in detrimental 
biopsychosocial sequelae of untreated epilepsy, unnecessary or harmful intervention, or 
the stigmata of a behavioral disorder. Further investigation into diagnosis and etiology 
of acquired SHE is needed. Assessment for white matter abnormalities can potentially 
provide information into pathogenesis of epilepsy disorders.

Keywords: sleep-related hypermotor epilepsy, traumatic brain injury, magnetic resonance imaging, tractography, 
eeG, posttraumatic epilepsy
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INtRoDUCtIoN

The following case study illustrates the difficulties in diagnosis 
of a rare disease in the setting of atypical report of worsening 
signs and symptoms, the benefits of multidisciplinary diagnostic 
approach, and limitations individual providers may have in 
diagnostic confidence. We review the most up-to-date diagnostic 
criteria, proposed etiologies and treatments for sleep-related 
hypermotor epilepsy (SHE). To the best of our knowledge, this 
is first case report which has localized this rare epileptic disor-
der with both video encephalographic and structural imaging 
changes by diffusion magnetic resonance imaging (MRI).

Sleep-related hypermotor epilepsy was first described in a 
handful of patients from Bologna, Italy in 1981 (1). Characterized 
by bizarre movements and posturing occurring from sleep in 
the absence of electroencephalograph (EEG) activity, it was 
labeled “hypnogenic paroxysmal dystonia,” and modified some 
time later to “nocturnal paroxysmal dystonia” (1, 2). When the 
semiologic similarity was noted in patients with EEG recorded 
frontal seizures undergoing neurosurgical intervention for 
drug-resistant epilepsy, the name was changed to nocturnal 
frontal lobe epilepsy (3). Finally, in 2014, FNLE was renamed to 
the present SHE by a group of international experts in epilepsy 
and sleep with the intent of facilitating more accurate diagnosis 
and recognition (4).

Sleep-related hypermotor epilepsy has an estimated preva-
lence of 1.8/100,000, classifying it as a rare disease (5). However, 
this incidence rate is as reported in Italy, where there is a higher 
concentration of SHE due to autosomal dominant inheritance. 
The true worldwide acquired incidence is likely lower, although 
not reported in the literature, as further population level studies 
are necessary. Low or unknown prevalence in a relatively newly 
described disease likely contributes to lack of international diag-
nostic criteria and thus, delayed recognition and misdiagnosis.

Diagnosis is based primarily on clinical history. The seizures 
are typically stereotyped motor patterns with abrupt onset, last 
briefly (<2 min), and abruptly stop. Clustering is common, but 
not required. The most common motor phenotype is one with 
vigorous or bizarre hyperkinetic features while seizures with 
asymmetric tonic or dystonic posturing is the second most com-
mon presentation. The former is often described or recorded 
as kicking, pedaling, grasping attempts or rolling, and rocking 
movements. A minor characteristic may include unstructured 
vocalization (screaming) (6). Patients may report being aware of 
the episode but not being able to control the behavior, as well 
as abrupt arousal or distinct aura. Occasionally, a patient may 
describe jumping up and running, a phenomenon named Epileptic 
Nocturnal Wandering (ENW) (7). While occurring predomi-
nantly during sleep, they may also occur in wakefulness. Notably, 
diagnosis is not excluded by absence of ictal EEG correlates or 
even extrafrontal origin (extrafrontal in up to 30%) (8, 9). This 
is often because ictal EEG is obscured by artifacts of the patient’s 
violent movements and thus renders the data uninformative. In 
cases where EEG is collected, seizures generally occur during 
the slow wave phase of non-rapid eye movement sleep (NREM) 
(10, 11). Provider certainty of SHE diagnosis is categorized as 
witnessed (possible), video documented (clinical) and video-EEG 

documented (confirmed), whereby the semiology is either only 
reported, video recorded, or correlated to EEG, respectively.

The etiology and anatomo-electroclinical correlations are 
under further elucidation. In the majority of cases, etiology 
is unknown. Identified etiologies may include focal cortical 
dysplasia, acquired injuries or genetic (10, 12–14). Genetic 
studies have elucidated heterogeneous mutations to include the 
nicotinic acetylcholine receptor and sodium-activated potas-
sium channels (15, 16). Furthermore, functional studies suggest 
hyperactivation of the cholinergic pathway, perhaps elucidating 
a pathophysiology, as this pathway modulates both sleep and 
arousal (17). Providers evaluating vEEG can consider involve-
ment of the mesialdorsolateral, orbitopolar, opercular, or larger 
lobar cortical regions as sources of the hyperkinetic behavior. 
The fear-associated behaviors of ENW, or screaming, implicate 
structures of the limbic system, temporal region, and anterior 
cingulate (18–20).

When identified, SHE requires prompt treatment and educa-
tion on seizure precautions. Treatment options are similar to other 
focal epilepsies as pathophysiology is better elucidated over time. 
Carbamazepine has been reported as the drug of choice, although 
others have been shown to be effective (4). All patients should be 
advised on appropriate restrictions and precautions, often based 
on state of residence, to prevent injury. As sleep alteration can 
be a comorbid disorder and contribute to seizure precipitation, 
patients should be instructed to adhere to good sleep hygiene and 
evaluated for obstructive sleep apnea (21, 22).

Case sUMMaRY

The patient is a 36-year-old man with a 2-year history of bizarre, 
hypermotor spells predominantly at nighttime admitted to the 
Neurobehavioral and traumatic brain injury (TBI) Unit of Walter 
Reed National Military Medical Center (WRNMMC). History of 
his illness was corroborated by his wife via telephone. The reported 
spells occurred at a rate range of 3–5 times while awake and up to 
7–9 times from sleep. Sleep deprivation was perceived to increase 
rate of nighttime episodes. The subject described occasional “warm-
ing” aura before episodes and intense fatigue after episodes, which 
last 10–15 s, stopping and ending abruptly. When awake, episodes 
are described as a yell or grunting and jumping up or running. The 
subject used phrases such as “fight or flight sensation” and “panic.” 
At night, episodes were described as a sudden sitting-up, yelling, 
and jumping out of bed in dramatic fashion, with uncomplicated 
return to sleep afterward. Episodes were anamnestic to the patient. 
He endorsed exceptionally rare associated loss of bladder control. 
He denied self-awareness and control at initiation of an episode 
but described reorientation and redirection of his actions toward 
the end, such as patting someone on the back when running past 
them or, offering a “high-five.” He further denied temporally 
related oral injuries, changes in cognition, strength, sensation, and 
preceding olfactory hallucination. He had never injured others 
during episodes although had injured himself when leaping out 
of bed. He denied associated nightmares but does still dream, 
although more rarely due to sleep interruption.

He has no pertinent past medical or surgical history. Admission 
medications included venlafaxine 225 mg and propranolol 40 mg, 
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FIGURe 1 | Video EEG screenshots of sleep-related hypermotor epilepsy 
patient. (a) Bilateral hand raising, leg flexion, and moaning. (B) Yelling and 
abrupt sit-up. (C) Forceful lay back and bilateral pedal kicking.
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prescribed by primary care and behavioral health providers to 
treat presumed behavioral disorder. Previous related medication 
trials included paroxetine, bupropion, sertraline, hydroxyzine, 
trazodone, and clonazepam. He completed behavioral health 
therapy for psychiatric and sleep-related diagnoses. No hypermo-
tor episode frequency change was appreciated by the patient or 
spouse in that time. His family history is negative for movement 
disorders and parasomnias in his parents, but he has a sister with 
resolved juvenile myoclonic epilepsy. On review of systems, he 
endorsed changes in mood and energy, which he attributed to the 
impact his spells were having on his quality of life. He reported 
mild, recurrent traumatic brain injury history. He estimated one to 
two sports related concussions, several head impacts and a single 
temporary loss of consciousness. Later, during military training 
exercises and three deployments as an active duty military officer, 
he was exposed in close proximity to the regular discharge of 
weapons and ordnance, to include at least five high impact aerial 
landings, causing some degree of disorientation. He denied the 
persistence of somatic symptoms after these events. He suffered 
an indirect blast wave in 2007, causing disorientation, confu-
sion, and epistaxis. He did not seek medical workup or require 
hospitalization after any of these events. He denied similar head 
injury for at least 2 years before onset of these symptoms. Lack of 
a posteriori knowledge of TBI significance likely contributed to 
difficulties in more precise description.

Workup before our evaluation was appropriate. Outside brain 
MRI was read as normal and revealed no intracranial findings. A 
sleep study with vEEG and polysomnography (PSG) was inter-
preted as periodic limb movements/REM behavior disorder and 
sleep apnea with insomnia. A 24-h ambulatory EEG with event 
recorder reported normal background during all episodes. As a 
result, overall, previous pharmacologic and non-pharmacologic 
treatment was directed toward behavioral health and sleep-
related disorders.

Our admission physical exam and screening labs were within 
normal limits. Post-spell lactate was normal. He was tapered off 
of venlafaxine and propranolol without changes in episode rate 
or mood. He scored unremarkably on psychometric testing. 
Further review of parasomnia and psychiatric questioning was 
without significant positive findings. Sleep vEEG and PSG was 
repeated. The patient was observed to have five episodes with 
stereotyped behaviors arousing out of drowsiness, stage 2 and 
stage 3 of non-rapid eye movement (REM) sleep. Behaviors 
included bilateral flexing of his legs and kicking feet, flexing 
arms, moaning loudly, sitting up in bed, forcefully flinging back 
down and suddenly standing up out of bed (Figure 1; Video S1 
in Supplementary Material). He was able to immediately answer 
the sleep technologist over the intercom. Duration of behaviors 
was about 15 s long without interpretable ictal EEG correlates, 
secondary to movement noise. There were a few right frontal 
epileptiform sharp transients that phase reversed on interictal 
EEG at probe F8 (right frontal). Ictal EEG waveforms were 
non-diagnostic due to severe movement artifact (Figure S1 in 
Supplementary Material). Moderate obstructive sleep apnea was 
also described.

Video EEG allowed for the semiologic diagnosis of SHE. He was 
initiated on and titrated to a therapeutic dose of oxcarbazepine, a 

functional relative of carbamazepine that lacks the complications 
of autoinduction (23). Seizures and related activity were com-
pletely resolved after 24 h at a dose of 1,800 mg/day. The patient 
was discharged and self-reports continued control of seizures 
3 months later.

Etiology in this subject was unlikely to be genetic given the 
autosomal dominant pattern of SHE presenting earlier in life. He 
had a relatively benign developmental and family history, leaving 
an acquired etiology as a possible explanation. The patient was 
voluntarily enrolled in an existing approved study designed to 
use multishell diffusion-weighted imaging (DWI) MRI and trac-
tography in brain injured patients to evaluate for diffuse axonal 
injury (DAI), not otherwise appreciated on traditional imaging 
techniques, such as computed tomography or outpatient MRI. 
Furthermore, tractography has been shown to detect significant 
white matter abnormalities in various non-lesional epilepsy syn-
dromes, despite epilepsy being classically considered a disease of 
gray matter (24–26). This study was carried out in accordance with 
the recommendations of WRNMMC Institutional Review Board 
(20337) and Department of Defense, with written informed con-
sent from the subject to participate and for his case and results, 
including supplementary videos and images, to be published in 
a scientific journal. The subject gave written informed consent in 
accordance with the Declaration of Helsinki. A multishell diffu-
sion scheme was used, with b-values of 1,000, 2,000, and 3,000 s/
mm2 and additional 19 volumes of non-DWI, and resolution of 
1.7 mm × 1.7 mm × 1.7 mm. Each b-value was sampled in 90° 
directions. Two sets of DWI with opposite phase-encoding direc-
tions were acquired using simultaneous multislice sequence with 
a 3.0 T GE scanner accompanied by 32-channel head coil. The 
diffusion data were reconstructed using generalized q-sampling 
imaging (GQI) after preprocessing steps including denoising and 
correction of geometric distortion (27–29). As had previously 
been reported in this patient, no findings were appreciated on 
traditional structural MRI. However, using multishell GQI 
tractography, the right superior longitudinal fasciculus (SLF) 
was noted to be damaged, as evidence by a lesion in the image 
itself, as well as decreased generalized fractional anisotropy (gFA) 
compared with the contralateral SLF (Figures 2 and 3).

DIsCUssIoN

Sleep-related hypermotor epilepsy can be frequently misdiag-
nosed. It is commonly mistaken for NREM arousal disorders 
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FIGURe 3 | Reconstructed right and left, respectively, superior longitudinal fasciculus (SLF) tracts (above) and their corresponding average generalized fractional 
anisotropy (gFA) values along the tract plotted below. The gFA profile plots show lower values (circled) over the anterior segment of SLF on the right compared with 
left, indicating white matter tract damage.

FIGURe 2 | Reconstructed generalized fractional anisotropy (gFA) (left) of 
subject with a red arrow pointing to white matter disruption with relatively 
lower gFA of the right frontal lobe. A tractogram overlaid on gFA (right) of the 
superior longitudinal fasciculus shows sparser tract density on the right 
compared with left side. Colors indicate fiber tract orientation, or 
directionality, such that green is anterior–posterior, red is left–right, and blue is 
superior–inferior.
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(i.e., sleepwalking and sleep terrors), REM sleep disorders, sleep-
related movement disorders, or other nocturnal events. Common 
psychiatric misdiagnoses include psychogenic non-epileptic 
seizures (pseudoseizures) and panic attacks, or inappropriately 
associated with other psychiatric disorder. Diagnostic scales and 
interviews have been designed to aid in diagnoses and differentia-
tion from parasomnia, however, not from psychiatric disorder 
(6, 30). Use of these scales presumes a wide enough differential 

diagnosis and clinical experience of the provider to initiate 
appropriate workup.

Negative consequences for patients include living with 
untreated seizures and all their associated sequelae, while others 
undergo expensive, unnecessary or harmful treatment, while liv-
ing with the stigma of a behavioral illness. Providers at all levels 
can help these patients and refer for epilepsy evaluation and 
treatment. The primary care provider can recognize the abnormal 
movements and seizure spell characteristics as unlike any tradi-
tional disease script. Sleep medicine physicians can appreciate 
stereotyped, bizarre bilateral movements on vEEG. Psychiatrists 
can rule out or treat concomitant disorders.

This patient was diagnosed using the semiology from clini-
cally documented video EEG. This is the second highest level 
of certainty, as per the most up-to-date consensus criteria (4). 
He also responded to the appropriate pharmacologic treatment 
for this disorder. The findings of right frontal epileptiform 
sharp transients that phase reverse are a signature of seizure 
focus (31). Probe F8 associates with Brodmann area 45R, part 
of the pars triangularis of the right inferior frontal gyrus (32). 
This area’s function has been shown to localize to inhibition 
and impulse control (33). TBI may cause DAI not observable 
by traditional imaging. Sequelae of the toxic metabolic cascade 
result in degeneration of neuronal pathways, measurable years 
beyond initial injury (34–37). A decreased axonal density results 
in measurable changes in water molecule diffusion properties 
along the direction of white matter tracts. In this patient, the 
SLF was damaged. It localizes to regulation of motor behavior, 
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spatial attention, and language. There are four components 
of SLF, namely, SLF I, II, III, and the arcuate fasciculus (38). 
The ventral component, interconnecting the ventral prefrontal 
cortex and the inferior parietal lobule, and possible connection 
between the pars opercularis, triangularis, and supramarginal 
gyrus, may function to transfer somatosensory information 
such as language articulation, and to monitor orofacial and 
hand motions (39). In humans, right hemispheric dominance, 
particularly the SLF II and the SLF III, has been suggested to be 
associated with an unbalanced speed of visuospatial processing 
(40). A much sparser fiber density and lower values of gFA over 
the right SLF in this patient suggests non-lesional white matter 
disruption, which may be related to hyperkinetic behavior, as 
well as possible impaired visuospatial function. Overall, EEG 
and imaging findings found pathological changes to the right 
frontal lobe. The postulated mechanism of this acquired case of 
SHE may be similar to that of posttraumatic epilepsy (PTE), with 
the aforementioned lesion serving as a seizure nidus. PTE is a 
described phenomenon in which TBI patients develop epilepsy 
years after insult, similar to this patient, who did not endorse 
TBI for several years before symptom onset (41, 42). There is an 
albeit weak, but increased, relative risk of developing epilepsy in 
veterans of the recent wars in Iraq and Afghanistan who suffered 
TBI (43). Indeed, previous DWI studies have similarly found 
changes in white matter tracts in PTE patients, and tractography 
is increasingly showing use in identifying causes of epilepsy in 
otherwise non-lesional traditional imaging studies (24, 26, 44). 
Despite this most likely interpretation, we recognize the finding 
of disrupted white matter tracts in this study cannot establish 
cause and effect in PTE.

CoNCLUDING ReMaRKs

This is the first study to uniquely diagnose and further localize 
SHE through correlation of changes using a combination study 
modalities. In particular, we localize a likely acquired seizure 
nidus using white matter tractography in a case where traditional 
epilepsy imaging techniques could not identify a lesion source. 
Our findings are consistent with previously described presump-
tions as to lesion localization in SHE. However, this study is 
limited as a case report and by the relatively narrow literature 
on acquired SHE, particularly in regards to prevalence and 
pathophysiology. The patient reported his TBI history to the best 

of his ability; however, precise details are limited due to a lack 
of posteriori knowledge of reporting these events to a medical 
provider. Due to this limited history, we recognize the etiology 
of the development of this white matter nidus could theoretically 
predate injuries. Nevertheless, we demonstrate the use of white 
matter tractography in the diagnosis of a focal epilepsy. Further 
studies of patients with acquired SHE, and SHE in the general 
population, are necessary to describe the pathogenesis, and aid 
in creation of sound diagnostic criteria that may aide providers 
in early identification. The use of white matter tractography MRI 
can also be systematically studied to aid in the diagnosis of non-
lesional epilepsy disorders, to better understand pathophysiology 
of the disease.
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ReFeReNCes

1. Lugaresi E, Cirignotta F. Hypnogenic paroxysmal dystonia: epileptic seizure  
or a new syndrome? Sleep (1981) 4:129–38. doi:10.1093/sleep/4.2.129 

2. Lugaresi E, Cirignotta F, Montagna P. Nocturnal paroxysmal dystonia. J Neurol 
Neurosurg Psychiatry (1986) 49:375–80. doi:10.1136/jnnp.49.4.375 

3. Tinuper P, Cerullo A, Cirignotta F, Cortelli P, Lugaresi E, Montagna P. 
Nocturnal paroxysmal dystonia with short-lasting attacks: three cases with 
evidence for an epileptic frontal lobe origin of seizures. Epilepsia (1990) 
31:549–56. doi:10.1111/j.1528-1157.1990.tb06105.x 

4. Tinuper p, Bisulli F, Cross JH, Hesdorffer D, Kahane P, Nobili L, et  al. 
Definition of diagnostic criteria of sleep-related hypermotor epilepsy. Neurology 
(2016) 86(19):1834–42. doi:10.1212/WNL.0000000000002666 

5. Vignatelli L, Bisulli F, Giovannini G, Licchetta L, Naldi I, Mostacci B, et al. 
Prevalence of sleep-related hypermotor epilepsy—formerly named nocturnal 
frontal lobe epilepsy—in the adult population of the Emilia-Romagna Region, 
Italy. Sleep (2017) 40(2):zsw041. doi:10.1093/sleep/zsw041

6. Bisulli F, Vignatelli L, Naldi I, Pittau F, Provini F, Plazzi G, et al. Diagnostic 
accuracy of a structured interview for nocturnal frontal lobe epilepsy 
(SINFLE): a proposal for developing diagnostic criteria. Sleep Med (2012) 
13:81–7. doi:10.1016/j.sleep.2011.09.003 

7. Plazzi G, Tinuper P, Montagna P, Provini F, Lugaresi E. Epileptic nocturnal 
wanderings. Sleep (1995) 18:749–56. doi:10.1093/sleep/18.9.749 

8. Tinuper P, Bisulli F. From nocturnal frontal lobe epilepsy to sleep-related 
hypermotor epilepsy: a 35-year diagnostic challenge. Seizure (2017) 44:87–92. 
doi:10.1016/j.seizure.2016.11.023 

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
http://www.frontiersin.org/articles/10.3389/fneur.2018.00006/full#supplementary-material
http://www.frontiersin.org/articles/10.3389/fneur.2018.00006/full#supplementary-material
https://doi.org/10.1093/sleep/4.2.129
https://doi.org/10.1136/jnnp.49.4.375
https://doi.org/10.1111/j.1528-1157.1990.tb06105.x
https://doi.org/10.1212/WNL.0000000000002666
https://doi.org/10.1093/sleep/zsw041
https://doi.org/10.1016/j.sleep.2011.09.003
https://doi.org/10.1093/sleep/18.9.749
https://doi.org/10.1016/j.seizure.2016.11.023


6

Tchopev et al. White Matter Tractography in SHE

Frontiers in Neurology | www.frontiersin.org January 2018 | Volume 9 | Article 6

9. Proserpio P, Cossu M, Francione S, Gozzo F, Lo Russo G, Mai R, et al. Epileptic 
motor behaviors during sleep: anatomo-electro-clinical features. Sleep Med 
(2011) 12:S33–8. doi:10.1016/j.sleep.2011.10.018 

10. Provini F, Plazzi G, Tinuper P, Vandi S, Lugaresi E, Montagna P. Nocturnal 
frontal lobe epilepsy. A clinical and polygraphic overview of 100 consecutive 
cases. Brain (1999) 122(Pt 6):1017–31. doi:10.1093/brain/122.6.1017 

11. Parrino L, De Paolis F, Milioli G, Gioi G, Grassi A, Riccardi S, et al. Distinctive 
polysomnographic traits in nocturnal frontal lobe epilepsy. Epilepsia (2012) 
53:1178–84. doi:10.1111/j.1528-1167.2012.03502.x 

12. Scheffer IE, Bhatia KP, Lopes-Cendes I, Fish DR, Marsden CD, Andermann F,  
et al. Autosomal dominant frontal epilepsy misdiagnosed as sleep disorder. 
Lancet (1994) 343:515–7. doi:10.1016/S0140-6736(94)91463-X 

13. Steinlein OK, Mulley J, Propping P, Wallace R, Phillips H, Sutherland G,  
et  al. A missense mutation in the neuronal nicotinic acetylcholine 
receptor α4 subunit is associated with autosomal dominant noctur-
nal frontal lobe epilepsy. Nat Genet (1995) 11:201–3. doi:10.1038/ 
ng1095-201 

14. Nobili L, Cardinale F, Magliola U, Cicolin A, Didato G, Bramerio M,  
et al. Taylor’s focal cortical dysplasia increases the risk of sleep-related epilepsy. 
Epilepsia (2009) 50:2599–604. doi:10.1111/j.1528-1167.2009.02169.x 

15. Heron SE, Smith KR, Bahlo M, Nobili L, Kahana E, Licchetta L, et al. Missense 
mutations in the sodium-gated potassium channel gene KCNT1 cause severe 
autosomal dominant nocturnal frontal lobe epilepsy. Nat Genet (2012) 
44:1188–90. doi:10.1038/ng.2440 

16. Becchetti A, Aracri P, Meneghini S, Brusco S, Amadeo A. The role of 
nicotinic acetylcholine receptors in autosomal dominant nocturnal 
frontal lobe epilepsy. Front Physiol (2015) 6:1–12. doi:10.3389/fphys.2015. 
00022 

17. Picard F, Bruel D, Servent D, Saba W, Fruchart-Gaillard C, Schöllhorn-
Peyronneau MA, et al. Alteration of the in vivo nicotinic receptor density in 
ADNFLE patients: a PET study. Brain (2006) 129:2047–60. doi:10.1093/brain/
awl156 

18. Biraben A, Taussig D, Thomas P, Even C, Vignal JP, Scarabin JM, et al. Fear 
as the main feature of epileptic seizures. J Neurol Neurosurg Psychiatry (2001) 
70:186–91. doi:10.1136/jnnp.70.2.186 

19. Nobili L, Francione S, Cardinale F, Lo Russo G. Epileptic nocturnal wander-
ings with a temporal lobe origin: a stereo-electroencephalographic study. Sleep 
(2002) 25:669–71. 

20. Bartolomei F, Trébuchon A, Gavaret M, Régis J, Wendling F, Chauvel P. Acute 
alteration of emotional behaviour in epileptic seizures is related to transient 
desynchrony in emotion-regulation networks. Clin Neurophysiol (2005) 
116:2473–9. doi:10.1016/j.clinph.2005.05.013 

21. Pornsriniyom D, Kim HW, Bena J, Andrews ND, Moul D, Foldvary- 
Schaefer N. Effect of positive airway pressure therapy on seizure control in 
patients with epilepsy and obstructive sleep apnea. Epilepsy Behav (2014) 
37:270–5. doi:10.1016/j.yebeh.2014.07.005 

22. Louis EKS. Diagnosing and treating co-morbid sleep apnea in neurological 
disorders OSA and the spectrum of sleep disordered breathing. Pract Neurol 
(2010) 9:26–30. 

23. Kudriakova TB, Sirota LA, Rozova GI, Gorkov VA. Autoinduction and steady-
state pharmacokinetics of carbamazepine and its major metabolites. Br J Clin 
Pharmacol (1992) 33:611–5. doi:10.1111/j.1365-2125.1992.tb04089.x 

24. Gross DW. Diffusion tensor imaging in temporal lobe epilepsy. Epilepsia 
(2011) 52:32–4. doi:10.1111/j.1528-1167.2011.03149.x 

25. Yogarajah M, Duncan JS. Diffusion-based magnetic resonance 
imaging and tractography in epilepsy. Epilepsia (2008) 49:189–200. 
doi:10.1111/j.1528-1167.2007.01378.x 

26. Vulliemoz S, Vollmar C, Koepp MJ, Yogarajah M, O’Muircheartaigh J, 
Carmichael DW, et al. Connectivity of the supplementary motor area in juve-
nile myoclonic epilepsy and frontal lobe epilepsy. Epilepsia (2011) 52:507–14. 
doi:10.1111/j.1528-1167.2010.02770.x 

27. Yeh F-C, Wedeen VJ, Tseng W-YI. Generalized q-sampling imaging. IEEE 
Trans Med Imaging (2010) 29:1626–35. doi:10.1109/TMI.2010.2045126 

28. Veraart J, Novikov DS, Christiaens D, Ades-Aron B, Sijbers J, Fieremans E. 
Denoising of diffusion MRI using random matrix theory. Neuroimage (2016) 
142:394–406. doi:10.1016/j.neuroimage.2016.08.016 

29. Irfanoglu MO, Modi P, Nayak A, Knutsen A, Sarlls J, Pierpaoli C. 
DR-BUDDI: diffeomorphic registration for blip up-down diffusion 
imaging. Med Image Comput Comput Assist Interv (2014) 17:218–26. 
doi:10.1007/978-3-319-10404-1_28 

30. Derry CP, Davey M, Johns M, Kron K, Glencross D, Marini C, et  al. 
Distinguishing sleep disorders from seizures. Arch Neurol (2006) 63:705–9. 
doi:10.1001/archneur.63.5.705 

31. Stern JM, Engel J. Atlas of EEG Patterns. Philadelphia, PA: Lippincott Williams 
& Wilkins (2005).

32. Amunts K, Zilles K. Architectonic mapping of the human brain beyond 
Brodmann. Neuron (2015) 88:1086–107. doi:10.1016/j.neuron.2015.12.001 

33. Aron AR, Robbins TW, Poldrack RA. Inhibition and the right inferior frontal 
cortex. Trends Cogn Sci (2004) 8:170–7. doi:10.1016/j.tics.2004.02.010 

34. Burda JE, Sofroniew MV. Reactive gliosis and the multicellular response 
to CNS damage and disease. Neuron (2014) 81:229–48. doi:10.1016/j.
neuron.2013.12.034 

35. Johnson VE, Stewart JE, Begbie FD, Trojanowski JQ, Smith DH, Stewart W. 
Inflammation and white matter degeneration persist for years after a single 
traumatic brain injury. Brain (2013) 136(Pt 1):28–42. doi:10.1093/brain/
aws322 

36. Mcallister TW. Neurobiological consequences of traumatic brain injury. 
Dialogues Clin Neurosci (2011) 13:287–300. 

37. Shively SB, Horkayne-Szakaly I, Jones RV, Kelly JP, Armstrong RC, Perl DP. 
Characterisation of interface astroglial scarring in the human brain after blast 
exposure: a post-mortem case series. Lancet Neurol (2016) 15(9):944–53. 
doi:10.1016/S1474-4422(16)30057-6 

38. Makris N, Kennedy DN, McInerney S, Sorensen AG, Wang R, Caviness VS Jr,  
et al. Segmentation of subcomponents within the superior longitudinal fas-
cicle in humans: a quantitative, in vivo, DT-MRI study. Cereb Cortex (2005) 
15:854–69. doi:10.1093/cercor/bhh186 

39. Shroff M. Pediatric Demyelinating Disease and Its Mimics, an Issue of 
Neuroimaging Clinics. Toronto, ON: Elsevier Health Sciences (2013).

40. Thiebaut de Schotten M, Dell’Acqua F, Forkel SJ, Simmons A, Vergani F, 
Murphy DG, et al. A lateralized brain network for visuospatial attention. Nat 
Neurosci (2011) 14:1245–6. doi:10.1038/nn.2905 

41. Gupta PK, Sayed N, Ding K, Agostini MA, Van Ness PC, Yablon S, et  al. 
Subtypes of post-traumatic epilepsy: clinical, electrophysiological, and imag-
ing features. J Neurotrauma (2014) 31:1439–43. doi:10.1089/neu.2013.3221 

42. Arfanakis K, Hermann BP, Rogers BP, Carew JD, Seidenberg M, Meyerand ME.  
Diffusion tensor MRI in temporal lobe epilepsy. Magn Reson Imaging (2002) 
20:511–9. doi:10.1016/S0730-725X(02)00509-X 

43. Pugh MJ, Orman JA, Jaramillo CA, Salinsky MC, Eapen BC, Towne AR, 
et al. The prevalence of epilepsy and association with traumatic brain injury 
in veterans of the Afghanistan and Iraq wars. J Head Trauma Rehabil (2015) 
30:29–37. doi:10.1097/HTR.0000000000000045 

44. Gupta RK, Saksena S, Agarwal A, Hasan KM, Husain M, Gupta V, et  al. 
Diffusion tensor imaging in late posttraumatic epilepsy. Epilepsia (2005) 
46:1465–71. doi:10.1111/j.1528-1167.2005.01205.x 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2018 Tchopev, Yeh, Morgan, Meyer, Wolf, Ollinger, Riedy and Young. 
This is an open-access article distributed under the terms of the Creative Commons 
Attribution License (CC BY). The use, distribution or reproduction in other forums 
is permitted, provided the original author(s) or licensor are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.1016/j.sleep.2011.10.018
https://doi.org/10.1093/brain/122.6.1017
https://doi.org/10.1111/j.1528-1167.2012.03502.x
https://doi.org/10.1016/S0140-6736(94)91463-X
https://doi.org/10.1038/
ng1095-201
https://doi.org/10.1038/
ng1095-201
https://doi.org/10.1111/j.1528-1167.2009.02169.x
https://doi.org/10.1038/ng.2440
https://doi.org/10.3389/fphys.2015.00022
https://doi.org/10.3389/fphys.2015.00022
https://doi.org/10.1093/brain/awl156
https://doi.org/10.1093/brain/awl156
https://doi.org/10.1136/jnnp.70.2.186
https://doi.org/10.1016/j.clinph.2005.05.013
https://doi.org/10.1016/j.yebeh.2014.07.005
https://doi.org/10.1111/j.1365-2125.1992.tb04089.x
https://doi.org/10.1111/j.1528-1167.2011.03149.x
https://doi.org/10.1111/j.1528-1167.2007.01378.x
https://doi.org/10.1111/j.1528-1167.2010.02770.x
https://doi.org/10.1109/TMI.2010.2045126
https://doi.org/10.1016/j.neuroimage.2016.08.016
https://doi.org/10.1007/978-3-319-10404-1_28
https://doi.org/10.1001/archneur.63.5.705
https://doi.org/10.1016/j.neuron.2015.12.001
https://doi.org/10.1016/j.tics.2004.02.010
https://doi.org/10.1016/j.neuron.2013.12.034
https://doi.org/10.1016/j.neuron.2013.12.034
https://doi.org/10.1093/brain/aws322
https://doi.org/10.1093/brain/aws322
https://doi.org/10.1016/S1474-4422(16)30057-6
https://doi.org/10.1093/cercor/bhh186
https://doi.org/10.1038/nn.2905
https://doi.org/10.1089/neu.2013.3221
https://doi.org/10.1016/S0730-725X(02)00509-X
https://doi.org/10.1097/HTR.0000000000000045
https://doi.org/10.1111/j.1528-1167.2005.01205.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Acquired Sleep-Related Hypermotor Epilepsy with Disrupted White Matter Tracts Assessed by Multishell Diffusion Magnetic Resonance Imaging
	Introduction
	Case Summary
	Discussion
	Concluding Remarks
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


