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Frontal lobe epilepsy

with atypical seizure semiology
resembling shuddering attacks
or wet dog shake seizures
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ABSTRACT - We report a girl with a drug-resistant frontal lobe epilepsy
caused by focal cortical dysplasia, who exhibited uncommon seizures. The
seizures consisted of shoulder or whole body shuddering after a short
psychic aura and face grimacing. Consciousness was fully preserved. The
seizures resembled “wet dog shake” seizures described in rat models of
epilepsy or shuddering attacks in infants. EEG findings were inconclusive,
however, MRI showed a clear dysplastic lesion in the right frontal mesial and
polar structures. The patient underwent an extended lesionectomy guided
by neuronavigation and intraoperative electrocorticography. Focal cortical
dysplasia type Ib was histologically confirmed and the patient has been
seizure-free for the three years following resection. [Published with video
sequences]
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The semiology of seizures arising
from the cingulate gyrus, medial
frontal, orbitofrontal, or fronto-
polar regions is usually characteri-
sed by motor symptoms accom-
panied by emotional feelings and
viscerosensory symptoms. Typical
hypermotor seizures from this area
are characterised by short repeti-
tive thrashing, pedalling, thrusting,
laughing, screaming and/or crying
(Bancaud and Talairach, 1992; Bleasel
and Dinner, 2008; Alexopoulos

and Tandon, 2008). However, the
patient presented in this study with
frontopolar-frontomesial epilepsy
exhibited an atypical seizure type
resembling shuddering attacks in
infancy or “wet dog shakes” seen in
rat models of epilepsy.

Shuddering attacks are benign
shivering movements that occur in
young children, consisting of rapid
shivering of the head, shoulder, and
occasionally the trunk (Tibussek
et al., 2008). The aetiology of this
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disorder is unknown and an association with epilepsy
has not been reported (Jan, 2010). These events do
not require any specific treatment and spontaneous
remission is expected.

Wet dog shake behaviour has been studied in multi-
ple rat models of epilepsy. Repeated wet dog shakes
occur during limbic seizures in rats with focal epilepsy
induced by kindling of limbic structures, as well
as kainic acid and pilocarpine models of epilepsy
(Rondouin et al., 1987; Shin et al., 2009). This type of
epileptic seizure has never been observed in humans.
The characterisation of the seizures and localisation of
the epileptogenic zone in our case were supported by
the fact the resective epilepsy surgery was successful.

Case report

The female patient was born in 2000 at term without
complications. She had no family history of epilepsy or
any other neurological disorder and normal develop-
ment. She suffered a single episode of uncomplicated
febrile convulsions at two years of age. The first seizure
occurred in February 2006 at the age of six years
during uncomplicated gastroenteritis with vomiting,
but no fever. Seizures were highly stereotyped, lasting
afew seconds, consisting of afacial grimace (described
by the patient’s mother as “similar to eating alemon”),
followed by the shuddering of the shoulders and body.
These behaviours were preceded by an aura describ-
ed as a strange feeling on her back. Seizure frequency
was high from the onset; up to 20 events per day.

The patient was examined by a local neurologist. Her
EEG initially revealed no epileptiform abnormality. MRI
showed cortical structural and signal changes of the
right frontopolar and frontomesial region which were
interpreted as a cortical malformation or, less proba-
bly, benign brain tumour. Treatment was initiated with
valproic acid and subsequently with a combination of
valproic acid and lamotrigine with good effect (seizure
frequency was reduced to a maximum of five events
per day and remained the same over the next five
months). In August 2006, however, without any pro-
voking factor, seizure frequency increased markedly
up to 70 events per day.

The patient was first admitted to our hospital in
October 2006. The neurological examination was
unremarkable. Her EEG showed normal background
activity and no epileptiform activity during wakeful-
ness. Low-voltage bifrontal spikes appeared during
non-REM sleep (figure 7). Dozens of short simple
partial seizures were captured, consistent with the
semiology described. EEG during seizures did not
show any ictal/evolving patterns and was frequently
obscured by muscle artefacts. High-resolution MRI
demonstrated changes typical of focal cortical dyspla-

sia in the medial orbitofrontal gyrus and frontal pole,
with extension to the anterior cingulate gyrus, rostral
cortex and caudal and mesial parts of the superior
frontal gyrus on the right, showing increased corti-
cal thickness, increased T2 signal in the cortex, and
blurred grey/white matter junction (figures 2 and 3).
The child’s epilepsy became markedly drug-resistant;
treatment with valproic acid, carbamazepine, lamo-
trigine, topiramate and clonazepam in different
combinations was ineffective. Seizure frequency
varied from 10 to 40 per day. The girl developed
a learning disability and her cognitive impairment
gradually worsened. Psychological examination con-
firmed deficits in verbal memory, speech perception,
and attention, as well as specific learning disabilities
(dyslexia, dysgraphia, dyspraxia, and discalculia).

In November 2007, the patient thus underwent a
preoperative diagnostic work-up. The EEG and MRI
findings remained unchanged and 'H MR spec-
troscopy using the chemical shift imaging (CSI)
technique showed a complex metabolic abnormality
in the region of the MRI lesion. Other neuroimaging
tests were not performed.

The girl underwent one-stage resective epilepsy
surgery in January 2008 which included an extended
lesionectomy with neuronavigation and electrocor-
ticography. No neurological deficits were present after
surgery. Postoperative MRI revealed the complete
removal of the lesion and no complications (figures 2
and 3). Histological examination of the resected brain
tissue confirmed focal cortical dysplasia (FCD) type Ib
(figure 4) according to the current classification of FCD
(Palmini et al., 2004). Specifically, there was disorgani-
sation of the normal structure of the cerebral cortex,
presence of immature neurons, and heterotopic neu-
rons in the white matter.

The patient was followed for more than three years
and no seizures were observed to date. Repeated post-
operative EEGs were free of epileptiform discharges.
During the first few months after surgery, the girl was
more tired and her learning disabilities were more
emphasized. This was confirmed by the psychologi-
cal tests. At that time, she was using a combination
of carbamazepine and topiramate. After topiramate
withdrawal and levetiracetam initiation, neuropsycho-
logical testing demonstrated improvement.

Discussion

We report an atypical case of frontal lobe epilepsy,
with seizures arising from the anterior frontomesial
and frontopolar region of the cingulate gyrus.

It is often difficult to document seizures arising
from the cingulate and other medial frontal cortex
(Devinsky et al., 1995; So, 1998). The “gold standard”
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Figure 1. Interictal EEG of the patient during non-REM sleep showing low-voltage bilateral mesial frontal spikes. The occurrence of
these spikes was very infrequent. (A) Source derivation (SD), and (B) longitudinal montage.
EEG recording settings: sampling rate: 200 Hz; high-pass filter: 0.5 Hz; low-pass filter: 70 Hz; notch filter: 50 Hz.
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Figure 2. High-resolution MRI (transversal plane) of the patient.

(A) T2-weighted and (B) FLAIR images. Increased cortical thickness, hyperintense cortical signal changes, and blurred grey/white matter
junction, changes typical of FCD, localised to the medial orbitofrontal gyrus and frontal pole with extension to the anterior cingulate
gyrus, rostral cortex and caudal and mesial parts of superior frontal gyrus. (C, D) Postoperative MRI; complete resection of the lesion

was confirmed.

for demonstrating mesial frontal localisation of the
epileptogenic zone is seizure freedom after a relatively
restricted cortical resection of that area. Prior to resec-
tion, determination of the seizure onset zone requires
either intracranial electrodes or neuroimaging
methods such as MRI, PET, or ictal SPECT.

Despite these challenges in localising medial frontal
and cingulate seizure foci, requiring documentation
of seizure semiology, it appears that epilepsy origi-
nating from this region is most commonly expressed
as one or more of three clinical seizure types:
(1) absence, (2) hypermotor, and (3) postural tonic
seizures (Williamson, 1992; So, 1998; Bleasel and
Dinner, 2008). Other seizure types occur less fre-

quently. Most patients with cingulate epilepsy have
an early onset of seizures consisting of brief staring
spells and loss of motor tone, often progressing to
tonic-clonic activity. Seizures are usually worse during
sleep but diurnal events can occur. In later childhood,
auras are common and seizures may develop more
emotional motor expressions, such as fearful facial
expressions or laughter, complex hypermotor automa-
tisms, and lateralised motor phenomena that reflect
ictal spread patterns (Vogt, 2009). Typical characteris-
tics of seizures that arise from the frontopolar region
include initial loss of consciousness, axial clonic jerks,
version of eyes and head, and autonomic symptoms
(Williamson, 1992).
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Figure 3. High-resolution MRI (coronal plane); FLAIR images.

Our case exhibited none of the above mentioned
semiological features of seizures arising from the
mesial frontal and frontopolar cortex. Moreover, we
did not find any literature describing this type of
epileptic seizure in humans. Our patient’s seizures
mostly resembled shuddering attacks. These benign
non-epileptic events typically begin in infancy or early
childhood. The clinical events consist of rapid shiver-
ing of the head, shoulder, and occasionally the trunk.

The events have been reported as brief, usually
lasting for not more than a few seconds. Frequency
can be up to more than 100 events per day with a
great inter- and intra-individual variability. Events have
sudden onset and may be accompanied by facial gri-
macing (Riehland Mink, 2010). The attacks are not asso-
ciated with any alteration in consciousness and
children tend to resume their previous activity imme-
diately following an episode withoutapparentdistress.
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Figure 4. Histological findings revealed disorganisation of the
neurons and heterotopic neurons in white matter.

It is necessary to distinguish these episodes from
epileptic seizures. The patients do not manifest any
EEG abnormalities during the attacks or between the
attacks. Video recordings reveal only shivering move-
ment lasting several seconds (Tibussek et al., 2008).
The clinical events in our patient were similar to the
shuddering attacks, but she did not fulfil the criteria
of this diagnosis, mainly because of the age when the
episodes started (6 years old). Furthermore, neuropsy-
chological tests demonstrated a decline in cognitive
functions in the girl. Cognitive deficits are notassociat-
ed with shuddering attacks, but are commonly seen in
patients suffering from focal intractable epilepsy (Klein
et al., 2000).

In addition to shuddering attacks, the clinical events
resembled the “wet dog shake” (WDS) seizures
described in animal models of epilepsy. This type
of abnormal behaviour was reported in various rat
models of limbic epilepsy, such as kindling, kainic
acid and pilocarpine-induced seizures (Rondouin et
al., 1987; Shin et al., 2009) and has never been observed
in humans. Two main hypotheses are used to explain
the circuitries involved in the expression of WDS
behaviour. For the “generalisation hypothesis”, WDS is
a marker of the progression of limbic seizures towards
generalisation (Rondouin et al., 1987) and for the “anti-
convulsant hypothesis”, WDS is the expression of
inhibitory processes associated with limbic seizures
(Le Gal La Salle and Cavalheiro, 1981; Rodrigues et al.,
2005).

normal structure of the cerebral cortex and presence of immature

The Cingulate cortex is usually considered part of
the limbic lobe. It is connected with the limbic struc-
tures through the Papez circuit. Moreover, the anterior
cingulate cortex is connected reciprocally with the
amygdala and it receives direct projections from the
hippocampus (Vogt, 2009). However, it should be
stressed that there are important differences in mani-
festation of the seizures between the rat models and
human epilepsy.

Our patient’s interictal EEG was normal when awake
and showed infrequent bifrontal spikes when asleep.
However, scalp EEG findings in patients with mesial
frontal seizures are notoriously ambiguous and often
non-lateralising or misleading (Bleasel and Dinner,
2008). Interictal discharges generated by the mesial
frontal cortex could be seen over both the ipsilateral
and contralateral frontal or parietal cortex, or over both
temporal lobes. In other cases, the ictal discharge pro-
duces a low voltage fast activity and attenuation of
the background activity, which is often obscured by
muscle artefacts. Scalp EEG recordings without either
interictal or ictal epileptiform activity are not infre-
quent (Bass et al., 1995).

Because EEG localisation of the epileptogenic zone
is frequently vague, high-resolution MRI plays a criti-
cal role in the evaluation process for epilepsy surgery
candidates with mesial frontal epilepsy. In our case,
both high-resolution MRI and histopathology clearly
proved there was a dysplastic lesion in the right
frontopolar and frontomesial region (FCD type Ib
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according to the histopathological classification). FCD
is a typical cause of focal intractable epilepsy in chil-
dren (Harvey et al., 2008; Krsek et al., 2008). After
resection of the lesion, the patient was rendered
seizure-free.

To summarise, this case of frontal lobe epilepsy
with unusual clinical manifestations demonstrates
the diversity of motor phenomena associated with
epileptic activation of the anteromesial frontal lobe.
The case also shows that events characterised by
“shuddering-like attacks” can have an epileptic origin
and is furthermore an example of successful surgi-
cal treatment of intractable epilepsy. The radiological
evaluation was essential for the choice of treatment
options, and we encourage early surgical interven-
tions forappropriately selected patients suffering from
lesional epilepsy. (I
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Kontakt Program ME09042.

Legend for video sequence

Typical spontaneous seizures of the child recorded
during video/EEG sessions.

Key words for video research on
www.epilepticdisorders.com

Syndrome: focal non-idiopathic frontal (FLE)
Etiology: focal cortical dysplasia (type I)
Phenomenology: face; automotor (distal, mouth or
tongue) seizure; shuddering

Localization: frontal lobe (right)
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