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� The study evaluated efficacy and safety of pre-surgical video-EEG monitoring with a slow anti-epileptic
drug (AED) taper.
� Seizure clusters are frequent when AEDs are withdrawn.
� Serious adverse events are rare when monitoring is performed in a highly supervised setting.

a b s t r a c t

Objective: To evaluate the efficiency and safety of pre-surgical video-EEG monitoring with a slow anti-
epileptic drug (AED) taper and a rescue benzodiazepine protocol.
Methods: Fifty-four consecutive patients with refractory focal epilepsy who underwent pre-surgical
video-electroencephalography (EEG) monitoring during the year 2010 were included in the study. Time
to first seizure, duration of monitoring, incidence of 4-h and 24-h seizure clustering, secondarily gener-
alised tonic–clonic seizures (sGTCS), status epilepticus, falls and cardiac asystole were evaluated.
Results: A total of 190 seizures were recorded. Six (11%) patients had 4-h clusters and 21 (39%) patients
had 24-h clusters. While 15 sGTCS were recorded in 14 patients (26%), status epilepticus did not occur
and no seizure was complicated with cardiac asystole. Epileptic falls with no significant injuries occurred
in three patients. The mean time to first seizure was 3.3 days and the time to conclude video-EEG mon-
itoring averaged 6 days.
Conclusion: Seizure clustering was common during pre-surgical video-EEG monitoring, although serious
adverse events were rare with a slow AED tapering and a rescue benzodiazepine protocol.
Slow AED taper pre-surgical video-EEG monitoring is fairly safe when performed in a highly specialised
and supervised hospital setting.
� 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights

reserved.
1. Introduction

Epilepsy centres use long-term video-electroencephalography
(EEG) monitoring to distinguish epileptic from psychogenic non-
epileptic seizures, to classify seizure type and to evaluate patients
with drug-resistant epilepsy for surgery (Binnie and Mizarahi,
1997). Because of the unpredictability of seizure events, with-
drawal of anti-epileptic drugs (AEDs) is routinely used to speed
up the recording of a sufficient number of seizures to make a diag-
nosis (So and Fisch, 1997).
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Although this ‘‘activating’’ technique reduces the length of
hospital stay and, consequently, economic costs, it may increase
the risk of complications, for example, postictal psychosis, falls,
pulling out of the electrodes and status epilepticus (SE), as a re-
sult of prolonged, more severe and clustered seizures (Fagan
and Lee, 1990; Sanders et al., 1996; Haut et al., 1999). In partic-
ular, clustered seizures have been associated with a higher risk
of SE (Haut et al., 1999). Therefore, the recording setting in vi-
deo-EEG monitoring units should be designed in order to prevent
and manage these potential complications. This retrospective
study aimed at evaluating the efficiency and safety of pre-surgical
video-EEG monitoring with a slow AED taper and a rescue benzo-
diazepine protocol.
ed by Elsevier Ireland Ltd. All rights reserved.
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Table 1
Incidence (with 95% confidence intervals) of the various adverse
events.

Adverse events Incidence (95% CI)

4-h Clusters 11.1 (4.2-22-6)
24-h Clusters 38.9 (25.9-53.1)
SE 0
sGTCS 25.9 (15.0-39.6)
Falls 5.6 (1.2-15.4)
Cardiac asystole 0
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2. Methods

2.1. Patients

Overall, 76 patients aged >18 years with drug-resistant focal
epilepsy were admitted in the year 2010 in our ESU at IRCCS NEUR-
OMED, Pozzilli (IS), Italy, for pre-surgical evaluation. All patients
received combined AED therapy. The diagnostic protocol, including
a detailed seizure history, neurologic examination, neuropsycho-
logical and psychiatric evaluation, 3 T MRI brain scan and video-
EEG monitoring to capture seizures, was described in detail else-
where (Quarato et al., 2005). A total of 54 patients (61% females,
mean age 33.1 ± 11.7 years) who underwent AED, partial or com-
plete, tapering were included in the study. The remaining 22 pa-
tients did not need AED tapering as they presented with daily
seizures.
2.2. Video-EEG monitoring

Our centre has six monitoring beds with a 128-channel video-
EEG digital system (Grass Telefactor, W. Warwick, RI, USA). In
non-invasive monitoring, scalp electrodes (gold-plated silver) were
placed according to the international 10–20 system with additional
sub-temporal electrodes and EKG. Electrodes were glued using an
electrode paste as described in detail elsewhere (Falco et al.,
2005). In nine patients, invasive EEG recordings with subdural
(grids and/or strips) were used both to further localise the epilep-
togenic zone and to perform mapping of eloquent areas if needed.

The staff included four epileptologists and four neurophysiopa-
thology technicians who rotated through the ESU during daytime
working hours in overlapping 8-h shifts. During nighttime and
weekends, four nurses provided 24-h coverage and an epileptolo-
gist was on call. In addition, there was full access on a 24/7 basis
to the medical staff of the Intensive Care Unit.

Before starting video-EEG monitoring, all patients gave their
written informed consent after being explained the procedure
and its potential risks. Patients were monitored in beds with thick
padded side rails in ‘up’ position. Patients were permitted to eat
while seated at the table and to use the toilet. In both situations,
the patients were advised to wear a soft helmet to minimise the
risk of seizure-related injuries.
2.3. AED withdrawal

Conventional AED plasma levels were obtained in all patients at
admission when an intravenous access was also secured. Tapering
of AEDs was performed with a standard protocol applied to all pa-
tients except those with a past history of SE and daily seizures, in
whom drugs were either not withdrawn or tapered individually. In
all remaining patients, AED daily dosages were simultaneously re-
duced by one-third every 2 days until total discontinuation or the
recording of a number of seizures sufficient to make a reliable diag-
nosis. At least one seizure was required for all patients, including
those with temporal lobe epilepsy (TLE), as we do not rely on
EEG interictal epileptiform abnormalities alone to offer TLE sur-
gery. In most cases, barbiturates were not tapered. On rare occa-
sions, video-EEG monitoring was stopped if patients had no
seizures for about 2 weeks after discontinuation of all AEDs or by
patient request. At the end of video-EEG monitoring, AEDs were re-
sumed in a day. Standard admission orders included 2 mg of intra-
venous lorazepam for a cluster of three or more complex partial
seizures (CPS) in 24 h and for even a single secondarily generalised
tonic–clonic seizure (sGTCS) if not present in the patient’s history
(if present, intravenous benzodiazepine was given for a cluster of
two or more sGTCS in 24 h), unless a specific contraindication
was identified.

2.4. Reporting

Time, date, seizure type and need of intravenous lorazepam
were reported in recording charts by EEG technicians for all pa-
tients. Time until first complex partial seizure (CPS) or sGTCS,
and time required for completing a video-EEG monitoring, was cal-
culated in days. The occurrence of three or more CPS over a 4-h or
24-h period was defined as a 4-h and 24-h cluster, respectively
(Rose et al., 2003). If a cluster occurred, no event within that cluster
was considered in another identical time interval cluster. There-
fore, all clusters were mutually exclusive. Auras were not consid-
ered in the analysis.

3. Results

Of the 54 patients who underwent AED tapering, 50 had at least
one CPS or one sGTCS recorded during video-EEG monitoring. A to-
tal of 190 seizures were documented (mean per patient 3.5; range:
2–21). The video-EEG data were adequate to make a reliable diag-
nosis for all patients with documented seizures, with an overall
diagnostic efficiency of 93% for the protocol. Fifteen patients had
TLE (30%), while the remaining 35 (70%) had extratemporal epi-
lepsy. Six (11%) patients, three of whom with TLE, had 4-h clusters
on eight occasions, and 21 (39%) patients, nine of whom with TLE,
had 24-h clusters on 27 occasions. The incidence (with 95% confi-
dence intervals, CIs) of the various adverse events is reported in
Table 1.

Fifteen sGTCS were recorded in 14 patients (26%), 10 of whom
had already experienced such seizures before. SE did not occur,
and no seizure was complicated with cardiac asystole. Epileptic
falls with no significant injuries occurred in three patients. Among
patients with recorded seizures, the mean time to first seizure was
3.3 days (range: 1–10) and the time to conclude video-EEG moni-
toring averaged 6 days (range: 3–15).

4. Discussion

In this study, we evaluated the occurrence of seizure clusters and
some adverse events in a group of consecutive patients with drug-
resistant focal epilepsy who underwent video-EEG monitoring for
surgery evaluation. Seizure clustering should be avoided during
monitoring because it is associated with SE and reduced reliability
in the evaluation of possible multiple foci (Haut et al., 1997).

The percentage of patients in whom 24-h seizure clusters
occurred in our study (39%) is inferior to that reported by previous
studies. Haut et al. (1999) observed 24-h seizure clusters in 48.3%
of patients with refractory TLE who underwent monitoring, and
Rose et al. (2003) found a similar percentage (48.5%) in a multicentre
study. However, these previous estimates are within the upper
range of the CI of our estimate. Another study (Haut et al., 2002)
reported a higher percentage of patients (61.5%) having a 24-h
seizure cluster during video-EEG monitoring. To our knowledge,



488 G. Di Gennaro et al. / Clinical Neurophysiology 123 (2012) 486–488
only one study (Rose et al., 2003) examined 4-h seizure clusters. This
study reported their occurrence in 17.8% of video-EEG-monitored
patients, which is consistent with our study.

The lower frequency of 24-h clustering in our study may be put
into relation with the protocol for medication withdrawal or the
rescue benzodiazepine protocol. The former protocol, in fact, con-
siders tapering of AEDs on alternate days with complete with-
drawal in 5 days, while epilepsy centres using standard protocols
usually consider withdrawal of AEDs in 3 days or less (Moien-Afs-
hari et al., 2009). Moreover, we did not taper barbiturates because
of the well-known high incidence of seizure clustering or sGTCS
(Yen et al., 2001). Our slow withdrawal and rescue benzodiazepine
protocol, particularly aggressive in the event of sGTCS, may have
played a role in determining the absence of SE and the rare occur-
rence of serious adverse events in our patients.

One may argue that a relatively slow AED withdrawal protocol
could increase the length of hospital stay, particularly if coupled
with a rescue benzodiazepine protocol (Yen et al., 2001). However,
in our study, both the time to first seizure and the duration of vi-
deo-EEG monitoring were fairly consistent with previous studies
(Haut et al., 2002; Todorov et al., 1994; Zhou et al., 2002; Wang-
Tilz et al., 2005). In one of these studies (Todorov et al., 1994),
the mean length of stay needed to record three seizures (i.e., a
number comparable to our mean number of recorded seizures
for each patient) was 4.5–5.5 days, depending on the recording
technique. In two other studies, the reported data allowed the cal-
culation of the mean number of recorded seizures for each patient
over a fixed 6-day withdrawal and medication-free period. In these
studies, the mean number of recorded seizures per patient was 6.2
(Zhou et al., 2002) and 7.0 (Wang-Tilz et al., 2005). However, these
two studies cannot be directly compared with ours as they in-
cluded only those patients who had at least one seizure during a
3-day baseline period, and thus were carried out on patients with
likely greater seizure frequency. The other study (Haut et al., 2002)
reported the maximal number of seizures per patient in any 24-h
period rather than the total number of seizures recorded; consis-
tent with our study, the median duration of monitoring was 6 days.
None of these studies had a predetermined target number of sei-
zures to be recorded.

The main limitation of our study is the relatively small sample
size, that reduced the precision of the estimate of the incidence
of rare events such as cardiac asystole and SE, and that also pre-
vented us from examining the influence of other factors on the out-
come. Increasing the sample size, either through further patient
enrolment or multicentre collaboration, would enable to better
evaluate the safety issues and to identify other factors possibly
influencing the outcome.

In conclusion, the reduced frequency of 24-h seizure clusters
and the low incidence of serious adverse events such as SE, falls
and cardiac asystole corroborated the efficiency and safety of this
pre-surgical video-EEG monitoring procedure with a slow AED ta-
per and a rescue benzodiazepine protocol, if monitoring is per-
formed in a semi-intensive regimen with continuous supervision.
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