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Benign adult familial
myoclonus epilepsy
is a progressive disorder:
no longer idiopathic
generalized epilepsy
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ABSTRACT – Background. Brain dysfunction in Japanese benign adult famil-
ial myoclonus epilepsy (BAFME) has not been elucidated.
Aim. To clarify diffuse brain dysfunction as indicated by posterior dominant
rhythm (PDR) slowing in patients with BAFME.
Methods. The frequency of PDR on EEG was studied in 19 BAFME patients
(50.6±15.7 years) and 38 age-matched control subjects (50.1±14.5 years). We
investigated the relationship between age and PDR in both groups.
Results. PDR frequency in the patient group (9.1±0.7 Hz) was significantly
slower than that of age-matched control subjects (10.4±1.1 Hz; p<0.0001),
regardless of the use of anticonvulsants. There was no significant difference
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epilepsy (BAFME) manifests as an
autosomal dominant trait and is
characterized by cortical tremor
resembling essential tremor and
generalized tonic-clonic seizures.
BAFME is reported as many differ-
ent syndromes in Japan (Ikeda et al.,

ial cortical myoclonic tremor with
epilepsy (FCMTE) (van Rootselaar
et al., 2005) and autosomal dom-
inant cortical tremor, myoclonus,
and epilepsy (ADCME) (de Falco
et al., 2003) in Europe. Despite sim-
ilarities in the phenotypes, linkage
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nalysis shows that different loci are affected in
apanese BAFME (Plaster et al., 1999) and European
CMTE and ADCME (de Falco et al., 2003). Recently,
utation, a novel in-frame insertion/deletion, in the

2-adrenergic receptor subtype B has been shown to
e associated with ADCME (De Fusco et al., 2014). How-
ver, the causative gene remains unclear in Japanese
AFME (Kato et al., 2012). Electrophysiological studies
evealed that BAFME, ADCME, and FCMTE commonly

anifest features of cortical reflex myoclonus (Ikeda
t al., 1990; Striano et al., 2009a). Previous EEG studies
howed a higher frequency of generalized spike-and-
ave complexes in Japanese BAFME than in those
ith epilepsy only, generalized tonic-clonic seizures,

nd photosensitivity (Yasuda, 1991; Uyama et al., 2005;
oyota et al., 2014).
AFME is considered to follow a relatively benign clin-

cal course, unlike progressive myoclonus epilepsy
PME). We recently revealed, however, that enlarged
omatosensory evoked potential (SEP) amplitudes
ncrease with age in BAFME, suggesting a progres-
ive increase in cortical excitability in Japanese BAFME
Hitomi et al., 2011). In addition, another recent study
eported gradual and progressive slowing of the pos-
erior dominant rhythm (PDR) with age in European
atients with ADCME, based on EEG (Coppola et al.,
011). There has been no systematic analysis of PDR in
omparison with normative data.
n the present study, we investigated whether diffuse
rain dysfunction, as indicated by PDR slowing, was
resent in BAFME by analysing the frequency of PDR

n BAFME patients, as compared with a control group. If
iffuse brain dysfunction is present in BAFME, it would
e important to clarify whether the degree of PDR
lowing with age is similar to that in normal physiolog-
cal aging, or whether it is consistent with progressive
hanges in the underlying pathophysiology.

aterial and methods

e retrospectively analysed 19 patients (five men and
4 women; mean [SD] age: 50.6±15.7 years old; range:
6-76 years) with a clinical diagnosis of BAFME in whom
EG was performed in our institutes. The diagnostic
riteria for BAFME were the same as in our recent stud-
es (Hitomi et al., 2011, 2012, 2013) and the details are
escribed elsewhere (Hitomi et al., 2011).
he clinical data of each patient is shown in table 1.
8

f 19 patients, 16 had already taken anticonvulsants
t the time of the first EEG for this analysis, as
ost of the patients had been treated previously

t other hospitals. We also investigated the chrono-
ogic EEG changes in nine patients in whom EEG was
ecorded more than twice. For control data, among
onsecutively recorded digital EEGs in the central EEG

B
b
t
i
w
s
s

aboratory at Kyoto University Hospital from March
008 to July 2010, EEGs of 102 adult patients from the
eurology Department, older than 20 (44 men and 58
omen; mean [SD] age: 38.2±13.9 years; range: 21-77

ears), were judged to be normal by an EEG board-
ertified author (AI). The control group consisted of
9 patients with idiopathic generalized epilepsy, 33
atients with focal epilepsy, eight patients with synco-
al attack, 11 patients with movement disorders, and
1 patients with other various kinds of aetiology (e.g.
leep disorders, psychiatric disorders, and so forth).
mong them, we further extracted 38 age-matched
dults as age-matched control subjects (10 men and
8 women; mean [SD] age: 50.1±14.5 years; range: 26-
7 years) whose clinical information was blinded from
he investigators. Furthermore, to evaluate the effect of
nticonvulsants, the 38 age-matched control subjects
ere divided into two groups according to the anti-

onvulsant taken. We then analysed 24 age-matched
ontrol subjects under treatment with anticonvulsants
six men and 18 women; mean [SD] age: 45.0±12.7
ears; range: 26-68 years) and 14 age-matched control
ubjects not treated with anticonvulsants (4 men and
0 women; mean [SD] age: 58.7±13.5 years; range: 35-77
ears). The number of anticonvulsants taken by the 16
AFME patients (1.6±0.7) and 24 age-matched control
ubjects taking anticonvulsants (1.5±0.7) was simi-
ar. However, the variation of anticonvulsants used in
ge-matched control subjects was somewhat diverse,
ainly because of heterogeneous clinical background

table 2).
outine EEG with scalp electrodes was recorded con-
entionally according to the international 10-20 system.
he bandpass filter was set to 0.53-120 Hz for visual

nspection. The predominant maximum frequency of
DR was determined by visual inspection of patients
nd control subjects with 0.5 Hz steps. For the control
ata, a frequency analysis program was also applied to

acilitate visual inspection if the values varied.
o analyse PDR frequency, we first compared PDR
requency in 19 BAFME patients and 38 age-matched
ontrol subjects using the Mann-Whitney U test. We
lso compared the PDR frequency between 19 BAFME
atients and 24 age-matched control subjects with
nticonvulsants, and 14 age-matched control subjects
ithout anticonvulsants using the Mann-Whitney U

est. To evaluate the effect of age on PDR frequency,
e investigated the relationship between PDR fre-
uency and age at which the EEG was recorded in 19
AFME patients and 38 age-matched control subjects
y Spearman rank coefficients. In addition, we inves-

igated the chronologic changes in PDR frequency
Epileptic Disord, Vol. 18, No. 1, March 2016

n nine BAFME patients in whom EEG recordings
ere repeated more than twice using the Wilcoxon

igned ranks test. A p<0.05 was considered statistically
ignificant.
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Table 1. Clinical profile of 19 patients with BAFME.

Patient No. Age Sex PDR Age at
seizure onset

Age at onset
of cortical tremor

Giant SEP Medication

1* 58 M 10 – 50 + –

2* 34 M 9.5 33 24 – VPA, CZP

3 50 F 9 – 45 + –

4 26 F 8 17 – + VPA

5 35 M 9.5 30 10 + –

6 45 F 8.5 – 35 + VPA

7 69 M 8 35 25 + PHT, CZP, DZP

8 76 F 8 62 59 + VPA

9 37 F 9.5 23 – + VPA

10* 72 F 9 – 40 + CZP

11* 40 F 9.5 30 35 + CZP

12 45 M 9 44 25 + VPA, CZP

13* 30 F 9.5 24 19 + PB

14* 55 F 8.5 – 10# + CZP

15 59 F 9.5 33 36 + VPA, CZP

16 35 F 10.5 35 27 + CBZ

17 59 F 9.5 52 58 + VPA

18 70 F 8.5 48 47 + VPA, CZP, LEV

19 67 F 8.5 39 39 + CZP, DZP

* mbe
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patients from the same pedigree; #patient (Pt 14) could not reme
ithin the second decade of her life. Giant SEP (somatosensory

50 years or less); P25 > 20.0 �V or N35 > 14.8 �V for older grou
HT: phenytoin; DZP: diazepam; PB: phenobartibal; CBZ: carbam

esults

he frequency of PDR was significantly lower in
he 19 BAFME patients (9.1±0.7 Hz) than in the 38
ge-matched control subjects (10.4±1.1 Hz; p<0.0001;
gure 1). This finding was consistent regardless of

he anticonvulsants used in the normal EEG group,
ecause PDR frequency was also significantly lower
pileptic Disord, Vol. 18, No. 1, March 2016

n the 19 BAFME patients than in the age-matched
ontrol subjects taking anticonvulsants (24 subjects;
0.6±0.9 Hz; p<0.0001) or not taking anticonvulsants
14 subjects; 10.0±1.2 Hz, p=0.0068).
here was a non-significant tendency for PDR to slow
ith age in the 19 BAFME patients (Y=9.992-0.019×X)

nd in the 38 age-matched control subjects (Y=11.22-

(

D

P
p

r the exact onset age of cortical tremor, but this appeared to start
ed potential): P25 > 10.0 �V or N35 > 8.1 �V for younger group
ore than 50 years of age). VPA: valproic acid; CZP: clonazepam;
ine; LEV: levetiracetam.

.016×X; figure 2). Consistent with this finding, there
as no significant chronologic change in the PDR fre-
uency between the first EEG (9.2±0.8 Hz; 48.7±17.1
ears) and the last EEG (9.4±1.0 Hz; 54.2±17.0 years) in
he nine BAFME patients with a mean interval between

easurements of 5.4±2.1 years. Comparison of the gra-
ient of the PDR frequency for age between BAFME
nd control subjects revealed no significant difference
69

figure 2).

iscussion

DR was significantly slower in Japanese BAFME
atients compared to subjects with normal EEG,
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Table 2. Results of usage of anticonvulsants in BAFME
patients and age-matched control subjects.

19 Patients
with BAFME

38 age-matched
control subjects

Valproic acid 9 (47%) 13 (34%)

Clonazepam 9 (47%) 2 (5%)

Diazepam 2 (10%) 1 (3%)

Phenytoin 1 (5%) 3 (8%)

Phenobarbital 1 (5%) 4 (10%)

Carbamazepine 1 (5%) 4 (10%)

Levetiracetam 1 (5%) 0 (0%)

Clobazam 0 (0%) 2 (5%)

Primidone 0 (0%) 2 (5%)

Zonisamide 0 (0%) 2 (5%)

Gabapentin 0 (0%) 1 (3%)
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Figure 1. Histogram of the frequency of the posterior dominant
rhythm (PDR) in 19 benign adult familial myoclonus epilepsy
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Figure 2. Linear regression between age at the time of EEG
recording and frequency of PDR in 19 BAFME patients and 38 age-
matched control subjects. A simple regression curve for BAFME
patients is represented by the black line, and for age-matched
control subjects by the grey dotted line. Open circles indicate
BAFME patients and crosses indicate age-matched control sub-
jects. There was a non-significant tendency for a slowing of PDR
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BAFME) patients and 38 age-matched control subjects. There
as a clear difference between the distribution of PDR frequency

n BAFME patients and age-matched control subjects. The PDR
requency was slower in BAFME patients than in age-matched
ontrol subjects.
0

egardless of age and use of anticonvulsants. This find-
ng suggests mild, but clearly diffuse, brain dysfunction
n BAFME patients.

radual and progressive PDR slowing in itself is
eported in European ADCME families (Coppola

1
P
B
m
s
(
s

ith age in both BAFME and age-matched control subjects. Com-
arison of the gradients corresponding to PDR frequency relative

o age between the two groups revealed no significant differ-
nce. Definitions of PDR and BAFME are shown in the legend for
gure 1.

t al., 2011). Coppola et al., however, focused mainly
n the chronologic changes within the same patients.
hus, no systematic stastistical analysis compared with
he control data was performed, and the effect of
nticonvulsants was not investigated. Therefore, the
athological significance of PDR slowing in European
DCME patients may be only partly conclusive. Our
ndings clarify that Japanse BAFME patients mani-

est mild, but clear diffuse, brain dysfunction, at least
ased on the clinical EEG. In addition to the pro-
ressive increase in cortical excitability revealed by

ncreased SEP amplitudes (Hitomi et al., 2011), the
resent findings suggest diffuse brain dysfunction in
AFME. These findings also support the notion that
AFME is not non-progressive or so-called “benign”,
nd could thus be regarded as a very mild form of
ME. In other words, this disease entity should be
ppropriately placed between idiopathic and progres-
ive myoclonus epilepsy (Striano et al., 2010). However,
he degree of PDR slowing in BAFME is much less than
hat of PME because PDR was reported to disappear
ithin a few years in Lafora disease (Kobayashi et al.,
Epileptic Disord, Vol. 18, No. 1, March 2016

990).
revious studies of brain function and imaging in
AFME, ADCME, and FCMTE have been performed
ainly in European families and are rather controver-

ial. Head MRI revealed no significant abnormalities
Striano et al., 2009b). On the other hand, head MRI
howed mild diffuse brain atrophy in some patients
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Ferlazzo E, Magaudda A, Striano P, et al. Long-term evolu-
ith FCMTE (Suppa et al., 2009), whereas the SEPs and
reflex were within normal limits. Magnetic reso-

ance spectroscopy showed an increase in the Ch/Cr
atio in the cerebellum, but no abnormalities in the
erebrum in ADCME families (Striano et al., 2009b).
europsychological studies showed no clear abnor-
alities in FCMTE (Suppa et al., 2009). On the other

and, a neuropathological study showed cerebellar
urkinje cell degeneration (van Rootselaar et al., 2007).
n summary, the abnormalities in BAFME, ADCME,
nd FCMTE have not been clearly dilineated based
n neuroimaging and neuropsychological studies. The
enetic heterogeneity of this disease entity (Mikami et
l., 1999; Striano et al., 2004) could partly explain these
nconsistent results. Despite this controversial situa-
ion, our findings suggest that clinical EEG is useful
o evaluate brain function in patients with Japanese
AFME.
he degree of PDR slowing with age in BAFME was
omparable with that in control subjects, suggest-
ng that the mild diffuse brain dysfunction in BAFME
atients does not necessarily have a clear progres-
ive pathology and that aging of BAFME patients has
similar mechanism to that of physiological aging, at

east with regards to PDR. The relationship between
iffuse brain dysfunction and aging differs from the
rogressive increase of cortical hyperexcitability with
ge (Hitomi et al., 2011). Our findings in this study
re consistent with clinical observations, that cognitive
mpairment is essentially not present in elderly BAFME
atients, and only cortical tremor becomes exagger-
ted with age and interferes with the activities of daily
iving.
hronologic changes in PDR on EEG were not
bserved within the relatively shorter follow-up period
f five years, suggesting that the diffuse brain dys-

unction did not progress rapidly. This finding appears
o differ from that of a recent study demonstrating
radual and progressive slowing of PDR in European
amilies with a follow-up of one to several decades
mean [SD]: 14.0±5.8 years) (Coppola et al., 2011).
his discrepancy may be accounted for, in part, by
he shorter follow-up period in the present study.
owever, a previous EEG study showed a relatively

table PDR during the long-term follow-up period in
nverricht-Lundborg disease, a relatively mild form of
ME (Ferlazzo et al., 2007).
here was, however, a limitation to our study. For
EG control data, EEG was not recorded from nor-
pileptic Disord, Vol. 18, No. 1, March 2016

al healthy subjects because it is currently difficult,
n practice, to record EEG from healthy subjects at the
entral EEG laboratory at the University Hospital. How-
ver, PDR in our control group was comparable to
hat of previous studies from the large EEG database
Aurlien et al., 2004).
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Diffuse brain dysfunction in BAFME

onclusions

his EEG analysis showed that PDR was significantly
lower in Japanese BAFME patients, but the degree of
DR slowing with age in BAFME was comparable to
hat in control subjects. These findings suggest mild,
ut clearly diffuse, brain dysfunction with minimal pro-
ression in Japanese BAFME patients.

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com
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