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Objective: Intraoperative electrocorticography (iopECoG) can contribute to delineate the resection borders of the
anticipated epileptogenic zone in epilepsy surgery. However, it has several caveats that should be considered to
avoid incorrect interpretation during intraoperative monitoring.
Methods: The literature on iopECoG application was reviewed, and pros and cons as well as obstacles to this
technique were analyzed.
Results: The literature of the first half of the nineties was very enthusiastic in using iopECoG for tailoring the
resection in temporal as well as extratemporal epilepsy surgery. Mostly, this resulted in a good correlation of
postresection ECoG and excellent seizure outcome. In the secondhalf of thenineties,manyauthors demonstrated
lack of correlation between iopECoG and postoperative seizure outcome, especially in surgery for temporal
lobe epilepsywith hippocampal sclerosis. In the noughties, investigators found that ECoGwas significantly useful
in neocortical lesional temporal lobe epilepsy as well as in extratemporal lesional epilepsies. Extratemporal
epilepsy without lesions proved to be more a domain of chronic extraoperative ECoG, especially using depth
electrode recordings. In recent years, iopECoG detecting high-frequency oscillations (ripples, 80–250 Hz,
fast ripples, 250–500 Hz) for tailored resection was found to allow intraoperative prediction of postoperative
seizure outcome.
Conclusion:After a period of scepticism, iopECoG seemsback in the focus of interest for intraoperative guidance of
resecting epileptogenic tissue to raise postoperative favorable seizure outcome. In temporal and extratemporal
lesional epilepsies, especially in cases of focal cortical dysplasia, tuberous sclerosis, or cavernous malformations,
an excellent correlation between iopECoG-guided resection and postoperative seizure relief was found.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Intraoperative electrocorticography (iopECoG) was introduced
by Penfield and Jasper in the late 1930s at the Montreal Neurological
Institute for the intraoperative identification of epileptic brain tissue
[1]. Because of the short duration of iopECoG monitoring (mostly a
maximum period of 15 to 30 min is used), normally only interictal
electric discharges (interictal spikes) are detected. Unique electrocorti-
cography (ECoG) signatures are only detected in specific lesions, like
cortical dysplasias [2]. Furthermore, iopECoG is highly vulnerable to
anesthesiological agents. Sufentanil, fentanyl, alfentanil, propofil, and
methohexital have been reported to produce epileptiform changes on
ECoG whereas halothane, barbiturates, and benzodiazepines may sup-
press epileptic activity. In addition, pharmacological activation is
y, University Hospital Erlangen,
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possible [3]. Thus, interobserver disagreement about the different
spike types makes an objective result of the iopECoG monitoring diffi-
cult [4]. These obstacles have to be considered when using iopECoG
for intraoperative decision-making in resective epilepsy surgery
(Figs. 1–5).

2. Results

In temporal lobe epilepsy with mesial temporal sclerosis, investiga-
tors agree that iopECoG is not necessary for delineation of resection of
the mesial structures because there was no correlation found between
residual spikes and poor seizure outcome [5–7]. In temporal lobe
epilepsy without hippocampal sclerosis and lesions in the neocortex
like epilepsy-associated tumors, iopECoG-tailored resection of the
perilesional zone led to favorable seizure outcome [8]. In hippocam-
pal sclerosis, iopECoG is useful if there is dual pathology [9]. Patients
with nonlesional (magnetic resonance tomography (MRI)-negative)
temporal lobe epilepsy benefit most from chronic implantation of
electrodes to identify seizure-onset zones during seizure monitoring
at the epilepsy monitoring unit (EMU) [10]. One of the main domains
of iopECoG seems to be temporal and extratemporal focal epilepsies
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Fig. 1. OR equipped with neuronavigation, intraoperative MR tomography, and iopECoG.

Fig. 2. Case O.M. Long-term epilepsy-associated tumor in the left frontal supplementary
motor area, intraoperative view. The tumor is delineated by neuronavigation-blue lining.

Fig. 3. Case O.M. iopECoG using four 4 contact stripes.
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with structural lesions (e.g., focal cortical dysplasia (FCD), tuberous
sclerosis (TS), and cavernous malformations (CM)) [2,8,11–13]. The
majority of patients with nonlesional extratemporal lobe epilepsy will
also require chronic extraoperative ECoG monitoring at the EMU [10].
Intraoperative detection of high-frequency oscillations (HFOs, ripples,
fast ripples) has been proved to have a high prognostic value for
postresection seizure outcome [14]. An ongoing prospective trial will
address the value of intraoperative HFO monitoring in the future [15].
The variable significance of ECoG during the last decades is best demon-
strated in Table 1.
3. Conclusion

Intraoperative electrocorticography has a significant value during
resective epilepsy surgery [10]. Especially in lesional temporal and
extratemporal focal epilepsies (FCD, TS, CM, and low-grade gliomas),
iopECoG facilitates the definition of the borders of the perilesional
epileptogenic brain tissue in adult as well as pediatric epilepsy surgery
[4,16]. During the last few years, intraoperative-tailored resection
based on HFOs was found to provide the best correlation to postopera-
tive seizure outcome [14].
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Fig. 4. Case O.M. iopECoG, demonstration spikes within and around the lesion, sampling rate: 2024 Hz, filter: 120–400 Hz.

Fig. 5. Case Ü.F. HFO in a patient with FCD and extraoperative monitoring using a 64-contact plate, sampling rate: 2024 Hz, filter: 120–900 Hz.
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Table 1
Studies in green: positive correlation between ECoG and seizure outcome, studies in orange: partly positive/partly negative correlation, studies in red: no correlation between ECoG
and seizure outcome; LA: local anesthesia; FCD: focal cortical dysplasia; FLE: frontal lobe epilepsy; SAHE: selective amygdalohippocampectomy; LEAT: long-term epilepsy-associated
tumors; AMR: anterior mesial temporal lobe resection; PPV: positive predictive value, NPV: negative predictive value.

Author Age group Resec�on site ECoG type Guidance resec�on Postresec�on ECoG predicts outcome

McBride et al. [17] Temporal Spikes + ±

Fiol et al. [18] Temporal Spikes + +

Stefan et al. [19] Temporal Spikes − +

Jennum et al. [20] Mixed Spikes + +

Berger et al. [16] Children, tumors Mixed Spikes + +
Palmini et al. [2] Mixed Mixed Polyspikes + +

Tsai et al. [21] Temporal Spikes − −

Cascino et al. [22] Temporal Spikes − −

Tran et al. [5] Temporal Spikes − No correlation at all

Kanazawa et al. [23] Temporal, LA surgery Spikes − −

Alarcon et al. [24] Temporal Spikes + Leading spikes, +

Schwartz et al. [6] Temporal Spikes + No correlation at all

Ferrier et al. [25] Frontal, FCDs Spikes + ±

Wennberg et al. [12] Lesional FLE Spikes + +

McKhann et al. [26] Temporal, Hippocampus Spikes + ±

Chen et al. [27] Temporal, SAHE Spikes + Positive correlation

Oliveira et al. [28] Temporal Spikes − ±

Sugano et al. [29] Temporal, LEATs Spikes + ±

Yajakar et al. [29] Children Mixed Spikes + More extraoperative ECoG, ±
Morales Chacon et al. [30] Adults Temporal, dual pathology Spikes + Less spikes, but no correlation

Tripathi et al. [8] Adults Temporal Spikes + +

San-Juan et al. [7] Adults Temporal, AMR Spikes − No correlation

Burkholder et al. [31] Adults Temporal Spikes + +

Zweiphenning et al. [32] Temporal Fast ripples + Identification of epileptic zone?

Greiner et al. [4] Children Mixed Spikes + Trend to positive correlation

Tahry et al. [33] Not specified Spikes − −

Fedele et al. [34] 6 yrs mean Not specified Fast ripples + PPV 100%, NPV 38%

Van´t Klooster et al. [15] 15 yrs mean Temporal, extratemp HFOs + Positive correlation

Hussain et al. [35] Children Mixed Fast ripples + Positive correlation

Bansal et al. [36] Children Mixed Spikes + No correlation to ECoG findings

Herlopian et al. [37] Mixed Temporal, SAHE Spikes − −

Palmini et al. [2]; Greiner et al. [4]; Tran et al. [5]; Schwartz et al. [6]; San-Juan et al. [7]; Tripathi et al. [8];Wennberg et al. [12]; Van´t Klooster et al. [15]; Berger et al. [16];McBride et al.
[17]; Fiol et al. [18]; Stefan et al. [19]; Jennumet al. [20]; Tsai et al. [21]; Cascino et al. [22]; Kanazawa et al. [23]; Alarcon et al. [24]; Ferrier et al. [25];McKhann et al. [26]; Chen et al. [27];
Oliveira et al. [28]; Sugano et al. [29]; Morales Chacon et al. [30]; Burkholder et al. [31]; Zweiphenning et al. [32]; Tahry et al. [33]; Fedele et al. [34]; Hussain et al. [35]; Bansal et al. [36];
Herlopian et al. [37].
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