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ABSTRACT – Generalized motor seizures, usually tonic-clonic, tonic-
vibratory, myoclonic or clonic, and stimulus-sensitive/action myoclonus
are typical features of progressive myoclonus epilepsies (PMEs). Despite
the introduction of many anticonvulsants, the treatment of these symp-
toms, particularly myoclonus, remains challenging, due to the incomplete
and often transitory effects of most drugs. Moreover, treatment is only
symptomatic, since therapy targeting the underlying aetiology for these
genetic conditions is in its infancy. Traditional antiepileptic drugs for the
treatment of PMEs are valproate, clonazepam, and phenobarbital (or primi-
done). These drugs may improve the overall performance of PME patients by
decreasing their generalized seizures and, to a lesser extent, their myoclonic
jerks. Newer drugs which have been shown to be effective include pirac-
etam, levetiracetam, topiramate, zonisamide, and possibly perampanel for
Lafora disease. The potential of other drugs (such as L-triptophan and
N-acetylcysteine) and procedures (such as vagal and deep brain stimula-
tion) has also been discussed. The available data on the efficacy of drugs
are mainly based on small series or anecdotal reports. Two prospective,
randomized, double blind studies investigating the novel SV2A ligand,
brivaracetam, in genetically confirmed Unverricht-Lundborg patients have
been performed with disappointing results. When treating PMEs, partic-
ular care should be paid to avoid drugs known to aggravate myoclonus
or myoclonic seizures, such as phenytoin, carbamazepine, oxcarbazepine,
lamotrigine, vigabatrin, tiagabine, gabapentin, and pregabalin. The emer-
gency treatment of motor status, which often complicates the course
of PMEs, consists of intravenous administration of benzodiazepines, val-
proate, or levetiracetam.

Key words: progressive myoclonus epilepsies, myoclonus, valproate,
brivaracetam, perampanel, drugs worsening myoclonus
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rogressive myoclonus epilepsies (PMEs) (Minassian
t al., 2016) are a group of uncommon diseases
haracterized by the association between myoclonus,
pileptic seizures, and neurological deterioration, par-
icularly ataxia and dementia (Marseille Consensus
roup, 1990). A large number of rare specific genetic
isorders may cause PME, but 5 principal causes
re responsible for most cases of PME worldwide:
nverricht-Lundborg disease (ULD), Lafora disease

LD), mitochondrial encephalomyopathies (ME) with
he phenotype of myoclonic epilepsy with ragged red
bres (MERRF), and sialidosis and neuronal ceroid

ipofuscinoses (NCL). In order to establish a pre-
ise diagnosis, the clinical and neurophysiological
haracteristics of each PME are crucial to guide the
linician to the correct diagnostic algorithm, which
ay include complex and sometimes invasive pro-

edures (Berkovic et al., 1986; Shahwan et al., 2005).
espite extensive investigations, a number of PMEs

emain undiagnosed (Franceschetti et al., 2014); how-
ver, these unsolved cases are decreasing over time
s a result of recent genetic advances (including wide-
enome/exome sequencing), which have led to the dis-
overy of new major causative genes, such as SCARB2
Dibbens et al., 2009) and KCNC1 (Muona et al., 2015).

yoclonus, the main symptom of PMEs, is typically
ragmentary and multifocal, involving the musculature
f the face and distal limbs. Bilateral massive myoclonic

erks, which tend to involve proximal limb muscles,
ay also occur, sometimes causing the patient to fall to

he ground. Myoclonus may be spontaneous or, more
ften, induced or exacerbated by a variety of stimuli

such as light, sound, touch, and emotional strain), as
ell as movement or posture. Action myoclonus, in
hich muscular jerking is induced by movement or

ttempts at movement, is the most frequent and dis-
bling form, commonly seen in almost all conditions
nderlying PME. A mixture of positive and negative
yoclonus is the rule in patients with PME, espe-

ially LD. The generators for myoclonus in PME remain
ontroversial, but neurophysiological studies suggest
hat cortical reflex myoclonus is the most common
ype, while reticular reflex myoclonus is less frequent
Tassinari et al., 1998b). Myoclonus is often difficult to
ontrol in these conditions and is usually a significant
ause of disability in daily life.
MEs are characterized by a wide range of epileptic
eizures (Michelucci et al., 2002). Generalized tonic-
lonic seizures are usually reported at the onset of
146

D and ULD and may, therefore, suggest the alter-
ative diagnosis of idiopathic generalized epilepsies.
hey may occur without any warning or after a long
uild-up of myoclonias. Polygraphic recording may
eveal these generalized motor seizures to be tonic-
ibratory seizures (as in LD) or true myoclonic or
lonic seizures (as in ULD). Absences or focal seizures
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d
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such as occipital seizures in LD) have also been
ncountered.
ther symptoms, which appear at various times dur-

ng the course of the illness, include ataxia, cognitive
ysfunction (sometimes leading to dementia), pyra-
idal signs, and a variety of other neurological and

xtraneurological signs (particularly in mitochondrial
iseases).
verall, the treatment of PMEs remains palliative,

ince there is no specific treatment for most genetic
isorders underlying a PME syndrome (Uthman &
eichl, 2002; Shahawan et al., 2005). Despite a variety
f anticonvulsants on the market, effective treatment
emains challenging due to the fact that although
hese drugs may control major convulsive seizures,

yoclonus does not really respond to the use of classic
ntiepileptic drugs (AEDs). Moreover a pathogenetic
ariety exists among the subtypes of PME, which means
hat medications which benefit one patient may be
ess effective in patients with another particular type of
ME. Another problem is that clinical trials are difficult
o perform due to the small number of patients, the
rogression of the clinical condition, and the choice
f reliable efficacy endpoints. Hence, available data
n the efficacy of newer antiepileptic medications in
ME are primarily anecdotal or observational, based on

ndividual responses in very small groups of patients.
n the present review, we summarize the results of the
reatment of PMEs using a number of drugs (includ-
ng AEDs) and procedures. The issues of designing
nd performing controlled clinical trials, as well as the
mergency treatment, for patients with PMEs are also
ddressed.

harmacological treatment

raditional AEDs used to treat PMEs are valproate,
lonazepam, and phenobarbital (or primidone, a par-
nt compound). These drugs may improve the overall
erformance of PME patients by decreasing their
eneralized seizures and, to a lesser extent, their
yoclonic jerks. Other drugs which have shown to

e effective include piracetam, levetiracetam, topira-
ate, zonisamide, brivaracetam, and perampanel (at

east for LD). The overall therapy of PMEs is summa-
ized in table 1.

alproate
Epileptic Disord, Vol. 18, Supplement 2, September 2016

alproate (at doses ranging from 15 mg/kg to 60 mg/kg)
s the treatment of choice for PMEs. It may be used as

onotherapy in mild cases or combined with other
rugs in more serious cases. Its usefulness was clearly
emonstrated by Iivanainen & Himberg (1982) in a
rospective study conducted with 26 Finnish adults
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Table 1. Treatment of PMEs. (A combination of multiple drugs is commonly needed).

First-line AEDs Second-line AEDs Third-line strategies Emergency treatment

Valproate Zonisamide 5-hydroxy-L-tryptophan Benzodiazepines i.v.1

Clonazepam Levetiracetam Lamotrigine Levetiracetam i.v.

Topiramate N-acetylcystein Valproate i.v.

Piracetam VNS or DBS Phenytoin i.v.2

Phenobarbital Experimental drugs
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Diazepam, lorazepam, clonazepam, midazolam.
Phenytoin may be succesfully used to treat motor status epilep
Used thus far for Lafora disease.

ith severe forms of PME, likely to be related to ULD.
hese patients were severely disabled at the onset
f the study (due to stimulus-sensitive myoclonus
nd ataxia) and were receiving chronic treatment
ith different combinations of AEDs, including carba-
azepine, phenytoin, phenobarbital, primidone, and

iazepam. These drugs were discontinued and treat-
ent with valproate and clonazepam was commenced

imultaneously, with rapid titration to optimal doses
1,500 to 1,800 mg for valproate and 6 to 10 mg for
lonazepam). If the patients still had generalized tonic-
lonic seizures, 50 to 100 mg of phenobarbital was
dded. The patients showed a dramatic improvement,
articularly in locomotor ability, which continued in

he 19 patients who were followed for 6 years. Accord-
ng to Iivanainen & Himberg (1982), these favourable
esults contributed to improving the prognosis of
Baltic’ PME and were also due, at least in part, to the
iscontinuation of phenytoin.
espite its widespread use for all types of PME, val-
roate should be given with caution for mitochondrial
isorders, due to its inhibitory effect on complex IV

cytocrome c oxidase) activity in the respiratory chain
Lam et al., 1997) and carnitine uptake (Tein et al., 1993).
f used, therefore, supplementation with L-carnitine is
ecommended (Tein et al., 1993).

lonazepam

he efficacy of clonazepam for the treatment of
pileptic Disord, Vol. 18, Supplement 2, September 2016

yoclonus and myoclonic seizures in different clin-
cal contexts is well established (Nanda et al., 1977;

beid & Panayiotopoulos, 1989; Tassinari et al., 1998a).
he role of clonazepam in PMEs was highlighted in the
tudy of Iivanainen & Himberg (1982), as described in
he above section. Clonazepam is used as add-on ther-
py, at doses ranging from 3 to 16 mg/day for adults

P

P
a
fi
P

varacetam

ampanel3

in late-stage PMEs (Miyahara et al., 2009).

nd 0.2 mg/kg/day for children. Due to the possible
evelopment of tolerance in some patients after one

o 6 months of treatment, the dosage may need to
e adjusted. Since it is commonly used in combina-

ion with other drugs for PMEs, the sedative effects
f clonazepam may increase with the concomitant
dministration of phenobarbital. The effect of other,
ommonly used benzodiazepines, such as diazepam
r clobazam, has not been assessed. However, these
rugs may be used alternatively, especially when tol-
rance to clonazepam has developed.

henobarbital

henobarbital is a major AED with a wide efficacy spec-
rum. In PMEs, it may be used as an add-on treatment,
t doses ranging from 30 to 200 mg/day (adults) and
to 8 mg/kg/day (children), particularly for the con-

rol of generalized tonic-clonic seizures (Iivanainen
Himberg, 1982). Particular attention should be paid

o the inhibitory effect of valproate on phenobarbital
limination, resulting in phenobarbital accumulation
nd increased somnolence. Toxic signs may also
e precipitated by elevated blood ammonia lev-
ls, because the magnitude of valproic acid-induced
yperammonaemia is increased in patients comed-

cated with phenobarbital (Michelucci et al., 2009).
rimidone, which is at least partially metabolized into
henobarbital, has also been used with positive results

n patients with myoclonus (Obeso, 1995).
S147

iracetam

iracetam, a pyrrolidone derivative with a potent
ntimyoclonic effect and good tolerability pro-
le, has long been used for the treatment of
MEs. Koskiniemi et al. (1998) reported a significant
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eduction in myoclonic jerks, and improvement in
ait, in a double-blind, placebo-controlled trial in 20
atients with ULD, especially with the highest dose
sed (24 g/day). In this study, a linear dose-effect rela-

ionship of piracetam was established. High piracetam
oses (up to 45 g/day) were also used by Genton et al.

1999) to obtain a stable and long-lasting improvement
n 12 patients with PME.

ther reports have also stressed the positive antimy-
clonic effects of 20 g/day for advanced forms of PMEs

Fedi et al., 2001). The major drawback of these higher
oses is the number of tablets taken and their bulk,
ometimes making adherence to treatment difficult.
iracetam is well tolerated and the side effects (usu-
lly consisting of gastrointestinal discomfort) are rare,
ransitory, and mild even at high doses and can be
voided by slow titration (Ikeda et al., 1996).

evetiracetam

evetiracetam, a potent AED with a wide spectrum and
unique mechanism of action (mediated by binding

o presynaptic vescicular protein, SV2A), was devel-
ped within the class of pyrrolidone derivatives and
elongs to the same family of piracetam. For PMEs,

evetiracetam has been evaluated in several series and
ppears to be effective for both myoclonus and gener-
lized seizures (Genton & Gelisse, 2000; Frucht et al.,
001; Kinrions et al., 2003; Crest et al., 2004; Magaudda
t al., 2004; Lim & Ahmed, 2005; Mancuso et al., 2006;
apacostas et al., 2007).
verall, of 23 patients with ULD treated with levetirac-

tam in open label trials at doses ranging from 1,000
o 4,000 mg, 15 (65 per cent) showed some clinical
mprovement while 8 (35 per cent) were unchanged.
even patients (30 per cent) showed a dramatic

mprovement, which tended to subside, however, with
ong-term treatment. Levetiracetam is usually well tol-
rated in this group of patients and does not interact
ith concomitant drugs used for PMEs.

opiramate

opiramate, a sulfamate-substituted monosaccharide
olecule, is a widely recognized broad-spectrum
ED which is particularly effective for the treatment
f refractory focal seizures, as well as primary or
econdary generalized seizures. There are scattered
eports in the literature showing that topiramate, when
148

sed for PMEs, may cause a marked decrease in
yoclonus and myoclonic seizure frequency, and an

mprovement in daily functioning (Uldall & Bucholt,
999). These effects do not appear to be specific to
ny given PME, but have been particularly studied in
D (Aykutlu et al., 2005; Demir et al., 2013). In one
tudy, however, topiramate efficacy tended to decrease
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ver time and the drug was discontinued in 2 out of
patients because of a rapid increase in cognitive

mpairment and vomiting (Aykutlu et al., 2005).

onisamide

onisamide, a sulfonamide derivative chemically dis-
inct from any of the previously established AEDs,
s indicated for the treatment of refractory partial
pilepsy, but is also useful for a variety of generalized
pilepsies, including epileptic encephalopathies, such
s Lennox-Gastaut and West syndrome.
number of case reports and small studies have sug-

ested that zonisamide may be effective for treating
atients with PME. More specifically, almost all patients
ith ULD who were treated with zonisamide as add-
n therapy showed a dramatic reduction in myoclonus
nd a marked improvement in generalized tonic-clonic
eizures and daily functioning, although this effect may
ubside over time (Henry et al., 1988; Kyllerman & Ben-

enachem, 1998; Yoshimura et al., 2001).
assinari et al. (1999) investigated the efficacy and tol-
rability of zonisamide in the treatment of severely
isabling action myoclonus. In the 4 patients with PME

2 with ULD and 2 cryptogenic), the authors observed
dramatic improvement, as documented by video-

olygraphic recording of the patients before and at
arious times after the start of zonisamide therapy.
ossler et al. (2008) used add-on zonisamide (up to
mg/kg/die) in 30 patients with a variety of PME

yndromes refractory to common AEDs. They found
≥50 per cent decrease in myoclonic seizure fre-

uency, measured over a 24-hour period, in 38 per
ent of patients. About half of the patients experi-
nced side effects consisting of anorexia, asthenia, and
omnolence.
taliano et al. (2011) carried out a pilot, open-label
rial of add-on zonisamide (up to 6 mg/kg/day) in
2 patients with EPM1 and studied the effect on
yoclonus by means of the Unified Myoclonus Rat-

ng Scale, obtained for each subject before and after
onisamide add-on treatment. The authors observed a
ignificant reduction in myoclonus severity following
he introduction of zonisamide, associated with a good
olerability profile.

amotrigine
Epileptic Disord, Vol. 18, Supplement 2, September 2016

amotrigine, a triazine derivative developed from a
eries of folate antagonists, is a useful medication
or a wide variety of epilepsies, including partial and
eneralized conditions. Its plasma levels are markedly

ncreased by valproate co-administration, an interac-
ion which largely explains the significant increase in
amotrigine potency after the addition of valproate.
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he clinical experience with the use of lamotrigine
or the treatment of myoclonus has given conflict-
ng results. Wallace (1998) reviewed the effect of
amotrigine on different myoclonic syndromes and
oncluded that lamotrigine could be useful for the
ontrol of myoclonus for a variety of conditions,
ncluding PMEs. It was noted to be particularly effi-
acious for the treatment of seizures (of any type)
f infantile and juvenile neuronal ceroid lipofusci-
osis (Aberg et al., 1999). More recently, lamotrigine
as revealed to improve disabling myoclonus in a
atient with a mtDNA A3243G mutation (Costello &
ims, 2009).
n juvenile myoclonic epilepsy, however, lamotrigine
as reported to exacerbate myoclonus in some cases.
similar effect was reported in some children with

ravet syndrome (Guerrini et al., 1998). Genton et al.
2006) retrospectively analyzed the effect of add-on
amotrigine in 5 patients with ULD and observed either
n aggravation of myoclonic jerks or a lack of improve-
ent. The authors concluded that lamotrigine is not a

ensible treatment option for ULD.

rivaracetam

ollowing the discovery of the mechanism of action
f levetiracetam, which involves a specific binding site
n the presynaptically located synaptic vesicle protein,
V2A, great efforts were made to identify molecules
hich had structural analogy to levetiracetam and

howed high binding constants to SV2A. Brivaracetam,
novel molecule with a 10-fold higher affinity for the
V2A binding site than levetiracetam, was proposed as
drug with high potential efficacy for myoclonus, as

uggested by preclinical studies in an established rat
odel of cardiac arrest post-hypoxic myoclonus (Tai &

ruong, 2007) and a phase IIa trial in which its efficacy
n the photoparoxysmal response model was analyzed
or photosensitive epilepsies (Kasteleijn-Nolst Trenité
t al., 2007). In this study, brivaracetam, administered
t a daily dose of 80 mg, eliminated the photoparox-
smal responses in 14/18 patients for a period of time
xceeding the half-life of the drug.
n 2005, brivaracetam received orphan drug des-
gnation by the European Medicines Agency for
evelopment in PME and from the US Food and
rug Administration for the treatment of symptomatic
yoclonus. Two prospective, multicentre, random-

zed, double-blind, placebo-controlled, parallel-group
pileptic Disord, Vol. 18, Supplement 2, September 2016

tudies of brivaracetam as adjunctive treatment in
0 and 56 patients, respectively, with genetically
scertained ULD have recently been completed
N01187, N01236) (Kälviäinen et al., 2009). In the
rst study, dosages of 50 and 150 mg/day were

ested and in the second study, dosages of 5 and
50 mg/day were applied. These patients suffered from
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w
P
t
I
m

nus and seizures in PMEs: pharmacology and therapeutic trials

oderate-to-severe action myoclonus and were strati-
ed for concomitant use of levetiracetam or piracetam.
oth studies failed to reach the primary goal of reduc-

ng the severity of action myoclonus, as measured
y the Unified Myoclonus rating scale. However, a

avourable trend was observed with brivaracetam at a
ose of 50 mg/day in the 12-week maintenance period,
nd a significant improvement in quality of life (mea-
ured by QOLIE-31-P) was found with brivaracetam at
aily doses of 50 and 150 mg. Moreover, 87 per cent
f patients who completed the studies entered the

ong-term follow-up study. Overall, brivaracetam was
ell tolerated in this patient population, as evidenced
y the high retention rate and the fact that it did not
ggravate seizures or myoclonus. The most frequently
eported adverse events were dizziness, headaches,
nd somnolence.
lthough these controlled studies did not appear to
upport significant efficacy of brivaracetam for the
reatment of ULD, a number of factors could have
iased the results, including the severity and long
uration of the disease, the small scale of the patient
opulation, a high inter- and intra-patient variability,
nd, perhaps most importantly, the fact that many
atients were already on high doses of levetiracetam
nd/or piracetam, which also act on the SV2A vesicles.

considerable number of patients continued to use
rivaracetam after the controlled phase of the trial,

or over 6 years, which appears to indicate that this
ompound has some benefits.

ther drugs and procedures
erampanel, one of the newer AEDs, is a selective non-
ompetitive antagonist of the AMPA-type glutamate
eceptors and was recently licensed as adjunctive
herapy for the treatment of refractory focal-onset
eizures (French et al., 2012; Krauss et al., 2012).
wo reports document its efficacy when used as add-
n therapy for the treatment of LD. The first case was a
1-year-old female patient who was administered per-
mpanel at a dose of 8-10 mg, in addition to a regimen
hat included clonazepam, levetiracetam, piracetam,
alproate, zonisamide, a ketogenic diet, and VNS. This
herapeutic change resulted in seizure remission for

ore than 3 months and led to a reduction in the num-
er of epileptiform discharges on EEG (Schorlemmer
t al., 2013). The second case was a 15-year-old girl who
xperienced a dramatic decrease in her seizure fre-
S149

uency, as well as improvement in neurological and
ognitive function following initiation of treatment
ith 10 mg perampanel, administered as monotherapy.

erampanel was therefore proposed as the first poten-
ially efficacious treatment for LD (Dirani et al., 2014).
n line with the serotoninergic hypothesis of

yoclonus, which suggests that serotonergic
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ypofunction is involved in the genesis of myoclonus
n PMEs and other myoclonic disorders, 5-hydroxy-
-tryptophan, a precursor of serotonin, was used for
he treatment of PMEs. In 1980, Koskiniemi et al. (1980)
erformed a double-blind, placebo-controlled, cross-
ver study with 2 g L-tryptophan in 7 patients with ULD
nd found a significant improvement in 6 patients,
ostly concerning ambulation, myoclonic jerks, and

eneral condition. With long-term L-tryptophan treat-
ent, however, the effect disappeared or was even

eversed in 3 of the 7 patients after 3 to 4 weeks. Similar
ositive short-term results were obtained in a further
roup of 11 Finnish patients with ULD who received
p to 100 mg/kg of L-tryptophan plus carbidopa (in
rder to prevent metabolism outside of the brain)
ver a 6-week period (Leino et al., 1981). In contrast,
ranzatelli et al. (1995) reported no significant change

n myoclonus or ataxia evaluation score in a double-
lind, cross-over study with L-5HTP in 8 patients with
variety of PME. Overall, this drug does not appear to
ave a place in the modern treatment of ULD.
-acetylcysteine is a sulfhydryl antioxidant that

ncreases cellular glutathione and the activity lev-
ls of several antioxidant enzymes. Hurd et al.
1996) reported marked beneficial effects on mobility,
peech, and seizures in at least 2 of 4 severely affected
iblings with ULD treated with N-acetylcysteine in
ombination with other antioxidants (riboflavin, vita-
in E, selenium, and zinc).
ntioxidant vitamins and cofactors, including coen-
yme Q10 and L-carnitine, are empirically used to
reat mitochondrial disorders (Shahwan et al., 2005;
i Mauro & Mancuso, 2007). Baclofen, a muscle relax-

nt normally used to treat spasticity by inhibiting both
onosynaptic and polysynaptic reflexes at the spinal

evel, has shown promising results in a few PME cases
ith prominent spasticity and polymyoclonus (Awaad
Fish, 1995). Ropirinole, a dopamine agonist com-

only used to treat Parkinson’s disease, was shown to
mprove myoclonus, writing, and muscular balance in
single patient with ULD (Karvonen et al., 2010). Etho-

uximide is active against negative myoclonus, which
s often found in PMEs, in association with positive

yoclonus.
lcohol was proven to have some beneficial effects

n patients with myoclonus by decreasing myoclonic
erks and improving speech and gait (Genton &

uerrini, 1990). This compound, however, can be used
nly occasionally to improve the quality of a patient’s
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ocial life; in contrast, regular use can induce the devel-
pment of tolerance or even dependence.
high-fat and low-carbohydrate diet (with a ratio of

at to carbohydrate of 3:1 or 4:1), also known as a
etogenic diet, has been shown to be useful for a
ariety of severe, drug-resistant epilepsies, including

P
l
w
e
i
E

nfantile myoclonic seizures. An Italian study of 5
atients with LD, a condition which causes a specific
lycogen metabolism disorder, showed that a keto-
enic diet, though well tolerated, was unable to stop
isease progression (Cardinali et al., 2006). It is now
ypothesized that potential targets of new molecules

or LD could involve the inhibition or modulation of
lycogen synthesis (Pedersen et al., 2013).
ifferent stimulation procedures have also occasion-

lly been employed for patients with PMEs. Vagal nerve
timulation was implanted in an adult patient with a
LD-type PME, who was followed for 1 year, and the
rocedure resulted in a marked reduction in seizures

more than 90 per cent) and a significant improve-
ent in cerebellar function, as demonstrated on

eurological examination (Smith et al., 2000). Chronic
igh-frequency deep brain stimulation (DBS) of the
ubthalamic nucleus has been used in an adult patient
ith an undiagnosed form of PME who was disabled
ue to frequent seizures, despite vagal nerve stim-
lation and a complex antiepileptic regimen (Vesper
t al., 2007). After a 12-month follow-up, the seizures
ere reduced in intensity and frequency by 50 per

ent. More recently, 5 adult patients with PME under-
ent chronic high-frequency DBS (Wille et al., 2011).

lectrodes were implanted in the substantia nigra pars
eticulata (SNr)/subthalamic nucleus (STN) region in
he first patient and additionally in the ventral interme-
iate nucleus (VIM) bilaterally in the next four cases.
fter a mean follow-up of 24 months, a reduction in
yoclonic seizures was observed in all patients, rang-

ng between 30 and 100 per cent, as quantified by
standardized video protocol. All patients reported

linically relevant improvements of various capabili-
ies, such as free standing, walking, and improved fine

otor skills. The best clinical effects were seen with
Nr/STN DBS in all patients.

rugs and circumstances to avoid

nterestingly, rather than being beneficial, some AEDs
ave the potential to exacerbate myoclonic seizures
nd should be used with caution in patients with PME
table 2). More specifically, sodium channel block-
rs (carbamazepine, oxcarbazepine, and phenytoin)
nd GABAergic drugs (vigabatrin and tiagabine), as
ell as gabapentin and pregabalin, should, in gen-
ral, be avoided as they may aggravate myoclonus and
yoclonic seizures (Medina et al., 2005).

henytoin has also been found to aggravate neuro-
Epileptic Disord, Vol. 18, Supplement 2, September 2016

ogical symptoms and cerebellar ataxia in ULD and its
idespread use in the past has been proposed as an
xplanation for the poor prognosis of ULD described

n the early series reports (Iivanainen & Himberg, 1982;
lridge et al., 1983).
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Table 2. Antiepileptic drugs and effects on myoclonus in PME.

Antimyoclonic Potentially aggravating To be used with caution Not documented

Valproate Phenytoin Lamotrigine Lacosamide

Clonazepam Carbamazepine Valproate for MERRF Felbamate

Phenobarbital/Primidone Oxcarbazepine Rufinamide

Piracetam Vigabatrin Ethosuximide
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mergency treatment of PMEs

n situations where myoclonic jerks are exacerbated,
eading to a series of jerks or status myoclonicus,
oud noises and bright lights should be avoided and
he patient should be treated in a quiet room, as
almly as possible. Emergency treatment includes
he intravenous use of benziodiazepines (diazepam,
orazepam, clonazepam, and midazolam), valproate,
nd levetiracetam (Fernandez-Baca Vaca et al., 2012).
henytoin, although usually contraindicated for PMEs,
as proven to be useful in selected cases of refractory
tatus epilepticus, particularly when this occurs in the
ate stages of a variety of PMEs or in the presence of
ocal status (Riguzzi et al., 1997; Kälviäinen et al., 2008;

iyahara et al., 2009).

onclusions

he treatment of PME disorders essentially continues
o involve the management of seizures and myoclonus,
ogether with palliative, supportive, and rehabilitative

easures. The treatment of myoclonus and seizures
n PME can prove to be difficult and both tend to be
efractory to conventional medications. Available data
n the efficacy of drugs are primarily anecdotal or
bservational based on small groups of patients. It is
ifficult to conduct controlled clinical trials in these
atients because the incidence of these disorders is
xceedingly rare; however, collaborative trials involv-

ng many specialized centres could be designed to
ring together a sufficient number of patients with a
pileptic Disord, Vol. 18, Supplement 2, September 2016

enetically verified diagnosis. Following the availability
f brivaracetam, a potentially effective antimyoclonic
gent, 2 multicentre, randomized, placebo-controlled
tudies on genetically verified ULD have been per-
ormed, but the effect of this drug on action myoclonus
as statistically not significant. However, a favourable

rend was observed with the 50-mg dose and it was
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Eslicarbazepine

rgued that various factors could have negatively influ-
nced the results.
raditional AEDs used for the treatment of PMEs
re valproate, clonazepam, phenobarbital, or primi-
one. Newer drugs which have been shown to be
ffective include piracetam, levetiracetam, topiramate,
onisamide, and, possibly, perampanel for LD. Care
ust be taken to avoid antiepileptic medications that

learly worsen myoclonus, such as vigabatrin, carba-
azepine, phenytoin, and gabapentin. Lamotrigine

as an unpredictable effect on myoclonus and must
e used with caution.
though recent advances in molecular genetics have

ed to the identification of several genes, mutations,
nd proteins involved in the pathogenesis of PME
isorders, therapy targeting the underlying aetiology
emains in the experimental phase and results, to date,
ave not been encouraging. It is expected, however,

hat future treatments with gene therapy and enzyme
eplacement, or the identification of drugs that inter-
ct with new targets and mechanisms, may help to
odify and improve the course of these progressive

isorders. �

isclosures.
one of the authors have any conflict of interest to disclose.

he present manuscript is part of a Epileptic Disor-
ers/Mariani Foundation supplement on Progressive
yoclonus Epilepsies, downloadable as a whole by visiting
ww.epilepticdisorders.com.
S151

berg L, Kirveskari E, Santavuori P. Lamotrigine ther-
py in juvenile neuronal ceroid lipofuscinosis. Epilepsia
999; 40: 796-9.

waad Y, Fish I. Baclofen in the treatment of polymyoclonus
n a patient with Unverricht-Lundborg disease. J Child Neurol
995; 10: 68-70.

http://www.ncbi.nlm.nih.gov/pubmed?term=Lamotrigine therapy in juvenile neuronal ceroid lipofuscinosis
http://www.ncbi.nlm.nih.gov/pubmed?term=Baclofen in the treatment of polymyoclonus in a patient with Unverricht-Lundborg disease


Journal Identification = EPD Article Identification = 0861 Date: October 5, 2016 Time: 10:27 pm

S

R

A
b
p
2

B
m
J

C
k
R

C
w
1

C
e
i

D
a
m

D
a

D
m
r

D
c
L
2

E
m
w

F
A
i
N

F
I
t
1

F
s
c

F
f
s

F
a
m

G
p

G
E

G
c

G
a
L

G
D
m

H
m
1

H
o
U
1

I
t
N

I
c
m

I
o
2

K
V
L

K
e
t
E

K
d
b

K
E
t

K
I
U
r

K
L
e
l

K
J
e
s
o

. Michelucci, et al.

ykutlu E, Baykan B, Gurses C, Bebek N, Buyukba-
ani N, Gokyigit A. Add-on therapy with topiramate in
rogressive myoclonic epilepsy. Epilepsy Behav 2005; 6:
60-3.

erkovic SF, Andermann F, Carpenter S, Wolfe LS. Progressive
yoclonus epilepsies: specific causes and diagnosis. N Engl

Med 1986; 315: 296-305.

ardinali S, Canafoglia L, Bertoli S, et al. A pilot study of a
etogenic diet in patients with Lafora body disease. Epilepsy
es 2006; 69: 129-34.

ostello DJ, Sims KB. Efficacy of lamotrigine in a patient
ith a mtDNA A3243 G mutation. Neurology 2009; 72:

279-80.

rest C, Dupont S, Leguern E, Adam C, Baulac M. Levetirac-
tam in progressive myoclonic epilepsy: an exploratory study

n 9 patients. Neurology 2004; 62: 640-3.

emir CF, Ozdemir HH, Mungen B. Efficacy of topiramate
s add-on therapy in two different types of progressive
yoclonic epilepsy. Acta Medica 2013; 56: 36-8.

i Mauro S, Mancuso M. Mitochondrial diseases: therapeutic
pproaches. Biosci Rep 2007; 27: 125-37.

ibbens LM, Michelucci R, Gambardella A, et al. SCARB2
utations in progressive myoclonus epilepsy (PME) without

enal failure. Ann Neurol 2009; 66: 532-6.

irani M, Nasreddine W, Abdulla F, Beydoun A. Seizure
ontrol and improvement of neurological dysfunction in
afora disease with perampanel. Epilepsy Behav Case Rep
014; 2: 164-6.

lridge R, Iivanainen M, Stern R, Koerber I, Wilder BJ. ‘Baltic’
yoclonus epilepsy: hereditary disorder of childhood made
orse by phenytoin. Lancet 1983; 2: 838-42.

edi M, Reutens D, Dubeau F, Andermann E, D’Agostino D,
ndermann F. Long-term efficacy and safety of piracetam

n the treatment of progressive myoclonus epilepsies. Arch
eurol 2001; 58: 781-6.

ernandez-Baca Vaca G, Lenz T, Pestana Knight EM, Tuxhom
. Gaucher disease: successful treatment of myoclonic sta-
us epilepticus with levetiracetam. Epileptic Disord 2012; 14:
55-8.

ranceschetti S, Michelucci R, Canafoglia L, et al. Progres-
ive myoclonus epilepsies – definitive and still undetermined
auses. Neurology 2014; 82: 405-11.

rench JA, Krauss GL, Biton V, et al. Adjunctive perampanel
or refractory partial-onset seizures: randomized phase III,
tudy 304. Neurology 2012; 79: 589-96.

rucht SJ, Louis ED, Chuang C, Fahn S. A pilot tolerability
nd efficacy study of levetiracetam in patients with chronic
yoclonus. Neurology 2001; 57: 1112-4.
152

enton P, Guerrini R. Antimyoclonic effects of alcohol in
rogressive myoclonus epilepsy. Neurology 1990; 40: 1412-6.

enton P, Gelisse P. Antimyoclonic effect of levetiracetam.
pileptic Disord 2000; 2: 209-12.

enton P, Guerrini R, Remy C. Piracetam in the treatment of
ortical myoclonus. Pharmacopsychiatry 1999; 32: 49-53.

1

K
p
p

K
m
E

enton P, Gelisse P, Crespel A. Lack of efficacy and potential
ggravation of myoclonus with lamotrigine in Unverricht-
undborg disease. Epilepsia 2006; 47: 2083-5.

uerrini R, Dravet C, Genton P, Belmonte A, Kaminska A,
ulac O. Lamotrigine and seizure aggravation in severe
yoclonic epilepsy. Epilepsia 1998; 39: 508-12.

enry TR, Leppik IE, Gumnit RJ, Jacobs M. Progressive
yoclonus epilepsy treated with zonisamide. Neurology

988; 38: 928-31.

urd RW, Wilder BJ, Helveston WR, Uthman BM. Treatment
f four siblings with progressive myoclonus epilepsy of the
nverricht-Lundborg type with N acetylcysteine. Neurology

996; 47: 1264-8.

ivanainen M, Himberg JJ. Valproate and clonazepam in the
reatment of severe progressive myoclonus epilepsy. Arch
eurol 1982; 39: 236-8.

keda A, Shibasaki H, Tashiro K, Mizuno Y, Kimura J. Clini-
al trial of piracetam in patients with myoclonus: nationwide
ultiinstitution study in Japan. Mov Disord 1996; 11: 691-700.

taliano D, Pezzella M, Coppola A, et al. A pilot open-label trial
f zonisamide in Unverricht-Lundborg disease. Mov Disord
011; 26: 341-3.

älviäinen R, Khyuppenen J, Koskenkorva P, Eriksson K,
anninen R, Mervaala E. Clinical picture of EPM1-Unverricht-
undborg disease. Epilepsia 2008; 49: 549-56.

älviäinen R, Genton P, Andermann E, et al. Brivarac-
tam in Unverricht-Lundborg disease (EPM1): results from
wo randomized, placebo-controlled, double-blind studies.
pilepsia 2016; 57: 210.

arvonen MK, Kaasinen V, Korja M, Marttila RJ. Ropirinole
iminishes myoclonus and improves writing and postural
alance in an ULD patient. Mov Disord 2010; 25: 520-1.

asteleijn-Nolst Trenité DG, Genton P, Parain D, et al.
valuation of brivaracetam, a novel SV2 A ligand, in the pho-
osensitivity model. Neurology 2007; 69: 1027-34.

inrions P, Ibrahim N, Murphy K, Lehesjoki AE, Jarvela
, Delanty N. Efficacy of levetiracetam in a patient with
nverricht-Lundborg progressive myoclonus epilepsy. Neu-

ology 2003; 60: 1934-5.

oskiniemi M, Hyyppa M, Sainio K, Salmi T, Sarna S, Uotila
. Transient effect of L-tryptophan in progressive myoclonus
pilepsy without Lafora bodies: clinical and electrophysio-

ogical study. Epilepsia 1980; 21: 351-7.

oskiniemi M, Van Vleymen B, Hakamies L, Lamusuo S, Taalas
. Piracetam relieves symptoms in progressive myoclonus
pilepsy: a multicentre, randomized, double blind, crossover
tudy comparing the efficacy and safety of three dosages
f oral piracetam vs placebo. J Neurol Neurosurg Psychiatry
998; 64: 344-8.
Epileptic Disord, Vol. 18, Supplement 2, September 2016

rauss GL, Serratosa JM, Villanueva V, et al. Randomized
hase III study 306, adjunctive perampanel for refractory
artial-onset seizures. Neurology 2012; 78: 1408-15.

yllerman M, Ben-Menachem E. Zonisamide for progressive
yoclonus epilepsy: long term observations in seven cases.

pilepsy Res 1998; 29: 109-14.

http://www.ncbi.nlm.nih.gov/pubmed?term=Add-on therapy with topiramate in progressive myoclonic epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive myoclonus epilepsies: specific causes and diagnosis
http://www.ncbi.nlm.nih.gov/pubmed?term=A pilot study of a ketogenic diet in patients with Lafora body disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Efficacy of lamotrigine in a patient with a mtDNA A3243 G mutation
http://www.ncbi.nlm.nih.gov/pubmed?term=Levetiracetam in progressive myoclonic epilepsy: an exploratory study in 9 patients
http://www.ncbi.nlm.nih.gov/pubmed?term=Efficacy of topiramate as add-on therapy in two different types of progressive myoclonic epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitochondrial diseases: therapeutic approaches
http://www.ncbi.nlm.nih.gov/pubmed?term=SCARB2 mutations in progressive myoclonus epilepsy (PME) without renal failure
http://www.ncbi.nlm.nih.gov/pubmed?term=Seizure control and improvement of neurological dysfunction in Lafora disease with perampanel
http://www.ncbi.nlm.nih.gov/pubmed?term='Baltic' myoclonus epilepsy: hereditary disorder of childhood made worse by phenytoin
http://www.ncbi.nlm.nih.gov/pubmed?term=Long-term efficacy and safety of piracetam in the treatment of progressive myoclonus epilepsies
http://www.ncbi.nlm.nih.gov/pubmed?term=Gaucher disease: successful treatment of myoclonic status epilepticus with levetiracetam
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive myoclonus epilepsies unhbox voidb@x hbox {--} definitive and still undetermined causes
http://www.ncbi.nlm.nih.gov/pubmed?term=Adjunctive perampanel for refractory partial-onset seizures: randomized phase III, study 304
http://www.ncbi.nlm.nih.gov/pubmed?term=A pilot tolerability and efficacy study of levetiracetam in patients with chronic myoclonus
http://www.ncbi.nlm.nih.gov/pubmed?term=Antimyoclonic effects of alcohol in progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Antimyoclonic effect of levetiracetam
http://www.ncbi.nlm.nih.gov/pubmed?term=Piracetam in the treatment of cortical myoclonus
http://www.ncbi.nlm.nih.gov/pubmed?term=Lack of efficacy and potential aggravation of myoclonus with lamotrigine in Unverricht-Lundborg disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Lamotrigine and seizure aggravation in severe myoclonic epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive myoclonus epilepsy treated with zonisamide
http://www.ncbi.nlm.nih.gov/pubmed?term=Treatment of four siblings with progressive myoclonus epilepsy of the Unverricht-Lundborg type with N acetylcysteine
http://www.ncbi.nlm.nih.gov/pubmed?term=Valproate and clonazepam in the treatment of severe progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical trial of piracetam in patients with myoclonus: nationwide multiinstitution study in Japan
http://www.ncbi.nlm.nih.gov/pubmed?term=A pilot open-label trial of zonisamide in Unverricht-Lundborg disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical picture of EPM1-Unverricht-Lundborg disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Brivaracetam in Unverricht-Lundborg disease (EPM1): results from two randomized, placebo-controlled, double-blind studies
http://www.ncbi.nlm.nih.gov/pubmed?term=Ropirinole diminishes myoclonus and improves writing and postural balance in an ULD patient
http://www.ncbi.nlm.nih.gov/pubmed?term=Evaluation of brivaracetam, a novel SV2 A ligand, in the photosensitivity model
http://www.ncbi.nlm.nih.gov/pubmed?term=Efficacy of levetiracetam in a patient with Unverricht-Lundborg progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Transient effect of L-tryptophan in progressive myoclonus epilepsy without Lafora bodies: clinical and electrophysiological study
http://www.ncbi.nlm.nih.gov/pubmed?term=Piracetam relieves symptoms in progressive myoclonus epilepsy: a multicentre, randomized, double blind, crossover study comparing the efficacy and safety of three dosages of oral piracetam vs placebo
http://www.ncbi.nlm.nih.gov/pubmed?term=Randomized phase III study 306, adjunctive perampanel for refractory partial-onset seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Zonisamide for progressive myoclonus epilepsy: long term observations in seven cases


Journal Identification = EPD Article Identification = 0861 Date: October 5, 2016 Time: 10:27 pm

E

yoclo

L
c
s
E

L
S
s
1

L
m
2

M
e
c

M
L
J

M
m
1

M
m
h

M
S
g
A
d
p

M
d
J
P

M
E
1

M
t
e
2

M
m
N

N
T
a
5

O
m

O

P
t
S

P
t
2

P
o
t

R
s
p

S
s
e
1

S
e
L

S
t
m
2

T
i
2

T
d
S

T
p
N

T
t
e

T
c
v
n

U
i
1

U
C

V
d
m

V
S
s
s

W
o
z

M

am CW, Lau CH, Williams JC, Chan YW, Wong LJ. Mito-
hondrial myopathy, encephalopathy, lactic acidosis and
troke-like episodes (MELAS) triggered by valproate therapy.
ur J Pediatr 1997; 156: 562-4.

eino E, MacDonald E, Airaksinen MM, Riekkinen PJ,
alo H. L-tryptophan-carbidopa trial in patients with long-
tanding progressive myoclonus epilepsy. Acta Neurol Scand
981; 64: 132-41.

im LL, Ahmed A. Limited efficacy of levetiracetam on
yoclonus of different etiologies. Parkinsonism Relat Disord

005; 11: 135-7.

agaudda A, Gelisse P, Genton P. Antimyoclonc effect of lev-
tiracetam in 13 patients with Unverricht-Lundborg disease:
linical observations. Epilepsia 2004; 45: 678-81.

ancuso M, Galli R, Pizzanelli C, Filosto M, Siciliano G, Murri
. Antimyoclonic effect of levetiracetam in MERRF syndrome.
Neurol Sci 2006; 243: 97-9.

arseille Consensus Group. Classification of progressive
yoclonus epilepsies and related disorders. Ann Neurol

990; 28: 113-6.

edina MT, Martinez-Juarez IE, Duron RM, et al. Treatment of
yoclonic epilepsies of childhood, adolescence, and adult-

ood. Adv Neurol 2005; 95: 307-23.

ichelucci R, Serratosa JM, Genton P, Tassinari CA.
eizures, myoclonus and cerebellar dysfunction in pro-
ressive myoclonus epilepsies. In: Guerrini R, Aicardi J,
ndermann F, Hallett M, eds. Epilepsy and movement
isorders. Cambridge: Cambridge University Press, 2002,
p. 227-249.

ichelucci R, Pasini E, Tassinari CA. Phenobarbital, primi-
one and other barbiturates. In: Shorvon SD, Perucca E, Engel

, eds. The treatment of epilepsy, 3rd ed. Oxford: Blackwell
ublishing, 2009, pp. 585-603.

inassian BA, Striano P, Avanzini G. Progressive Myoclonus
pilepsies: State-of-the-Art. Epileptic Disord 2016;
8(Suppl. 2): S1-158.

iyahara A, Saito Y, Sugai K, et al. Reassessment of pheny-
oin for treatment of late stage progressive myoclonus
pilepsy complicated with status epilepticus. Epilepsy Res
009; 84: 801-9.

uona M, Berkovic SF, Dibbens LM, et al. A recurrent de novo
utation in KCNC1 causes progressive myoclonus epilepsy.
at Genet 2015; 47: 39-46.

anda RN, Johnson RH, Keogh HJ, Lambie DG, Melville ID.
reatment of epilepsy with clonazepam and its effect on other
nticonvulsants. J Neurol Neurosurg Psychiatry 1977; 40:
38-43.

beid T, Panayiotopoulos CP. Clonazepam in juvenile
yoclonic epilepsy. Epilepsia 1989; 30: 603-6.
pileptic Disord, Vol. 18, Supplement 2, September 2016

beso JA. Therapy of myoclonus. Clin Neurosci 1995; 3: 253-7.

apacostas S, Kholou E, Papathanasiou E. Levetiracetam in
hree cases of progressive myoclonus epilepsy. Pharm World
ci 2007; 29: 164-6.

edersen BA, Turnbull J, Epp JR, et al. Inhibiting glycogen syn-
hesis prevents Lafora disease in a mouse model. Ann Neurol
013; 74: 297-300.

W
f
e
2

Y
o
z

nus and seizures in PMEs: pharmacology and therapeutic trials

ranzatelli MR, Tate E, Huang Y, et al. Neuropharmacology
f progressive myoclonus epilepsy: response to 5-hydroxy-L-

ryptophan. Epilepsia 1995; 36: 783-91.

iguzzi P, Michelucci R, Magaudda A, et al. Epileptic motor
tatus in progressive myoclonus epilepsy: efficacy of IV
henytoin. Epilepsia 1997; 38: 70.

chorlemmer K, Bauer S, Belke M, et al. Sustained
eizure remission on perampanel in progressive myoclonic
pilepsy (Lafora disease). Epilepsy Behav Case Rep 2013; 1:
18-21.

hahwan A, Farrell M, Delanty N. Progressive myoclonus
pilepsies: a review of genetic and therapeutic aspects.
ancet Neurol 2005; 4: 239-48.

mith B, Shatz R, Elisevich K, Bespalova IN, Burmeis-
er M. Effects of vagus nerve stimulation on progressive

yoclonus epilepsy of Unverricht-Lundborg type. Epilepsia
000; 41: 1046-8.

ai KK, Truong DD. Brivaracetam is superior to levetiracetam
n a rat model of post-hypoxic myoclonus. J Neural Transm
007; 114: 1547-51.

assinari CA, Michelucci R, Riguzzi P, et al. The use of
iazepam and clonazepam in epilepsy. Epilepsia 1998a; 39:
7-14.

assinari CA, Rubboli G, Shibasaki H. Neurophysiology of
ositive and negative myoclonus. Electroencephalogr Clin
europhysiol 1998b; 107: 181-95.

assinari CA, Riguzzi P, Volpi L, et al. Zonisamide in the
reatment of action myoclonus in progressive myoclonus
pilepsies. Epilepsia 1999; 40: 242.

ein I, Di Mauro S, Xie ZW, De Vivo DC. Valproic acid impairs
arnitine uptake in cultured human skin fibroblasts: an in
itro model for pathogenesis for valproic-acid associated car-
itine deficiency. Pediatr Res 1993; 34: 281-7.

ldall P, Bucholt JM. Clinical experiences with topiramate
n children with intractable epilepsy. Eur J Ped Neurol
999; 3: 105-11.

thman BM, Reichl A. Progressive myoclonus epilepsies.
urr Treat Options Neurol 2002; 4: 3-17.

esper J, Steinhoff B, Rona S, et al. Chronic high-frequency
eep brain stimulation of the STN/SNr for progressive
yoclonic epilepsy. Epilepsia 2007; 48: 1984-9.

ossler DG, Conry JA, Murphy JV, & the ZNS-502/505 PME,
tudy Group. Zonisamide for the treatment of myoclonic
eizures in progressive myoclonus epilepsy: an open label
tudy. Epileptic Disord 2008; 10: 31-4.

allace SJ. Myoclonus and epilepsy in childhood: a review
f treatment with valproate, ethosuximide, lamotrigine and
onisamide. Epilepsy Res 1998; 29: 147-54.
S153

ille C, Steinhoff BJ, Altenmuller DM, et al. Chronic high-
requency deep-brain stimulation in progressive myoclonic
pilepsy in adulthood - report of five cases. Epilepsia
011; 52: 489-96.

oshimura I, Kaneko S, Yoshimura N, Murakami T. Long-term
bservations of two siblings with Lafora disease treated with
onisamide. Epilepsy Res 2001; 46: 283-7.

http://www.ncbi.nlm.nih.gov/pubmed?term=Mitochondrial myopathy, encephalopathy, lactic acidosis and stroke-like episodes (MELAS) triggered by valproate therapy
http://www.ncbi.nlm.nih.gov/pubmed?term=L-tryptophan-carbidopa trial in patients with long-standing progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Limited efficacy of levetiracetam on myoclonus of different etiologies
http://www.ncbi.nlm.nih.gov/pubmed?term=Antimyoclonc effect of levetiracetam in 13 patients with Unverricht-Lundborg disease: clinical observations
http://www.ncbi.nlm.nih.gov/pubmed?term=Antimyoclonic effect of levetiracetam in MERRF syndrome
http://www.ncbi.nlm.nih.gov/pubmed?term=Classification of progressive myoclonus epilepsies and related disorders
http://www.ncbi.nlm.nih.gov/pubmed?term=Treatment of myoclonic epilepsies of childhood, adolescence, and adulthood
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive Myoclonus Epilepsies: State-of-the-Art
http://www.ncbi.nlm.nih.gov/pubmed?term=Reassessment of phenytoin for treatment of late stage progressive myoclonus epilepsy complicated with status epilepticus
http://www.ncbi.nlm.nih.gov/pubmed?term=A recurrent de novo mutation in KCNC1 causes progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Treatment of epilepsy with clonazepam and its effect on other anticonvulsants
http://www.ncbi.nlm.nih.gov/pubmed?term=Clonazepam in juvenile myoclonic epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Therapy of myoclonus
http://www.ncbi.nlm.nih.gov/pubmed?term=Levetiracetam in three cases of progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Inhibiting glycogen synthesis prevents Lafora disease in a mouse model
http://www.ncbi.nlm.nih.gov/pubmed?term=Neuropharmacology of progressive myoclonus epilepsy: response to 5-hydroxy-L-tryptophan
http://www.ncbi.nlm.nih.gov/pubmed?term=Epileptic motor status in progressive myoclonus epilepsy: efficacy of IV phenytoin
http://www.ncbi.nlm.nih.gov/pubmed?term=Sustained seizure remission on perampanel in progressive myoclonic epilepsy (Lafora disease)
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive myoclonus epilepsies: a review of genetic and therapeutic aspects
http://www.ncbi.nlm.nih.gov/pubmed?term=Effects of vagus nerve stimulation on progressive myoclonus epilepsy of Unverricht-Lundborg type
http://www.ncbi.nlm.nih.gov/pubmed?term=Brivaracetam is superior to levetiracetam in a rat model of post-hypoxic myoclonus
http://www.ncbi.nlm.nih.gov/pubmed?term=The use of diazepam and clonazepam in epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Neurophysiology of positive and negative myoclonus
http://www.ncbi.nlm.nih.gov/pubmed?term=Zonisamide in the treatment of action myoclonus in progressive myoclonus epilepsies
http://www.ncbi.nlm.nih.gov/pubmed?term=Valproic acid impairs carnitine uptake in cultured human skin fibroblasts: an in vitro model for pathogenesis for valproic-acid associated carnitine deficiency
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical experiences with topiramate in children with intractable epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive myoclonus epilepsies
http://www.ncbi.nlm.nih.gov/pubmed?term=Chronic high-frequency deep brain stimulation of the STN/SNr for progressive myoclonic epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Zonisamide for the treatment of myoclonic seizures in progressive myoclonus epilepsy: an open label study
http://www.ncbi.nlm.nih.gov/pubmed?term=Myoclonus and epilepsy in childhood: a review of treatment with valproate, ethosuximide, lamotrigine and zonisamide
http://www.ncbi.nlm.nih.gov/pubmed?term=Chronic high-frequency deep-brain stimulation in progressive myoclonic epilepsy in adulthood - report of five cases
http://www.ncbi.nlm.nih.gov/pubmed?term=Long-term observations of two siblings with Lafora disease treated with zonisamide


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


