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Electroencephalograms (EEG-s) of 44 children aged 6.3—15.4 years
were examined at the baseline and 3 months later with two different doses
of lithium. Lithium levels in serum in group I. ranged from 0.08 mmol/1 to
0.33 mmol/l1 (mean: 0.23 mmol/1 SD: 0.105), and in group Il. ranged from
0.40 mmol/1 to 0.84 mmol/1 (mean: 0.555 mmol/1 SD: 0.116). These children
represent as Conduct Disorder. EEG-s were correlated across treatment
groups with behavioural ratings, ratings of untoward effects, reaction time
and different dosages of medication.

In the group |. alpha-recovery time after-eye closing and percentage
time of alpha activity in 60 s decreased at unchanged mean alpha fre-
quency. In the group Il. both alpha recovery time and alpha activity in-
creased at unchanged mean alpha frequency. Paroxysmal focal abnormal-
ities (spikes, spike-waves etc.) or increase in percentage time of delta activity
were not found. Behavioural changes were assessed by using the Pictures
Frustration Test for Childron of Rosenzweig and the Hamburg Personality
Inventory for Children. The group Il. were found to be significantly superior

to group I. in decreasing aggressive symptoms.
No serious differences were found for the reaction time and side

effects as well.

Lithium carbonate has been used for
treating agressive adult patients since
the 1970s [23, 24, 26]. Good results
obtained, called the attention of the
child psychiatrists’toit [2, 16, 25, 27].
Though during treatments of adult
patients a number of EEG changes
have been reported, a very limited
number of observations have been
published concerning child patients.
It was this fact that prompted us to
study systematic EEG treatments on
hospitalized lithium treated children
at our Department. The examinations
were carried out according to two
kinds of serum level by double-blind
tests.

The questions we posed for our
study were the following:

1 How frequently are there EEG
changes among aggressive patients?

2. Are there specific EEG changes
caused by lithium ?

3. In case of lower and higher se-
rum lithium levels is there a difference
between the possible EEG changes?

4. Is there a connection between a
possible EEG change and the be-
haviour alteration and the cognitive
ability, respectively ?

Acta Vaediatricii llunoarlea 29, 198S—1989
Akadémiai Kiad6, Budapest



36G

M aterial and Method

For the study 78 asocial aggressive
children were treated with lithium carbon-
ate for 3 months. Excluded were those
whose anamnesis contained suspected epi-
leptic disease, neurologic disease with focal
symptoms, psychosis or mental retarda-
tion of a higher degree. The children were
hospitalized for 1 month and controlled as
outpatients for 2 months. Prior to the
discontinuation of medication, they were
readm itted to the Department for 2 days
for full control examinations. During the
month before admittance, the children
did not get any psychoactive drug. The
dosage was GOO—900 mg of lithium car-
bonate in all the cases and the resulting
blood level was tested weekly, then later
monthly. 6—10 serum lithium values were
obtained per child, and on the basis of the
mean values was the grouping formed. At
this dose no blood level over 0.84 mmol/l
was found, which is very far from the
toxie one (over 1.6—2 mmol/1). According
to one of our former publications, full
internal, neurological and laboratory ex-
aminations were carried out for each child
(28) and the following psychological ex-
aminations were performed: Raven’s in-
telligence test, Hamburg child personality
questionnaire, Pictures Frustration Study
of Rosenzweig, Dombrose’s non-verbal ag-
gression test, Liischer test, Ranschburg’s
memory test, reaction timing, tremomet-
ric examination and a behaviour rating
scale. After evaluating the results, the
subjects were formed into 2 groups. In the
first group the mean serum lithium level
was 0.238 mmol/l1 (SD: 0.1063), while in
the second group the mean serum lithium
level was 0.56 mmol/1 (SD: 0.11G9). In the
first group there were 18 males and 2 fe-
males with an age (range) of 6— 17 years
(average: 12.3 vyears). For the second
group 21 male and 3 female patients were
selected with an age (range) of 6—17
years (average 11.16 years). Prior to the
starting of the treatment and the discon-
tinuing of the medication, out of the 78
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subjects EEG examinations were made in
44 cases. For the EEG a 16-channel
“MEDICOR” apparatus was used. The
evaluation of the data obtained was done
by a neurologist with special knowledge
of EEG examination who was not given
access to the collected data of serum
lithium levels and did not take part in the
examination of the children. In each case
the basic EEG was compared with the one
obtained after the treatment and the
changes observed were distributed into 3
groups:

1. EEG worsened,
2. EEG improved,
3. EEG changed

While performing the EEG, three param-
eters were examined:

1. alpha recovery time after closing of
eyes,

2. mean average alpha activity in Hz,

3. length of time below 1 min during
alpha activity.

Special attention was paid to focal activ-
ity, paroxysmal activity or appearance cf
delta waves.

The EEG activity worsened when the
alpha recovery time increased, the average
alpha activity decreased (in Hz) and the
alpha period diminished. But it improved
when the alpha recovery time decreased,
the average alpha activity increased (in
Hz) and the alpha period lengthened. It
altered when only some of the values
changed and not in “one direction”.

Results

As it can be seen in Table I, among
the basic EEGs (resting EEGs) in a
near equal rate, 20 and 21% respec-
tively, was pathologic EEG alteration
found in the subjects of the study. It
was regarded as abnormal EEG when
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Tabie |

Basic. EEGs in 44 subjects normal vs.

abnormal
Normal Abnormal r
Group
n % n % n %
l. 10 80 4 20 20 100
n. 19 79 5 21 24 100

asymmetry occurred, especially in the
range of delta and theta waves, when
paroxismal activity could be observed
including spikes and spike wave activ-
ity as well as diffuse slowing activity.
Naturally, this was related to the
age and state of alertness of the child
since these factors may strongly in-
fluence the alterations.

In the next Table it can be seen
that in the | group the alpha recovery
time decreased with 30% of the sub-
jects, while with 5% it increased. The
average alpha activity decreased in
two cases, while it increased in six.
The alpha period in 10 cases decreased
with 50% of the subjects, while with
25% it increased. The delta and theta
activity increased in three cases, while
in two it decreased. Increase in parox-
ismal or focal activity was not ob-
served. Inthe Il group the alpha recov-
ery time increased with two subjects,
while with 20 it showed no change.
A decrease was observed in two cases.
The average alpha activity increased
in 6 cases, while decreased with 6.
Decreased percentage of alpha activ-
ity was observed in eight cases, while
increased one was observed in 12 cases.
The delta and the theta activities
increased in two cases, while in seven
cases the activity was reduced. Pa-

roxismal or focal activity appeared in
two cases. The alterations were rather
in direction than in significance Table
.

In accordance to the criteria pre-
viously mentioned, to estimate the
improvement and worsening, respec-
tively, the following may be said. In
the | group worsening was observed
with 15% of the subjects, while no
worsening occurred with 85%. How-
ever, improvement was not observed
at all, while change was found in 25%
of the cases. The EEG of 60% of the
subjects remained unchanged. In the
Il group 8.3% EEG worsening was
observed, while in 91% the EEG
curve did not worsened. Out of this it
improved in 12.5%, that is with 3
subjects, changed with 6 subjects —
25% — and remained unchanged in
54.2%, that is with 13 subjects
Table ITT.

Discussion

The opinions on the effect of lithium
on the central nervous system are
rather contradictory. Reports have
been published on its anti-epileptic as
well as its epilepsy inducing effect.
Erwin et al [5], treated 15 aggressive
epileptic patients and in 10 cases they
observed the decrease of the number
of attacks, while in 1 its increase.
With 8 patients the aggressive symp-
toms also improved.

Gerson, 1960, also mentioned the
similar good effect of the drug [7].
However, Jus et al, 1973, and Moore
et al, 1981, reported on its oposite
effect, who having treated epileptic
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Tabte Il

Effects of L i+ therapy on EEGs

P t. ti P t. ti
Alpha recovery jaean alphe of alpha astivity of delta-theta
Group in 60s activity
n % n % n % n %
t | 5 ! 6 30 t 5 25 t 3 15
| = 13 65 = 12 60 = 5 25 = 15 75
* 6 30 1 2 10 1 10 50 2 10
yA 20 100 20 100 20 100 20 100
t 2 8.3 t 6 25 t 12 50 t 2 8.3
1. = 20 83.3 = 12 50 = 4 16.6 = 15 62.6
* 2 8.3 * 6 25 * 8 333 * 7 29.1
yA 24 ~100 24 100 24 ~ 100 24 100

An group I.: 0.23 mmol/1 SD :0.10
Mean level of serum Li+ ion<®
\'n group Il.: 0.55 mmol/1 SD :0.11

Paroxismal or focal

abnormalities

20

20

2T
22

24

%

100

100

8.3
91.7

100
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Tabie I
Effects of Li+ therapy on EEGs
Not worse
Worse T
Group Better Different Same
n % n % % n % n %
| 3 15 - - 5 25 12 tOo 20 100
il 2 8.3 3 125 0 25 13 51.2 24 100
An group 1.: 0.23 mmol/1 (SD : 0.10)
Moan level of serum Li ion”
\'n group Il.: 0.55 110! (SD :0.11)
patients with the drug, observed in- chen, 1971, and Fetzer, 1980, while

creasing numbers of attacks and grow-
ing aggressivity [14, 18]. A larger
number of literary data exists con-
cerning the EEG alterations of lithium
treated adult patients with affective
psychoses and aggressivity. Czernik,
1978, analyzing the EEG curve of 54
patients, stated that after 1—5 years
of lithium treatment at 0.6—1.1
mmol/1 serum lithium level, like other
psychopharmacons, lithium causes the
increase of the paroxismal dysrhyth-
mic pattern, while an already devel-
oped abnormal dysrhytmization and
the symptoms of disturbed vigilance
he regarded as exclusively due to the
effect of lithium. When administered
simultaneously with other psycho-
pharmacons, these undesirable effects
of lithium increase, epileptic poten-
tials may appear, and the number of
unchanged curves will significantly
decrease. Especially dangerous is the
Leponex-lithium combination. The
EEG alterations obtained were not in
relation with the serum lithium level
but rather with the higher blood cell
lithium concentration [3]. The former
statement was supported by Helm-

9*

Prakash, 1982, did not find any signif-
icant alteration [9, 6, 19]. Mandel,
1980, and Weiner, 1980, reported
that along with lithium electroconvul-
sive treatment epileptic symptoms
were often provoked. They thought
that this treatment changed the in-
take of lithium into the central ner-
vous system and at a normal serum
level a toxic quantity got into it [17,
29]. At a higher level than recom-
mended, Herrero, 1973, observed dif-
fuse slow (5—7 cps) wave activity in
the EEG and regraded it as a symp-
tom of cerebral dysfunction [11].
Johnson et al, 1970. reported on the
acute effect of lithium on the EEG
curve. Their findings were based on
the treatment of 10 patients. The
examinations were carried out before
treatment, then 1and 1/2 hours after
administering 750 mg of lithium, and
finally, after 7—14 days. In the acute
phase only minimum alterations were
found with 4 patients, while in the
chronic phase they found alterations
with 8 patients. They observed, above
all, increasing alpha activity, ap-
pearance of biliteral deltas andparox-
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ismal activity, diffuse slowing down
and focal abnormities of various de-
gree. The 4 patients showing slight al-
terations in the acute phase, produced
worse EEG in the course ofthe chronic
phase than those not reacting in the
acute phase. The higher the serum
lithium level was, the stronger became
the alterations [13]. Itil et al, 1971,
studied the effect of lithium on 9 pa-
tients of 36—59 years old. They ob-
served an increase of slow activity
with increased amplitudes with 6 pa-
tients and also marked irregularity
disorganization along with decrease of
alpha activity. The dysrhythmic EEG
changes were observed particularly in
the beginning of a rather low electro-
convulsive lithium level treatment,
too. As treatment progressed and
with an increase of dosage, the dif-
fuse sharp waves and spikes dimin-
ished, amplitude decreased, alpha
activity was reduced, and slow activ-
ity as well as some fast beta activ-
ity increased. The slow frequencies
were observable in all brain areas,
but predominantly in the anterior
leads. The dysrhythmic pattern ex-
hibited the least blocking response to
opening of eyes. The EEG alterations
did not disappear immediately after
the treatment: slow waves, sharp
waves and spikes gradually decreased
and an increased percentage of alpha
activity in the faster frequency range
with marked augmentation of rhyth-
mical patterns and synchronization
were observed as a rebound effect [12].
Heninger, 1976, treating 18 patients
with lithium, stated that the delta
activity increase was over 180% and
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the theta activity increase over 250%.
The alpha frequency increase was not
significant, the fast | and Il frequen-
ces remained unchanged. The patients
were given lithium for 18 days (as an
average) and the mean serum level was
11 mmol/1 [10]. Reisberg, 1979, sum-
ming up the side-effect of lithium,
stated that in the first few weeks fol-
lowing the lithium treatment a diffuse
slowing was generally observed in the
EEG both in the healthy and the
diseased population. The 6—9 Hz val-
ues were increasing and the 10—20 Hz
values decreasing. He cautioned
that in case of suspected epilepsy in
the anamnesis or when the basic EEG
is pathologic, lithium should be given
with the greatest care [21]. However,
Youngermann, 1978, was of the oppo-
site opinion when he evaluated the
cases published in the literature of
lithium carbonate treated children and
youths. He concluded that lithium
carbonate is not contraindicated in
cases of positive EEG, epilepsy, men-
tal retardation or previous encephali-
tis, since among the reported cases,
such organic diseases were abundant
treatments achieved good results and
no side-effects, worth mentioning,
were observed. The drug did not pro-
voke epilepsy either [30].

De Long, 1978, treated 12 children
with lithium for 3—33 months, the
serum level was between 0.5 and 1.2
mmol/1. Slightly abnormal EEG alte-
rations were observed in 4 cases. In 1
case occasional paroxismal slow wave
activity was found, while in 1 case
occasionally generalized right tem-
poral spikes along slow waves, and in 1
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case 14 and 6 cpsspikes were observed.
With the rest of the patients the
EEG findings were normal whether
they were awake or asleep [4]. Bennet
et al, 1983, examined the EEGs of 48
children treated with lithium or halo-
peridol, respectively, for 4 weeks. The
serum lithium level was 0.32—1.51
mmol/1 (mean, 1.03 mmol/l). Before
the beginning of the treatment 58%
of the children showed abnormal
EEGs. Both the lithium treated and
the haloperidol treated children
showed deteriorating EEGs compared
with a placebo treated one. EEG eval-
uation experts, exclusively on the
EEGs were able to separate the three
groups from one another. In the
lithium group out of 17 children 2
showed pathologic EEGs, while 1
abnormal EEG became normal. In
the placebo group out of the 16
children 3 showed abnormal EEGs,
while 1 became normal at the end of
the placebo period. However, within
the normality, when the worsening
and improving was under observa-
tion, it was found that lithium caused
significant worsening in the EEG. [1].

The questions posed in the intro-
duction on the basis of our results,
may be answered as follows. The 21%
EEG abnormality observed with the
aggressive patients — compared with
the literary data — may be regarded
as average in this population of sub-
jects. [8, 15, 20, 22] Owing to the
lithium treatment, with different se-
rum levels, no specific alteration was
observed in the EEGs, in regard to
this compound. Those alterations,
which were observed, could not be
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related to the serum level of the drug
or to the improving aggressive be-
haviour diagnosed in the psychologi-
cal examinations While certain au-
thors [3, 6, 9, 17] observed the wor-
sening ot the EEG abnormities due
to lithium treatment, Erwin for in-
stance, observed their improvement.
In the cases included in our study,
the alterations observed pointed to-
wards one or the other of these two
directions but never significantly.
During the 3 months of treatment at
the applied dosage, serious side-effects
were not observed either in the biolog-
ical parameters or in the cognitive
abilities, thus, we regard the drug as
good for treating aggressive children.
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