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ABSTRACT - Background. Periodic lateralised epileptiform discharges
(PLEDs) are EEG patterns consisting of periodic or pseudoperiodic uni-
lateral, focal or hemispheric epileptiform discharges at a rate of 1-2 Hz.
PLEDs may be triggered by acute brain injuries or systemic metabolic
changes such as fever, hyperglycaemia or electrolyte imbalance and may
result in disturbance of consciousness and/or neurological deficits. Case
report. A 58-year-old female with a history of focal epilepsy and deep
brain haematoma presented with acute change in awareness, associ-
ated with EEG evidence of PLEDs, three days after a left internal carotid
artery stenting procedure. Clinical examination, laboratory testing and MRI
were unchanged with respect to pre-stenting investigations. Conclusion.
In this patient, PLEDs may have been triggered by local haemodynamic
changes due to reperfusion after stenting in a previously damaged brain
area.
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Periodiclateralised epileptiform dis-
charges (PLEDs) are peculiar EEG
patterns consisting of unilateral,
focal or hemispheric epileptiform
potentials (spikes, spike and waves,
sharp waves, and polyspikes) recur-
ring in a periodic or pseudoperiodic
fashion, at a rate of 1-2 Hz (Baykan
etal., 2000). Usually self-limiting over
time, this electrical event may rarely
persist for months or even years
(Westmoreland et al., 1986). PLEDs

are believed to be triggered by a sys-
temic condition which lowers the
seizure threshold (Grand’Maison
et al., 1991).

Neurological correlates of PLEDs
are disturbances of consciousness
(81%), cognitive deficits and epilep-
ticseizures (90%) (Baykan etal., 2000;
Westmoreland et al., 1986).
Although the pathophysiology of
this electrical phenomenon has not
been completely clarified, it was
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suggested that PLEDs may be the expression of an
epileptic event (Bozkurt et al., 2002; Assal et al., 2001;
Calarese et al., 2008; Singh et al., 2005).

From an electroencephalographic point of view, PLEDs
can be distinguished as “PLEDs proper” or “PLEDs
plus”, of which the latter are characterised by an
association with low-amplitude paroxysmal rhyth-
mic discharges (RDs) (Reiher et al., 1991) and a
more pronounced propensity to occur with seizures
(Grand’Maison et al., 1991; Reiher et al., 1991; Jirsch
and Hirsch, 2007).

PLEDs are reported in association with acute or sub-
acute structural brain lesions such as stroke, tumours
and central nervous system infections (Fitzpatrick and
Lowry, 2007). Moreover, fever, hyperglycaemia or other
metabolic disturbances may trigger PLEDs even in the
absence of newly formed lesions by reducing the
subject’s threshold for seizure susceptibility (Neufeld
et al., 1997; Raroque et al., 1993).

In a few cases, PLEDs have been reported follow-
ing carotid artery recanalisation in the context of
acute reperfusion syndrome associated with cerebral
oedema (Breen et al., 1996).

Here, we report the case of a patient with temporal
lobe partial epilepsy who developed PLEDs associated
with loss of consciousness and absence of evident MRI
changes following left internal carotid stenting. Possi-
ble pathogenetic mechanisms are discussed.

Case report

A 59-year-old woman presented with a history of
hypertension and cryptogenic drug-resistant par-
tial epilepsy, characterised by a rising epigastric
sensation, followed by chewing and swallowing
automatisms, with rare secondary tonic-clonic gene-
ralisation. Seizure onset was located in the right tem-
poral lobe. Seizures started at age 22, following her
first delivery. Her seizure frequency was about three to
four episodes per year. EEGs showed rare epileptiform
discharges and brief sequences of rhythmic theta acti-
vity affecting anterior and mid-temporal electrodes of
the right hemisphere.

At the age of 57, she complained of acute onset of
right-sided hemiplegiaand aphasia due to left capsulo-
thalamic haemorrhage. After the stroke, epileptic
seizures were greatly reduced in frequency (one
seizure per year), but showed consistent semiology.
At the age of 59, a carotid Doppler ultrasound showed
75% left-sided internal carotid artery stenosis, con-
firmed by cerebral angiography; the patient was there-
fore referred for carotid artery stenting. Upon admis-
sion, the neurological examination showed right-sided
severe spastic hemiparesis and mild Broca’s aphasia.

Three days after the stenting procedure, the patient
became acutely confused and lethargic, with brain-
stem functions preserved and absence of both fever
and meningeal signs. Brain MRI, including gadoli-
nium contrast-enhanced and DWI sequences, did not
show any new lesions (figure 7). EEG disclosed the
presence of continuous paroxysmal pseudo-periodic
activity affecting the left temporal parietal and occipi-
tal areas. The epileptiform discharges (PLEDs plus)
consisted of brief bursts of polyspikes lasting around
300 mseconds, inconstantly followed by a slow wave,
appearing with maximal amplitude at P3, O1 and T5
(figure 2). Neither the clinical picture nor the EEG
pattern was influenced by benzodiazepines (4 mg
lorazepam, repeated after 30 minutes) or phenytoin
(bolus of 15 mg/kg) administered intravenously in addi-
tion to her habitual AED treatment. EEG monitoring
was performed daily (40 minutes during wakefulness)
during the first week after disease onset and on
the tenth, sixteenth and twenty-third days thereafter.
Neither subclinical electrographic nor overt clinical
seizures were recorded.

Three days after the first EEG recording, the patient
started to show a progressive improvement of clini-
cal features paralleled by reduction of paroxysmal EEG
activity which disappeared completely one week after
the onset.

Discussion

PLEDs are an EEG pattern characterised by the pre-
sence of focal, unilateral and periodic epileptiform
discharges with clinical evidence of disturbances of
consciousness, cognitive deficits or epileptic seizures
(Baykan et al., 2000; Westmoreland et al., 1986).

The pathophysiology of PLEDs is not yet completely
clarified. Although such a pattern has been considered
to be interictal or periictal, there is growing evidence
supporting the hypothesis of an ictal significance for
this EEG pattern (Grand’Maison et al., 1991; Calarese
et al., 2008; Singh et al., 2005; Jirsch and Hirsch, 2007).
In addition, paroxysmal periodic EEG patterns, such as
triphasic waves, may not be associated with epileptic
conditions (e.g. Creutzfeldt-Jakob disease or hepatic
encephalopathy).

The ictal nature of PLEDs is supported by the find-
ings that both perfusion and behavioural changes are
spatially and temporally correlated with EEG abnor-
malities. Similar to that in ictal SPECT studies, PLEDs
are associated with hyperperfusion which tends to
resolve along with EEG normalisation (Bozkurt et al.,
2002; Assal et al., 2001). Other authors have demon-
strated the occurrence of focal motor disturbances
or changes in level of consciousness, time-locked to
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PLEDs following artery stenting

Figure 1. Flair axial and T2 coronal image before (A) and after (B) stenting procedure; left capsulo-thalamic haemorrhage with no
evidence of new lesion after stent placement.
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Figure 2. Third day after stent placement. Continuous spike and polyspike-wave discharges occurring in a pseudoperiodic fashion over
the left hemisphere with maximal amplitude in parietal and temporal regions. Background activity is normal in the right hemisphere.
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PLEDs (Grand’Maison et al., 1991; Calarese et al., 2008;
Singh et al., 2005; Jirsch and Hirsch, 2007).

Acute brain injuries may be followed by PLEDs or
observed in association with subacute or chronic cere-
bral lesions or even in patients with normal MRI
(Kalamangalam et al., 2007). PLEDs, both proper and
plus, can occur with any type of brain lesion, although
PLEDs plus are less commonly observed with chronic
lesions than PLEDs proper (Reiher et al., 1991).
Besides cerebral structural changes, systemic
metabolic disorders may play a role in precipitat-
ing such events, although the mechanism is still
unknown (Neufeld et al., 1997; Raroque et al., 1993).
In a few cases, PLEDs have been observed follow-
ing internal carotid artery stenting procedures (Breen
et al.,, 1996; Solomon et al., 1986). In these cases,
possible hyperperfusion syndrome (HPS) has been
hypothesized, based on clinical and, above all, neu-
roradiological findings.

HPS is a condition that may follow treatment of cere-
bral artery stenosis, often associated with increased
systemic blood pressure levels, characterised by dis-
turbances of consciousness and MRI evidence of white
and grey matter vasogenic oedema.

In cases following stenting procedures, it is thought
that the increase in cerebral blood flow may cause
vasogenic oedema due to massive reperfusion of
maximally-dilated capillaries which have lost their
autoregulatory capacity due to chronic ischaemia
(Breen etal., 1996; Solomon et al., 1986). Several reports
have documented that the risk of hyperperfusion
syndrome after cerebral revascularization techniques,
including extracranial carotid angioplasty and stent-
ing, ranges from 0.4 to 2.7% (Liu et al., 2001).

In our case, PLEDs occurred soon after internal carotid
artery stenting. We suggest that in our patient, PLEDs
had aniictal significance since there was a close parallel
between the course of EEG abnormalities and clinical
disturbances. We could not find any other explanation
for such clinical changes since MRI and DWI studies
were normal and no electrolyte imbalance or changes
in blood pressure were detected.

Moreover, the close temporal link between the stent-
ing procedure and appearance of PLEDs suggests a
possible role for such a procedure in the development
of the electroclinical disturbance. We believe that the
resolution of carotid stenosis led to raised local blood
perfusioninanareachronically hypoperfused and pre-
viously damaged by a haemorrhagic lesion.

The detailed MRI investigation performed after the
onset of PLEDs allowed us to exclude any new cere-
bral lesions either of embolic origin or related to HPS.
Therefore, we hypothesize that PLEDs were an ictal
phenomenon and therefore responsible for changes
in clinical status. We also believe that the EEG pattern,

observed after a stenting procedure, in the absence
of newly occurring cerebral damage, may be a conse-
quence of haemodynamic changes alone. Repetitive
Transcranial Magnetic Stimulation (rTMS) studies have
demonstrated that the cortical excitability is increased
in the epileptic brain, not only close to the epilep-
tic focus but also in the contralateral hemisphere
(Lappchen et al., 2008). On this basis, both a pre-
existing brain lesion (Neufeld et al, 1997; Raroque
etal., 1993) and seizure disorder (Ldppchen et al., 2008)
may be predisposing factors. O
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