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ABSTRACT – In reflex seizures induced by proprioceptive stimuli, the
activated network may be identified as a single anatomo-functional cir-
cuit; the sensory-motor network. These seizures may be considered as
epileptically-enhanced stretch reflexes. Proprioceptive reflex epilepsies are

stem epilepsies”. We present three
of such epilepsies. [Published with

d, stretch reflex, sensory-motor,
eural systems

somato-sensory, and proprio-
ceptive; thinking, reading, eating,
music, hot water (Grosso et al., 2004),
and startle (Zifkin and Andermann,
1998).
Reflex attacks induced by move-
ment were reported more than
100 years ago (Gowers, 1901). Early
reports described seizures induced
by movement (Lishman et al., 1962,
Falconer et al., 1963), but later
work demonstrated the role of pro-
a good example of the so-called “sy
cases discussing the clinical features
videosequences]
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The definition of reflex epilepsies
states that seizures are provoked by
certain stimuli or, less commonly,
mental processes. Individuals with
reflex epilepsy may have seizures
exclusively in response to specific
stimuli without suffering sponta-
neous seizures. Alternatively, reflex
seizures may coexist with sponta-
neously occurring seizures. They
may clinically manifest as partial or
generalised seizures and can simi-
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larly be associated with either focal
or generalised ictal epileptic dis-
charges at onset (Engel, 2001).
Common precipitating stimuli
for reflex seizures may be visual
(Binnie and Wilkins, 1998; Zifkin
and Kasteleijn-Nolst Trenité, 2000),

prioceptive afferents (Chauvel and
Lamarche, 1975). Thus, seizures orig-
inally described as “movement-,
or gait-induced” (Iriarte et al.,
2001) are more accurately defined
as“proprioceptive-induced”(Vignal
et al., 1998). Proprioceptive-induced
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eizures are included as a reflex seizure type in the
roposed classification of epilepsy syndromes (Engel,
001).
roprioceptive-induced seizures are provoked by
assive or active movement. The seizures are usually
imple partial attacks manifested as tonic or clonic
otor movements of a limb; they may begin with

ensory manifestations. Sometimes they occur in
ubjects with cerebral lesions and motor deficit. They
ave been described as transient phenomena during
on-ketotic hyperglycaemia, resolving with metabolic
orrection (Brick et al., 1989) and as self-induced
ttacks with proprioceptive self-stimulation (Guerrini
50

t al., 1992). The epileptic nature of these seizures has
een confirmed by ictal EEG recordings (Arseni et al.,
967) and video telemetry. Reflex drop attacks may
ccur with walking in patients with EEG vertex spikes,
voked by percussion of the sole of the foot (Tassinari
t al., 1988, Tedrus et al., 2005).
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igure 1 (A-D)– Patient 1. EEG sequence of a seizure provoked by mov
lectrode. (EEG low pass filter: 0.3Hz; high pass filter: 70Hz).
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e present here three cases in order to demonstrate
he clinical features of such epilepsies.

ase l

er partial epilepsy started at age 10 and she did not
ecome seizure-free despite many antiepileptic drugs.
er left-sided lower limb sensory-motor seizures,

requently leading to falls, could be provoked by
assive or active movement of the left leg, leading to

he stretching of her sole and generally unexpected
inetic stimuli; slipping or lapse during walking. On
Epileptic Disord, Vol. 14, No. 2, June 2012

ement of the left leg. The electrographic seizure starts at the Cz

ould be provoked by movement, e.g. cycling. Scalp
ctal EEG recordings and clinical seizure manifestations
uggested the central, frontal or parietal region as the
eizure-onset zone (figure 1 A, B, C, D). The patient did
ot agree to invasive monitoring which would have
rovided better localisation.
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igure 1 (A-D)– Patient 1. (Continued)

er brain MRI and tibial nerve somato-sensory evoked
otentials (SEPs) were normal.
n combined antiepileptic therapy, lamotrigine and

opiramate, she had 1-2 seizures/month.
e consider this case to be partial epilepsy with reflex

omato-sensory seizures, elicited by proprioceptive
timuli.

ase 2
pileptic Disord, Vol. 14, No. 2, June 2012

er epilepsy started at age 22. Her stereotyped left
ower limb sensory-motor simple partial attacks lasted
or 25-35 seconds and occurred several times a day.
hese attacks started with the strange feeling “I do
ot feel my leg below my knee”. Subsequently, a left

eg cramp developed. Her left foot took an extended

H
m
m
T
a
t
l

osition with rare clonus-like jerks. She could neither
xtend nor bend the knee, making her unable to stand
r walk.
rain MRI was normal.
er seizures could be provoked by the movement
f the left leg, but also by imaginative spatial experi-
nces without movement, e.g. looking down the stairs
r from a great height. Some of her motor seizures
eveloped during sleep, when, according to her
eport, she had a dream with spatial experiences.
151

er interictal EEG showed sharp waves and spikes with
aximum amplitude at the centro-parietal electrodes,
ost frequently during non-REM sleep.

he ictal electrical activity appeared 6-7 seconds after
clinical seizure had started in Pz, involving some-

imes also the Cz electrode. The ictal electrical activity,
asting only for 6-9 seconds on the scalp, was an 8-Hz
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hythm, gradually slowing down to 6 Hz and disappear-
ng before clinical seizure offset (figure 2).

uring a morning of video-EEG monitoring, the patient
eported dreaming of a seizure. There was no clin-
cal seizure during that night, but during REM sleep

9-second EEG seizure pattern without obvious clin-
cal manifestation was registered; a fast ictal rhythm
tarting in the Cz-Pz electrodes, rapidly involving the
ara-sagittal areas (figure 3).
he had rare seizures on carbamazepine and
52

amotrigine therapy.
e consider this case as partial epilepsy with sensory-
otor seizures, elicited by proprioceptive stimuli of

he leg (and also by “proprioceptive imagination”). The
robable seizure-onset zone seems to be the central
egion.
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igure 2 – Patient 2. EEG of a seizure provoked by movement of the le
EEG low pass filter: 0.3Hz; high pass filter: 70Hz).
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igure 3 – Patient 2. EEG of an electrographic seizure during REM slee
ase 3

is falls induced by jogging started at age 21. When
e ran, he fell stereotypically after 10-15 steps (see
ideo sequence). He remembered his right leg becom-
ng rigid, his right arm elevating, and falling on the
ight side without loss of consciousness. He was
lso able to provoke his falls by cycling. Brain MRI
evealed a large left temporal arachnoidal cyst. Video-
EG monitoring showed clear left frontal interictal
Epileptic Disord, Vol. 14, No. 2, June 2012

harp waves and he could provoke his stereotyped
eflex seizures, with no clear ictal EEG pattern iden-
ified during the violent movements. However, these
vents were stopped on carbamazepine treatment
nd he has been seizure-free for more than a year
ow.

ft leg. The electrographic seizure starts at the Pz-Oz channel.

p. (EEG low pass filter: 0.3Hz; high pass filter: 70Hz).
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ibial nerve SEPs were normal but cortical magnetic
timulation revealed hyperexcitability of the motor
ortex, evidenced by a motor threshold decrease of
5-40%.
ased on the frontal spikes, the cortical hyper-
xcitability, and the excellent and long-lasting
esponse to carbamazepine, we consider this case
o be proprioceptive-induced reflex epilepsy of
nknown aetiology.

iscussion

eflex seizures represent a variable group in terms
f the provoking stimuli and the type of attacks.
lthough the provoking stimulus influences a specific
rain region, most of these epilepsies are associated
ith generalised seizure types where the epileptic
rain network is poorly identified. Thus, although the
tereotyped evoking stimulus and seizures in these
pilepsies suggest a specific and fixed epileptic net-
ork in each patient, it remains unclear in most cases,
.g. parietal and temporal seizures activated by hot
ater (Bebek et al., 2001; Ilker et al., 2010), focal

eizures or periodic epileptic spasms activated by eat-
ng (Nakazawa et al., 2002; Seneviratne et al., 2003), and

yoclonic jerks or focal seizures activated by reading
Salek-Haddadi et al., 2009; Osei-Lah et al., 2010).
roprioceptive-induced reflex seizures appear to
epresent a specific group clearly suggesting the
nvolvement of only a single anatomo-functional
ystem; the sensory-motor network. The provoking
timulus and seizure seem to remain localised to
he same functional brain network; stretching a limb
esults in a motor or sensory-motor attack of the same
xtremity. Classically, the rolandic sensory-motor area
f the hemisphere or the supplementary motor area,
ontralateral to the clinical seizure onset, is involved.
lthough the motor event during proprioceptive-

nduced reflex seizures appears to be different from
tretch reflexes, the actual process is similar; the move-
ent of the limb leads to the stretching of the tendon,

.g. stimulation of the spinal reflex loop. The main dif-
erence is the epileptic enhancement and spreading of
he reflex movements. With regards to physiology, the
ortical control of stretch reflexes is realised by the so-
alled “long loop reflexes”; the proprioceptive infor-
ation reaches the sensory-motor cortex that in turn

ends modifying impulses to influence the segmen-
pileptic Disord, Vol. 14, No. 2, June 2012

al mono-synaptic reflex circuit. This superior reflex
ontrol is active during physiological movements, the
ortex acting to precisely adapt movements to the spa-
ial situation (Delwaide et al., 1981; Kagamihara et al.,
003; Scott et al., 2003; Spieser et al., 2010).
e presume that the specific feature of the long

oop activated during a proprioceptive-induced reflex

R

A
t
a
1

Proprioceptive reflex seizures

eizure is the epileptic hyperexcitability of the involved
ortical area.
o identify more closely which part of the cortex is
ffected by epilepsy in these patients, we performed
EP testing in two of our patients (Cases 1 and 3) to
est the sensory cortex. The tibial nerve SEP responses
ere normal, no giant potentials were registered, and
o focal seizure was provoked (Tedrus and Fonseca,
004). The possible explanation for the normal result
ight be the small size of the epileptic cortex (Tedrus

t al., 2005).
e carried out cortical transcranial magnetic stim-

lation in Patient 3 to test the excitability of the
otor cortex and observed marked hyperexcitability,

videnced by a significant decrease in motor thresh-
ld. This result supports our hypothesis that cortical
yperexcitability is the clue in the mechanism of
roprioceptive-induced reflex seizures (Ferlazzo et al.,
005).
he system-bound nature of proprioceptive-induced
eizures supports the concept of the “network” or
system” epilepsies (Spencer, 2002); epileptic seizures
emain in a closed anatomo-functional system show-
ng their specific features (Halász, 2010a, 2010b).
lthough epilepsies are classically defined by the
resence of “unprovoked epileptic seizures”, more
nd more seizure-precipitating stimuli are recognised
Rajna et al., 2008), suggesting that for epilepsies
ot considered “stimulus-related”, similar activating
echanisms might also be found.

dentifying and understanding such closed epileptic
ircuits may help to define and characterise brain
etworks as well as epileptic syndromes, and may con-

ribute to presurgical evaluation. �

Legend for video sequence
Simple motor seizure of Patient 3 provoked by
jogging.
Note the clumsiness and rigidity of his right leg as
the first sign of the seizure.

Key words for video research on
www.epilepticdisorders.com
Syndrome: reflex epilepsy
Etiology: unknown
Phenomenology: reflex seizures
Localization: central motor; central sensory
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