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Background: Periodic EEG patterns are mostly associated with critical illnesses and acute disruptions of
the central nervous system. Periodic or cyclic seizures are extremely rare phenomena, most of which are
nonconvulsive, only reported in critically ill patients. Here we report a patient with periodic focal
impaired awareness seizures following a minor stroke and address possible pathophysiological mecha-
nisms.
Case: A 49 years old male patient presented with periodic seizures, associated with an acute stroke in the
left occipital and parietal regions. These focal seizures, recorded during long-term video-EEG monitoring
in the scalp EEG, appeared every 9–11 min, and responded to iv valproic acid treatment but not to iv
treatments of diazepam, phenytoin, and levetiracetam.
Discussion: We believe that the blood–brain barrier disruption due to stroke, in conjunction with hyper-
glycemia and antiphospholipid antibodies have led to an imbalance of the surrounding tissue and sus-
tained hyperexcitability to a point of pacemaker potentials. It is tempting to speculate that repetitive
cycles of cortical spreading depression due to tissue injury have aided the periodicity of the seizures.
Conclusion: Continuous EEG monitoring is crucial, not only to diagnose and appropriately treat accompa-
nying subtle seizures but also to further understand the underlying intriguing pathophysiological pro-
cesses like periodicity.
� 2021 The Authors. Published by Elsevier Inc. This is an open access article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Periodicity in the EEG terminology is defined as ‘‘repetition of a
discharge or pattern with relatively uniformmorphology and dura-
tion with a quantifiable interdischarge interval between consecu-
tive waveforms and recurrence of the waveform at nearly regular
intervals” by Hirsch et al. [1] Periodic EEG patterns are almost
never ‘‘benign” in nature, mostly observed in critically ill patients
with acute disruptions of the integrity of the central nervous sys-
tem. Periodic or cyclic focal seizures, on the other hand, are extre-
mely uncommon encounters. They are first reported by Blume in
1997 as ‘‘periodic seizures” and later called ‘‘cyclic” by Friedman
in 2008. They are only reported in critically ill patients and almost
all of them are nonconvulsive, lacking clinical correlates [2–4].

Here we report a 49 years old male patient with sudden onset of
strictly periodic, frequent focal impaired awareness seizures fol-
lowing a minor stroke and address the possible pathophysiological
mechanisms.
1. Case report

Forty-nine years old male patient with a history of poorly con-
trolled diabetes mellitus has presented to our emergency room
with right-sided mild paresis, right homonymous hemianopia
and confusion. Brain MR imaging revealed scattered small diffu-
sion restriction area and low signal on the ADC map in the left
occipital and parietal regions compatible with an acute ischemic
stroke (Fig. 1). His cranial MRI also showed a former silent ischemic
infarction in the right occipital region. Vascular and cardiac inves-
tigations did not reveal any pathological findings. There were no
other biochemical abnormalities except elevated glucose levels of
237 mg/dl (concomitant bicarbonate levels were 25.1 mmol/L) on
admission with an HbA1C level of 12.7%. He had a history of
peripheral artery disease treated surgically two years ago and fam-
ily history disclosed that one of his sons was diagnosed with sys-
temic lupus erythematosus.

Episodes of fluctuating confusion suggestive of seizures were
noted and his emergency EEG showed 2 focal seizures starting
from the left occipitoparietal region, spreading rapidly throughout
the hemisphere with a limited extension to the posterior regions of
the right hemisphere. These seizures lasted approximately 90–
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Fig. 1. Axial diffusion-weighted MR imaging showing scattered small diffusion
restriction areas in the left occipital and parietal regions (a), confirmed on ADC map
(b) in accordance with an acute ischemic stroke.

Fig. 2. Low pass filter: 70 Hz, High pass filter: 0.5 Hz, Notch filter: 50 Hz. (a). Ictal EEG find
throughout the hemisphere with a limited extension to the posterior regions of the right
hemispheres. (b). Periodicity of the seizures can be observed in the bar and table. (c). I
emerged in the left hemisphere. They became more prominent and showed generaliza
pattern also emerged periodically.
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120 s before ending abruptly on both hemispheres. During these
seizures, the patient became non-responsive, kept uttering his last
sentence immediately before the seizure onset (ictal speech), and
left upper manual automatisms starting after 60 s were observed.
In the continuous video-EEG monitoring lasting 48 h, we observed
that these uniform seizures repeated every 9–11 min (range 505–
665 seconds, mean 607.4 ± 37.1) in a strictly periodic manner
(Fig. 2). Early postictal EEG following the seizure was insignificant
other than mild background slowing on the left hemisphere, later-
alized periodic discharges emerged later on. Neuropsychological
evaluation demonstrated fluctuating frontal dysfunction.

The periodicity and seizure frequency did not change despite iv
diazepam (10 mg), iv phenytoin (18 mg/kg), and iv levetiracetam
(20 mg/kg) treatments as monitored closely by continuous-EEG.
Only after an iv valproic acid (20 mg/kg) treatment, the intervals
between seizures became longer (90 min) and the duration of the
seizures lengthened (30 min), and diminished altogether under
2000 mg valproic acid, 200 mg lacosamide and 400 mg carba-
mazepine treatments, after 3 days following admission. (Please
see Supp Table 1 for the treatment trials) Lumbar puncture did
not reveal any remarkable abnormalities. Viral panels, serologic
studies and paraneoplastic antibody screening were all negative.
However, he had ANA positivity (homogenous, 1/2560) and
antiphospholipid antibodies (beta2 glycoprotein IgM: 36.9 U/ml,
beta2 glycoprotein IgG: 19.4 U/ml and anticardiolipin IgG: 19.8
ings: seizure activity starting from the left occipitoparietal region, spreading rapidly
hemisphere. Seizures lasted approximately 90–120 s before ending abruptly on both
nterictal findings: Within seconds after the seizure, periodic lateralized discharges
tion and multiplication immediately before the impending seizure. This interictal
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U/ml) but did not fulfill the criteria for systemic lupus erythemato-
sus or primary antiphospholipid syndrome yet. The patient was
discharged without any disability and he was seizure-free, his con-
trol EEG exam after one month was unremarkable other than scant
generalized slow wave paroxysms.

2. Discussion

Our patient showed acute symptomatic, focal impaired aware-
ness seizures emerging in a remarkable periodic manner. We
believe calling these seizures ‘‘periodic” is more appropriate than
cyclic, based on the definition of periodicity in the ACNS guideline
[1]. These seizures are most likely to occur in older patients with
acute or progressive brain injury and more likely to be associated
with poor outcomes [4]. This report presents a rather pleasing con-
trast; our case is a younger gentleman with a comparatively minor
stroke and his prognosis has been excellent.

There has been a long-standing controversy on whether peri-
odic lateralized epileptiform discharges (PLED) represent an ictal
finding or an interictal phenomenon [5]. We believe this patient
might represent an example of the extreme end of a spectrum in
interictal to ictal lateralized periodic discharges continuum. Sei-
zures are common consequences of stroke and stroke-related sei-
zures are divided into two groups according to seizure onset;
seizures occurring in the first seven days are classified as early sei-
zures [6]. In early seizures, disruption of the blood brain barrier
and ischemic insult of the neurons may result in ion channel dys-
functions and disturbed homeostasis of the neurotransmitters, in
addition to biochemical dysfunctions leading to irritability of the
offended tissue [7].

The association of auto-antibodies with seizures is also a well-
known but complicated issue; the present autoantibodies might
have contributed to the seizure generation in our case. Moreover,
PLEDs were reported in patients with SLE and seizures [8].
Although multiple recurrent seizures are well described in autoim-
mune epilepsies, (e.g. frequent facio-brachial dystonic seizures in
LGI1 antibody encephalitis) they are not periodic in nature [9]. Fur-
thermore, hyperglycemia, as observed in our patient is also a
known contributor to the blood–brain barrier disruption and gen-
eration of periodic patterns like PLEDs and also involved in seizure
generation [10]. Glucose is also an important mediator in the reg-
ulation of potassium metabolism, higher glucose and insulin levels
increase the cellular uptake of potassium. Malfunctions in the ion
channels due to neuronal damage and such mediators might give
rise to leaky Na or Ca and K channels leading to spontaneous rhyth-
mic depolarizations similar to a pacemaker potential.

The lobar origin of these periodic seizures also needs further
attention. The damage to the cortex in stroke may lead to cortical
spreading depression (CSD), which relates to a loss of ion home-
ostasis leading to a widespread depolarization of the neurons
and astrocytes with altered metabolism and blood flow [11]. Accu-
mulating evidence indicated that CSD is the pathophysiological
hallmark of the migraine aura, starting in the occipital cortex,
specifically. Infarct of the posterior cerebral artery caused by
atherothrombosis may be the key factor in our case, as previous
ICU series also report a tendency of posterior onset for cyclic sei-
zures [3,4]. It has been shown that focal seizures involving primar-
ily the consciousness may originate from any lobe including
parietooccipital regions, however rare it may be [12]. Thus the
parieto-occipital origin of the periodic seizures may support the
involvement of CSD by this minor stroke.

CSD and CSD-like events can be triggered by injury of the tissue
due to trauma, hemorrhage, ischemia etc. [13]. CSD has been
reported to co-occur or even cause seizure by means of synchroniz-
ing the affected tissue [14]. The opposite has also been demon-
strated, epileptiform activity initiated waves of CSD. In a rat
3

model, spike triggered spreading depression was seen to repeat
in cycles lasting a mean of 6 min and up to 20 cycles [15]. Repeti-
tive cycles of CSD have also been reported in a patient with
increased intracranial pressure due to traumatic contusion [16].
The common point of these important but anecdotal observations
is the use of intracranial electrodes. It is tempting to speculate that
this periodic pattern might be a common phenomenon after tissue
injury (in conjunction with biochemical abnormalities as a double
hit) that is greatly missed via routine scalp EEG. We think that the
same cyclic interplay between focal seizure activity and CSD might
be the underlying explanation for the intriguing periodicity of our
patient’s seizures. The lack of any effect of the standard iv
antiepileptic drug treatments other than valproic acid, which is
also effective against CSD in migraine patients, further strengthens
this hypothesis [17]. There is a synergistic pharmacodynamic
interaction between PHT and VPA in vivo. We think that this might
have been helpful in the limitation of the cycling seizures [18].

A very recent study has also suggested that cyclic seizures may
point out to a more favorable outcome in younger patients com-
pared to noncyclic ones. [19] The peculiar build-up phenomenon
has also been reported in the literature and may constitute a clue
for the ongoing cyclic seizures, which may be missed in short rou-
tine EEG recordings. [3]

3. Conclusion

In conclusion; an important point raised from this case is the
indispensability of continuous EEG monitoring for such patients
since peculiar patterns like periodicity would be missed on routine
EEGs. Although previous studies reported that cyclic seizures are a
negative prognostic factor, this particular case had an excellent
prognosis. Further clinical and experimental studies are needed
to explore this seemingly vicious cycle of periodic seizures and
develop neuroprotective treatment strategies.
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