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Abstract

The utility of the WMS—III in detecting lateralized impairment was examined in a large sample of patients with
temporal lobe epilepsy. Methods of analysis included evaluation of group means on the various indexes and subtest
scores, the use of ROC curves, and an examination of Auditory—Visual Index discrepancy scores. In addition,
performance on immediate and delayed indexes in the auditory and the visual modality was compared within each
group. Of the WMS-III scores, the Auditory—Visual Delayed Index difference score appeared most sensitive to side
of temporal dysfunction, although patient classification rates were not within an acceptable range to have clinical
utility. The ability to predict laterality based on statistically significant index score differences was particularly weak
for those with left temporal dysfunction. The use of unusually large discrepancies led to improved prediction,
however, the rarity of such scores in this population limits their usefulness. Although the utility of the WMS—III in
detecting laterality may be limited in preoperative cases, the WMS—III may still hold considerable promise as a
measure of memory in documenting baseline performance and in detecting those that may be at risk following
surgery. §INS 2001,7, 881-891.)
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INTRODUCTION poral lobe seizures exhibit similar impairments (Delaney
M difficulty in individuals with t lob . etal., 1980; Hermann et al., 1987; Loring et al., 1988; Mil-
emory ditficulty in individuals with temporal 10b€ epl- o 1975). Despite these reports, other investigators have

:jepsy 'S atp;egomenoriégit. gas Ior|1(§:_; b;gglre%o%mzted ahq iled to detect differential impairment on verbal and visuo-
ocumented (Gowers, » REynolas, ). Patients w patial tasks as a function of seizure laterality (Barr et al.,

have undergone temporal lobectomy tend to display materia—997. Glowinski, 1973; Loiseau et al., 1983; Mayeux et al.
specific deficits in the ability to learn new material. Early ] ga Naugle et al. 1993, 1994 Schwartz & Dennerll 1969)’
Since many patients undergo surgical resection for intrac-
table temporal lobe epilepsy, it is important for neuro-
psychologists to develop reliable and valid methods for

left temporal lobe may impair the ability to learn verbal
material while right temporal resection can produce a def

icit in the ability to learn new nonverbal and visuospatial identifying impairment and for identifying individuals who

ilrgg;malt;%%_(ﬁm?ra' 119925’ \I\//Iveyer &tYate?91f598551AI}{tlri:ner,hmay be at increased risk for cognitive impairment after sur-
' , laylor, , vveingartner, )- oug gery (Dodrill et al., 1993; Jones-Gotman et al., 1993).

less pronounced, nonsurgical patients with unilateral tem-= The most common tests used to evaluate learning and

memory in individuals with epilepsy have been the Wech-

Reprint requests to: Nancy Wilde, Department of Psychology, Univer sler Memory Scale (Wechsler, 1945) and its second revi-
sity of Victoria, PO BOX 3050 STN CSC, Victoria, BC VBW 3P5, Canada. SION, the Wechsler Memory Scale—Revised (Wechsler, 1987).
E-mail: nwilde@uvic.ca An international survey of 82 epilepsy surgery centers found
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that 84% of centers routinely administer all or part of theROC curves, one can assess the proportion of patients who
WMS or the WMS-R in their pre-operative evaluations of can be accurately classified into left and right temporal
epilepsy patients (Jones-Gotman et al., 1993). Despite itgroups based on a given score. Barr concluded that the
wide usage, a number of conflicting findings have beenWMS—-R scores provided relatively poor discrimination of
reported in studies comparing WMS or WMS-R perfor- patients into left and right temporal groups, yet the highest
mance levels in nonoperated left and right temporal lobdevel of classification accuracy was obtained for a measure
epilepsy samples. Some studies have found significant groupf the difference between Verbal and Visual Memory in-
differences on selected scores (Bornstein et al., 1988jexes. This supports the contention that within-subject
Delaney et al., 1980; Ivnik et al., 1987; Jones-Gotman, 1991comparisons of WMS—R scores may be relatively better
Moore & Baker, 1996), particularly when the differencesindicators of lateralized effects among seizure patients than
between verbal and visual performance are compared (e.gndex means.
Barr, 1997). Nonsignificant group differences between pa- The Wechsler Memory Scale—Third Edition (Wechsler,
tients with left or right temporal lobe onset have also beernl997a) is the most recent revision of the original WMS and
reported (Barr et al., 1997; Chelune et al., 1993; Delaneyhe WMS-R. Although the WMS—III has maintained many
et al., 1980; Glowinski, 1973; Ivnik et al., 1987; Loiseau aspects of its predecessors, significant changes have been
et al., 1983; Mayeux et al., 1980; Naugle et al., 1993).made in response to current research and theory. The con-
When group differences occurred, they tended to be pretent and structure of the WMS—III is considerably different
dominantly on verbal measures, leading researchers to su§fom the WMS—R. Due to research suggesting that the
gest that the WMS and the WMS—R were sensitive to leflWMS—R visual memory subtests were not adequate mea-
but not right temporal lobe dysfunction (Chelune & Born- sures of a hypothetical “pure” visual memory system and
stein, 1988; Loring, 1989). In an analysis of over 1000 in-were not differentially sensitive to unilateral lesions (Che-
dividuals with medically refractory seizures, WMS—-R verbal lune & Bornstein, 1988; Heilbronner, 1992; Loring, 1989;
memory deficits tended to occur in the context of left-sidedNaugle et al., 1993), new visual memory subtests were de-
dysfunction, while visual memory was not related to later-veloped, and include both immediate and delayed trials.
ality (Strauss et al., 1995). The WMS—III nomenclature of the index scores has also
It has been suggested that within-subject comparisonshanged such that now a distinction is made between “au-
may provide a better test of the ability of the WMS—R to ditory” and “visual” memory to reflect the modality of pre-
detect material specific deficits (Naugle et al., 1993). Bysentation of the subtests, rather than purporting to tap
subtracting the visual memory measures from their verbagxclusively a hypothetical verbal or visual memory system
counterparts, Chelune and Bornstein (1988) found that, in as the WMS-R labels suggested (The Psychological Cor-
mixed group of patients, those with left hemisphere dys-poration, 1997).
function were less adept at verbal memory and learning The index structure of the WMS-III also differs consid-
tasks, whereas patients with right hemisphere disturbancerably from that of its predecessors and is formed by sum-
showed the opposite pattern. Naugle et al. (1993) howeveming the scaled scores of the subtests to ensure equal
found no significant differences in pre-operative verbal-weighting of the components. In addition to an Auditory
visual discrepancy scores between left temporal lobe (LTLYmmediate Index and a Visual Immediate Index, three
and right temporal lobe (RTL) epilepsy patients. Nonethe-modality-specific delayed indexes are calculated: the Audi-
less, the clinical utility of this comparison may be impor- tory Delayed Index, the Visual Delayed Index, and the Au-
tant to the practitioner, who typically looks for intraindividual ditory Recognition Delayed Index. It has been suggested
patterns and discrepancies when attempting to infer laterathat performance differences on the immediate and the de-
ization effects on a case-by-case basis (Chelune & Bornkayed tasks have some clinical utility (Tulsky et al., 2000a),
stein, 1988). and that the delayed scores are likely more ecologically
Investigators have also used various magnitudes of disvalid (The Psychological Corporation, 1997). A Working
crepancy between verbal and visual indexes to examine thidemory Index is composed of one auditory and one visual
ability of these scores to predict side of temporal dysfuncworking memory task (see Wechsler, 1997a and The Psy-
tion. Moore and Baker (1996) found that a WMS—-R Verbal-chological Corporation, 1997 for additional information
Visual Index difference at the .05 level of significance about changes in the WMS-III).
correctly predicted laterality for those people with a left TheWAIS—III-WMS-III Technical Manugkovides some
temporal focus but was ineffective for those with right tem-preliminary data suggesting that the new measures of audi-
poral foci, classifying most of them as having a left-sidedtory and visual memory may be useful in determining lat-
impairment based on their discrepancy scores. Similar reerality of dysfunction among patients who have undergone
sults were obtained in an investigation of patients who hademporal lobectomies (p. 159), although the sample size
previously undergone temporal lobectomy (Loring et al.,was quite small (LTL= 15, RTL= 12).

1989). As with the revision of any widely used instrument, there
Barr (1997) used receiver operating characteristic (ROC)s an empirical need to establish its utility. This is of partic-
curves to determine the diagnostic accuracy of the WMS—Rilar relevance in the assessment of patients with epilepsy
in the classification of epilepsy surgery candidates. Usingpecause scores on the WMS—III are assumed to aid in the
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localization of dysfunction. Accordingly, the purpose of this patients. From this information only those patients with left
study was to assess the ability of the WMS-III to detecthemisphere language representation were selected for in-
lateralized temporal impairment in a large sample of pre<lusion in the study. Since speech representation data were
operative epilepsy patients. Methods of analysis includedhot available from the University of Alabama, only those
evaluation of group means on the various WMS-IIl indexespatients who demonstrated a right-hand preference were
and subtest scores, the use of ROC curves to determine tiselected from this center, in order to maximize the proba-
classification accuracy of the WMS-III, and an examina-bility of left hemisphere dominance for speech.

tion of WMS—IIl Auditory—Visual Index discrepancy scores A total of 102 patients met criteria for inclusion in the

to determine if this within-subject comparison could reli- study. The characteristics of the patients classified by side
ably indicate side of temporal dysfunction. In addition, per-of dysfunction and examination center are provided in
formance on the immediate and delayed indexes in th@able 1. The presence of preexisting differences across cen-
auditory and visual modalities was compared within eachters was examined with separate analyses of variance for
group to determine the utility of this distinction in this age, education level, age of onset, duration, and FSIQ. Chi-
population. square analyses were conducted to evaluate differences in
sex and handedness. Center differences were found for age
[F(2,99)= 3.21,p < .05], age of onsetH(2,99)= 3.16,

p < .05], and FSIQ F(2,97)= 5.57,p < .01]. In each of
these cases, the patients from University of Alabama dif-
fered from the other two centers, that is, this patient sample
The study sample was selected from a database of patientés significantly older, had a later age of onset, and a lower
with temporal lobe epilepsy and medically refractory sei-FSIQ than the patients from the other two centers. Sex also
zures from three epilepsy surgery centers participating ifliffered significantly between the sitegf(2, N = 102)=

the Bozeman Epilepsy Consortium: the Cleveland Clinic-277, p < .05], with the University of Alabama sample
Foundation, Cleveland, Ohio, the Medical College of Geor-containing a larger proportion of female patients than the
gia, Augusta, Georgia, and the University of Alabama atother two centers.

Birmingham Epilepsy Center, Birmingham, Alabama. Pa- To examine the effect of center on the WMS—III vari-
tients were considered for inclusion in this study if they metables, a one-way MANOVA was conducted on the WMS~—
the following criteria: (1) unilateral seizure onset of tempo-!ll Primary Indices. The multivariate effect was non-
ral lobe origin confirmed by EE@ideo monitoring; (2)  significant [Wilks's Lambda(12,176)= 1.73, n.s.]. Thus,
information was available regarding age of onset of recurcenter was not considered when computing statistical
rent seizures, duration (computed as age at time of examanalyses.

nation minus age at seizure onset), sex, hand preference,

gnd Full Scale IQ.as mggsured by the Wechsler Adult Inte'Procedures

ligence Scale—Third Edition (Wechsler, 1997b); and (3) they

had received neuropsychological evaluation including théParticipants were administered the WMS-III as part of com-
Wechsler Memory Scale—Third Edition (Wechsler, 1997a).prehensive neuropsychological evaluations. Analyses of the
The Cleveland Clinic and Medical College of Georgia alsodata were limited to subtasks common to all centers, which
routinely included the intracarotid sodium amytal proce-included the Primary Index scores and associated subtest
dure (IAP) for language and memory in their evaluation ofscores. Supplementary scores were not included in the analy-

METHODS

Research Participants

Table 1. Sample characteristics

Full Scale Age of Duration
Age Education @) onset of epilepsy

(years) (years) (WAIS-IIN) (years) (years) Gender Hand.

Center Group n M (SD) M (SD) M (SD) M (SD) M (SD) M F R L
Cleveland Clinic LTL 25 32.20(10.38) 12.76(1.88) 89.08(13.29) 13.30(11.60) 19.02(11.63) 12 13 21 4
Foundation RTL 29 33.62(10.78) 12.83(2.58) 92.62(12.53) 13.14 (9.19) 20.48(12.54) 17 12 25 4
Medical College LTL 9 28.67 (8.26) 12.44(2.51) 90.67(13.83) 16.33(12.74) 1233 (840) 6 3 8 1
of Georgia RTL 6 32.67(10.37) 13.50(2.81) 87.00(16.20) 12.17 (7.28) 20.50(12.76) 4 2 6 O
Univ. of Alabama LTL 21 39.05(10.98) 12.33(2.78) 80.10(14.45) 18.84(16.63) 21.88(16.47) 7 14 21 O

Epilepsy Center RTL 12 3550 (12.66) 13.17(3.13) 82.92 (13.01) 21.58 (11.59) 13.42(11.16) 2 10 12 O
Total Sample LTL 55 34.24(10.90) 12.55(2.32) 86.02 (14.32) 15.91 (13.89) 19.02(13.48) 25 30 50 5
RTL 47 33.98(11.03) 13.00(2.70) 89.48 (13.45) 15.17 (10.19) 18.68 (12.36) 23 24 43 4

Note LTL = left temporal lobe; RTI= right temporal lobe; WAIS—IIi= Wechsler Adult Intelligence Scale—Third Edition;Mmale; F= female; hand=
handedness; R right hand preference; & left hand preference.
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ses since the specific tasks that were administered differeflable 1. A comparison of groups according to demographic
across sites. In addition, age-corrected scaled and standavdriables revealed no significant differences in group com-
scores served as the units of analysis, since raw scores wegesition for age, education, age at onset or duration, FSIQ,
not available from all centers. Tests were administered andex, or hand dominance.

scored by trained personnel according to standardized pro-

cedures provided in the WMS—IIl manual (Wechsler, 1997a)Group Differences Among the Primary

Indexes and Subtest Scores

Statistical Analysis The means and standard deviations for the WMS—III pri-

Data were analyzed in a series of steps designed to evaluateary indexes and subtest scores are provided in Table 2.
WMS-III performance in individuals with right and left Univariatet tests of the primary index scores indicated that
temporal seizure foci. SPSS for Windows, Release 10.0.khe RTL and LTL group differed significantly from one an-
(1999) was used to conduct all statistical analyses. First, ather only on the Auditory Delayed Index(L00) = 2.39,
descriptive analysis of the characteristics of the sample wag < .025], with the LTL group obtaining lower Auditory
performed. Second, differences in group means for the pribelayed Index scores than the RTL group. Performance on
mary memory indexes and the individual subtests were asanly one subtest, Verbal Paired Associate$(100)=2.72,
sessed with a series of independdests. Third, discrepancy p < .01], differed significantly between the LTL and the
scores, calculated by subtracting the Visual Memory IndexRTL groups.
from the Auditory Memory Index, were compared between
the groups for both immediate and delayed indexes. Fourt
the immediate and delayed indexes in each modality we
compared within each group via paired saniplests. Be-
cause of the large number of comparisons, we considerefinalyses of the Auditory—Visual Index discrepancy scores
applying the Bonferroni correction method to account forrevealed differences for the RTL and the LTL groups, for
Type | error. However, this approach is highly conserva-both the Immediatet[98)= 2.95,p < .01] and the Delayed
tive, lacks power to reject an individual hypothesis, andscores {(97) = 3.82,p < .001]. Furthermore, the net dif-
may mask actual differences across groups (e.g., Olejnikerence scores were in the positive direction for the RTL
et al., 1997; Simes, 1986). Thus, in order to protect againggroup indicating that Visual Index scores were lower than
excessive Type | error, while maintaining adequate poweAuditory Index scores, whereas the opposite was the case
and minimizing the risk of Type Il error, alpha was set atfor the LTL group.
.025 for statistical significance for all group comparisons. Figure 1 shows each group’s mean performance on the
Fifth, ROC curves were calculated for the WMS-III pri- individual indexes and subtests, with the scores converted
mary indexes, subtests, and discrepancy scores to evaludtez scores for ease of comparison across scale@amina-
the diagnostic efficiency of the WMS—III. The area undertion of the figure reveals that, while the performance of the
the curve (AUC), the maximal cut-off score, and a sug-LTL group was uniformly low, performance of the RTL
gested cut-off score based on an a priori determination opatients was depressed on the visual subtests only.
specificity values greater than 70% (with the highest ac-
companying level of sensitivity), were calculated using non- . .
parametric analyses (Barr, 1997). Comparison of Immediate and
Finally, Auditory—Visual Immediate and Delayed Index D€layed Index Scores

difference scores were further evaluated to examine the utilperformance on the Visual Immediate and Delayed Indexes
ity of different magnitudes of discrepancy for patient clas-was compared in each group. This procedure was repeated
sification. Discrepancy criteria were obtained from thewith the Auditory Index scores. Paired-samptessts re-

WMS-III manual and included (1) the .05 level of statisti- vealed that performance differences between immediate and

cal significance determined from measurement error of thejelayed index scores were not statistically significant for
Auditory and Visual Indices, and (2) the difference betweenejther modality, in either group (see Table 3).

the indexes corresponding to a frequency of occurrence of
less than 5% in the standardization sample.
P ROC Curves

ROC curve analyses were computed and analyzed in a man-
RESULTS e )
ner similar to those described by Monsch and colleagues

Pﬂ\uditory—VisuaI Index Discrepancy
pComparison

Sample Characteristics
1The scores demonstrated in Figure 1 were calculated for each scale
The mean age of the sample was 35.0 ye&B € 11.1) by converting individual scaled scoredl(= 10, SD = 3) or standard

and the mean educational level was 12.8 yeSB% 2.3). scores M = 100,SD= 15) toz scores by subtracting the normative mean
(i.e., 10 for subtest scores and100 for index scores) from each participant’s

Mean WAIS—III FSIQ was 88.7§D = 16.1). Patient char- _ score, dividing by the normative standard deviation, and then calculating a
acteristics of the RTL and LTL groups are presented inmeanz score for each group.
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Table 2. Mean WMS-III scores for the right and left temporal lobe groups

LTL RTL

WMS-III score n M (SD) n M (SD)

Indexes
General Memory Index 55 82.68 (17.04) 46 86.11 (16.13)
Auditory Immediate Index 55 84.29 (16.58) a7 89.81 (15.87)
Visual Immediate Index 53 85.91 (15.89) a7 81.87 (14.16)
Immediate Memory Index 53 82.19 (16.67) 47 83.15 (16.56)
Auditory Delayed Index* 55 82.64 (17.53) a7 90.91 (17.42)
Visual Delayed Index 55 85.43 (15.92) 46 81.63 (14.67)
Auditory Recognition Index 55 90.55 (16.49) a7 94.15 (15.30)
Working Memory Index 53 87.36 (14.84) 46 91.67 (16.28)
Auditory Immediate—Visual Immediate Index** 53 —-1.11 (16.74) 47 7.94 (13.48)
Auditory Delayed Index—Visual Delayed Index*** 55 —2.40 (15.25) 46 9.59 (15.90)

Subtests
Logical Memory | 55 7.38 (3.29) 47 8.36 (3.38)
Logical Memory Il 55 7.09 (3.45) 47 8.34 (3.36)
Faces | 55 7.93 (2.61) 47 7.77 (2.15)
Faces Il 55 7.96 (2.23) a7 7.66 (2.30)
Verbal Paired Ass. | 55 7.18 (3.01) a7 8.17 (2.67)
Verbal Paired Ass. II** 55 6.87 (3.44) 47 8.64 (3.05)
Family Pictures | 53 7.60 (3.35) 47 6.55 (2.90)
Family Pictures Il 55 7.20 (3.63) 45 6.80 (3.09)
Letter—Number Seq. 53 8.13 (3.16) 46 8.39 (3.21)
Spatial Span 54 7.63 (3.14) a7 8.66 (3.49)

Note ns differ due to cases of missing data. L¥Lleft temporal lobe; RTL= right temporal lobe; WMS-II= Wechsler Memory
Scale—Third Edition.
*p < .025. **p < .01. **p < .001.

(Monsch et al., 1992) and Barr (1997). Each score wasnaking clinical decisions between patients with right and
treated as a separate cutoff. Measures of sensitivity (Ségft temporal lobe dysfunction. Maximal and suggested cut-
and specificity (Sp) were based on the cumulative numbeting scores and their respective Se and Sp values are in-
of RTL and LTL patients who obtained scores at or belowcluded in Table 4.
these cutoff values. Se and Sp{1Sp) values were plotted The most accurate maximal cutting score was obtained
graphically to obtain ROC curves for each test. from the Auditory—Visual Delayed Memory Index discrep-
The results of ROC curve analyses are provided in Table 4ancy. For this measure, a score of 0.5 yielded a sensitivity
The most common index for describing an ROC curve isof .62 and a specificity of .74 (sum 1.36). This means that
the area under the curve (AUC, Swets, 1988). Areas clos62% of the LTL patients obtained Auditory—Visual Index
to .50 indicate that the classification is close to chance leveldifference scores of 0.5 or below, whereas 74% of the RTL
while areas close to 1.0 indicate perfect discrimination. Theatients obtained scores exceeding that level. The Auditory
total areas for individual subtest scores in this study range®elayed Index (score 93, Se+ Sp= 1.31) and the Verbal
from a low of .524 (Faces I) to a high of .647 (Verbal Paired Associates Il subtest (scete.5, Set+ Sp= 1.31)
Paired Associates Il). The largest AUC for any score wagielded cutting scores with the next highest levels of max-
observed for the difference between the Auditory and Vi-imal separation. The Delayed Index difference score also
sual Delayed Memory Indexes (AUE .702). This ROC provided the best separation of groups when utilizing the
curve is provided in Figure 2. suggested cutting score, with an Sp value of .72 and a Se
Empirically derived cutting scores can be obtained fromvalue of .64. The Auditory Immediate Index, Auditory De-
ROC curves for use in making diagnostic decisions. Twdayed Index and the Auditory—Visual Immediate Memory
cutting scores were calculated in this study. First, the maxindex difference score also exhibited modest discrimina-
imal cutting score defined as those scores where the sum ¢ibn, with Se values exceeding 50%.
Se and Sp reaches a maximum value was calculated. These
scores provide maximal separation of groups, irrespectiv
of sensitivity and specificity values. Second, it was deter-Irncrequent Index Discrepancies
mineda priori based on Barr (1997) that a suggested cut-
ting score with Sp values exceeding 70% and the highesAuditory—Visual Index discrepancy scores were evaluated
accompanying level of Se would be most appropriate forfurther to examine the ability of the WMS—III in predicting

Patient Classification Using Significant and
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Fig. 1. MeanZ scores for the LTL (left temporal lobe) and the RTL (right temporal lobe) groups for performance on
the WMS-III indexes and individual subtests. Note that better performance is represertedlogs closer to the
normative mean of zero. Square markers denote index scores and circle markers denote subtest scores.

side of temporal lobe seizure focus. Two discrepancy criteple. Tables included in the WMS—III manual report the fre-
ria were used to classify patient performance. The first repgquency of discrepancies independent of the directionality
resented the .05 level of statistical significance determineaf the score. That is, the cumulative percentages listed in
from the measurement error of the Auditory and Visual In-Table F.2. (p. 206) combine individuals who obtained an
dices, obtained from the WMS-III manual (Wechsler, Auditory Index score that was higher than their Visual In-
1997a). This resulted in discrepancy scores of 15 points fodex score, and people who showed the reverse pattern. Based
the immediate indexes, and 17 points for the delayed inen suggestions of Tulsky and colleagues for use with the
dexes. The second discrepancy criterion was obtained froM/AIS—III (Tulsky et al., 2000b), the frequencies reported
the rarity of difference scores in the standardization samin Table F.2. should be divided in half to obtain the appro-

Table 3. Immediate-delayed index score differences

Immediate Delayed

Index Index score Index score Difference score 4o
modality Group n (M) (M) M) (SD) value p
Auditory LTL 55 84.29 82.64 1.65 (7.19) 1.71 .09
RTL 47 89.81 90.91 -1.11 (8.44) -—-.90 .37
Visual LTL 53 85.91 85.43 A7 (7.53) 46 .65
RTL 46 82.02 81.63 .39 (9.01) .29 7

Note Significance test is two-tailed. Difference scerdmmediate Index score—Delayed Index score.
RTL = right temporal lobe, LTL= left temporal lobep = obtained significance level

2ndex mean differs from value listed in Table 2 due to missing data for 1 participant on the Visual
Delayed Index score, and thus for calculation of the difference score.
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Table 4. ROC curve statistics for WMS—III index and subtest scores

887

Maximal cutting score

Suggested cutting score

WMS-III scale AUC Score Se Sp SeSp Score Sep Sp
Indexes
General Memory Index .569 80 .70 .49 1.19 90 .37 .70
Auditory Immediate Index .617 90.5 .53 .73 1.26 90.5 .53 .73
Visual Immediate Index .596 82.5 .60 .62 1.22 86 49 .70
Immediate Memory Index .523 88 40 .70 1.10 88 40 .70
Auditory Delayed Index .657 93 51 80 1.31 90.5 .55 .73
Visual Delayed Index .589 86 51 .70 1.21 86 51 .70
Auditory Recognition Index .563 87.5 .70 42 1.12 97.5 .38 71
Working Memory Index .586 106.5 .26 .92 1.19 97.5 43 74
Subtests
Logical Memory | .611 8.5 .66 .64 1.30 9.5 .40 .73
Logical Memory Il .626 7.5 .70 .56 1.27 8.5 A7 71
Verbal Paired Associates | .601 9.5 .32 .85 1.17 9.5 .32 .85
Verbal Paired Associates |l .647 5.5 .87 44 131 9.5 .45 .76
Faces | .524 7.5 .58 51 1.09 8.5 .38 .70
Faces Il .546 8.5 42 .70 1.12 8.5 42 .70
Family Pictures | .606 6.5 .60 .60 1.20 8.5 .38 77
Family Pictures Il .539 9.5 .29 .84 1.14 8.5 .36 .76
Letter—Number Sequencing .536 8.5 .57 .55 1.11 10.5 .24 .79
Spatial Span 591 10.5 .40 .78 1.18 9.5 A7 .70
Difference scores
Auditory—Visual Immediate Index 655 —0.5 77 .51 1.28 1.5 .57 .70
Auditory—Visual Delayed Index .702 0.5 .62 .74 1.36 1.5 .64 72
Note Values discussed in text are italicized. AdCarea under the curve; Sesensitivity; Sp= specificity; WMS-IIl = Wechsler

Memory Scale-Third Edition.

priate base rate when a directional hypothesis is being tested.

Thus, to obtain a 95% level of confidence, a 27-point dif-
ference was required for the immediate indexes, and a 26-
point discrepancy for the delayed indexes (which correspond
to cumulative percentages obtained in 10% of the standard-
ization sample as listed in Table F.2.).

Patients were grouped into one of three categofief, (
right, inconclusivé on the basis of their Auditory—Visual
Memory Index discrepancy scores. If the Auditory Memory
Score was significantly below the Visual Memory score,

sitivity

1.00

Auditory-Visual Delayed Index Difference Score

75

w
o

the patient was classified as having probable left temporal §

dysfunction. Similarly, if the Visual Memory score was sig-

nificantly lower than the Auditory Memory score, the pa-

tient was classified as having probable right temporal
dysfunction. Discrepancies not exceeding the criterion were
deemed inconclusive for indicating laterality.

Eighteen RTL patients had immediate index discrepancy
scores of 15 or more points. In 16 of 18 patients, the Visual
Memory Index was the lower value, which is consistent
with right temporal lobe dysfunction. There were 22 LTL
patients meeting the 15-point difference criterion. How-

ever, 12 of these patients had significantly lower Visualfig. 2. Receiver operating characteristic (ROC) curve for the
WMS-III Auditory—Visual Delayed Index difference score. AGC

Memory Indices, suggesting relative impairmentrigfht

S

.254

0.00
0

AUC =.702

.00

25

temporal lobe function. These results are shown in Table Sarea under the curve.

https://doi.org/10.1017/51355617701777120 Published online by Cambridge University Press

50

75

1 - Specificity


https://doi.org/10.1017/S1355617701777120

888 N. Wilde et al.

Table 5. Auditory—Visual Index Difference Scores and Classifications

Size and
direction of LTL RTL

WMS-III Index difference difference score n % n %
Auditory—Visual Immediate Index =-15 10 83.3 2 16.7

=15 12 42.9 16 57.1

=-27 5 83.3 1 16.7

=27 1 16.7 5 83.3
Auditory—Visual Delayed Index =-17 10 76.9 3 23.1

=17 9 34.6 17 65.4

=-26 5 83.3 1 16.7

=26 0 0 8 100

Note n = number of patients in each group with difference scores meeting or exceeding the stated
magnitudes; italicized values indicate patients who obtained difference scores in the direction opposite
to prediction. %= percent of patients with given difference scores who fall within each group;=£TL

left temporal lobe; RTL= right temporal lobe; WMS—IIE Wechsler Memory Scale—3rd Edition.

Similar patterns were evident when statistically signifi- patients with left and right temporal dysfunction associated
cant discrepancies between the delayed indices were examwith a unilateral seizure onset. LTL patients tended to per-
ined. The majority of the RTL patients meeting the 17-pointform more poorly on the auditoyyerbal tasks than the
criterion were correctly classified, but a large proportionRTL group, whereas the RTL patients showed the opposite
of LTL patients exhibited relatively greater impairment on pattern of performance. However, group performance on
visualmemory tasks. the WMS—III indexes and subtests was largely insensitive

Twelve patients (6 RTL, 6 LTL) had discrepancies thatto laterality. Within subject performance as demonstrated
exceeded the more conservative 27-point criterion for imby auditory—visual difference scores appeared most sensi-
mediate index differences. In each group, 1 out of 6 patientsive to side of temporal dysfunction. This is consistent with
was incorrectly classified. There were 14 patients (9 RTL, Sorevious research on the WMS-R, which has suggested
LTL) who met the 26-point criterion for the delayed dis- that discrepancy scores may be most useful at detecting
crepancy score. Using this stringent criterion, only 1 RTLmaterial-specific memory impairments (Bornstein et al.,
patient was misclassified. 1988; Chelune & Bornstein, 1988; see Naugle et al., 1993

Alternatively, it is also useful to identify the likelihood for negative findings). It is important to note, however, that
of being correct in the classification of laterality when givenwhen considering the performance within each group,
a certain discrepancy score. As indicated in Table 5, thenaterial-specific performance was not observed for the LTL
likelihood of correctly classifying a patient with a large group. Thus, the LTL group performed at the same low
negative discrepancy between Auditory and Visual indexegevel on the auditory and the visual subtests. Indeed, the
as having left temporal dysfunction was in the range of 75auditory—visual discrepancy scores obtained by the LTL
to 85% across all given discrepancy criteria. However, posgroup did not differ significantly from zero. This calls into
itive discrepancies based on difference scores calculateguestion the selectivity of verbal memory deficits in LTL
from statistical significance levels led to correct predictionpatients as measured by the WMS-III. On the other hand,
of RTL patients in only 55 to 65% of cases. This is due toin the RTL group a more specific pattern of performance
the large number of LTL patients who obtained discrepancyas demonstrated such that depressed performance of pa-
scores in the direction opposite to prediction (i.e., signifi-tients with right temporal lobe seizures was relatively spe-
cantly better Auditory than Visual Index scores). With very cific to the visual tasks.
large and infrequent discrepancy scores, improved predic- Atthe individual subtest level, some tasks appeared more
tion of patients was obtained. It must be kept in mind, how-sensitive to laterality of dysfunction than others. Verbal
ever, that few individuals (less than 15% of the sample)Paired Associates Il was the only subtest to differ signifi-
displayed such large discrepancies. cantly between the groups, due to the very low mean per-
formance of LTL patients. This finding is consistent with
DISCUSSION much of thg Iite.ratur.e on memory functioning in .epileps'y

demonstrating impairment on verbal tasks in patients with
The purpose of the present study was to examine the utilityeft temporal dysfunction (Chelune & Bornstein, 1988; Her-
of the WMS-III in predicting laterality of impairment in mann et al., 1987; Loring et al., 1988; Moore & Baker,
patients with temporal lobe epilepsy. The results suggest996). Of the new visual subtests included in the WMS-III,
that the new WMS—III does not represent a significant im-the Family Pictures subtest appeared most sensitive to right
provement over its predecessors in its ability to distinguisitemporal lobe dysfunction, despite the fact that patients are
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required to visually encode as well as verbally recall thetained from these patients spans the range from severely
content in this task. The fact that dual encoding and proimpaired to superior. This finding awaits replication from
cessing is required may account at least in part for the nonsther researchers, but these preliminary results suggest that
significant difference between LTL and RTL patients onthe WMS—III may have somewhat different characteristics
this task. Note however that such an explanation cannawith respect to laterality than did the WMS—R. Using the
account for the failure of the Faces subtest to distinguishmore conservative discrepancy criteria of unusually large
between groups. index differences resulted in improved prediction of later-
The area under the ROC curve provides a quantitativality; very few individuals were misclassified. However,
index of the diagnostic accuracy of a given score. The arethe rarity of such large discrepancies in this population lim-
values in this study, while somewhat higher than those reits the usefulness of this approach. Specifically, the utility
ported by Barr (1997) using WMS-R scores, were still sub-of the WMS—III in characterizing, detecting, and classify-
stantially lower than those reported in other studies usingng individuals with lateralized temporal dysfunction is put
ROC curves and neuropsychological test scores with cliniinto question by the results of this study.
cal populations (Drebing et al., 1994; Engelhart et al., 1994; Another goal of this study was to examine the utility of
Guilmette & Rasile, 1995; Monsch et al., 1992). As would the immediateversusthe delayed memory indexes, since it
be expected based on the obtained results of group diffehas been suggested that the delayed measures may be more
ences, the highest level of classification accuracy in thiglinically relevant and ecologically valid than the immedi-
study was obtained using the auditory—visual discrepancgte scores. Factor analytic support of the distinction be-
scores, a finding also observed by Barr (1997) in his analytween immediate and delayed memory dimensions is
sis of the WMS-R (see also Loring et al., 2000, with regardprovided in theWAIS—I1I-WMS-III Technical ManuéThe
to the Memory Assessment Scales). The benefit of usingPsychological Corporation, 1997, p. 115). In this study, there
ROC curves is that the analysis provides an empiricallywere no differences between immediate and delayed index
derived cutting score to aid in diagnostic classification. Usingperformance in either the auditory or the visual modality, in
the cutting score of 0.5 obtained from the Auditory—Visual either the LTL or the RTL group. This sheds some doubt on
Delayed Index, which had the highest combined level ofthe particular significance of the delayed memory scores
sensitivity and specificity (maximal cutting score), 38% of and suggests that the immediate and the delayed subtests
the LTL group and 26% of the RTL group were incorrectly may be assessing similar functions. Each subtest on the
classified. Thus, although diagnostic accuracy was signifiWwWMS—III requires the retention of material for the imme-
cantly better than chance, the classification rates obtainediate task beyond that which would be possible based on
from this study were not within an acceptable range to havenodels of working memory, and thus it seems likely that to
utility for clinical use. perform adequately on the immediate memory measures,
When discrepancy scores were further examined basemiultiple memory components including encoding, storage,
on the magnitude of difference, classification rates also proand retrieval would be required. The lack of distinction
vided unsatisfactory results. First, the vast majority of pa-between immediate and delayed measures may be popula-
tients did not produce results that met the discrepancy criteridion specific and awaits further research with other neuro-
therefore minimizing the utility of this approach. Second, alogical patient groups in which a distinction might be
large proportion of patients were misclassified. Statisticallyexpected, such as in patients with Alzheimer’s disease or
significant discrepancy scores from the WMS—IIl were moreWernicke—Korsakoff’s syndrome.
accurate in predicting laterality for people with right tem- A number of limitations of the present study must be
poral focus than for patients with left temporal dysfunction;acknowledged. First, analysis of raw scores may have re-
many of the LTL patients would have been classified assulted in additional findings, since scaled scores coincide
having right temporal dysfunction based on their discrepwith ranges of raw scores and thus potentially reduce the
ancy scores. Consequently, the ability to correctly predicvariance of results, especially at the extremes. In addition,
right-sided laterality given a positive Auditory—Visual In- percent retention scores, which have been shown to differ-
dex difference score was especially poor since more thaentiate LTL and RTL groups (e.g., Delaney et al., 1980,
one-third of patients who obtained statistically significantJones-Gotman, 1991), were unavailable in this study. While
positive difference scores were LTL patients. The particu-this study illustrated the relative merit of utilizing discrep-
larly poor classification of LTL patients in this study is ancy scores over group means, it will be useful in the future
contrary to the findings of other researchers examining into examine discrepancies between the auditory and visual
dex score discrepancies using the WMS-R (Loring et al.subtests, with respect to absolute differences and percent
1989; Moore & Baker, 1996) who generally found that LTL retention. For example, studies utilizing the WMS-R have
patients were correctly classified while RTL patients wereoften compared performance on Logical Memory to Visual
incorrectly classified. The reason for this difference is un-Reproduction (e.g., Chelune & Bornstein, 1988; Naugle
clear. At a group level, index scores are within expecta-et al., 1993).
tions. Inspection of the individual patients who were In addition, it may be that parsing or combining tasks in
misclassified does not suggest any differences in terms d different manner results in an increased sensitivity of the
demographic factors, and the WMS—III index scores ob-\WMS-III to laterality effects. For example, Holley and col-
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