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CASE REPORT

Withdrawal seizures vs on-medication 
seizures: an intracranial EEG recording case 
report
Mohamed Khateb1, Anat Grinfeld2,3, Michal Weiler‑Sagie4,5 and Moshe Herskovitz1,5*  

Abstract 

Background: It has long been an interesting question of whether withdrawal seizures in epileptic patients differ 
from habitual seizures in terms of semiology and electrophysiology.

Case presentation: Here, we  addressed this issue in a 40 year‑old woman with drug‑resistant focal epilepsy moni‑
tored by presurgical intracranial EEG. As a part of this routine pre‑operative investigation, anti‑seizure medications 
(ASMs) were halted; as a result, multiple withdrawal seizures were recorded before ASM readministration. During  4 
days of invasive monitoring, we noticed three different phases in seizure organization: Acute withdrawal seizure (AWS): 
The first recorded seizure 10h after the implantation; the stabilized withdrawal seizures (SWS): seven habitual seizures 
recorded from 24h post implantation to readministration of ASMs; and the Non-withdrawal seizures (NWS): ten seizures 
recorded 24h after readministration of ASMs. AWS and SWS had the same semiology and same epileptic network, but 
the propagation time from the temporal pole to the  para‑hippocampal gyrus (PHG) and hippocampus ranged from 
no latency in AWS to up to 50 s  in SWS. NWS were electrographic seizures, without any apparent clinical manifesta‑
tion. Seizure onset in this type of seizure, as in the first two types, was in the temporal pole. However, NWS could last 
up to 3 min without involving the PHG or hippocampus.

Conclusions: We concluded that in acute withdrawal seizures the propagation time of epileptic activity is sig‑
nificantly reduced without affecting ictal organization network or semiology. Furthermore, ASM in this case had a 
remarkable influence on propagation rather than initiation of epileptic activity.
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Background
Withdrawal of anti-seizure medications (ASMs) is a 
widely accepted practice during pre-surgical assessment 
of epileptic patients, especially under long-term video-
EEG monitoring (LTVEM). Rapid withdrawal of ASMs is 
used to enhance the yield of LTVEM. On the other hand, 
previous studies demonstrated that the rapid withdrawal 
of ASMs during pre-surgical LTVEM could be problem-
atic and may impair the EEG validity and possibly lead to 

unnecessary risks and investigations during workup [1, 
2]. Previous small studies have  addressed the important 
issue of possible changes induced by the rapid ASM with-
drawal. ASM withdrawal has been suggested to largely 
affect semiology as well as electrophysiological features 
of seizures such as propagation, ictal and inter-ictal find-
ings [3–5]. For example, false localization was reported in 
a woman with epilepsy originating from the left frontal 
region because of ASM withdrawal due to contralateral 
and bitemporal spread of frontal epileptic activity [1]. On 
the other hand, other studies claimed only a minor influ-
ence, if any, on electrographic features or semiology [6, 7].
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Fig. 1 Presurgical phase 1 EEG results. a. Interictal EEG showing  sharp waves in the left anterior temporal region. b‑d. Ictal EEG showing rhythmic 
discharges over the left anterior temporal region. Bipolar montage, page=10 s, sensitivity 7 μv/mm, filter band pass 0.5‑30 Hz
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Case presentation
A 40-year-old right-handed woman with drug-resist-
ant epilepsy was admitted for an invasive presurgical 
evaluation.

Seizures’ semiology included: loss of contact, right 
hand dystonic posturing, head turning to the left and 
oral automatism. Scalp LTVEM showed interictal sharp 
waves  in the  left anterior temporal region (Fig.  1a) and 
rhythmic ictal activity, maximal over  the left anterior 
temporal region (Fig.  1a-b). MRI was unrevealing. PET 
scan showed left anterior temporal hypo metabolism and 
fMRI showed left hemispherical dominance (Fig. 2).

She was implanted with a 64-contact subdural grid 
over the left temporal lobe, 8-contact subdural strip over 
the temporal pole, 8-contact subdural strip over the left  
parahippocampal gyrus (PHG) and two depth electrodes: 
one to the left anterior hippocampus and one to the left 
posterior hippocampus.

Unfortunately, during this procedure, she had a left 
cortical intracerebral hemorrhage that was controlled, 
resulting in mild motor aphasia and right hemiparesis 
(Fig.  3). The patient had an almost complete recovery 
after one month of rehabilitation.

Since in our center, the subdural electrodes implanta-
tion was performed on  Sunday and electrodes removal 
with final resection on Thursday, we withdrew ASM 
before the implantation to ensure an adequate number 
of seizures registration. Hence two days before implan-
tation, the patient was admitted to our LTVEM unit 
and was fully withdrawn from all ASMs including lev-
etiracetam (LEV), lacosamide (LCM), carbamazepine 
(CBZ) and phenobarbital (PB). After implantation the 
patient was admitted to the ICU and was monitored con-
tinuously with a 128-channel video EEG system (Natus, 
Quantum).

The inter-ictal invasive EEG showed continuous 
inter-ictal spiking over the left anterior temporal pole. 
Seizure onset was characterized by cessation of inter-
ictal activity and discharges of low voltage fast activity 
over the left anterior temporal pole, with sequential 
involvement of the PHG, left anterior and posterior 
hippocampus. She underwent a left anterior temporal 
lobe resection. The excised lesion was compatible with 
a type 1A cortical dysplasia.

She was completely seizure free for more than a year 
and treatment with PB was withdrawn. Upon withdrawal 

Fig. 2 Presurgical phase 1 imaging results. a. A coronal slice  of  brain FDG‑PET/CT imaging, in high‑contrast color scale, demonstrating reduced 
uptake in the left temporal lobe. b. An axial slice at the level of the temporal pole showing reduced uptake in the left temporal lobe.  c, d. Coronal 
and axial T2 flair images
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of LCM she suffered from several focal onset seizures 
with loss of awareness.

During her 4 days of invasive monitoring, we noticed 
three different phases in  organization of seizures: Acute 
withdrawal seizure (AWS), the first recorded seizure 10h 
after the implantation; the stabilized withdrawal seizures 
(SWS), seven habitual seizures recorded between 24h 
post implantation and before readministration of ASMs; 
and the  Non-withdrawal seizures (NWS), ten seizures 
recorded 24h after readministration of ASMs. AWS and 
SWS had the same semiology and same epileptic net-
work, but propagation time from the temporal pole to 
the PHG and hippocampus ranged from no latency in 
AWS, to up to 50 s of propagation latency in SWS. NWS 
were electrographic seizures, without any apparent clini-
cal manifestation. Seizure onset in this type, as in the 
first two types, was in the temporal pole. However, NWS  
could last up to 3 minutes without involving the PHG or 
hippocampus.

The  intracranial ictal EEG recordings of the 3 different 
types of seizures are summarized in Fig. 4.

Discussion
Withdrawal of ASMs is thought to affect epileptic activi-
ties in various aspects. We describe a 40-year-old patient 
with drug-resistant focal epilepsy originating from the 
left temporal pole. During intracranial LTVEM, the 
ASMs were paused, thus provoking multiple withdrawal 

seizures. Careful analysis of these seizures demonstrated 
no differences in the seizure organization network. How-
ever, prominent shortening of activity propagation or 
spread was observed. This claim was supported by fMRI 
studies suggesting that the resting-state functional con-
nectivity was higher in patients after ASM withdrawal 
[8].

Previous studies suggested that atypical seizures 
observed in epileptic patients during  ASM with-
drawal  were associated with diffuse or multifocal ictal 
onset [2, 9], thereby introducing confusing findings in the 
crucial pre-surgical evaluation. Nevertheless, most stud-
ies did not share this concern as they demonstrated that 
withdrawal seizures presented typical semiology and ictal 
EEG [2]. According to these studies, a possible increase 
in secondary generalization is expected. Our results par-
tially support these claims since our recordings did not 
show multi-focal diffuse initiation or a change in the epi-
leptic network. On the other hand, our intra-cranial ictal 
EEG did show significant changes mainly in the propaga-
tion times.

A possible mechanism underlying this drastic short-
ening of ictal propagation time without affecting other 
features like initiation, is the enhancement of excita-
tory synaptic transmission because of ASM withdrawal. 
This explanation may easily fit drugs acting on delaying 
synaptic neurotransmission such as LEV, valporic acid, 
perampanel, and others. However, seizures triggered 
by withdrawal from medications activating the GABA 
receptors, like benzodiazepines, or suppressing the activ-
ity of voltage-gated sodium channels such as CBZ, Phe-
nytoin, LCM cannot be easily explained by this claim. In 
the latter group of medications, differences in ictal initia-
tion is expected, which we did not observe. Notably, our 
patients had ASMs of both types. An additional possible 
mechanism is the  rapid perturbation of  the excitatory-
inhibitory balance shifting the overall network’s state 
towards hyper-excitation, thus creating a state of hyper-
excitability on top of previously hypersynchronized 
networks yielding shorter propagation and longer termi-
nation times.

It is important to note that upon readministration of 
ASM, we saw the third type of seizure in which habit-
ual initiation was seen without further propagation and 
without apparent clinical manifestation.

This relates to the effect of ASM on propagation. In this 
case, PB and LEV are probably responsible for this effect 
as LCM and CBZ are more influential on seizure initia-
tion [10].

  Our case report  faced several limitations. First, it is 
difficult to determine  the effect of each of the ASMs 
because the cessation of the drugs was global and abrupt. 
Second, during the intracranial EEG monitoring, we had 

Fig. 3 Left cortical intracerebral hemorrhage.  Non‑contrast CT 
showing left cortical intracerebral hemorrhage
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only one AWS compared to the other two types  of sei-
zures. The third limitation relates to the role of  general 
anesthesia, since it may affect the network synchroniza-
tion and possibly contribute to the hyper-synchronized 
state of the recorded withdrawal seizure during the first 
hours after the procedure. Furthermore, our patient suf-
fered from iatrogenic cortical bleeding during the intrac-
ranial implantation. However, we believe this bleeding 
had minimal effect on the epileptic activity of the patient 
because of the relatively large distance from the epileptic 
zone.

Conclusions
The main conclusion from our case is that during with-
drawal seizures, the propagation time of epileptic activ-
ity is significantly reduced without largely affecting the 
epileptic organization network or semiology. This implies 
a crucial role of ASM  in suppressing the spread of epi-
leptiform activity from the initiation zone to other brain 
regions.

Future studies using surface and intracranial EEG and 
functional imaging techniques like fMRI are needed to 
establish this observation and to further explore its exact 
mechanisms.

Abbreviations
AWS: Acute withdrawal seizures; SWS: Stabilized withdrawal seizures; NWS: 
Non‑withdrawal seizures; ASM: Anti‑seizure medications; LTVEM: Long term 
video‑EEG monitoring; LEV: Levetiracetam, LCM – lacosamide, CBZ carbamaze‑
pine, PB phenobarbital; LVFA: Low voltage fast activity; TP: Temporal pole, PHG‑ 
parahippocampal gyrus AH‑ anterior hippocampus, MTG‑ middle temporal 
gyrus, PH ‑ posterior hippocampus.

Acknowledgements
Not applicable.

Availability of supporting data
Not applicable.

Fig. 4 Intracranial EEG monitoring. a 1+2.‑ Seizure occurring 10 
h after implantation. Cessation of interictal activity and a burst of 
LVFA evolving into rhythmic high voltage spike activity. Note the 
simultaneous onset of seizure in all regions involved. b 1‑3. Seizure 
occurring from 24 h after impanation before  readministration of 
ASM. Cessation of interictal activity, seizure onset of LVFA in the 
temporal pole (arrow) occurring 45 s before involvement of the PHG, 
and Hippocampus. c 1‑2. Seizures occurring after readministration 
of ASM‑ Habitual seizure onset with LVFA in the temporal pole 
(arrow) ‑ last for 47 s without involving other regions and without 
apparent clinical signs.  Referential montage: S65‑S72,  Temporal pole 
strip; S73‑S80, PHG strip; D81‑D83, AH electrodes; D84‑D86, MTG 
electrodes; D87‑D89, PH electrodes; D90‑D92, Posterior MTG. Time 
scale, 15 mm/s; sensitivity, 50 μv/mm; filter band pass, 0.5‑70 Hz. LVFA 
low voltage fast activity, TP temporal pole, PHG parahippocampal 
gyrus, AH anterior hippocampus, MTG middle temporal gyrus, PH 
posterior hippocampus
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