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Abstract 

Predicting the evolution of epilepsy is of
obvious importance for patients and their fam-
ilies. Value of electroencephalography (EEG)
is extensively used in the diagnosis of epilepsy
yet its role as a prognostication method
remains unclear. The aim of the present retro-
spective study is to investigate the relationship
between serial EEG recordings and long-term
clinical and social outcomes in a cohort of
patients with epilepsy. Thirty-nine epileptic
patients were monitored clinically and with
repeat EEG recordings for more than 15 years.
All patients who initially had epileptiform dis-
charges ended up with poor or moderate
seizure control whereas more than half of the
patients with normal initial recordings had
good clinical outcomes and satisfactory social
adjustment. Deterioration of the recordings
over time was associated with unfavourable
results in a significant proportion of patients
(90%), while stable or improved EEG findings
predicted a favourable outcome. It is concluded
that serial EEG recordings can be used in the
prognostic evaluation of epilepsy.

Introduction

The value of electroencephalography (EEG)
for the diagnosis and classification of epilepsy,
after fifty years of continuous worldwide appli-
cation, is well established. In contrast, the
prognostic value of EEG in epilepsy remains
uncertain, with a number of studies providing
contradictory results.1-8

Studies on neonates, children with West

syndrome, and cases with febrile seizures sug-
gested that EEG patterns had no predictive
usefulness.9-11 Similarly, Hopkins et al.2 and
Pohlmann-Eden et al.7 did not find the EEG to
be of value in predicting seizure recurrence
among patients presenting with a first epilep-
tic seizure in adulthood.

Other studies, however, provided opposite
results. Hughes and Fino, in a study on 1478
EEGs from 300 patients suffering from focal
epilepsy, concluded that the EEG, especially the
first and second recordings, can predict which
patients will remain poorly controlled.12 In
cases of seizure disorders that become evident
at a later age, it has been reported that an
epileptiform pattern in the initial recording
has predictive value with regard to the future
recurrence of seizures and the severity of the
patient’s clinical condition.1,4,8 Finally,
Donselaar et al. suggested that EEG findings
may play a role in the decision to initiate or
delay treatment after an idiopathic first
seizure, as epileptic discharges in the first two
EEGs were associated with a risk of recurrence
of 83%, vs. 12% in patients in whom both EEGs
were normal.13

It is clear, therefore, that the important
issue of the prognostic value of EEG in epilep-
sy remains unsettled. The present study con-
tributes to this ongoing discussion by analyz-
ing serial EEGs, performed during a 20 year
period, and correlating EEG findings with long-
term clinical and social outcomes in a cohort of
patients with epilepsy.

Materials and Methods

Thirty-nine epileptic patients (22 males and
17 females, aged 41 to 57 at the end of the
study) who were followed up at the EEG labora-
tory of the Department of Neurology, Athens
Medical School, Eginition Hospital were
included in the study. Patients were closely
monitored clinically and electrophysiologically
for at least 15 years and completed the moni-
toring period between the years 1999 and 2002.
All procedures were performed in compliance
with institutional guidelines for the privacy of
the subjects. The study has been approved by
the ethical committee of the Aiginition
Hospital.

All patients were diagnosed and evaluated
for their epilepsy in our outpatient clinic. In
accordance with our routine procedures, they
had two regular appointments (in addition to
extra visits due to emergency problems) and at
least one EEG recording on a yearly basis.
During this 15-year period, all patients showed
particularly good compliance regularly attend-
ing their appointments, following closely med-
ical instructions concerning their treatment
and avoiding all seizure-provoking factors

such as sleep deprivation, alcohol consump-
tion, seizure-provoking medications, pro-
longed exposure to intermittent light stimula-
tion, and prolonged occupation with video-
games or computers. Patients who did not ful-
fil the above criteria or patients with status
epilepticus or any other neurological disorders
of the central nervous system were excluded
from the study.

In accordance with local regulations, all
patients attending our clinic had their first
epileptic seizure after the age of 15 years.
Fourteen of our patients suffered from gener-
alized seizures, and 25 from partial seizures
with secondary generalisation. Fourteen
patients had a history of febrile convulsions,
head injuries at an earlier age or possible peri-
natal injury. None, however, had other neuro-
logical symptoms and signs or suffered from
mental retardation, significant psychiatric or
systemic disorders (i.e. diabetes mellitus, col-
lagen disease, heart disease, etc.). 

All patients’ EEGs were recorded in the outpa-
tient clinic, during morning sessions, with three
EEG-recorders, a 12-channel Alvar Reega 2000, a
16-channel Era (Ote Biomedica), and an Elema-
Schonander 16-channel Mingograf. Twenty-one
electrodes were placed according to the 10-20
system. With the 16-channel machines, a
monopolar and two dipolar montages (one longi-
tudinal, one transverse) were recorded on paper.
With the 12-channel machine, two longitudinal,
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two transverse, and one monopolar montage
were used. Each session lasted 45 min. No sleep-
deprivation or sleep-induced recordings were
included in the study. 

Classification of the electroence -
pha  lography recordings

In all cases, the first EEG was recorded
before initiating drug treatment while subse-
quent EEGs were performed under antiepilep-
tic drug therapy. We classified the initial EEG
recordings, which were performed at the time
of epilepsy onset, as follows: i) normal; ii)
abnormal with specific epileptiform patterns
such as spikes, spike-wave and polyspike-wave
complexes, or sharp waves clearly distin-
guished from the background; six per second
spike-waves, 14 and 6 per second positive
spikes, and wicket spikes were considered as
normal variants; or iii) abnormal with non-
specific findings (such as diffuse or focal slow-
ing, attenuation or unilateral asymmetry of
amplitude, or reactivity of rhythm).

Evolution of the electroence pha -
lography

Deterioration of the recordings was consid-
ered to occur when: i) epileptiform patterns
appeared in two or more of the subsequent
recordings in those patients  in whom no such
patterns had been detected in the initial
recordings, or ii) non-specific abnormalities
appeared in more than half of the subsequent
recordings in those patients in whom no such
abnormalities had been detected in the initial
recordings.

Improvement of the EEG recordings was
considered to occur when: i) no epileptiform
patterns appeared in the subsequent EEGs of
those patients in whom such patterns had
been detected in the initial recordings, or ii)
non-specific findings appeared in 2 or fewer of
the subsequent 14 recordings in those patients
in whom such findings had been detected in
the initial recordings.

Clinical outcomes
The clinical outcomes of the patients were

assessed according to the frequency of their
seizures. Thus, we classified patients’ out-
comes as satisfactory when seizure frequency
was less than  one seizure per 6 months, mod-
erate when they had  one or more seizures per
6 months but less than one seizure per month,
and unsatisfactory when they consistently had
more than one seizure per month. 

Social adjustment
The social adjustment of the patients was

assigned to one of three categories, based on
an 18-degree scale. The evaluation was made
according to the level of education they
achieved (1-5), their form of employment (1-

3), whether they got married and had children
or not (1-4), their financial situation (1-3),
and their overall interpersonal relationships
(1-3). Scores of 4-6 were characterized as poor
social adjustment, scores of 7-12 as moderate,
and scores of 13-18 as good.

Statistical analysis
Initial EEG findings are cross-classified to

the evolution of the EEG patterns in Table 1, to
the clinical outcome in Table 2 and social
adjustment in Table 4. Clinical outcome is
cross classified to the EEG evolution in Table 3,
whereas type and relative severity of Epilepsy
(deduced from the number of AEDs) is cross-
classified to Gender in Table 5. Traditionally, in
contingency tables analysis, the Pearson chi-
square test is applied in order to test the inde-
pendence of the cross-classifying characteris-
tics. Since in our study the sample size is
small, one cannot rely on the asymptotic Chi-
square distribution of the test statistic under

the hypothesis of independence and exact test-
ing is needed. Therefore, throughout this
paper, the Monte Carlo (MC) p-values, based
on 10000 samples, instead of the asymptotic
ones are calculated and used. The level of sig-
nificance is set to 0.05.

Results

Initial electroencephalography find-
ings and electroencephalography
evolution

The initial EEG, which was performed when
seizures appeared for the first time, was: i)
normal in 14 patients (35.8%). In seven
patients, the EEG became subsequently abnor-
mal, disclosing specific epileptiform patterns
in three patients and non-specific abnormal
findings in the other four, while in the remain-
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Table 1. Electroencephalography evolution.
Initial EEG Evolution of EEG patterns

Unchanged Improved Deteriorated Total

Normal 7 (50%) 0 7(50%) 14
Non-specific 7 (46.6%) 4 (26.6%) 4 (26.6%) 15
Epileptiform 6 (60%) 4 (40%) 0 10
Total 20 8 11 39

Table 2. Clinical outcomes in relation to the initial electroencephalography.
Initial EEG Clinical outcome (according to seizure frequency) Total

Satisfactory Moderate Unsatisfactory 
(seizures (seizures: 1/6  (seizures>
<1/6 months) months to 1/mo) 1/ month)

Normal 8 (57%) 4 (29%) 2 (14%) 14
Non-specific abnormal 8 (53.3%) 3 (20%) 4(26.6%) 15
Abnormal-epileptiform 0 4 (40%) 6(60%) 10
Total 16 11 12 39

Table 3. Clinical outcomes in relation to the electroencephalography evolution.
Clinical outcome EEG evolution

Unchanged Improved Deteriorated Total

Satisfactory 11 (69%) 4 (25%) 1 (6%) 16
Moderate 5 (46%) 2 (18%) 4 (36%) 11
Unsatisfactory 4 (33%) 2 (17%) 6 (50%) 12
Total 20 8 11 39

Table 4. Social adjustment of patients in relation to the initial electroencephalography.
Initial EEG Social adjustment

Good Moderate Poor Total 

Normal 10 (71%) 4 (29%) 0 14
Abnormal non-specific 3 (20%) 11 (73%) 1 (7%) 15
Abnormal- epileptiform 0 7 (70%) 3 (30%) 10
Total 13 22 4 39
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ing seven patients the EEG recordings
remained constantly normal; ii) abnormal with
non-specific findings in 15 patients (38.4%).
In four patients, specific epileptiform patterns
appeared in the course of the serial EEGs that
followed. In another four the initially non-spe-
cific abnormal findings gradually disappeared
in the course of the 15 years, and in the
remaining seven patients the EEGs remained
unchanged; iii) abnormal with specific epilep-
tiform patterns in 10 patients (25.6%). In four
of them the EEGs improved (i.e., the epilepti-
form patterns were no longer detectable but
were replaced by non-specific findings), while
in the other six patients the EEGs, over the 15
years of monitoring, consistently revealed spe-
cific epileptiform patterns (Table 1).

The cross-classification of the initial EEG
findings vs the EEG evolution is provided in
Table 1 and the above described relation
between them is significant, since the hypoth-
esis of independence is rejected for Table 1
(MC P=0.032).

Clinical outcome and electroence -
phalography findings

The clinical outcomes of the patients in
relation to the initial EEGs are presented in
Table 2. The group of patients that presented
with normal and non-specific abnormal EEGs
at the initial stage had statistically significant-
ly better clinical outcome (satisfactory seizure
control) compared to patients who presented-
with abnormal, specific epileptiform EEG pat-
terns (MC P=0.032).

Regarding the changes in the recordings
over time, 20 of the EEGs remained the same,
11 deteriorated, and 8 improved (Table 3).
Deterioration of the recordings was associated
with an unfavourable clinical outcome (1
patient with satisfactory seizure control out of
11 with deteriorated recordings) while
improved or unchanged recordings were asso-
ciated with much better control of seizures (15
well-controlled patients out of 28 with stable or
improved EEGs, MC P<0.05). Therefore, the
development of novel abnormalities, particu-
larly specific epileptiform discharges, in the
follow-up recordings of patients with epilepsy
has prognostic implications for their eventual
outcome.

Social adjustment and initial 
electroencephalography findings

The educational and social profile of our
patients at the end of the study was as follows:
18 had elementary education, 15 completed
high school, and 6 received higher-level educa-
tion; 5 patients were unemployed, 16 were
occasionally employed, and 18 had permanent
employment; 17 patients were married and 22
were single.

The initial EEG of the patients is not inde-

pendent from their long-term social adjust-
ment, since the hypothesis of independence is
rejected in Table 4 (MC P<0.0005). 

The group of patients with abnormal non-
specific and those with specific epileptiform
EEG patterns do not differentiate in terms of
their social adjustment (MC P=0.152). Thus,
patients who presented with normal EEG at the
initial stage had statistically significantly bet-
ter social adjustment (good) compared to
patients who presented with non-specific
abnormal and specific epileptiform EEG pat-
terns (MC P<0.0005).

Finally, based on the results summarized in
Table 5, we conclude that type and relative
severity of epilepsy is unrelated to gender
(MCP=1). 

Discussion

The prediction of the long-term evolution of
epilepsy is an issue of great significance for
patients, care-givers and treating physicians
alike. The early identification of patients des-
tined to develop intractable epilepsy, in partic-
ular, has practical importance as it may criti-
cally influence decision-making regarding
their treatment by allowing, for instance, time-
ly surgical interventions or the application of
innovative treatment strategies. Accordingly,
there is a continuing interest for the develop-
ment of reliable prognostic factors in epilepsy
and over the years a number of clinical and lab-
oratory variables of prognostic value have
emerged, including EEG.  

The present study contributes to this ongo-
ing discussion by investigating the relation-
ship between serial EEG recordings and long-
term clinical outcome in 39 epileptic patients
who were followed up for a period exceeding
15 years. In addition, we attempted to correlate
initial EEG findings to long-term social adjust-
ment, an issue  that has not been previously
addressed in relevant studies.11-14

It is concluded that both initial and repeat
EEG recordings carried useful information
with regard to the long-term prognosis of these
patients. In particular, all patients with epilep-
tiform discharges (n=10) in their initial EEGs
ended up with poor or moderate seizure con-
trol and social outcomes. In contrast, more
than half of the patients with normal initial
recordings (n=14) had good clinical outcomes
(8/14, 57%) and satisfactory social adjustment
(10/14, 71%). Deterioration of the recordings
over time was associated with unfavourable
results in the majority of patients (10/11, 90%)
while stable or improved EEG findings predict-
ed a favourable outcome (15/28, 54%). In addi-
tion, the overall social adjustment of the
patients, though obviously primarily depend-
ent on factors such as seizure control, was also

influenced by the presence of even non-specif-
ic abnormalities in the initial recordings. Only
3/15 (20%) of these patients eventually had
good adjustment, whereas in the majority
(11/15, 73%) adjustment was moderate (MC
P<0.05). 

There are certain methodological limita-
tions in our study, including the relatively
small number of investigated patients and its’
retrospective nature, which necessitates the
confirmation of our conclusions in a prospec-
tive manner. Despite these limitations, our
data indicate that serial EEG recordings can be
of use in the prognostic evaluation of epilepsy.

Previous studies on prognostic factors in
epilepsy have provided limited information
regarding EEG as most of them focused on
clinical parameters. For instance, in three rel-
evant large-scale studies,15-17 EEG was not
included in the analysis. In addition, those
studies that considered EEG as a prognostic
factor provided controversial results. Elwes et
al.18 and the Collaborative Group for the Study
of Epilepsy,19 concluded that the presence of
epileptic, focal, slow-wave or background
abnormalities in the pre-treatment EEG of
patients with newly diagnosed epilepsy was
devoid of prognostic value. 

More recent studies, however, have empha-
sized the usefulness of EEG as a prognostic
factor in epilepsy. Schreiner and Pohlmann-
Eden20 suggested that the presence of focal
epileptiform activity in the initial EEG after a
first unprovoked seizure was a significant pre-
dictor of seizure recurrence. Shafer et al.21 in a
study of 306 patients with epilepsy concluded
that the absence of generalized epileptiform
activity was associated with epilepsy remis-
sion, defined as 5-year seizure freedom.
Interestingly, in that study focal epileptiform
activity in the initial EEG was associated with
a good prognosis, perhaps due to the inclusion
of a large number of patients with benign
Rolandic epilepsy. Aikia et al.3 investigated, in
a prospective study of 89 patients with newly
diagnosed epilepsy, neurological, neuropsy-
chological and EEG variables as potential pre-
dictors of seizure refractoriness. The authors
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Table 5. Type and relative severity of
epilepsy (deduced from the number of
AEDs) in relation to gender.

Males Females Total

Generalized epilepsy/ 6 5 11
One AED
Generalized epilepsy/ 2 1 3
Two or more AEDs
Partial epilepsy 6 4 10
One AED
Partial epilepsy 8 7 15
Two or more AEDS
Total 22 17 39
AED, antiepileptic drug.
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concluded that a model incorporating 6 vari-
ables predicted correct seizure outcome in 94%
of patients and emphasized that the major pre-
dictor of refractory seizures was the presence
of a spike focus in the initial EEG. Finally, Ko et
al.4 retrospectively analyzed initial EEG find-
ings and medical records of 184 epileptic chil-
dren and concluded that diffuse slowing and
focal spike and wave activity were independent
predictors of seizure intractability.

Our results are certainly in line with these
latter studies and indicate that patients with
abnormal recordings at the time of diagnosis
or with deteriorating recordings in the follow-
up period end up with intractable seizures and
social maladjustment. Therefore, the EEG, has
early predictive value that may be helpful in
identifying seizure intractability and  develop-
ing appropriate treatment strategies.
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