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A case-control proton magnetic resonance
spectroscopy study confirms cerebellar dysfunction
in benign adult familial myoclonic epilepsy
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Background: Benign adult familial myoclonic epilepsy (BAFME) is a rare form of epilepsy
syndrome. The pathogenesis of BAFME remains unclear, though it seems to involve dysfunction
of the cerebellum.

Obijectives: The purpose of this study was to use proton magnetic resonance spectroscopy
("H-MRS) to investigate whether neurochemical changes underlie abnormal brain function in
BAFME.

Methods: Twelve BAFME patients from one family and 12 age- and sex-matched healthy
controls were enrolled in this study. The ratios of NAA/Cr, NAA/Cho, Cho/Cr, and NAA/
(Cr+Cho) were analyzed.

Results: The BAFME patients exhibited a decreased N-acetylaspartate (NAA)/choline (Cho)
ratio in the cerebellar cortex, whereas there were no significant differences in the NAA/creatine
(Cr), Cho/Cr, and NAA/(Cr+Cho) ratios compared with healthy controls. There were no
significant differences in "H-MRS values in the frontal cortex or thalamus between the BAFME
patients and controls. No correlation was detected between the NAA/Cho ratio in the cerebellar
cortex and disease duration, myoclonus severity, or tremor severity.

Conclusion: Our results indicate clear cerebellar dysfunction in BAFME. 'H-MRS is a useful
tool for the diagnosis of BAFME in combination with family history and electrophysiological
examination.

Keywords: benign adult familial myoclonic epilepsy (BAFME), proton magnetic resonance
spectroscopy ("H-MRS), cerebellum, cortical tremor, myoclonus

Introduction

Benign adult familial myoclonic epilepsy (BAFME) is a non-progressive syndrome
that was first identified by Yasuda' in 1991 and is characterized by distal subtle tremors
and/or non-rhythmic myoclonus. Cortical myoclonus, tremor, and generalized tonic-
clonic seizure (GTCS) constitute the core symptoms of BAFME, which is significantly
different from other epilepsy syndromes. BAFME patients suffer from rare attacks of
GTCS, which are not usually accompanied by ataxia and dementia. To date, nearly
100 BAFME families (mainly in Japan and Europe) have been reported under sev-
eral different disease names, including BAFME, familial adult myoclonic epilepsy
(FAME), familial cortical tremor and epilepsy (FCTE), familial cortical myoclonic
tremor with epilepsy (FCMTE), and autosomal dominant cortical myoclonus and
epilepsy (ADCME).> ¢ Genetic studies have revealed that BAFME presents significant
genetic heterogeneity, and four disease loci (8q24, 2p11.1-q12.2, 5p15.31-p15.1, and
3926.32-3q28) have been identified.” ' To date, however, no causative genes have
been discovered.
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Neuropathological studies of BAFME patients have
revealed cerebellar Purkinje cell degeneration that mimics
to some extent that seen in SCA6 and ET.!! Cerebellar
symptoms or cerebellar atrophy have also been reported
in several BAFME pedigrees;!'>!* hence, dysfunction of
the cerebellum seems to be involved in the pathology of
BAFME. However, electrophysiological studies of BAFME
suggest that myoclonus originates in the cerebral cortex.
The pathogenesis of BAFME is still unclear, although a
“cerebello-thalamo-cortical loop hypothesis” has been
proposed by some scholars.!*!¢ Therefore, we selected
the frontal cortex, thalamus, and cerebellar cortex as areas
of interest for a proton magnetic resonance spectroscopy
("H-MRS) study. 'H-MRS is useful for determining changes
in brain metabolites. MRS mainly reflects the concentration
of N-acetylaspartate (NAA), creatine (Cr), and choline (Cho).
A prior 'TH-MRS study of an Italian BAFME family revealed
an elevated Cho/Cr ratio in the cerebellar cortex of affected
family members.'” Here, we report an "H-MRS study focusing
on 12 Chinese BAFME patients from the same pedigree.

Subjects and methods

Subjects

This study was approved by the ethics committee of Xiangya
Hospital, Central South University (Changsha, People’s
Republic of China). Written informed consent was provided
by each participant. Twelve BAFME patients were enrolled
from a previously reported pedigree in which the possibility
that the disease was linked to the known gene loci 8q24
or 2pl11.1-q12.2 had been excluded.'® All of the BAFME
patients were examined by electroencephalography (EEG);
somatosensory evoked potentials (SEPs) and long-loop
reflexes were also measured. The BAFME patients were
diagnosed according to the diagnostic criteria described by
Yasuda.! The Unified Myoclonus Rating Scale (UMRS) and
Fahn-Tolosa-Marin Tremor Rating Scale (FTRS) were used
to assess the severity of myoclonus and tremor by two pro-
fessional doctors in the Department of Neurology, Xiangya
Hospital.!2

Magnetic resonance imaging (MRI)
and 'H-MRS protocol

All subjects were scanned on a 3.0-Tesla scanner (TIM Trio®;
Siemens Medical Solution, Erlangen, Germany) using a
Tx/Rx-1H-head-coil. No hardware upgrades were performed
during the study period.

Our MRI protocol consisted of the acquisition of three-di-
mensional (3D)-T1-weighted images (repetition time [TR]/echo

time [TE], 1,900/3.41 ms; excitation, one time; field of
view, 256x256 mm; matrix size, 256x256; slice thickness,
1 mm); T2-weighted images (TR/TE, 4,000/113 ms; exci-
tation, one time; field of view, 240x240 mm; matrix size,
320x320; slice thickness, 5 mm); and T1-weighted fluid
attenuated inversion recovery (TR/TE, 7,000/91 ms; field of
view, 240x240 mm; matrix size, 256x256; slice thickness,
5 mm). Point-resolved spectroscopy sequences were used
for the MRS acquisitions with the following parameters:
TR/TE, 2,000/135 ms; 128 averages, time acquisition, 257 s.
3D-T1-weighted brain images were obtained in three orthogo-
nal planes (sagittal, coronal, and transverse) to permit the
localization of the volumes of interest (VOIs). VOIs were
set according to previously used measurements combined
with manual adjustments.!’?! Taking into account that all
subjects were right-handed and that longer scanning times
can make subjects uncomfortable, we only used the left
sides of VOIs for spectrum detection. As shown in Figure 1,
VOlIs were individualized according to the anatomies of dif-
ferent subjects and located in the left frontal cortex (18x18x
20 mm), left thalamus (18x18x20 mm), and left cerebellar cor-
tex (20x20x20 mm). The raw data were transferred to an off-line
Leonardo Workstation (Leonardo; Siemens Medical Solution).
Post-processing was then performed using the built-in Siemens
spectroscopy software installed on the Leonardo Workstation.
We determined peak areas by integrating the corresponding
signals from NAA at 2.02 ppm, Cr at 3.02 ppm, and Cho at
3.22 ppm (Figure 2). Peak-amplitude measurement was
performed independently by two skilled operators who were
blinded to the subject data. The NAA/Cr, NAA/Cho, Cho/Cr,
and NAA/(Cr+Cho) ratios were analyzed.

Statistical analysis

Statistical analyses were performed with SPSS Statistics
19.0 software (IBM Corporation, Armonk, NY, USA). We
used the Mann—Whitney U-test to assess differences in
MRS values between BAFME patients and healthy controls.
Correlations between 'H-MRS ratios and other parametric
variables (eg, disease duration, myoclonus and tremor
severity) were analyzed with Spearman’s rho. The level of
significance was set at P<<0.05.

Results

Clinical characteristics of BAFME

patients and controls

The clinical features of the patients are summarized in Table 1.
A total of 12 BAFME patients (seven males and five
females) were enrolled in our study. The mean age of
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Figure | Typical spectroscopic localization of VOlIs from a single subject.

Notes: Transverse, coronal, and sagittal slices are shown from top to bottom. VOlIs: (A) left frontal cortex (18x18x20 mm), (B) left thalamus (18x18x20 mm), and (C) left

cerebellar cortex (20x20x20 mm).
Abbreviation: VOIs, volumes of interest.
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Figure 2 Sample of chemical shift imaging spectra from a subject.

Notes: Peak NAA, Cr, and Cho were determined at 2.02, 3.02, 3.22 ppm, respec-
tively.

Abbreviations: Cho, choline; Cr, creatine; NAA, N-acetylaspartate.

the patients was 42.75+11.94 years (range: 18-58 years).
The mean onset age was 30.67+£9.36 years (range:
16—44 years), and the mean disease duration was
11.2515.43 years (range: 222 years). All of the subjects
exhibited cortical myoclonus and tremors in the upper
limbs. GTCS occurred in five subjects, while one patient
(ID: B02) presented with frequent episodes of GTCS. None
of the patients exhibited ataxia or deficits in intelligence.
EEGs, SEPs, and long-loop reflexes displayed evidence of
cortical reflex myoclonus in all of the patients. One patient
(ID: B10) presented with a history of cerebral infarction;
her MRI showed a small infarction lesion in the left parietal
lobe, which did not affect VOI measurements via MRS.
The T1 and T2 images of the other eleven patients were
normal. The mean UMRS score was 25.25£19.08 (range:
8-76), and the mean FTRS score was 20.67+10.59 (range:
2-72). Only three patients received antiepileptic treatments
(valproic acid for one patient and phenobarbital for the
other two patients). Twelve healthy age-matched controls
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Table | Clinical characteristics of BAFME patients and healthy controls

Patients Sex/age Onset age Duration GTCS UMRS FTRS AED Controls Sex/age
ID (years) (years) (years) ID (years)
BOI M/18 16 2 No 16 7 No Col M/18
B02 M/51 32 19 Yes 76 72 PhB C02 M/51

BO3 F/33 20 13 Yes 25 23 No Co3 F/31

B04 M/56 40 16 Yes 35 26 No Co4 M/59
BOS M/36 33 3 No 37 25 No C05 M/32
B06 M/58 40 18 Yes 24 37 No Co6 M6l

B07 F/41 31 10 No 26 26 No co7 F/46

B08 M/40 34 6 No I 8 No Co8 M/40
B09 M/38 16 22 Yes 8 6 VPA Co9 M/39
BIO F/58 44 14 Yes 29 10 PhB clo F/él

BIl F/48 36 12 No 8 6 No Cll F/48

BI2 F/36 26 10 No 8 2 No Cl2 Fl24
Mean + SD 42.75+11.94 30.67+9.36 11.25+5.43 / 25.25+19.08 20.67+10.59 / / 42.5+14.38

Abbreviations: BAFME, benign adult familial myoclonic epilepsy; AED, antiepileptic drug; F, female; FTRS, Fahn-Tolosa-Marin Tremor Rating Scale; GTCS, generalized
tonic-clonic seizure; M, male; PhB, phenobarbital; SD, standard deviation; VPA, valproic acid; UMRS, Unified Myoclonus Rating Scale.

(seven males and five females; mean age: 42.5+14.38
years, range: 18—61 years) with no history of neurological
or psychiatric diseases were included.

Morphological and metabolite '"H-MRS
data

The mean and standard deviation of the NAA/Cr, NAA/
Cho, Cho/Cr, and NAA/(Cr+Cho) ratios in the BAFME
patients and controls are shown in Table 2. The NAA/Cho
ratio was significantly decreased in the cerebellar cortex of
the BAFME patients compared with the healthy controls.
The P-value from the Mann—Whitney U-test was 0.026.
A slightly increased Cho/Cr ratio was found in the cerebel-
lum of BAFME patients compared with the controls, but

Table 2 'H-MRS data in BAFME patients and healthy controls

this difference was not statistically significant (P=0.083).
The mildly decreased NAA/(Cr+Cho) ratio in the cerebellum
of BAFME patients was also not found to be statistically
significant (P=0.094). No significant differences were found
in the 'H-MRS values in the frontal cortex and thalamus
between the BAFME patients and controls.

Correlations between 'H-MRS

and clinical variables

Among the BAFME patients, Spearman’s rho analysis
indicated no correlation between the NAA/Cho ratios in the
cerebellar cortex and disease duration (P=0.075), myoclonus
severity (based on UMRS scores) (P=0.463), or tremor
severity (based on FTRS scores) (P=0.475) (Table 3).

'H-MRS ratios of VOIs

'H-MRS ratios (Mean * SD)

Mann-Whitney U-test

Patients (n=12) Controls (n=12) P-value
Frontal cortex
NAA/Cr 1.42120.195 1.400+0.246 1.000
NAA/Cho 1.215+0.139 1.267+0.249 0.435
Cho/Cr 1.17520.171 1.115£0.163 0817
NAA/(Cr+Cho) 0.64210.074 0.658%0.114 0.582
Thalamus
NAA/Cr 1.821£0.263 1.821+0.283 0.862
NAA/Cho 1.91120.180 1.909+0.396 0.624
Cho/Cr 0.954+0.127 0.988+0.219 0.340
NAA/(Cr+Cho) 0.933£0.097 0.910+0.188 0.977
Cerebellum
NAA/Cr 1.073£0.138 1.10520.153 0.386
NAA/Cho 1.16520.123 1.259+0.198 0.026*
Cho/Cr 0.92540.109 0.885+0.105 0.083
NAA/(Cr+Cho) 0.559+0.061 0.640£0.121 0.094

Note: * P<<0.05 versus controls.

Abbreviations: BAFME, benign adult familial myoclonic epilepsy; 'H-MRS, proton magnetic resonance spectroscopy; Cho, choline; Cr, creatine; NAA, N-acetylaspartate;

SD, standard deviation; VOls, volumes of interest.
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Table 3 Correlations between 'H-MRS and clinical variables

Disease duration

Myoclonus severity
(based on UMRS scores)

Tremor severity
(based on FTRS scores)

NAA/Cho ratio
in cerebellum cortex

r=—0.533
P=0.075

r=—0.234
P=0.463

r=—0.228
P=0.475

Notes: All P>0.05. “r” indicates the correlation coefficient in Spearman’s rho analysis.

Abbreviations: 'H-MRS, proton magnetic resonance spectroscopy; Cho, choline; FTRS, Fahn-Tolosa-Marin Tremor Rating Scale; NAA, N-acetylaspartate; UMRS, Unified

Myoclonus Rating Scale.

Discussion

BAFME is considered an idiopathic epilepsy syndrome
that features tremor, myoclonus, and rare GTCS as its core
symptoms; BAFME is rare and not currently recognized by
the International League Against Epilepsy. The pathogenesis
of BAFME remains unknown because causative genes have
yet to be identified. MRS has been widely used to detect
neuronal dysfunction in patients with idiopathic epilepsy.
NAA exists only in the neuronal mitochondria of the brain;
therefore, the NAA peak reduction is attributed to neuronal
loss or dysfunction. Cr is found in both neurons and glial
cells and can be used as an internal reference because it is
the most stable cerebral metabolite. Cho, a component of the
cell membrane, is responsible for phospholipid metabolism.
Therefore, the NAA/Cr and NAA/(Cr+Cho) ratios can be
used as indicators of neuronal loss and astrocytosis, as well as
to evaluate neuronal function. The Cho/Cr ratio can be used
as another indicator of neuronal dysfunction.?>** Our study
revealed an abnormal decrease in the cerebellar NAA/Cho
ratio in BAFME patients compared with healthy controls.
A slight increase in the Cho/Cr ratio and a mild decrease
in the NAA/(Cr+Cho) ratio were also observed in the
cerebellum cortex of BAFME patients; however, the differ-
ences were not statistically significant.

While electrophysiological studies have indicated that
myoclonus originates in the cerebral cortex, several stud-
ies have also revealed cerebellar abnormalities in BAFME
patients. Severe loss of Purkinje cells and abnormal Purkinje
cell morphology with somal sprouting and loss of the den-
dritic tree have been observed in the cerebellum of BAFME
patients during postmortem examinations.'"'* MR diffusion
tensor imaging also revealed significantly decreased mean
FA values in the cerebellum of FCMTE patients compared
with controls.?> Abnormal cortical physiological functions and
cerebellar pathology do appear to be coincidental, and similar
situations have been found in diseases such as Unverricht-
Lundborg disease, Lafora body disease, and spinocerebellar
ataxia type 14.62® These results demonstrate that the cer-
ebellum plays an important role in cortical myoclonus or
tremors. Thus, many scholars have proposed a “cerebello-
thalamo-cortical loop hypothesis”, which states that cerebellar

lesions decrease the number of inhibitory fibers projecting to
the cortex, thereby leading to cortical excitability. However,
cortical myoclonus is not observed in patients with spino-
cerebellar ataxia type 6, despite the loss of Purkinje cells.?
This result indicates that the development of cortical myoclo-
nus may not only be due to an abnormal cerebellum. Cerebel-
lar dysfunction is likely to be just one of the mechanisms that
cause or aggravate cortical myoclonus. We therefore selected
VOlIs in the prefrontal cortex, thalamus, and cerebellum in this
study, but no abnormal alterations in the thalamus or frontal
cortex were found. Striano found significantly increased
Cho/Cr ratios and slightly decreased NAA/Cr ratios in the
cerebellum in an Italian family with mutations in 2p11.1-
q12.2. These results differ somewhat from those of our study,
possibly due to differences in genetic heterogeneity and race
(in our family, the possibility of mutations associated with
2pl1.1-q12.2 was ruled out). However, the decreased NAA/
Cho and increased Cho/Cr ratios in the cerebellum of BAFME
patients also reflects neuron loss and secondary astrocytosis in
the cerebellum. In addition, we did not identify any obvious
neural metabolic changes in the thalamus and frontal cortex
of BAFME patients. This result can partially explain why
only cerebellar neuronal loss and gliosis were observed in the
autopsies of BAFME patients. Our results further verified the
involvement of “cerebello-thalamo-cortical loop” dysfunction
in the pathogenesis of BAFME. The myoclonic tremor in
BAFME patients may be attributed mainly to electrophysi-
ological changes of the cerebral cortex, which are caused by
pathological changes or functional damage in the cerebellum
instead of the cerebral cortex itself.

In our study, we found no correlation between 'H-MRS
changes in the cerebellum and disease duration, severity of
tremors, and severity of myoclonus. However, a notable
decrease in the cerebellar NAA/Cho ratio can be observed in
younger patients (for example ID: BO1) with mild symptoms.
While genetic diagnosis cannot be carried out, MRS may aid
in diagnosing BAFME before disease onset.

This study does carry some limitations. First, we used
a single-voxel "H-MRS protocol, which provides limited
information when focusing only on the selected VOIs.
Second, '"H-MRS is sensitive to metabolic changes following
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epileptic seizures. Clinical heterogeneity is obvious in this
BAFME pedigree, in which one patient (ID: B02) expe-
rienced significant GTCS attacks while the other patients
experienced rare or no attacks. Third, we performed only uni-
lateral scanning on the side of the brain containing the VOIs
instead of scanning both sides simultaneously. We also need
to examine another BAFME family to validate our findings
and study the molecular mechanisms of BAFME further.

Conclusion

In this study, we found that the NAA/Cho ratio in the cerebel-
lum of BAFME patients was significantly decreased com-
pared with that in healthy controls. Our results indicated that
cerebellar dysfunction may be involved in the pathogenesis
of BAFME. 'H-MRS is a useful tool with which to detect
brain changes in BAFME patients and may play a support-
ing role in the early diagnosis of BAFME when combined
with family history and electrophysiological examination.
In the future, other approaches, such as positron emission
tomography and structural or functional MRI, should also be
used to elucidate the pathogenesis of BAFME.
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