
Ij]

Aiticle absract

I ntellectual correlates oi e iectroenceph aiographic epileptiform activity',.rere
exa;-nineci by administering the vVechsler Adult lnteiiigence Scale to epileptic
pallents divided into groups cn the basis of presence or absence, a\/erage
rate, and topographic Cistribuiion of discharges. The resuits shorryed thai
lower intelligence levels were associated with the presence of discharges,
especially when they were generalized rather than focal and when they
occurred at an average rate of more than one per minute. An examination of
patients having discharges ipsilateral and contralateral to their handedness
showed few findings, as did an analysis based on an assessment of
strengths and r,veaknesses within individuals. The results suggest that
electroencephalographic epileptiform activity is significantly related to the
intellectual functioning of epileptics.

N{ore specilically, ferv researchers have evaluated rhe

signilicance of, the average rate of occurrence of
epileptiform activity and its relationship to intellectual
abilities. Horvever, one studylo shorved that individuals
with frequent epileptif,orm clischarges clid more poorly on
the perlormance measures of the Wechsler Adult
Inteiligence Scale (WAIS) than persons having only a

small amount of such activity. Neither group perfcrrmed
as ,'vell as patients havin-e no epilcptiiorm discharges.
ThLrs, the relative abundance of epilepti[orm clischarges
appears to be relevant to intelligence, bLrt this h:rs not betn
completely exploreri.

Another fhctor is the possible associaiion between
topogrrphic distribLrtion of epileptit'orm activity and
intclligence. Thcre is some evidence tlrat genenriized
Ciscliarges may have a m()re substantial impaut than iocal
dischttrges on intellectual abilities.ro.rr but thi-s has not
bccn clr-r'nor,stratcd consistenii)'. I I' I I Klitr rs h;ts reported
tirat eicctric atrnorirralities involving the lclt ccrcbral
lrcrnisphere are t)'J)icail), nsst'ciated rv'itir lg,,r,ereil .. e rbal
abilities on the Wechsier-Bc-llevue Scalc. r,.'hilc sinrilar
findinlls in\,olving thc right hemisphere arr assocr.rted
rvith lo'.vcrecl perlirrnt*ncc' abilitirs. Otirer inresti-
gatoi'sr0)r4,r5 i'ivc raisecl the possibilitl,thrrt thc
Sirnilaritics ancl PictLrrc Ai-ranscnrent subitst.i m:iv be
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hat electroencephaiographic epileptilorm activ-
ity nray be associated rvith deficits in periirrmance on

cognitive-rnotor tasks has been demonstrated on a number
of occasions.l-a Holvever, the interaction of this
electroencephalographic abnormality rvith variotrs
measures ol intelligence has not been fully explored, and
complicating f-actors have obscr.rrecl the results of previoirs
researclr. A -general source ol ambiguity is that a number
of investigations were rrot desi-gned to clearly distinguish
the roie playecl by cpiteptiform clischarges in relationship
to intelli,qence. For example, clectroeitcepiralographic
abnorr,ralities consisting ol epileptitbrm as r,,'ell as

non,'piieptifbrin I)aiterns have often been consiclcred
tosether,s-7 anrl clectroenecpl.ralc,graphic findings in
cpiicptic patients have not alr'vays been sti-rcl iecl
inilcpendcntly of those of individuals rvith other
nsurt,iogic disori]eis. s,')
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lcteiiigence and EEG epilepiiiorm activity in epiiepiics

related to the funcrioning of the dominant end
nondominant hemispheres. respeclirc-11'. bui none have
specifically evaluated cpiieptitirrm iictivity in this regard.

Finally, some discordant results in this area can perhaps
be related to clif'lbrences in the tests used to evaluate
intelliqence. For exanrplc, two groups of
investigatorsr3,r6 used the Wechsler-Bellevue Scale and
tbund that individuals rvith focal e lectroenc-ephalographic
epileptiform discharges pertirrmed ntore poorly on tesis of
verbal intelligence than on tests of performance
intelligence. Tlvo other gror-rps,r0,rz horvever, used the
WAIS and reached exactl;r the opposite conclLrsion,
regardless of the presence or absencs or topo_graphic
distribution of cpilcptitbrm activity. ThLis, it is not clear
eten rvhat basic profiles of intelleetual decrement are
related to these electroenceplralo-qraphic parameters.

In vierv of the contradictory and incomplete results
cited, the prcsent investigation was designed to
systematicall)' assess the po-ssible relationships betrveen
aspects of intclligence antl the presence or absence,
topographic distribLrtion, ancl average rate of occurrence
of electroencephalographic epileptiform dischar-ges in
aclult epileptics.

Materials and methotls. The 90 patients included in this
investigation w'cre uncontrolled epileptics being treated zrt

the Seizure Clinic at the University ol Washington
Hospital. These 57 nrales and 33 t'ernrrles avera-eeci 28.38
years of age (SD : 8.74) and 12.26 ycars of tbrrnal
cCucation (SD : 2.00). Inlormation available on 88 ol
these patients revealecl that they had been expericn(ing
seizures since the mean age of 12.50 years (SD : 8.65)
and that the average duration oftheir seizure clisorders rvas

15.92 years (SD :9.60). Table I shoi.vs a classi-
fication of these subjects on the basis of thcir
electroencephitlographic finciin-ts. Clinically. their
primary se izr-rre diagnoses were as follorvs: Six had
generalized tonic-clonic seizures. l2 hac! generulized
seizures other than tonic-clonic, i 6 had elementary partial
seizures, 5-5 hacl cornpler partial ipsychomotor) seizures.
ancl one had unclassiliecl seizures. In addition, 47 ofthese
patients hacl reporled generalized tonic-clonic seizureS on
one or more occasions.

The WAIS rvas uscd to asscss intelli,uence. This scale
contains six subtests ol ',,erbal inte lIi-eence (InfolnrrLtron,
Conrprehension. Arithmctic, Sirlilarities. Digit Sparr^

VocabLrlary) ancl tivc subtests rrf pc-rtbrnrance intelligcnce
(Digit Synrbol. Pictulc Corrrpletion. Block Design.
PictLire Arrarigeinent, Ob-icct ,,\sse'rrrbl,v). 

-fhe test rvas
given ancl scorcd according to standar(l instructiuits.rT

[:lectroencep]ralo-uranrs (EEGs) w'ere donc clurinq
u'akcfulncss on I 6-channL-l clect.{-)enccplraio-qiiiphs
(Ileck;nan Accuirace) Lrsing thc international l0-20
systcm o1'e lcctroclc 1'rlaceniettt-II Tracinqs rvcrc ttiltaincrl
during u,akcfr-rlnc-ss firr a r-ninirnum of -10 ntii:utcs. ri'ltich
inclrrrlerl -i rrrilrrtcs <'l h_yperve lrtilation and :itrr)tl\):icopic
stinrtrlatiort. If ttrc patiertis btcatrtc di'rtwsy. tllev *'.-rc
alcrtcci b1' noiscs or cottvct'sittiott. A11 ElilGs rvcr'.-

irrte rPrc tccl by thc sai nc .-l cctrocnccpltttlograpll.: r',r, ltt t i.'its

i)ot awart of thi'plticnts'clinical coLtrsc. ln cucit ir.tsL;tn.u.
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the WAIS and the EEG r.',ere pertbnned.as closely
together as possihle; thr- mcdien number ot day's betil'ecn
these tu,o procedures rvas 1.24. No patients w'ere str.rdied
r,i'hile they rvere obvir.lusly postictal.

Criteria firr ide ntifying epileptifbrm patierns u ere those
clelineated by 7-ivin and Ajrnone Marsan,re *ith some
moclifications.20 Spike s anci sharp w,aves rvith or without
slorv 'uvave components r.vere individually counte-d lor the
lirst 20 rninutes of each tracing lvith the patient at rest, and
their average ratc of occurrencc on a per minute basis rvas
calculatccl. Groups of spike-and-siorv ',vave, -sharp rvave
and multipie spike-anci-slr)w wave birrsts rvere counted as

single epileptitbrm clischarges unless they'e rceeded 3 to 4
scconds in duration. In the Iast insttnce, they w'ere

arbitrarily classitlecl' as electric seizures.
Four series of analyses of the clata r,,ere conducied. In

the first, the intellectual correiates of the average rate ol
electroenceplralographic epileptitorm clischarges were
assessed rvith patients grouped as fbllorvs: ( I) those rvith
no discharges (discharges zrbsent, N = 32), (2) those rvith
discharges occurring at an average rate of less than one per
minute (discharges low, I'i : 27), and (3) those rvith such
activity occurring at an average rate of more than one per
minute (discharges high, N : 3 i ). f his last gror:p
inclucled tlve sr-rl.r.jects rvho ri,oirld have been r:lassilied in
the second gr{)Llp ex.cept for the pr-scrlcc of clectric
scizures. in orcler to nrake this stud,i'more dircctly
cornp;rrable'".,'ith preceding ini'esti.zations,r0'13 the
variable ''Verbui IQ rninus Pe rfonniince IQ" was
included in this and in seleral succeeding analyses. The
techniciue of one-rvay analysis of variancc *'as applied for
each psycholosic variable. and rvhere significant .F

statistics appearc(i. the Neunan-Keuls proceelure for
nneclual Ns rvas employed to asscss differe nces betrveen
groups. I I

In orcler to assess the relationships of toptr:raphic
distribution of clcctroencc'phalographic epileptilorm
activit), rvith intelligencc, ihe patients r,.,ere dividecl in tw'cr

Table 1. Topographic distribution of
electroencephalographic epileptiform patterns in

patients undergoing neuropsychol ogic tests

Findings

Generalized

Hight temporal

Right frontal

Other right iocai

Parlents {N}

19

14

1

o!' 'rniiater3l rvldespr,"ad 2

5

2

Left temporal

Left frontal

Other left focal or unilaterai widespread 4

Bitemporal ifi dep€ndent

Bifrontsl indep€ndent

Small widespread spikes

None

Total

?

4

1a
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\!r.ys. First, patients werc grouped accor(ling to wh(riher
they had (1) no clischarges (clischerges absent. N '-- il).
(2) clischarges that \\ere local or unilateral (ibcal. N :
35), or (3) generalized epileptiform discharges
(generalized, N = 19). The one-rvay analysis ofvariance
technique rvas applied to these clata in the same fashion as

indicatecl previousl;'. In this and the lolloiving analyscs,
four subjects shr:rving only small rvidespread spikes
("srnall sharp spikes"22) w'ere excli"rdecl, since these
patte rns are believed to be of no ltlcalizing or lateralizing
signiticance.23 The correiates of topographic clistribution
rvere secondly assessed by comparing individuals having
epileptic discharges that were (1) ipsilateral (N : 19) or
(2) contralateral (N = 9) to handedness as determined by
the lateral dominance examination.2a The / statistic fbr
inclependent means \vas then applied to these data.

The third analysis was designed to assess the average
rate and topographic disrribution (foca1, generalized) of
electroencephalographic epileptiicrm discharges in
cornbinltion. The patients u,ere divided as r,vas done
previously, accorcling to the average rate (iow versus
high) and topographic distribution (f'ocai versLts
generalizecl) of discharges. This resulted in fbur groups of
subjects: (1) low focal (N : 13), (2) high tbcal (N :
22), (3) lorv generalized (N 10), and (a) high
generaiized (N : 9). The two-rvay analysis oi variance
procedure rvas then appliecl to each intellectuai variable,
and estimates of the .ioint irnpacts of electro-
encephalographic variables on intelligence were thereby
provided.

In recognition of the uniclue constellaiion of, abilities of
each patient. the final analysis involr,ed the examination
of the subtest scores fbr each person to cletermine if
relationships co,-rld he detectecl betleen the patlc-rn of
intellectr.ral abilities and the electroenccphalographic
variables consiclered in this study. Foreacli individual, the
score on each subtest ri'as subtracted from the average
subtest score for the entire test. Ttrcse results rvcre
averaged to provicle a profilc lor the groLrps defined on the
basis of electrcencephalographic criteri:r. These derived
scores were independent of general level of group
pertormancc, since they r.vere cletermined from variations
arollnd the comnron sublest ntean for each person and
rvere dcsigned to indicate that person's strcngths arrd
rveaknesses. Inclividuals werc groLrped again as in the
third analysis btrt with the aclclition of the clischarges
absent rrotrp (N : 32). 'l'he onc- ri,ay anllysis of variarrce
tcchniqr-re was tiren applied acl'oss the gr()ups ior cach
sLrbte st.

No stati:itically signilicant ditlci'enr:es ri.,cre detectccl
arnong the !roups tjrr cach analysis rviih rcspecl to agc.
education, or total r.'rurnbcr ol utt:icks in the nronth
prcccdint thc evaluutions. Furilrcltitorc, tho l2 patiL.nts
lviti-i abnornrnl linclings on rrcur<tlt:gic exaluinaiiLrn \\cic
spit'acl itcnrss all thc gr'orrps stLrtliccl. Howclcr- thc nrclLrr

age ai onsct olthc scizLrrc riisortlcr clid sigrriliciintli'clif fcr
l{" - 3.29, p -< 0.0-5; tirr thc irritial anah'sis irrr.-:lvin-i thc
.r\e ragc ratc of cpilcptiform rlischiLlirc:, tltc rncans tirr tirc
ciischtirees high. lou. linrl aLrsent groui)s trcing 9.30,
l-1.()0. antl 14. ?9 ,r'cars. rcsl;uctir'+ly. \\'ith inr.livitlulls

grouped in exactly the same fashion, there r','as also a

statisticaliy signiticant difti'rence (F : 3.'i9. p < 0.0,))
u ith re spect to duration of se izure disorder tbr the
discharges high, lor.v, ancl absent groups (means of 19.57,
13.07, and 14.87 years, re spectively). No signilicant
differences ivere detected between any of the groups
stuclied rvith respect to senlrn diphenylhydantoin levels,
although it is t<l be noted that all patients were on this
irnticonvuisant nredication alone and that the overall mean
se rLrrn level olthis drug was 30.05 g.gm per milliliter (SD
:15.59).

Results. Table 2 presents the data on the relationships of
the iiverage rate of electroencephalographic epileptitbrm
activity (regardless of topographic distribution) to the
various intellectual measures. Ori each of the subtests and
summary scores, the group having no discharges did best,
the group having these pattems at an average rate of less
than one per minute scorcd on an intermediate level, and
the group rvith discharges at a rate greater than one per
rninute did the poorest. Several statistically significant
clil't'erences overall appeared and were most frcquently
fountl between the dischar-9es absent and the discharges
high groups. When significant differences involving the
rlischarges low group did appear, they tendeci to occur
rvith in comparisons between this group and the discharges
absent group.

Table 3 presents the results of the first of trvo analy'ses
in relationship to topographic distribution of epileptifonn
pattems. In this analysis, the presence or absence anil
topographic distribution o I disc hrrges wL're studied. Once
again, an orderly decrease in intelligence scores \\:as

observed as groups rvithout discharges were cL)mpared
rvith those rvith focal ancl then generalizeel discharges. An
even larger number cf statistically signifrcant dift'erences
$'as preseilt than in the prcvious anal)'sis, but again tlre
Verbal IQ nrinus Pertbrrnance IQ variable was not
statistically significant. Statistically significrnr
diff'erences occuned routinely rvhen the group lvithout
discharges \yas compared with the one rvith generalized
epileptiform activity. but fer.v diff'crcnces in,"'olvecl the
group rvith focal discharges in reiatiotrship to either ofthe
others.

Thc second analysis of topographic clistribution
considered paticnts having discharges ipsilatcral or
contrirlateral to their hanclcclness, and the rcsults are
shorr,'n in table 4. The one clearly significant diftcrence
ivas u'ith respcet to the Pictuie Arrangement subtest. in
u,hich clischargcs over the noixltlminant hernispherc weie
associateil ir,ilh poorer sc()res. Difttrcnccs of, ntarginal
statistical signil'icance (0.0.; :- p < 0.i0) appeaiccl on the
Picturc Conrplction subtcsi and the Yerbal IQ nrinus
Perlirnnanie I(] r'ariiLble .

J'able 5 prcscnts colnirarisorrs of the conibincil eI'licts
of thc arerir-r:c nttc ancl toptigrairhic ilistributiolt (tircai-
gcrtcritlizcd) of tli:charscs on iniiilir:cnir. f irc suntntarl
scorcs (\'cr'oal IQ. Pcr{irr-rllincc IQ" Full Scale lQr)

rci'caletl proercssi,"'cIy'po()r'L'r scorcs tvhc'n tlic io* hrcal.
hi;lli firc:Li. lorr rrcncralizeil. lrn.1 hi,rrh r:sncrrrlize(l qr()ttps

\\,stL- sLlccessilr,'11, conrirlcrcr!. scoies tor thc strttiests
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Table 2. Means, standard deviations. and F statistics of wAls variables

on patients grouped according to absence and average rates of electroencephalograFthic

epiteptifovm discharges (iow = ( 1/min, hiqh = ) 1/min)

F staiistic
Test variable 6roups

Dis:iiarqes ahseni
l'l'l;a:: S::_'

-. ^.,1i i .:+ r.-: _l

r i.;l- i.i.

afa '..LL

-^ ,.1
r l.J!i -' Lii'

i c.3i 3.5C

1a n2 ,aa

a :_7

rnrcl .1e

9.72 2.28

1o.0€l,i 2.7'i

9.ai4 1 2.O6

10e.o31 i-".iZ

1cc.zi: :_,?, i o.t-,7

1C3.8'il:2 i 1.:E

Discharges low
iv'iean S!]

*ischarges higi't
fulean gD

lniof n:raticr')

Comprehensic;

AritlTmeiic

Simila rities

Digii Soen

Voca'nu lary

Digit Stimbol

Picture Completion

Biock Design

Piciur€ Arrangement

Oiriect Assemi:ly

Verb2l iO

Perforrnance I Q

Full Scale l0
\ierba! I O-Fer{or;rrence i C

3.53 9.?*1 3.ii 4'51a

3.5S e.35 2.e*e ?.54

- 3.29 8.8? -1.21 . 0-54

3..1-i g.?41 3.Zj 4.82;)

3.75 . S.C3 3.41 -i .C5

3.34 9.03 3.:7 3.C9

2.A6 7.4A 2"S0 2.33

2.4A A32!'2 2.fr4 8-1Bc

2-21 8.29 3.fJ2 2-85

2.L2 7 55L 2.0't I .14c

2.52 7.48i 2.93 1.2?,a

15.08 95j71 i4.e7 3.Lrsa

12.5C e7 E7 ? i3 .23 3.67 t

14.52 92.001 i 3.43 6.62 fr

11.76 8.aZ i1.';2 C-61r

9.8t

I U .t,i

9..'J{i

1 f,. ;2

9,.43

I .a,J

g.63 2)

c.-z
o rc 1

E.44

oc 7l

oa E.-.L

96.O4 2

,n-

lrlote: lcienlical singie superscrip't numbers u,ithin each test variable indica"re signi{icant-diiferences of p <O'OS; if trideriined,
o; p( C.Ot.- io ( o.os \F> 3.i1), hp ( o.or (F )z 4.86'i, tp ( o.ooj lF> 7.56).

Table 3. Means. standard deviatiorrs and F statistics of WAIS variables on patients
grouped aeeording to absence or presence of focal or generalized electroencephalographic ep;ieptiforrn discharges

Groups

Generalized
Mean SD

F statisticTest variabie

lnformation

Conrprehensir:n

Arithmetic

Simii:rities

Diqit SDen

Vocabular-y

[)i9it Symbol

Picture Comolet ion

Block Desiqn

Picruie Arrdngement

Objecr Assembly

Verbai lC

eeriorr'ance lO

Fuii Scair IC

Verbai lC-?er{ormance iG

Oischarges absent
fdean SD

Focal
lJiean SD

3-C.i J_+O

1G.03 2.71

oce2 ??n

1tq1 aa1

10.f i 3.3'i

9.74 3.23

oaa: aa1

gi72 2:2
6.tlv 2.15

_ ^^1

8_0a] 2.5i

'ioti 49r 14.08

9i 59 12.04

g€.s7 ? 12.a1

a al .a a1

:1.34!
11.16

9.691

12.001

10.31

'1 1.C3

8.881

10.s61'2

9.721

1e.06L'a

9.34

105.00 i,e

ioo-28!

103.81 !
5.76

J.+4

J.5U

2.9?

2.7 /

2 .1i

2.06

11.33

tl.tt

^ -.. l

c trq

7.55 1 ,2

9.68 1

B.O5

oa',

s.631,2

c.J1-

-.,^1

7.:79?

1 itt

a^. <.?
Ji- l I 

-

a5.t 1L

1 ta

a:a

J .:i i:

i-tiJ

i..]2
; t.l i

5.11r)

| . tl,.

4.254

1 -O

i,n9

4.6] a

6.5C b

a ala

c nac

!.8"? a

9.22c

7.55 h

4.79

Nole: ldeniical singie superscript numlfers wirhiri each tesl variabie inciicate signi{icant cifierences of p ( O.O5; if unoeriiir.Td'

of p( O.01. ap(o.cs lF > 3.1i), Lp( c.o1 iF>4.e7i, cP< o"oo1 tF 7i.5si-
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Table 4. 'iriAlS performances of individuals havirlg epileptiform rlischarges
ipsilateral or contralateral to their handedness on the W,AIS

Test variable I osilateral
!roup

Contta latsral
group

in ilr;';ration

C;: rnpi'ahens io n

i\r i: h,^ne iic

S i,-r ri: r itias

i,rtti \oAn

Vccctru Iary

Digir Symboi

Piciur-. Compiarion

. 'f CK :iaslgn

Piciure Ai-r3ilgement

Cbject Assernbi'r

V:rbai iO

Perfcrrnance I 0

Fuii Scale lC

V,arn.i iQ-Perrcrrnance I Q.

d o ( ;r. :s, r -: .,.g5

9.89

'i*.25

3.63

1n:a

J.JJ

9.21

6.JJ

8.5E

d.3J

573

I .:.J

a,c qi

af - if

ar:tr.42

L.O.l

lllsan

o.t5

g.57

3.41

1 i .il0

10.56

9.47

o,I t

10.44

7.t-3

o'!1

Q tr=

98.89

o.r -a

s6.39

4.57

I

0.79

0.49

0.71

-v.jj

-o.71

-0.35

0.50

-'1 .88

c.30

. ^^a

- i-++

-u.+3

?.76

Mean SD

3.45

2.A2

a a1

J./O

J-1 I

?.06

1.89

2.25

x 4.72'

Ir-lo

12.95

tl1 t 2

SD

.T AN

a an

aoa

a aa

3.32

2.09

2?O

t -q3

?.03

1.94

13.73

1n l')

t t .145

Table 5. l'.,:ieans, stanriard rleviations, and F sletjs'tics from turo-y/ay ailalysi.r sf
yariance procerJures on iiVAiS';arl:rbies,,riih patlEn'ts griiuped afcorCing to ioFographic riistriburion

{fccai, ganeraiiz.rd) ;,lnrJ rvtfale r.te {ioei -( l/;.::in, high =i llirin)oi eiectroencephalographic epiicptiform r.ii:c:-iarges

Tesl variable
F sta iistini

Gr$rrps

iocal lcw Focai high :::*.d1o1 Generalizetlhish
lltains;1u"* !nterafii$fl

erlpct
Distr;- "i.l ere
bulionlvlear S* l;iean SD

irfcr;:::tion '1 i1-33 3.i6 I 3il 3..1i)

C :,r'ir:i.r:sion ? 1. i5 ; lA :1.;6 ? 5l

/if i,:i.rirlriic 1ii.3.3 3"23 9.54 3"38
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7.74 2.OA

/.5U Z-t I

8..10 3.24
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lnteliigence and EEG epiiaptiform activity in epileptics

revealed a modest deviation from this pattern, but the lorv
focal group alrvays perfbrmed best. With the groLrp
without discharges exclurled trom this analysis, there
were relatively felv si.tnificant ntain effects for
topographic distribution and only one for rate of
discharges. No statistically significant interaction eft'ects
were present.

The figure presents the results of the intra-inclividual
subtest stlrdy, and it is apparent that the patierns are
similar in each group. On only one of the 1 1 subtests
(Picture Arrangement) was there a statistically si,eniticant
difference (f : 3.58, p < 0.01), and here, both fbcal
groups did poorest. Furthermore, while both groups with
generalizecl epileptifonn activity were highly similar to
the group rvithout discharges, both groups with fbcal
discharges shorved modest deviations from the other
grotlps on several of the subtests.

Discussion. A number ol lindings frorn this stud1. and
their implications are worthy of particular note . The
greatest incidence of statistically signilicant diiterences
consistently occr-rred in cornparisons of the group rvithor-rt
epileptifonn activity rvith thosc hlving such acrivir_\'.
Thus, the prescnce or abscnce olelcctroencephalogrnphic
discharges is onc of the most intportant variables rve
stu(liecl ri,ith respect to intelligence. While it appeared thlt
the performance scale of the WAIS u/,as more intinratcly
rclated than thc vcrbal scale to ttic prcsencc or absencri of
discharges, it rvas applrcnt that altecation of r rvicle range
of abilities ',r'irs zrssociatcd rvith changcs in this
clectrocncepltirlographic viLriablc.
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EEG EPILEPTIFOPM ACTIVIiY

NONE (N =32)

LOw FoCAL (N'13)

HIG!i FOCAL (N=22)

LOw cENERAI-lzE D (tt=tO)

HIGH cENERALIZED (N=9)

Figure. Analysis of tr1/AlS subtesi scores in
patients gror-iped acccrding to average rate
(low .= < 1 per minute, high .= -- 1 per
minuie) and topograohic d!siribution of
electroencephalographic epileptiforrn
discharges. Differential subiest scores
were derived by subtracting individual
subtest values from the average mean
perforrnance of each subject, and the
resuits were averaged for each group.

The orderly arrangenlent of intelligence scores
depenclent on the average rate and topographic
distribution (generalized, focal) cannot escape attcnrion.
It is clear that these electroencephaio_eraphic variables are
significantly reiated to the average intellectual levels oF
the groups. Fr-rrthermore, when these. variables lvere
studied sirnulianeously (tabie 5), it rvas appnreilt that they
were additive to some degree. At the sanre time, horvever,
there 'were no statistically signilicant intcractions
associated with a joint examination of i,ariables (i.e.,
there was no increase in the predictability of intelligence
using electroencephiilographic variables when the latter
rvere consiclered sim ultaneously rather than seq uential ly).
Both the average rate and topographic distribution of
discharges are relatecl to intelligence. althou-uh the lirtter
may be more relevant tharn the fbrmer.

The present resu lts also bear on the controversy that has
existed concernin.q the relative lel'els ol verbal versus
performance intelligence amonq epileptics. In keeping
rvith earlier observations,l r,r6 th. prescnt stucly eliciteil
better vcrbal tiran peihrrmance abilitics ivithin ali grou;;s.
ancl this rvi,rs espccially truc tirr inilividirals shou ing
epileptilorrn dischaigrs. As hiis been sirg,scstcd, it is
likely that cheracteristics ol the WAIS r.Lrc reievant to this
f inding and rnay contrast to sonre dcgre c r,,.ith
chlracteristics of the Weclrslcr-BellttLre Scal"'. Wl:ile r-.ur

verbal rninus pert-orrnance diltelencrs 1,\'crc not nclrly as
substantial as those obtiline(l b_t,GLtittl liicl rssociutcs.ll
rvho tisccl a lirrrir ol the WAIS achptecl tirr Inr-lia, tirosc
reporietl by Parsons anil Kcntpr" \\'crr'itrirurrlil'
consistent rvith ours bui just r little l.:ss in degr'.:e. \\'e
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shouid aiso note. hillr er er. Ihat tile cpileptics cvalLrated br1'

Parsons and Kcmpro had u subsi.lntiall-l' iater avera,se asc

at onset ancl a shofier duratiern oi illness than thosL- in thc
present stlldy.

The results of the anal,vsis eralrining fbci ipsiiateral
and contralateral to handcdness resembled those of the

intraindil,iclual paitern anal;-'sis in that both resLrlted in a
substantial number of statisticaily nonsignilicant
clifferences except on the Picture Arransentent stlbtest.
While one might hiire hoped that the W^AIS w'or"rld

diff'erentiate betrveen individLLals having discharges in
their dominant and nonclominant hemispheres, it should
Lre recalled that the early rvork in this area shor,ving such
c'lift'erences rvas done rvith persons having verified brain
darnage. including many individuals with protressive
lcsions.s In our patients, the electric abnormalities were
not routinely atccompanied by clinically identifiable brain
lesions. Horvever, poorei scores on the Picture
Arrangement subiest of the }VAIS 'uvere associated rvith
focal epileptiform discharges in the nondominant
hemisphere. Since the majority of individuals we
examined had discharges involving their temporal lobes,
it appears'that or-rr conclusions are similar tt'r those of
others regarding the Picture Arangement subtest. r0'r4,15

Horvever, we could not confirm the int'erences niadr'
aboutthe Similaritiss subtest by these same investiSatr)rs.

This stucly demonstraies that the presence rir absence of
electroencephalographic epileptiform discharges is

related to intr:liigence, as are the average rate anii
topographic distribution cll sLrch discharges. Hower.er. it
does not provi.Je el'irlence that such discharge s arc

causally related to the poorer intellectual capabilities.
Moreover, the question o1' rvhether or not pai-ticular
deficits were temporalll' related to discharge bursts rvas
not consiclered. \Yhile some investigators have sr,i-egested

that a causal relationship may in fact exist bettveen
electroencephalographic clischarges and irnpaired
intellectual abiliiies,3,2'' it may simpl,v be that the
electroencephirlographic abnormaliiies indicate the
relative severity and clistribution of cerebral pathoiogic or
physiologic changes among the gro,"rps rathcr than
represent the specilic cause of thc intellecturl cleticits.
Further rvork is needed to riistinguish bct..veen thesc
possibilities ancl to identiiy' possible interactions betrveen
thcrn.
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