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Abstract Background Cognitive event-related potentials (ERPs) allow for lateralization of the
epileptogenic zone (EZ) to estimate the reserve of memory in the contralateral non-
epileptogenic hemisphere, and to investigate the prognosis of temporal lobe seizure
control in unilateral temporal lobe epilepsy (TLE).

Objective To define the accuracy of cognitive evoked anterior mesial temporal lobe (AMTL-
N400) and P600 potentials in detecting the epileptogenic zone in temporal lobe epilepsy
(TLE), and second, to evaluate the possibility of using them as markers of cognitive outcome.
Methods The systematic review using Medline/PubMed, Embase, and Lilacs database
was conducted in September 2021. Only articles published in English from 1985 to
June 2021 were included. We searched for studies with: (1) depth intracranial
electroencephalography (iEEG) recordings analysis of rhinal and hippocampal activity

Keywords (2) correlations between ERP results obtained in the mesial temporal regions (AMTL-
= Evoked Potentials N400 and P600) and the epileptogenic zone.
= Epilepsy Results Sixout of the seven studies included in this review defined the laterality of the
= Temporal Lobe epileptogenic zone (EZ) during presurgical investigation using ERPs. One study showed
= Memory that the contralateral AMTL-N400 predicts seizure control. Another study found
= Perirhinal Cortex correlation between the amplitudes of the right AMTL-N400 and postoperative
= Hippocampus memory performance.
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Resumo

Palavras-chave
» Potenciais Evocados
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Conclusions There is evidence that the reduced amplitude of the AMTL-N400 has
high accuracy in identifying the epileptogenic zone, as it does in estimating the extent
of seizure control and memory impairment in postoperative patients.

Antecedentes Potenciais relacionados a eventos (PREs) cognitivos permitem a
lateraliza¢do da zona epileptogénica (ZE), estimar a reserva de meméria no hemisfério
contralateral ndo-epileptogénico, e estimar o prognostico pos-operatério em pacientes
com epilepsia do lobo temporal (ELT) unilateral quanto ao controle de crises.
Objetivo Definir a acuracia dos potenciais evocados cognitivos do lobo temporal
mesial anterior (LTMA-N400) e P600 na detec¢do da zona epileptogénica na epilepsia
do lobo temporal (ELT), além de avaliar a possibilidade de usa-los como marcadores de
desfecho cognitivo.

Métodos A revisdo sistematica foi realizada em setembro de 2021 usando as bases de
dados Medline/PubMed, Embase e Lilacs. Apenas artigos publicados em inglés no
periodo entre 1985 e junho de 2021 foram incluidos. Buscamos estudos com: (1)
analises dos registros de electroencefalografia intracraniana (EEGi) da atividade rinal e
hipocampal (2) correlacdes entre os resultados de PREs obtidos nas regides temporais
mesiais (AMTL-N400 e P600) e a zona epileptogénica.

Resultados Seis dos sete estudos incluidos nesta revisao definiram a lateralidade da
zona epileptogénica (ZE) durante a investigacao pré-cirdrgica usando PREs. Um estudo
mostrou que o AMTL-N400 contralateral prediz o controle das crises. Outro estudo
encontrou correlacdo entre as amplitudes do AMTL-N400 direito e o desempenho da

Ha evidéncias de que a amplitude reduzida do AMTL-N400 tem alta
precisdo na identificacdo da zona epileptogénica, assim como na estimativa do
prognostico quanto ao controle de crises a longo prazo e prejuizo da memoéria em

= Epilepsia do Lobo memoria pds-operatoria.
Temporal Conclusoes
= Memoria
= Cortex Perirrinal
» Hipocampo pacientes submetidos a cirurgia ressectiva.
INTRODUCTION

The anterior mesial temporal lobe (AMTL-N400)" and P6002
cognitive event-related potentials (ERPs) are generated in
the rhinal and hippocampal cortex, respectively. Using in-
tracranial electrodes, cognitive ERPs are measured to analyze
the brain’s response to stimuli associated with the recogni-
tion of familiar and new words or pictures, and through more
complex tasks during memory formation. The present study
is a review of the articles that analyze this as a tool to locate
the epileptogenic zone.

Temporal lobe epilepsy (TLE) is the most frequent form of
focal epilepsy in adult patients.> The mesial temporal lobe
(MTL) is often investigated as part of the epileptogenic zone
in surgical candidates, allowing for an investigation of struc-
tures such as the ento- and perirhinal cortexes and the
hippocampus. It is well known that the medial temporal
lobe (MTL) is involved in memory formation and the hippo-
campus in the information storage process.4 Thus, surgery
for TLE can be related to memory impairment.® The preser-
vation of the functionality of the temporal mesial structures
is evaluated with preoperative investigations, using struc-
tural and functional methods. In this context, the study of the
AMTL-N400 and P600 potentials during stereo-EEG inves-
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tigations has been proposed, allowing us to analyze the
preservation of the functionality of the rhinal and hippo-
campal cortexes, where these potentials are generated.
Grunwald et al® used a word recognition paradigm and
recorded the entorhinal and hippocampal ERPs elicited by
words identified as either new or old. They compared the ERPs
elicited by old words that were correctly recognized as repe-
titions, with those that were not. They found that AMTL-N400
amplitudes reduced with repetition (old words), independent
of whether these repetitions were recognized as such or not.
This suggests that the entorhinal cortex is involved in the
recognition process, independent of a person’s awareness of
recognition. Furthermore, they found a marked hippocampal
late component (P600) only elicited by repetitions when these
were consciously recognized. This suggests that the hippo-
campus proper is involved in the conscious memory process.
In some studies,’® there was an association between
diminished AMTL-N400 and the side of the hippocampal
pathology. It was found that the AMTL-N400 to first pre-
sentations of words (new) and new-minus-old repetition
effects were diminished on the side of the hippocampal
pathology. Grunwald et al.'® concluded that when the repe-
tition effects are reduced contralateral to the side of hippo-
campal sclerosis, this may indicate bilateral epileptogenicity,
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indicating risk of seizure recurrence after the operation.
Previous studies'' found that P600 showed higher ampli-
tudes for word repetitions than for first presentations (new),
but because this was not reproducible in all patients, it was
not taken into account for focus lateralization.

Preoperative markers of hippocampal functionality (neuro-
psychological test scores and contralateral intracarotid amytal
procedure (CIAP) memory test of the surgical hemisphere)and
structural measurements (hippocampal cell densities and MRI
volumes) predict postoperative memory decline, consistent
with the functional adequacy/functional reserve mode.'?>""°
Based on hippocampal neuronal loss, the greater the degree of
the pathology in the left epileptogenic hippocampus, the
smaller the impact that surgical resection will have on post-
operative verbal memory performance.'® Kneebone et al.'”
showed the importance of the CIAP memory test as an index of
the functional capacity of the temporal lobe being considered
for surgery, and to predict postoperative memory changes, as
measured with the Wechsler memory scale-revised (WMS-R).
Patients with LTE on the left side, who had good memory
function as recorded with the CIAP, tended to have a greater
decrease in postoperative verbal memory. Then, there was an
inverse correlation between the CIAP scores and postoperative
verbal memory.

Baxendale et al.'® identified variables that they consid-
ered to be predictors of higher risk of cognitive loss in the
postoperative period, in patients with left mesial temporal
epilepsy. These variables were: higher neuropsychological
test scores associated with structures ipsilateral to the area
to be operated on (verbal learning scores), and lower scores
associated with contralateral structures (visual learning
scores). In accordance with the findings of the neuropsycho-
logical evaluation, the preoperative MTL functionality
markers (AMTL-N400 and P600) would allow us to assess
the risk of resection of the rhinal and hippocampal cortex,
causing functionality loss.

Hence, a review article is relevant to better identify the
effectiveness of this marker in defining the epileptogenic zone
and preserving the functionality of the hippocampus and
rhinal cortexes. In this systematic review, the population of
interest is composed of patients with drug-resistant TLE,
candidates for epilepsy surgery, investigated through intracra-
nial electroencephalography (iEEG) with electrodes in the
rhinal and hippocampal cortexes, and the new-old paradigm
for detection of AMTL-N400 and P600. When the study
performed a correlation test between the power spectra,
amplitudes, or latencies of the ERPs on the side of the
epileptogenic focus in relation to the non-epileptogenic side,
including or not analyses of memory test results, it was
included in our review. The main parameter of interest is to
define the accuracy of AMTL-N400 and P600 in detecting the
epileptogenic zone. And second, to correlate AMTL-N400 and
P600 ERPs to verbal memory test results.

METHODS

A preferred reporting items for systematic reviews and meta-
analyses (PRISMA) checklist'® was followed to produce a
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systematic review, and the protocol was registered on the
PROSPERO website under number CRD42020189309.

The search and selection of the studies were performed
according to the PICOS strategy:

 Population - patients with focal drug-resistant epilepsy.

* Intervention/exposure - patients submitted to an iEEG,
investigating the hippocampus in the preoperative phase,
and undergoing the recognition memory paradigm.

» Comparison - hippocampal AMTL-N400/P600 of the epi-
leptogenic focus versus the AMTL-N400/P600 response of
the contralateral hippocampus.

* Outcome - studies that evaluate AMTL-N400/P600 as a
marker of the epileptogenic zone.

« Study type - descriptive studies, cohort, and cross-sec-
tional studies.

The question of the systematic review was: what is the
accuracy of the cognitive evoked potential AMTL-N400/P600
in detecting the epileptogenic zone in TLEs?

Searching the literature

The bibliographic searches were done in September 2021
using the Medline/PubMed, Embase, and Lilacs databases, a
manual search in the review article references for potentially
eligible articles, track references for selected articles, and a
complementary search on Google Scholar.

The keywords used were intracranial electroencephalogra-
phy, iEEG, evoked potentials, event-related potentials, N400,
P600, hP600, ERP, and AMTL-N400. The search was done
systematically in the same way for both online databases.

MedLine|PubMed search strategy

1°:  Electroencephalography (MeSH terms) OR brain
mapping (MeSH terms) OR intracranial electroencephalog-
raphy OR iEEG OR SEEG OR intracranial EEG OR stereo-
electroencephalography OR stereo-EEG OR stereoelectroen
cephalography.

2°: (evoked potentials [Mesh] OR event-related potential*
OR evoked potential* OR “ERP) AND (N400 OR P600 OR
hP600 OR AMTL-N400 OR new-old OR recognition task OR
memory task).

3°: epilepsy [MeSH Terms] OR epilepsy* [TW] OR hippo-
campus OR temporal lobe epilepsy OR epileptic zone;
4°:1° and 2° and 3°.

Eligibility criteria and study selection

We included articles published in English from 1985 to
June 2021. Observational studies in humans considered for
inclusion were case series, cohort studies, and cross-section-
al studies. The identified titles, abstracts, and full-text
articles were read and blindly selected by two independent
reviewers. In the case of disagreement, a third reviewer
resolved any possible controversy.

We excluded articles from before 1985 as these use a
different methodology as well as studies that used surface
EEG recordings and, instead, concentrated our research on
studies that used iEEG recordings. Studies that did not
correlate AMTL-N400 to the EZ were also excluded.
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Finally, when we found articles by the same author on AMTL-
N400 and the laterality on the epileptogenic zone, referring to
studies with the same outcome, we excluded the article with the
lowest number of patients included in the study.

Assessment of methodological quality

We applied the Joanna Briggs Institute (JBI)?? scale to cross
sectional studies to evaluate them in terms of methodologi-
cal quality, since only this type of methodology was found in
the articles. The scale consists of eight items. The analysis
was done by two reviewers, and disagreements were re-
solved by a third examiner.

Data collection and analysis

Data from the articles was extracted and classified using a
data extraction Excel spreadsheet (Microsoft Corp., Red-
mond, WA, USA). Classification was determined based on
what was considered relevant data at the beginning of the
bibliographical study and improved upon, according to the
inclusion of further relevant data from the articles. Two
independent researchers read the selected studies and
extracted the data in pairs.

Analysis of the results was based on agreement between
the abnormal response of the AMTL-N400/P600 in the
memory paradigm and the epileptogenic zone, defined
through clinical and electrographic diagnosis, using record-
ings with depth iEEG, considered the gold-standard method
in patients with unilateral TLE. Sensitivity of the method to
separately define the laterality of the epileptogenic zone in
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TLE, as well as the presence or absence of hippocampal
sclerosis, was investigated and discussed in the articles.

RESULTS

Research results

The bibliographic search resulted in 73 citations from the
Medline/PubMed databases and 29 citations from Embase
and 49 from Lilacs, with 5 studies being duplicated
(~Figure 1). A complementary search on Google Scholar
and references of the selected articles was done, after which
5 articles were found. Finally, 151 studies were submitted to
a selection process based on the title and abstracts, and 31 of
them were excluded from full-text reading. The full text of
the 10 selected citations has been examined in more detail.
Three of these were then excluded because they were
complementary studies from the same group, Guillem
et al.”! Elger et al.” and Grunwald et al.® Two articles, by
Guillem et al.?" and Guillem et al.,?? of the same authorship
were about complementary studies, so we only included the
article?> with the greater number of patients included in the
study. Similarly, the two other articles, by Grunwald et al.2
and Elger et al.,” were excluded, as they were about the same
topic and had the same outcome as another study by
Grunwald et al.,? but used a smaller number of patients.

Description of included studies
Seven®10:22:24-27 stydies were chosen because they met the
inclusion criteria (=Table 1). The included articles were

Database search (n=151)
Medline/Pubmed (73) Embase
(29) Lilacs= 49

Complementary search

(n=5)

A 4 A 4

(n=151)

Without duplicates

y

(n=31)

Selected by title and abstract

Excluded
(n=120)

A

Excluded and reasons

[ Elegibility ] [ Selection ] [Identification]

(n=10)

Selected by full text

(n=3)
Complementary studies of the
same author (3)

A

(n=7)

Final studies included

Figure 1 Flowchart of the studies search and selection process.
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published between 1998 and 2008; the majority (n 6/7) were
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tials were recorded by electrodes implanted in different
ways. Puce et al.’’ and Guillem et al.?% used an orthogo-
nal approach, from the lateral skull surface, while Grun-
wald et al.,>'%2> Morman et al.?® and Dietl et al.?*
implanted electrodes along the longitudinal axis of the
hippocampus.

Amplitude and latency were determined. In 6 studies, the
ERPs peak amplitudes were measured with respect to a 200
milliseconds prestimulus baseline, and, in one study, Puce
et al,?’ to a 500 milliseconds prestimulus. Event-related
potential waveforms were inspected visually; the amplitude
was chosen with the maximum ERP peak-amplitude, occur-

Bilateral iEEG using an orthogonal approach with the anterior
iEEG was used to approach the targets (Hp, Amg, LTc) from
the lateral skull surface. Electrodes were implanted

Bilateral iEEG, inserted along the longitudinal axis of the Hp,

Bilateral iEEG, inserted along the longitudinal axis of the Hp
with the parahippocampal gyrus as the target.

Bilateral iEEG, inserted along the longitudinal axis of the
with the parahippocampal gyrus as the target.

Bilateral iEEG, inserted along the longitudinal axis of the
hippocampus, with the amygdala as the target.

Bilateral iEEG inserted along the longitudinal axis of the
hippocampus, with the amygdala as the target.

hippocampus with the amygdala as the target.

—
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Table 2 Classification of patients as to epileptogenic zone (left/right TLE), gender, and age range distribution

Rhinal and late hippocampal ERPs

Morange et al.

Author Population Age range|years Mean age|years TLE

Puce et al., 199127 7 women and 9 men 16-50 32.4+8.6 9 left 7 right
Guillem et al., 199822 3 women and 6 men 18-36 27.8+5.9 3 left 6 right
Grunwald et al., 1998a° 20 women and 30 men 13-51 not informed 27 left, 23 right
Grunwald et al.,1998b? 18 women and 22 men 14-52 32411 40 left
Grunwald et al., 19990 30 women and 40 men 16-51 33.3 27 left 43 right
Mormann et al., 20072° 6 women and 3 men not informed 34.1+8.3 3 left 6 right
Dietl et al., 20084 5 women and 19 men 20-54 3449 12 left 12 right

Abbreviation: TLE, temporal lobe epilepsy.

bilaterally or absent bilaterally and, therefore, failed to find
the epileptogenic focus.

In a study by Guillem et al.?? the stimuli were 240
verbalizable pictures of common objects. The word recog-
nition memory task was not applied. They concluded that
the modulation of the P600 component seems to be less
reliable, and that the AMTL-N400 is the most valuable ERP
index for investigating functioning temporal lobe
structures.

Dietl et al.>* studied 24 patients in whom HS was con-
firmed by word recognition and pictorial recognition tasks.
They concluded that limbic ERPs to words are more sensitive
to the epileptogenic process than those to pictures. Then,
both studies, by Guillem et al.?? and Dietl et al.,>* concluded
that pictorial recognition paradigms are less sensitive to the
EZ, and Dietl et al.>* showed that the verbal paradigm is more
accurate in detecting the EZ than the pictorial task. All the
other four analyzed research studies used only word recog-
nition tasks.

The quality of the studies included in this review was
evaluated using the JBI scale (=Table 3), according to which
high methodological quality was observed.

The main characteristics of the outcomes of the articles
are described in ~Table 4.

Table 3 Methodological classification assessed with the |BI sca

Main results

AMTL-N400 and the epileptic temporal lobe

The study by Puce et al.,?” using verbal and visuospatial
(nonverbal) tasks, showed that AMTL-N400 was larger to
new stimuli, whereas P600 was larger to repeated stimuli, in
agreement with the publications that followed. However,
they found that AMTL-N400/P600 were present bilaterally or
absent bilaterally and, therefore, failed to find the epilepto-
genic focus (~Table 3). Among the 20 patients investigated,
in AMTL-N400 was present bilaterally in 17 and absent in 3
patients.?’

In a study by Grunwald et al.,° the patients were investi-
gated by bilateral depth electrodes implanted stereotaxically
along the longitudinal axis of the hippocampus, with the
amygdala as the target of the most anterior contact. Maximal
AMTL-N400 to words were recorded anterior to the hippo-
campus proper and near the amygdala. Findings from previ-
ous publications by Grunwald et al.® and Elger et al.” were
confirmed, but with a larger number of patients: 29 patients
with HS and 21 with extrahippocampal lesions. They showed
that (i) the AMTL-N400 to first presentation of a word (new)
were reduced on the epileptogenic side ipsilateral to HS; (ii)
in patients with HS, the repetition effects (new-minus -old)

le for cross sectional studies

Authors|year Criteria
1 2 3 4 5 6 7 8 Total

Puce et al., 199127 N Y Y Y N NA Y Y 5
Guillem et al., 199822 N Y Y Y N NA Y Y 5
Grunwald et al., 1998a° Y Y Y Y N NA Y Y 6
Grunwald et al.,1998b2° N Y Y Y N NA Y Y 5
Grunwald et al., 19990 Y Y Y Y N NA Y Y 6
Mormann et al., 20072° N Y Y Y N NA Y Y 5
Dietl et al., 2008%4 N Y Y Y N NA Y Y 5

Abbreviations: N, no; NA, not applicable; Y, yes.

Notes: 1. criteria for inclusion in the sample defined; 2. Subjects and the setting described; 3. Exposure measured in a valid way; 4. Standard criteria

for measurement of the condition; 5. Confounding factors identified; 6. St
a valid way; 8. Appropriate statistical analysis.
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rategies to deal with confounding factors stated; 7. Outcomes measured in

Vol. 81 No. 5/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

497



Morange et al.

498 Rhinal and late hippocampal ERPs

"3u3sald s1 123449 uonzadal

93 pue ‘9qo| 213da|1da ay3 ul J3||BWS I3M SPIOM P|O PUB M3U O}
apniduwe goyN-1LIAY ‘SH Inoyum siuaiied uj *SH Jo apis ayj uo
PRYSIUILWIP 919M S133449 UOI3133da1 pUB SPIOM Mau 03 00YN-TLINY
‘sjuaiied [|e JO %6 Ul [0J3U0D 31nzI9s aaileladolsod

40 uo13d1paid 31091100 pajwiad 309y uonzadal ay] ‘apis
P3UOIS9|-UOU 33 UO S90UI3YIP dpnijdwe pjo-snuiw-mau 10}

VN SIA VN | sonjea 1aybiy Ajpuesyiubis yijim pajeidosse sem WOPIIL} 2INZIAS 016661 “[B 32 plemunin
duewloylad aajesadoald
9y3 03 aA13ejal ‘9bueyd
aanesadolsod jo abejuadiad
33 Y1Mm paie|a.li0d
SPJOM Mau 03 00 N-TLIAY
1ybu ay3 jo sapnydwe sy
‘Aejap ajnuiw
-0€ B 191Je p3||BIal SPIOM JO ‘padnpal M
Jaquwinu 3yl YHm paje|a.ilod (pjo-snuiw-mau) s309)42 uoinzadal apis ouaboidajids ayz up
Splom mau 03 0OFN-1LINY *(5000°0 > d) apis owaboidsids-uou a3
1ybu1 sy jo sapnydwe sy SIA VN | uo Ajuo apnyduwie ur paonpas sem 0OpN-1LIAY ‘uoiinadar uodn | 48661 “[e 32 plemunin
‘sjuaned aanieladoald
ul ‘(mau) uonejuasaid
3511y 03 apn3ijdwe "PUNOJ 9I3M SID3Y
00YN-TLIAY 3] yum Ajuo uonzadal pue ‘aqo| |eiodwal 213dajida ay3 Ul 13||BLWS 1M SWIRY
pa1e[a1103 sem uolzadal plo pue mau 03 sapnyjdwe QON-1LAY SH Inoyum sjuaijed uj
pue suoljejuasaldal "PuUNOJ 319M $3133}43 uoniiadal
1511} pay13uspI ou pue sndoy d1uaboida|ida jo apis ay3 uo padnpal a1am spiom
A]393.1102 Jo Jaquinu 3y | SIA VN Mau Jo uolejuasald 3siiy 03 00FN-TLAY ‘SH Yyim sjuaized uj 8661 “[e 19 plemunin
N331 ay3 ul -auoz 213da|ida ay3 Jo 3duasald ay3 Aq patayje si apnyjdwe
1Se3| 3B ‘PanIaSqo A|qeI|a SS9 9q 03 SWIIS | QOFN-TLINY YL “SYSe3 [|EqPPO 93 Ul SpIom . Mmau,, Aq ueyy 1ayiel
VN S9A | 3usuodwiod 0p9d dY3 jo uonejnpow 3yl | .Pjo, Aq pxjors uaym aanebau ssaj Ajlensn st 0OYN 1LY YL 278661 “|B 33 Wa|Ing
*sndoj d1uaboids|ida
9y3 buizijedo| ul anjea jo Jou ai;am | "sndoy d1usaboids|ida syl buizijeso| ui anjea o Jou auem SNy} pue
sny3 pue ‘Ajje1aje|iq 3uasqe 1o Ajje1aje|iq | ‘Ajjesaie|iq Juasqe 1o Ajjesaie|iq 3uasaid 19yl a1am s009d/ 00N
Juasaid 19y1s a1am sp09d/00N ‘I|nwi3s pajeadal 03 asuodsal
'S009d 19b.e| paydia (nwis pajeadal | ul 13j|eWS pue [jnWi3s [9Aou 03 asuodsal ul 1abie| sem apnydwe
VN ON Jey) pajedipul eep apnyijdwe 009d 00%N pa3edipul adA3 snjnwias yoes 1oy apnyduwe 0ON ,zL661L 7|8 19 92nd
009d 00¥N-1LAIVY
J9iew
ddueunioylad ui synsay poon Z3 uoljezijelale| 03 s}nsay sioyiny

S9IPNIS PapN|dul ul sawod3no jo uonidudsag  ajqel

No. 5/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

Vol. 81

Arquivos de Neuro-Psiquiatria



Rhinal and late hippocampal ERPs Morange et al. 499

cortex on the ipsilateral side.

Results in performance
subsequently remembered
versus forgotten words
showed a significant
decrease in delta and theta
range power on the
hippocampus and the rhinal
NA

Increased amplitudes for

were found only on the contralateral side, and AMTL-N400
amplitudes to old words were higher ipsilateral to HS than on
the contralateral side; (iii) in patients without HS, the AMTL-
N400 amplitudes to new and old words were smaller in the
ETL, and the new-minus-old repetition effect was found; (iv)
the number of correctly identified words was correlated only
with the left AMTL-N400 amplitude to new stimuli, in a
preoperative memory test.

Grunwald et al."? investigated 70 patients confirming the
findings of previous studies that AMTL-N400 amplitudes to

Good
marker
Yes

Yes

new words is reduced on the HS side, and repetition effects
are diminished on the side of HS. They showed that seizure
freedom is associated with significantly higher values for

LNGs to old word and pictures were
smaller in sclerotic than in non-sclerotic

P600 on the ipsilateral side, with
hippocampi.

hippocampal sclerosis, in comparison with

To a lesser extent for the hippocampal
the contralateral side.

P600

new-minus-old amplitude differences (repetition effects) on
the non-lesioned side. The presence of a contralateral AMTL-
N400 for new-minus-old effect predicts postoperative sei-
zure control in 94% of all patients.

Dietl et al.,?* studied 24 patients in whom HS was con-
firmed by verbal recognition and pictorial recognition tasks.
Bilateral depth electrodes were implanted stereotactically
along the longitudinal axis of the hippocampus from an
occipital approach with the rhinal cortex, that is, the medial
temporal cortex anterior to and just below the amygdala, as
the target for the most anterior electrode. The AMTL-N400 to
new words and the late negative component (LNC) to old
words were reduced in amplitude on the side of seizure
origin. They concluded that the AMTL-N400 and LNC-ampli-

stimulus-induced power in the delta and theta range on the side

of hippocampal sclerosis.
AMTL-N400s to new word and not to pictures were reduced in

Decreased ERP (AMTL-N400) amplitudes on the ipsilateral side,
with hippocampal sclerosis, and a significant decrease of

Results to lateralization EZ

AMTL-N400

tudes to pictures led to wrong lateralizations (17%) and that
the same analysis, based on limbic ERPs to words, classified
all patients correctly, with words rather than pictures being
more sensitive to the epileptogenic process.

Mormann et al2® studied nine patients investigated by
bilateral depth electrodes implanted stereotaxically along
the longitudinal axis of the hippocampal formation, with the
anterior contacts in the parahippocampal gyrus, which is
covered by the rhinal cortex, and the posterior contacts located
within the hippocampus. They described a decreased AMTL-
N400 and, to a lesser extent, a decreased hippocampal
LPC/P600 on the side of HS. They confirmed the findings of
Fernandez et al.>> by showing a positive correlation between
the increased size of the AMTL-N400 and hippocampal LPC and
the remembered words, but not forgotten words, suggesting
that successful memory formation is accompanied by a signif-
icant increase in the rhinal AMTL-N400 and the hippocampal
LPC. They showed another important finding, significantly
decreased ERP amplitudes on the side of HS are caused by a
decrease in the delta and theta power observed in the hippo-
campus and the rhinal cortex. They suggest that this decrease
in power probably reflects a lower number of neural assem-

TLE. Limbic ERPs to words are more sensitive to the epileptogenic

amplitude near the epileptogenic focus, both in right and in left
process than those to pictures.

Mormann et al., 20072°
Dietl et al., 2008%*

Authors

Table 4 (Continued)

blies that are recruited into the memorization task.

ERPs and verbal memory performance

Grunwald et al.? investigated 40 patients with left TLE before
and after surgery, with all patients undergoing resection of the
medial temporal structures. The patients were investigated by
bilateral depth electrodes implanted stereotaxically along the
longitudinal axis of the hippocampus with the amygdala as the
target of the most anterior contact. They confirmed the

not performed; TLE, temporal lobe epilepsy.

Abbreviations: AMTL-N400, anterior mesial temporal lobe; iEEG, intracranial electroencephalography; ERP, Event-related potential; EZ, epileptogenic zone; HS, hippocampal sclerosis; NA, not applicable, analysis
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findings that repetition effects were preserved only on the
non-epileptogenic side. They showed new findings: (i) the
amplitudes of the right AMTL-N400 (non-epileptogenic side)
to new words correlated with the numbers of words recalled
after a 30 minutes delay (p < 0.0005) in preoperative perfor-
mance; (ii) the amplitudes of the right AMTL-N400 (non-
epileptogenic side), but not the left AMTL-N400, to new words
correlated with the percentage of postoperative change rela-
tive to the preoperative performance (p <0.00005). They
concluded that the greater the functional integrity of the right
MTL-structures, the more likely these are to compensate for
the loss of functionality of the removed left MTL-structures.
They could, thus. predict the postoperative verbal recall per-
formance. Additionally, they did not find a correlation, but they
described in a multiple regression analysis that the larger the
AMTL-N400 in the left hemisphere preoperatively, the greater
the drop in postoperative free recall performance, showing
that the effects of surgically removing the left MTL-structures
are more marked the better they were functioning
preoperatively.

DISCUSSION

For many patients with refractory focal epilepsies, it is
necessary to insert bilateral depth electrodes to define the
EZ when non-invasive studies have remained non-conclusive
to lateralize the zone involved at the onset of the seizures. In
these cases, ERPS proved to be a way to improve this analysis,
both confirming the findings of lateralization of the EZ and
also informing about the functional integrity of these mesial
structures that participate in the memory process. Six of the
studies® 10222426 in our review showed an association
between reduced AMTL-N400 and the EZ. Puce et al.?” did
not describe reduced AMTL-N400 to new stimuli or reduced
repetition effects in the EZ.

The result of the systematic review showed that the
reduced AMTL-N400 amplitude to new words in a word
recognition paradigm have high accuracy in detecting the
laterality of the EZ in unilateral TLEs.%>° Dietl et al.>* showed
that the verbal paradigm is more accurate than the pictorial
task in detecting the EZ. Besides, the absence of AMTL-N400
on contralateral mesial structure have a high accuracy to rule
out the diagnosis of secondary epileptogenicity.'®

A high sensitivity of reduced AMTL-N400 to lateralize the
EZ was found in hippocampi with HS in five studies.®1%-24-26
In a study by Grunwald et al.’ correlation was shown
between a reduced AMTL-N400 amplitude to new and old
words and the EZ in the group without HS.® We believe that
an analysis of a larger sample of patients without HS is
necessary to better represent different severities of TLE
and to analyze the usefulness of this method in detecting
hippocampal dysfunction without histological injury.

Each of the seven articles included in this review clearly
described the inclusion criteria and objective of the study,
and used an appropriate methodology to investigate and
quantify the results. Six of these articles showed a good
accuracy of AMTL-N400s to new words in detecting the EZ in
unilateral TLE. Among the 7 studies that met the selection

Arquivos de Neuro-Psiquiatria  Vol. 81

criteria to answer our main question whether AMTL-N400/
P600 is a good marker of the EZ, 1 provided information
regarding the correlation between verbal postoperative per-
formance and the rhinal evoked potential. In a study by
Grunwald et al.,%® the findings indicate that the greater the
functional integrity of the right rhinal cortex, the more likely
compensation will occur for the loss of functionality with the
resection of the mesial structures of the left temporal lobe.

Three studies analyzed performance during the tasks. To
answer our question of whether AMTL-N400/P600 is a good
marker of postoperative verbal memory performance, only 1
study25 investigating patients with HS showed that the
amplitudes of the right AMTL-N400 (non-epileptogenic
side) to new words correlated with the number of words
recalled after a 30-minute delay.

Due to the importance of functional analysis of the
hippocampus and rhinal cortexes, further studies are needed
to clarify the correlation between ERP amplitude measure-
ments, including in cases in which there is no HS, but only
cortical dysfunction due to epileptogenicity. This analysis of
ERPs would elucidate the interrelationship between the
specialized language hemisphere and the contralateral cor-
tex in the storage of different information modalities.
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