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Abstract

Frontal-lobe epilepsy (FLE), temporal-lobe epilepsy (TLE), and matched-control subjects were administered the
Trail Making Test (TMT) of the Delis-Kaplan Executive Function System (D-KEFS; Delis et al., 2001), which
assesses set-shifting on a visuomotor sequencing task. Results indicated that patients with FLE were impaired in
both speed and accuracy on the switching condition relative to patients with TLE and controls. The two patient
groups did not differ from controls on the four baseline conditions of the test, which assess visual scanning, motor
speed, number sequencing, and letter sequencing. In addition, seizure-related variables (i.e., age of seizure onset,
duration of epilepsy, and seizure frequency) failed to correlate with set-shifting performance in patients with FLE.
These results suggest that patients with FLE can be reliably distinguished from those with TLE and control subjects
on set-shifting as measured by the DKEFS TMT. (JINS, 2005, 11, 477-481.)
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INTRODUCTION imaging research has demonstrated increased activation spe-
cific to the prefrontal cortex, especially the left-prefrontal
region, in healthy controls performing the set-shifting con-
dition of a TMT (Moll et al., 2002). Together, these data
provide evidence for a key role of the prefrontal cortex in
mediating visuomotor set-shifting.

While some studies have found that deficits in visuomo-
tor set-shifting are specific to frontal-lobe damage (Ettlin
et al., 2000), other investigators have reported such impair-
ments in patients with posterior brain lesions and wide-
spread cerebral dysfunction, including cerebellar damage
(Malm et al., 1998) and Alzheimer’s disease (Baillon et al.,
2003). Thus, it remains unclear whether impairments in
visuomotor set-shifting are specific to frontal-lobe dysfunc-
tion or whether they are nonspecific and can result from
more posterior or widespread brain dysfunction.

] ) ] At least two general problems have beset this area of
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Set-shifting refers to the ability to switch mental sets flu-
ently between two or more concepts or actions in order to
process and respond to stimuli or situations in different
ways (Eslinger & Grattan, 1993). One of the most common
instruments used for assessing set-shifting has been the Trail
Making Test (TMT), which has been found to be impaired
in a variety of patients with frontal-lobe damage and/or
frontostriatal dysfunction, including frontal-lobe lesions
(Stuss et al., 2001), Parkinson’s disease (Tamura et al., 2003),
and schizophrenia (Zalla et al., 2004). In many cases, visuo-
motor switching deficits differentiate patients with frontal-
lobe damage from those with more posterior lesions (Ettlin
et al., 2000). In addition to patient studies, functional neuro-
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skills (i.e., psychomotor speed; sequencing) that are not
easily dissociated from the higher level demands of the
task. For example, Exner et al. (2002) reported impaired
performances on the traditional TMT in patients with FLE
and TLE; however, the two patient groups were impaired
on both Parts A and B of the test, suggesting that deficits in
motor speed, number sequencing, or number-letter switch-
ing could have contributed to the patients’ low scores on
Part B. In other words, many of the measures used to assess
set-shifting do not afford methods for parsing the higher
level switching function of the tests from the more basic
component abilities that may also be tapped by the tests.

Second, many studies evaluating visuomotor set-shifting
in patients with frontal-lobe dysfunction have failed to
include adequate control groups for comparison. For exam-
ple, many studies have compared patients with frontal-lobe
damage to healthy controls, but have failed to include a
“nonfrontal” patient comparison group (Radant et al., 1997).
In these studies, it is difficult to know whether or not defi-
cits in set-shifting are due to frontal-lobe dysfunction spe-
cifically or to brain damage in general, regardless of the site
of the damage. Although some studies have compared
patients with FLE to those with “nonfrontal” involvement,
they have often failed to match the two patient groups on
relevant demographic and disease-related variables that may
contribute to impairments in set-shifting (Exner et al., 2002;
Helmstaedter et al., 1996). This is especially important in
studies of patients with FLE and TLE where factors such as
age of seizure onset, seizure frequency, and the duration of
illness are known to be associated with impairments on
some measure of cognitive functioning (Jokeit & Schacher,
2004; Upton & Thompson, 1997).

In the current study, we attempted to address these past
shortcomings in two general ways. First, we employed a
measure of set-shifting on a visuomotor sequencing task
that affords an empirically based method for parsing the
higher level switching ability from the more fundamental
component skills also tapped by the task. Second, we
assessed set-shifting in patients with FLE and TLE who
were well matched on important demographic (i.e., age and
education) and disease-specific (i.e., age of seizure onset,
illness duration, and seizure frequency) characteristics and
compared them to an age- and education-matched healthy
control group.

Based on the existing research on set-shifting and frontal-
lobe functioning, we hypothesized that, relative to patients
with TLE and healthy controls, patients with FLE would
exhibit deficits in visuomotor set-shifting that are not
accounted for by impairments in more basic component
skills required by this task. In particular, we hypothesized
that, relative to normal control participants and TLE patients,
patients with FLE would show an increased time to com-
pletion and greater number of set-loss errors on a number-
letter switching task. We also predicted that group
performances would not differ on the four baseline condi-
tions of this task that are designed to assess visual scanning,
motor speed, number sequencing, and letter sequencing.
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METHOD

Participants

Participants in this investigation were 23 patients with FLE,
20 patients with TLE, and 23 healthy controls. All patients
were recruited from the University of California, San Diego,
Epilepsy Center and diagnosed as FLE or TLE by a board-
certified neurologist with expertise in epileptology. Patients
were diagnosed as FLE or TLE based on evidence from
sleep-deprived electroencephalography (EEG) or video EEG
telemetry, clinical history, and neuroimaging. Neuropsycho-
logical tests were not used in the diagnosis of the patient
groups. The sample of FLE participants consisted of 12
patients with right unilateral FLE, ten with unilateral left
FLE, and one patient with bilateral FLE. Of the FLE group,
15 patients showed structural lesions on computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) (7 right,
7 left, and 1 bilateral), whereas the remaining eight FLE
patients exhibited no identifiable structural lesion (4 right,
3 left, and 1 bilateral; see Table 1).

The sample of TLE patients consisted of eight patients
with unilateral right TLE, 11 with unilateral left TLE, and
one with bilateral independent TLE. The TLE patients had
evidence of mesial temporal sclerosis (MTS) but without
evidence of other temporal lobe pathology on MRI. Thus,
all patients showed neuronal cell loss in the hippocampus
without evidence of extra-temporal pathology.

Twenty-three healthy participants were randomly selected
from the D-KEFS normative database to serve as the con-
trol group, after filtering for similar age, education, and
gender. Table 2 displays the demographic characteristics
for the control and patient groups. In addition, estimated 1Q
(Wechsler Test of Adult Reading; WTAR; Wechsler, 2001),
self-reported depression score (Beck Depression Inventory-
Second Edition; Beck-II; Beck, 1996), and epilepsy fea-
tures were obtained for the FLE and TLE patient groups.

One-way analysis of variances (ANOVAs) revealed no
significant differences among the three groups in age
[F[2,65] = .03; p > .05, n> = .03] or level of education
[F[2,65] = .11; p > .05; > = .04]. A 3 X 2 x? did not
reveal any differences among the three groups in gender
distribution (x? = 1.5, p > .05). Independent z-tests were
also conducted between the FLE and TLE groups and
revealed no reliable differences in age of seizure onset
[[41] = .82; p > .05; d = .04], seizure duration [¢[41] =
99; p > .05, d = .02], self-reported seizure frequency
[¢[41] = .78; p > .05; d = .25], self-reported depression
[[41] = .78; p > .05; d = .24], or estimated 1Q [¢[41] =
S53;p > .05;d = .15].

Materials and Procedure

The D-KEFS TMT was used to assess number-letter set-
shifting in the current study. Unlike the traditional TMT
that includes only two conditions (i.e., Part A and Part B),
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Table 1. Etiology/risk factors and lesion location for patients in the left and right FLE groups with structural lesion on MRI/CT

Lesion location/type

Patient group Etiology/Risk factors
Left FLE
L1 Oligoastrocytoma (resection)
L2 Arteriovenous malformation
L3 Prior epilepsy surgery; no known risk factors
L4 Cavernous angioma
L5 Prior epilepsy surgery; head injury
L6 Meningioma (partial resection)
L7 Heterotopia
Right FLE
R1 Head injury
R2 Focal hemorrhage; encephalitis
R3 Venous angioma
R4 Possible head injury
RS Head injury
R6 Head injury
R7 Low grade glioma

Left frontal encephalomalacia/postoperative changes

Left anterior fronto-parietal

Left frontal lobe encephalomalacia/postoperative changes
1.3-cm lesion in the left frontal lobe

Left frontal encephalomalacia/postoperative changes

Left frontal gliosis and encephalomalacia

Left inferior posterior frontal lobe

Right frontal encephalomalacia

Right frontal encephalomalacia

Right frontal; primarily insula

2-cm lesion in the right posterior frontal lobe

Right frontal encephalomalacia*

Right frontal encephalomalacia

1.5 X 1.5 X 3.0 cm lesion in the right cingulate gyrus
and adjacent white matter

*This patient’s lesion was 95% contained within the right frontal cortex, although CT showed evidence of slight damage to the left gyrus rectus.

the D-KEFS TMT includes five conditions that afford a
process analysis of the component skills of this task, includ-
ing (1) visual scanning; (2) number sequencing; (3) letter
sequencing; (4) number-letter switching; and (5) motor
speed. On the D-KEFS TMT, the number-letter switching
condition is similar to “Part B” of the traditional TMT. The
other four conditions assess four fundamental component
skills that allow the examiner to assess empirically whether
a deficient score on the switching condition is related to a
higher level deficit in set-shifting or to one or more impair-
ments in an underlying component skill (Delis et al., 2001).
This is particularly important since deficits in any one of

Table 2. Demographic characteristics, epilepsy features, and
neuropsychological performances for the FLE, TLE, and control
groups (standard deviations are in parentheses)

FLE TLE  Controls
(n=23) (n=20) (n=23)
Age 36.8 37.9 36.9
9.8) (8.9) (9.9)
Education 13.8 13.5 13.8
(2.0) (2.6) (2.5)
Age of Seizure Onset 17.4 16.5 —
(12.1) (14.2)
Seizure Duration (years) 21.5 21.4 —
(11.8) (12.9)
Seizure Frequency (# per month) 5.5 7.5 —
(7.3) 9.3)
WTAR (standard scores) 100.5 102.8
(14.4) (11.8)
Beck Depression Inventory-II 12.9 15.15 —
(9.52) (8.59)
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these components skills could result in an impaired perfor-
mance on the number-letter switching condition and may
be erroneously attributed to impaired set-shifting.

RESULTS

Set-shifting was assessed by analyzing both (1) time to com-
pletion and (2) number of set-loss errors in the number-
letter switching condition across the three participant groups.
An indication of effect size (n?) is reported for each signif-
icant main effect and interaction. Cohen’s “d” is reported
for significant #-tests and pairwise comparisons as an indi-
cation of change in standard deviation units between groups
(Cohen, 1992). Greenhouse-Geisser adjusted values are pre-
sented for multivariate analyses with greater than two degrees
of freedom in the numerator.

Figure 1 shows performances for the FLE, TLE, and con-
trol groups across the five conditions. A 3 (Group: FLE vs.
TLE vs. controls) X 5 (Condition: visual scanning, motor
speed, letter sequencing, number sequencing, and number-
letter switching) repeated measures ANOVA revealed a main
effect of condition, [F[4,248] = 14.26, p < .01, n*> = .69]
and a main effect of group [F[2,62] = 5.4, p < .01, n> =
.15]. These main effects, however, were mediated by a sig-
nificant group by condition interaction [F[8,248] = 9.0,
p < .01, n? = 23], indicating that the pattern of perfor-
mances across conditions differed among the groups. One-
way ANOVAs in each of the five conditions revealed that
the only group difference occurred in the switching condi-
tion [F[2,65] = 9.8, p < .01, »% = .22]. Follow-up com-
parisons using Tukey’s HSD tests revealed that the FLE
group was significantly slower in the number-letter switch-
ing condition than the TLE group (p < .05; d = .65) and the
healthy controls (p < .01; d = 1.35). There was no signif-
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Fig. 1. Time to completion in seconds for

the FLE, TLE, and control groups across

Visual Scanning Number Letter Number-Letter ~ Motor Speed . s
Sequencing Sequencing Switching the five D-KEFS TMT conditions. Error
' bars represent the standard error of the
BFLE TLE O controls mean.

icant difference between the TLE group and healthy con-
trols in their time to complete the switching condition (p >
.05; d = .40).

The total number of set-loss errors in the switching con-
dition was also analyzed. Due to the small number of mean
errors committed by participants and the positively skewed
distribution in the overall sample, nonparametric proce-
dures were used to compare set-loss errors among the groups.
Results revealed that the number of set-loss errors was sig-
nificantly different among the groups (Kruskal-Wallis y? =
16.05, df =2, p <.001). Follow-up comparisons with Mann-
Whitney U tests revealed that the FLE group committed
more set-loss errors than the TLE group (z =2.95, p < .01)
and the healthy controls (z = 3.44, p < .01; mean set-loss
errors = 1.26, 0.25, and 0.13, respectively). The TLE group
and the controls did not differ significantly in the number of
set-loss errors they produced (z = .243, p > .05). As a
further attempt to explore mechanisms of impairment, we
also examined the number of sequencing errors in the switch-
ing condition. A one-way ANOVA did not reveal any sig-
nificant differences in the number of sequencing errors
among the groups (Kruskal-Wallis y?> = 1.46, df =2, p >
.05; mean sequencing errors; FLE = 0.48, TLE = 0.30, and
controls = 0.30). Taken together, these data suggest that the
FLE group displayed impaired set-shifting relative to the
TLE group and controls as measured by both speed and
accuracy in the switching condition. The three groups failed
to differ in the four baseline conditions that assess the basic
component skills of the task.

Correlational Analysis

In order to determine if any of the demographic (i.e., age
and years of education), psychological (i.e., estimated IQ
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and depression), or seizure-related (i.e., age of seizure onset,
illness duration, and seizure frequency) variables were related
to performances in set-shifting in our FLE patients, Pear-
son or Spearman correlations were conducted within the
FLE patient group. Correlational analysis did not reveal
any significant relationships between the age of seizure onset,
illness duration, or seizure frequency with either of our two
measures of set-shifting in the switching condition (i.e.,
time to completion or set-loss errors). In addition, neither
measure was related to estimated IQ or level of self-
reported depression. However, there was a moderate nega-
tive correlation between years of education and time to
completion on the switching condition (r = —.425, p <
.05), indicating that the lower their education level, the lon-
ger it took for the FLE patients to complete the task.

DISCUSSION

The most important finding in the study was that patients
with FLE were impaired relative to the TLE and control
groups on the switching condition of the D-KEFS TMT
task. In addition, the two patient groups were not impaired
relative to the control participants on any of the baseline
conditions. These findings indicate that the FLE group’s
impairment in set-shifting was not related to deficits in one
or more of the basic component skills tapped by this task.
The results are consistent with findings from other studies
investigating patients with frontal-lobe damage and pro-
vide additional evidence for the role of prefrontal cortex in
cognitive set-shifting ability (Eslinger & Grattan, 1993; Moll
etal., 2002). Another important finding in the present study
was that the patients with TLE and healthy controls failed
to differ across all conditions of the task, including the
switching condition. These results provide evidence that
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(1) deficits in set-shifting may be relatively specific to fron-
tal dysfunction, and (2) that set-shifting or “switching” def-
icits can distinguish patients with FLE versus TLE.

Unlike studies of patients with TLE suggesting that age
of seizure onset, duration of epilepsy, and severity of sei-
zures predict performances on many neuropsychological
measures (Exner et al., 2002; Lespinet et al., 2002; see also
Motamedi & Meador, 2003, for a review), we did not find
any relationships between these seizure-related variables
and set-shifting performance in patients with FLE. Our find-
ings are consistent with existing research on FLE suggest-
ing that executive functions are not consistently related to
age of seizure onset (Upton & Thompson, 1997).

Despite support for our primary hypothesis that deficits
in set-shifting are present in patients with frontal-lobe dys-
function (e.g., FLE) but not in those with temporal-lobe
dysfunction (e.g., TLE), several limitations should be con-
sidered in this study. First, it remains to be determined
whether or not damage to other nonfrontal brain regions
may result in similar set-shifting deficits. For example, Pos-
ner et al. (1984) found that patients with focal parietal lesions
were impaired in attentional set-shifting. On the other hand,
other investigators have failed to find evidence of set-
shifting deficits in patients with parietal damage (Eslinger
& Grattan, 1993). Second, it is possible that differences in
etiology rather than frontal-lobe versus temporal-lobe dys-
function contributed to group differences in set-shifting.
Although we cannot rule out this possibility, cognitive per-
formances tend to be influenced more by location of frontal-
lobe dysfunction rather than etiology of frontal-lobe
dysfunction (Exner et al., 2002). Unfortunately, subgroup
analyses of etiology within epilepsy were not possible in
the present study given the small n values within sub-
groups. Finally, although we describe the impairment in our
FLE as a general deficit in set-shifting, it is possible that
their impairment is task specific (i.e., on a visuomotor
sequencing task) and would not generalize to other tasks
with different set-shifting demands. Studies of both focal-
lesion patients and individuals undergoing functional neuro-
imaging using a variety of cognitive tasks promise to increase
our understanding of the cerebral organization of set-
shifting and other executive functions.
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