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Abstract

In adescriptiveanalysis of 158 patients with temporal lobe epilepsy, Taylor (1969) reported that the age of first
seizure varied systematically as a function of laterality and sex. We condnééeeintialanalyses of Taylor’s

original data which (1) provided support for his proposal of disproportionate left hemisphere vulnerability to seizure
onset in early life, but (2) failed to provide evidence of sex differences in age of onset of unilateral seizures.
Examination of these effects in a larger sample of 844 patients drawn from the Bozeman Epilepsy Consortium
provided some additional support for findings from the inferential analysis. Specifically, the left hemisphere
appeared more vulnerable to seizure onset in childhood, this increased vulnerability extending to about age 5 years.
Age of onset of seizures was not different when males and females were compared. Thus, reanalysis of Taylor’'s
original data as well as examination of data from a larger, more contemporary sample suggest that seizure onset
varies as a function of laterality, but not se3INS 1997,3, 428—434.)
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INTRODUCTION each with its own age-dependent pattern of manifestation.

. . . . With regard to hemispheric vulnerability, Taylor suggested
Taylor (1969), studying 158 patients with temporal lobe ©P"that the functional maturation of the left hemisphere lags

Igpsy, repprted that .the age of first selzure varied as a f.uncﬁehind the right and therefore is at greater risk to cerebral
tlo_n of lesion laterality and SEX. Du_rmg the 1st year of life, damage early in development. To explain the sex-related dif-
epllezsty V\_/ars]tnr:ore_ thin tW'C.e as !;_I;gly_ to be Of(::elftﬁaﬁ Op_'ferences, Taylor argued that maturation proceeds more slowly
posed to night hemisphere orgin. This increased et NeMIg, 5165 than in females, so that boys are at risk for a longer
sphere vulnerability was not observed after this penod.[i
Further, in males, the inception rate fell away smoothly with
increasing age, whereas in females, the fall appeared to t%fu

much sharper and occurred mainly in the 2nd year of life

Itis important to note that Taylor’s novel hypotheses raise
estions for a number of reasons. First, the study sample

The findi hvbothesized to stem f e i IWas composed of two groups that varied in the certainty
€ findings were hypothesized to stem rom differential, ;. \ypich the diagnosis of unilateral seizure onset could

rates of maturation between the hemispheres and sexes, pigs 5 certained. Sixty-five cases of medial temporal sclero-

sumably due to the effects of at least two genetic factorssis were drawn from the Guy’s-Maudsley neurosurgical unit

and had undergone temporal lobectomy for the relief of tem-

Reprint requests to: Esther Strauss, Department of Psychology, UnipolraI lobe epllepsy. In contrast to _SIUCh une_quwocal cases of
versity of Victoria, Victoria, British Columbia, V8W 3P5, Canada. unilateral seizure onset, 100 additional children were taken
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from Ounsted et al. (1966) and “differed from the Guy’s- Regarding Taylor’s hypotheses, we expected to find an in-
Maudsley series in age at ascertainment, source, and clinéreased vulnerability to the left hemisphere in early devel-
cal purpose.... In this series, 65 patients had largely oopmental epochs, and also anticipated that the inception rates
exclusively lateralized foci in the electroencephalogramwould differ between the sexes, with females showing a sharp
(Taylor 1969, p. 141).” Second, his data were presented agecline in vulnerability early in childhood.
graphs of raw frequencies rather than as proportions. As a We expanded on previous studies in the following ways.
result, the graphs may be difficult to interpret, because thé&irst, our pool of participants represents the largest group
comparison groups differed in sample size (e.g., in the casef patients with epilepsy (most with temporal lobe epi-
of sex, there were 90 males and 68 females). For examplégpsy) studied to date and comes from the Bozeman Epi-
45 cases out of 90 carries a different meaning than 45 caséspsy Consortium, a collaboration among eight epilepsy
out of 68. A more appropriate approach to compare the gersurgery centers in the United States and Canada. Second,
ders requires converting the raw frequencies to relative frelog linear analysis was used to compare the distribution of
qguencies, a procedure that results in a common metric, anage of seizure onset between males and females, and be-
in fact underlies any inferential comparison between theween individuals with leftversugight-sided foci. Two types
groups. Further, Taylor did not conduct statistical analysespf log linear models were fitted to the data. The first was an
but rather relied on descriptive methods. Accordingihe  omnibus model that treated all variables as categorical, and
first goal of the current study was to carry out an inferential evaluated whether the distribution of age of seizure onset
analysis of Taylor’s original data set. varied by gender or by focus in any way. The second model
Despite these concerns, there is some evidence to supeated age of seizure onset as an ordinal variable, and tested
port Taylor’s proposal that the left hemisphere develops athe more focused question of whether the gradients (that is,
a slower rate than that of the right and is disproportionateljthe linear trend) across age of seizure onset differed be-
vulnerable to early cerebral damage. For example, the sykween the genders, and between foci (Agresti, 1984).
vian fissure appears chronologically earlier in the right hemi-this way, the boundaries of any age-dependent patterns could
sphere (Chietal., 1977) and higher order dendritic branchingpe more clearly delineated.
in anterior regions first appears in the right hemisphere
(Scheibel, 1984). With regard to differential hemispheric vul-
nerability, there are reports of a relative increase in right-STUDY 1: REANALYSIS OF
sided infantile and childhood hemiplegia (e.g., Annett, 1973;TAYLOR'S DATA

Levine etal., 1987) and a greater sensitivity of the left hemi-pg indicated earlier, Taylor’s original data were reported as
sphere to perinatal insult (Raz et al., 1994a). The limits of g, frequencies (see Figures 1 and 2). Such a presentation
the maturational period during which cerebral lesions argan pe problematic when cell sizes differ, as in the case for
more likely to affect the left hemisphere, however, remainsey The data for sex are represented, using percentages, in
to be established. Figure 3. Comparison of the graphs (frequemsypercent-
Consistent with the notion of delayed maturation in males qge) reveals evident differences. Visual inspection of the fre-
there is evidence that beginning with gestation, males arguency graph (Figure 2) suggests a rather large difference
more vulnerable to adversity than females. There is a highghetween males and females at about 2 years of age. This
frequency of miscarried and stillborn males and the riSkSapparent sex effect shrinks, however, when the graph dis-
for adverse obstetric and neonatal complications are ’3|eplaying percentages is examined. With regard to hemi-
vated in males (see Raz et al., 1994b, for a recent reVieW)spheric effects, two graphs (frequeney. percentage) are
Similarly, whether incidence of first afebrile seizure or epi- not necessary because there were an equal number of cases
lepsy are considered, rates are slightly higher among malggith |eft- versusright-sided foci.
than among females. Although there is some inconsistency gecause Taylor did not analyze his data by means of in-
among studies, on average, the incidence of first seizure ggrential statistical techniques, we reevaluated his data using
epilepsy is between 1.1 and 1.7 times greater in males thagg jinear analysis, initially with all variables treated as cat-
infemales (see Hauser & Hesdorffer, 1990, for review). Sim-gqgrical, and then with seizure onset treated as an ordinal
ilarly, most (though not all) studies report that the preva-ygrjaple.
lence of active epilepsy is higher among males than among \yith regard to laterality of focus (see Figure 1), Taylor
females. In those studies that report an increased Prev@aported that “left sided lesions were common in the first
lence among males, rates ranged from 1.1. to 3.3 times thgkar and rare after two years, while right-sided lesions were
among females (see Hauser & Hesdorffer, 1990, for reaqually prevalent in those illnesses which first presented
view). Although there is substantial evidence to support S€¥uring the first four years of life (p. 140).” When we exam-

differences in early vulnerability, the window of time dur- jned Taylor’s data for the relation between seizure onset and

ing which males are more vulnerable than females has not

yet been defined.
Accordlngly,the second goacbf this study was to exam- Note that itis possmle_ for an pmnlbus_ testto _be r_10n_5|gn|f|cant while

ine th lations amon t seizure onset. hemispher the test for the linear trend is significant. This situation is similar to ANOVA

me_ ere a _0 S amo g age at seizure onset, hemispnere Qhqes where significant trends can occur in the presence of nonsignifi-

seizure origin, and sex in a large and contemporary sampl@ant omnibus tests.
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Fig. 1. Taylor’s focus by onset data: Raw frequencies.
30
201 S
\\
C \
O AN
U \
N AN
T AN
10+
gender
- male
0 T T T T T T T Jl female

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

ONSET

Fig. 2. Taylor’s sex by onset data: Raw frequencies.

https://doi.org/10.1017/51355617797004281 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617797004281

Differential rates of age of seizure onset 431

40

—AZmOAOmMT

gender

male

0 , , . female
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

ONSET

Fig. 3. Taylor’'s sex by onset data: Percent.

focus (see Figure 1), the omnibus test approached signifiSTUDY 2: DATA FROM THE BOZEMAN

cance [y%(9) = 16.33,p < .06], indicating that overall, the EP|LEPSY CONSORTIUM
distribution of age of seizure onset differed between indi- S )
viduals with left-versusright-sided foc? When age of sei- Given the dearth of studies in this area, and the provocative
zure onset was treated as an ordinal variable, we found tHfeature of his hypotheses, we examined the relations among
two gradients to differ {2(1) = 5.94,p < .025], in agree- g€ at seizure onset, hemispheric vulnerability, and sex in a
ment with Taylor’s interpretation, although the overall gra-Very large and contemporary sample of patients. Because
dient difference is due mainly to the increased risk to thel@ylor evaluated these effects only when age of onset was
left hemisphere within the first year of lifeef(1) = 6.55, N the first decade, our initial analysis focused on that time
p < .025]. In contrast to Taylor, the two hemispheres do notfame, but we also examined them from birth to adulthood
differ statistically with regard to risk after this periog & in order to identify any age-related changes across the life
.05 for all subsequent years). span.

Turning to the relation between seizure onset and gender,
Taylor suggested that the gradients for seizure onset dif-
fered between the sexes: “For males the decline is smootResearch Participants
over the first four years whereas for females the declineis. | . ) ) ) )
much more sharp, occurring mainly in the second year ofarticipants were patients Wlth medically refractory sei-
life (p. 141).” Our reanalysis of Taylor's data did not reveal ZUres from the Bozeman Epilepsy Consortium, a collabo-

any statistically significant sex-related differences either over!@tion among eight epilepsy surgery centers (Cleveland

all [x2(9) = 4.54,p > .05], or when the linear component Clil_"nic, Long Island Jewish_ Medical Center, May_o Clinic,
of seizure onset was analyzeg4(1) = .37,p > .05]. Ep|-Qare Centgr, Ye_lle Un|verS|ty,_ New York Umversﬂty_
Hospital for Joint Diseases, Medical College of Georgia,
and University of British Columbia (and University of Vic-
toria). The current data base consists of more than 1500 pa-
2Note that in the omnibus test, this analysis compares proportions acrodéents, most with temporal lobe epilepsy, who have been

age, which i‘s divided_ into 10 categories. Accor_dingly, there_ are 9 degreeaygluated for possible surgical treatment. The data collec-
of freedom in the chi square. When age of seizure onset is treated as gn

ordinal variable, it evaluates the linear trend across epochs which is a siri'on_ took place over apprpxima@ely the past 10 years. These
gle degree of freedom test. patients were evaluated intensively at all institutions to the
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degree that each institution was convinced that evidenceells in data analysis. The recategorized data are shown in

regarding lateralization was certain enough to recommenéigures 4 and 5.

surgery. Diagnostic procedures, at a minimum, included mon-

itoring of spontaneous seizures at all institutions (with vary-

ing degrees of invasiveness) and neuroimaging. Patients we%ESULTS

considered for inclusion in this study if they met the fol- _.

lowing criteria: (1) neurophysiological evidence of com- Birth to 10 Years

plex partial seizure onset from either the right or the leftThese analyses focused on the time frame used in Taylor’s

hemisphere, (2) information was available regarding age agtudy. For these analyses, the sample consisted of 423 indi-

onset of recurrent seizures and gender, and (3) no neur@iduals (178 with right-sided foci, 245 with left-sided foci;

radiological evidence of lesions other than mesial temporap05 males, 218 females). Most (93.1%) had temporal lobe

sclerosis. dysfunction. The mean age of the sample was 28.27 years
Our final sample consisted of 844 individuals, 426 males(SD = 9.49). Seizure onset was in early childhood (3.41

(50.5%) and 418 (49.5%) females. The seizure origin wagears,SD = 2.60). The data are shown in Figures 4 and 5

right-sided in 388 patients (46%) and left-sided in 456 (54%) (those points up until age 10 years).

Most of the patients (93.2%) had temporal lobe dysfunc- Loglinear analysis of the focus by age of seizure onset

tion. Preliminary analyses revealed that those with extradata revealed no significant relation either overgff(9) =

temporal disturbances showed the same pattern of results @$.91,p = .22] or when seizure onset was treated as an

those with temporal lobe dysfunction. Accordingly, the re-ordinal variable j?(1) = 1.54,p = .21]. Similarly, the re-

sults of the combined sample are reported here. The medation between sex and seizure onset was nonsignificant over-

age of the sample was 30.91 yea®D(= 10.06). In gen- all [y*(9) = 4.49,p = .88] and when seizure onset was

eral, age of onset of recurrent seizures (referred to here apnsidered an ordinal variablgf(1) = .79,p = .38].

seizure onset) was in childhood (11.18 ye&B,= 9.95).

The seizure onset data were categorized in yearly mtervaléirth to Adulthood

until age 10 years, in 2-year intervals until age 20 years,
5-year intervals until age 50 years, after which the remainfor these analyses, the entire sample<( 844) was in-

ing data were combined into one final group. The rationalecluded (see Research Participants). Loglinear analysis of
underlying this categorization was to avoid sparse and emptthe focus by seizure onset data revealed a significant over-
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Fig. 4. Focus and seizure onset.
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Fig. 5. Sex and seizure onset.

all relation [y?(21) = 38.25,p = .01]. There was also a probably conservative, in that they have emerged over con-
significant trend across age of onset indicating that left-siderable background noise. It is conceivable, however, that
sided seizures were more common early in life, this increaserhissing data (e.g., etiology, racial composition) and vari-
vulnerability decreasing with increasing age?[1) = 5.98,  ability in diagnostic methods could mask a small sex effect.
p < .02]. Inspection of Figure 4 suggests that in contrast to Our findings with regard to hemispheric differences are
Taylor’s proposal, the left hemisphere vulnerability persistsonly partly consistent with Taylor’s data, although in fair-
past the 1st year of life and extends into childhood. Afterness, the range of seizure onset was restricted in his data set
about age 5 years, this left hemisphere vulnerability diminto early childhood, prior to age 10 years; his sample size
ishes, with the incidence of left-sided seizures matching thatvas considerably smaller; he examined age at first seizure,
of right-sided ones¥?(1) = 6.90,p < .001, Cramer’s \\= not age of onset of recurrent seizures; and the methods of
.09]. Put another way, an individual is about 1.45 times moresvaluation of patients have changed dramatically over the
likely to have a left-sided seizure origin in early childhood years. In contrast to Taylor’s proposal, we found that the

than after 5 years of age. left hemisphere vulnerability persists past the 1st year of

Loglinear analysis of the sex by seizure onset data relife and extends until about age 5 years. Nonetheless, the
vealed no significant overall relatioryf(21) = 23.03,p = data are broadly compatible with his model of a right-to-
.34], nor was there a trend across age of ong&(]) = left maturational gradient, in which the less mature hemi-
1.88,p = .17]. sphere is the more vulnerable.

One might question why the overall analysis (birth to
adulthood) found a significant laterality effect, whereas the
COMMENT analysis that focused on birth to age 10 years did not. This
Reanalysis of Taylor's (1969) data, using inferential tech-is unlikely to reflect merely a difference in sample size (423
niques, provided some support for his proposal of disprovs.844) since the ratio of participants to age epochs is sim-
portionate left hemisphere vulnerability early in life, but ilar in both analyses. Rather, the laterality effect becomes
failed to find evidence of sex differences in age at onset okvident only in the context of the entire age range. Itis worth
unilateral seizures. Convergent evidence for these resultsoting that right hemisphere foci were not more common
comes from findings from our large data base, which haghan left-sided ones at older ages. With seizure onset after
taken more than a decade to accumulate across multiple ceage 10 years, half of the sample had right-sided faci(
ters, which themselves are variable in evaluation proce210 or 50%) and half had left-sided seizure origin{ 211
dures. If anything, the findings with regard to laterality are or 50%).
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Taylor’s proposal for a second genetic factor, contribut-Annett, M. (1973). Laterality of childhood hemiplegia and the
ing to sex-related differences in seizure onset, was not sup- growth of speech and intelligenc€ortex 9, 4-33.
ported either when his own data were reanalyzed or in oufhi, J.G., Dooling, E.C., & Gilles, F.H. (1977). Left-right asym-
data. There are sex differences in incidence of epilepsy, but metries of the temporal speech areas of the human fétus.
they do not appear to reflect developmental processes that chives of Neurologys4, 346-348. _
interact with age. Geschwind, N. & Galaburda, A.M. (1985). Cerebral lateraliza-

Several important questions remain to be answered. Our tion. Biological mechanisms, associations, and pathology: I. A
. . . . ) hypothesis and a program of resear&rchives of Neurology
sample is limited to those with severe seizure disorder. Would 45" 458_459.
different results obtain in a broader sample—at least forse;qausgr, W.A. & Hesdorffer, D.C. (1990Fpilepsy: Frequency,
differences? What are the mechanisms that account for the causes and consequencfisandover, MD]: Epilepsy Founda-
differential hemispheric pattern of vulnerability to seizure tion of America.
onset early in development? Does the decreased vulnerabllevine, S.C., Huttenlocher, P., Banich, M.T., & Duda, E. (1987).
ity of the right hemisphere early in life really reflectincreased  Factors affecting cognitive functioning of hemiplegic children.
maturation? Is this pattern of vulnerability attributable to — Developmental Medicine and Child Neurolo@p, 27-35.
specific types of neurological conditions? What are the cogOunsted, C., Lindsay, J,, & Norman, R. (196Bjological factors
nitive consequences (advantages?) of such a differential pat- I temporal lobe epilepsyLondon: Spastics Society Medical
tern of vulnerability? In a purely speculative vein, the greater Eﬂiud(i:(?;llon & Information Unit, in association with Heinemann
maturity of the'rlght ht.-:‘mlsphere during early de\/e'()prnemR?z, S., Foster, M.S., Briggs, S.D., Shah, F., Baertschi, J.C., Lau-
may enhance 'I'[S resilience to the adverse consequences Of o pach M.D., Riggs, W.W., Magill, L.H., & Sander, C.J.
early cerebralinsult. Do the same effects occurinnonhuman (1994a). Lateralization of prenatal cerebral insult and cogni-
primates? We hope that the adventrof/ivo neuroimaging tive asymmetry: Evidence from neuroimagimgguropsychol-
techniques and the increased collaboration among research ogy, 8, 160-170.
centers may permit some of these questions to be addressd&thz, S., Goldstein, R., Hopkins, T.L., Lauterbach, M.D., Shah, F.,
& Porter, C.L. (1994b). Sex differences in early vulnerability
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