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Lithium treatm ent of aggressive children 
and the EEG
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E lec tro en cep h a lo g ram s (E E G -s) o f 44 ch ild ren  aged 6 .3 — 15.4 years 
w ere ex am in ed  a t  th e  baseline and  3 m o n th s  la te r  w ith  tw o  d iffe ren t doses 
o f lith iu m . L ith iu m  levels in  serum  in  g ro u p  I . ran g ed  fro m  0.08 mmol/1 to
0.33 mmol/1 (m ean : 0.23 mm ol/1 SD : 0.105), a n d  in  g ro u p  I I .  ranged  from
0.40 mm ol/1 to  0.84 m m ol/1 (m ean: 0.555 m m ol/1 SD : 0.116). T hese children  
rep resen t as C o n d u c t D isorder. E E G -s w ere co rre la ted  acro ss  tre a tm e n t 
g roups w ith  b eh av io u ra l ra tings, ra tin g s  o f  u n to w ard  effects, reac tio n  tim e 
an d  d iffe ren t dosages o f  m edication .

In  th e  g ro u p  I . a lpha-recovery  tim e  a fte r-ey e  c losing  a n d  percen tage 
tim e  o f  a lp h a  a c tiv ity  in  60 s decreased  a t  u n ch an g ed  m ean  a lp h a  fre
quency . I n  th e  g ro u p  I I .  b o th  a lp h a  recovery  tim e  an d  a lp h a  a c tiv ity  in 
creased a t  u n ch an g ed  m ean  a lp h a  frequency . P a ro x y sm a l focal abno rm al
ities (spikes, sp ike-w aves etc .) o r increase in  p e rcen tag e  tim e  o f  d e lta  ac tiv ity  
w ere n o t fo und . B eh av io u ra l changes w ere assessed b y  u sin g  th e  P ic tu res  
F ru s tra t io n  T e s t fo r C hildron o f R osenzw eig  an d  th e  H a m b u rg  P ersona lity  
In v e n to ry  fo r C h ild ren . T he group  I I .  w ere found  to  be s ig n ifican tly  superior 
to  g roup  I. in  decreas ing  aggressive sy m p to m s.

N o serious d ifferences w ere found  fo r th e  re a c tio n  tim e  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 a tten tion  of the 
child psychiatrists’ t o i t  [2, 16, 25, 27]. 
Though during treatm ents of adult 
patients a number of EEG  changes 
have been reported, a very limited 
num ber of observations have been 
published concerning child patients. 
I t  was this fact th a t prom pted us to 
study  systematic EEG  treatm ents on 
hospitalized lithium  treated  children 
a t our Departm ent. 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 ?
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M a t e r ia l  a n d  M e t h o d

F o r  t h e  s tu d y  78 asocial ag g ress iv e  
c h ild re n  w e re  tre a ted  w ith  l i th iu m  c a rb o n 
a te  fo r  3 m o n th s . E xcluded  w e re  th o se  
w hose  a n a m n e s is  contained su s p e c te d  e p i
le p tic  d is e a se , neurologic disease w i th  foca l 
s y m p to m s , psychosis o r m e n ta l r e t a r d a 
tio n  o f  a  h ig h e r  degree. The c h ild re n  w ere  
h o s p ita l iz e d  fo r 1 m on th  and  c o n tro lle d  as 
o u tp a t ie n t s  fo r 2 m onths. P r io r  to  th e  
d is c o n tin u a tio n  of m edication , t h e y  w ere  
r e a d m it te d  to  th e  D ep artm en t fo r  2 d a y s  
fo r fu l l  c o n tro l  exam inations. D u r in g  th e  
m o n th  b e fo re  adm ittance , th e  c h ild re n  
d id  n o t  g e t  an y  psychoactive d ru g . T he  
d o sag e  w a s  GOO—900 m g o f l i th iu m  c a r 
b o n a te  in  a ll th e  cases and  th e  re s u ltin g  
b lo o d  le v e l w as tested  w eekly, t h e n  la te r  
m o n th ly .  6 — 10 serum  lith ium  v a lu e s  w ere 
o b ta in e d  p e r  child, and on th e  b a s is  o f  th e  
m e a n  v a lu e s  w as the g roup ing  fo rm e d . A t 
th is  d o se  n o  blood level over 0 .8 4  m m ol/1 
w as fo u n d , w hich is very  fa r  f ro m  th e  
to x ie  o n e  (over 1.6—2 mmol/1). A cco rd in g  
to  o n e  o f  o u r form er p u b lic a tio n s , fu ll 
in te rn a l ,  neurological and  la b o ra to ry  e x 
a m in a t io n s  w ere carried o u t fo r e a c h  ch ild  
(28) a n d  th e  following p sy ch o lo g ica l e x 
a m in a t io n s  w7ere perform ed: R a v e n ’s in 
te llig e n c e  te s t ,  H am burg  ch ild  p e r s o n a li ty  
q u e s t io n n a ire , P ictu res F ru s t r a t io n  S tu d y  
o f  R o sen zw e ig , D om brose’s n o n -v e rb a l a g 
g re s s io n  te s t ,  Liischer te s t, R a n s c h b u rg ’s 
m e m o ry  te s t ,  reaction  tim in g , tre m o m e t-  
r ic  e x a m in a tio n  and a  b e h a v io u r  r a t in g  
sca le . A f te r  evaluating  th e  r e s u lts ,  th e  
s u b je c ts  w ere  form ed in to  2 g ro u p s . I n  th e  
f i r s t  g ro u p  th e  m ean serum  li th iu m  level 
w as  0 .2 3 8  mmol/1 (SD: 0.1063), w h ile  in  
th e  se c o n d  g roup  th e  m ean  s e ru m  li th iu m  
lev e l w a s  0.56 mmol/1 (SD: 0.11G9). I n  th e  
f i r s t  g ro u p  th e re  were 18 m a le s  a n d  2 fe 
m a le s  w i th  a n  age (range) o f  6 — 17 y e a rs  
(a v e ra g e : 12.3 years). F o r  t h e  second
g ro u p  21 m a le  and 3 fem ale p a t i e n t s  w ere 
se le c te d  w ith  an age (range) o f  6 — 17 
y e a r s  (a v e ra g e  11.16 years). P r io r  to  th e  
s t a r t i n g  o f  th e  tre a tm e n t a n d  th e  d isco n 
t in u in g  o f  th e  m edication, o u t  o f  th e  78

sub jec ts E E G  ex a m in a tio n s  w ere m ad e  in  
44 cases. F o r  th e  E E G  a  16-channel 
“ M E D IC O R ”  a p p a ra tu s  w as used . T he 
eva lua tion  o f  th e  d a ta  o b ta in ed  w as done 
b y  a  neu ro log ist w ith  specia l know ledge 
o f E E G  e x a m in a tio n  w ho w as n o t g iven 
access to  th e  co llec ted  d a ta  o f serum  
lith ium  levels a n d  d id  n o t ta k e  p a r t  in  th e  
exam ination  o f  th e  ch ild ren . I n  each  case 
th e  basic E E G  w as co m p ared  w ith  th e  one 
ob ta ined  a f te r  th e  tr e a tm e n t  a n d  th e  
changes observed  w ere  d is tr ib u te d  in to  3 
groups:

1. E E G  w orsened ,
2. E E G  im p ro v ed ,
3. E E G  changed

W hile perfo rm in g  th e  E E G , th ree  p a ra m 
eters w ere ex am in ed :

1. a lp h a  reco v ery  tim e  a f te r  c losing of 
eyes,

2. m ean  average  a lp h a  a c tiv ity  in  H z,
3. len g th  o f  tim e  below  1 m in  d u ring  

a lp h a  a c tiv ity .

Special a t te n t io n  w as p a id  to  focal a c tiv 
ity , p a ro x y sm al a c tiv ity  or ap p ea ran ce  c f 
d e lta  w aves.

The E E G  a c tiv ity  worsened w hen  th e  
a lpha  recovery  tim e  increased , th e  average 
a lp h a  a c tiv ity  decreased  (in  H z) an d  th e  
a lpha  period  d im in ish ed . B u t i t  improved 
w hen th e  a lp h a  reco v e ry  tim e  decreased, 
th e  average  a lp h a  a c tiv ity  increased  (in 
H z) and  th e  a lp h a  p e rio d  len g th en ed . I t  
altered w hen  o n ly  som e o f  th e  values 
changed a n d  n o t in  “ one d ire c tio n ” .

R e s u l t s

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. I t  
was regarded as abnormal EEG when
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T a b l e  I

Basic. E E G s in 44 su b je c ts  no rm al vs. 
a b n o rm a l

Group
Normal Abnormal Г

и % n % n %

I. 10 80 4 20 20 100

и. 19 79 5 21 24 100

asym m etry occurred, especially in the 
range of delta and th e ta  waves, when 
paroxismal activity could be observed 
including spikes and spike wave activ
ity  as well as diffuse slowing activity. 
N aturally, this was related to  the 
age and state of alertness of the child 
since these factors m ay strongly in
fluence the alterations.

In  the next Table it  can be seen 
th a t in the I group the  alpha recovery 
tim e decreased w ith 30% of the sub
jects, while with 5% it increased. The 
average alpha activ ity  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 
activ ity  increased in three cases, while 
in two it decreased. Increase in parox
ismal or focal activ ity  was not ob
served. In  the I I  group the  alpha recov
ery tim e increased with two subjects, 
while with 20 it showed no change. 
A decrease was observed in  two cases. 
The average alpha ac tiv ity  increased 
in 6 cases, while decreased with 6. 
Decreased percentage o f alpha activ
ity  was observed in eight cases, while 
increased one was observed in 12 cases. 
The delta and the  th e ta  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 
II.

In  accordance to  the criteria pre
viously mentioned, to  estim ate the 
improvement and worsening, respec
tively, the following m ay be said. In 
the I  group worsening was observed 
w ith 15% of the subjects, while no 
worsening occurred with 85%. How
ever, improvement was not observed 
a t all, while change was found in 25% 
of the cases. The EEG of 60% of the 
subjects remained unchanged. In the 
I I  group 8.3% EEG worsening was 
observed, while in 91% the EEG 
curve did not worsened. O ut of this it 
improved in 12.5%, th a t  is with 3 
subjects, changed with 6 subjects — 
25% — and remained unchanged in 
54.2%, th a t is with 13 subjects 
Table ITT.

D i s c u s s i o n

The opinions on the effect of lithium 
on the central nervous system are 
ra ther contradictory. R eports have 
been published on its anti-epileptic as 
well as its epilepsy inducing effect. 
Erwin e t 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. 
W ith 8 patients the aggressive symp
toms also improved.

Gerson, 1960, also mentioned the 
similar good effect of the  drug [7]. 
However, Jus e t al, 1973, and Moore 
e t al, 1981, reported on its oposite 
effect, who having trea ted  epileptic
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T a b l e  I I

E ffec ts o f L i + th e ra p y  on E E G s

G roup

A lp h a  reco v e ry  
tim e /s

M ean  a lp h a  
freq u en c y /H z

P e rc e n ta g e  tim e  
of a lp h a  a c t iv i ty  

in  60 s

P e rcen tag e  tim e  
of d e l ta - th e ta  

a c t iv i ty

P a ro x ism a l o r  focal 
ab n o rm a litie s

n % n % n 0//0 n % n %

t l 5 ! 6 30 t 5 25 t 3 15 t — —

I. = 13 65 = 12 60 = 5 25 = 15 75 = 20 100

* 6 30 1 2 10 1 10 50 2 10 — —

z 20 100 20 100 20 100 20 100 20 100

t 2 8.3 t 6 25 t 12 50 t 2 8.3 t 2T 8.3

II . = 20 83.3 = 12 50 = 4 16.6 = 15 62.6 = 22 91.7

* 2 8.3 * 6 25 * 8 33.3 * 7 29.1 * — —

z 24 ~100 24 100 24 ~ 100 24 100 24 100

An  group I .: 0.23 mmol/1 SD : 0.10
Mean level of serum L i+ ion<^

\ n  group I I .: 0.55 mmol/1 SD : 0.11
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T a b l e  I I I

E ffec ts  o f L i+ th e ra p y  on E E G s

W orse
N o t w orse

1’
G roup B e t te r D iffe ren t S am e

n % n % n % n % n %

I. 3 15 —  — 5 25 12 (Ю 20 100
i l . 2 8.3 3 12.5 0 25 13 51.2 24 100

An group I .: 0.23 mmol/1 (SD : 0.10)
Moan level of serum  Li ion ^

\ n  group I I .: 0.55 т т о !Д  (SD : 0.11)

patients with the drug, observed in
creasing numbers of attacks and grow
ing aggressivity [14, 18]. A larger 
num ber of literary d a ta  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 th a t after 1 — 5 years 
of lithium treatm ent a t 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 dysrhytm ization and 
the symptoms of disturbed vigilance 
he regarded as exclusively due to the 
effect o f lithium. When administered 
simultaneously with o ther psycho
pharmacons, these undesirable effects 
of lithium  increase, epileptic poten
tials m ay 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 
bu t rather with the higher blood cell 
lithium  concentration [3]. The former 
statem ent was supported by Helm-

9*

chen, 1971, and Fetzer, 1980, while 
Prakash, 1982, did not find any signif
icant alteration [9, 6, 19]. Mandel, 
1980, and Weiner, 1980, reported 
th a t along with lithium  electroconvul
sive treatm ent epileptic symptoms 
were often provoked. They thought 
th a t this treatm ent changed the in
take of lithium  into the central ner
vous system and a t a normal serum 
level a toxic quantity  got into it  [17, 
29]. At a higher level th an  recom
mended, Herrero, 1973, observed dif
fuse slow (5—7 cps) wave activity  in 
the EEG and regraded i t  as a symp
tom  o f cerebral dysfunction [11]. 
Johnson et al, 1970. reported on the 
acute effect of lithium  on the EEG 
curve. Their findings were based on 
the treatm ent of 10 patients. The 
examinations were carried out before 
treatm ent, then 1 and 1/2 hours after 
administering 750 mg o f 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 activ ity , ap
pearance of biliteral deltas andparox-
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ismal activ ity , diffuse slowing down 
and focal abnormities of various de
gree. The 4 patients showing sligh t a l
tera tions in  the acute phase, produced 
worse E E G  in the course of th e  chronic 
phase th a n  those not reacting in the 
acute phase. The higher th e  serum 
lith ium  level was, the stronger became 
the alterations [13]. Itil e t al, 1971, 
studied th e  effect of lithium  on 9 pa
tien ts  o f  36—59 years old. T hey  ob
served an  increase of slow activ ity  
with increased amplitudes w ith  6 p a 
tien ts  and  also marked irregularity  
disorganization along with decrease of 
alpha activ ity . The dysrhythm ic EEG 
changes were observed particu larly  in 
the  beginning of a rather low electro
convulsive lithium level trea tm en t, 
too. As treatm ent progressed and 
w ith an  increase of dosage, th e  d if
fuse sharp  waves and spikes dim in
ished, amplitude decreased, alpha 
ac tiv ity  was reduced, and slow activ
ity  as well as some fast b e ta  activ
ity  increased. The slow frequencies 
were observable in all b rain  areas, 
b u t predom inantly in the  anterior 
leads. The dysrhythmic p a tte rn  ex
h ib ited  the  least blocking response to 
opening o f eyes. The EEG  alterations 
did n o t disappear im m ediately after 
the  trea tm en t: slow waves, sharp 
waves and  spikes gradually decreased 
and an  increased percentage o f  alpha 
a c tiv ity  in  the faster frequency range 
w ith  m arked augmentation o f rh y th 
m ical pa tterns and synchronization 
were observed as a rebound effect [12]. 
H eninger, 1976, treating 18 patients 
w ith lithium , stated th a t  th e  delta  
a c tiv ity  increase was over 180% and

the the ta  ac tiv ity  increase over 250%. 
The alpha frequency increase was not 
significant, the fast I  and I I  frequen
ces remained unchanged. The patients 
were given lithium  for 18 days (as an 
average) and the mean serum level was
1.1 mmol/1 [10]. Reisberg, 1979, sum 
ming up the  side-effect of lithium, 
stated th a t  in the first few weeks fol
lowing the lithium  treatm ent 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 th a t 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 
treatm ents 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 cps spikes were observed. 
W ith the rest of the patients the 
EEG  findings were normal whether 
they  were awake or asleep [4]. Bennet 
e t 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/1). Before 
the  beginning of the treatm ent 58% 
of the children showed abnormal 
EEGs. Both the lithium treated and 
the haloperidol treated  children 
showed deteriorating EEGs compared 
w ith a placebo treated  one. EEG eval
uation experts, exclusively on the 
EEG s 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 a t the end of 
the placebo period. However, within 
the  normality, when the worsening 
and improving was under observa
tion, it was found th a t lithium  caused 
significant worsening in the EEG. [1].

The questions posed in the in tro 
duction on the basis of our results, 
may be answered as follows. The 21% 
EEG  abnorm ality 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  treatm ent, 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

related to the serum level o f the drug 
or to  the improving aggressive be
haviour diagnosed in the  psychologi
cal examinations W hile certain au
thors [3, 6, 9, 17] observed the wor
sening ot the EEG abnorm ities due 
to  lithium treatm ent, E rw in for in
stance, observed their improvement. 
In  the cases included in  our study, 
the  alterations observed pointed to
wards one or the o ther o f these two 
directions but never significantly. 
During the 3 months o f trea tm en t at 
the applied dosage, serious side-effects 
were not observed either in the  biolog
ical parameters or in th e  cognitive 
abilities, thus, we regard the  drug as 
good for treating aggressive children.
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