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ABSTRACT

- MELANIE ANNE FERGUSON

;- . .

PREDICTION OF LEVEL AND PATTER&T

OF INTELLIGENCE TEST PERFORMANCE

<

IN CHILDREN WITH LATERALIZED TEMPORAL LOBE EPILEPSY

.. ¢

‘October 20, 1982

_The;presenéhstudy attempted to identify valid predictors

of the level and pattern of Wechsler intelligence test

performance in ehildren with lateralized9temporal lobe epilepsy
" ' 4 L

" of unknown etiology. Six seizure-related variables (seizure

type, seizure frequency, number of different types of anti-
cgnvulsant'medication required to control the seizures, types

- of EEG'abnofmality,—age of onset‘of the seizure disorder,
and'laterali;ation of the epileptiform activity) were evaluated

as predictors ef Full-scale IQ. - . Three variables (lateraliza-
, \ 9 .

tion; age on onset; and severity of cerebral pathology) were
‘evaluatedcasfpredictors of the relative magnitudeS'of Verbal IQ
and Performance IQ The number of antlconvulsants requ1red

.to control seizures was 51gn1f1cantly related to Full scale IQ

-~

and accounting for 28% cf the variance in the Full—scale I0 -

scores. / Selzure type, seizure frequency, types of EEG

-

'abnormallty, age of onset, and laterallzatlon did not contribute
N

51gn1f1cantly to the amount of explalned varlablllty in Full-

scale IQ There was a non51gn1f1cant trend towards a relatlonshlp

Y



ﬁetween-fhe lateralizatién of epileptiform act;vity and ghe
relative magnitudes of Verbal IQ and Pérfdrmance iQ.
Diﬁférenées betweég_the left.and.right temporal grbups were
in the expectedfdiféction;on all butlone of the Verbal and
‘Performagée:iQ and subtest measureé. No association was

4

- found between either the age of onset or severity of cerebral

pathology and the relative magnitudes of Verbal IQ and Performance
- . \

s

IQ0. Methedological problems were considered in a discussion

~

-

Rff thése results. ~

‘Most of the children in the study weré not éigpifiéanfiy *
impaired intellectually, as evidenced by the fact that only
four subjects in the total sample«f§=26) demonstrated 'Full-
scale IQ scores which'were‘below the Average range. In the
lef% temporal group, nine of the £ﬁelve subjeéts demonstrated -
a’ lower Verbal IQ while; in thé right temporal group, seven
subjects deﬁonstrated a lower Verbal IQ énd éeven subjects
demonstrated ‘a lower Performance IQ. It was concluded that, )
in terms of pattern of intelligénce test peerrmaﬁce, there is:
a trend toward a iéwer Verbal IQ in children with temporal
lobe epilepsy maximally iﬂvolviﬁg the left hemisphere, anad
no trend toward a partfbular.paﬁterp of perforﬁance.in children
with temporal lobe epilepéy‘makimglly involving the right.
hemisphere. The resﬁlts of the présent study'wére disquésed
ih_relétién to other fiﬁdings in the neuropsychologicél

literaturgﬁ

ii
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INTROCDUCTIOCN

- - -
'l

Chlldren W1th temporal lobe epllepsy have been found,
as a dgroup, to hdve more behavioral and school- related ‘

problems ‘than elther chlldren without epllepsy or children

[y

with generallzed epilepsy (Stores,.1973;' Stores, 1977' Stores-

_and Hart, 1976;:" . ; Stores &’Pifan, 1978) At the same
.tlme, many - chlldren with tempéral lobe epllepsy have been
.ufound to have no such. dlfflcultles. Stores (1978) has
emphasized the importahce of, identifying those children who'
ate patticularly'predisposed to have'ptoblems-so that

: preventlve educatlonal and psychlatrlc measures can be .

. 1ntroduced at an early age when they are most needed

| + In addlt;on to” ‘identifying those chlldren who may be
-at risk, it’woula be useful to be able to idehtify the types-
- of def1c1ts to which a partlcular Chlld is predlsposed.
'Several studlesvln the neuropsychologlcal llterature have -
.1ndlcated that chlldren W1th lateralized cerebral
dysfunotxon have characterlstlc patterns of cognitive

-1mpa1rment aSSOC1ated w1th the 51de of the braln whlch is:

max1mally 1nvolved (Annett, Lee, & Ounsted, 1961;'Fed;o &

Mirsky, 1969- Kershner & King, 1974). Children with left < -

’

hemlsphere 1nvolvement have been found, as a group, to have
problems in proce551ng verbal 1nformatLon whale children

with rlght hemlsphere<1nvolvement have been found, as a

«



group, ;6 ﬁeveuproblems in:precessing nonverbal infermation.
On. gan individual basis, however, the laterallzatlon of braln
dysfunctlon is not a reliable predictor of the pattern of
. cognitive 1mpa1rmentr In a study of chlldren with temporal
lebe epilepsy.and lateralized electroeneephalographic (EEG)
abnormalities, for example, tte batterns of impairmeht were -
found to be reversed {verbal deficite with,right hemisphete
abnormality; noﬁverbef?deticits with left hemispﬁere
abnormallty) in approx1mately one-third of .the children in
both the left— and rlght laterallzed groups (Fedlo & Mirsky,
'1969). ‘

Knowledge that a Chlld has temporal lobe epllepsy, and
thet the left or rlght hemlsphere is max1mally 1nvolved,.
does not appear ‘to. be suff1c1ent 1nformat10n for cllelcai
purposes. The present 1nvestlgat10n is an attempt to»
identify a number of variables which might improve the
.éredictability of the level (Part'One) and pattern (Part
Two) of ;ntelligence test performance in children'with'

—
temporal 1obe epllepsy whlch maximally 1nvolves one side of

’

the braln. .,

-

' N



BART ONE. PREDICTION OF LEVEL. OF INTELLIGENCE TEST .

.

PERFORMANCE IN CHILDREN WITH LATERALIZED TEMPORAL

o ) -

LOBE EPILEPSY

Seiection of Predietors_.
- Oﬁ the basis oé the EheoreEical;and empiriéal
neuropsychological llterature, six'seizdre—related veriables
“have been identjfied for the present 1nvestlgat10n as
"possible predictors of the level of intelligence test

. performance in children with 1ateraliged temporalllobe'
.epilepsy.‘ Tpese six seizure;feiaEEd variables are seizure
type; seizure ffeéuehey; number‘of different types of
.Uantlconvulsant medlcategi/;equ1red to~control the selzures,
types of EEG abnorhallty, age- of oﬁset of the selzure

disorder, and laterallzatlon of the epileptiform act1v1ty.

- o

-+ Selzure Type. While temporal iobe‘epilepsy.is
generally éssociateé with‘psychomotog seizureé,'phe two are
not,négesSakily'equivalent (Dodrill, 1981). It is‘possible
for a child with:tempogal lobe epilepsy to be subject'to
other types ?f seizures in dﬁditibn to the characteristic
_psychoéotor type:'AAdults with ésyghomotog sei;;;es of
unknown etiqiegy have been founé to perfofm at essentially

-

the same level as adults'withbut epilepéy on intelligence
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and neuropsychological test batteries, while those with

either major motor or mixed (major motor‘and-psychomotbr)

selzures of unknown etlology have been found to perform at
sxgnlflcantly lower levels (Klove & Matthews, 1974) It
might be expected, therefore, that.a Chlld who has, or has
‘pad,,both major motor and psychqmotof seizures will
degééstrate e.significant;y loger'level of intelligence test

ot

- performance than the child with. psychomotor seizures alone.

-

v »
N

Seizure Frequency. A higher seizure frequency may be
s, & . *

associated with a lower level of in&elieetual functioning on
the basis eflehe\geverity of the underiying,brain disorder,
.or as a result of a deterioration of brain functions dee to
recurrent seizures. In adults with major motor “seizures of
known and unknown etiology, thbse_with'high'seizure
frequency (morerthan one seizure per month) héveAbeen feund
to peffbrﬁ significantly mofe poorly as a group on
ihteliigenee and neuropsychelegical‘test-batteries'than
"those withxlow éeizdre frequencf (oee.seizure per four to
six. months),.whlle those. wlth moderaq&)selzure frequency
{one selzure per one to three months) have been ‘found _to
~occupy an 1ntermed1ate p051t10n'hetween>the hlgh and low
»; freqﬁency,groups (Dikmen & Matthews, 1977). One mighﬁ-
expect to find a 51m11ar effect for selzure frequency (on

~a

the level of intellectual functlonlng) in children with



P
Y

-

,temporal lobe epilepsy of unknown etiology{

v

Number of Anticonvulsahts. In reviewing the literature
on anticonvulsént medication, DikmenAand Maftﬁews’(lQ??)‘and
;Dsdrill (1381) have concluded ﬁhat, even within a ﬁoxic.
range, th; éeietgrious effect'of énticonvulsants on the
intellectual functioning of adults is ﬁégligible. In
cﬁildten with epilépsy, phenytoin (Djlantin) has been found
to be siénificantiy ass@diated with iowef reading skills.and
nonsignificantly associated with measufes'df inéttenti&eness
(Stores, 1978). The:e are,'however} a number of .
methodological pgoblems.inv01ved in assessing the pogsible‘

¥

deléterious effecﬁs upon. cognitive functioning of certain
levéisAor types of anticonvulsanﬁ médicatibh (Doérill, .
1981). . An alternative apprbach'would 5e to cpnsider:as‘aﬁ
index of the controllability of s?izﬁres_the number,bf
differegt types of anticonvulsant‘pfescribed to a.patienfz o
Sinée an additionalstype of apticdnvugsant-ié prescribed .
wheqfthe drug’presen£i§ usedjis-not‘effective within 5 
nontoxic raﬁge ofvdosage, it might be argued that a child
who gequires two or three‘different.types of>énticonvulséht
has a greater degree of neurological imbairment'than'a child
‘who requires only one type of anticonvulsant for effective

seizure control. It might therefore be expected that the

child who.requires more than one type of anticonvulsant ﬁill

s 8. . .
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demonstrate a lower level of;intelleCtual functioning. ‘ - -

N

Types of EEG Abnormality. Dodrill (1981) has exemined
4the findings from studies of the psychologicaI‘correlétes'of
a number of seizure history variables inClpding‘etiology, . df
age at onset and duration of the disorder, seiZure type and.
frequeﬁcy,'enticonvuleants and EEG variables. He,hasf
coocluded that;’éﬁong tﬁese,_the EEG variables demonstrate
the strongest relationships with intelligence and
neuropsychologlcal test performance. SuSstantially
decreased levels of performance have" been found in adults
‘w1th epzlepsy in a55001at10n w1th eplleptlform dlscharges
and w1th slower rhythm frequen01es., It might be argued that,
the chlld with both a temporal lobe sprke dlscharge and
slowing in the EEG w1ll demonstrate a greater level of 1 - -;_
’cognrtlve‘lmpalrment than the chlld.wlth the epileptiform
dischérge alone. | | | |

.
'

Age of Onset of the Seizure Disorder. Several theorie’s

- predict that the effects of brain dysfunction will be more.:

[ 4

severe the earlier the age of.onSet.' According to Hebb

(Boll & Barth, 1981),‘for example, brain damage most affects

s

]

the klnd of current problem—solv1ng ablllty (Type A
'1ntelllgence) upon wh1ch chlldren rely, whereas the stored

}nformatlon (Type B int&lligence) which adults‘tend to use

’
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7ﬂip their day-to-day functioning is less affected.. In terms
of Luria's theory ({(Golden, 1981), Qith'eariier aée oflonset

éhe_primagy functiopal systems of the braie are i rup (é,
thereby aiteriqg_the basic apilit;es‘upon’whieh more~¢oﬁplex
skills.ere built. This theory;'like'Hebb's,‘Qould predict a
greater overali level of‘cognitive impaigment‘with an early'
onset of brain dysfunction. i )

fhe findings in the emp{ricaleliterature are equivocal
in their support of these theories. ‘McFie'(1961), for
'-exempie, failed to find a_trené associating Full;scale'LQ on

the Wechsler intelligence scale with age of onset in a

heterogeneous sample of brain-damaged: children. Klove and

Matthews (1974) found a linear relatiohship between
: . : . . ?
Full-scale IQ and age of onset for a.group of adults with'

major'mqtdr seizures of khown_etiology,but not for a group

with major motor seizures of unknown etiology or a .

brain-damaged group without epilepsy. . On the basis of these

findings, it is djfficult to'predict the effectsvofvage of
onset -on the level of intelligence test performance in

children with psychomotor seizures of unknown etiology.

Lateralization of Epileptiform Activity in the Brain(

Stores (1978) has reviewed the results of a series of

preliminary studies aimed at iaenéifying those epileptic

children attending ordinary schools who are at greatest risk'

Py



-temporal spike discharge and a ntmber of problems,.iqcluding.,

'Reitan, 1974), one might predict that these different types

_of'disthrbed behavior -in left temporal lobe epileptic

ioffbehéviqréi complications. A major f£inding from these

studies was an association between a persistent left
reading retardation, ina;ienti@eneés, emotional dependence,
and overactivity.- In cbntrast, children with a ri;E:

temporal lobe spike discha:ég were'freqﬁédtly found to .be no

different from non—epileptiC‘children?9-Since brain

dysfunction in children has been foqnd.in association-with

]

behavior problems (Rutter, 1977, 1981) and a lower Wechsler

Full-scale IQ0 (Boll, 1974; Reitan.s Klove, 1965%

children will be found in association with a lower level of

intellectual functioning relative to that of children with

right temporal ;pbgfépilepsy.

Hypotheses'’

It is pypotheéized'ﬁhat at.iéast some of the
seizure-related variables sélected on the basis of the
theorétical and empirical<neurqpsychglogical liperature
(seiiure type; seizu;e fregquency, number of anticqnvubsantsh
typeS‘of EEG abnormality, age of.onset, and létefalization)

will prove to be significant predictors of the' level of

‘intelligence test.performance in. children with temporal lobe



e

[

L

9.

epilepsy. On the other hand, Séh)arz and Dénnerll (1970)

have suggested that indepeﬁagnt ingices of.the”séyérity of
seizure disorders are inadequate and that:a weighted series
ofvva;iablés is more likely fq provide a’wdriéble index. It
is fﬁrther hypothesized, therefore; that, in the absence of |
a significant effect for any seizure-related variable when
considered individually, the level of infélligence test
performance in children with lateralized teﬁporal lobe

i N o . ':
epilepsy will be-significantly predicted by a combination of

o

these variables.
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“METHOD

Selection and Description of the Subjects

The popuiétionAbf interest consisted of outpatients
-who had beén Freéted for a seizure disorder by the néﬁrology
department of the Izaaé Walton killam Hospital for
Children.l The éample‘ﬁas obtainedAby examining thé EEG'
recofds ofp; consecutive series Qﬁ cases:in the files for
the éeriod of‘July 1976:t§ September 1981, and selecting éllv
tgbse which demonétratedla strictly'lateralized'temporal‘
‘lobe spike dischafgé.‘ The familieéAofnthé 36 selected
children were cqntacted and 27 of these agreed.to ' |
participate in the stddy. One of the subjecté was unwiliing -
to éoopefate with the psychological teéting; ‘Thé data for 
* this subject were excluded from théranélyseé.-

A summary desqription’qf Ehe overall sample, and of
the lefﬁ and right temporai groups, 1is presehted_ianablé 1.
The rgsdlts‘of‘the testé for differénces Sefween ﬁhé left
and'right Eempbral groups on thé‘variables of age at testihg"

and level of éduc;tion were nonsignificaﬁt.  Chi;sqdare_
teéts for se# differences, gﬁdhdifferences iﬁ socioecopomic
status as measured by-the Hollingshead Iﬁdex:(Note l);wefe
also nonsignificant. Two subjects in the left temporal

group and three subjects in the right tempotal group .were



. N ww Table 1 -
" Age at Testing, Education, Sex, and Sociceconomic Status of the

Overall Sample, and Left and Right Temporal Lobe Groups

 overall {_13=26) left (n=12) Right (n=14)
’.Age at, testing {years) | |
Meari - 12.5 ' 12.8  12.2
S.D. . 3.3 2.6 3.8

~

Edilcation {grades)

Mean : L7 1.5 " 6.3
5.0 - ) 3.1 2.8 . 3.4
o
Sex |
. cMale - 15 . 1 8
Female | 1m ' 5 6

' Socioeconomic statusd

2 3 1 2

3 . 15 7 8.
3 SR 7 4 3
5 S 1 01

’ @ Based on the Hollingshead two-factor index of social position

I

- {Note i) -



' left-handed. Two of the left-handed subjects in thé_right

12,

N

temporal group alsc had a left-handed parent, which sugéests

that these subjects may have been genotypic sinistrals and’

therefore possibly predisposed toward poorer nonvérbql

skills in the absence of brain dysfunction (Miller, 1972).
Y ; _ S
This consideration may limit the fﬁ{iipretation‘of the

v

results (Kershner & King, 1974).

Intelligence'f;stiml

The Wechsler Ihtelligence Scale for Children-Revised
(WISC-R) was administefed‘to the 22 subjects between the
aées of 8 and 16 years, and the Wechsler Adult Intelligence
Scale (WAIS) was adﬁinisﬁered‘to four 17-year-old subjects. .
The scales were administered individuélly to subjects in a
standardized manner bf trained psfchémgtrists who were awérq

of the nature of the samplQ and the general purpose of the

'reseatch, but were uninformed as to thevgroup-memberShip '

- : ) . o .',
(left- or right-hemisphere EEG abnormality) of the subjects.

Neurological Examination/
¥

The EEG records of the temporal lobe epileptic
children were examined by a certified electroencephalo-

grapher for evidence of a unilateral interictal spike focus

.
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restricted to the temporal lobe. Patients were excluded
whose records demonstrated'secondery bilateralﬂsynchrony,'or
“a. focal discharge whlch exténded beyond the témporal lobe or
occurred- lndependently in the op9051te temporal lobe. The
-~EEG records of selected patlents were fUrther-cla551f1ed as *
to whethet they‘demonsttated a soike discharge and focal
siowing, or a spike discharge-alohe. The number of EEG
recordlngs conducted per subject ranged from one to seven.

A standard neurologlcal examlnat}on was conducted
which included testing for peripheral sensory-motor deficits
and’ neurologlcal "soft signs". Four left. temporal and six
right temporal subjects had abnormal flndlngs on the
neumological~examination."Ohe left'temporal subject hed a
right”visual‘fieid defect (;emianopsia) and two right
temporal subjects had left visual field.defects'
(hemianopsia, quadrantanopsia). The findinge on the
neurological examination therefore supported the EEG
findings for the latetalization of cerebral dysfunction in
these children. |
A neurologicéi histdr& wag conducted which involved
the collection of data'on a'pdmber of seizure-related
variables includiné seigute tYpe, seizure frequency, numbet
of anticonvulsants, types of EEG abnormality, age of onset;

and duration of the seizure disorder-(Table 2). Chi-square

'tests for differences between the left and right tempotal
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e Table 2°

Seizure History Information for the Overall Sample, °

and Left and Right Temporal Lobe Groups

Overall (n=26) Left (n=12) Right (n=14)
Seizure type? ' ' '

psychomotor alone 12 7 5
psychomotor plus . _ ‘
3 major motor_ 4 .5 9
Seizure frequencyP
-0 : 17 9 8
1 to 10 ‘ 4 .0 4
. 11 to 50 * 3 2 ~ 1
more than 50 2 .1 1
Number of anticonvulsants - ‘ '
0 - - . -5 : 3 2 L/'
1 o 15 6 , 9 K
2 ' 5 2 -t 3
3 1 1 -0 .
Type of EEG abnormality : .
spike alone ] _ 12 - 7 5
spike plus slowing _ 14 5 9
Age of onset (years) . - ¢ "
mean . 8.6 9.1 ~ 8.2
S.D. . ' 3.8 3.2 4.3
“Duration of disorder (years) §
. Mean 3.9 3.7 4.0 -
. S.D. C 3.3 2.4 4.0

2 For one left and two right témporal subjects it was ot certain
whether a generalized major motor séizure had occurred. These subjects
_were classified as nothavinc._; had a niajor motor seizure.

b Based on range estimates provided by the parents and child for

the year preceding psychological examinétion.

\C‘
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A .
groups on these vdriableé were nansignificant. These
findings are not conclusive, however, since in each case

there wére cells with expecteéd frequencies ofr less than 5.
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Data Analyses

To test for'a main effect of the seizure-related
variables QngFﬁll4§calé IQ when.considered'individually,
subjects were ciaséﬁfied dicﬁoéomously acédrding to seizure
type {(psychomotor alonevor psychomotor pluskmajor‘motor),
sgiiuré frequency {none or at least one’seizure iﬁ.the year
-of testing),_nuﬁbef of ahticonvul#ahts p;escribed (one or
~more than one type), types of‘EEé abnormality (spike
-discharge élone o§'spike_plus fécél'siowing),_age of onset
of seizures (before or after nine Qears),z and
-iatefaleation of Spike discharge (left or right témporél
“;ibﬁef; Mean Full-scale IQ scores were determined for the
;sixwpairs of groupé and differences betweenAthese means were
tested for using t’ tests fér independent samples.

Stepwise multiple regressiépAana}yses were then
conducted to arrive at the best wéighfed qombination of
vagiableS'for predicting Full-scale IQ in‘this sample.
Continuous data wete entered for AUmber of anticonvulsants

v

and age of onset, and dichotomous data were entered for

- seizure t&pe,'tépes of EEG abnoimality, and 1ateéa1ization.
The coding of seizure freédency was problematic‘since the
data for this variable were collected in. terms of range
estimates (0, 1 to 10, 11 to 50, more than 50 Séizures'in

’

the year of testing). It was thought that the
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dichbtoﬁization of this bériablé might result in a loss of

’A/péténtially'USeful information. On the other hand, the
arbit;aty seléction of point estimates might resdlt in the
addition of inaccuréte informéﬁioﬁ. To assess the effects
of coding the data fof seizure frequeﬁdy either
dichotomously or in terms of point estipates, three sépaféte
regression analyges-were conducted. For tﬂe first analysis,
the data were coded dichotohous;y: (0) if the subject had
not had a seizire in the year of ‘testing, (1) if the subject
had one or more seijures in tﬁe year of testing. For the
éecond analysis, the minimum points of each range were used:
(0) if the subject had no seizures, (15 if the squect had 1
to 10 seizures, (11) if the subject had 11 to 50 seizures,
and (50) if the subject had more thaﬁ 50 seizufes in’the
year of testing. For the third analysis it was reasoﬁed‘
that, sinée‘thg sample‘wés‘skewed toward‘a‘milder degree of
impairment on many of the variables, the most representative

. data would be a ?oint estimate'between the minimum and
midpoint.for the ranges with lowef and upper limits. The
data fdr this tﬁird analysis were coded: (0) if the subject :
 hadAno'seizures,-(4):if the subject had 1 to 10. seizures,
(20) if the subject had_ll to 50 sedzures, and (50) if the
subject had more than 50 seizures in.the year of testiﬁg.

The data for the other five seizure-related variables were.

coded in the same way for all three regression analyses.
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Computer anglyses of the Full-scale IQ scores and the ’
data for the six predictor variables were conducted by means

of the SPSS multiple regression subprogram (Nie, Hull,

Jenkins, Steinbrennér, & Bent, 1975). The rezllts of the

regression analyses were -evaluated in terms of the 'vega&&e}

accuracy of the predictioh equétiqn as reflected by the
square of the multiplé correlation, §? {a measure of the
propértion of variation in the criterion explained by the
variables inclﬁded in the regression gquapion) and by the
relative .contributions of the individual variables as

- - .

measured by the standardized regression coefficients, or

*

.~

»
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- RESULTS

Resuits,of the t tests (Table 35 indicate a
significént effect for number of énticonvulsantsu
(3(24)=2;09,-E<.05). fﬁe tests for seizure'type; seizure
frequepqy, types of'EEGJabnormality,'égé of\dnset of the
seizure disqrder, and'iateraiizationlof the spike discharge
" were not significént.: The differences between the means
wefe in the expected direction for threeﬁyariables: seizure

frequency, number of anticonvulsants, and age of onset.

Tl

Specifically, the mean Full-scale iQ-scores were higher for
children whb had not haa ;Jséf%ure in the year of testing,
who had been prescribed only one type of anticonvﬁlsaqt, and
féf\&hom the agé éf'onset of seizures‘yas~latef (after nine
yearsh\ For the remain}ng threé!fhgiables {type of:
seizéies, types of EEG“abnormality, and lateralization of

+ .
spike discharge) the differences between the meah§ were in a

direction opposite to that preéicﬁed; Specifically,'the

' meéﬁ Full-Scéle_IQ écofes were highér for children with
,:ﬁsychomotor and major motor seizures, spike discharges and
focal‘sidWing, and right hemisphere dysfunction,

Results from the three regression analyse;\Tﬁfgg,

. . . . 7 q .
seizure frequency coded dichotomously, or in terms of
minimum or low mid-range point estimates) were essentially
' ,4,_‘: . . . . .

the samé in térms of the overall accuracy of the bredibtibn

X



Table 3

Means'.and Standard: Deviations of Full-Scale IQ Scores

for the Seizure Variable Groups

Full-Scale IQ

Mean 5.D. n
Seizure type
psychamotor alone : 99.5  12.3 12
psychamotor plus major motor” - 103.1 14.5 14
Seizure frequency | .
" none in the year of testing © .103.8  13.6 16
one or more in the year of testing 96.4 12.4 10
; Number of anitconvulsants.
zero to one . - 104.1 , 13.8 19
- more than one . g91.8 6.6 . 7
Types of EEG abnormality
spike alone 93,7 27.3 18
spike plus slowing 105.6 11.6 - 8
BHge of onset
before nine years 100.6 1.2 11
“after nine years © 106.3 ].3.%L 11
Lateralizatidn of brain dysfunction ?
left 101.5 15.3 12
right _ 101.1 12.2 14

*p<.05 - o ‘ : ’
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equatiqp (B?) and the relative contributions of the
Ty L4
individual predictor variables (B-values). A correlation

‘matrix of seizure variables with Full-scale IQ is presented

in Table 4. Results from the third regression analysis,
pith seizure frequency coded in'ferms of,iow mfd—range
point-estimates, is presented in Table 5.

The stepwise multiple regression proceduge resulted in'
a nonsignifiéant regression equatibn. énly 38% of the
variation in the Full-scale IQ scores of the present sample
of temporal lobe epileptic chiidren was explained by the "’

five seizure variables (seizure frequency, number -of

-

" anticonvulsants, typeé of EEG abnormality, age of onset, and

lateralization) included in the regression equation.
Seizure type did not meet’ the statistical criteria (Nie et

al., 1975) foi‘entry into the eguation {the F-~ratio computed

in the test of significance for its regression coefficient

and the tolerance, or proportion of variancg in seizure type
not explained by’the variables already in the eguation,
failed to exceed the default values of.zf.ﬂl'énd T=.001).
The relative contributions of the individual éeizure
variables to the explained variation in Full-scale IQ were
nonsigni%icant in eéch case except for number of
anticonvulsants. 'This vgriable had the highést simple_
corfelation with ?hil—scaleAIQ\(Ef—.53), and accounted for

28% of the variation in the Full-scale IQ scores.

a
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Seizure typed

Seizure frequencyb S =35

~ Number Qf anticonvuls;antsc‘ 4-—.53

Types of EEG abnormalityd

Age of_gtisete ‘ A _ ‘{0
Lateralizationf . \ 02
"' o Full-scale
1Q

a Coded 0 for psychomotor seizures alone, 1 for psychomotor and major motor seizures

Cor relation Matrix

~

Table 4

of Seizure Variables with Full-scale IQ

-

SeizurelA Seizure Types of EEG - Age of .

type  frequency abnormality onset

b coded 0 for no seizure, 1 for one or more seizures in year of testing

C'Coded 0, 1,
d Coc}ed 0 for

£ deed 0 for
\_1 - -

2, or 3 anticonvulsants

'spike discharge . 1 for spike discharge and sli:wing

right temporal s?ike, 1 for left temporal spike

f

(

~.07 '
~.22 .74
~.05 -.18 .04

16 -9 07 23
-.23 .05 oL -2

"

A2

Lateralization

"zc



~ Table S

Regression Summary Table

Dependent*Variable WISC-R Full-Scale IQ

- SOURCE ' - dat, Ss F B-value _1_2?
. * L.

Regression 5 1707.93 2.44 - .38
Number of anticonvulsants 1 1249.62 9.20 -.78 **
Seizure frequency . -1 536.3i - 3.24 .31 .
Types of EEG abnormality 1 219.24 1.23 .28
Age of onset 1 43.45 23 .14
- Lateralization 1 1.20 .01 .02

Residual : 20 .2803.19  °

—
TStal : 25  4511.12
¢ p ‘
. ~
** pe 0L :
s .
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1974; Stores, 1978 ),

A
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DISCUSSION

Regression Equation

The best weighted ifnear combination of the six
seizure?related vﬁriabiés accounted for approximatelf
one—third of the variability in the Full-scale.IQ scores of
the pfésént sample of~temporal'iobe epiléptidVéhildren.

This indicates that approximately two-thirds of the

.variability in the level of inteiligence test performance in

these children is explained by factors other than the
severity of their seizure history, as measured inAthis
study. In view of the findings in the literature for an

effect of the seizure-related variables on the ‘level of

cognitive functioning in'children or'adults withAeéilepsy

(Dikmen §~Ma£théws,-1977} Dodrill,HIQQI; kléve & Matthews,

| the absence 6f'a signifiéant
relationship between ;ﬁll;SEAIé 10 éﬁé five of the six
variableg, whén considered individuélly-or in combination,
is’not'expected. |

There are aTnumbeH;éf_possible explanations for the
absence of a siénificant effect for most of the seizure
variables on level of inteliigence fest performancé in the

présent sample. One explanation is the small sample size

which would make the data sensitive to between-group
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differences in premofbid'Fulléscaie IQ. Secohdly, one might
expect that the most:severely impaired children have
received some type Ofgremedial help, thereby‘redhcing
differences between children with mild and severe seizure
hfstb;ies, A third explanation is that the samplgd range 1in
severityxsf seizqfe history was very restricted. Studies. in
which sig&ificant effects 7avereen found for some of thé
seizure variabiés Vhich.weré under‘investigation in the
preSent study havé used wider tranges for these ;ariables.
1In a study of adults with epilepsy (Klove & Matthews; 1974),
age of onsét ranged’from less than one year to fifty yeé?s.
In thevéreseht study, age of oﬁset ranged from one to
‘:si#teen years. In'another study of adults with epilepsy
(Dikmen & Matthews, 19?7);.seizure frequency ranged from
less thah one seizure per year to more than one seizufé per
day.: in the present study, only 35§3of the sample (nine .
subjeéts) had more ‘than one seizuré in the year of testing.
It appears, then, that énly the mild end of the continuum of
neurological impgirment was sam?led in the present studyl/,,—
It is diffi;ulg-td predict variability in lével of cognitive
impairment in sﬁch a homogeneous group since such

P3

variability is minimal in the predictor measures.
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" Individual Predictors

Number of Anticonvulsants. When the seizure variables

are considered individually, the number of anticonvulsants
required for effect;ve seizure control apﬁears to be thé
only significant predictor of Full-scale IQ in'ﬁémpogal lobe
epileptic children, at least for the present sample. It is
difficult td'determine whéther this effect for number%of
_anticonvulsants reflects a more severe seizure disorder or
an.effect for type of anticonvulsant in the children
prescribed more than one type Bf anticonvulsant. The fact
}that an assoCiation has beeh found between phenytoin and
behayior problemé:(Stores, 1978) wopld suggest'an effect for
tYpe of anticonvulsant, since six of the seven children
prescfibed more than one type of .anticonvulsant had been
‘prescribed phenytoin, compared with only one of the nineteen .
prescribed zero to one type of anﬁiconvulsant; On tﬁe other
hand, only three children in the sample were judged by the
neurolegist and parents to be shffering from either medical
or behavioral effects of the medication. This would suggest
that the lower level bf intellectual functioning in the
children prescribed more than one type of. anticonvulsant is

due to the recalcitrance of their seizures.

A
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Seizure Type. The prediction that children with both

Apsychomotor and major motor seizures woula obtain a lower L
mean Full—séale IQ than the chiléren with psychomotor
seizures alone was not supported by the results of the
present study. The absence of a significant relationship
betweeh seizure ﬁype and Full-scale IQ contrasts with the
finding of greater neuropsychological impaifment, as
measured by the Halstead Impéirment quex, in adults with.
mixed (major ﬁétor and psychomoéor) seizures {Klove §
'Matthews,-l§7é). It may be that the adultslwifh mi#ed
sefzures ih this study had a larger proportion of thg
seizure activity represented by major motor seizures. In
the present study, the subjects‘classified'as having both

types of seizures had generally experienced only one major

-

motor seizure. It is possible that a significantly lower
mean Full-scale IQ would“be found in ch;ldfen with a higher
proportion of major motor to psychomotor seizures.: On the

other hand, the nonsignificant findings of the present study

ma; reflect the absence of a relationship in children
betwéen»seizure'type and level of intelligence test
performance.

,h‘

Seizure Frequency. Differences in mean Full-scale IQ

between children with no recent seizures and those with one

or more seizures in the year of testing were in the expected
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directiOn, but were not significant. The absence of a
Asignificant relétionship between seizure,fgeqﬁency and
Full-scale IQ in the present sample of tempofél lobe
epileptic children contrasts with ihe finding of a
significant effect for seizure frequengy in adults with - -
major motor seizures (Dikmen & Matthéws, 1877). The o3
discrepancy between the results of ﬁhese two studies may

"reflect differences in the effects of seizure frequency on
intgllectuél_functioning in children and adults.
Aléernativély, it may reflect limitations in the accuracy gf
information which can be céllected‘fon Ehié variabie ih
children with péychomotor seizures and stridtly lateralized"
temporal lobé'spike dischérges. in the. adult study, |
measures were obtained which reflecﬁéd.the reiative seizure
.frequency of the subject over the.entiré spaﬁAof the seizure
disorder. .This predision was made possible by réstricting
the'data pool to subjects with the most complete and
detailed medicai histories. The small subject pool
available for the présent study precluded such selectionf
Mofeover, the nature of the predominant type of geizure
expeiienced by subjects in the present study made ié
difficult to obtain accurate éstimates of frequency.
Péychomotor seizures frequently involée subtle;tfancelike

states rather than overt symptomatology and it is therefore

difficult for the parents to identify, and the child to

e
W,
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report, when a seizure haéAoccurred. If the problems
inhérent &n_the collection and coding of data ﬁbr this
variable could be avéided, it is reasonable to expect that
.sgizure frequency would fbe a siginificant predictor of level
of intellectual impairmenflin temporal lobe epiieptié'
~children. BAs coded in the present study, however, seizure
. frequency was essentially andther measure of the
co§35911ability ofbseizures in addition tq number 6f
-anticonvulsants; This is evidenced by the strong
correlation (r=.74) between seizure frequency and number of
ags}édnvulsants.iseé Tab1e 4).. It is_not shrprisiﬁg,
therefore, that this Va;iable added little to the explained
variability in Fuil—scale IQ scores. already contributed by

number of anticonvulsants.

Types of EEG Abnormality. No relationship was found

between *the EEG variables cons%deréd in the present study

- and Full-scale IQ in the temporal lobe épiieptic child;en.

- In édults with epilepsy, slow wave EEG abnormalities héve-
been found to be more effective than spike discharges in
‘differentiating neuroPSychological tesf»performances, whilé
the simultaneous use éf”both EEG vafiables has been found to
maximize the dispersion of geuropSYCholbgical test scores

(Dodrill & Wilkus, 1978). In the present study, the

children with spike diggggggggmagd slowing in the EEG digd.

<
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not have a significantly 1owet.mean Full-scale IQ thén those
with spike discharges alone. In fact, the qonsigniﬁiéant
difference between the mean Fuli—SCale IQ scores of the two
groups of children was in the oppositeldirection. The :
discrepancy betweeﬁ the studies may reflect differences in
the effects of EEG variables onfsognitivs fﬁnctioning in
children aﬁd adults. 1In a study which invoived children
with behavior and/orAschool p;oblems,'thqse with an abnormal
EEG were found to perform better on average thsn those with
a normal EEG on an extensive battery of neuropsychological
tests (Tymchuk, ‘Knights, & Hinton, 1970). This .and similar
flndlngs have led Boll and Barth (1981) to conclude that, as
an 1nd1cator of the presence or severlty of
psychological-behavioral dysfunction,‘the presence 6f_EEG
Aabsormalities has littlé value. This contrasts with
Dodrill's (1981) claim, based on findings‘for adults with
epilepsy, that EEé,variables are likely to demdsstrate the
strongést elatioﬁships with performance. The present data
for childfen with 1ateralised temporal lobe epzlePSy would '

“tend to~“support the conclusion of Boll and Barth.

Age of Onset. The absence of a ‘significant
reiationship between age of onset and Full-scale I0 in the
present study contrasts with findings for adults with major

~ motor seizures of known etiology (bikmam"et. al., 1977;
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jgiove,&;Matthews QSHA) An effect for this variable'may
-dépend tp‘a largeTagérée\on the range samplgd for the late
agerf onset grbup. Dikmen, Matthews,_and Harley (1977)
found,-for example, that, by extending the .limit for the
late onset;group downward from 16 tollO years, the
diffefénces between the eaﬁly and late onset groups became
much less pronounced. Similarly, Klove and‘Matthews (1974)
found Significaﬁt differences in the meanIHalstead :
Impairment Index rétimjs between the early childhood (0 to‘S
yeérs) and adqlt (17 to 50 years) age of énset groups, and

‘ betweeh the 1até chiléhood.(G to 16 yeafs) and adult -age of =
onset\groups, but not between the eaply and late childhood
~age of énéet groups.' These findings suggest that the
differences in level oﬁ cognitive impairment found between
_brain¥damaged children and adults may not reflect a gradual
decreasé‘in the effgcts of brain.damage with an increase in

age of onset, but rather a more abrupt change in the effects

of brain damage in the‘éarly adult years.

Lateralization of the Temporal Lobe.Spike Discharge.

No relaéionsbip was found between the lateralizdtion of
_spik? discharge andvFﬁli—scale IQ in the present sample of
temporal lobe epileptic éhildren. An increased incidence of
behavioral distﬁrbanceé (inattentiveness, emotional

dependence, overactivity)‘has been reported for temporal

it
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lobe epileptic children with left temporal lobe spike

discharges (S;ores, 1978). Since a lower level of .

intellectual functioning has been found in association with

Y . . . . 3
behavior problems in children with brain -dysfunction
(Rutter, 1977, 1981), it was predicted that the children

with left temporal lobe spike discharges in the present 0
! T .

- sample would demonstrate a significantly lower mean

Full-scale IQ than the‘chiidren with right temporal lobe

spike discharges. This pfeaiction was not supported,

" although findfngs reported for the collaborative research

pcojéc; at the IWK Hospital (Gates}’Fergusqn; Ronen,

-MacDonald, Camfielé, & Camfield, Note 2) indicate that ‘there -

was a nonsignificant trend toward a higher incidence of

v -

ASOCio—emotiéhal maladjustment (as méa$uréd{by the

Personélity In&entqry‘for Children) in the children wdth

.left'temporal‘lobé spike discharges.
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PART TWO. PREDICTION OF PATTERN OF INTELLIGENCE TEST

PERFORMANCE N CHILDREN WITH LATERALIZED TEMPORAL

-

LOBE EPILEPSY.

Selection’of Predictors

. On the basis of the theoretical and empirical
neuropsychological literature, threePneurological'variables
'haye'been identified for the;present investigetion as
poesible'oredictors of the patternAof intelligenoe test
performance in children With'temporalllobe epilepsy which
maximally involves -one side of theMbrain. ‘These thred
nedroiogicél variables ére the‘lateralization; age of onset,
ahd‘the eeverity.of the brain dysfunction.

' S ) .

Laterallzatlon of Brain Dysfunctlon._A frequent

flndlng in the adult neuropsycholog1ca1 llterature has been_
- a pattern of performance on the Wechsler—Bellevue
Intelllgence .Scale, Form 1 (WB 1) and the Wecheler Adult
"Intell}gence Scale (WAIS) associated with laterallzed brain

“damage. Sgecifically,‘patients with left hemisphere damage

- ‘have been found tg have lower Verbal than Performance scale

scores whlle patlents w1th right hemlsphere damage have been
found to have lower. Performance than Verbal scale scores.
These.patternszhave been found in adults with major

" destructive lesions for whom the lateralizing cr}terié have
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included surgery (Reitan, 1955), the EEG (Klove, 1959), and

lateralized motor deficits (Reed & Reitan, 1963). They have

also Been found in adults with temporal lobe epilepsy for
whom the lateralizing criteria were unilateral psychomotor
seizures and. temporal lobe EEG abnormalities (Dennerll,

1964). While contradictory findings have been reported

(Smith, 1971; Snow, Dibkin, Sheese, & Ridgley, Note 3), the

results from a majority of the studies in the adult

‘neuropsychological literature suggest that, in right-handed

adults, the brain is functionally lateralized with the left

"hemisphere specialized for the processing of verbal

information and the right hemisphere specialized'for'thé

-

processing of visuospatial infogmation.

P In the child neuropsychological literature, findings

from studies of the gognitive effeats of-unilateral cerebral

‘dysfunction have been much-less consistent. While the same

_patternstound in unilaterally»brain—damaged adults have -

been'reported for children with lateralized EEG

-

«

abnormalities (Annett et al., 1961; Fedio & Mirsky,'1969ﬁ§“

its (Kershner & King, 1974),

and lateralized motor de
patterns opposite to these hyve also/been reported. A lower

Performance than Verbal IQ scoxe the Wechsler

~Intelligence Scale for Children (WISC), for example, has

' ’ X . Lo
frequently been reported for children with left-hemisphere

brain damage and right lateralized motor deficits (Kohn &

~-
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Dennis, 1974~ Reed & Reitan, 1967; Woods, 1980, while g
lower Verbal than- Performance IQ score has been reported for
chlldren with right-hemisphere EEG abnormalities (Pennlngton
_et‘al., 1965). These inconsisténcies in the reported
effects of unilaterai brain dysfunction in children are
found across studies which have involved simiiar
neurologlcal populatlons and similar criteria for ehe.‘
laterallzatlon of cerebral pathology. |
There is evidence fro$ studies of neurologically'
intact children that the young brain is functionally
lateralized inda manner similar to that the adult brain as
early as three years and possibly infancy ({(Ingram, 1975;
Molfese et al., 1975). Patterns of impairment similar to
‘those found in adults, specifigally, lower Verbal IQ with
'left—hemisphere damage and lower Performance/;Qf;?kh
rlght hemlsphere damage, would ‘therefore be expected to
result from unilateral brain- dysfunctlon in chlldren.
Findings in.the‘child neuropsychological literature of a
lower Performance iQ.in association with.left—hemisphere
idysfuoction and lower Verbal-IQ in associatioﬁ with
right-hemisphere dysfunction suggest that, in’ some children,
an alternative mechanism for recovery results in patternS'of'
impairment opposite to those_predicted by the lateralization
of the brain damage. |

One mechanism by which recovery of function from

N
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unilateral brain damage may occur is through the resﬁoration
of funceion to temﬁoraril§ inactive_cortical areas. In
pdrtially:recovered patients for whom this mode of recovery
is in effect, the functions for wnich the injured hemisphere
is specialized, or dOminant,Awould continue to'oe'mediated
through the damaged tissue. In these individuais; one would
predict the occurrence of expected patterns of impairment.

(verbal deficits in asSociation with left—hemisphere damage

and visuospatial deficits in association with

'right—hemisphere damagef% ”Another mechanism by which

recovery from unllateral brain damage may occur is through

the 1nterhemispher1c “transfer of functlon; or the
compensatory assumption of the 1mpa1red function by
homologons areas in the intact hemisphere. Evidence that
this mode‘of-recovery does indeed occur comes from a srucy )

which involved young adults: who had stffered early

'laterallzed brain injury and had later undergone

decortlcatlon of the left or rlght hemisphere for:the.relief
of seiz:res (Kohn & Dennis, 1974). ‘When compared on the
Wechsler'subscales, Ene two groups were not found to'différ
significantly in Verbal and Performance IQ, indicating that
those abilities which would have been mediated.by the'
missing hemisphere had become mediate intact

[

hemisphere;

There is evidence to that, when
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interhémispﬁeric tgansfer occurs. as a result of early
lateralized brain injdny; the funétions of the damaged
hemisphere are réc6vered at ﬁhe expense of the functions
mediated by the intéct hemisphere. Lansdell (1969), for
example, found thég adults who had‘developed right |
HemiSphere speech (evidenced by sodium amytal tgsting) as a-
result of early léf? hemispheretinjury, dbtained.ﬁigh;r
verbal than nonverbal factor scores on the Wechslgr—-Bellevue
Intelligence Scale.‘ Annett et al{ (L961) found that

children who had suffered early right hemisphere damage.and

had developed mixed handedness (from which these

g {

LS

investigators inferred an exchange of functjons between the

hemispheres), tended to obtain a highér‘Performance IQ than
_ L AN

Verbal IQ on the WISC. 1In individuals for whom an

interhemispheric mode of recoveryzis_in effect, then, one‘

would expect to find reversed patterns of impairment
(visuospatial deficits in association with left-hemisphere
damage, verbal deficits in association with right-hemisphere

- damage) . :
Different theories have been proposed to explaiﬁ why

N _ _ o _

~the functions of the intact hemisphere might suffer as a

result of interhemispheric,transferf Mosqovééfh (1976)5has-

=3

proposed that when 1anguage develops in the.right hemiSphere

as a result of early hemisphere injury, it takes over some

structures that would normally‘mediate nonverbal function,
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thereby lowering performance on nonverba1 tasks. This
explanatiéﬁlpreSuppéses‘that the‘acquisition of language ;
érecedes the aéquisition of visuospatial skills. Annett et -
al. (1971) have proposed, instead, that the acquisition of
visuospatial skills has primacy in time and survival value. . —
Consequently,. when visuospatial skills develop in the left

hemisPhere as a reSult of early right hemisphere injury,

linguistic functioning becomes mediated by the damaged

s

‘1 hemisphefe, thereby lowering performance on verbal tasks.

“According to this theory, language and ;isuOSpatial
abilities cannot both be developed in a single hemispherge.

While the phenomenon of recovery through
interhemispheric transfer may.not account<for reversed
,pattefns of impairment'in all cases,’én ﬁnderétanding of why ‘-w.“
this mode of recovéry occurs inAsome children but not ‘
others, and more frequgntly in -children than adults, may
increase the"peréentége of aééurate preaict&9nf made )
regarding the type of deficits which will ultimateiy be seen _’
in the child witg damaée miximally involving one side of the

brain.
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Age of Onset of Brain Dysfunction

There age a number of theories which would suggest
that lateralized brain damage which occurs at a later age is
less likely to fesult‘in reversed patterns of impai}ﬁent.
One theory which éddresses itself specifically to age of
onset is concerned with the cognitive development of the
child.; Witelson (1976), for example, has suggested that
.inte;hemisphere plasticity may decrease in stages, closely
linked.tq thelemergénce of specific mental abilities at
different stages of development. According to this theory,
-as a cod;;;;Ee function becomes part of_the'child's
répeftoire it becomes mediated. predominantly by the left
hemisphere if it is mainly dependenp on a %equential,
analytic mode of processing, and-predominantly by the right
hemisphere if it i4 mainly dependent on a parallel, holistic _
mode of processing. Witelson has proposed #hat,'with the.

. acquisition of cégnitive»skills, eaéh hemiSphere beéomes
increasingly~committed to its own uniéue mode of information
processing and'increasiﬁgly unable to assume the mode
Hecessary to mediate fuﬁctions wﬁich are charqgte?istic of
the-oppoéite hemisphere; Evidence for ;his theory comes
f;om a study of adults with right hemisphere speech
(Lansdell, 1969). Subjects who had suffered early left

hemisphere injury (before age 5) obtained a higher Verbal

s
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IQ, whereas those who had suffered left hemisphere injury at
a later age (after age 5) obtained a lower Verbal IQ.
Findings in the child neuropsychological literature
are equivocal; however, in their support of an association
between the age of onset*of brain damage and the pattern of
cognitiveiimpaifment; There are a number of studies which
,support such an association; For example, two studies in
which a reversed pattefn'of impairment (a lower‘Performance
IQ in association with left hemisphere damage) was fodnd,
Vinvolved children’hith an early (under_3 years) age of onéet
of brain damage (kéhﬁ‘& Deﬁhis,A1974; Reed & Reitan, 1969)
| ~while a study {(Fedio & Mirsky, 1969) in which the predicted
~patterns of impairment were found (1ower~Verbai IQ in
association with“left‘hemisphere éamage, lower Performance
‘ iQ in'association Qith right hehisphere damage) invblved
child;en with a lgzgg‘age of onset (ranging from 3 to 10
years). There are findings, however, which‘céhtradict the -
view that interhemispheric plasticity decreases -with an
increase in age of onset. A study (Woods, 1980) in which a
reversed pattefn of impairmeﬁt was found (again, a lower
Performance IQ in association with left hemisphere damage)
involved a gfoup»éf children witﬁ a ldter age‘of onset
{ranging from 1 to 15 years), while a study (Kershner &
King, 1974) in wﬁich the Efedicted_patterné of impairmenﬁ

were found involved children with an early age of onset
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{under 2 years).

< The findings from the child neuropsychological
literature suggest that a combination of .the age of onset

and lateralization of the brain dysfunction may be a better
predictor of pattern of impairment than lateralization
alone, but still insufficient to make reliable predictions

in all cases.

q

i
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\
Severity of Brain Dysfunction

Theories of the mechanism underiying reeosery through
interhemispheric transfer, as well as findings from the
emplrlcal neuropsychological literature, suggest a thlrd
variableAwhieh may be useful in predicting the pattern df
intelligence test performance in children with lateralized.
temporal lobe epilepsy. The theories of Moscovitch (1976)
and Kinsbourneh(l974,”l981) explain how the severity of
brain dysfunerion may predict the pattern of_cognitiVe
1mpa1rment. |

;\écov1tch (1976) has prOposed that the rlght
'hemisphere has llngulstlc capacities which, in the intact
_brain, are suppressed by the_left~hemisphere. According/to
this theory, the phenomenon of,interhemispheric "transfer"
following early'left hemiséhere injurg involves the release
of right hemisphere 1anguage from left hemisphere control.
Language-related disturbances occur, Moscovitch has |
suggested when the damaged left hemisphere continues td
suppress the verbal activity of the right hemisphere.

" Kinsbourne {1974, 1981) has adopted this "release from
inhibition model"-ofAingerhemispheric transfer and has
developed it further to explain why a damaged left
hemisphere continues to exert its control in some 1nstances

but not in others. Accordlng to this theory, the fact that

v

§
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focal lesions within a. lobe or hemisphere result in deficits
that are not observed after loss of the whole lobe or after
hemispherectomy, provides a significant clue to ﬁhe |
mechanism ?f compensation. Kinsbourne (l976)_writes:

The two hemispheres seem to be in mufﬁall&-inhibitory
compétition. bamage to one will only release the other
for pufposes of compensatibn if the lesion is severe -
enough to disinhibiz the other side 6f the bfain, In
left-hemispherectomized patients; the right hemisphere
‘can compensate because it is totally free from
competitive inhibition from the other side.’  But if the
early left-sided damage is mild, it will suffice‘té
impair the left hemisphere's language potential, but it

will not release the right hemisphere for compensatory

purposes (p. 2¥B).

’

Accoréef? to this theory, the extent of recovery through
i'ﬁgrﬁemigpheric.transfer is a function of the severity of
thé/damééevin’the injured hemisphere.

Findings in the child neuropsychéloq\ al literature
generally suﬁpott the'view that -the possibility sf,recovery
through interhemispheric»tra\sfér increases with an increase

'in_the'severity'of the Ségin'démage, Three éfddies in which

the expected patterns of impairment (lower Vérbal IQ0 with

left hemisphere damage, lower Performance IQ with right

“hemisphere damage) were fodnd, involved mildly impaired
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children. Two of these studies involved children with
lateralized epiieptiform discharges (Annett et al., 1961;
Fedio & Mirsky, l§69); while the third involved children
with mild lateralized motor aeficits (Kershner & King,
1974). Three studies where reversed ?atterns of impeirment
(lower Per formance IQ in association wi;h left hemisphere
damage) were found, involved moiefse;etely impairea‘
childfen. Two of these étudies involved children with

severe lateralized motor deficits (Reed & Reitan, 1969;

Woods, 1980), while the third involved hemispherectomized

children (Kohn & Dennis, 1974).

The Moscovitch-Kinsbourne theory of interhemisphefic
transfer is also consistent with the view that the
possibility of recovery through this mode decreases with an

increase 1in age of onset. Myelination of the corpus

‘callosum is partiélly complete by about six years of age and

fully completeiaround age ten {(Yakovlev & Lecours, 1967).

To the e*tent that this processimay facilitate
iﬁterhemisphere inhibition, increasingly severe damage may
be required at a lafer age of onset before the coqpensgtory
ability of”the intact hemisphere is released from inhibition
by the damaged hemispheref According to the
Moscovitch-Kinsbourne theog; of interhemispheric transfer,’

then, the pattern of.impairment in a child with lateralized

teﬁpotal lobe epilepsy might be most reliably predicted by
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knowledge of the lateralization, ag_e of onset, and severity

of the brain dysfunction in the child.

&

A
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Aaccordlng to the ev1dence dlscussed “abc

‘1nd1V1dualuba51s, laterallzat;on

46.

H§potheses.

Consistent with the findings for other samples of

»<mlldly—1mpa1red children with laterallzed brain dysfunctlon

(Annett et'al., 1961 Fedlo & ersky, 1969; Kershner & Klng,‘
1974), it was hypothesxzed that, on a ‘group basis, children
W1th laterallzed temporal lobe epilepsy of unknown etlology

would show the expected patterns of’ 1mpa1rment

E(spe01flcally, a lower mean Verbal IQ for the left

laterallzed group and lower mean Performance IQ for the

QfSlzed

that, on an

rlght laterallzed group) | It was further h

1one may not be the best
predictor of the patternvof'co 1t1ve 1mpa1rment in these
children, but_rather the.interactions between age -of onset

and'lateralization, and severity and lateraiiiation, may be"

"better predictors than lateralization aldne. - Finally} it

was hypothesizea that the interaction between the

lateraliiation, age of onset, and severity of the. brain

-dysfunction would be the best predictor of the pattern: of

intelligence test performance in children with temporal lobe

epilepsy maximally fnvoiving one side of the brain.

=7
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Subscale IQ and subtest data used in:this second part
, . o . |
of the study were collected during the same administration

- of intelligence tests which provided the Full-scale IQ data
for the first part of the studyi‘.The same éubject»pool was

" used in both parts of the study.

Selection of Measures of Severity

In children with temporal lobe epilepsy of ﬁnknown
etiology,'ié is difficui£ to measure diréétiy‘éhe severity. N
- of cerebral pathology. It was thought, however, that this
might be inferredifromgvari;us.éspeéts of their seizuré‘ :-’
ihistofy which .are more acqessibie tom asuremenﬁ. Since the.
WechSler Fuil—scale IQ score has been; und to reliably "
différentiate between groups of brain;aamaged and .
‘neurologically intact childréen (Reed et 51.,;1965; Boll,
1974; Réitan,_1974j,_the resultS'oﬁ the regression analyses
in the first part of the study, inaidatiné‘the ability of
the égizure—felated variabies to prediCt‘Fullj?cale IQ,lwerg
' used to select the‘best méasdre of the éeverity of cerebral
pathdlog?-iﬂ the present sample)of-témporal lobe epileptic
children. Of the six Qariables which were evaluated as

.prediétors of level of inteiligence in, the first part of the
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study, only the number of anticonvulsants required to
control seizures was found to.be Significantly related to

Full~scéle IQ0. It was therefore selected as a measure of

_ the severity of brain dysfunction for” the second part of the

-étudy.

3 ) -
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Data Analyses

Chi—sqeare statistics weré used to teet,for a
relationsgip between the patfern of intelligence test
performance and the lateralization, age of onset, ahd
severity (number of anticonﬁulgants,required to control
seizures) of brain dysfunction: Patterns Qf performance
were clasSified‘es.eercteg {lower Verbal IQ with left epike

discharge, lower Performance IQ withAright_spike discharge)

or reversed {(lower Performance IQ with left egike discharge,

flower VerbalArQ Qirh r;ght'séike discharge)[ andfgrequencies

were éetermined for rhe.occurrenee‘of each petrerh in
interaetion with each of the dichotomqusly'claséif@ed
sei;ure—relategévariables«(feft or right spike discharge,
"early or late age of onset, zeré to one er more than one
antiédnvuleant). In addition, differences between ‘the 1eft
and right remﬁoral groups in their mean subscale IQ and
subrest scores were. tested for by means of inﬁependent t
tésts“ e

A stepwisevdiscriminant analysis was'cbnducted to
determine the ability of the three seizure—related.variables
to differentiate berween the ehildren who obtained a lower
.Verbal-IQ score - and those who obtained a lower Performance

IQ score. As with stepwise regression analysis, stepwise

1

- .o A ‘ ;
discriminant analysis indicates the relative usefulness of

o
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the discriiminating.variables through éhe'drderv f-entry of
variables into the discriminant function. I ddition, this
procedure préyidgs probabilities of group m mbersﬁip for
each édbject as. well as an overall percentage of borrebt

classifications, fhereby making'it particularly well suited
‘for clinical purposes. |

Rao's V, a generalized distance measure, was used as.
the step&ise selection criterion. The yariabie selected at
eéch sﬁep of the analysis was the one whichJconﬁributed the
.;argest\increase_in X; of greaﬁest overall separation of the
groups, wheh adaéd‘to Ehe:pfevibpsly selecteé variables.
Subjects with lowef ?erbal IQ than Performance IQ were
arbi;rérily coded one (1), and Subjeq@é with lower
'Pe{formance iQ than Verbal I¢ were coded zero (0); iIn no
case were‘Verbal'IQ and PerformancehIQ equa1._ Cpnégnuous
" data were entered for age of onset ahd-severity (nﬁmggt of
.agticonvulsants), and’dichotpmous data were enteiea for
lateralization Qf.spike diScharge. *The'hypofhesize@
'inﬁéractions betweenﬁtheée seizure-related éariables were
tééted‘by multiplyipg lateralization with the other
variables, and'entering %heir'products-as ﬁew variables.
..Lgtéfalization was entered‘alone; and in intérééfﬁbhé.with

.a§e of onset alone, number of anticonvulsants alone, and

both age of onset-and number of anticonvulsants. This

"
-

" resulted in a total of four discriminating variables: one
. £33 ‘

o
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single variable-(lateralization{, two two-way interactions
(lateralization and age of onset, lateralization and humber
of anticbn&ulsan?q), ana one three-way interaction
(lateralization, age of onset, and number oi 
anticonvulsants). L

Computer analyses on the pattern.scores and Ehe data
for the discriminating variables Qére conducted by means of
the SPSS discriminant anélysis subprogram (Nie e£ al.,
1975). The discrimin;ﬁtkfunction was evaluatedjin terms of
the Wilk's lambda (én inverse mea$ure of the‘diécriminating
power in the original variablésfwhich hés'notAYet-been
temobéd by the discriminant function), the canoniéal .

. correlation (a measure of association between the
_discriminant funcﬁionAahd thervariaéles which define_grouﬁ.
membership), and the oveiéll percéntage_bf'correct.
classifications. Thé indiﬁidual discriminating vafiables

were evaluated in terms of their order of entry into the

discriminant function.

G »
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RESULTS

Differehcés between the left and right temporal groups
in mean subscale IQ and subyest scores wefe not |
statisticgily signifiéant {(Table 6). However, differences
between the'means>wgré in.the expected direction, with the
'?xception of one‘subtest._ Vefbal IQ and all of the Verbal
subtest scores were lower f§r the ieft_témpopal gréqp, while
Performanqe IQ and all of the-Performanée subtest scgres'
except Coding were lbwef for the tight temporal gfoup.

Results of chi—sqdare'testé of associatioh between
latefalization, age of onset, and severity {(number of
anticonvulsénts), and the pattern of inteiligehce-tesb
e-éhi~squaré tést

L
of association between lateralization of brain dysfunétion

performance are presented in Table 7% Th

and pattern of intelligence test ?erformance was not
significant (X2(l)=.814, p=.367). The cell frequencies for
the left temporal group, hbwever[ Qere:in the-ex?ectea
direction, with nine.children obtaining lower Vergal IQ
scores and only three obtaining lower Performance IQ scores.
For'the,right temporal grdup, the:celi frequencieé were
balanced, Qiéh seven chiidren obtaining lower Vetbal IQ
scores and‘seven.bbtaining loﬁer Performance IQ'scoregf

The test of association between age of onset and

pattern'éf intelligence test performande'resulted in a
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Tabie 6

Means and Standard Deviations of Verbal and Performance IQ

and Subtest Scores for Left and Right Temporal Gfoups

Left (n=12) . Right (Q=14) Difference

Verbal I0Q. 100.3 (19.4)  101.9 (11.6)  -1.7
$  performance IQ | 105.8 (16.3) > 100.0 (14.1)  45.8

Information 48.3 (10.6)  48.4°(9.8) 0.1
Camprehension © o 47.2 (9.5 48.6 ( 9.3) 1.4
Arithmetic . -~ 48.0 ( 7.8)  49.1 (5.3)  -l.1
Similarities 50.8 ( 8.1) 55.4 (10.5) -4.6
voaabulary \ 48.7 (10.1) - 50.4 ( 8.6) 1.7
Digit Span 43.3 (5.7)  47.3. (9.8)  -4.0

~ Picture '> 54.3 ( 7.7) 51.0 (10.1) 3.3

Campletion - . o ‘ . .

" Picture "51.6 (113)  51.2 (10.9)  40.4
" Arrangement - )
Block Design = 56.1 ( 8.6)  51.5 ( 7.0)  +4.6
Obj%ct Assembly  55.2 (14.1)  47.6 (10.9) +7.6

* Coding” 46.7 (13.1)  47.7 ( 9.7) .0 -
Mazes? (55.1 (10.8)°  54.3 (7.6) 0.8

N

a Nineteen subjects (ten in the left temporal group, nine in the right

temporal group) completed the Mazes subtest.
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Table 7

Contingency Tables for Chi-square Tests of Association Between

Pattern of Intelligence Test Performance and Seizure Variables

Lateralization

- left

right /

Age of Onset

early

late

Severity {(Number of
Anticonvulsants)

zero to one

more than one °

L

WISC-R Pattern _ - /

expected - reversed
9 3
(75.0) (25.0)
7 7
{(50.0) {50.0) :

WISC-R Pattern .
expected = reversed

A 6 _ 5.
1. (85.5) |  (45.5)
6 5
1 (55.5) (45.5)
~ y ) .
WISCR Pattern
expected reversed
.13 6
‘ (68.4):-. {31.6} ' |’
3 4 |
: (57.1) .

(42.9)

Pe SR

Note: Numbers in.parentheses indicate row percentages
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nonsignificant chi—sqﬁare statistic (X2(1)=0, p=1)}, :
indicating no association in this sample between age of
onset and pattern of intelligence test performance. _The
cell frequencies for the gaxly and late agg>of onset groups
were approximately balanced wiﬁh respect to type of pattern,
with six children in each group»demonstratingAthe expected
pattern énd five demonstrating a réve;sed pattern.

The chi—sqdare test of association between severity
{number of anticonbulsants) and pattern of intelligenée’test
performance was not significant'(X2(1)=.S39,'R=.463). The
cell'frequencieé for the mildly_impaired groﬁp (zero to one
ianticonvuléant), hpwevér, were consistent with the |

.Moscovitcthinsbdufne model. Thirtegn children in the
'mildly_impéireé group demonstrated expected patterné of
‘ intelligence test peffotmance_while only six children
zdemonsﬁrated reversed patterns. \xkiff:ffff)Séverely
impaired group {(more than one énticonvulsant) the cell
frequencieé-were more balanced, with three children
demohstrating expected patterns, of intelligencé test
-performaﬁée and four demonstrating revérsed patterﬁs.

Of the four variables enLeréa~into the discri@inant'
analysis (lateralizatidn alone, iatéralization in
interaction Qith age of onset, 1ateralizapion in interaction

with severity, and lateralization in interaction with age of

onset and‘severity), lateralization alone was the oniy

F
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' 62% correct classifications would result from class

CO -~ 56.
variable included in the discriminant function. This
variable, however, produced a low degree of separation

between the' criterion groups as indicated by the

nonsignifica;;/WTTBT} lambda (.934, p=.207) and Rao's V.

(1.686, p=.194), as well as the small canonical cOrrelation
o . . . . X

(.256). Sixty-two pergent of the subjects were correctly

classified by lateralization of spike discharge, with three
. .

errors, in classification for the left temporal'group ang

seven errors in classification for the right temporal group.

Since 16 of the 26 subjects demonstrated a lower Ve(ial 1Q,
i

ying

all subjects as having a lowef Verkal IQ. The 62% leV £

correct classifications arrived at fin the discriminant
analysis through the use of lateralization information .

therefore represents a chance level of accuracy.
. - . -



57.

- - DISCUSSION

o

Lateralization of Brain Dysfunction .

)

The.secona'part of this study was conecerned with
accéunting for the large amount of 3Lriability.in‘the
pattern of impaifmenh which has been found to result from
Alateralized,brain dyéfﬁnctién in childrén. It was
hypothesized thét, as a grzup; dhild?en'with temporal lobe
epilepsy'of:unkﬁown‘etioiogy wou1d show pattérns of

f‘ impairment consistent with the lateralization of the spike
‘discharge_but, on an indiviaual baéis, lateraiization_&ould
not be a reliable predictor. The"results:of the second part
of this study‘indicafe that, as a group, ﬁhe present’sample
of.tgmporal lobe eprlepg}é children deanstrafed trends

E toward the expected pattetns of impairment (Verbél IQ0 and

T

) Verbal subtest scores were lower fqr the left lateralized

e

¥

.group, Performance I{ and five of the six Performancé
subtest scores werellower for the right lateralized group),
bqt none of the group differences were éignificént. On an
individual basis, the lateralization of spike dischafge
reéulteé in an incorrect classffication'of theApattern of
impairment in approxi&atél& one-third of the sample.

There are a number of explanations for the poor

validity of lateralization of the temporal lobe spike
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discharge as a predictor of pattern of intelligence test

performance in the present sample of temporal lobe épileptic

childrén. One explanation is-that the EEG may not be a.
reliablg index”q£ the lateralization of cerebral pathology';
in rthese children. Annett et al.: (1961) havé pointed out,
for examéle,-that children with épilepgy commonly show more
. electrical abnormality in the undamaged hemisphere than‘in
the damaged hemisphere. Moreéver, abnormal electrical
‘activity is likely to tranSfer pq-the other'hemisphere Qid
the coréﬁs callpsum so that, even if the~focué for this
activity is unilateral, both hemispheres are likely to be
dysfunctional. )

A secondzexplanatioh for the poor validity of
lateralization‘information in predictiﬁg pattern of
impairment is that, in children, the.Wecﬁsler-

.Verbal—Performanéé discrepanéy measure has been found to
vafy with a number of factérs other than‘tﬂe latepaliiafionr
‘of cerebrai pathology. Kaufman (1967), for example, found a
- significant relationship between battern of’inﬁelligence
‘test performance in children and paréntal occupation.
Speéifically, the pércentage of children 6f préfes§ional

. . . rd
" parents having significantly higher Verbal IQ scores was

“

twice as larée as the corresponding percentage for children

of unskilled workers. Schmitt (1975)‘has suggested that

different patﬁerns of intelligencé test performance will be
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- found in association with different types of emotional

disturbance. - This suggestion is of particular relevance to

the present sample since five of the subjects had received
y Sh !
professional cou!éelinglfor_emotional disturbance.

A final explanation for the léck of validity of

létéraliza;ioz;igjpnmation'in predictihg pattern of _ o
impairmenf in .t é;btal‘lobe epileptic children-is that other

neurologfical fhctdrs, such as the age of onset or the

severity of the cerebral péthology, may modify the effects

-

- of lateralization.(

Age of Onset of Bri&n'Dysfunctioh'

On the basis of the\neurobsychological literature;, it

was hypothesized that differences. in,age of onset of.the

seizure.disordervwould confribute to the'variabiiity‘an the-
pattefn'éf’impairment~res 1£in§ from'lateraiEZed brain
SQSfunction in temporal é;be-epileptic children. The
results of the second part ofvthis studyfindicaté that the
prediction of the pattern of intelliQence-ﬁest'perfoémance
in the preSeﬂt sampleAwas not improvéd-by inciuding the

- interaction between;age of onset and the lateralization gﬁ
ﬁhe spike dischérge as-a predictor. The'propdrtiéhs of

_—

expected and reversed patterns of impairment were the same-

for the early and late age of onset groups. This contrasts
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with the -findings #n the neuropsycBological litegature which

suggest that the proportion of expected patterns of

impairment increase with an increase in age of onset. For’

~

example, in a study of adults with iateralized brainfdamage‘
. LY N . .

in which- the frequencies for pattern of WAIS performance

were reported, 90%-of the subjects were found to demonstrate

expected patterns of impairment'(ﬁeitanﬂ l§55). ‘Byili

contrast, in studies of children with:lateraliied'brain'
damage, - the reported percentagés forrexpectedjpatterns~of

impairment have ranged from 47% (Reed & Reitan, 1963)ﬁto 71%

" ‘1ﬁcFie, 1961). According to the theoreticallliterafurer
A(Wftelson, 1976- Moscovitch'-1§76-iKinsbourne,‘lQBl), the
uprobablllty of expected patterns of 1mpa1rment resultlng
)ffrom laterallzed braln damage 1ncreases gradually with an —~

;_1ncrease'1n age of onset- as the processes of cognltlve

and/or neuroipglcal development gradually reduce the

v

tp0581b111ty of 1nterhemlspher1c transfer. The present data

are con51stent 1nstead ~w1th the hypothesrs there 1s-no

-”gradual change 1n the effects of laterallzed braln damage

throughout the chlldhood years.f As was suggested w1th

]

- regard to’ the dlfferences in level of 1mpa1rment found

rbetween brain-— damaged chlldren and adults, it may be that

"the early adult years represent ‘a perlod of abrupt fhange 1n‘p\45///”“j

‘the pattern of cognltlve 1mpa1rment resultlng from - : §

/“""‘,

.:-Q‘ . 'n
r,aﬂ @

R
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Severity of Brain Dysfunction
-Contrary.to Qhat was hypothesizeq: no increase in the
predictabiiity of the pattern of intelligence test
pertormance in‘temporai lobe epileptic children was found as
a result of including information aabout the severity of the
seizure'disorder. A'numbeﬁ of methodological prob{ems may
account for this flndlng. One'methodological‘probiem was
. the lack of varlablllty in thetsamplekonithe selected
~.measures of severlty.. As with the predic%ion'of Full;scale./
10, it is difficult to predlct the pattern,of‘intelligence
test performance on the ba51s of dlfferences 1ﬂ/;e;;:}ty
- when such dlffereﬁgg; do not exrst.j The lack of varlablllty
in the'severity'oﬁ seizure disorder in the present sample of
mlldly 1mpa1red chlldren may have resulted in a greater

»

1nfluence for the other factors, such as parental

occupatlon, which have been found to. affect the pattern of
"1ntelllgence test performance in chlldren.

A second methodologlcal problem ‘was the lack of

Al

-

informationfonAthe'sever;ty-of cerebral pathology in the
. . b %4 ’

.tempora1~1obe epiieptic children at the time of onset of
their disorder. ;The‘average durftion between age of onset
and“a@e at testing for the sample was four yea;s (rangingt
from less thanrone to tweive years); The'éeverity of

neurological impairment at the time of testing may. not

i
i
.. },,

¥ /b
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reflect‘the.degree 6f sévefity at age of onset of the - |
disorder, since the child's neurological conditipn may
timérove or deteriorate over time. Insofar as the
Moscovitch—Kinsboupne_hodel of interhemispheric tranéfer is
relev&htiﬁo the pfdposéd association betweeh severity and
éétterp‘of'impairmént, a§e bf onset would be the appropriaté
time at which,fo obtain severity heasures, Even if.severity‘
'informétioﬁ wére éollegted at the Eime of onget, however,
the cerebral pathology leading to tﬁe seizures may have
N . — ,

preceded their onset by several years. This indicates the ..
. N ) ’ \ . . .

: diffiéulfy of, obtéining_appropriate informaﬁioﬁ~tb.tes§‘ ; )
' hypothéses'about the effects of éeverity of cerebral
pathology;_ ‘

A final limitétiod in interéréting the results for
séverity in éhe presént‘study was the qﬁestionable validity
‘of the criteria used té assess the degree of cerébral
pathology in the temporél lobe epilepfic_childrenu Problems
relating to‘c;iterion;information are inescapably.present in
..any neuropsychological‘research_endeavéf!(Réitan) 1§66); In |

patiehts whose_symptomatoiogy wqula suggest(bfainﬁ
dysfundtion which'cannotdbe detected by éurrent neurdlogicél
techniques, fhe use of criterion information is particularly
prdblematic (Lenzer, 1980);_ Th the‘present_study;'

seizure-related variables were selected as indirect measures

of cerebral pathology because, in subjects whose -seizures

! . : . -

[N
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are not severe enough to justify surgery, it is impossible

.to obtain more direct measures of'the'degree of cerebral

‘pathology. It may be, however, that there 'is no direct

nelationship between the degree of-~cerebral pathqlogy and
the severity of syﬁbtomatoloq&, in which case the ’
seizure-related variables selected as indirect measures of

severlty in this study may not be Valld 1nd1ces of the

.underlylng *neurological condltlon in mlldly—lmpalred

M I

temporal lobe epileptic children.
| In view of thks criterion prob;em,'&t migﬁt be argued

thét,the,hypﬁthesis of:an assédiation‘between séverity ana

patgérn of_imﬁairmentvﬁas not effectively‘testeé and

therefore cannot be challenged. Further examination of the

. literatufe, however, suggests that‘ when a more direct

-

"measurement of cerebral pathology is made possible through

the 1nvestlgatlon of severely impaired subjects, an

assoc1at10n between severlty and pattern of impairment is

not sﬁpported.' Rasmussen and Milner (1974), for example,

determined at sufgery the extent.of tissue éaﬁégé’in

epileptic adults with severe left-hemisphere seizure

disorders. . When they correlated thése‘findings with the

results of Amytal speech tests in these patients, they found

thatndamége'in_the primary speech zones at. an early age was

likely to rééu;;-in the reccvefy of‘langﬁage functions

()lhrough interhemispheric transfer whereas, even gross

g
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lesions that spared the primary speech zones rarely seemed

to result in interhemispheric transfer of speech. These

findings suggest that there is no direct.relationéhip

<

&

bet&een £ﬁe severity of cerebrai.pathology, in terms) of th
extent of tissue damage, and the patt;rn of cognitive
iﬁpairment resulting from laterélized braiﬁ'lesions. |
‘Instead, fhe-findingé of Rasmussen.and‘MilnerAsuggést that,
ét leéSt in the cése of left—hemiSphére lesions, the locus
rather than the séverity‘of brain injury is a critical
factor in.détermining,the4patte;n of impairment. Otger-
'ev}dehce agaihs£ an asgbciation;betwéen sevetiﬁy and Qatéefn
of impairment is the-finding of'right—hemisphere speech and
—reversed patterﬁs'of impairment'in mildiy impaired adults
with early left-hemisphere lesions (Lansdell; 1969). The
resulté‘og tée prgsent:study are cbnsiéﬁent~withvthis.
ﬁegativé evidende, and suggest that the findings in the.
child neurépsychological literature of expected pattefﬁs of
intelligence test perforﬁaﬁce'in mildiy'impaired sampies and
fe&grsea'patterné_éf intelligence test pérformance in more
severeiy'iﬁpaired_samples are due to factors other th;ﬁ an
associlation betweenAthe‘severity of brain dysfunction and

the pattern of'cogfitive impairment.
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GENERAL DISCUSSION

\

The purpose of this study‘was to identify variableé
which~§ould improve the predictability -of therverall level
and pattern of cognitive impairment in'chiidren with
teﬁpofal lobe‘epilepsy. The clinical\utility of increased
predictability is that this QOuld enable thexintroduction of
reme@ial measures before, rather than aft;r, the childjhaé
experienced failure within the school system. The accurate
ptédictién of the pattérn of impairmenththat'will eventually
result ffom lateralized brain dYSfupctidn is pérticularly
relevant, since the‘péttern.of deficits which is imﬁediaéely
apparent may change over time as a result df recovéry |
throdgh interhemispheric t;ansfer of funétion: If itlig the
case thét fﬁis mode of recovery occurs more often thanhiS'.
generally reéliéed, as Kinsbourne (1981) has sugégsted, then
remedial progra&s Eargeted towatd:the immeaiately apparent
deficits in the child with lateralized. brain dysfﬁnctiOn may
.repfesent an invéstmé@t of time and effort in an area. where
_spongaﬁeous recévery‘is 1ikely to occur, whilevthé ﬁew;area
of deficits which may emerge as a résult of interhemispheric .

transfer may go unnoticed.
[~4
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Prediction of Level of Intelligence Test Performance

A Y

of the.six seizure-related variables selected as
predictofs_on the basis of the neuropsychoiogical
‘literature, only the number of differeﬁt types of
anticonvulsant requirea'to control seizures in the temporal
lobe épileptic child was foand to have some association with
the child's level of,lntellectual performance It would
_seem,thag whether'of not the child with temporal lobe
”epilepsy has left or right hemisphere.dysfunctibn, an early
or laté age of onset of the disorder, some or no focal
élowing'in the EEG Some 6r nO'récent‘seizures, or ha%’éver4
experlenced a major motor seizure, has llttle bearlng on the
level of 1nte111gence performance that the Chlld might be
_expected to demonstrate.

Tt might be argued that the range of severity sampled N
on these variables was too restricted to adequately assesa
their vaiue'as-p:edictors of the level of impairﬁanﬁ'in a. i
more heterogeneous saﬁple'of héuroloéiéally impairéd
children. Tﬁe fact that the pfeseﬁt Sample was so
restrlcted in its raﬁ&e of 1mpa1rment is :ﬁ itself usafulA
1nformatlon about the predlctablllty of the level of
_1mpa1gmant in temporal.lobe eplleptlc chlld:en.“Confrafy to
other finqings_in the iitekature‘(Stores, 1978), the results.

of the present étudy sﬁggesg that, at least in the area of

¢

v)
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cognitive functioning, the temporal lobe epileptic child is
likely to perform at the game<1evel as Epe child'without'
epilepsy. . Oniy four children in the preseht sample
demonstrated Full—scéle'IQ«Scores whicﬁ Qere bélgw the
Average range.‘ Insoféi'as,the present sample‘is
.repreSentative of temporal lobe epileptic childreﬁ in
general,3 the results from Part One bffthis study‘suggest ;.
that the temporal lbbé epilepﬁic child is not at particulaf
risk infferﬁs Sf overall level-oﬁ:cognitive impairment as
ﬁeasured by the Wechsler Full-scale IQ. Deficits in these

.

children may héve been more apparent, however, with
néuroégychological measures. Klove (1959), for example,.
found that the WAIS Ful}—scale IQ was less seﬁsitiQe than
the Halstead Iﬁpairment Index to neurological impairment in

A adults with laterélized'EEG abnormalitigs..~While the
Wechslér Full-scale IQ may not be the most sensitive measure
of cognitive impairmént, it-waé used in the -present study‘tot
facilitate comparison with the extensive literature which
uses Full-scale IQ to assess thé’effects of lateraliieq

L]
> . .

‘brain dysfunction in children and adults. .

Prediction of Pattern of Intelligence Test Per formance 3

None of the threeAvariables:(latéraliiatioq, age of
. . Y
.onset, and severity of brain dysfunction) selected as

)

~
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predictors of the pattern‘of inteliigencé test performance :
in the temporal lobe~eyileptic child was foﬁnd to have a
$i§nificant_asso¢iation with the relative magnitude of
Verbal IQ and Performance I1IQ. Within éhe limited range of
the variables sampled, it would seem that whethef the . a
temporal lobe epileptic child has a left or right temporal
lobe spike discharge, an ea;ly'pf late age of onset, or a
milder or more severe seizure disbrdei, }as little bearing
on ‘the pattern df idtelligence test performance’ that the
- child might be expectéd to demonstraté.

While latéraiization was not found to have a.
significaht association with pattern of iﬁtelligence test
'performance.on,an indiviadal_basis,‘there were trendg-tbwérd
an aséooiation.dn a group basis. It ﬁight be aréﬁed‘that
the _small sample size accounts for the lack of significant
reéults in'this'study. Kers@ne; and King‘(l974),§however,
obtained>significant~differences betwegn gro§ps of left- and.
right—b:ain—dyéfunéfional chﬁldfen with only'seven subjects
in,eéch group. ‘A.difference_between studies éfnuhiléterally
bréin—dyéfunctidnal children which have found siénificant
,differences‘TAnnett et alf, 1961} Fedioz& Mirsky, 1969}.
Kershner & King, 1974) and those which have not’(Reéd &
Reitan, 1969; Kohp & Dennis;.lQﬁé:'the preéent stqd?);.is
that the former studieé compared the left- apd

right—brain—dyéfunctionpl groups. to a normal controligroup
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rather than to each other. The use of a no;mal control
group is important since the "intact" hemisphere in the
unilaterally brain—dysfunctibnal child, and particularly in
'ﬁhé child with epilepéy, cannot be considered normal. A
second methodological consideration is the tyée‘of measure
ﬁéed to aséess diffe;ences in patterns of cognitive
impairment. ~In another study’which inv&lved tgmporal lobe
epileptic children, significan; differences wére not found
bet&éen the left and,right tempéral groups on the Wechsler
1ntelligen¢e testlmeésuges (Fedio & Mirsky, 19693.
Significgnt differencgs were fougd, howgver, on méasures of_
iearping and memory which involved verb;l.or nonverbal
- material. o
| The lack of support for the validity of
lateralizatioﬁ as a predictér of pattern of intelligence -
test performance in.the'preseﬁt study‘is éoﬁéistent with .
stuaies df'children,(Regd & Reitan, 1965; Kohn & Dennis,
1974; Woods, 1980) and adults (Smith, 1966; Snow et al.,
Note 3) ip whichfexﬁgpted patferns'of impairmeﬁt have nbt
been found. _ In;theéé latfer studies, however, findings of
révérSed patterns of impairﬁent involvea a lower Performance
IQ in assbcié;ion with left hemisphere dysfunction. Ihfﬁhe~
fpresent study, by contrast, the majority of reversed |

patterns of intélligence’test performance (seven of thg ten)

involved a lower Verbal IQ in association with right
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vhemiSphere dysfunction.

Findings of a lower Performance IQ in children
regardless of the lateralization of brain dysfunction have
led Woods and Teuber (1973) to postﬁlate the recovery, or
escape, of verbal functions at the “expghse" of nonverbal
functions. Similarly, the findiné of a correlation between
the WAIS verbal factor score aﬁd'time’since injury, bﬁt not
between the nonverbal factor.score and time since injury in
adults with lateralized lesions has led Lagsdgil and Smith
- {1875) to suggest a fesilieﬁcy for vefbal fuhctfons and tﬁe

likelihood of some permanent impéirmen; for nonverbal
functions after brain damagé. On the other hand,,in a
number’ of studies of children with generalized b;éin'damage
(Reed et al., 1965; Boll, 1974; Reitan, 1974) the major
deficits have been found in languaée—relateq_areas. The
results 6f the present study are conéisﬁent with these ,
latter studies in that a majority of children (16 of the 26
subjgcts} démonstrated a lower.Verbal than Performance IQ
_score; |

In conclusion, ihspfar as the'résults for patte%n of
intelligence test performance in thé'présent study‘reflééﬁ
neurological'rather than enviroﬁméntal factors, they'
suggest, in‘agreement with the findiqgs/fbr child;en witg‘
generalized brdin damage and in contradiction with somé'of

the findings for children ahd,gdults with lateralized brain ¥

N
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damage, that Verbal IQ is more fréquently lowered as a
result of lateralized brain dysfunction in children. More
specifically, the results of thefpfesent study for the
pattern of intelligence test performance éuggest that the
- child with temporal lobe epilepsy‘maxiﬁally inﬁolving the
left hemisphere is iikeiy to have a lo%er Verbal than |
Performance IQ score, .while the'child with temporal lobe .
© epilepsy maximally involving thé right hemisphere is eqﬁally

likely to have a. lower Verbal IQ or lower Performance IQ.

\

{
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Footnotes. -

Thé dafa for this study were éollected as part of a
collaborative teseagch project undertaken by the
neurology and psychg}ggy depa:tmenté of the IWK Hospital
in.H;}éﬁax. Only those details of the project which are

relepant to the hypotheses under investigation were

reviewed in this study.
4

The cutoff for age of onSet was determlned by plottlng
the dlstrlbutlon of this varlable for the total sample

and leldlng this into two groups of equal n. Four

~ subjects whose age of onset fell at\the sample medlan of

nine years were excluded from the E,test‘and chi-square

" analyses.

Although the ‘sample size for thé present study was small

{(n of 26), it constiﬂuted a majority of the cases in the

files which met the criteria of psychomotor seizures and

a strictly@lateralized temporal lobe spike discharge.
Since the IWK Hospital services the Maritime region, the

sample may at least be considered representative of

children with lateralized temporal lobe-epilepsy in the

Maritime region.



