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ABSTRACT

Purpose: Inpatient Video EEG Monitoring (VEM) is the typical study performed in presurgical evaluations.
It is expensive and not widely available in developing countries. Recent studies suggested that in selected
patients with mesial temporal lobe epilepsy secondary to unilateral mesial temporal sclerosis (MTS), the
recording of unilateral interictal epileptiform activity ipsilateral to the MTS may yield sufficient presur-
gical EEG data. Outpatient prolonged ambulatory EEG (AEEG) could be an alternative in these cases. The
purpose of this study was to compare the post-surgical seizure outcome and costs between patients eval-
uated with AEEG versus VEM.
Methods: Thirty patients with TLE were included: 21 evaluated with VEM and 9 with AmbEEG and under-
went surgery between 2011 and 2017. The minimum, post-surgical follow-up period was 1 year.
Results: Seven of nine patients who underwent AEEG had seizures ipsilateral to MTS. In two patients only
unilateral interictal activity ipsilateral to the lesion was recorded. All patients were free of disabling sei-
zures (Engel Class I) at last follow-up. The mean cost per patient of AEEG was $980 and was $4680 for
VEM.
Conclusion: AEEG may be used to identify candidates for temporal lobectomy in selected patients with
unilateral lesional mesial TLE. This approach to EEG monitoring could make epilpesy surgery more afford-
able to some patients in developing countries.

© 2020 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Several studies have suggested that in selected patients with
mesial temporal lobe epilepsy (MTLE) secondary to unilateral

Anterior temporal lobectomy (ATL) is the most frequently per-
formed surgical procedure in Latin America in adults with drug-
resistant focal epilepsy as it is cost-effective, particularly in
patients with mesial temporal sclerosis (MTS) and/or lesional
TLE. In these patients non-invasive presurgical evaluation can
often yield reliable localization of the epileptogenic area when
there is concordance among ictal clinical semiology, brain MRI,
neuropsychological findings, and interictal and ictal epileptiform
activity [1-3].
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MTS, the presence of unilateral ipsilateral interictal epileptiform
activity may not require the recording of ictal activity in order to
proceed to an ATL [4,5]. This would result in significant cost sav-
ings caused by long inpatient hospitalizations, which are often an
obstacle to access to epilepsy surgery in many developing coun-
tries. Yet, this strategy has yet to be accepted in all centers and
has generated some controversy regarding its validity.

The use of prolonged AEEG studies could be an alternative
option in these cases. It is a diagnostic tool that has been available
for the last three decades and with which interictal and ictal
epileptiform activity can be recorded with an ambulatory EEG sys-
tem at home. Compared with VEM, the costs of AEEG are signifi-
cantly lower. In addition, the exposure to the daily
environmental stressors can facilitate the occurrence of seizures

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebr.2020.100392&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ebr.2020.100392
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:achicharro@alemana.cl
https://doi.org/10.1016/j.ebr.2020.100392
http://www.sciencedirect.com/science/journal/25899864
http://www.elsevier.com/locate/ebcr

A. Chicharro, A. de Marinis, A. Mildn et al.

at home, without having to lower the dose of antiseizure medica-
tions (ASM). Some of the new AEEG systems have the capability for
video recording as well [G]. The principal aim of this study was to
compare the postsurgical seizure outcome between patients with
MTLE secondary to MTS or a mesial lesion who were evaluated
with AEEG and VEM. In addition, we compared the time to the first
seizure between the two monitoring studies and their respective
costs.

2. Methods

This was a retrospective study of 30 consecutive patients who
underwent an ATL at Clinica Alemana de Santiago de Chile
between 2011 and 2017. All patients had drug-resistant focal epi-
lepsy of temporal lobe origin, defined as persistent seizures after
two different ASMs used in monotherapy or in combination at
optimal doses. The first 24 patients underwent a VEM study. Three
did not experience any seizures during the monitoring study and
therefore underwent a prolonged AEEG (without video), during
which all three experienced their typical seizures. Six additional
patients with unilateral MTS underwent an AEEG as their initial
study.

Eligibility for epilepsy surgery was based on seizure semiology,
neuroimaging data based on high-resolution brain MRI, interictal
and/or ictal activity obtained with VEM or AEEG and neuropsycho-
logical data. All patients underwent a high-resolution brain MRI
that included fine-cut sequences through the temporal lobes. Hip-
pocampal sclerosis was defined by qualitative analysis based on
hippocampal T2/FLAIR hyperintensity, loss of its internal architec-
ture and quantitative volumetric measurements.

VEM was done with scalp electrodes positioned according to
the 10-20 international system of electrode placement in addition
to basal and anterotemporal electrodes. In AEEG studies, antero-
temporal and basal electrodes were used in seven of the nine
patients. Electrodes were attached to the scalp with Ten 20 con-
ductive paste. Head was wrapped with a sticky bandage attached
with Fixomull to decrease artifacts and ensure optimal contact of
the electrodes with the scalp. A test recording was performed in
every patient at the beginning of the study to ensure the proper
operational state of the ambulatory system. Each system had an
event button which the patients and family members were
instructed to press in case of seizures or auras. Patients and family
members documented each event in a diary, detailing the specific
time, clinical phenomena, and duration of each event. The duration
of the studies were tailored to each patient, based on the timing for
the recording of the first typical seizure.

The maximal duration of VEM was 10 days. The mean duration
of VEM was 3,7 days (range 1-10 days). The average seizure fre-
quency prior to the study was 1,6 seizures per week and patients
were taking an average of 2,4 ASM each. The dose of ASMs was
lowered after the first 24 hours and thereafter according to seizure
occurrence.

The duration of the AEEG was 2,9 days (range: 1-5 days). The
average seizure frequency prior to the study was 1,4 seizures per
week and patients were taking an average of 2,6 ASM each. During
AEEG, ASMs were maintained at usual doses. Patients returned to
the EEG laboratory every day to get electrodes impedance checked
and optimized, download the EEG data and check the integrity of
the ambulatory system. If a patient reported a seizure in the previ-
ous 24 h, the EEG data were immediately reviewed by an experi-
enced epileptologist. The AEEG study was stopped after the
recording of a focal seizure of temporal lobe origin ipsilateral to
the MTS, in the setting of frequent unilateral interictal epileptiform
activity also ipsilateral to the MTS. In the case of bilateral indepen-
dent interictal epileptiform activity, the patient was referred for
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VEM; however, this was not necessary in any of the nine patients
who underwent the AEEG.

The post-surgical seizure outcome was evaluated using the
Engel classification system and was updated at the last visit. Given
the small number of patients, no statistical analyses were used to
compare postsurgical seizure outcomes between patients evalu-
ated with AEEG and VEM.

Kaplan-Meier method was used to analyze time to first seizure
occurrence, and the log-rank test was used to assess for differences
between the VEM and AEEG subgroups. A 5% significance was used
and data analysis was performed using STATA version 14.0.

3. Results

Clinical and demographic data as well as post-surgical seizure
outcome of the 30 patients are presented in Tables 1 And 2. Among
the nine patients who underwent an AEEG, eight had MTS and one
a cavernous angioma in the mesial temporal region. Among the 21
patients who were studied with VEM, 14 had MTS, five had a focal
lesion in mesial temporal structures and two in extra-mesial tem-
poral region. Post-surgical follow-up period was comparable
between the two groups: 3.67 + 1.7 (range 1-6 years) years in
patients who underwent an AEEG and 3.66 + 2.24 (range 1-6 years)
in those evaluated with VEM.

3.1. Duration of EEG recordings

The mean duration of VEM among the 21 patients was 3,7 + 2,2
days (range: 1-10 days). On the other hand, among the nine
patients who underwent an AEEG, the mean duration of recordings
was 2,9 + 2 days (range 1-5 days). Furthermore, time to the first
seizure did not differ between VEM [2,3 days (range 1-4 days)]
and AEEG [2,5 days (range:1-4 days)]. See Fig. 1.

3.2. AEEG recordings

In seven patients with MTS, focal seizures with loss of aware-
ness were recorded. Unilateral ictal and interictal epileptiform
activity of temporal lobe origin and ipsilateral to the MTS were
recorded in all patients. This included the three patients who had
been previously studied with VEM and were discharged home on
a prolonged AEEG. In the other two patients (Table 2: patient 4
and 9) one with MTS and the other with the cavernous angioma
only unilateral interictal epileptiform activity of anterior-
temporal origin ipsilateral to the lesion was recorded.

3.3. Postsurgical seizure outcome

All nine patients evaluated with AEEG were free of disabling sei-
zures (Engel Class I) following the ATL. Example of one patient is
shown in Fig. 2. As seen in Tables 1 and 2, the post-surgical seizure
outcome is very similar in patients with unilateral MTS studied
either with VEM or AEEG.

3.4. Costs

In Clinica Alemana, the cost of the AEEG is around $350.00 (US
dollars) per day, while the cost of VEM is $1300.00 (US) per day.
Considering the number of days of EEG monitoring required, the
mean cost/patient was $ 980 vs $ 4680 for patients who underwent
an AEEG and a VEM, respectively. In other Latin American countries
the cost of 24 h VEM is highly variable, ranging from $600 (US) and
$1500 (US) per day.
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Table 1
Patients studied with VEM as part of their presurgical evaluation. F, female; M, Male; MTS, mesial temporal sclerosis; LT, Left temporal; RT, Right temporal; sz, Seizure.
Case Age/ MRI Findings/Biopsy Video-EEG interictal Duration Video-EEG/ictal Interictal MRI Ictal EEG MRI Outcome/
Sex findings discharges recordings concordance concordance Follow up
1 38/F Right MTS/Right MTS RT 90%, LT 10 % 5 days, 3 RT sz Yes Yes 1A, 6 years
(Sz on day 3)
2 37/M  Left MTS/Left MTS LT 5 days, 4 LT sz Yes Yes IA, 6 years
(Sz on day 4)
3 45/M  Right MTS/Right MTS RT 4 days, 1 RT sz Yes Yes ID, 6 years
(Sz on day 3)
4 40/[F Right MTS/Right MTS RT 80%, LT 20% 4 days, 2 RT sz Yes Yes IB, 6 years
(Sz on day 3)
5 37/M  Right MTS/Right MTS RT 1 day, 4 RT sz Yes Yes IA, 5 years
6 44/M  Right MTS/Right RT 4 days, 1 RT sz Yes Yes IA, 3 years
cysticercosis (Sz on day 3)
7 10/F DNET LT/DNET LT LT 10 days, 3 LT sz Yes Yes IA, 6 years
(Szonday 1)

8 42/M  Right MTS/Right MTS RT (TIRDA) 5 days, No sz Yes — IA, 4 years
9 23/M LT Dysplasia/LT Dysplasia LT 5 days, 1 LT sz Yes Yes IA, 2 years
(Sz on day 4)

10 24[F Left MTS/Left MTS LT 4 days, 2 LT sz Yes Yes IB, 4 years
(Sz on day 3)

11 27/M  Left MTS/Left MTS LT 5 days, 1 LT sz Yes Yes IC, 3 years
(Sz on day 3)

12 33/M  Right MTS/Right MTS RT 4 days, 1 RT sz Yes Yes ID, 4 years
(Sz on day 3)

13 29/F Left MTS/Left MTS LT 3 days, 2 LT sz Yes Yes IA, 2 year
(Sz on day 2)
14 58/F Left MTS/Left MTS LT 1 day, 1 LT Sz Yes Yes IA, 1 year
15 29/M  RT Dysplasia/RT Dysplasia RT 1day, 1 RT sz Yes Yes IlIA, 1 year
16 37/M  RT cavernoma/RT No 1 day, No interictal activity Yes IA, 7 years
cavernoma 5 electrographic sz
17 35/F LT cavernoma/LT cavernoma No 5 days, 1 LT Sz No interictal activity Yes IA, 7 years
(Sz on day 3)
18 43/M  Right MTS/Right MTS RT 5 days, 2 RT sz Yes Yes IA, 1 year
(Sz on day 4)
19 24[F Left MTS/LT Dysplasia LT 1day, 1 LTSz Yes Yes IA, 1 year
20 23[F Left T Hamartoma/Left T LT 1day, 1LT Yes Yes IA, 1 year
Hamartoma
21 5/F Left T Tuber/Left T tuber LT 3 days, 3 LT sz Yes Yes IA, 1 year
(SZ on day 2)
Table 2
Patients studied with AEEG as part of their presurgical evaluation. F, female; M, Male; MTS, mesial temporal sclerosis; LT, Left temporal; RT, Right temporal; sz, Seizure.
Case Age/ MRIFindings/Biopsy AEEG interictal Duration AEEG/ictal Duration VEM/ictal Interictal MRI Ictal EEG MRI Outcome/
Sex findings discharges recordings recordings concordance concordance Follow up
1 44[F  Left MTS/Left MTS LT 1day, 1 LT sz No Yes Yes ID, 5 years
2 49/F  Right MTS/Right RT 5 days, 4 RT sz 10 days, no sz Yes Yes IB, 5 years
MTS (Sz on day 4)
3 21/M  Left MTS/Left MTS LT 1day, 1 LT sz 2 days, no sz Yes Yes IA, 6 years
4 58/M  RT cavernoma/RT RT 1 day, No Sz No Yes No Sz IC, 5 years
cavernoma
5 35/F  Right MTS/Right RT 1 day, 1 RT sz No yes yes IC 3 years
MTS
6 32/M  Left MTS/Left MTS LT 5 days, 1 LT sz 5 days, no sz Yes yes IA 2 years
(Sz on day 4)
7 28/F  Right MTS/Right RT 5 days, 2 RT sz No yes yes IA, 3 years
MTS (Sz on day 3)
8 50/M Right MTS/Right RT 5 days, 5 RT sz No yes yes IA, 2 year
MTS (Sz on day 4)
9 63/M Right MTS/Dysplasia RT 2 days, No Sz No Yes No Sz IA, 1 year
1A

4. Discussion

Anterior temporal lobectomy has been associated with very
good post-surgical seizure outcome in patients with drug-
resistant focal epilepsy of unilateral mesial temporal origin sec-
ondary to MTS or a structural lesion [1-3]. The high costs of
presurgical evaluations, in particular those of VEM continue to
be an obstacle for epilepsy surgery particularly in developing
countries. The findings of this study suggest that in this selected

group of patients, reliable interictal and ictal data can be obtained
with AEEG studies, which could potentially be used in a presurgi-
cal evaluation. The following conditions need to be met if AEEG is
to replace a VEM: (i) clinical semiology of seizures has to be typ-
ical of seizures of mesial temporal origin. (ii) The EEG data must
include recording of unilateral interictal (with a relatively high
frequency) and ideally ictal epileptiform activity ipsilateral to
the MTS or lesion. (iii) The EEG data and neuropsychological data
have to be concordant. (iv) The presurgical evaluation must be
performed by epileptologists with expertise in epilepsy surgery.
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Time at first seizure (Kaplan-Meier)
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Fig. 1. Kaplan-Meier analysis of time to first seizure. Dashed line represents AEEG
subgroup and continuous line the VEM group.
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These data are encouraging as the use of AEEG can increase
access to presurgical evaluations in centers and countries with lim-
ited resources and can save costs in the evaluation of this selected
type of patients. Moreover, other studies have investigated the use-
fulness of AEEG in presurgical evaluations of drug-resistant TLE
and have also shown that in selected patients successful resective
surgeries can be performed after outpatient presurgical EEG mon-
itoring studies [7-9].

A recently published prospective study carried out in a tertiary
epilepsy center compared the post-surgical outcomes between
patients with unilateral TLE secondary to MTS evaluated with
and without VEM. The authors concluded that VEM is not impera-
tive in this type of patients if their interictal recordings clearly
reveal ipsilateral epileptiform discharges in 6-10 routine EEGs in
the setting of compatible clinical ictal semiology [4,5]. Our data
supports these findings as the recording of only unilateral interictal
epileptiform activity ipsilateral to the mesial temporal lesion with-
out ictal data during AEEG was considered to be acceptable EEG
data in two of our nine patients, both of whom achieved seizure
freedom. Furthermore, a prolonged AEEG is a more effective

Fig. 2. [llustrative case (Table 2, case 6). Fig. 1A: MRI: Left Hippocampal Sclerosis. Fig. 1B: Left anterior temporal lobe seizure registered on AEEG. This is a 32-year-old right-
handed male who started having seizures at the age of 12. His seizures consist of a rising epigastric sensation followed by speech arrest and then loss of awareness of his
surroundings and automatic left-hand movements and dystonic posture of his right upper limb.

4
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alternative than repeated EEG studies as it is performed in one
step, provides prolonged sleep recordings and allows for the
recording of seizures without change in doses of ASM. Finally, as
suggested by other authors, patients on stable doses of ASMs are
more likely to experience their typical seizures when the study is
performed in their usual environment [9]. It should be emphasized,
however, that when interictal epileptiform activity is the only EEG
data used in the presurgical evaluation, a higher threshold must be
met before accepting it as reliable EEG data. First, 100% of the inter-
ictal epileptiform discharges must be unilateral and ipsilateral to
the side of the MTS; second, the activity must be frequent in awake
and sleep states and recordings must include antero-temporal and/
or basal temporal electrodes to demonstrate an antero-temporal
source.

In our study, the mean duration of VEM was one day longer
than that of AEEG (3,7 days vs 2,9 days). The post-surgical seizure
outcome of patients with MTS was comparable between those
evaluated with VEM and AEEG.

4.1. Availability and cost

Epilepsy surgery in Chile has become one of the therapeutic
options offered to patients with drug-resistant focal epilepsy. Yet,
among all the hospitals in this country, only 5% have a VEM mon-
itoring unit, and some of these units only operate during daytime
hours. Furthermore, most patients don‘t have private insurance
and cannot afford this type of evaluation.

At our institution, the mean daily cost of an AEEG is around
$350 US vs $1300 US for VEM. In other Latin American countries,
the total daily cost can range between $600 and $1500 USD (un-
published personal data by AC). Thus, given the lower costs by
50%-65%, AEEG can be an alternative to VEM in selected patients
provided that the caveats listed above are met.

Several studies in different countries had attributed these cost
limitations as the principal reason for the under-utilization of epi-
lepsy surgery [11,12]. Other authors have recommended the short-
ening of the VEM duration to 48 h [12]. To facilitate the occurrence
of seizures, ASMs were rapidly withdrawn. While in most patients
the evaluation was uneventful, three developed complications,
including status epilepticus requiring transfer to an ICU and intu-
bation. In fact, some authors have suggested that AEEG and VEM
yield comparable presurgical data in patients with TLE and fre-
quent seizures.

Yet, compared to VEM, AEEG has some limitations, which
include: (i) technical problems, which cannot be corrected as soon
as they arise and can result in significant artifacts masking the
underlying EEG activity. Fortunately, in none of the patients
included in our study artifacts limited the interpretation of the
recordings. (ii) The lack of video recordings and the need to rely
on descriptions of the ictal semiology by family members. Yet, with
the widespread availability of cell phones, family members can be
asked to take a video of seizures, which was done in three of our
patients. (iii) Ictal recordings may not yield a focal or regional ictal
onset in temporal regions. Clearly, when basing the EEG evaluation
on recordings obtained with AEEG, the interictal and ictal data
must provide an unquestionable localization of the epileptogenic
area before considering it acceptable in any recommendation to
proceed to surgery is made.

Our study has several limitations: All surgeries were performed
by a single surgeon at a single institution over a 4-year period, lim-
iting generalizability. The study was based on retrospective analy-
sis of the data and the number of subjects included was small,
particularly in the AEEG arm. The post-surgical follow-up period
was of one or two years in several cases. Accordingly, our results
should be considered preliminary.
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5. Conclusion

Drug-resistant TLE secondary to MTS is an epileptic syndrome
considered as “surgically curable”. AEEG can be potentially consid-
ered as an alternative to VEM for presurgical evaluations in very
carefully selected patients as outlined above. These evaluations
must be performed in a center with expertise in epilepsy surgery.
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