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Abstract

Juvenile myoclonic epilepsy (JME) with praxis-induced seizures consists of a complex group of generalized
epileptic syndromes. The aim of the present study was identifying the association between self-perception trigger
factors and myoclonic jerks. Twenty-two patients were submitted to a protocol of neuropsychological activation
(NPA) during video-electroencephalography (video-EEG) methods for 4-6 hours. A questionnaire was applied
regarding patients' self-perception of factors that precipitate of seizures comparing with the video-EEG findings.
Stress and sleep deprivation were perceived as triggers by 81.82%, followed by mental concentration (36.36%) and
manual activities (31.82%). Praxis-induced seizures occurred in 36.4% of these patients. Self-perception of stress
(81.82%), flashing lights (22.73%) and reading (13.64%) as triggering factors was significantly associated with
triggering myoclonic seizures during video-EEG. We conclude that main finding of this study is the strong correlation
between self-perception of trigger factors and actual trigger factors for seizures.

Keywords: Juvenile Myoclonic Epilepsy; Reflex epilepsy; EEG
activation; Neuropsychological activation

Introduction
Juvenile myoclonic epilepsy (JME) is a generalized epilepsy

syndrome that corresponds to around 10% of all cases of epilepsy [1].
Its onset is typically at puberty and it is characterized by the
occurrence of myoclonic jerks in all cases, generalized tonic-clonic
seizures (GTCS) in 80% and brief, infrequent absence seizures [1].
Photosensitivity is involved in 30% of cases [2]. During
electroencephalogram (EEG), background activity is normal and the
most typical patterns of discharge are the spike-wave and polyspike-
wave complexes at generalized bursts of 4 to 6 Hz [3]. Activations such
as sleep deprivation are important since they are capable of triggering
the onset of epileptic form discharges and myoclonic seizures [4].

Investigation by video-EEG associated with both routine
physiological factors and neuropsychological activation has proved to
be a robust tool for the diagnosis of JME [5]. Stress and other complex
EEG activations, many of which are subjective, have been associated
with the triggering of seizures [6,7]. Matsuoka et al. studied 480
patients with different types of epilepsy who were submitted to
neuropsychological EEG activation (NPA) [8]. NPA tasks included
reading, writing, mental and written arithmetic calculations, spatial
construction and putting together a jigsaw puzzle during EEG
recording. Those authors recorded epileptic discharges in 38 patients
(7.9%) and these were accompanied by myoclonic seizures in 15 cases,
absence seizures in 8 and simple partial seizures in one. Of the
cognitive tasks, mental activities associated with manual tasks were
more likely to provoke discharges (68.4%), showing that NPA is an

effective tool with which to evaluate the relationship between cognitive
function and epileptic seizures in patients with JME and confirming
the susceptibility of this epileptic syndrome to mental activity and
praxis. More recently, Guaranhaet al. showed that praxis was the task
most likely to provoke discharges (23.7%) in 76 patients with JME
submitted to neuropsychological activation during video-EEG [9].
Patients who reported that they were anxious had a greater frequency
of paroxysms, and traditional activations such as hyperventilation and
IPS were more effective than NPA.

The objective of the present study was to investigate patients with
JME and ascertain the association between praxis and other NPA tasks
in triggering myoclonic seizures and/or discharges in the EEG.

Methods
Twenty-two patients (12 females and 10 males) with JME diagnosed

in accordance with the criteria defined by the International League
against Epilepsy (ILAE) were included in this study [10]. Patients were
recruited at the Epilepsy Center of the ClementinoFragaFilho
Teaching Hospital of the Federal University of Rio de Janeiro, Rio de
Janeiro, Brazil. The study was approved by the institution’s internal
review board in accordance with the code of ethics proposed in the
Declaration of Helsinki and that of the Brazilian National Health
Council (Resolution 196/96 and its revisions). All patients signed an
informed consent form.

Patients unable to complete the questionnaire and perform the
tasks required in the neuropsychological evaluation, including
mentally retarded patients, those with dementia and individuals with
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fewer than four years of formal education, were excluded from the
study.

The mean age of disease onset was 13.2 years and the mean
duration of epilepsy was 17.5 years (range 1-45 years). All patients
were in treatment with antiepileptic drugs (AED), like ValproicAcid,
Lamotrigine or Topiramate, none were taking Carbamazepine,
Oxcarbazepine or Gabapentin.

A standardized self-perception questionnaire was administered
during a personal interview. The questionnaire was based on the
model adopted by Antebi& Bird and Spector et al. and later adapted by
Sousa et al. [7,11,12]. The objective was to investigate whether these
patients were aware of situations that could trigger more seizures. A
list of common factors was shown to the patients to assess if they were
capable of recognizing any seizure triggers. When these factors were
identified, they were compared with the results of activations that
occurred during video-EEG. The table 2 x 2 and chi-square test was
used to analyze associations between self-perception and positive
video-EEG findings. Significantly association was considered when p
value was < 0.05.

For this, the patients were monitored in a 192-channel Nihon-
Kohden® video-EEG device (Tokyo, Japan), model EEG-1200, software
Neurofax®, version 01-80, CT: 0.3\s, sampling of 200 Hz, impedance <
5 K Ohm and filter 70 Hz, Sony camera with image control. The
electrode placement system was the complete 10-20 international
system. The records were analyzed by two neurologists with
experience in this disorder and in evaluating these forms of epilepsy
using electroencephalography.

In addition to the routine forms of activation such as eyes open and
eyes closed, intermittent photic stimulation (IPS) and
hyperventilation, a protocol of NPA tasks was completed during the
EEGs. This protocol was based on that defined and published by
Matsuoka et al., Mayer & Wolf and Guaranha et al. [8,9,13]. It
included reading silently and aloud in Portuguese and in English for
10 minutes each, describing the patient’s seizures and the impact of

epilepsy on their lives aloud and in writing, performing arithmetical
calculations mentally and on paper, spatial construction (consisting of
drawing a house and a family), and putting together a jigsaw puzzle.
Ten minutes were given for each activity. The video recording of the
activations was co-registered with the electroencephalographic
tracings.

Results
When the patients were asked whether they were aware of any

situation capable of provoking more seizures, 19 (86.36%) answered
positively. The following responses were obtained: stress and sleep
deprivation (n=18, 81.82%), mental concentration (n=8; 36.36%),
manual work (n=7; 31.82%), alcohol consumption (n=6; 27.27%),
exposure to flashing lights, making calculations and the menstrual
cycle (n=5; 22.73%), reading (n=3; 13.64%), playing a musical
instrument (n=2; 9.09%) and listening to music (n=1; 4.55%).The
menstrual cycle was the second most important triggering factor in
women, together with praxis involving “mental concentration” and
manual work.

Results of the video-EEG tests for each activation showed that 19
(86.36%) of the 22 patients had epileptiform discharges during
hyperventilation and 18 (81.82%) during IPS. Thirteen patients
(59.09%) had epileptiform discharges during NPA in the spatial
construction segment (Figure 1), 12 (54.55%) while reading silently
and aloud in English, 11 (50%) while reporting orally on their seizures
and when performing written calculations (Figure 2), 9 (40.91%) when
writing about their seizures (Figure 3), 8 (36.36%) when reading
silently and aloud in Portuguese and 6 (27.3%) while making mental
calculations. All 22 patients submitted to NPA and activations such as
IPS and hyperventilation were bursts of epileptiform activity during
video-EEG monitoring. Of these, 8 (36.4%) had myoclonic jerks. The
same patients who had myoclonic jerks either during special or
routine activations were found to have praxis-induced seizures during
video-EEG.
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Figure 1. Epileptiform discharges during NPA in the spatial construction segment.

Figure 2. A representative case of a myoclonic seizure when the patient performing written calculations.
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Figure 3: A representative case of two myoclonic seizures when the
patient writing about their seizures

Hyperventilation was a trigger of myoclonic jerks in all 8 patients
(100%). It was followed by IPS, reading silently in English and spatial
construction in 7 patients (87.5%), reading aloud in English and
making arithmetical calculations on paper in 6 patients (75%) and
reading silently in Portuguese, reading aloud in Portuguese, talking
about their seizures, writing about their seizures and making mental
arithmetical calculations in 5 patients (62.5%).

With respect to the results during video-EEG monitoring, the
paroxysms most commonly found were the spike-and-slow-wave
discharge in 10 patients (45.5%). Slow-wave was found in 3 patients
(13.6%), polyspike and spike-and-slow wave in 2 (9.1%), spike-and-
slow-wave complex in 2 (9.1%), polyspike and spike-and-slow-wave
complex in 2 (9.1%), sharp wave and slow wave in 2 (9.1%) and
polyspike-slow-wave complex in 1 (4.5%). The most common
minimum frequency found was 4 Hz in 13 patients (59.1%), while the
maximum was 6 Hz in 12 patients.

It was found that reading silently and aloud in Portuguese
(p=0.005), speaking (p=0.05) and writing about the patient’s seizures
(p=0.01), making mental (p<0.001) and written (p=0.05) calculations
and spatial construction (p=0.05) were significantly associated with
triggering seizures (Table 1).

The perception of flashing lights triggered seizures was significantly
associated with video-EEG records of myoclonic seizures and/or
paroxysms during photo-stimulation (p<0.001), as was reading aloud
and silently in English (p=0.01).On the other hand, no statistically
significant correlations werefound between video-EEG and any of the
other activations reported by patients in the questionnaire such as
concentration, hand movements, calculations, games and writing
(Table 1).

Activations During
Video-Eeg (%)

Self-Perception Of
Triggering Factors

Yes\N0 (%)

P-Value

Stress

18\4 (81.8\4.2)

Reading Silently In
Portuguese 8\14
(36.4\63.3)

0.005

Reading Aloud In
Portuguese 8\14
(36,4\63,6)

0.005

Talking About Their
Seizures 11\11 (50\50)

0.05

Writing About Their
Seizures 9\13 (40.9\59.1)

0.01

Solving Arithmetical
Problem Mentally 6\16
(27.3\72.7)

0.000

Solving Arithmetical
Problem On Paper 11\11
(50\50)

0.05

Spatial Construction
(Drawing)

11\11 (50\50)

0.05

Flashing Lights

5\17 (22.7\77.3)

Photo-Stimulation

18\4 ( 81.8\18.2)

0.000

Reading

3\19 (13.6\86.4)

Reading Silently In
English

12\10 (54.5\45.5)

0.01

Reading Aloud In English

12\10 (54.5\45.5)

0.01

Table 1: Comparison between self-perception of factors capable of
triggering myoclonic seizures and confirmation of this end-point
during different types of activation associated with stress, flashing
lights and reading during video-EEG.

Discussion
Myoclonic epilepsy with praxis-induced seizures consists of a group

of epileptic syndromes that has stimulated investigation on the
complex circuits activated by cortical function in idiopathic
generalized epilepsies. Therefore, the principal objective of this study
was to analyze patients with JME and identify whether activations
requiring complex cortical functions such as praxis participate in
triggering these seizures.

In the self-perception questionnaire, 19 of the 22 patients (86.36%)
described at least one factor capable of triggering seizures, a
percentage similar to that reported by da Silva Sousa et al. (92%).
Beniczky et al. found that cognitive tasks provoke epileptic discharge
in 22% of patients, although, the authors didn’t study myoclonic jerks
during those discharges [14,15].

In the present series, stress and sleep deprivation were the
triggering factors most often reported by patients (both factors being
mentioned by 18 patients, 81.82%). Stress and sleep deprivation were
also the most commonly mentioned factors in another study
conducted in Brazil (da Silva Sousa et al.), which reported rates of 83%
and 77%, respectively, and in a study carried out in Norway
(Kleveland& Engelson), with rates of 46.5% and 83.7%, respectively. It
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is interesting to note how stress, mentioned by so many patients as a
triggering factor of different morbid conditions and relegated to the
background to such an extent by the majority of specialists, was found
to have a clear cause and effect relationship with myoclonic jerks.
Myoclonia were also most recorded during cognitive tasks by Beniczky
et al. [14-16].

Concentration (8 cases, 36.36%) and manual activities (7 cases,
31.82%) were mentioned as factors capable of triggering seizures by
around one-third of the present patients. In another four series of
patients, concentration was reported by: 6.9% of patients in India
(Murthy et al.), 12% in Germany (Wolf & Mayer), 22% in Saudi
Arabia (Panayiotopoulos et al.) and 23% in Brazil (da Silva Sousa et
al.) [3,17,18]. The present findings are in agreement with the study
conducted in Brazil and with that carried out by Panayiotopoulos et
al. ; however, frequencies are higher than those found in the Indian
and German populations [3]. These differences may be the result of
cultural, genetic or environmental aspects. With respect to manual
activities (praxis), similar results (31%) were found in the German
series (Wolf & Mayer). Lower rates were found, in Japan (12.7%)
(Inoue and Kuboto) and in a previous Brazilian study (20%) (da Silva
Sousa et al.) [14,18,19].

The fourth most commonly mentioned triggering factor in the
present series, alcohol consumption (27.27%) was cited by a higher
percentage of patients in Germany (40.4%) (Janz), Norway (39.5%)
(Kleveland & Engelsen) and Denmark (51.2%) (Pedersen & Petersen)
and by a lower percentage of patients in Uruguay (8.6%)
(Castells&Mendilaharsu) and Brazil (11%) (da Silva Sousa et al. )
[14,16,20-22]. Exposure to flashing lights, the fifth most commonly
mentioned triggering factor (22.73%) in the present study, was
mentioned by 15% of the patients in a previous Brazilian series (da
Silva Sousa et al.) and by 33% in Uruguay (Castells & Mendilaharsu),
findings that are considered similar to those of the present study
[14,22]. This factor was more frequently cited in Saudi Arabia (36.8%)
(Panayiotopoulos et al.) and Norway (37.2%) ( Kleveland & Engelsen)
[3,16]. Nevertheless, in another German series (2.1%) (Janz&
Christian23) and in Japan (10.8%) (Inoue19) lower rates were
reported. Once again, cultural and regional differences may explain
these divergences between findings [19, 23].

The use of the present questionnaire confirmed the findings of
other studies (Matsuoka et al.) (da Silva Sousa et al.) in that patients
perceive factors such as stress, sleep deprivation, concentration/
thinking, manual activities (praxis), alcohol consumption and flashing
lights as significant triggers of their seizures [8,14]. Confirmation of
these perceptions during video-EEG provided further data of interest
by allowing the results of the self-perception questionnaire on
triggering factors to be compared with the recording of both clinical
and electroencephalographic phenomena. Indeed, the triggering effect
was confirmed in at least one of the activations presented by these 22
patients. Of these, hyperventilation was the factor most likely to trigger
seizures, causing discharges in the tracings of 19 patients (86.36%),
followed by IPS in 18 patients (81.82%). These findings confirm the
sensitivity of EEG for demonstrating epileptic form activity in patients
with JME, as already reported by many authors, including Delgado-
Escueta & Enrile-Bacsal [24], who detected epileptiform activity in
100% of patients, Janz& Christian [23], who reported activity in 92%
of cases, Panayiotopoulos et al. in 79% of cases and Aliberti et al. in
73% [3,25].

Of the patients in the present study, 8 (36.36%) developed
myoclonic jerks that correlated electrographically with paroxysms in

the tracings and praxis-induced seizures. Matsuoka et al. reported that
of the 38 patients in their series, myoclonic seizures correlated with
paroxysms in the tracing in 15 cases (39.47%), spatial construction
being the activity most likely to provoke myoclonic jerks [8].
Guaranha et al. also reported that of all tasks involving manual
activity, spatial construction was the one most likely to provoke
myoclonic jerks in their series of 75 patients, accounting for an effect
in 15/75 patients tested (20%), followed by myoclonic jerks triggered
by written arithmetical calculations in 12/60 patients (20%) [9]. The
factors identified in the present study as being most likely to trigger
myoclonic jerks were: written arithmetical calculations, reading in a
foreign language, speaking about the patient’s seizures and spatial
construction in 70% of the patients tested, followed by reading in
Portuguese, writing about their seizures and mental arithmetic in 30%.
Guaranha et al. reported the principal factors as: reading aloud in
Portuguese (7/70; 10%), reading aloud in English (10/69; 14.5%),
language (6/65; 9.2%), reading silently in Portuguese (4/63; 6.3%),
reading silently in English (5/64; 7.8%) and mental calculation (5/66;
7.6%) [9].

Regarding interictal EEG, the 22 patients had generalized bilateral
discharges, predominantly spike-and-slow-wave (45.5%) and poly
spike-and-slow-wave (9.1%), with normal background activity. The
mean frequency of the discharges found in the present study ranged
from 4 Hz (59.1%) to 6 Hz (54.5%). In JME, the spike and poly spike-
wave discharges are fast and >3 Hz, generally 4-6 Hz (Delgado-Escueta
& Enrile-Bacsal), in agreement with the present findings. Spike-wave
and polyspike-and-slow-wave discharges are the most prevalent
patterns in JME (Guaranha et al., Matsuoka et al.; Janz& Christian)
[2,8,23,24].

Our results can be explained by some knowledge of JME
ictogenesis. NPA-induced epileptic discharges are similar to those that
develop spontaneously. They consist of diffuse, symmetrical spike and
poly spike-wave discharges, but may occur concomitantly with
bilateral spike-wave, predominantly over the central region, and may
be asymmetrical or not. In JME, a single site or asymmetry is
associated with the pathophysiology of myoclonic seizures in the
upper limbs (Lancman et al.; Matsuoka, et al.) [26,8]. Aird et al.
speculated on whether myoclonic seizures could be caused by
pathology in the system projection of the thalamus and central sulcus,
in reference to the thalamocortical mechanism involved in absence
seizures (Gloor) [27,28]. The clinical semiology of the myoclonic
seizures recorded here corroborates the predominance of myoclonus
in the upper limbs as a manifestation of NPA-triggered seizures. This
motor phenomenon is generally associated with cortical discharges
and serves to confirm the paradigm of cortical participation in this
epileptic syndrome, as suggested by Vulliemoz et al , i.e. that
myoclonic jerks in JME are indeed predominant in the upper limbs
and shoulders and are confined to this area in some cases. They may
be asymmetrical and may lead to an erroneous diagnosis of focal
motor seizure (Lancman et al., Panayiotopoulos et al.) [3,26,29].
Moreover, Vollmaretal showed the increased of functional connective
between the motor system and frontoparietal cognitive networks in
patients with JME. Our results can be supported by these authors who
found that cognitive activation of motor cortex and supplementary
motor area in JME explain how cognitive effort can contribute to
myoclonic jerks (Vollmar et al) [30].

This study confirms the triggering effect of factors on epileptic
discharges and myoclonic seizures at routine examination. An
interestingly found was that in some patients, NPA provoked seizures
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exclusively during the performance of mental activities such as
reading, writing, drawing and playing. In these cases, praxis took place
because the patient was planning an act and performing it manually.
Our results, showing that myoclonic jerks were more often confirmed
during stress, anxiety, expectation, thinking/concentration and when
making decisions, as well as during physiological occurrences such as
sleep deprivation, waking and fatigue, suggests that a combination of
factors may be common among those patients. Corroborating our
results, other authors reported that mental concentration triggered
seizures in 22.8% of patients and stress/expectation in 12.3%
(Panayiotopoulos et al.) [3]. Penryet al. equally reported that seizures
in JME were exacerbated by stress (100%), strong emotions (96%) and
chronic anxiety (70%) [31]. Indeed, some patients in the present study
were unconvinced about the association between myoclonic seizures
and triggering factors until they performed the neuropsychological
EEG activation tasks. Without this tool, many of the myoclonic
seizures induced by mental activity and praxis would have been
forgotten or remained unnoticed.

We conclude that main finding of this study is the strong
correlation between self-perception of trigger factors and actual trigger
factors for seizures. Our results show the importance of self-perception
as a relevant an amnestic tool for diagnosing JME, which appears to
involve not only the corticothalamic circuit but also other circuits
associated with emotional stress. Understanding the interaction of this
phenomenon as a whole, including the contribution of stress, will help
us understand the pathophysiology of the mechanism of generalized
idiopathic epilepsy, principally JME. Finally, this may contribute to the
development of a non-pharmacological, cognitive or anti-stress
therapeutic intervention for patients with JME.
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