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Abstract

The effects of mesial temporal (MT) and cerebellar hypometabolism were studied using measures of verbal, visual
and motor skill learning. Twelve patients with refractory temporal lobe epilepsy who showed asymmetrical mesial
temporal lobe hypometabolism offF] fluoro-2-deoxy-glucose positron emission tomography (FDG-PET) were
given tests involving 4 consecutive learning trials and a 30-min delayed recall trial. Delayed recognition was also
assessed for the words and designs, and skill transfer was evaluated for mirror drawing. Compared to 9 normal
control participants, patients with more marked MT hypometabolism on the left had impaired delayed recall of
words and patients with more marked MT hypometabolism on the right showed impaired learning of novel designs,
but normal retention over delay. Patients were not impaired in their mirror-drawing performance. The findings for
MT hypometabolism correspond well to those obtained in other studies where patients have been classified on the
basis of side of hippocampal atrophy or temporal lobe excisidiNg 2001,7, 353-362.)
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INTRODUCTION over a 24-hr interval compared to patients with right hippo-
. L ._campal atrophy, but there was no difference in their ability
The ability to recall recently presented material is |mpa|redt0 acquire the words initially over four learning trials. Con-

in patients with structural lesions of the temporal lobe (e'g‘Verser, patients with right hippocampal atrophy had more
Baxendale et E_il" .1998b; Hel_ms_taedter etal, 19_91; Me_tye ifficulty learning the abstract designs than did patients with
& Yates, 1955; Milner, 1968; Milner et al., 1968; Saykin left hippocampal atrophy, but they were able to retain both

et gl., 1989)* ?}epen?lmlg on the t{]pe of St'mUII" tr;e na.turetypes of material over a delay. Other investigators have found
and extent ot t e} Ipit ology (e.gd, h|pp_cc)jcar?p;]a lsc .emﬁ similar results using alternative word and design list learn-
antgrllortempora 0 ectomy)_an t €side o the lesion, t esﬁlg tasks in patients with unilateral temporal lobe epilepsy
deficits may manifest as an impaired ability to learn mate'(HeImstaedter etal., 1993) and in patients who have under-

rial presented repeatedly over trials (Barr et al., 1990; Gleiss-One temporal lobectomy (Helmstaedter & Elger. 1996
ner et al., 1998; Hudson et al., 1993; Saling et al., 1993)g P Y ( gen )

| f material delav int | (Martin et al 1991_’ When recognition memory has been studied preopera-
SOSS 0 tmla elrglgzoverba tﬁ a|_3|/ Iln e:vad(t artlnl elgé,s' Ml ‘tively in patients with temporal lobe epilepsy, results have
asseta., ), or both (Helmstaedter et al., » MIll®Haan mixed. Some investigators have found recognition

et a}l., 199.3; Rausch & Babb, 19.93)' In a study of ep"e[)ticmemory for words and faces to be intact (Helmstaedter &
patients with marked, unilateral hippocampal atrophy, JoneSEIger, 1996 Miller et al., 1993, 1998). Others have noted

Gotman (1996) neatly demonstrated dissociations in Sidethat patients with left temporal lobe epilepsy made more

of-lesion effects on recall using a pair of word and des'gmerrors than patients with right temporal lobe epilepsy on word

list-learning tests. Unppe'r.ated patients with Ieft hlppocam'recognition tasks (Bortz et al., 1995; Seidenberg et al., 1993),
pal atrophy showed significantly poorer retention of words

whereas patients with right temporal lobe epilepsy made
more errors than patients with left temporal lobe epilepsy

Reprint requests to: Dr. Laurie Miller, Neuropsychology Unit, Royal for recognition tasks involving complex scenes (Baxendale
Prince Alfred Hospitall, Cémperdown, NSW 2050, Australia. iE-maiI: etal., 1998a). I_mportantly,_lt was noted by Baxendale (1997)
lamiller@mail.usyd.edu.au that preoperative recognition memory (for words and faces)
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was worse in patients with cortical dysgenesis as well asive clinical work-up (including FDG-PET scanning) for pos-
hippocampal sclerosis than in patients with hippocampasible temporal lobectomy over a 2-year period. Patients were
sclerosis alone. Because none of these studies includedexcluded if they had a seizure during scanning, signs of wide-
matched normal control group, the question of whether thespread cerebral hypometabolism or evidence of atypical
number of recognition errors made by patients with tem-speech representation. In the final sample, there was only
poral lobe epilepsy falls within normal limits remains one left-handed patient and, in her case, speech was found
unanswered. to be lateralized to the left hemisphere using intracarotid
Hippocampal atrophy has been correlated with glucossodium Amytal testing. All other participants were right-
hypometabolism on positron emission tomography (PEThanded and presumed to have left-hemisphere speech
studies (Engel et al., 1982; Gaillard et al., 1995; Semah et alrepresentation.
1995). Therefore, one could expect to see similar patterns Twenty-one patients were originally considered for in-
of cognitive impairment irrespective of whether patientsclusion. Of these, only 12 patients who showed asymmetric
show hypometabolism on functional imaging or atrophy onglucose hypometabolism in the mesial temporal region were
structural imaging. Consistent with lateralization results fromincluded in the final sample. In order to establish the amount
lesion studies, two investigations of patients with temporalbf normal variability in the asymmetry of this brain region,
lobe epilepsy have revealed that reduced glucose metabdata from 13 participants with no known neurological his-
lism in the left temporal lobe is associated with poor verbaltory were taken from the FDG-PET database at Royal Prince
memory (Rausch et al., 1994; Woodard et al., 1997). FurAlfred Hospital. This normative sample comprised 8 men
ther study in this area would provide a better understandingnd 5 women, ranging in age from 23 to 44 yed¥is< 30.2
of the relationship between neuropsychological test perforyears). Patients were included in the final sample if their
mance and brain metabolism and, in turn, would facilitatemesial temporal lobe asymmetry scores (see below) fell more
decision making when patients with focal seizures are conthan 1 standard deviation away from the mean of the nor-
sidered for surgery. mal control subjects. As can be seen in Table 1, 4 patients
Given the extensive literature on other types of memoryhad relatively reduced metabolic rates in the left mesial tem-
it is somewhat surprising that there is a paucity of data reporal region (LMT group) and 8 patients showed more
garding procedural or skill learning in patients with tempo-marked hypometabolism in the right mesial temporal re-
ral lobe epilepsy. Because amnesic patients (many of whorgion (RMT group). These 12 patients were also classified
have temporal lobe pathology) improve on procedural learnen the basis of whether or not cerebellar hypometabolism
ing tasks over trials and can retain newly learned skills overwvas evident on their PET scans. Nine participants (3 LMT,
a delay interval (Cohen & Squire, 1980; Gabrieli et al., 1993;6 RMT) had a mean level of cerebellar metabolism that fell
Milner, 1962; Nichelli et al., 1988; Nissen et al., 1989), it more than 1 standard deviation below the normal mean (see
has been assumed that patients with temporal lobe epilep&able 1). Visual inspection gave no indication that those with
have normal skill learning and retention abilities. However,cerebellar hypometabolism had generally more widespread
patients with seizures often show cerebellar atrophy (e.ggerebral hypometabolism than those without cerebellar
Haberland, 1962; McLain et al., 1980; Salcman et al., 1978abnormalities.
and/or cerebellar hypometabolism (Seitz et al., 1996) and The performance of the patient groups was compared to
this structure is thought to play a role in motor skill learn- that of a group of 9 nonepileptic, age- and education-
ing (Gomez-Beldarrain et al., 1997; Inhoff et al., 1989; Jen-matched volunteers (5 M F; M age= 31 years, range
kins et al., 1994; Jueptner & Weiller, 1998; Pascual-Leone21-49 yeardyl education= 13 years, range 11-15 years).
et al., 1993; Sanes et al., 1990; Seitz et al, 1994). Hence, Tthese normal control (NC) participants were given the same
is possible that some patients with temporal lobe epilepsyneuropsychological tests but did not have PET scans.
specifically those with cerebellar abnormalities, would have None of the participants had a history of head injury,
difficulty learning and retaining new motor skills. neurological disorders other than epilepsy (for the patient
In the present study, we usedif] fluoro-2-deoxyglucose groups) or alcohol abuse, and all patients were receiving
(FDG) PET to investigate (1) the effects of asymmetricalanticonvulsant medication at the time of testing. Written in-
mesial temporal hypometabolism on word and design lisformed consent was obtained from all participants prior to
learning, delayed recall and delayed recognition; (2) the eftesting and the study was approved by the institutional Hu-
fects of mesial temporal aidr cerebellar hypometabolism man Research Ethics Committees.
on motor skill learning.

PET Methodology

METHODS All PET scans were done on an ECAT 951R whole body
tomograph (Siemen€TIl, Knoxville, TN) with a 60 cm
Research Participants transaxial field-of-view (FOV) and an axial FOV of 10.8 cm.

Thirty-one image planes were produced, spaced 3.38 mm
The participants were selected from among patients witlapart (16 direct, 15 cross planes). Transaxial spatial resolu-
intractable temporal lobe epilepsy who underwent extention was 5.9 mm full width at half-maximum at the center
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Table 1. Patient demographics

MT MT Cb Age Education  Age of onset Sz duration
Patient  group asym scoré scoré Sex (years) (years) (years) (years)
K.R. LMT .36 2.7 M 25 17 20 5
M.H. LMT .26 2.3 F 45 15 21 20
G.O. LMT .25 2.8 F 32 11 27 5
W.O. LMT 41 4.0 M 44 13 5 39
P.C. RMT -.30 2.6 F 23 11 3 20
ZK. RMT -.75 3.1 M 23 12 12 11
c.L? RMT —.42 25 M 23 10 21 2
B.G. RMT -.38 2.7 F 31 16 19 12
G.M. RMT —.61 2.1 M 24 16 15 9
F.T. RMT -.52 3.9 F 22 13 1 21
L.T. RMT —-.58 3.0 F 43 17 28 15
S.P. RMT —.42 2.4 M 25 18 7 11

1For PET database normal contralé,asymmetry score (LMT-RMT3 0.0, SD = .25.
2For PET database normal contrdlg,level of cerebellar metabolism 4.14,SD= 1.07.
3Participant did not complete the mirror-drawing task.

Note.MT = mesial temporal; LMT= greater left mesial temporal hypometabolism; RMTgreater right mesial temporal hypo-
metabolism; Cb= Cerebellar metabolism level; Sz seizure.

of the FOV with a z-axis resolution of 4.6 mm. Participantsresliced along the long axis of the temporal lobe to visual-
fasted for at least 6 hr before the study. Cannulas were placade the mesial temporal structures. The MR scan was aligned
in the back of both hands for injection of isotope and forto the PET data using a registration algorithm (Ardekani
sampling of arterialized blood (Phelps et al., 1979). The paret al., 1995) developed and validated at our institution. ROls
ticipants’ hands were heated prior to and throughout the studyere placed on the resliced PET scan slices and the coreg-
in heated water baths. Injected dose of FDG was 5.3 Mbqistered MR study was used to verify the location of the ROIs.
Kg. For the patients, video EEG monitoring was carried outThe other PET studies were then realigned to this reference
using scalp EEG electrodes for 30 min before the injectiorstudy using another algorithm that was developed for this
of isotope and throughout the uptake and scanning periodurpose (Eberl et al., 1996). In each temporal lobe, 21 cor-
to ensure that the PET scan was not carried out post- or irtical ROls were placed to obtain values for CMRGIu in the
traictally. At the time of injection, participants’ eyes and earsanteromesial temporal cortex, amygdala, hippocampus, and
were patched in a quiet, dimly lit room. After injection of parahippocampal gyrus. However, this orientation of the PET
isotope, blood was sampled throughout the study at timedlices is not suitable for the accurate measurement of cer-
intervals to determine the input function for measurementbellar glucose metabolism because of partial volume er-
of cerebral glucose metabolism (CMRGIu). The 30-min up-rors from the occipital cortex. Thus, before measuring
take period was carried out ‘off camera.” The participantcerebellar glucose metabolism, the reference study was re-
was then positioned on the scanning bed and the head insliced along the canthomeatal line and the other studies were
mobilized by a thermoplastic mask that was molded to thehen aligned to it. Metabolism was then assessed in each
contours of the face. Study duration was typically 70 mincerebellar hemisphere at the level of the dentate nuclei. The
and emission data were acquired for the entire brain. Datdentate nuclei are clearly visualized on transaxial PET im-
were reconstructed after correction for scatter and randorage planes. Ten ROIs were placed in each cerebellar hemi-
coincidences. Measured attenuation correction was done witphere adjacent to, but not overlapping, one another to sample
a postinjection method validated at this institution (Hooperthe underlying regional cortex. To account for any system-
et al., 1996). There were 13 normal participants, 8 men andtic errors in the assessment of CMRGIu, the cortical ROIs
5 women with an age range of 23 to 44 years and a mean afere then normalized to the average value obtained from
30.2 years, who were also scanned to provide normative dataix ROIs that were placed in the white matter of the cen-

A neurologist experienced in interpreting PET scanstrum semiovale of each hemisphere (three in each hemi-
(M.J.F.), who had no knowledge of the neuropsychology resphere). These white matter ROls were the same dimensions
sults, performed quantitative analysis. Measurement of CMas the cortical ROlIs and they were positioned in the ante-
RGIu was done through the placement of multiple circularrior, middle and posterior parts of the centrum semiovale
regions of interest (ROIs) with a 7.2 mm diameter on theapproximately 6 mm above the bodies of the caudate nu-
PET scans. The PET and MR imaging study of 1 participantlei. For the temporal lobes an asymmetry score was gen-
who had no detectable structural abnormalities served asrated by subtracting the mean score for the left temporal
a template for placement of the ROIs. The PET data werdobe from the mean score for the right.
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List A List B List A List B
S oN\0° :
DIRECTION POSITION I:% -I-—IT—
IDEA HONOUR "Qe .
LENGTH COST a}\ 5() Y Fig. 1. The words (left panels) and designs
.. (right panels) used in the learning and recog-
KNOWLEDGE OPINION / nition tests. The stimuli were presented indi-
HISTORY MIND QO C vidually on cards. Half the participants learned
TRUTH TROUBLE List A and were given List B items as distrac-
MOMENT THOUGHT Z'g_ X (\),.J . Q tors on a subsequent recognition trial, while the
X- y reverse was true for the other half of the par-
FACT LAwW . ticipants.
HOUR INTEREST waal
EFFORT AMOUNT >_f\l._( q (%/
CHANCE METHOD ]D>
SPIRIT SOUL ) \ I __l }_
ANSWER DUTY 9/’
Materials Procedure
Word and design memory tests Word and design memory tests

The stimuli for these tests were copies of the ones used i€ Word and design memory tests were administered sep-

the experiments by Jones-Gotman and colleagues (Jone§r_ately, but the procedure for the two tests was identical.

Gotman, 1996; Jones-Gotman et al., 1997). They consiste'zz:iaCh stimulus was presented er approximate!y 10's and par-
of 26 abstract words with low imageability ratings and 26 IiPants were asked to copy it on a small piece of paper,

abstract designs that were simple enough to be copied raﬁ‘—fter which the paper and stimulus were remo_vgd. Follow-
idly but sufficiently complex to discourage verbal labeling Ing presentation of all 13 words or designs, participants were

(Figure 1). Each was printed individually on a %07 cm given a blank sheet_of paper and_werg asked to reproduce as
white card. Two word lists and two design lists (13 itemsMany words (or designs) as possible, inany order. Four such

each) were used. Half the participants learned List A andearning trials were administered. A delayed recall trial was
were given List B items as distractors during recognitionca'1ed out without prior warning after 30 min. Immedi-

memory testing and the reverse was true for the other haf?k:ely aft(_ar.thls, a recognlkt]lon tesht was a.dmllnl|:sgteredd, n Wr:j'Ch
of the participants. the participants were shown the origina words or de-

signs and 13 distractors in random order and were asked to
respond “yes” or “no,” depending on whether the stimulus
Mirror-drawing test had been in the original learning list or not.
, ) . On the learning and delayed recall trials, subjects re-
The mirror-drawing apparatus was similar to the one usedg;yeq 1 point for each correct word and for each design

by Milner (1962) to test H.M. It consisted of a horizontal y, ¢ ¢oyid be unambiguously recognized by a naive rater.
metal shield (28< 22 cm) mounted approximately 20 cm o, vecognition trials, the number of hits and false positive
above the desk, and a vertical mirror (&0 cm) mounted errors was recorded.

behind the shield. A sheet of paper bearing a figure was
placed on the desk under the metal shield. The shield w
positioned in such a way that the participants could onl
see the figure and their hand in the mirror. Two figures werdn the mirror drawing apparatus, participants were required
used: a six-point star and a Maltese cross with the same nunte trace around the figures as quickly as possible in an anti-
ber of sides and angles as the star. Care was taken to makkckwise direction from a set starting point, using their pre-
all the sides of the two figures the same length, such thaterred hand. They were first given the Maltese cross figure,
the figures had equal perimeters. The figures had a doubl®llowed by four learning trials tracing the star figure.
outline, separated by 5 mm, and the participants were refhirty min after the last learning trial, delay trials were ad-
quired to keep their pen between the outlines while tracingninistered in which participants were asked to trace the star
around the figure. and the Maltese cross again. The total time taken to trace

31§/Iirror-drawing test
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around the figure was recorded on each trial. Each time theorrelations between test scores and mesial temporal asym-
pencil tracing went outside the double lines of the figure itmetry scores were evaluated when the ANOVAs reached
was counted as an error. An error score was thus achievesignificance.

for each trial. Performance on the mirror drawing test was analyzed
using two-way Groupx Trial (seven levels: Maltese Cross,
four star learning trials, delayed star trial, repeat Maltese
Cross) ANOVAs with repeated measures on trial. These were
All but 1 patient were tested within 1 week of their PET carried out for both the time and error scores.

imaging studies; the remaining patient was tested 6 months Significant interactions were broken down by comparing
after she had her scan. Each was given the memory tests the three groups on each trial. Scheffé pair-wpest-hoc

a single session lasting approximately 1.5 hr. The tests werkests were used to compare means when the ANOVA was
administered in the following order: (1) word learning tri- significant. For mirror-drawing, data for 1 participant (C.L.)
als; (2) design learning trials; (3) mirror-drawing learning are missing because he refused to complete the test.

trials; (4) word delayed recall and recognition; (5) design
delayed recall and recognition; and (6) mirror-drawing de-
lay trials. Where necessary, the time intervals between Ste
4,5, and 6 were filled by obtaining demographic informa- . )
tion from the participants, to ensure that the learning and®emographic Comparisons

delayed trials of each test were separated by 30 min. Comparing patient groups to the NC group yielded no sig-
nificant differences in age or educational level. Similarly,
no differences were found between the patient groups in age
of onset or years of seizure disorder (see Table 1).

Order of procedures

ESULTS

Statistical Analyses

For the word and design memory tests, two-way Group (three

Ieyels)x Trial (fiye levels: four learning trials, one delay Effects of Mesial Temporal Hypometabolism

trial) ANOVAs with repeated measures on the trial f_actor_on Memory for Words and Designs

were performed. Percent retention was calculated using this

formula: ((Trial 4— Trial 5)/Trial 4) X 100, and one-way On the word list-learning test, there was an interaction be-
ANOVAs were used to compare the groups for retention oftween Groupx Trial [F(8,72)= 2.11,p < .05] as well as a
the words and designs. Recognition memory was evaluateahain effect of trial F(4,72)= 36.2,p < .001], but no sig-

by comparing groups on the number of correct hits and thaificant overall group effectff(2,18)= 1.51,p = .25]. As
number of false positive responses. Pearson product-momeocan be seen in Figure 2a, participants improved over the

14 - 14 - _
a) Words b) Designs
12 - 12 -
10 A 10 -
£
8 8 4 8 1
©
o 61 6 4
=z
4 4 4 4
—o0—NC
2 2 —A—LMT
-- - -RMT
0 0
1 2 3 4 Delay 1 2 3 4 Delay
Trials Trials

Fig. 2. Mean number of (a) words and (b) designs recalled on each of the four learning trials and after 30-min delay by
patients with left mesial temporal (LMT) hypometabolism, patients with right mesial temporal (RMT) hypometabo-
lism, and normal controls (NC). Vertical bars represent standard error of the mean.
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four learning trials and then showed a drop between the last 250 -

R i . a) —o0—NC
learning trial and the delayed recall trial. There were no sig- —4—LTM
nificant group differences on any of the four learning trials, 200 - --#--RTM
but there were on the delay tridF(2,18)= 5.5,p < .05]
and for percent retentior[(2,18)= 7.2,p < .01]. Scheffé = _
post-hoccomparisons for the delay trial and percent reten-8 150

()
tion showed that the LMT group was significantly impaired g

compared to the NC group. Pearson product-moment corE
relation tests indicated that the relationship between the PE
asymmetry score and the word list percent retention score

approached significance (11) = —.56,p = .058]. 50 1
For word recognition, there were no significant between-
group differences in the mean number of hits (LMT: 11.5; 0
RMT: 11.6; NC: 12.9) or mean number of false positive re- MC1 St S2 S3  S4 Sdelay MC2
sponses (LMT: 0.5; RMT:0.3; NC: 0.1). Recognition mem- Trials

ory scores were not correlated with the PET measure of
mesial temporal asymmetry [hits(11) = —.03,p = .94; b)
false positivesr(11) = .09, p = .78]. For design learning,

the Groupx Trial interaction was not significanH(8, 72)= sd T
1.1,p = .40]. There was, however, a main effect of group
[F(2,18)=4.4,p < .05]. Scheffépost-hoccomparisons in-
dicated that the RMT group differed significantly from the 204 %
NC group (see Fig. 2b). There was a also main effect of trial 1
[F(4,72)= 106.1,p < .001], with all groups showing grad-

30

No of errors

ual improvement over the learning trials and good retention 151
after a delay. There were no differences between the NC,
RMT, and LMT groups in their percent retention score for 10 4

designs F(2,18)= .20,p = .82]. The total learning score
for designs was not correlated with the mesial temporal lobe
asymmetry score obtained from PET{1) = .24,p = .46]. 5
Furthermore, groups did not differ in design recognition
memory; only 2 patients (B.P. and P.C.) made a single error

0
each. MC1 S1 S2  S3  S4 Sdelay MC2
Trials
Effects of Mesial Temporal and Cerebellar Fig. 3. Comparison of patients with left mesial temporal (LTM)
Hypometabolism on Mirror Drawing hypometabolism, right mesial temporal (RMT) hypometabolism

and normal controls (NC) on the mirror-drawing task. Top panel

For both the time and the error scores, patients were conf2) shows mean time taken to trace the Maltese cross (MC) and
pared to the NC group across the seven mirror drawing tristar (S) figures on the learning and delayed (Sdelay and MC2) tri-
als (Figure 3). For both scores, there was a significant effect?ilcsélTbg'isbfettorgsgitn;l;:g;:jogrfgrgf?heeanmggnmber of errors. Ver-
of trial [time: F(6,102)= 30.1,p < .001; errorsF(6,102)= P '

8.0, p < .001], but no group effects [timéd=(2,17) =.01,

p = .98; errors:F(2,17),p = .88] or interactions [time:

F(12,102)=.37,p=.97; errorsf(12,102)= .37,p = .97].

Figures 3a and 3b show that for all three groups, there wa$4, p = .85; errors:F(1,15)= .02, p = .89] and no inter-
areduction in tracing time and in error rate across the seveaction [time:F(6,90)= .24,p = .96; errorsF (6,90)= .26,
trials, indicating acquisition of the mirror-drawing skills and p = .95]. The main effect of trial again reached significance
transfer of these skills to an alternative figure. Mesial tem-[time: F(6,90)= 31.2,p < .001; errors:F(6,90) = 10.2,
poral asymmetry was not correlated with the differencep < .001]. Because we had hypothesized that cerebellar me-

scores for time [(10) = .17,p = .62] or errors [(10) = tabolism might be related to motor learning ability, Pearson
—.01,p = .98] on the two Maltese cross trials (the largestproduct-moment tests were carried out. Cerebellar metabo-
difference observed). lism did not predict learning ability, in that the mean level

Even when the NC group was compared to the more sesf cerebellar metabolism was not correlated with either the
lect group of patients who had significant cerebellar hypo-change in time taken to trace(L0) = .07,p = .85] or the
metabolism (i.e., a level more thanSD from the control  change in the number of errors mad¢10) = .06,p = .87]
mean) there was no main effect for group [tink€1,15)= across the two trials on the Maltese cross.
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DISCUSSION The present study did not find a relationship between me-
sial temporal hypometabolism or cerebellar hypometabo-
This study examined the effects of mesial temporal hypodlism and the ability to learn, retain or transfer the motor skills
metabolism on tests of word-list, design-list and motor-required for mirror drawing. Although mesial temporal hy-
skill learning and retention. Patients with relatively low pometabolism was not expected to impair skill learning, the
metabolic rates in the left mesial temporal region had signegative findings for the cerebellum may at first seem in-
nificant difficulty recalling a word list after a 30-min delay consistent with previous studies that ascribe a role for the
interval but demonstrated adequate word-list learning ovecerebellum in motor skill learning. There are, however, a
the four presentation trials. In contrast, across the desigfew possible explanations. For example, functional activa-
list-learning trials, the RMT group showed an impairmenttion studies indicate that the cerebellum contributes to later,
compared to normal control participants. Both patient group$ut not to very early stages of skill learning (Halsband &
showed normal retention of the designs over a delay interFreund, 1993; Shadmehr & Holcomb, 1997). Thus, if our
val. No impairments in word or design recognition memory participants had been tested over many more trials, perhaps
or in the ability to learn mirror drawing skills were found those with cerebellar hypometabolism would have eventu-
when patients with mesial temporal hypometabolism werelly shown impaired performance compared to those with
compared to a normal control group. Moreover, cerebellanormal cerebellar function. However, Sanes et al.’s (1990)
hypometabolism was not found to lead to impairments inresults would argue against this, because they found that
mirror-drawing skills. patients with cerebellar atrophy were not impaired over a
The pattern of impairments on the list-learning tests seeseries of 50 trials of mirror drawing. A more likely expla-
in association with left or right mesial temporal hypometab-nation is that the importance of the cerebellar component in
olism in this study is similar to that found preoperatively motor skill learning rests on the nature of the task. Studies
when patients with temporal lobe epilepsy are classified orto date indicate that the cerebellum has a role in learning a
the basis of MR evidence of hippocampal atrophy (Jonesseries of finger movements (Doyon et al., 1996; Gomez-
Gotman, 1996). Thus, at least for this brain region, our reBeldarrain et al., 1997; Jenkins et al., 1994; Jueptner et al.,
sults support the hypothesis that the patterns of cognitivd997; Pascual-Leone et al., 1993) and motor adaptation
impairment associated with glucose hypometabolism ar¢Deuschl et al., 1996; Weiner et al., 1983), but not in learn-
consistent with those caused by structural lesions. Howing a pursuit motor task (Grafton et al., 1992) or in drawing
ever, a direct evaluation of this hypothesis by applying bottpracticed designs in rotated orientations (Timmann et al.,
functional and structural imaging along with neuropsycho-1996). As stated by Desmond and Fiez (1998), a unified ex-
logical testing remains to be done. For clinical purposes, iplanation of the role of the cerebellum in motor skill learn-
is important to note that, for word retention, we found sim-ing has yet to be achieved, some 20 years after Eccles (1978)
ilar group differences to those reported by Jones-Gotmapublished his “comprehensive” theory on learning and the
et al. (1997) in spite of the fact that we shortened the delagerebellar cortex.
interval from 24 hr to 30 min. In summary, the present results clearly indicate that a num-
In our study, patients with reduced metabolism in theber of factors help to determine whether left or right mesial
mesial temporal region did not have impaired recognitiontemporal dysfunction causes a significant impairment on tests
memory. Unfortunately, the excellent performance of allof learning and memory. These factors include type of stim-
participants created a ceiling effect for both word and de-ulus material (e.g., wordss novel designs), stage of mem-
sign recognition, and this limits the conclusions that canory processing (acquisitious. retention) and means of
be drawn. Nevertheless, our findings are consistent wittassessment (recatt recognition), as noted, in part, by other
those of other studies. Helmstaedter and Elger (1996) testedsearchers (e.g., Dobbins et al., 1998; Jones-Gotman, 1996;
a large number of patients with temporal lobe epilepsy onlones-Gotman et al., 1997; Milner, 1958, 1973; Saling et al.,
a German version of the Rey Auditory Verbal Learning Test1993). The left mesial temporal region is particularly im-
(Helmstaedter & Durwen, 1990) prior to surgery. Many portant when words must be recalled after a delay interval.
of the patients in their study were found to have hippo-In contrast, the right mesial temporal region plays a role in
campal sclerosis and yet their delayed recognition memencoding novel designs. Neither the left nor the right me-
ory was intact. In contrast, impaired recognition memorysial temporal region is important for the retention of learned
for words has been reported after temporal lobectomydesigns, at least over a 30 min interval (but see Jones-
(Helmstaedter & Elger, 1996; Majdan et al., 1996) and inGotman, 1986, for evidence that the right hippocampus is
patients with cortical dysgenesis in addition to hippocam-important for the retention of designs over a 24-hr period).
pal sclerosis (Baxendale, 1997). Together, these results int is generally argued that left temporal and right temporal
dicate that extramesial temporal lobe structures are requirddsions have different effects on the mnemonic processing
for recognition, which offers some support for the hypoth-of word listsversusdesign lists, because a word list com-
esis first put forward by Aggleton and Shaw (1996) andprises verbal material and a design list consists of visuospa-
elaborated by Aggleton and Brown (1999) that the hippo-tial material. However, the possibility that novelty of the
campus is not important for certain kinds of recognitionstimulus is an important factor (designs being novel and
memory. words being nonnovel) has also been raised (Majdan et al.,
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1996; Owen et al., 1996) and we are currently investigatindgeberl, S., Kanno, 1., Fulton, R.R., Ryan, A., Hutton, B.F., & Ful-

this issue. ham, M.J. (1996). Automated interstudy image registration tech-
nique for SPECT and PETournal of Nuclear Medicine37,
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