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ABSTRACT

Objective: To identify P50 suppression in patients with epilepsy, to investigate the effect
of seizure control on P50 suppression, and to compare epilepsy patients with individuals
with schizophrenia and healthy volunteers. Method: P50 evoked potential parameters and
P50 suppression were studied crossectionally in patients with uncontrolled or controlled
epilepsy, in individuals with schizophrenia and in healthy volunteers. Results: Individuals
with schizophrenia had significantly smaller conditioning stimulus (S1) amplitude, and
patients with epilepsy had larger test stimulus (S2) amplitude. Mean S2/S1 ratio was
0.71+0.33 for patients with uncontrolled epilepsy; 0.68+0.36 for patients with controlled
epilepsy; 0.96+0.47 for individuals with schizophrenia, and 0.42+0.24 for healthy volunteers.
Conclusion: The sensory filter of patients with epilepsy is altered, and this alteration is
not associated with seizure control. Also, it works differently from the sensory filter of
individuals with schizophrenia.

Key words: epilepsy, P50 auditory evoked potential, schizophrenia, sensory filter.

Padrio do déficit de supressdo do P50 em pacientes com epilepsia e em individuos
com esquizofrenia

RESUMO

Objetivo: Identificar se existe déficit de supressdo do P50 em pacientes com epilepsia,
verificar a influéncia do controle das crises nesse déficit, comparando com pacientes
com esquizofrenia e com voluntérios saudaveis. Método: Os pardmetros do potencial
evocado P50 e sua supressao foram estudados, com um corte transversal, em pacientes
com epilepsia controlada ou ndo, esquizofrenia e em voluntarios saudaveis. Resultados:
Individuos com esquizofrenia apresentam uma amplitude de S1 significativamente menor
que os demais, sendo que os pacientes com epilepsia apresentavam uma resposta
S2 de maior amplitude. A média da razdo S52/S1 foi de 0,71+0,33 nos pacientes com
epilepsia ndo controlada; 0,68+0,36 naqueles com epilepsia controlada; 0,96+0,47 nos
com esquizofrenia e 0,42+0,24 nos controles normais. Concluséo: O filtro sensitivo de
pacientes com epilepsia ¢ alterado, e essa alteracdo ndo esté associada com o controle
das crises. Além disso, ele funciona de forma diferente do filtro sensitivo dos individuos
com esquizofrenia.

Palavras-chave: epilepsia, potencial evocado auditivo P50, esquizofrenia, filtro sensitivo.
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Epilepsy is a syndrome characterized by recurrent sei-
zures that may be idiopathic or secondary to neurological
or metabolic lesions. Despite the frequent advancements
in diagnosis and pharmacological treatment, 30 to 40%
of patients with epilepsy are resistant to medication'. For
these patients, epilepsy surgery has become an increasingly
important therapeutic option. The most common epileptic
syndromes in adults are those of the temporal lobe'? and
the seizures of the limbic mesial temporal structures ac-
count for 60 to 75% of the cases of partial epilepsy”.

The P50 evoked potential is a preattentional posi-
tive wave that usually appears 30 to 90 ms after auditory
stimuli. In the paradigm of paired clicks, two stimuli are
given at a short interval. The response to the first (condi-
tioning) stimulus (S1) activates brain mechanisms that re-
duce the response to the second (test) stimulus (S2). The
finding of a smaller ratio or a greater difference between
stimuli indicates better inhibition or, in other words,
a more effective gating of irrelevant stimuli***. Several
studies have shown that the P50 evoked potential obtained
using the paradigm of paired conditioning-test stimuli is
a very effective method for the analysis of the functioning
of the sensory filter. The response of healthy control indi-
viduals is significantly different from that of patients with
certain neuropsychiatric disorders. Of such disorders,
schizophrenia has been the object of most studies*'*'*"*,

Several studies have analyzed the P50 suppression
deficit in patients with different neurological disorders.
Their results show that different brain structures are
implicated in the reduction of the sensory gating ability
studied by the P50 paradigm®>®'®*>'°, The sensory filter
depends on complex brain circuits. In schizophrenia, the
decrease in the S2/S1 ratio is usually due to a decrease in
S1 amplitude'"*, whereas in other disorders, such as
Machado-Joseph disease'® and traumatic brain injury?,
S2 amplitude is increased, which may indicate the exis-
tence of different mechanisms affecting the sensory filter.

Few studies about P50 suppression in patients with
epilepsy have been found in the literature'**'**, Epilepsy
may affect several brain structures that are important
for the functioning of the sensory filter. Therefore, an
alteration of this filter may be expected in individuals
with epilepsy. The purposes of this study were to iden-
tify whether P50 suppression deficit is found in patients
with epilepsy that underwent surgical treatment; to in-
vestigate the effect of seizure control on P50 suppression
deficit, and to study the behavior of S1 and S2 amplitudes
in patients with epilepsy, individuals with schizophrenia
and healthy volunteers.

METHOD
Fifty-two patients with epilepsy (ages=18 to 60 years)
were selected from the Epilepsy Surgery Program of Hos-
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pital Sdo Lucas at PUCRS to participate in this crosssec-
tional study. All patients had been on a stable therapeutic
scheme for at least two months before enrollment; sur-
gery of the patients that had undergone surgical treat-
ment of epilepsy was performed at least three months
before enrollment. Forty other individuals that met the
DSM-1V criteria for the diagnosis of schizophrenia after
psychiatric evaluation were selected both from public
and private health institutions. Finally, forty healthy vol-
unteers were enrolled from the community as a control
group. The groups were balanced as to sex and age.

Exclusion criteria were: any other psychiatric dis-
ease identified by means of a standardized questionnaire
(Mini International Neuropsychiatric Interview) **; use of
illicit drugs in the previous month; any other neurolog-
ical disease; deafness; and family history of psychotic dis-
orders. Patients with schizophrenia were excluded also
when taking any atypical antipsychotic drug.

Study participants were divided in four groups as
follows:

« Group 1 - Uncontrolled epilepsy (n=26): pati-
ents with uncontrolled epilepsy after surgery or while
awaiting surgery; subjects had temporal (n=13), frontal
(n=5), multifocal (n=4), parietal (n=3) or occipital (n=1)
lobe epilepsy.

« Group 2 - Controlled epilepsy (n=26): patients
with epilepsy who had undergone surgical treatment and
had been seizure-free for the past two years; subjects had
temporal (n=24), frontal (n=1) or occipital (n=1) lobe
epilepsy.

« Group 3 - Schizophrenia (n=40): individuals with
a diagnosis of schizophrenia.

« Group 4 - Controls (n=40): individuals with no
neuropsychiatric disease.

Patients or their legal guardians signed an informed
consent term before examination. Patients with schizo-
phrenia and healthy volunteers signed the same consent.
The study was submitted to and approved by the Ethics
Committee of Hospital Sdo Lucas at PUCRS and it con-
forms to the provisions of the Declaration of Helsinki
in 1995.

The examinations were performed according to the
protocol reported by Nagamoto et al."?, except that the
limit of +10 ms was slightly extended when the begin-
ning and the end of the wave were clearly identified.
Electroencephalographic activity was recorded from a
disk electrode affixed to the vertex (Cz) and referenced
to both mastoids. The mean signal was registered in two
channels, one for each side of the cranium, and ampli-
fied 20,000 times with a bandpass filter between 10 Hz
and 10 kHz. EEG was collected during 1 s for each paired
stimulus presented. Auditory stimuli (clicks) were pre-
sented in a conditioning-testing paradigm with an inter-
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pair interval of 500 ms and interstimuli interval of 10 s.
A 0.04 ms square wave pulse was amplified in the audi-
tory frequencies (20-12,000 Hz) and delivered through
earphones that produce a 2.5 ms sound with an inten-
sity of 60 dB sound pressure level above the auditory
acuity threshold. Thirty non-rejected waves were added
together to give a grand average signal, which was used
for analysis. The most positive peak between 30 and 90
ms after the conditioning stimulus (S1) was selected as
the P50 final latency and the wave amplitude was mea-
sured relative to the previous negativity, determining the
initial latency and the first P50 wave. The test wave (S2)
was determined using the corresponding peak between
500+10 ms away from S1 latency and its amplitude also
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Figure. P50 waveforms. Grand average wave forms: channel 1 -
normal P50 suppression (control individual); channel 3 - deficit in
P50 suppression (patient using typical antipsychotic); channels 2
(control individual) and 4 (patient using typical antipsychotic) -
electrooculogram showing no ocular artifacts.
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measured relative to the previous negative peak. A neu-
rophysiologist blinded to the identification of patients
or controls analyzed results. P50 suppression was calcu-
lated as the ratio of the amplitude of the wave generated
by the second stimulus to the amplitude of the wave gen-
erated by the first stimulus (S2/S1) and as the difference
between S2 and S1 amplitudes (S1-S2) (Figure). When-
ever a S2/S1 ratio greater than 2.00 was found, this value
was arbitrarily adopted not to distort the mean of a given
group, following Nagamoto’s recommendation'?.

P50 suppression parameters (ratio and difference)
and S1 and S2 amplitudes were the variables for com-
parison. ANOVA was used to compare group means,
and a post hoc Bonferroni test to compare means be-
tween each two groups. Frequencies were compared
with the chi-square test. The level of significance was
95% (p<0.05). An additional analysis of patients in Group
1 was conducted: those that underwent surgery (n=17)
and those that did not (n=9) were separated. We calcu-
lated that this sample size (17 and 9 patients) would have
an 80% power to show a difference of 0.30 in mean S2/
S1 ratios. The software SPSS 11.5 for Windows was used
for statistical analysis.

RESULTS

Age range and mean agetstandard deviation (years)
in the four groups were: Group 1 (uncontrolled epilepsy),
18 to 50, 33.7+£10.2; Group 2 (controlled epilepsy), 18 to
52, 35.2+8.6; Group 3 (schizophrenia), 18 to 59, 35.8+9.8;
Group 4 (controls), 21 to 64, 31.1+9.9. No statistically
significant difference was found in mean age between
groups (p=0.157). The number of women in each group
was: Group 1, 10 (38.5%); Group 2, 12 (46.2%); Group 3,
18 (45.0%); Group 4, 15 (37.5%). No statistically signif-

Table. Comparison of final means of S1 and S2 wave amplitudes and P50 suppression between groups.

Variable S1 Amplitude S2 Amplitude P50 ratio (52/51) P50 difference (S1-S2)
Final mean=standard deviation
Group 1 6491261 43612.04 0.71£0.33 2.13+2.43
Group 2 6.7613.41 429+257 0.68+0.36 2461291
Group 3 3.70+3.07 3.10x1.77 0.96+0.47 0.60£2.09
Group 4 5.72+2.81 222+154 042+0.24 345+2.71
P-Value
ANOVA < 0.001 < 0.001 < 0.001 <0.001
1X2 0918 0.754 0.743 0.657
1X3 0.010 <0.001 0.013 0.008
1 X4 < 0.001 0.267 <0.001 0.048
2 X3 0.045 <0.001 0.012 0.004
2 X 4 0.001 0.183 0.003 0.164
3X 4 0.021 0.003 <0.001 <0.001
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icant difference was found in sex distribution between
groups (p=0.851).

The comparison of mean amplitudes of the four
groups showed a significant difference in both S1 and
S2 amplitudes (ANOVA; p<0.001). The comparison of
groups two by two showed that the amplitude of S1 in
the group of patients with schizophrenia was signifi-
cantly smaller than in the other groups. A difference in
the amplitude of S2 was found in all comparisons be-
tween groups except in the comparison between the
groups of patients with uncontrolled epilepsy and of sei-
zure-free patients (Table).

Mean S2/S1 ratio in the group of patients with uncon-
trolled epilepsy was 0.71+0.33 and ranged from 0.27 to
1.79. In seizure-free patients, mean ratio was 0.68+0.36
and the range was 0.09 to 1.56. The group of individuals
with schizophrenia had a mean S2/S1 ratio of 0.96+0.47,
and the range was 0.31 to 2.00. The group of healthy con-
trols had a mean suppression ratio of 0.42+0.24, ranging
from 0.02 to 0.99. A statistically significant difference be-
tween groups was found in the frequency of suppres-
sion greater than 50% (p<0.001), as well as of suppres-
sion greater than 60% (p<0.001). The analysis of S2/S1
ratios of the four groups showed a significant difference
(ANOVA; p<0.001). When groups were compared two
by two, a significant difference was found between all
groups except between the groups of patients with un-
controlled epilepsy and of seizure-free patients (Table).

The analysis of data for patients in Group 1, com-
paring those that underwent surgery and those that did
not, revealed that the S2/S1 ratio was similar in these
two subgroups: 0.70+0.37 and 0.73+0.23, respectively
(p=0.801). When we analyzed these subgroups as inde-
pendent groups using ANOVA, the comparison of means
in the 5 groups revealed an equally significant difference
(p<0.001). The comparison of these two subgroups (pa-
tients that underwent surgery and those that did not)
with the group of patients with controlled epilepsy
did not reveal any significant differences (p=0.854 and
p=0.668, respectively). Statistically significant differences
were only found in the comparison of these subgroups
with the group of normal control subjects (p=0.002 and
p=0.001, respectively) and with the group of patients
with schizophrenia (p=0.046 and p=0.044, respectively).

The results of the analysis of the differences between
the P50 components (S1-S2) are shown in Table. In group
1, the mean value was 2.13+2.43 and the range was —1.82
to 9.37. In Group 2, the mean value was 2.46+2.91, and
the range was —3.15 to 10.42. In Group 3, mean value
was 0.60+2.09 and the range was —4.09 to 8.53. In Group
4, the mean was 3.45+2.71, and the range was 0.03 to
14.79. The frequency of negative differences was signifi-
cantly different between the four groups (p<0.001). The
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analysis of variance (ANOVA) between the differences
of P50 potentials (S1-S2) in the four groups showed dif-
ferent means (p<0.001). When groups were compared
two by two, a significant difference between all groups
was found, except for groups 1 and 4 when compared
with group 2.

DISCUSSION

A statistically significant difference in P50 suppres-
sion was found in patients with epilepsy compared with
healthy volunteers. Findings were significant for both the
S2/S1 ratio and the S1-S2 difference. However, suppres-
sion deficit was smaller than that found in individuals
with schizophrenia. Few studies have analyzed the P50
auditory evoked potential in patients with epilepsy'*****,
One of them has evaluated the double-click paradigm,
but it did not study the existence of a suppression def-
icit'". Kurthem et al. found that the mean S2/S1 ratio in
epilepsy patients was found to lie in the range of ‘path-
ological” groups rather than that of the normal control
groups. Unfortunately, their study did not include a con-
trol group as they were doing invasive P50 recording.
Boutros et al. did not find differences in the sensory
gating (S2/S1 ratio and S1-S2 difference) between pa-
tients with focal epilepsy and controls. It must be em-
phasized that the epilepsy patients and the healthy con-
trols performed the examination in different laboratories
and with different machines which may affect the re-
sponses. Recently, Rosburg et al. studying epilepsy pa-
tients with unilateral or bilateral hippocampal sclerosis
did find a pronounced response suppression which was
not different between these groups.

Suppression deficit was significantly greater in indi-
viduals with schizophrenia than in those with epilepsy.
Furthermore, significantly smaller S1 amplitude was
found in the group of individuals with schizophrenia
when compared with healthy volunteers and with pa-
tients with epilepsy. However, in patients with epilepsy,
the main effect was due to an increase in the amplitude
of the S2 response. Such increase was found in all groups
of patients with epilepsy, regardless of seizure control.
In agreement with the results reported here, several au-
thors have found that the decrease in P50 suppression
in patients with schizophrenia is due to a smaller ampli-
tude of S1, although some increase in the amplitude of
S2 has also been reported'"*°. One possible explana-
tion is that there may be a direct effect on the inhibition
of the response to the second stimulus in epilepsy, thus
leading to greater amplitude of S2. Boutros et al. (2006)
did not find differences in the amplitudes of the P50 re-
sponses between patients with focal epilepsy and healthy
controls which differ from schizophrenic patients where
the P50 are rather consistently decreased in amplitude.
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Deficits in the sensory filter have also been detected
by the P50 paradigm in many other diseases, such as Al-
zheimer’s disease’, and posttraumatic stress disorder
(PTSD)*. The P50 ratio was also increased in chronic
cocaine”” and marihuana users®, as well as in cases of
acute ingestion of alcohol”. Moreover, clinically non-af-
fected relatives of individuals with schizophrenia may
have a P50 suppression deficit". Since individuals with
schizophrenia®'''*71*%, epilepsy'**'**, Huntington’s dis-
ease (HD)", traumatic brain injury,* Machado-Joseph dis-
ease'®, and migraine'® show a deficit in the P50 suppres-
sion, we wonder what point in common these diseases
and disorders may have that results in their being associ-
ated with a dysfunction of the sensory filter. It seems to
be practically impossible to find one single structure in
common, although several similarities are definitely ob-
served. For example, HD and migraine are associated with
dysfunctions of brain stem structures. In HD, there seems
to be disinhibition of cholinergic neurons of the pedun-
culus-pontine nucleus due to a loss of the afferent inhibi-
tory impulse in the locus coeruleus, which is characteristi-
cally degenerated in this disease. Such structures seem to
be the same involved in migraine'®. As to schizophrenia,
studies show an enlargement of the Sylvian fissure, frontal
hypoactivity, gray matter deficits, significant decrease in
the volume of the hippocampus', as well as temporopa-
rietal dysfunction”. Changes in the auditory cortex and
volumetric decrease of hippocampus have been impli-
cated in the genesis of PTSD*. Some reports on trau-
matic brain injury describe hippocampal lesions even in
mild trauma®. Boutros et al. found no significant differ-
ences between the S2/S1 ratios of temporal lobe and extra
temporal lobe epilepsy patients. In our study, participants
had lesions in different brain structures, with partial re-
section of the frontal, parietal, and occipital lobes and
left and right hippocampus. Our findings are in keeping
with Rosburg et al. that suggest that different patholog-
ical processes may lead to an abnormal sensory gating.

A possible confounding variable was the frequent use
of polytherapy by individuals with uncontrolled epilepsy.
However, the drugs used were very similar, and there was
a clear predominance of carbamazepine in all groups. In
individuals with schizophrenia, many studies have shown
no change in suppression as a result of the use of typical
antipsychotic drugs''>"". However, there are no reports
on the effect of antiepileptic drugs in the P50 paradigm.
Grunwald et al. reported that patients made use of ther-
apeutic doses of carbamazepine and did not analyze the
S2/S1 ratio or the S1-S2 difference'. Kurthen et al. ana-
lyzing epilepsy surgery candidates on standard therapy
with anticonvulsant drug polytherapy, said that the drugs
might systematically alter the P50 responses. On the
other hand, they did not find any difference in responses
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comparing patients under complete drug withdrawal and
patients under anticonvulsive treatment®. It seems un-
likely that these medications may affect P50 suppres-
sion since no significant differences between the groups
of patients with epilepsy were found, although just one
of our patients was not taking anticonvulsive drugs.

The suppression of the P50 potential in the double-
click paradigm is based primarily on excitatory impulses
that cause neuronal responses evidenced by the appear-
ance of an S1 potential. However, if a second stimulus is
applied at a short interval, the response to it will be sup-
pressed by the inhibitory mechanism activated by the
first stimulus. Some authors suggest that the filtration
of P50 involves the inhibition of pyramidal cells by in-
terneurons of the hippocampus. Interneurons would re-
lease GABA or adenosine' and thus prevent the release
of neurotransmitters, such as glutamate, for many milli-
seconds. Thus, pyramidal cells of the hippocampus cease
to receive excitatory information from the S2 test stimuli,
and, consequently, do not respond to them*®'*'2, Fur-
thermore, lesions in different structures may direct or
indirectly result in dysfunction of one or several regions
sometimes distant from each other. These findings sug-
gest that the sensory filter in humans, measured by the
P50 paradigm, is a complex process of multiple phases,
secondary to activity in different brain areas and in dif-
ferent stages, and, thus, not determined by a single struc-
ture. Such hypothesis is in line with that proposed by
some authors®*®.

In conclusion, patients with uncontrolled or con-
trolled epilepsy, regardless of surgical treatment of ep-
ilepsy, showed a P50 suppression deficit not found in
healthy volunteers. This deficit, however, was smaller
than that found in individuals with schizophrenia. More-
over, P50 suppression deficit was not associated with sei-
zure control, which may be explained by the intrinsic
mechanisms of epilepsy or be a result of surgical re-
section. Finally, the pattern of suppression in patients
with epilepsy in our study was associated with greater
amplitude S2 test waves, differently from what was
found by most authors in individuals with schizophrenia,
who showed mainly a reduction of S1 conditioning wave
amplitudes.
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