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Abstract

It has been proposed that features of Alzheimer-type dementia (AD) reflect a breakdown in cortical connectivity that can be likened to
a disconnection syndrome. One hypothesized consequence of this pathology is that AD patients should be disproportionally impaired on
measures of interhemispheric transfer. However, there is a paucity of studies bearing on this prediction. We report the results from two
measures of interhemispheric interaction obtained from healthy younger and older adults, and older adults with probable AD. One measure
examined speeded simple manual responses to a lateralized light flash (i.e., the Poffenberger task) and the other examined the interhemispheri
coordination of computational resources using within and across hemifield variants of visual letter-matching tasks. AD patients show an overall
impairment of performance on both intra and interhemispheric conditions in all tasks. However, there is no indication of disproportionate
alteration of interhemispheric processes mediating either visuomotor transfer or visual letter-matching and the allocation of computational
resources. The results, therefore, call into question the appropriateness of a “split-brain” model for AD, at least in the domain of visual
processing. Although the results are not specifically diagnostic of a disconnection syndrome, they are consistent with the possibility of a

breakdown of cortico-cortical connectivity both within and between the hemispheres in AD.
© 2005 Elsevier Ltd. All rights reserved.
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Alzheimer-type dementia (AD) is a progressive neurodegen- ory loss and general cognitive declines in AZag Hoesen,
erative disorder, that according to the DSM-IXnferican 1990. Atrophic changes in frontoparietal and temporal ar-
Psychiatric Association, 1994 a probable diagnosis based eas include white matter loss and substantial damage to in-
on the combination of memory impairments and additional tra and interhemispheric associations pathw@ertgokis,
cognitive disturbances that have a gradual onset and a con2004; Kemper, 1994; Pantel et al., 1999enile plaques are
tinual decline without any identifiable cause. The increas- most prominentin cortical layers Il and I, which give rise to
ingly severe memory impairments in AD presumably arise intrahemispheric association fibers and the interhemispheric
from neuropathology affecting pyramidal neurons of the hip- fibers constituting the corpus callosum and the interhemi-
pocampus and entorhinal cortex in the form of neurofibril- spheric commissuresAprris, 1996a, 1996b
lary tangles, senile plaques, and neuronal IE$&€chaturian, Based on such neuropathological evidendéorris
1985. The widespread neocortical changes thatincrease over(1996b)has proposed that some of the neuropsychological
the course of the disease contribute to progressive mem-sequelea of AD may arise from disconnection-type deficits
associated with the disruption of intra and interhemispheric

_— corticocortical pathways (see alstorrison, Scherr, Lewis,
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summarizes a variety of neuropathological, electrophysio- unimanual comparison condition (sBeown, 2003, exam-
logical and neuroimaging evidence indicating that AD in- ined the accuracy of lines traced via the coordinated control
volves a fundamental breakdown in corticocortical connec- of left and right-hand knobs that moved tKeY position of
tivity, both within and between the hemispheres. For exam- a pen. AD patients displayed poorer bimanual coordination
ple, diffusion tensor imaging (DTI) of white matter path- than controls but only in the time-limited condition. On mea-
ways reveals declines in the splenium of the corpus callosum,sures of tactile localization, tactile shape and texture match-
and the longitudinal fasciculus, an intrahemispheric pathway ing, and tactile object identification the AD group showed
connecting temporal and frontal cortices in ARdse et al., significantly lower accuracy on the interhemispheric com-
2000. Likewise positron emission tomography (PET) during pared to the intrahemispheric conditions. Controls showed
amemory task shows decreased interregional correlations bethis pattern, but to a lesser extent than AD patients, only for
tween prefrontal cortex and the hippocampus consistent withthe texture matching task. The data for the visual modality
a breakdown in functional connectivity in AlB¢ady, Furey, are less clear. On one speeded measure of visuomotor trans-
Pietrini, Horwitz, & Rapoport, 2001 fer (Poffenberger, 1992 AD patients were slower in both
The disconnection account of AD has stimulated inter- intra and interhemispheric conditions, but the difference be-
est in the corpus callosum as a potential marker for white tween these conditions was equivalent to controls. On letter
matter neuropathology in AD. As the major white matter and color matching AD patients were less accurate on the
interhemispheric pathway, the corpus callosum is promi- inter than intrahemispheric trials. However, because the con-
nent on magnetic resonance images (MRI) and amenable tarol group performed almost flawlessly in both conditions
gquantitative analyses. Indeed, numerous studies conductedi.e., their performance was at ceiling) between group com-
over the past 15 years have reported reductions in callosalparisons of the inter—intra difference are misleading. Despite
volume in AD patients compared to healthy age-matched this limitation and the small sample sizes, the findings sug-
controls. While there are inconsistencies about which cal- gest that AD includes a disproportional decline in interhemi-
losal subregions are most affected @fegon et al., 1994 spheric processing at least for tactile information conveyed
Janowsky, Kaye, & Carper, 1998/eis, Jellinger, & Wenger, by the midbody of the corpus callosum.
1991, Yamauchi et al., 2000reductions in total callosal If AD selectively disrupts interhemispheric processes as
area in AD range between 18 and 38% (for reviews see the above data suggest the consequences could be quite far
Delbeuck et al., 2003; Hampel et al., 1998 hese struc-  reaching. Our own workindicates that normal aging promotes
tural declines suggest AD could be associated with neuropsy-increased reliance on interhemispheric interactiéteuger-
chological signs of interhemispheric disconnection similarto Lorenz & Stanczak, 20QOReuter-Lorenz, Stanczak, &
those arising from pathology of the corpus callosum or sur- Miller, 1999). Using PET, we originally reported that older
gical callosotomy—the so-called “split-brainGézzaniga, adults show more bilateral activation than younger adults dur-
Bogen, & Sperry, 199 ing verbal and spatial working memory taske{iter-Lorenz
Can neuropsychological measures of interhemispheric in- et al., 200Q. Moreover, our behavioral measures (see below),
teractions serve as markers for a disconnection syndrome incomparing within and across hemifield letter-matching, indi-
AD? Behavioral tests of a split-brain model of AD necessitate cate that older adults benefit from using both hemispheres to
a comparison of intra and interhemispheric conditions, and process information on relatively easy tasks, whereas young
support for the model requires that interhemispheric process-adults show such performance benefits only on tasks that are
ing is impaired relative to intrahemispheric processing. This more difficult Reuter-Lorenz et al., 1999Likewise, bilat-
outcome would suggest that callosal fibers are disproportion- eral activation as measured by PET and fMRI has been found
ately affected in AD. Alternatively, equivalent performance to correlate with higher memory performance in older adults
declines on intra and interhemispheric conditions would be (Cabeza, Anderson, Locantore, & Mcintosh, 20B2uter-
consistent with a pervasive disconnection pathology, or other Lorenz et al., 2001; Rosen et al., 2)0Phese results suggest
global impairments (e.g., attentional dysfunction), but would that bihemispheric recruitment and an associated increase
challenge the split-brain model of AD. Thus, neuropsycho- in interhemispheric interactions may serve a compensatory
logical measures that assess the integrity of intra versus in-role in normal aging (cfLogan, Sanders, Snyder, Morris, &
terhemispheric processing can shed light on the disconnec-Buckner, 2002 Split-brain like effects in AD would pre-
tion processes at work in AD and establish the validity of clude the use of such compensatory processes and thereby
the split-brain model as a functional account of this disease. contribute to more pervasive cognitive decline.
Only one published report to date has explicitly tested this ~ Therefore, the aim of the present study was to obtain new
account Lakmache, Lassonde, Gauthier, Frigon, & Lepore, evidence pertaining to the functional integrity of the corpus
1998. callosum in AD. We used variants of two time-honored ex-
Lakmache et al. (1998hvestigated 10 AD patients and perimental measures of interhemispheric transfer: the Pof-
10 age-matched controls using tests designed to evaluate calfenberger task, a measure of speeded sensori-motor transfer,
losal subregions that mediate bimanual motor control, and theand visual matching of stimuli presented in the same or in op-
interhemispheric transfer of somesthestic and visual informa- posite visual hemifields (e.dReuter-Lorenz & Miller, 1998
tion. The motor task, which was limited by the absence of a Seymour, Reuter-Lorenz, & Gazzaniga, 1R9%he Poffen-
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berger task requires the participant to make a speeded uniMatching on the across-hemisphere trials requires integrating
manual response to the onset of a stimulus appearing in theinformation about the target presented in one visual field and
left or right visual field. Uncrossed responses (left hand key the matching probe presented inthe other. Forthe low demand
presses to left visual field stimuli and right hand responses condition, the physical identity (PI) task illustrated on the
to right visual field stimuli) are typically several or more left, performance is typically superior on within-hemisphere
milliseconds faster than crossed responses (e.g., left handhan across-hemisphere trial8aphich & Belger, 1990
responses to right visual field stimuli). The time difference Banich & Karol, 1992 Belger & Banich, 1992Mikels &
between the crossed and uncrossed conditions is thought tdReuter-Lorenz, 2004Because interhemispheric processing
relate to the requirement for interhemispheric transfer in the includes interhemispheric transfer time, and potential degra-
crossed but notin the uncrossed condition. Although the pre-dation of transferred representations (d&mun, Achim,
cise processes that give rise to the CUD are stillunknown (see,& Larocque, 2003or a review), it is less efficient than intra-
e.g.,Saron, Foxe, Schroeder, & Vaughan, 2)aBe CUD hemispheric processing. If interhemispheric transfer is espe-
has been widely used as an index of callosal function and cially compromised due to pathology in AD, then the advan-
dysfunction (se&aidel & lacoboni, 2003or a review). The tage of within-field matching relative to across-field match-
decision to include the Poffenberger task in the presentinves-ing on this task should be accentuated compared to healthy
tigation was motivated specifically by recent work from our controls.
laboratory and others showing an increased CUD in normal  Of importance is the well-established finding that the rel-
aging (e.g.Jeeves & Moes, 199Reuter-Lorenz & Stanczak, ative advantage of these two presentation conditions reverses
2000 suggesting that this measure is sensitive to age-relatedat higher levels of task demand (sBanich, 1998 When
changes in callosal function. The inconsistent outcomes re-the number of probe letters is increased (not shown), and/or
ported byLakmache et al. (1998)n their sensori-motor and  matches must be based on the name of the letter (i.e., cross-
visual matching tasks provides additional justification for ex- case or name identity (NI) matching illustrated on the right
amining the relationship between similar measures in a newof Fig. 1) the across-hemisphere condition becomes increas-
and larger group of subjects with and without AD. ingly advantageous to the point where performance surpasses
The visual matching tasks that we used were specifi- the within-hemisphere conditiorB&nich & Belger, 1990
cally selected to measure the relative efficiency of inter- Banich & Karol, 1992 Belger & Banich, 1992Mikels &
hemispheric interactions under varying levels of cognitive Reuter-Lorenz, 2004 On across-hemisphere trials the tar-
demand Banich & Belger, 1990Banich & Karol, 1992 get and matching probe can be processed in parallel by oppo-
Belger & Banich, 1992 The low and high demand ver- site hemispheres. When task demands are high, the increased
sions of the task are illustrated kig. L The letter below  processing efficiency made possible by dividing the labor
the fixation point (the target) can appear in either the left between the hemispheres outweighs the cost of interhemi-
or right visual field. The participant decides whether the spheric transmission, resulting in a reversal of the typical
target matches a probe letter in the upper row. On within- within-hemisphere advantage (d&@nich, 1998; Liederman,
hemisphere trials, the target item and the matching probe 1998for further discussiorReuter-Lorenz et al., 19990ne
appear in the same visual field (projecting to the same hemi-way to conceptualize the across-hemisphere advantage is in
sphere) whereas on across-hemisphere trials, they appear iterms of greater availability of neural resources in this con-
opposite visual fields (projecting to opposite hemispheres). dition relative to the within-hemisphere conditioBahich,
1998 Mikels & Reuter-Lorenz, 2004 As the task demands
increase, the recruitment of more neural circuits to meet
3-Item Physical Identity Display 3-Item Name Identity Display higher demands is more efficient in the across-hemisphere
(within-hemisphere match) (across-hemisphere match) than the within-hemisphere condition leading to the observed
performance advantage (for further discussion Basich,
1998; Liederman, 1998; Reuter-Lorenz et al., 1989 sup-
A B F R port of this recruitment interpretation, a recent neuroimaging
study revealed that high letter-matching demands produced
bilateral activation in visual cortex in the across-field condi-
tion relative to the within-field condition despite the physical
A f equivalence of the stimulus displayBdllmann, Zaidel, &
von Cramon, 20083
The present study tests whether AD patients can perform
Fig. 1. Sample displays illustrating within-hemisphere and across- across-hemisphere versus within-hemisphere matches on the
hemisphere matches across two levels of task difficulty. The target letter one hand, and on the other hand, Whetherthey canshow a per-
always appeared at the bottom of the display and the probe letters were al-formance advantage for the across-hemisphere condition as

ways in the upper row of the display. In the physical-identity match trials, the . ] o . .
target letter physically matched one of the probes (in this example, A-A). processing demands increase. The split-brain model predicts

In the name-identity match trials, the target had the same name as one of thelhat AD patients WQUld be genera”y in_’np_aired in_ the across-
probes (in this example, f-F). hemisphere condition relative to the within-hemisphere con-
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dition, and relative to age-matched controls. Moreover, dis- Table 1 o .
proportional callosal decline in AD should preclude the per- Participant demographic information by group

formance advantage of bihemispheric processing thought toGroup N (female) Age Years of education
be indexed by the shift to an across-hemisphere advantage M SD.

in the more demanding match_lng tas_k._Theref_ore, the split- -5 23(11) 113 1598 1433

brain model of AD would predict a within-hemisphere pro- g 23 (11) 7087 1470 1420

cessing advantage regardless of task demand. Alternativelyya 23 (11) 1965 143 1352

AD patients could show equivalent performance decrementSNote AD, Alzheimer's disease patients; OA, older adults; YA, younger
relative to controls, in both within-hemisphere and across- adults.

hemisphere conditions. This outcome would constitute evi-

dence against a split-brain model of AD, although it would Block Design, Matrix Reasoning, and Letter—-Number Se-
not be exclusively diagnostic of disconnection pathology per duencing Yechsler, 199) The AD patients and the older
se. At minimum, a uniform performance decrement could be adults were matched for gender, age, and level of education
consistent with a pervasive disconnection phenomenon based@ll p>0.7). The demographic information for these groups
on the assumption that the within-hemisphere task conditionsis Presented ifable 1 Compared to the older and younger

also utilize intrahemispheric white matter pathways. adults, AD patients were impaired on all of the neuropsy-
chological tests, demonstrating broad cognitive impairments

(all p<0.05). The neuropsychological assessment of these
1. Method groups is presented ifable 2

1.1. Participants 1.2. Apparatus

Twenty-four patients diagnosed with probable A Macintosh PowerPC with PsyScope softwa@olien,
Alzheimer's disease were recruited from the University of MacWhinney, Flatt, & Provost, 1998vas used for stimulus
Michigan Medical Center through the Michigan Alzheimer’'s presentation and data acquisition. Participants sat with their
Disease Research Center. Patients were diagnosed wittehin in a headrest to ensure a constant viewing distance of
probable AD based on the National Institute of Neurological 57 ¢cm. An experimenter was seated in the testing room fac-
and Communicative Disorders and Stroke—Alzheimer's ing the subject at all times. To insure compliance with the
disease and Related Disorders Association diagnosticinstruction to fixate, the experimenter observed the partici-
criteria. All participants were at least high school educated, pant's gaze and intermittently reminded the participant of this
free of neurological disorders prior to the diagnosis, and requirement as needed.
had normal or corrected-to-normal vision. One patient was
excluded due to an inability to complete the tasks. Of the 1.3. Simple reaction time (Poffenberger) task design
remaining 23 patients, two were left handed.

Twenty-three healthy age-matched control participants A red upper case “X” (0.211x) was centered on a black
were recruited for participation through advertisements background (0.16Ix) of the computer screen and remained
placed in the local newspaper. These older adults were alsovisible throughout each experimental block. A white circle
screened to assure that they were high school educated, freéapproximately, 0.5x 0.5, 0.26 Ix) served as the command
of neurological disorders, and had normal or corrected-to- stimulus to which the participants responded. It appeared for
normal vision. Additionally, 23 younger adults were recruited 50 ms 5.25to the left or right of the fixation point with equal
through the Introductory Psychology Subject Pool at the probability. Fourteen percent of the trials were catch trials in
University of Michigan. All younger participants were free whichnotargetoccurred and participants were to refrain from
of neurological disorders, and had normal or corrected-to- responding. There was a 1-s interval between trials.
normal vision. Informed consent was obtained from all par-
ticipants in accordance with the requirements of the Internal 1.4. Simple reaction time task procedure
Review Board of the University of Michigan.

The AD patients and the older adult participants were  Participants were instructed to maintain their gaze on the
paid for their time and the younger adult participants re- central fixation stimulus throughout each trial and prompted
ceived course credit. All participants completed a battery to so by the experimenter as needed. A trial began with the
of neuropsychological tests that included the Mini Mental simultaneous onset of a 200-ms warning tone and a 100 ms
State ExaminatiorHolstein, Folstein, & McHugh, 1975and offset of the fixation stimulus followed by an interval that
several sub-tests of the WAIS-III: Vocabulary, Digit Span, varied randomly between 500 and 1000 ms (at 100 ms in-

tervals). Participants were instructed to respond to the onset

1 All of the analyses described below were also run excluding these two of the circle as quickly as they could without sacrificing ac-

left-handed patients. Excluding these two patients made no appreciable dif- CUracy by pres§ing the.space bar V‘_/ith the de.Signated index
ference to the results. Thus, they are included in the following analyses. ~ finger. The testing session began with a practice block of 42
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Table 2
Neuropsychological test score means and S.D. by group
Neuropsyhological test OA AD YA

M S.D. M S.D. M S.D.
MMSE (maximum = 30) 280 146 2222 304 2987 046
Vocabulary (maximum = 66) 58 1Q05 3583 1286 5591 438
Digit-Symbol Coding (no maximum, 1205s.) 679 1738 3278 1784 9478 1464
Matrix Reasoning (maximum = 26) 1470 607 7.78 543 2061 375
Block Desigr? (maximum = 68) 357 1055 1957 1656 5565 828
Digit Sparf (maximum = 30) 161 428 1357 320 2096 445
Letter—Number Sequencifigmaximum =21) 1104 277 496 280 1313 249
Verbal Fluency (no maximum, 60 s) 2 421 978 425 1339 361

2 From the WAIS-III.

trials for each hand. This was followed by eight 70-trial ex- cross flashed and a beep sounded. After a 500 ms pause, the
perimental runs, four for each hand. These blocks were runletter array appeared for 200 ms. Participants were instructed

in a counter-balanced order between participants. to press the space bar with their right index finger as quickly
as possible without compromising accuracy only if the target
1.5. Letter-matching task design matched one of the probes. They had 2 s to respond. Partic-

ipants were instructed to refrain from responding if the tar-

The two letter-matching tasks varied in cognitive com- get did not match one of the probes (a go/no-go procedure).
plexity: the 3-PI and 3-NI tasks. In the 3-PI task, all letters Each task contained one practice block and three experimen-
were upper case and the target letter presented below the fixatal blocks and all blocks consisted of 64 trials.
tion cross physically could match one of the two probes above
the fixation cross (sefig. 1). In the 3-Nl task, the two probes  1.7. Overall procedure
above the fixation cross were upper case, whereas the target
below the fixation cross was lower case. Thus, matches were  Participants first signed and dated the informed consent

based on nominal identity (séég. 1). document, completed a demographics questionnaire, the Ed-
In both tasks, the stimulus displays had the same spatialinburgh handedness inventory, and the MMSE. They then
arrangement. The target letter appeared helow and 1.4 completed a “supra-block” of two to three consecutive blocks

to the left or right of the central fixation cross, and the two of letter-matching or simple RT interleaved with a block of
probe letters appeared 1.dbove the fixation cross and 2.8 two or three neuropsychological tests. The “supra-blocks” of
tothe leftorright of the fixation cross (one letter in each visual letter-matching or simple RT tasks were administered in a
field). Each letter subtended a maximum of 0.B&rizontally counterbalanced order.
and 1.2 vertically. Targets and probes were chosen randomly
from the following set of letters: A, B, D, F, G, H, M, N, R,
S,andT. 2. Results

The targets were presented randomly and with equal prob-
ability in the left or right visual field. On half of the trials, 2.1. Simple reaction time task
the target matched one of the probes, whereas on the other
half, no match was present. When the target matched a probe, Two AD patients were excluded from these analyses due
the matching probe was equally likely to appear in the same to their failure to respond on at least 50-60% of the target
visual field as the target (a within-hemisphere match) or in trials. Thus, the following analyses are based on data from
the visual field opposite to the target (an across-hemisphere21 AD patients, 21 age-matched older adults, and 21 younger
match). adults.

1.6. Letter-matching task procedure —_—
without this fixation procedureReuter-Lorenz et al., 199%Weissman &

.. . .. Banich, 1999, 2000 Second, this procedure would introduce a dual-task
Participants were instructed to focus on a central fixation demand that would differentially disadvantage the three participant groups,
cross during each trial and prompted to do so by the experi- and complicate the interpretation of our results. Third, the use of bilateral
menter as neededAt the beginning of each trial, the fixation  displays on all trials together with a fixation point makes it highly unlikely
that saccade initiation times will be faster than the 200 ms exposure duration
[ (Trappenberg, Dorris, Munoz, & Klein, 20Péspecially for the older partic-

2 In similar letter-matching tasks, an additional high-acuity, central dis- ipants whose saccadic reaction times are likely to exceed this value even un-
crimination task has been used to insure and monitor fixation @etger der viewing conditions intended to optimize speeded oculomotor responses
& Banich, 1992. We opted against this strategy for several reasons. First, (i.e., sudden high luminance onsets in dark adapted observers in a dark-
the same results (i.e., shift in bihemispheric advantage with increasing taskened environment without a visual fixation poitbel, Unverzagt, & Yee,
demands) are typically observed in lateralized matching experiments even2002 Munoz, Broughton, Goldring, & Armstrong, 1998
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Table 3
Average response times and S.D. (in ms) for older adults, Alzheimer’s disease patients, and younger adults in the simple reaction time taskrosded both
and uncrossed conditions for each hand, and the crossed—uncrossed difference scores for each group by hand

Group Left hand Right hand

LVF RVF CuUD LVF RVF CuD

M S.D. M S.D. M S.D. M S.D. M S.D. M S.D.
AD 396.35 5555 39694 6372 .93 - 40193 6241 39031 6829 1162 -
OA 35201 7547 35336 7419 135 - 35001 7674 34294 6890 7.07 -
YA 322.86 7761 32421 7934 135 - 32421 7456 31778 8252 643 -

Note AD, Alzheimer's disease patients; OA, older adults; YA, younger adults.

Response times faster than 200 ms were designated asvhen an unequal number of trials contribute to these esti-
outliers and excluded from the analyses. This amounted tomates due to differential errors rates as is clearly the case in
less than 1% of the data for each group. RTs falling outside the present data set (skkler, 1988).
of 2.5 S.D. of the participant’'s mean score for each con-
dition (left hand-LVF, left hand-RVF, right hand-LVF, and 3 1 2 Accuracy

right hqnq-RVF) were 'Fhen trimmed. This trimming proce- The accuracy data (percent hits, Sble 4 were also
dure eliminated approximately 2% of the data for eac_h group. analyzed using a three-way ANOVA with group (AD, OA,
Four means were then calculated b.ased onthe remaining datsyA) as a between-subjects factor, and condition (crossed,
set: left hand-LVF, left hand-RVF, right hand-LVF, and right  yncrossed) and hand (left, right) as within-subject factors.
hand-RVF. AD patients had a significantly lower percentage of hits
than the older adults and younger adults who did not dif-
2.1.1. Reaction time fer, F(2, 60)=12.16p<.0005. The only other effect was a
The RT data (se®able 3 were analyzed using athree-way ~9roup by condition interactior(2, 60) =4.19p< .05, such
analysis of variance with group (AD, OA, YA) as a between- that AD patients and OA demonstrated a minimal and non-
subjects factor, and condition (crossed, uncrossed) and hangignificant uncrossed advantage but did not differ from each
(left, right) as within-subject factors. AD patients were sig- Other, whereas the younger adults showed a nonsignificant
nificantly slower than the older adults and younger adults, difference in the opposite direction. Indeed, in a separate
F(2, 60) =5.86,0<.005. There was also a main effect for ANOVA comparing only the AD and OA groups there was
condition, such that the uncrossed condition was performedn0 hint of an interaction with group indicating the equiva-
overall with greater speed than the crossed condifiga, ~ ent crossed-uncrossed difference in these two grde(ds,
60) = 14.78p < .0005. The marginally significant interaction ~40) =2.12p>.15. Finally, whereas responses on catch trials
of hand and conditiorF(2, 60) = 4.00p< .06) indicates that ~ Wererare for all three groups, AD patients made significantly
the main effect for condition was driven primarily by the right More false alarms than the other two groug(, 60) = 4.58,
hand. There were no other main effects or interactions. To fur- P<-:02 (AD:M=1.17%; OA:M =0.42%; YA:M = 0.31%).
ther explore this hand effect, left and right hand CUD scores
were calculated for each subject in each group and the result-2.2. Letter-matching task
ing average CUDs were compared to zero via a one-tailed
t-test. Only the right hand CUDs differed from significantly For all participantsd-prime scores were calculated and
from zero £<.002). Finally, the above ANOVAwasrepeated used as an exclusion criteriod-Prime has the advantage
using the medians of each condition for each subject and theof measuring a participant’s ability to discriminate matches
same results emerged. Here, we report only the means in orfrom non-matches independent of a participant’s bias to re-
der to be consistent with our previous published work using port whether or not a match was present. Participants were
this task, and because of bias that potentially affects mediansexcluded from subsequent analyses if they hadtm@ime

Table 4
Average accuracy and S.D. for older adults, Alzheimer’s disease patients, and younger adults in the simple reaction time task under both crossse:dnd u
conditions for each hand, and the crossed—uncrossed difference scores for each group by hand

Group Left hand Right hand

LVF RVF CuUD LVF RVF CuUD

M S.D. M S.D. M S.D. M S.D. M S.D. M S.D.
AD 90.62 1318 9159 983 .97 - 9050 1303 9391 582 —-341 -
OA 98.76 170 9881 189 .05 - 9856 196 9904 153 —.48 -
YA 98.65 173 9926 117 61 - 9900 128 9845 306 .55 -

Note AD, Alzheimer's disease patients; OA, older adults; YA, younger adults.
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Table 5 parisons indicated that the younger adultd {593.11,

g
Average response times and S.D. (in milliseconds) for older adults, S.D.:104.28) were faster than the older adLMS:(718 14
Alzheimer’s disease patients, and younger adults in each letter-matching _ : ) ; on
task under within-hemisphere and across-hemisphere conditions, and theS'D' - 160'24) and the AIZh,eIm?rs patientst :é 786.96,
average of these conditions S.D.=195.96), who were significantly slower than both

groups. The ANOVA also revealed a main effect for task,

Three-item physical Three-item name

identity identity F(2, 51)=183.77,p<.001, indicating that the 3-PI task
Mean SD. Mean SD. (M=609.83, S.D.=124.95) was performed more quickly
than the 3-NI taskMI =788.98, S.D.=176.22). In addition,
Older adults . . " .
Within-hemisphere 5088 7420 84586 17218 this analysis revealed a task by condition interactiefe,
Across-hemisphere 6601 11328 76781 13866 51)=73.78,p<.001, making evident a within-hemisphere
Average 6295 9374 80684 15542 advantage onthe 3-Pltaskin contrastto an across-hemisphere
Alzheimer’s patients advantage on the 3-Nl task across all groups. This interaction
Within-hemisphere 6628 15489 91355 18442 was further qualified by a task by condition by group inter-
Across-hemisphere 705 12814 86687 19183 action,F(2, 51)=4.33 p<.05. Interpreting this interaction
Average 68%2 14152 89021 18813 is aided by considering the difference between the across-
Younger adults hemisphere and the within-hemisphere RTs. We refer to this
XVithin-h;misphr]ere 550;;« ﬁgg giggg 57’223 as the advantage score. When the average within-hemisphere
Cross-nemispnere H H
Average p S1ee preses 66988 8536 RT is subtracted from the average across-hemisphere RT,

a positive score indicates a within-hemisphere advantage
and a negative score indicates an across-hemisphere advan-
score lower than 0.5 on either ta$live AD patients were  tage. These advantage scores were submitted to a repeated-
excluded for this reason. Thus, the following analyses were measures ANOVA, which revealed a task main effégt(
conducted on 18 AD patients, 18 age-matched older adults,51) =73.78p<.0005) as well as a task by group interaction
and 18 younger adults. The AD patients and the older adults(F(2, 51) = 4.33p<.05). As can be seen Ifig. 2, the older
were once again matched for gender, age, and level of edu-adults show the strongest within-hemisphere advantage on
cation. the PI task, and the strongest across-hemisphere advantage
In order to eliminate outliers and reduce the skew of the on the NI task compared to the other groups. This pattern
RT distributions the following trimming procedure was used. of an enhanced bihemispheric advantage for normal aging
First, response times faster than 200 ms were designated a§p<.08, one-tailed) replicates our previous results using a
outliers and removed, amounting to be less than 1% of the similar task. The younger adults show the weakest within-
data for each group. For each participant an overall averagehemisphere advantage on the Pl task, and the weakest across-
and standard deviation were then calculated for each task.hemisphere advantage on the NI task. The AD patients fall
Scores falling outside a 2.5 standard deviation window were between these two groups. However, the critical shift from a
then eliminated (we cut approximately 2% of all responses). relative within-hemisphere advantage on the 3-PI task to an
Separate repeated-measures analyses of variance weracross-hemisphere advantage on the 3-NI task was evidentin
computed for the mean latency and accuracy data with theall three groups.
between-subjects factor of group (AD, OA, YA) and the two Finally, we tested the possibility of greater right than left
within-subject factors of task (3-PI, 3-NI) and trial condition hemisphere aging (seReuter-Lorenz, 200@or a review)
(within-hemisphere, across-hemisphere). Again, an analysisby examining only the within-hemisphere match trials. A
of the reaction time medians for all conditions was also con- repeated-measures ANOVAwith group, task, and hemisphere
ducted and produced the identical pattern of results. For the(left or right) as factors revealed no significant main effect for
reasons explained above, we report only the means. Note that
the accuracy analyses are based on match trials only, because
non-match trials cannot be classified as within-hemisphere
or across-hemisphere.

100

W
o

2.2.1. Reaction time

]

Y
The mean RTs and S.D. are reportedTable 5 The e ; :O?:;ger
ANOVA conducted on these RT data revealed a main s - i 0 AD
i 5 3

effect for group,F(2, 51)=16.29,p<.001. Paired com-
-100

3 Using a more lenient or a more stringent criterion does not change the
pattern of results. We conducted the analyses on the entire sample of 23 g
participants per group, as well as on a more restricted sample of 16 partici-
pants per groupckprime scores of 1.0 on each task), and the patterns do not Fig. 2. Across-hemisphere minus within-hemisphere reaction time differ-
change. ences for each letter-matching task with standard error bars.

cross Minus Within Differences
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Table 6 inatask main effeci(1, 51) = 35.85p <.0005) and a task by
Average percent correct and S.D. for older adults, Alzheimer's disease group interaction (2, 51) =4.92p<.05). The means rep-

patients, and younger adults in each letter-matching task under within- g i
hemisphere and across-hemisphere conditions, and the average of thesgesented irFig. 3indicate that all groups showed a stronger

conditions across-hemisphere advantage for the NI task than for the Pl
Three-item physical _ Three-item name task. This was pgrt_lcularly true for the OA and AD groups,
identity identity who show very similar patterns. The YA group shows a less
Mean SD. Mean SD. robust advantage shift from one task to another, but this is
Older adults I|kelljy e:}celhlgg effect due to the high accuracy of this group
Within-hemisphere 986 1169 8033 1476 ~ onbothtasks. , ,
Across-hemisphere ar 1232 8738 1107 We again examined the effect of left versus right hemi-
Average 8884 1201 8386 1292 sphere presentation on performance in the within-hemisphere
Alzheimer’s patients trials of both tasks. These analyses once again revealed no
Within-hemisphere 768 2691 5639 2466 main effect for hemisphere or interactions of hemisphere with
Across-hemisphere 610 2597 6333 2341 task and/or group (app>.15).
Average 6839 2644 5986 2404
Younger adults
Within-hemisphere 989 205 9681 450 3. General discussion
Across-hemisphere a®Bs 205 9897 246
Average 9899 205 97.89 348

Across all measures, both neuropsychological and experi-
mental, AD patients performed more poorly than age and ed-
hemisphere or interactions of hemisphere with group and/or ucation matched, healthy, older adults. Response times were

task (allp>.1). universally slower, and response accuracy universally lower
for AD patients than their healthy counterparts. Nonethe-
2.2.2. Accuracy less, the impairments associated with across-hemisphere and

The accuracy data are presentedable 6 A significant within-hemisphere task conditions are approximately equiv-
main effect for group emerged in the analysis of variance alent in the AD group. The results show no evidence to in-
for accuracy,F(2, 51)=30.57,p<.001. AD patients were dicate a disproportional impairment on conditions requiring
less accurate| = 64.38, S.D.=25.56) than the older adults interhemispheric as opposed to intrahemispheric processing.
(M=86.34, S.D.=12.96) and the younger aduls{98.44, Several aspects of these results require comment, begin-
S.D.=3.06). Consistent with the RT data, a significant main ning with the simple RT task. Previous work from our labo-
effect for task,F(2, 51)=15.19p<.001, was also present ratory using this same task revealed longer crossed than un-
in accuracy indicating better performance in the 3-Pl task crossed RTs in older than younger aduRe(ter-Lorenz &
(M=85.57, S.D.=20.86) than in the 3-NI tadld € 80.53, Stanczak, 2000 an effect also reported hleeves and Moes
S.D.=22.45). As with the RT data, a task by condition in- (1996) In our prior report, this age difference was primarily
teraction emerged-(2, 51)=35.85,0<.001, indicating a  due to performance of the right hand, where a 13-ms ad-
within-hemisphere advantage on the 3-Pl task and an acrossvantage emerged for the uncrossed condition in older adults.
hemisphere advantage on the 3-NI task. A task by condition The left hand showed an effect due to crossing for the older
by groupinteraction also emergéq2, 51) =4.92p<.05. As group, and for younger adults, neither hand showed an effect,
with the RT data, we calculated advantage scores by subtractwith an average crossed—uncrossed difference of 1.5ms. In
ing within-hemisphere accuracy from across-hemisphere ac-the present data set the right hand also appears more sensitive
curacy (positive values indicate across-hemisphere advan-o crossing than the left hand; however, both the younger and
tages and negative values indicate within-hemisphere advan-older adults show a 7 ms advantage for the uncrossed condi-
tages). For these scores, $8g. 3. These advantage scores tion. The AD patients have an insignificantly larger 11 ms ad-
were submitted to a repeated measures ANOVA that resultedvantage. So, in comparison to our previous work, the younger
adults show a larger crossed—uncrossed difference, the older
adults show a smaller difference, and the AD group shows an
I effect that is statistically identical to these other groups and
commensurate with healthy older adults reported previously.
4 — Furthermore, the present results replicate in a larger sample

OYounger

. ) s the effects from a similar task reported bgkmache et al.
lJ N (1998)where the AD patients and healthy controls showed
similar increases in RT due to crossed visual field stimula-
| tion. Taken together these results further reveal the variability
inherentin the Poffenberger task and suggest that future work
Fig. 3. Across-hemisphere minus within-hemisphere accuracy differences should utilize many more than the present 600 observations

for each letter-matching task with standard error bars. in order for the CUD (see, e.dacoboni & Zaidel, 200pto

o
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serve as a reliable measure of normal or pathological age-trol subjects precludes a comparison of within- and across-
related changes in callosal function. hemisphere conditions in this group thereby calling into ques-
Our finding of a larger right hand than left hand CUD is tion any conclusions about relative group differences in in-
opposite to the hand effect that is typically found with this terhemispheric transfer efficiency in these tasks. Thus, the
task (e.g.Braun et al., 2003Marzi, Bisiacchi, & Nicoletti, discrepancy between our results and theirs may be more ap-
1991). One difference in our methodology that could have parent than real. Note that in the present study, when perfor-
contributed to this pattern is our use of 14% catch trials during mance was below ceiling, the within-across hemisphere accu-
which responses were withheld. Because right inferior frontal racy differences were evident and equivalent for the healthy
regions seem to play a dominantrole in response inhibition of older adult and AD groups, whereas the ceiling effect in the
this sort (e.g.Konishi et al., 1999Rubia, Smith, Brammer,&  younger groups resulted in equivalent within- and across-
Taylor, 2003, this demand could conceivably have altered the hemisphere accuracy. Second, their strongest evidence for
hemispheric requirements of the task, in addition to leading disproportional interhemispheric disconnection effects came
to slower responses overall. The important point however, is from the tactile modality, which relies on the midbody of
that like Lakmache et al., who did not use catch trials, we the callosum, a region that is anterior to the splenium. The
found no differences in interhemispheric efficiency between visual tasks used in the present study are more sensitive to
AD patients and age-matched controls. interactions between occipital areas via the splenium (e.g.,
The letter-matching task produced several interesting re- Polimann et al., 2003 although the Poffenberger includes
sults, but not any clear indication of isolable interhemispheric multiple interhemispheric relays via anterior callosal regions
deficits in AD. In fact, one of the most striking aspects of aswell. Nevertheless, itis possible that AD could have differ-
the present results is that AD patients show a reliable shift ent effects on different cortical regions and on their intra and
from a within-hemisphere to an across-hemisphere advan-interhemispheric projections, which could, in turn, produce
tage due to increased letter-matching demands. That is, likemore pronounced interhemispheric disconnection deficits for
healthy younger and older adults, the AD patients showed asome functions (i.e., tactile tasks) than for others. This pos-
within-hemisphere advantage when matching letters based orsibility awaits future research.
their physical identity and an across-hemisphere advantage In summary, the present data indicate obvious impair-
when matching letters based on their name (i.e., cross-casement in AD patients on both within- and across-hemisphere
matches). conditions compared to age-matched controls. It is impor-
Overall, we find that AD patients show the same patterns tant to bear in mind that the original proposal of a “discon-
of performance as older adults, while being markedly slower nection syndrome” associated with AD was not restricted
and less accurate. Indeed, on a basic test of letter-matchingto claims about interhemispheric pathways but included a
the AD group made over 30% errors on average. Such globalputative breakdown of intrahemispheric corticocortical con-
performance decline could have numerous causes, includingnections as well Delbeuck et al., 2003; Morris, 1996a;
lower levels of overall arousal and impaired attention. The im- Morrison et al., 198p In contrast, the split-brain corollary
portant outcome, however, is that the interhemispheric con- of the disconnection hypothesis requires selective interhemi-
dition was not disproportionately impaired in this group, and spheric deficits and is thus supported only when interhemi-
moreover, that AD patients can gain a performance advan-spheric measures are inferior to intrahemispheric measures.
tage from bihemispheric processing that resembles the levelsTo the extent that AD is associated with a commensurate
found in the control groups. breakdown of both intra and interhemispheric connectivity,
Our results challenge the split-brain model of AD be- the split-brain model of this disease is inappropriate. We note
cause we find no indication of a disproportional impairment that our finding of equivalent inter and intrahemispheric de-
in AD patients on task conditions that require callosally- clines is consistent with global disconnection, but not specif-
mediated interhemispheric interactions. Consistent with the ically diagnostic of it because other global neuropsycholog-
report byLakmache et al. (1998)AD patients do not dif- ical processes (e.g., attentional impairment) could produce
fer from their healthy age-matched counterparts on speededhe general reduction in performance that we observed. The
simple RT measures of visuomotor interhemispheric trans- present neuropsychological evidence suggests that while a
fer. However, unlike this earlier previous report, we also fail disconnection syndrome may be one of several viable ac-
to find any indication of interhemispheric disconnection-like counts of AD performance, the split-brain model may not be,
effects on visual matching tasks but instead we observe task-at least within the domain of visual processing.
appropriate shifts indicative of interhemispheric cooperation ~ While the present results challenge the split-brain model
and bihemispheric recruitment. of AD, they highlight the importance of continued investi-
Two points are important to consider in attempting to rec- gation of a disconnection basis for AD symptomatology. In
oncile the present results with those reported by Lakmacheparticular, it will be crucial to obtain structural and func-
and colleagues. First, their visual matching tasks were com-tional measures of the corpus callosum and other white
paratively simpler than those used in the present experimentmatter pathways using DTI, along with volumetric, func-
and accuracy was the only dependent measure they reportetional imaging and behavioral measures in the same individ-
in detail. The ceiling level of performance of their con- uals. Through the combined application of multiple research
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methodologies it will be possible to clarify the relation-

ships between specific structural declines and their functional

consequences.

Acknowledgements

We thank Melissa McGivern for her assistance with data
collection for this project. We also thank Sam Maglio,
Sarah Sullivan, Alicia Dantzker, and Casey Lindberg for

help with data analysis and assistance in the preparation of

this manuscript. The thoughtful comments of David Meyer,
Leon Gmneidl, and Jim Nelson on earlier versions of this

P.A. Reuter-Lorenz, J.A. Mikels / Neuropsychologia 43 (2005) 1307-1317

Delbeuck, X., Van der Linden, M., & Collette, F. (2003). Alzheimer’
disease as a disconnection syndrorNe®@ropsychology Review3(2),
79-92.

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). Mini-mental
state. A practical method for grading the cognitive state of patients
for the clinician.Journal of Psychiatric Researchi2(3), 189-198.

Gazzaniga, M. S., Bogen, J. E., & Sperry, R. W. (1992). Some functional
effects of sectioning the cerebral commissures in man. In S. M. Koss-
lyn & R. A. Andersen (Eds.)Frontiers in cognitive neurosciendep.
609-611). Cambridge, MA: The MIT Press.

Grady, C. L., Furey, M. L., Pietrini, P., Horwitz, B., & Rapoport, S. I.
(2001). Altered brain functional connectivity and impaired short-term
memory in Alzheimer’s diseas®&rain, 124(4), 739-756.

Hampel, H., Teipel, S. J., Alexander, G. E., Horwitz, B., Teichberg, D.,
Schapiro, M. B., et al. (1998). Corpus callosum atrophy is a possible
indicator of region- and cell type-specific neuronal degeneration in

manuscript are gratefully acknowledged. These data were  Aizheimer disease: A magnetic resonance imaging analjsiives

presented at the annual meeting of the Society for Neuro-

of Neurology 55(2), 193-198.

science. 2000. This project was Supported by pi|0t funds from 'acoboni, M., & Zaidel, E. (2000). Crossed-uncrossed difference in simple

the University of Michigan Alzheimer’'s Disease Research
Center, NIH grant 5 P50 AG08671 and NIH AG18286 to
PARL.

References

Abel, L. A., Unverzagt, F., & Yee, R. D. (2002). Effects of stimulus pre-
dictability and interstimulus gap on saccades in Alzheimer’s disease.
Dementia and Geriatric Cognitive Disorder$3(4), 235—-243.

American Psychiatric Association. (199&)iagnostic and statistical man-
ual of mental disorderg4th ed.).

Banich, M. T. (1998). The missing link: The role of interhemispheric
interaction in attentional processin@grain & Cognition 36(2),
128-157.

Banich, M. T., & Belger, A. (1990). Interhemispheric interaction: How
do the hemispheres divide and conquer a taSkftex 26(1), 77-94.
Banich, M. T., & Karol, D. L. (1992). The sum of the parts does not
equal the whole: Evidence from bihemispheric processiogrnal of
Experimental Psychology: Human Percepti@nPerformance 18(3),

763-784.

Bartzokis, G. (2004). Age-related myelin breakdown: A developmental
model of cognitive decline and Alzheimer’s diseaskeurobiology of
Aging 25(1), 5-18.

Belger, A., & Banich, M. T. (1992). Interhemispheric interaction af-
fected by computational complexitileuropsychologia30(10), 923—
929.

Biegon, A., Eberling, J. L., Richardson, B. C., Roos, M. S., Wong, S. T.
S., Reed, B. R,, et al. (1994). Human corpus callosum in aging and
Alzheimer's disease: A magnetic resonance imaging stieyirobi-
ology of Aging 15(4), 393-397.

Braun, C. M., Achim, A., & Larocque, C. (2003). The evolution of the
concept of intehemispheric relay time. In E. Zaidel & M. lacoboni
(Eds.), The parallel brain: The cognitive neuroscience of the corpus
callosum(pp. 237-258). Cambridge, MA: MIT Press.

Brown, W. S. (2003). Clinical neuropsychological assessment of callosal
dysfunction: Multiple sclerosis and dyslexia. In E. Zaidel & M. la-
coboni (Eds.),The parallel brain: The cognitive neuroscience of the
corpus callosum(pp. 391-406). Cambridge, MA: MIT Press.

Cabeza, R., Anderson, N. D., Locantore, J. K., & MclIntosh, A. R. (2002).
Aging gracefully: Compensatory brain activity in high-performing
older adults.Neuroimage 17(3), 1394-1402.

Cohen, J. D., MacWhinney, B., Flatt, M., & Provost, J. (1993). PsyScope:
An interactive graphic system for designing and controlling experi-
ments in the psychology laboratory using Macintosh computges.
havior Research Methods, InstrumeBisComputers25(2), 257-271.

reaction times to lateralized flashes: Between- and within-subjects
variability. Neuropsychologia38(5), 535-541.

Janowsky, J. S., Kaye, J. A., & Carper, R. A. (1996). Atrophy of the
corpus callosum in Alzheimer’s disease versus healthy admgrnal
of the American Geriatrics Societ$4(7), 798-803.

Jeeves, M. A., & Moes, P. (1996). Interhemispheric transfer time differ-
ences related to aging and gendéeuropsychologia34(7), 627—636.

Kemper, T. L. (1994). Neuroanatomical and neuropathological changes
during aging and dementia. In M. L. Albert & J. E. Knoefel (Eds.),
Clinical neurology of aging(2nd ed., pp. 3-67). London: Oxford
University Press.

Khachaturian, Z. S. (1985). Diagnosis of Alzheimer's diseadsgehives
of Neurology 42(11), 1097-1105.

Konishi, S., Nakajima, K., Uchida, I., Kikyo, H., Kameyama, M., &
Miyashita, Y. (1999). Common inhibitory mechanism in human infe-
rior prefrontal cortex revealed by event-related functional MB&in,

122 981-991.

Lakmache, Y., Lassonde, M., Gauthier, S., Frigon, J. Y., & Lepore, F.
(1998). Interhemispheric disconnection syndrome in Alzheimer’s dis-
ease.Proceedings of the National Academy of Sciences of the United
States of Ameriga95(15), 9042—-9046.

Liederman, J. (1998). The dynamics of interhemispheric collaboration and
hemispheric controlBrain & Cognition 36(2), 193-208.

Logan, J. M., Sanders, A. L., Snyder, A. Z., Morris, J. C., & Buck-
ner, R. L. (2002). Under-recruitment and nonselective recruitment:
Dissociable neural mechanisms associated with adiegiron 33(5),
827-840.

Marzi, C. A., Bisiacchi, P., & Nicoletti, R. (1991). Is interhemispheric
transfer of visuomotor information asymmetric? Evidence from a
meta-analysisNeuropsychologia29(12), 1163-1177.

Mikels, J. A., & Reuter-Lorenz, P. A. (2004). Neural gate keeping: The
role of interhemispheric interactions in resource allocation and selec-
tive filtering. Neuropsychology18(2), 328-339.

Miller, J. (1988). A warning about median reaction tim#urnal of
Experimental Psychology: Human Percepti@nPerformance 14(3),
539-543.

Morris, R. G. (1996). Neurobiological correlates of cognitive dysfunction.
In R. G. Morris (Ed.),The cognitive neuropsychology of Alzheimer-
type dementigpp. 223-254). Oxford, England, UK: Oxford Univer-
sity Press.

Morris, R. G. (Ed.). (1996)The cognitive neuropsychology of Alzheimer-
type dementiaOxford, England, UK: Oxford University Press.

Morrison, J. H., Scherr, S., Lewis, D. A., Campbell, M. J., & Bloom, F.
E. (1986). The laminar and regional distribution of somatostatin and
neuritic plagues: Implications of Alzheimer’s disease as a global neo-
cortical disconnection syndrome. In A. B. Scheibel & A. F. Wechsler
(Eds.),The biological substrates of Alzheimer’s dise§se. 115-131).
New York, NY: Academic Press.



P.A. Reuter-Lorenz, J.A. Mikels / Neuropsychologia 43 (2005) 1307-1317

Munoz, D. P., Broughton, J. R., Goldring, J. E., & Armstrong, I|. T.

(1998). Age-related performance of human subjects on saccadic eye

movement tasksExperimental Brain Researcii21(4), 391-400.

Pantel, J., Schroder, J., Jauss, M., Essig, M., Minakaran, R., Schonknecht,

P., et al. (1999). Topography of callosal atrophy reflects distribution of
regional cerebral volume reduction in Alzheimer’s dise&s/chiatry
Research90(3), 181-192.

Poffenberger, A. T. (1912). Reaction time to retinal stimulation with

special reference to time lost in conduction through nerve centers.

Archives of Psychology23, 1-73.

Pollmann, S., Zaidel, E., & von Cramon, D. Y. (2003). The neural basis
of the bilateral distribution advantagExperimental Brain Research
1533), 322-333.

Reuter-Lorenz, P.A. (2000). Cognitive neuropsychology of the aging
brain. In D. Park & N. Schwarz (Eds.Rrimer of cognitive aging
(pp. 93-114). Psychology Press, Philadelphia.

Reuter-Lorenz, P. A. (2002). New visions of the aging mind and brain.
Trends in Cognitive Science§(9), 394-400.

Reuter-Lorenz, P. A., Jonides, J., Smith, E. E., Hartley, A., Miller, A,
Marshuetz, C., et al. (2000). Age differences in the frontal lateraliza-
tion of verbal and spatial working memory revealed by P&jurnal
of Cognitive Neurosciengcd 2(1), 174-187.

Reuter-Lorenz, P. A., Marshuetz, C., Jonides, J., Smith, E. E., Hartley,
A., & Koeppe, R. (2001). Neurocognitive ageing of storage and exec-
utive processesEuropean Journal of Cognitive Psycholody3(1-2),
257-278.

Reuter-Lorenz, P. A., & Miller, A. C. (1998). The cognitive neuroscience
of human laterality: Lessons from the bisected br&unorrent Direc-
tions in Psychological Scienc&(1), 15-20.

Reuter-Lorenz, P. A., & Stanczak, L. (2000). Differential effects of aging
on the functions of the corpus callosumevelopmental Neuropsy-
chology 18, 113-137.

Reuter-Lorenz, P. A., Stanczak, L., & Miller, A. C. (1999). Neural re-

cruitment and cognitive aging: Two hemispheres are better than one,

especially as you agésychological Scien¢el((6), 494-500.

Rose, S. E., Chen, F,, Chalk, J. B., Zelaya, F. O., Strugnell, W. E., Ben-
son, M., et al. (2000). Loss of connectivity in Alzheimer's disease:
An evaluation of white matter tract integrity with colour coded MR
diffusion tensor imagingJournal of Neurology, Neurosurge& Psy-
chiatry, 69(4), 528-530.

Rosen, A. C., Prull, M. W.,, O'Hara, R., Race, E. A., Desmond, J. E.,
Glover, G. H., et al. (2002). Variable effects of aging on frontal lobe
contributions to memoryNeuroreport 13(18), 2425-2428.

1317

Rubia, K., Smith, A. B., Brammer, M. J., & Taylor, E. (2003). Right
inferior prefrontal cortex mediates response inhibition while mesial
prefrontal cortex is responsible for error detectibieuroimage20(1),
351-358.

Saron, C. D., Foxe, J. J., Schroeder, C. E., & Vaughan, H. G. J. R.
(2003). Complexities of interhemispheric communication in sensori-
motor tasks revealed by high-density event-related potential mapping.
In K. Hugdahl & R. J. Davidson (Eds.Jhe asymmetrical braiifpp.
341-408). Cambridge, MA, USA: MIT Press.

Seymour, S. E., Reuter-Lorenz, P. A., & Gazzaniga, M. S. (1994). The
disconnection syndrome. Basic findings reaffirm&tain, 117(1),
105-115.

Trappenberg, T. P., Dorris, M. C., Munoz, D. P., & Klein, R. M. (2001).
A model of saccade initiation based on the competitive integration of
exogenous and endogenous signals in the superior collicldusnal
of Cognitive Neurosciengd 3(2), 256-271.

Van Hoesen, G. W. (1990). The dissection by Alzheimer's disease of
cortical and limbic neural systems relevant to memory. In J. L. Mc-
Gaugh & N. M. Weinberger (Eds.Brain organization and memory:
Cells, systems, and circui{pp. 234—261). London: Oxford University
Press.

Wechsler, D. (1997)Wechsler Adult Intelligence Scal@rd ed.). San
Antonio, TX: Psychological Corporation.

Weis, S., Jellinger, K., & Wenger, E. (1991). Morphometry of the corpus
callosum in normal aging and Alzheimer’s diseadsurnal of Neural
Transmission, SupplementuBs, 35-38.

Weissman, D. H., & Banich, M. T. (1999). Global-local inter-
ference modulated by communication between the hemispheres.
Journal of Experimental Psychology: Generall2§3), 283-
308.

Weissman, D. H., & Banich, M. T. (2000). The cerebral hemispheres

cooperate to perform complex but not simple tasks: Global-local in-
terference modulated by communication between the hemispheres.
Neuropsychologyl4(1), 41-59.

Yamauchi, H., Fukuyama, H., Nagahama, Y., Katsumi, Y., Hayashi, T.,
Oyanagi, C., et al. (2000). Comparison of the pattern of atrophy of the
corpus callosum in frontotemporal dementia, progressive supranuclear
palsy, and Alzheimer’s diseas@ournal of Neurology, Neurosurgery
& Psychiatry 695), 623-629.

Zaidel, E., & lacoboni, M. (Eds.). (2003)-he parallel brain: The cog-

nitive neuroscience of the corpus callosu@ambridge, MA: MIT
Press.



	A split-brain model of Alzheimers disease?
	Method
	Participants
	Apparatus
	Simple reaction time (Poffenberger) task design
	Simple reaction time task procedure
	Letter-matching task design
	Letter-matching task procedure
	Overall procedure

	Results
	Simple reaction time task
	Reaction time
	Accuracy

	Letter-matching task
	Reaction time
	Accuracy


	General discussion
	Acknowledgements
	References


