
C
T

ARTICLE IN PRESS

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
U
N
C
O
R
R
E

Epileptic Negative

Myoclonus As the

Presenting Seizure

Type in Rolandic
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Uri Kramer, MD†

Epileptic negative myoclonus is an uncommon seizure
type characterized by a sudden, brief loss of muscle
tone that may lead to falling. It has been associated
largely with benign childhood epilepsy with centrotem-
poral spikes (rolandic epilepsy), although it may also be
a feature of other epileptic syndromes. In patients with
rolandic epilepsy, epileptic negative myoclonus usually
appears during the course of the disease, well after a di-
agnosis of the epilepsy has been established. Described
here are five cases of rolandic epilepsy in which the pre-
senting seizure was falls due to epileptic negative myoc-
lonus. Because developmental delay or neurocognitive
problems were present in three of the children, it is pos-
sible that epileptic negative myoclonus may be misinter-
preted as clumsiness-related falls in some children who
actually have undiagnosed rolandic epilepsy. � 2009
by Elsevier Inc. All rights reserved.
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Introduction

Benign childhood epilepsy with centrotemporal spikes

(BCECTS; also known as rolandic epilepsy), the most com-
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mon epilepsy syndrome in childhood [1,2], usually presents

with hemifacial motor seizures that frequently generalize.

Somatosensory auras involving the face, mouth, and tongue

may precede the motor seizures [3,4]. Most patients experi-

ence a benign clinical course characterized by few epileptic

attacks, a self-limited period of seizure activity, preservation

of normal cognitive abilities, and a good clinical response to

antiepileptic drugs when treatment is necessary [5].

Atypical cases are common, however, and include pa-

tients with multiple and varied seizures, poor or no response

to treatment, and cognitive deterioration, particularly in

terms of the development of learning disabilities Neverthe-

less, one of the most striking features of atypical

BCECTS—albeit an uncommon one—is the brief atonic

seizures known as epileptic negative myoclonus, leading

to frequent falls [6,7]. These seizures usually appear after

a period of months to years (median, 18 months) of typical

rolandic events during antiepileptic drug therapy [8]. Epi-

leptic negative myoclonus is defined as an interruption of

tonic muscle activity, which is time-locked to an epileptic

EEG abnormality, without evidence of an antecedent posi-

tive myoclonus in the agonist–antagonist muscles [9]. This

negative myoclonus tends to appear in clusters lasting a few

weeks each, with seizure-free intervals between clusters

[6,7].

Described here are the cases of five patients with negative

myoclonus as the presenting seizure type. Three patients

were evaluated for falls, one had experienced mild motor

delay, and another had both mild motor delay and attention

deficit disorder. Of note, only one child experienced con-

vulsions, and this occurred weeks after myoclonus onset

(patient 1). In the remaining four cases, epileptic negative

myoclonus was the only clinical expression of BCECTS.

The main clinical characteristics are summarized in Table 1.

The objective here is to report on epileptic negative my-

oclonus as the initial manifestation of benign (rolandic)

childhood epilepsy with centrotemporal spikes in children.

This seizure type has usually been recognized only in pa-

tients with well-established rolandic epilepsy, not as the ini-

tial symptom leading to the diagnosis of epilepsy.
Methods

The clinical and electroencephalographic (EEG) characteristics of pa-

tients with epileptic negative myoclonus as the presenting seizure type

were analyzed. Data gathered included demographic information, previous

medical and family history, clinical presentation, interictal EEG findings,
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Table 1. Summary of clinical characteristics in five children with epileptic negative myoclonus as the presenting symptom of benign childhood

epilepsy with centrotemporal spikes ½Q5�

Patient

Age

at Dx,

yr.mo/Sex

Previous

neurodevelopmental

history

Duration of

epileptic negative

myoclonus until

recognition

EEG

findings

Events

captured

on EEG

AED

treatment

Clinical

Response

Myoclonus

Aggravation

1 5/F Normal Weeks Typical

rolandic spikes

Yes CBZ, STM, VPA Poor Yes, with CBZ

2 6/M Motor delay,

ADHD

Probably years Typical rolandic

spikes

No STM, VPA,

CLBZ, LEV

Good to STM

(stopped due

to side effects);

poor to VPA

and CLBZ; LEV

efficacious but

intolerable.

Currently

OXCBZ.

No

3 9/F ADHD Days to weeks Typical

rolandic spikes

No None — No

4 2.7/M Mild motor

and language

delay

2-3 months Rolandic spikes

over right

occipital region

No VPA, TPM,

STM

Excellent to STM No

5 1.10</F Normal 2 months Typical rolandic

spikes

No VPA Excellent

(although only

recently started)

No

Abbreviations:

ADHD = Attention deficit hyperactivity disorder

AED = Antiepileptic drug

CBZ = Carbamazepine

CLBZ = Clobazam

Dx = Diagnosis

EEG = Electroencephalography

F = Female

LEV = Levetiracetam

M = Male

OXCBZ = Oxcarbazepine

STM = Sulthiame

TPM = Topiramate

VPA = Valproate
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Patient 1

A previously healthy girl began experiencing frequent falls at age 4

years 6 months. The falls were attributed to a sudden loss of motor control

over her left lower leg. Myoclonic jerks were not reported. Two brief gen-

eralized clonic seizures during the initial stages of sleep occurred within

weeks of the falls onset. Perinatal, medical, and family history was unre-

markable. Physical and neurological findings were unremarkable. Cranial

magnetic resonance imaging was unremarkable. The initial awake EEG at

age 4 years and 8 months revealed epileptiform activity consistent with

rolandic spikes over the left centrotemporal area. A repeat awake and

asleep record 3 months later showed similarly located spikes, with occa-

sional bursts of generalized spike-and-wave activity. Finally, another study

performed 6 weeks later captured a typical loss of tone event, which corre-

lated with a 2-second cluster of bilateral rolandic spikes. Initial treatment

with carbamazepine was accompanied by aggravation of the falls. Sulth-
2 PEDIATRIC NEUROLOGY Vol. - No. -
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iame was substituted for carbamazepine with no improvement. Recently,

valproic acid replaced sulthiame.
Patient 2

A 7-year-old boy with mild motor delay and attention deficit disorder

had a history of frequent falls since reaching independent gait at 18 months.

Although initially these events appeared to be true accidental falls, eventu-

ally an apparent sudden loss of motor control of the right lower leg preced-

ing the falls became evident. The neurological examination was

unremarkable. At 6 years of age, EEG revealed bilateral rolandic spikes

over the centrotemporal areas, most predominant on the left side. Enhance-

ment of the epileptiform activity was noted during the early sleep stages,

covering up to 20% of the sleep record. After sulthiame was prescribed,

the falls ceased; however, this medication was discontinued because of hy-

perventilation episodes. Valproic acid and clobazam were introduced, but

had to be discontinued because of behavioral side effects before an effect

on the falls could be assessed. Introduction of levetiracetam therapy was

followed by total cessation of falls. As of writing, however, this medication

was being discontinued because of emotional symptoms, including appar-

ent suicidal ideation, and oxcarbazepine was being introduced.
ril 2009 � 5:09 am � ce 64
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Figure 1. Awake electroencephalographic recording, patient 3. Note typical rolandic spikes over the right parasagittal region.

ARTICLE IN PRESS

224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
E

Patient 3

A 9-year-old girl who had been initially evaluated 1 year before for at-

tention deficit disorder and mild learning disabilities began experiencing

intermittent episodes of numbness in both legs, followed by an abrupt mus-

cle tone loss in either the right leg or both lower legs. Physical and neuro-

logical examinations were unremarkable. Two EEG records, including

sleep, demonstrated typical bilateral, independent rolandic spikes in the

right parasagittal and the left centrotemporal regions (Fig 1). Cranial mag-

netic resonance imaging was unremarkable. A diagnosis of epilepsy nega-

tive myoclonus was given. No medication has been prescribed, because the

patient has not experienced any other seizure type and the negative myoc-

lonus events are uncommon.
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A boy, 2 years 7 months old, with a previous history of mild motor and

language delay was evaluated for a subacute onset of falls, some sudden

and some gradual, reportedly following an abrupt loss of muscle tone in

his legs. The neurological examination was unremarkable. A sleep EEG

demonstrated occipital epileptiform activity, although the side of origin

could not be discerned. A subsequent sleep-deprived EEG 3 weeks later

depicted frequent right occipital spikes of rolandic-like morphology. Cra-

nial magnetic resonance imaging was unremarkable. Metabolic screening

was unremarkable, including blood lactate, ammonia, arterial blood gases,

carnitine, and very long chain fatty acids. Treatment with valproate was

rapidly discontinued because frequent skin flushing appeared. Topiramate

was introduced, but was also stopped shortly after, because of restlessness

and oligohidrosis. Finally, sulthiame therapy was accompanied by disap-

pearance of the falls.
330
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Patient 5

A 22-month-old previously healthy girl presented with a several weeks

history of falls, occurring in different fashions, including gradual falls, sud-

den events apparently not related to muscle tone changes, and sudden loss

of muscle tone in the lower limbs. She was evaluated not long before the

present report. Her EEG during wakefulness revealed a very active rolandic

focus on the left side, with occasional spreading to the right. A sleep record
Wat

SCO 5.0 DTD � pnu7175 � 3 Ap
showed similar findings. Valproate was initiated followed by disappear-

ance of falls within a few weeks.
EResults

Five children, aged 22 months to 9 years, were identified

with epileptic negative myoclonus as the presenting seizure

type leading to the diagnosis of BCECTS. Only one child

(patient 1) eventually sustained convulsions more usually

associated with this epilepsy type. The remaining four chil-

dren manifested only epileptic negative myoclonus. Interic-

tal EEG showed typical rolandic spikes, consisting of

a focal negative diphasic slow spike of medium to high volt-

age followed by a slow wave located in the centrotemporal

areas [10]. The myoclonus was captured on video EEG in

patient 1.

The clinical response to antiepileptic drug therapy was

inconsistent. One child did not respond at all, three attained

seizure control with either valproate or sulthiame and oxcar-

bazepine, and in one case treatment was not prescribed. The

only patient who received carbamazepine experienced sei-

zure (myoclonus) aggravation, which was not seen in the re-

maining children who were treated at different stages of the

disease with either valproate, sulthiame, topiramate, cloba-

zam, or levetiracetam. Patient 2 had a history of motor delay

and ADHD, patient 3 had ADHD, and patient 4 exhibited

mild motor and language delay.
Discussion

Benign childhood epilepsy with centrotemporal spikes,

or rolandic epilepsy, is the most common epilepsy syn-

drome in childhood, affecting up to 24% of all children

with pediatric epilepsy [1,2]. It is an idiopathic, age-specific
emberg et al: Negative Myoclonus in Undiagnosed Rolandic Epilepsy 3
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epileptic syndrome with a high genetic predisposition and

a benign course. Typically, patients experience hemifacial

motor seizures that may be preceded by somatosensory

symptoms involving the inner cheek, tongue, and lips

[4,11], frequently spreading to either the upper arm or to

both arms ipsilateral to the facial side involved [3,4]. A no-

torious predisposition for attacks to occur during early sleep

or slightly before awakening is a hallmark of this syndrome

[5]. Secondary generalization of seizures is common, espe-

cially among younger patients [4,12].

The EEG pattern is quite specific, with normal back-

ground activity and epileptiform activity consisting of

wide, biphasic or triphasic spikes of relatively high ampli-

tude located over the descending (centrotemporal) areas

of the rolandic strip, represented in the record on leads

T3-C5 or T4-C6 [3,13]. When viewed on monopolar mon-

tages, a dipole depicting positive frontal polarity and nega-

tive polarity in the inferior rolandic area may be noted,

which is considered pathognomonic of benign rolandic

epilepsy [14].

Although most cases of BCECTS follow a self-limited,

benign course including preserved cognitive function, atyp-

ical forms of the syndrome are often encountered. Despite

a growing body of information on these unusual cases, there

is no consensus on what ‘‘atypical’’ means for BCECTS.

Reports on atypical cases include patients with seizures

other than the classic ones (mostly atypical absences and

negative myoclonus), poor response to antiepileptic drugs,

cognitive impairment, and marked exacerbation of epilepti-

form activity during sleep consistent with continuous, dif-

fuse slow-spike-and-wave activity [6]. Focal atonic

seizures occur in 9% of atypical cases [15]. Indeed, atypical

clinical features have been reported in up to 50% of

BCECTS patients [16]. This subgroup of patients includes

those not fulfilling the classic criteria for BCECTS (i.e.,

nocturnal simple partial seizures with or without secondary

generalization, normal neurodevelopmental history, typical

EEG findings, and normal neuroimaging studies). In fact,

atypical forms of the syndrome appear to be quite common,

although the outcome is similar for both typical and atypical

cases [17].

One of the most notorious features of atypical BCECTS,

albeit uncommon, are the brief, atonic seizures leading to

frequent falls also known as epileptic negative myoclonus

[6,7]. These events consist of a transient muscular (atonic)

inhibition correlating with simultaneous epileptiform EEG

activity in the contralateral rolandic area [9]. They usually

appear after a period of months to years of typical rolandic

events (median, 18 months). Negative myoclonus tends to

appear in clusters lasting few weeks each, with seizure-

free periods intervals.

Negative myoclonus may occur in association with a va-

riety of epileptic and nonepileptic neurological conditions.

The broad range of clinical features and etiologies of nega-

tive myoclonus includes asterixis during toxic-metabolic

encephalopathies [9]; new seizure types induced by certain

antiepileptic drugs such as carbamazepine [18], oxcarbaze-
4 PEDIATRIC NEUROLOGY Vol. - No. -
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pine [19], and lamotrigine [20]; brain malformations

[21,22]; and even a photosensitivity phenomenon [23].

Epileptic negative myoclonus has also been described in

symptomatic epilepsies related to mitochondrial cytopa-

thies, neonatal hypoxic–ischemic encephalopathy, brain

vascular malformations, and progressive myoclonus epilep-

sies. [1]. However, this negative myoclonus is most fre-

quently encountered as epileptic negative myoclonus in

various types of epilepsy, BCECTS being the most com-

mon [9]. In particular, epileptic negative myoclonus occurs

rather frequently (9%) in an atypical form of benign partial

epilepsy of childhood known as pseudo-Lennox–Gastaut

syndrome, characterized by generalized minor seizures

and interictal epileptiform activity similar to that seen in

BCECTS but in more than half of the cases with marked ex-

acerbation of this activity in sleep, consistent with the def-

inition of electrical status epilepticus in sleep [12].

The neurophysiologic mechanisms leading to this seizure

type are not fully understood. It has been shown to arise

from both subcortical and cortical sources [24,25]. Intrace-

rebral recordings and electrical stimulation procedures

in epileptic patients suggest the involvement of premotor,

primary motor, primary sensory, and supplementary motor

areas in the genesis of epileptic negative myoclonus [9],

particularly through cortical stimulation. A recent report

on carbamazepine-related epileptic negative myoclonus

suggests, however, that increased cortical inhibition could

be the electrophysiological correlate in these cases. More-

over, the presence of spike-wave rather than sharp waves

seems to be more associated with seizure worsening by car-

bamazepine [18].

Epileptic negative myoclonus as an isolated clinical

event has not been previously reported [9]. During the

last 2 years the present authors encountered five children

aged 22 months to 9 years who presented with frequent

falls. Four of these patients had EEG features of BCECTS

and one (patient 4) exhibited right occipital rolandic spikes,

probably suggestive of Panayiotopoulos syndrome [26].

Recent reports have raised the possibility of BCECTS and

Panayiotopoulos syndrome as part of a clinical continuum

[27]. A recent study by Caraballo et al. [28] indicated that

12.5% of children with Panayiotopoulos syndrome may

sustain rolandic seizures and up to one third of these pa-

tients eventually develop classical BCECTS. The present

patient 4 may thus represent a case of early Panayiotopoulos

syndrome with later progress to BCECTS.

In spite of the EEG findings, none of the present patients

had typical rolandic seizures or any other seizures preceding

the epileptic negative myoclonus events, and only one child

(patient 1) eventually developed convulsive seizures. The

parents and children described the falls as a result of sudden

loss of tone in one of the legs, although at times a more

gradual onset was reported. The brief lapse of postural

tone is the result of inhibition of muscular activity [29].

In accord with anecdotal reports [30], carbamazepine trig-

gered epileptic negative myoclonus aggravation in the

one patient who was prescribed with this drug.
ril 2009 � 5:09 am � ce 64
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Notably, three of the five patients had a history of mild

motor delay or attention deficit disorder preceding the onset

of the negative myoclonus and the diagnosis of BCECTS.

These facts raise te question of whether epileptic negative

myoclonus is more likely to occur in children with rolandic

epilepsy, clinically evident or not, who are not neurologi-

cally intact prior to the diagnosis of BCECTS. Indeed,

Hahn et al. [15] reported a relatively high incidence (9%)

of atonic seizures among a 43 BCECTS children with a clin-

ical course consistent with atypical BCECTS. Although no

large series of patients has been published, the reported

cases [18,20,27] have pertained to children with normal

development. Thus, epileptic negative myoclonus as the

initial manifestation of BCECTS may not be related to the

developmental status of the patient.

The peculiar electroclinical presentation seen in these

children differed from that of atypical BCECTS not only

because of the lack of typical rolandic attacks and atypical

absence events, but also for the lack of electrical status epi-

lepticus in sleep. Moreover, only one of the five children

presented with clusters of typical falls lasting several weeks

each. The negative myoclonus in the remaining four

patients did not follow any particular course.

The combination of minor developmental and neuropsy-

chiatric symptoms and occasional falls likely provokes a de-

lay in the diagnosis of epileptic negative myoclonus in

some children. Moreover, the fact that epileptic negative

myoclonus has not been reported as the initial symptom

of BCECTS raises the intriguing possibility that some pa-

tients with epileptic negative myoclonus as the sole mani-

festation of BCECTS, particularly those with some degree

of motor impairment, may go unrecognized as the disease

gradually subsides.

In summary, epileptic negative myoclonus may be the

presenting symptom in some children with BCECTS.

This phenomenon, although well recognized in BCECTS,

has previously been reported only in patients with a well-

established diagnosis, often as a complication of antiepilep-

tic drug treatment, particularly carbamazepine. Two of the

five patients described here had some degree of motor de-

velopmental impairment (one also had ADHD) and one

had been diagnosed with ADHD prior to the appearance

or recognition of the negative myoclonus events. Because

epileptic negative myoclonus tends to appear in clusters

during a brief period in BCECTS patients, a short-lasting

epileptic negative myoclonus might be the only manifesta-

tion of BCECTS in some children; if misinterpreted as

a clumsiness-related event, it could therefore be overlooked

as an initial symptom of epilepsy in some children with de-

velopmental delay or ADHD.
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