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Summary

In this review we summarize the progress that has been
made in the research on attentional and executive deficits
in Alzheimer’s disease. Like memory, attention is now
recognized as consisting of subtypes that differ in their
function and anatomical basis. We base our review upon
a classification of three subtypes of attention: selective,
sustained and divided. This model derives from lesion
studies, animal electrophysiological recordings and
functional imaging. We examine how these sub-
components of attention can be reconciled with
neuropsychological models of attentional control,
particularly the Supervisory Attentional System and the

Central Executive System of Shallice and Baddeley,
respectively. We also discuss the relationship of attention
to the concept of executive function. Current evidence
suggests that after an initial amnesic stage in Alzheimer’s
disease, attention is the first non-memory domain to be
affected, before deficits in language and visuospatial
functions. This is consistent with the possibility that
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difficulties with activities of daily living, which occur in
even mildly demented patients, may be related to
attentional deficits. It appears that divided attention and
aspects of selective attention, such as set-shifting and
response selection, are particularly vulnerable while
sustained attention is relatively preserved in the early
stages. The phenomenon of cognitive slowing in
Alzheimer’s disease and normal ageing emphasizes the
need to discriminate quantitative changes in attention
dysfunction from qualitative changes which may be
specifically related to the disease process. The
neuropathological basis of these attentional deficits
remains unsettled, with two competing hypotheses: spread
of pathology from the medial temporal to basal forebrain
structures versus corticocortical tract disconnection.
Finally we discuss the difficulties of comparing evidence
across studies and look at the implications for the design
of future studies and future directions that may be fruitful

in the research on attention in Alzheimer’s disease.
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Abbreviations: CDR = Clinical Dementia Rating Scale; CES Central Executive System; CMRgke cerebral metabolic
rate for glucose; DRS= Dementia Rating Scale; ERP event-related potential; MMSE Mini-Mental State Examination;
rCBF = regional cerebral blood flow; RE reaction time; SOA= stimulus onset asynchrony; SPEGT single photon
emission computed tomography; WCST Wisconsin Card Sorting Test
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For many years Alzheimer’s disease was considered as @gnitive profile of Alzheimer’s disease has been examined

dementia characterized by global cognitive impairment, andn more detail, it has come to be accepted that the initial

indeed little distinction was made between types of dementiadeficit manifests as an amnesic syndrome which may progress

Early studies often referred to ‘senile dementia’ and probablywery gradually for several years before impairment in other

included patients with various aetiologies, including multi- cognitive domains, such as language, semantic memory and
infarct dementia, cortical Lewy body disease and fronto-visuospatial function, becomes apparent (McKhaatnal,,
temporal dementia as well as Alzheimer’s disease. Since th£984; Gradyet al, 1988; Welshet al, 1992; Hodges and
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Patterson, 1995). Investigation of the profile of the initialof the disease (Braak and Braak, 1991), and this is in
memory loss in Alzheimer’s disease has been based on tregreement with the initial cognitive deficits seen in the
recognition that memory is not a unified concept (Tulving,formation of new episodic memories. We shall also consider
1972), and it is now accepted that different subtypes otheories of how the disease process, which then spreads to
memory may be differentially impaired in different diseaseinvolve the basal forebrain and the neocortex proper, can be
states. reconciled with the pattern of attentional impairment seen in

Although the role of attention has often been seen in the pagilzheimer’s disease.
as a general and non-specific factor affecting performance, Neurological models of attention such as that proposed by
converging lines of evidence from neuroscience suggest th&osner and Petersen (1990) have differentiated separate
the attention system, like memory, can be divided intosubcomponents of attention, such as sustained attention and
separate subsystems performing separate but interrelatsélective attention, which can be defined functionally and, to
functions which interact with other domain-specific systemssome extent, anatomically. More psychological models of 9
From evidence of the anatomical and functional separabilityattention have been proposed by Norman and Shallice (1986)%
of these systems it has been suggested that attention is carrieldsher and Zacks (1979), Shiffrin and Schneider (1977)§
out by a network of anatomical areas; attention is thereforand Baddeley (1986), who explore the neuropsychological®
neither the property of a single centre nor a function of theprocesses involved in attentional control (for review, seed
brain as a whole (Posner and Petersen, 1990). Spinnler, 1991). Since there is no wholly satisfactory modeli

Clinical observation of Alzheimer’s disease patients reveal®f attention, we have combined the above approaches irﬁ
that they often have great difficulty in performing everydayorder to structure the review and have divided attention into=
tasks at a relatively early stage in the disease when formahe broad categories of (i) selective attention and shifting,
testing of non-memory functions, such as language, praxi§i) sustained attention and (iii) divided attention (Table 1).
and visuospatial abilities, show little or no deficit. They are One cognitive area which overlaps with attention is so ¢
often described by carers as being unable to concentratealled ‘executive function’. Executive functions refer to the 5
being easily distractible, or getting into a muddle whenmental activity that is involved in the planning, initiation and
confronted by tasks that were previously easily performedregulation of behaviour (Lezak, 1983). There is also a growing
These observations have led to speculation that Alzheimerbody of evidence that deficits in executive functioning form
disease patients may have attentional deficits that underlign important part of the neuropsychological dysfunction in &
these difficulties with everyday activities and that theseAlzheimer’s disease and may relate particularly to some of
deficits may be an early feature of the disease. The progrese problems patients experience in activities of daily living S
in neuroscience in fractionating attentional processes intgPattersoret al, 1996). Many neuropsychological tests that
separate functions (such as orienting, shifting attentionpurport to test executive functioning are also interchangeabl
response selection, divided attention, vigilance, etc.) hassed as tests of attention. We attempt, therefore, to examin
enabled researchers to investigate attention in Alzheimer’the relationship between these two aspects of cognition
disease in a more systematic fashion by attempting to separgparticularly with reference to their separability or
a cognitive operation into its component parts. codependence.

The following questions arise. Is the current
characterization of the neuropsychological profile of early
Alzheimer’s disease as a pure amnesia an accurate one or is theethods of evaluating attention
amnesia invariably accompanied by impairment of attention aThe four main investigative tools used by neuropsychologists>
the earliest stages? If not, then what is the relation oin attentional research have been: (i) conventional%
attentional deficits to other cognitive modules such aseuropsychological tests, (i) computer-based informationy;
semantic memory, language and visuospatial functions? Arprocessing tasks, (iii) functional imaging [PET, single photon E
all types of attention affected in Alzheimer’s disease or areemission computed tomography (SPECT) and functional
some preserved until later in the disease whilst others arBIRI] and (iv) cognitive event-related potentials. Each of
profoundly disrupted early on? What do the particular deficitgshese methods has its particular advantages and disadvantages
in attention tell us about the neural systems that are affecte@@able 2), and a synthesis of contributions from all four will
by the disease process? We shall try to answer these questidms required in order for us to move towards a more complete
by reviewing the growing literature on attention in picture of attention.
Alzheimer’s disease. Conventional neuropsychological tests remain popular

A synthesis of animal studies, human neuropsychologybecause of their ease of administration and the existence of
neuropathology and neuroimaging has led to the identificatiomvell-established normative data. These widely used tests are
of the neural substrates for subtypes of memory, particularhavailable in standardized versions and so performance can
in identifying the hippocampal complex as a crucial area inbe compared across studies as well as with the performance
the encoding of new memories (Squire, 1992). The pathologgf other cognitive domains such as semantic memory and
of Alzheimer’s disease is known to affect the medial temporalisuospatial functions. Drawbacks include poor temporal
structures, including the hippocampus, in the earliest stage®solution and lack of specificity; although they require

no-olwapede,

/UIBIQ/WOD"

eoe/erz

91 uo 1senb Aq 986,20/



Attention and executive deficits in Alzheimer’s disease385

Table 1 Characteristics and possible neural substrates of subtypes of attention

Attentional subtype Defining characteristics

Possible neural substrates

Selective attention Focusing on single relevant
stimulus or process at one
time while ignoring irrelevant
or distracting stimuli

Sustained attention Maintenance of abilities to

Posterior parietal systems for
orienting and shifting modulated by
anterior midline and basal ganglia
system for response selection

Right-sided frontoparietal system

focus attention over extended
periods of time
Divided attention Sharing of attention by
focusing on more than one
relevant stimulus or process
at one time

Dorsolateral prefrontal cortex
and anterior cingulate gyrus

Table 2 Relative advantages and disadvantages of methods of investigating attention in Alzheimer’s disease

Investigative method Advantages Disadvantages

Ease of administration
Standardized versions
Links to brain regions

Conventional
neuropsychological tests

Lack of specificity
Poor temporal resolution

Information processing tasks Good temporal resolution Few standardized versions
Reproducible
Some specificity for
component parts of
cognitive process
Functional imaging Good spatial resolution Poor temporal resolution
Vulnerable to subtleties of
experimental paradigm
Do not transfer well to brain-

damaged subjects

ERP Good temporal resolution
Differentiate sensory/
cognitive/response processing

Poor spatial resolution
Little application to date
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attentional capacities they often rely heavily on workingthese tests are usually devised by individual researchers, few:
memory, episodic memory and low-level visuospatial abilitiesstandardized versions are commercially available, leading tg>
without teasing apart the underlying components of attentiondifficulty in comparing results across studies and in linking € =
Another problem relates to the fact that traditional pen andasks to anatomical areas. One exception to this is the:;
paper neuropsychological tests antedate current theoretic®IANTAB (Cambridge Neuropsychological Test Automated z
models of attention, so that there is a poor match betweeBattery), which has been widely applied and for which there
tests and subtypes of attention. The best use of these testsnow extensive normative data (Robbgtsal, 1994).
probably lies in their ability to detect and quantify, rather Functional imaging techniques such as PET and SPECT
than qualify, attentional impairment by using a test batteryhave been used under resting conditions to measure abnormal
approach to examine the relationships of attentional factorpatterns of regional cerebral blood flow (rCBF) and cerebral
in comparison with other cognitive domains and theirmetabolic rate for glucose (CMRglc) in patients with
relationship to disease severity. particular neuropsychological profiles, and to attempt to
The technological advances of the last 10-20 years haveorrelate the two (Gradgt al, 1988; Parasuramaet al.,
allowed researchers to make more use of computerizeti992). Far fewer studies have examined rCBF or CMRglc
tests which are reproducible and accurately timed. Sucklvhile Alzheimer’s disease patients have performed cognitive
information processing tasks have much better temporaisks. Such activation studies with PET permit the
resolution (~40 ms) than traditional pen and paperisualization of neural activity engaged in cognitive
neuropsychological tests and can, by careful design, narrowperations with good spatial resolution of the order of 1 cm,
down the component operations of attentional function. Asbut fairly poor temporal resolution (40-100 s) when compared
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with information processing tasks and event-related potentialst al, 1991), and is supported by electrophysiological
(ERPs). While measurement of the metabolic state at rest magvidence that has demonstrated early (100 ms) amplification
estimate the extent of the morphological damage, activatioof neural activity in cells that are oriented to respond to
studies indicate the brain’s reserve capacity to respond teelected stimuli with corresponding inhibition of activity in
functional tasks. The pattern of cerebral activation inducedearby cells that are oriented to unselected locations (Posner
by a cognitive task is highly dependent on the subtleties o&nd Driver, 1992). Similar enhancement and inhibition of
the experimental paradigm, and it is often the case thaactivity in relevant and neighbouring irrelevant areas have
classical neuropsychological tests do not necessarily makaso been demonstrated in responses to tactile stimulvo
good PET paradigms. The finding of activation seen inby PET imaging (Drevet®t al, 1995). How modulations
cortical areas of Alzheimer’s disease subjects which are natuch as those observed in the prestriate cortex are influenced
activated by controls performing the same task is of greaby neural networks resolving competition between stimuli is
interest but requires careful interpretation as to whether thera growing, stimulating, yet controversial area in neuroscience 9
is truly a reallocation of cortical areas to perform a task or To examine how these neural networks may be involveds
whether this represents compensation for neuropathologicah selective attention, we shall first examine evidence reIatlngm
changes which have occurred in the brain region activatetb the standard Posner model, which breaks down attentlorg
in controls (Beckeet al, 1996). functions into component processes that are linked withg
Cognitive ERPs are scalp-recorded electrophysiologicaspecific brain areas. We shall then go on to other models ofi
responses that are related to an internal cognitive event. Thasual search in which the particular features of the target,%
early components up to 100 ms are considered to refle@part from location, influence the mechanisms underlymgm
‘exogenous’ brain activity related to responses to physicatearch. m
stimulus properties, and abnormalities in this range reflect The Posner model describes a network of anterior and‘IJ
the integrity of sensory processing. Later components, sucposterior attentional systems involved in spatial attention. g
as N140, N150, P300 and N400, are presumed to reflect braildlthough it does not encompass object-based selectiors
processes involved in more complex ‘cognitive’ operations procedures, it has been widely used in Alzheimer’s disease
several of the components between 100 and 300 ms beirand is therefore a useful starting point from which to discussz
related to attentional processes (Celesia and Brigell, 1992jeficits related to Alzheimer’s disease. According to this &
Viggiano, 1996). The main theoretical advantage of ERPs lianodel a posterior attentional network controls three separaté:,{
in their excellent temporal resolution and their ability to component processes of spatial attention: (i) disengagings
differentiate between sensory and cognitive processingattention from a spatial location controlled by the posterior & N
Spatial resolution, however, remains poor when comparegarietal lobe; (ii) shifting attention to a target at a new Q
with functional imaging. As the timing of ERPs does not spatial location dependent on the superior colliculus; and (|||)oc
include the output stages of cognitive processes that arengagement of attention on a new target dependent on thg;
incorporated into reaction times (RTs), these two measurethalamus (Posner and Petersen, 1990).
may be used in conjunction in the same test paradigm to Spatial cueing tasks have often been used to mvestlgat@z
examine whether deficits are at the cognitive processing stagéise disengagement of attention. In such a task (Posner, 198
or reflect difficulties in response selection and execution. Tha target stimulus to be detected or identified appears eitheﬁ
early promise of ERPs as an investigative tool has yet to béo the left or the right of a central fixation point. The stimulus §
realized, and few studies have been conducted in degeneratiigpreceded by a cue which may be valid (on the same side;
brain diseases. as the target), invalid (contralateral to the target) or neutral>
(central). The RT measurement of the disengagement oﬁ
attention from an invalid cue to a target can be calculated ai;
] ) ] o RT costs (RT to target after an invalid cue minus RT to targetg
Selective attention and attentional shifting in after a neutral cue) or as RT costs plus benefits (RT to target
Alzheimer’s disease after an invalid cue minus RT to target after a valid cue).
Selective attention refers to the ability to screen out irrelevantThe role of the posterior parietal lobes in the disengaging of
stimuli. Although many studies and reviews of attention inattention is suggested by studies of primates and humans
Alzheimer’s disease refer to ‘selective attention’, the term inwith parietal lesions, which have shown slower responses
itself is rather an arbitrary grouping for many componentwhen attention is disengaged from an invalid cue ipsilateral
processes or behaviours that can range from the earliest the lesion to a contralateral target than when the cue is
attentional modulation of visual stimuli in the prestriate valid or when the target is ipsilateral to the lesion (Posner and
cortex to the control of the orienting and shifting of spatial Cohen, 1984; Lawler and Cowey, 1987; Peterstai., 1989).
attention and to the detection, filtering, inhibition and Parasuramaat al.(1992) used a spatial cueing task, based
selection of appropriate targets from distractors. The earlyn the Posner paradigm described above, to demonstrate that
attentional modulation to the colour, form and motion of Alzheimer’s disease subjects could use a valid cue to shift
visual stimuli in separate prestriate areas, but not the striateisuospatial attention to an expected location as effectively
cortex, has been shown by PET functional imaging (Corbettas controls, i.e. attentional focusing, or engaging of attention,

861



Attention and executive deficits in Alzheimer’s disease387

by spatial location appeared to be intact. Responses to invalglibjects have demonstrated intact engagement of attention
cues, however, showed higher costs and costs plus benefi{f®arasuramaret al, 1992; Okenet al, 1994; Faust and
a finding also reported by Okept al (1994) using a Balota, 1997) using variations on the Posner paradigm,
similar paradigm. Studies using target detection rather thathere is little to support the linking of these functions to
discrimination have failed to show this deficit in thalamic integrity.
disengagement (Caffasd al, 1997; Faust and Balota, 1997),  The findings of the investigation of the orienting of visual
suggesting that a specific impairment in disengaging attentioattention with the Posner paradigm, described above, do not
in mild to moderate Alzheimer’s disease is dependent on thaccount for the more everyday occurrence when a visual
nature or degree of the engagement required. target must be selected on the basis of feature or location,
In the Posner model of visual orienting, the actual shift ofor a combination of both, from multiple distractors in the
visual attention from one location to another is associatedame field of view. Early visual search experiments revealed
with the superior colliculus. It is important that both this that the time taken to detect a target with a unique featureg
shift of attention from location to location, and the shifting such as a red shape in an array of blue distractors, producing
of attention between or within objects, should be distinguishedhe phenomenon of ‘pop-out’, is independent of the numberm
from the set-shifting of attention referred to in studies whereof non-targets, and was thought to proceed in parallel. If them
subjects have to shift or switch a pattern of response, otarget identification is based upon a conjunction of features,g
mental set. The possible neural correlates of this higher-orddown as conjunction search, such as a red circle amongs?;
set-shifting, typically seen in tasks such as the Wisconsitblue circles and red squares, then the time taken increasei:g
Card Sorting Test (WCST), is dealt with in more detail in linearly with the number of distractors. This led researcherss:
the section headed Executive functioning in Alzheimer'sto distinguish between parallel search and serial modelsfs;n
disease (see below). Studies using inhibition of returrof visual search (Treisman and Gelade, 1980), where arf
paradigms on subjects with superior colliculus lesions, attentional spotlight' was moved in a serial and rapid fashion &
including subjects with progressive supranuclear palsy, knowfrom item to item until a target was found. After many <
to affect the midbrain and superior colliculus, have suggestedeports of conjunction search being unaffected by the numbeg
a role for this brain area in the shifting of visual attentionof distractors, several modifications of the serial searchz
(Posneret al., 1982, 1985; Sprague, 1991). In this paradigmhypothesis have been proposed to explain pop-out effects:
the shift of attention is studied using an adaptation of thewith targets defined by a conjunction of multiple features g
standard Posner paradigm in which a second cue appeafd/olfe et al, 1989; Treisman and Sato, 1990). Given that &
between the first cue and the target. Normal subjects are thehere is some evidence for early involvement of the parletal\
slower to respond to targets at the originally cued site thamortex in Alzheimer’s disease (Haxbst al, 1986; Grady
to targets appearing at a novel location. This phenomenorgt al, 1988; Kumaret al, 1991), it might be expected that
termed inhibition of return, is thought to be an adaptationAlzheimer’s disease subjects would show disproportionatelyg;
which prevents the repeated searching of already searchepleater deficits on conjunction search than feature searcho%
locations. Subjects with lesions of the superior colliculusespecially after Corbetet al. (1995) demonstrated activation 2
show no inhibition of return (Posnet al, 1985), but Faust of the right superior parietal cortex during conjunction but &
and Balota (1997) have shown that both Alzheimer’s diseasaot feature search. The evidence to date would suggest thaj
subjects and elderly controls perform normally on such taskssingle-feature search appears to be intact in Alzheimer’s§
suggesting normal inhibition of return. disease (Nebes and Brady, 1989; Greenwebdl, 1997), 3
The evidence supporting the role of the thalamus in theconjunction search producing a similar increase in RTs with >
engagement or filtering of spatial attention would seem tawumber of distractors, as is seen in healthy young and olcE
be inconclusive. Unilateral lesions and deactivation of theadults (Greenwooeét al., 1997).
pulvinar nucleus produce slowed reaction times to targets in The mechanism by which attention moves over the V|sualM
the contralateral field, especially if paired with a distractorfield has been a subject of continued controversy; recent
in the ipsilateral field (Peterseat al., 1987; Rafal and Posner, experimental data confound existing models and new or
1987; Robinson and Petersen, 1992). It has been postulatégbrid models are under investigation (Grossbetgal,
that the thalamus acts as a gating mechanism to filter out994; Desimone and Duncan, 1995; La Beegel., 1997).
unwanted target locations, following a PET study Evidence from a combined space and object search
demonstrating increased activation in the pulvinarparadigm (Eglyet al, 1994) suggests that left parietal lobe
contralateral to a visual field containing a single targetlesions may cause problems in disengaging from and shifting
amongst multiple distractors when the opposite visual fieldattention between objects, in contrast to the spatial shifting
contained only a single target (La Berge and Buchsbaundeficits found with right parietal lobe damage. Support for
1990). It is unclear at present whether the thalamus acts dgemispheric dissociation of object- and spatial-based attention
a spatial filtering gate for inputs between the parietal andhas come from a study of Alzheimer’'s disease subjects
extrastriate cortex or is acting to modulate or relay thelaverage Mini-Mental State Examination (MMSE) score
attentional bias given to targets and distractors in opposit20.6; Dementia Rating Scale (DRS)111] who were tested
visual fields. Although some studies of Alzheimer’s diseaseon a version of the Egly paradigm and demonstrated increased

2G/e8¢e/ElCe



388 R. J. Perry and J. R. Hodges

RT costs plus benefits for both the shifting of attentionimportance than their variety (Foldit al, 1992). Rather
between spatial locations and between objects. A subgroupnusually, this task was performed with no time limit and so
of these subjects underwent SPECT scanning, which showetle results take no account of speed—accuracy trade-off.
significant relationships between left spatial reaction time It has been suggested that anatomically distinct areas,
costs and right superior parietal hypoperfusion and betweeprobably comprising an anterior attentional network involving
right object reaction time costs and left inferior parietal lobethe basal ganglia and anterior cingulate gyrus, aid in the
hypoperfusion (Bucket al, 1997). Patients with bilateral detection and discrimination of multiple targets; by the
parietal lesions, caused by stroke or degenerative diseaselection of appropriate responses these regions are able to
such as Alzheimer’s disease, may show simultanagnosia asodulate the more posterior parietal lobe systems which
part of a triad of visual symptoms known as Balint's orient to, disengage from and shift to stimuli (Paretoal,,
syndrome. Alzheimer's disease subjects with simultan-1990; Posner and Driver, 1992).
agnosia, which has both object-based and spatially based Recent PET studies using the Stroop paradigm havey
attentional deficits, have difficulty in identifying more than suggested that the anterior cingulate gyrus is consistentlys
one object simultaneously, are often visually stuck on locahctivated and hence may be implicated as a critical substrat@
features, and are unable to synthesize a coherent whole frofar the processes of response selection and response |nh|b|tlog
segments of a visual scene (Rizzo and Hurtig, 1987; HofPardoet al, 1990; Benchet al, 1993). Many versions of &
et al, 1990; Coslett and Saffran, 1991; Coslettal, 1995). the Stroop test have been used, but the classical paradigm %
Alzheimer’s disease is also known to cause problems witta measure of the ability to resolve the conflict between two§
tests involving the identification of overlapping line drawings, competing response tendencies when the subject is requireg
such as Gottschaldt's Hidden Figures Test (Capitnal,  to replace the more automatic response of reading with thei{él
1988). In an elegant study, Filotet al. (1992) used global- more effortful response of colour-naming. The cognitive §
local stimuli to investigate the shifting of attention acrossprocess of response inhibition which is seen in the StroopZ
levels of perceptual organization within the same stimulusparadigm is an example of the role which may be played bys
Here the shifting of attention is not from location to location the so-called ‘supervisory attentional system’ proposed byS
but from one aspect of a stimulus to another aspect of th&lorman and Shallice (1986) as a neuropsychological modeks
same stimulus. Thus, one stimulus would consist of a largef attention. In this hierarchical model the first or lower level £
number 1 composed of smaller 4s and the next stimulus magllows the running of well-rehearsed ‘automatic’ programmesg
consist of small 2s made into the shape of a large number &f thought or action. These can be modulated or supervised bﬁ;
etc. They found that Alzheimer's disease subjects (meathe higher-level device, which can, by effortful intervention, ,\)
DRS score= 116) had particular difficulty when they had change or stop ongoing, more automatic, activities allowmgm
to shift the focus of attention between global-local levelsgreater cognitive flexibility and the ability to perform novel
(e.g. attending to the value of the small numbers within aactivities (Norman and Shallice, 1986).
figure on one stimulus and attending to the value of the large The Stroop test (MacLeod, 1991) would appear to be
number of the figure on the next stimulus). particularly sensitive to even minimally demented
On a less experimental basis, timed tasks of selectivélzheimer’s disease patients (Graglyal., 1988; Fisheet al.,
cancellation of digits, letters or patterns have often been uset990; Haxbyet al, 1990; Spieleret al., 1996). Given the
as clinical tasks of selective attention. In a typical paradigmapparent sensitivity of this task in Alzheimer's disease o
subjects are asked to cross out all the 2s, or all the 2s anglibjects, it is unclear whether the difficulty that Alzheimer’s
4s, on a sheet of randomly ordered single digits. Theidisease subjects have with this paradigm reflects the>
advantages lie in ease of administration, the relatively loncomplexity and inherent difficulty of the task or a specific
demand placed on other cognitive abilities, and thedefect in either response selection or response inhibition.
requirement of the subject to monitor speed/accuracy trade- To reach any conclusions regarding the staging of selective3
off due to the time constraint usually used in these tasksattention deficits in Alzheimer’s disease requires comparison
Della Salaet al. (1992) have developed a timed digit across different studies using different tasks. Unfortunately,
cancellation test which discriminates between controls andnany studies fail to subdivide Alzheimer’s disease subjects
Alzheimer’s disease patients. Their error analysis led thennto groups of different disease severity or to use standard
to postulate that the deficit in the Alzheimer’s disease subjectseverity rating scales.
was one of defective or ‘passive’ scanning in which subjects In summary, current evidence points to an early defect in
were ‘looking but not seeing’, and of slowness in making aselective attention in Alzheimer’s disease, sparing the
discriminating decision. Unfortunately there was no analysidocusing of attention but predominantly affecting the ability
of performance in relation to dementia severity. Their dateof patients to disengage and shift their attention from one
suggest that the sensitivity of the test may be insufficient testimulus to another whether this shift is by stimulus location
discriminate those with mild dementia, since 24% of theiror by feature within the same stimulus. The differential
patients showed little or no impairment. Error analysis onperformance of Alzheimer's disease subjects relative to
another cancellation test of symbols suggested that theontrols on detection and discrimination paradigms may
quantity of distractors in an array was of more critical reflect impaired modulation by top-down processes necessary
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for inhibition of competing and conflicting responses. It (Alexander, 1973; Sahakiagt al, 1989; Lineset al, 1991,
would seem that facilitatory selective functions are preservedoneset al, 1992).
but Alzheimer’s disease subjects are more prone to the effects Longer duration studies by Nebes and Brady (1993) and
of interference from distractors due to impaired inhibitory Brazzelli et al. (1994), which included analysis of the
mechanisms. The issues of whether the deficit in selectiveigilance decrement over time, have shown somewhat
attention is universally present in the early stages ofconflicting results. The Nebes and Brady cohort of
Alzheimer’s disease and the temporal relationship betweeAlzheimer’s disease patients (average MMSE scer20.5,
amnesic and attentional deficits remain to be clarified. DRS score= 118) performed an 18-min self-paced task in
which the subjects had to make a response to every stimulus.
Both the Alzheimer’s disease patients and the controls took
) ) . i longer to respond towards the end of the test, and although
Sustained attention and vigilance in Alzheimer’s disease patients were slower than controls in allg
Alzheimer’'s disease sections of the test, this difference did not increase over times
Sustained attention or vigilance may be defined as the abilitpn the task. The patients examined by Brazzelli on a 45- mlnm
to focus attention on a task over unbroken periods of timéhigh event-rate ‘Jump Clock Test’ showed a similar trend
(Wilkins et al, 1987; Parasuraman and Haxby, 1993) and ifor reaction time, but there was evidence that AIzhelmerso
most frequently measured by the speed and accuracy afisease patients had more difficulty in accurately
detecting infrequent and unpredictable targets among mordiscriminating targets from non-targets (sensmwty
frequent non-targets. Arousal is the state needed to remaitecrement) as time on the task increased.
vigilant, and measures of this, such as skin conductance, In summary, compared with the wealth of data on selectives
change according to whether a subject is performing a taséttention and attention-switching, sustained attention has bee@
or not. Alertness refers to the degree of receptivity to externainvestigated relatively little. The limited evidence to date &
stimuli. Fluctuations in alertness are usually classified asuggests that, at least in the milder stages of disease, sustainéd
either phasic or tonic (Posner, 1978), phasic changes occurrirajtention remains intact in terms of the same degree ofo
rapidly and typically being under voluntary control, while decline in RT performance seen in normal controls, buts
tonic changes occur much more slowly, most oftenAlzheimer's disease subjects possibly experience greatek
involuntarily, and are associated with long periods performingdifficulty with target discrimination. The differing results of
a repetitive task (e.g. a vigilance task). Even in normalstudies of sustained attention indicate that careful
subjects, sensitivity, which refers to the subject’s ability toconsideration should be given to task duration and the nature;
distinguish between targets and non-targets, declines ovef response measures such as accuracy and RT. Althoug
time, and this can be manipulated in tests by degrading ththere are exceptions (Jonesal, 1992), a feature that again
stimuli (Parasuraman, 1985). is often lacking in these studies is a comparison of subgroups’
Recent functional imaging studies using PET scanning oof Alzheimer’s disease subjects with differing degrees of§
functional MRI have suggested a predominantly right-sideddementia severity in order to assess when deficits in sustaineg
frontoparietal network for sustained attention, functionallyattention occur in relation to memory, non-memory domams@
and anatomically separate from that involved in selectiveand other aspects of attentional functioning.
attention, and activation of the prefrontal cortex has been
demonstrated in vigilance tasks using visual, somatosensory
and auditory tasks (Coheet al., 1988; Pardcet al, 1991;
Coull et al, 1996; Lewinet al., 1996). Executive functioning in Alzheimer’'s disease
Clinical observation of Alzheimer’'s disease patients inDespite the growing interest and literature on executive;
everyday situations suggests that there are problems ifunctions, a consensus on its meaning remains elusive. Fo@
maintaining attention whilst performing tasks fairly early in the purposes of this review we refer to executive functions
the course of the disease, and one may expect deficits ars those higher-order cognitive capabilities that are called
measures of sustained attention. The majority of studies hauwgpon in order to formulate new plans of action and to select,
used variations of the Continuous Performance Test (Rosvolschedule and monitor appropriate sequences of action. It thus
et al, 1956), in which the targets are letters appearingncludes many stages by which goal-directed behaviour is
infrequently and randomly in a series of non-target lettersmanifested. First, the subject must appreciate the meaning of
Most, but not all, of the earlier studies in Alzheimer’s diseasethat goal and form an intention to fulfil it. The problems
although difficult to compare, tended to show unimpairedinherent in the task must be assessed and plans made to
sustained attention in the subjects with milder Alzheimer'sovercome these. The plan must then be initiated, with
disease. Problems with sustained attention tasks thatontinual monitoring of the progress made towards this goal,
researchers have had to overcome include ceiling effects iand if necessary the subject must show sufficient flexibility
normal control populations, confounding effects of theto change strategy and correct mistakes if the goal is not
memory components of tests, short duration of testing, antieing achieved. The subject must finally be able to distinguish
measurement of vigilance change over time on the teswhen the goal has been reached and to judge the effect of
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390 R. J. Perry and J. R. Hodges

his actions relative to the original goal before finally and self-monitoring, the Tower of London task tests planning
terminating the activity. abilities and visuospatial working memory (Shallice, 1982),
Disorders of executive functioning and attention have beethe Trail-Making Test (Reitan, 1958) requires attentional
linked to frontal lobe damage for well over 100 years.tracking in part A and concurrent manipulation of information
Patients such as Phineas Gage, who survived after an iran part B, and the WCST emphasizes the need for a form of
bar was propelled through his frontal lobes in a miningconcurrent manipulation in the attention-demanding sense of
accident (Harlow, 1868), showed behavioural disturbanceset-shifting as well as the executive function of problem-
now accepted as being typical of a dysexecutive syndromesolving. By contrast, conventional neuropsychological tasks
Unsurprisingly, but unfortunately, the concepts of executivesuch as tone-counting, letter-cancellation, continuous
functions and frontal lobe functions have become smerformance tests and the Stroop test place relatively little
inextricably linked that the terms are often useddemand on executive functionand can probably be considered
interchangeably to the extent that tasks such as the WCSfests of attention despite the fact that, when compared withg
(Milner, 1963; Nelson, 1976) were known as ‘frontal lobe more theoretically devised information-processing tasks, theyz
tests’ for many years. More recent evidence showing thahave questionable ability to parse the component operation§
many more brain areas are involved in performing this taslof attention. One type of task that has been variously aIIocatecﬁ
suggests that this claim no longer holds strictly true (Andersono either attentional or executive functioning is the dual-task §
et al, 1991; Reitan and Wolfson, 1994; Bermatnal, 1995)  paradigm. This will be discussed in more detail below. =
and demonstrates the importance of making a distinction Gradyet al. (1988) performed one of the few longitudinal §
between the anatomically descriptive term ‘frontal lobestudies in Alzheimer's disease and used tests such as thg
function’ and the more preferable functional term ‘executivePorteus Maze Test, Trail-Making Test, part B and Ravensg
function’ when describing performance on tests. The mas®rogressive Matrices, which were referred to as ‘tests ofg
of lesion studies which link deficits in executive function to attention and abstract reasoning’ but which tap many aspect§
damage in the frontal lobes (Milner, 1963; Luria, 1966;0f executive functioning. Deficits in these tests were S
Nelson, 1976; Stuss and Benson, 1984; Nestrpl, 1988; manifested after episodic memory impairment but before&
Stusset al, 1994), also supported by functional imaging visuospatial and language dysfunction. The same pattern wags
(Bermanet al, 1995; Bakeret al, 1996; Konishiet al,  seen by Reickt al. (1996), Lafleche and Albert (1995) and
1998), means that a discussion of one necessarily entailsBinetti et al. (1996) in cross-sectional studies. Lafleche and
discussion of the other. Albert attempted to divide their tests of executive function into
Everyday tasks that intuitively appear to rely uponthree broad areas that they termed ‘concurrent manipulatio
executive functions (such as choosing the appropriate clothed information’, ‘cue-directed attention’ and ‘concept
to wear, planning and cooking a meal, travelling to a newevaluation’. Their results suggested that it was on the task
location, or a shopping trip) are known to cause problem®f concurrent manipulation of information that the early
for demented patients even at a relatively early stage of thAlzheimer’s disease patients showed the greatest deficit, an§
disease. But only recently has evidence begun to emerge thtitat although they were slower than controls on the single?
executive deficits are actually present in early Alzheimer’scue-directed attentional task this difference did not reacho
disease. significance.
Although in theoretical terms it may be invalid, in practical Thus, it would seem from these studies that deficits in§
terms it is worthwhile at this stage to attempt to distinguishexecutive functioning generally occur as the disease
those tests which are primarily tests of attention, those thaprogresses from the initial amnesic stage, and that these
are primarily tests of executive function, and those that requireleficits occur before impairment in language and V|suospat|a1°
both attention and executive function. Tests of attention diffetasks and mainly involve operations that require theM
from tests of executive function in that the goal is specifiedconcurrent manipulation of information. There has beeng
and exact instructions are given, including information onincreasing recognition of the heterogeneity of the cognitive
when to begin, how to proceed and when to finish. The mosprofile in Alzheimer’s disease, and cases presenting with
general property of tests of executive function is that theypredominant visual symptoms (Hef al,, 1990; Levineet al,,
require problem-solving. Aspects of problem-solving such ad993; Victoroff et al, 1994), a biparietal syndrome (Ross
planning, monitoring and adapting strategies clearly require @t al, 1996) or progressive language impairment (Green
degree of attention, but other components, such as judgemeret, al, 1990; Greeneet al., 1996) have been found to have
depend upon facilities inherent in executive functioningconfirmed Alzheimer’s disease pathology. Subjects have also
alone. While the identification of subcomponents of executivédbeen found with predominant executive deficits combined
function and the development of tests that address thessith relatively preserved episodic memory functions (Becker,
subcomponents specifically is in its infancy it is possible t01988; Baddeleyet al, 1991; Beckeret al, 1992), but as
identify some widely used tests that tap certain aspects to get the pathological verification needed to differentiate these
greater degree (Pattersat al, 1996). The Porteus Maze subjects from those with frontal lobe dementia is missing.
Test requires foresight and planning, the Cognitive Estimation While this test battery approach on groups of subjects
Test (Shallice and Evans, 1978) places demands on reasoningth Alzheimer’s disease is useful in the identification and
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Attention and executive deficits in Alzheimer’s disease391

quantification of executive dysfunction, a more theoreticallyfunction proposed by Norman and Shallice (Norman and
based use of neuropsychological tests is necessary in ord8hallice, 1986; Shallice, 1988) promoted two basic control
to isolate specific components of executive function and tanechanisms that determine how activities are executed. On
relate these to specific areas within the frontal lobes. the first, lower level, the so-called ‘contention scheduling
Many neuropsychological theories and models of executivaystem’ includes overlearned and automatic behaviours such
functions and their relationship to the prefrontal lobes haveas stopping at red lights, drinking a cup of coffee, brushing
been proposed. Stuss and Benson (1986), using evidenome’s teeth, etc. The second, higher level, termed the
from neurobehavioural studies, have proposed a division okupervisory attention system’, deals with the modulation of
functions into a group that includes the sequencing othe activities of the first level in a flexible or adaptive way,
behaviours and formation of mental sets associated with thenabling these schemata to be run as new activities or
dorsolateral prefrontal cortex, and another group of functionstopping ongoing activity by a selection process that adds
that is concerned with drive, motivation and will associatedeither activation or inhibition. It has been argued that, while ©
with the ventromedial prefrontal cortex. Electrophysiologicalautomatic processes are available in the early stages of
studies have led some to suggest working memory as thalzheimer’s disease, the increased allocation of attention ancB
predominant function of the prefrontal cortex (Goldman-increased concentration usually reserved for novel tasks ma)g
Rakic, 1987), and some researchers have expanded modéls needed to perform even familiar activities (Spinnler, §
of working memory function to encompass executive1991). When such tasks increase in complexity or are runz.
capabilities (Baddeley and Della Sala, 1996). Attempts taconcurrently, the processing resources needed exceed tho;ié
map executive functions onto lesioned sites in the prefrontadvailable either because of depletion or inefficient 5
lobes have tended to show an absence of any pattern in tlleployment. It has been shown that brain regions differentg
tasks impaired by frontal damage. Similarly, factor analysisrom those activated by controls may be recruited by S
techniques, to look for clusters of tasks that load on a commoAlzheimer’s disease subjects in the performance of cognitiveS
operation, have often failed to show clear dissociations. Suctasks (Beckeet al,, 1996), and these alternative brain regions 5
difficulties may arise from the nature of executive tasks usedhave also been associated with increased task effort (Fureé
executive functions cannot be measured on their own and et al., 1997). Shallice and Burgess (1996) have argued tha
variety of tasks necessarily employ non-executive cognitivedhe supervisory system can be fractionated into d|fferentm
operations, known to be linked to brain areas outside thsubsystems which operate together to give a gIobaIIya
prefrontal lobes, to complete them. Another illustration ofintegrated function. Moreover, they suggest that these separai%
the problems inherent in executive task design andomponents of the supervisory system can be dissociated on;
administration is the contrast between the often unimpairethe basis of patterns of correlation between the performance;
performance of frontally lesioned subjects on clinical andof lesioned and non-lesioned subjects on different parts of:j
experimental tasks and their gross abnormalities in behaviouwo executive tasks: the Hayling sentence completion tasks;
and decision-making in everyday situations (Eslinger andand the Brixton spatial anticipation test (Burgess and Shalliceg
Damasio, 1985; Shallice and Burgess, 1991). Subjects witth996). Functional imaging studies using the Hayling task 2
ventromedial frontal lesions can often select the appropriatbave failed to show any difference in the frontal areasg
response to a social dilemma when tested on forced-choicactivated by the parts of the task which were argued to%
verbal problems in the laboratory, showing unimpaired sociatlissociate (Nathaniel-James al., 1997). These tasks have o
knowledge and access to this knowledge on a theoreticalet to be used with Alzheimer’s disease subjects, and although.;
basis (Saver and Damasio, 1991). It is suggested that thtese arguments provide an interesting framework for futurez
failure of such subjects to select appropriate behaviours in avestigation they remain as theoretical constructs. ‘S
real-life situation is due to a defect in the activation of Some progress is being made in isolating specific aspects’,
‘somatic markers’. According to the theory of Damasial.  of executive function using computerized tasks of self- orderedg
(1991), these somatic markers are activations of the autonomigorking memory, planning and attentional set-shifting using
nervous system tagged to specific evocative or emotionallarge numbers of healthy controls and groups of frontally
based stimuli, measurable by skin conductance responsdssioned subjects (Robbird al., 1994; Robbins, 1996). The
which, mediated via the ventromedial cortex, are integrate@vidence for dissociations in specific components of the tasks
with stored knowledge of social responses and conductgain comes from correlational data, with functional imaging
Tranel et al. (1994) found that patients with ventromedial providing some evidence for these processes employing
damage and disturbances in social conduct had impairedifferent neuroanatomical areas. PET activation studies using
skin conductance responses to pictures with a high sociall version of the Tower of London task have shown activation
emotional content. It is hypothesized that the severén the lateral prefrontal cortex (Baket al, 1996), as has an
neurofibrillary tangle pathology found in the orbitofrontal analogue of the self-ordered memory task used by Robbins
subdivision of the ventromedial frontal cortex may contributeand colleagues (Oweet al,, 1996). These studies have also
to the behavioural and emotional disturbance seen improvided evidence for more specific localization with working
Alzheimer’s disease (Chet al., 1997). memory components of tasks linked to the ventrolateral
The ‘supervisory attention system’ model for executiveprefrontal cortex and the manipulation of information
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associated with the dorsolateral prefrontal cortex, and In Baddeley's (1986) model of working memory it is the
increased activation of the rostrolateral prefrontal corteXcentral executive system’ (CES) that co-ordinates attention
was seen with increased planning demands on the difficutind information flow to and from verbal and spatial short-
problems of the Tower of London test. A comparative studyterm memory slave systems, termed the ‘articulatory loop
showed that 13 Alzheimer’s disease subjects (average MMSEystem’ and the ‘visuospatial sketchpad’, respectively. The
score = 20.3) were significantly worse than controls but articulatory loop system deals with auditory—verbal
better than a group of Huntington’s disease subjects on thimformation and contains a buffer and a rehearsal loop which
same computerized Tower of London test (Largal, 1995).  recycles verbal material, as in repeating a string of digits or

Another possibly dissociable aspect of executive functiora short list of words. The visuospatial sketchpad performs
is the ability to shift cognitive set. This is a process differentsimilar functions with visuospatial information and can be
from the shifting of attention between spatial locations andexamined by tests that involve a specific sequence of tapping
objects as described in the section headed Selective attentiomvements on a series of purposefully arranged blocks9
and attentional shifting in Alzheimer’s disease (see above)Although the functioning of the articulatory loop system and £
and is likely to rely upon different neural networks. The the visuospatial sketchpad is known to be impaired |nm
classic test of cognitive set-shifting is the WCST, where, inmoderate to severe stage Alzheimer’s disease patients, it |g
an extradimensional shift, a pattern of response has to hi@ the operations of the central executive system (CES) thafy’
changed by the shifting of attention from one perceptuathe most profound and earliest dysfunction is thought toi
dimension of a stimulus (e.g. shape) to another (e.g. colourpccur. According to this hypothesis the capacity of the CES§
In a PET study of the cortical activation produced by normalis limited, and when tasks become more complex this capacitys:
subjects performing the WCST, the major areas of activatiols exceeded and performance starts to break down. Thi§§l
were the frontal and inferior parietal cortices. After training concept has grown out of the results of a series of dual-taskg
and practice on the test, activation in the dorsolaterabxperiments, sometimes referred to as tasks of divided?
prefrontal cortex remained significant, suggesting thatttention, which are discussed in more detail in the sections
working memory may be largely responsible for thebelow (Baddeley and Hitch, 1974; Baddeley al., 1986,
physiological response in the dorsolateral prefrontal cortex991a).
during the WCST (Bermaet al., 1995). Konishkt al. (1998)
used time-sequenced functional MRI to show that prefrontal
cortex involvement occurred at the time of shifting of ) )
cognitive set. Divided attention and dual tasks in

Sahakianet al. (1990) used a set-shifting task from the Alzheimer’s disease
CANTAB battery (Robbingt al, 1994) to explore the ability Divided attention tasks take two main forms. In one type
of Alzheimer's disease subjects to make attentional shiftsnore than one feature of a stimulus, or multiple stimuli, &
from target to target within the same stimulus dimensionmust be attended to. Experiments in normal subjects shov@
(intradimensional shifts), from the ability to make shifts to that when several stimuli must be identified at once, costs in2
a currently non-attended dimension (extradimensional shiftsperformance are reflected in decreased accuracy or by
the stimulus dimensions being shape and colour. All patientgéhcreased RT (Posner, 1978). The second, more commorﬁ
were impaired on tests of recognition memory and learningdual-task paradigm requires the subject to perform two§
but a subgroup of more mildly demented patients (MMSEtasks separately before performing both tasks simultaneouslys:
score = 22.8, CDR= 1.0 versus MMGE score= 15.7,  Normal subjects show a deterioration in performance on task>
CDR = 1.5 for the second subgroup) were unimpairedA or B when they are performed together compared Withi
relative to controls in the set-shifting task and as accuratevhen they are performed on their own. This deterioration in N
as, although slower than, controls in the separate visuglerformance is known as the dual-task decrement. g
search task. The same paradigm was used by Satgl A typical example would be the combination of tracking
(1992) with a group of mildly demented Alzheimer’s diseaseand digit span repetition used by Baddektyal. (1986). In
subjects (average MMSE score 19.6, CDR= 1.1) in an  one version, task A, the primary tracking task is to use a
attempt to find qualitative differences in attentional functionlight-sensitive pen to follow a white square as it moves
between subjects with Alzheimer’s disease and cortical Lewyandomly about a screen. Performance is measured as the
body disease. The subjects, whose dementia severity lgyroportion of testing time that the light is kept in the square,
between those of the two groups tested by Sahaktaal. @ and the speed of movement of the square is adjusted to an
(1990), were impaired on this task of attentional set-shiftingindividual subject’s performance. Task B is to repeat strings

There is no doubt that Alzheimer’s disease subjects aref digits at each subject's own digit span. Both tasks are
impaired on many tests of executive function and that thesattempted on their own for 2 min before being performed
deficits tend to occur early in the disease. It is at presentogether for a further 2 min. Although calculations of the
unclear whether all executive functions are equally affectedlual-task decrement have differed in their methods (Baddeley
or if there are dissociations between performance on specifiet al, 1991a, 1997; Greeneet al, 1995), the majority of
aspects of executive function. such studies have shown that Alzheimer’s disease patients
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perform as well as controls when the two tasks are attemptepgerformance more than left-hand performance (Kinsbourne
separately but show a disproportionate decline in performancand Hiscock, 1983). As with all dual-task paradigms, a large
when the tasks are performed concurrently. A longitudinahumber of variables may influence outcomes (Pashler, 1994),
follow-up study with variations in difficulty in the single and this stresses the need to incorporate performance data
task showed a far greater rate of decline in dual-task thafrom both of the concurrent tasks in a combined score which
single-task performance and no interaction between tastakes account of trade-offs between tasks.
difficulty and deterioration. This has been interpreted by the A recent study using functional MRI has shown activation
authors as suggesting that the deterioration in performande the prefrontal cortex and anterior cingulate gyrus when
is a function of whether a single or dual task was beingtwo non-working memory single tasks were performed
performed and was not dependent on task difficulty along¢ogether, but not when they were performed separately
(Baddeleyet al, 1991a). This deficit in performing two (D’Espositoet al,, 1995). This activation was interpreted as
tasks simultaneously has usually been ascribed to specifieflecting CES functioning, although dual-task decrementg
dysfunction in Alzheimer’s disease of the ‘central executivewas relatively small (ranging from 0 to 11%), suggesting 5
system’ (Baddelewt al, 1991a; Grober and Sliwinski, 1991; that there may have been little stress on the CES. Prewouﬁ
Morris, 1994) but may also be seen as a deficit in the abilityPET studies of the slave systems of working memory havem
to divide or share attention when the demand is for attentioshown activation in similar areas where no dual-task conditions’
to be in more than one place at a specific time. was involved (Jonidest al, 1993).

The stage at which patients with Alzheimer’s disease show In a test of auditory divided attention by Grady al.

impairment on dual-task paradigms remains controversia1989), Alzheimer's disease patients were shown to bex

o

Although it is clear that the vast majority, if not all, patients significantly worse than controls. They used a dichotic &
in the moderate stages (i.e. MMSE scerel 7) show marked  listening test called the Staggered Spondaic Word Test, in§
impairment, Greenet al. (1995) found that patients in the which attention must be divided between different words that&
very early amnesic stages (designated minimal dementigre presented, in parts, to each ear simultaneously. Theg
performed normally on two different dual-performance testscompared performance on this test with performance in twod
It would seem that when devising dual-task experiments carmonotic tests with degraded stimuli consisting of either time- =
must be taken to manipulate the difficulty of the single taskscompressed speech or filtered speech presented to one ear%lt
so that they are sufficiently demanding of attention to stretcta time. The Alzheimer’s disease subjects were impaired to:.
Alzheimer’s disease patients to the limits of the centralthe same degree on both monotic tasks, but wereg
executive capacity without producing single-task differenceglisproportionately poor on the dichotic task. These resultsm
with respect to controls. Ideally, the two tasks employedwere interpreted as showing susceptibility in Alzheimer's & &
should use different modalities that do not compete for thalisease to the interference effects of competing tasks rathe@f
specific resources of one modality. For example, a dual-tasthan as a dual-task decremgmr se When resting levels of &
decrement on two verbal tasks may indicate only that thereegional glucose metabolism were correlated with §
is inefficiency in linguistic processing rather than CESperformance on a dual-task reaction time paradigm in which?
dysfunction. One area of interest for further study is toAlzheimer’s disease subjects performed an auditory simples
examine the pattern of dual-task decrements arising fronRT task and a visual-choice RT task in single- and dual-task§
tasks within and across modalities apart from the visualconditions, Nestoet al.(1991) found decreases in metabolism §
verbal and auditory tests commonly used. Tests of tactilen the right prefrontal and right parietal regions correlated -
sensitivity and postural control may be adapted for thiswith slowing of RT in the dual task only. Although subjects >
purpose. had to respond to both an auditory stimulus and a visuafg
An alternative position that contrasts with the idea of astimulus within the same trial, the two stimuli were not
‘general factor’ or ‘central executive’ being involved in dual- presented simultaneously but with stimulus onset asynchron)E
task decrement is the concept of ‘specific interference’(SOA) varying between 50 and 500 ms. This introduces
According to this concept, different pairs of tasks interfereanother factor that may contribute to performance in divided
for different reasons, such as modality of input (as in twoattention paradigms: the time course of interference produced
verbal tasks), or interference is produced by two taskdy attending to one stimulus on the effective processing of
requiring the same stage of processing (e.g. responsesubsequent stimulus.
selection) at the same time, producing a response bottleneck When stimuli are presented to healthy subjects at varying
where the processing of one task is delayed. Studies hav@OAs, either in the same location using Rapid Serial Visual
tended to support the ‘general factor’ model (Bougkeal, Presentation techniques (Broadbent and Broadbent, 1987;
1996), but the issue is not fully resolved. HemisphericRaymondet al, 1992) orin adjacent spatial locations (Duncan
functional asymmetry may also influence the interferenceet al, 1994), the detection or identification of one target
effect of one task upon another. Kinsbourne’s functionalproduces a reduction in the ability to detect or identify a
cerebral distance model predicts that cognitive tasksubsequent target that is sustained for periods of ~500 ms.
dependent primarily on one hemisphere, such as languagehis robust phenomenon in normal subjects, often called the
and calculation, will disrupt concurrent right-hand attentional blink or attentional dwell time, has also received
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support from ERP studies. In dual-task paradigms, the P30t a stimulus that has to be either simply detected or
component of the ERP appears to be reciprocally distributediscriminated from other stimuli. Times are recorded in
across the two tasks, i.e. increasing the importance of onmilliseconds and incorporate both processing and response
task produces a larger P300 response to that task andcamponents of a task.
smaller P300 to the other task. When subjects had to attend The most basic RT tasks used in Alzheimer’s disease are
to serial auditory stimuli, Woodst al. (1980) noted that the the simple and choice RT paradigms; in the simple RT
recovery cycle of the P300 was of the order of 600-900 msparadigm the stimulus need only be detected, whereas in
and in a dual task where visual stimuli were presented 400 mshoice RT tasks relevant stimuli must be discriminated from
after auditory stimuli the amplitude of the P300 elicited by irrelevant stimuli. A group of mildly impaired Alzheimer’s
the first of the two stimuli was inversely related to the disease patients showed non-significant slowing on a two-
amplitude of the P300 elicited by the second stimuluschoice visual discrimination task (Lafleche and Albert, 1995),
demonstrating evidence for this phenomenon acroswhereas a separate cohort were significantly slower on &
modalities rather than only as a result of modality-specificsimple RT task (Reicet al, 1996). Interpretation of these 5
resource competition (Nash and Fernandez, 1996). Sudlesults is hazardous as the two tasks cannot be compare@
paradigms have interesting possibilities and applications itaving been performed by two separate groups of patlentsm
Alzheimer’s disease in examining whether slowed processin@he importance of subdividing groups of subjects by dementias’
of individual stimuli or extended interference between stimuliseverity and by comparing performance across different task§,
contributes to the poor performance in tasks of dividedin the same subjects is shown by the results of Ratal.
attention or dual tasks. (1994), who demonstrated that while mildly demented
The theory of dual-task decrement in Alzheimer’s diseasgatients (CDR= 1 or 2) were impaired in both simple and
has been given a more practically orientated investigation bghoice RT tasks, a group of ‘very mildly’ demented patients §
the demonstration of disproportionate slowing of walking (CDR = 0.5) were impaired on the choice RT and performed &
speed in Alzheimer’s disease subjects when performing as quickly as elderly controls on the simple RT task. Theses
simultaneous verbal fluency test (Camicieli al, 1997), results agree with the pattern seen by Pirozatlal (1981) 8
perhaps helping to explain the greater risk of falls andand suggest that the element of choice in an RT taskcr
injuries in the demented compared with non-demented elderlgignificantly affects Alzheimer’s disease patients. :
(Alexanderet al, 1995). Alberoniet al. (1992) devised an The effect that a warning signal, such as a light or a bleep,ﬁ
experiment in which subjects had to keep track of ‘who saichas upon a subject’s response time to a stimulus is used t%
what' in a conversation. In everyday situations Alzheimer’sstudy phasic changes in alertness. Studies of normal subjects
disease patients have considerable difficulty followingshow RT decreasing when a warning signal is given andw
conversations involving more than one other person, and thisontinuing to decrease as the time between the warnln%
difficulty is exaggerated in groups to the extent that manysignal and the stimulus (SOA) increases, usually reaching;
Alzheimer’s disease patients tend to avoid complex sociah minimum (RT minimum) between 100 and 300 ms. The§
situations. The given task, which involved watching difference between the RT minimum and the RT without a 2
videotapes of conversations involving increasing numbers afvarning signal is a measure of the degree of benefit in phasig
characters and then answering questions on ‘who said whatlertness brought by the warning. Nebes and Brady, usingi:
was felt to share features with tests of divided attention thaain auditory warning signal before a two-choice task,§
stressed the putative central executive system. While controdemonstrated that Alzheimer’s disease patients show the;
performed nearly perfectly, the Alzheimer’s disease patientsame degree of benefit, but the benefit is short lived, and it:>
showed a tendency for performance to deteriorate as theakes a slightly longer time to reach the RT minimum in €
number of speakers increased. Results of studies such as tlsiemparison with controls (Nebes and Brady, 1993). A S|m|lar o
may have a bearing on the suitability of social groups ortask with a visual warning signal was used by Pateal. E
group therapy for people with Alzheimer’s disease. (1994), who also demonstrated that mildly demented patients
In summary, impairment of divided attention occurs earlyneeded longer to reach an optimal level of alertness.
in Alzheimer’s disease and follows the deficit in episodic The phenomenon of cognitive slowing, first applied to the
memory. What remains controversial, however, is exactlyneuropsychology of ageing, is becoming an important factor
how early this impairment appears relative to other aspect® be considered in the interpretation of chronometric
of attentional or executive functioning. measurements used to identify deficits in specific cognitve
operations. To illustrate this point we can use the two
paradigms described above, simple and choice RT tasks. If
. L ) ) the difference between choice RT and simple RT is greater
Cognitive slowing in Alzheimer’s disease: RT for Alzheimer’s disease subjects than for controls, this could
studies be interpreted as demonstrating a specific impairment in the
RT tasks are invariably computer-based tasks that measupgocesses particular to the choice RT paradigm but absent
the time taken for a subject to respond, usually either byfrom the simple RT paradigm. The validity of drawing such
pressing a key or by using a voice-activated timing deviceconclusions from this subtraction method is challenged by
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the phenomenon of cognitive slowing. Meta-analyses okt al (1988) was able to examine the issue of when attentional
reaction times of normal elderly subjects (Cerella, 1985deficits appear in Alzheimer’s disease. They examined a
Nebes and Brady, 1992) and Alzheimer’s disease subjecwubgroup of five patients who, on initial testing, showed
have shown that the increased duration in RTs shown imleficits in memory functions but no deficits in the domains
these groups can be expressed as a function of the RTs tifey referred to as ‘attention and abstract reasoning’ and
young normal subjects according to the formula: subjectlanguage/visuospatial’. In follow-up of periods up to 40
time = Y + (Z X young normal time), wher¥ is a constant months, four out of five of these patients developed deficits
intercept andZ is a factor supposedly related to generalizedin addition to memory impairment. Two of these four had
cognitive slowing and is of the order of 1.9 for mildly deficits in all three domains and two had deficits in only
demented and 2.6 for moderately demented subjects. themory and attention and abstract reasoning. There were no
has been argued that the increased reaction times seen patients in this subgroup, or out of the initial 11, who
Alzheimer’s disease simply represent a generalized cognitivehowed deficits in the language/visuospatial domain withoutg
slowing and that the greater disparity between Alzheimer'smpairments in the attention and abstract reasoning domaing
disease and control RTs for some tasks is a reflection o€oncurrent functional imaging measuring resting glucoseg
different task complexity rather than a specific cognitivemetabolism showed that neocortical metabolic dysfunction®
impairment on the operation that the task is supposed to tegtreceded deficits in attention and abstract reasoning, though#'
If, for example, controls perform these two tasks with a mearto be ‘neocortically mediated cognitive functions’, by 8-16 3
of 200 ms for simple RT and 300 ms for choice RT, and ifmonths, and language/visuospatial impairment by 12—37§
we then takeZ to be 2.0, then we would expect Alzheimer’s months. These results were felt to support the theory of ans:
disease subjects to perform the simple RT task with a meaimitial memory loss related to medial temporal pathology g
of 400 ms (200 ms< 2). By the subtraction method, a mean which progresses to impairments in attention and abstracg
choice RT for the Alzheimer’'s disease subjects of 550 mseasoning before the appearance of language/visuospatial
would indicate that a specific deficit in choice RT, as theproblems. They postulated that attentional problems become
difference between simple and choice RT, is 150 ms (550 +nanifest when the spread of pathology from the medial 8
400 ms) compared with the 100 ms (300 -200 ms) oftemporal lobes disrupts connections between the frontal ant%
controls. According to the cognitive slowing method, to parietal lobes, which maintain a system for directed attention.=:
ascertain that a specific deficit occurs in Alzheimer’s disease More recently, Reicet al. (1996) studied patterns of early
subjects in choice RT requires evidence of increases in RTognitive impairment in 51 patients with mild Alzheimer’s
that are greater than that predicted by cognitive slowing, i.edisease (MMSE score- 19) and found that the first non-
choice RT should be-600 ms (300 ms< 2). Thus, only by memory deficits occurred on executive/frontal tasks <
identifying specific processes that show slowing that is(including category and letter fluencies and the Porteus maz§
disproportionate to that predicted by the linear equations ofest) and attentional tasks (simple RT measurement and digif;
generalized slowing can it be demonstrated that the attentionapan) before deficits in language and visuospatial functionsg
deficit in Alzheimer’s disease is due to a specific effect ofbecame manifest. This pattern of results replicates that found?
the disease process rather than a diffuse process akin by Lafleche and Albert (1995), who studied a group of very 5
accelerated ageing. Such RT studies in Alzheimer’s diseasmildly demented patients with an average MMSE score of§
would need to compare Alzheimer’s disease subjects witl25. Although all these studies have included measures o§
young adults as well as healthy age-matched control grouptanguage and visuospatial abilities, no studies to date have;
Difficulties with this theory lie in the problems of defining compared the stage of disease at which either working or>
task complexity, agreeing on criteria for the degree ofsemantic memory dysfunction becomes apparent in relatiorf
difference from the expected range required, and the lack ab attentional deficits.
supportive data from other measures of attention. As the An important aspect of all studies of this nature is the
theory is wholly reliant on RT data, the possibility remains criteria that are used to diagnose Alzheimer’s disease. It must
that it is only the response selection and execution elementse born in mind that a progressive memory impairment is a
of RT that are generally slowed in Alzheimer’s disease, notequisite for diagnosis of possible Alzheimer’s disease and
the cognitive processing of the components of the actuahat impairment of one other cognitive domain is also
attentional task. Analysis of measurements such as accuracgcessary for a classification of probable Alzheimer’s disease
and ERP data may help to support or refute this theory irto be diagnosed according to the NINCDS-ADRDA criteria
the future, but for now it remains an unresolved issue. (McKhann et al,, 1984). Although it is of great interest to
study subjects in the earliest stages of Alzheimer’s disease,
these patients invariably have a progressive amnesia as the
) ) . . presenting symptom. It is only by long-term follow-up,
Relationship of attention to other cognitive sometimes taking=4 years before other cognitive deficits
modules and disease staging manifest themselves, that these patients can reach criteria for
The longitudinal study of mildly demented Alzheimer’s probable Alzheimer's disease rather than possible
disease patients (average MMSE scere24.5) by Grady Alzheimer’s disease. It is also quite possible that Alzheimer’s
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disease patients could present with isolated language dBraak and Braak, 1991; Vogt al, 1992) before encroaching
attentional deficits but would not be included in such studiespn the neocortical association areas. Within these regions the
having failed to reach current criteria. We know that patientsearliest and heaviest burden of pathology is found in the
with Alzheimer’s disease may occasionally present with artemporal and parietal lobes, and involvement of the prefrontal
isolated progressive aphasia syndrome (Grestred, 1996)  cortex appears to occur even later (Reedl, 1989; Tikofsky
or with a syndrome of posterior cortical atrophy producinget al, 1993). The primary motor, sensory and visual cortices
gross deficits in visuospatial function and praxis (Levineare typically spared until the very severe stages of the disease,
et al, 1993; Mackenzie Rosst al, 1996), so it is possible and the thalamus and superior colliculus also remain relatively
that a syndrome of progressive attentional or executivainaffected. The majority of resting measurements of rCBF
dysfunction exists as a presentation of Alzheimer’s diseasend glucose metabolism by SPECT or PET imaging of
although to date there have been no such documented cas@dzheimer’s disease subjects have also shown early temporal
Our review of the research into attention function inand parietal perfusion deficits, with frontal changes occurringy
Alzheimer’s disease has found deficits in many attentionahs the disease progresses (Jagtisl., 1987, 1997; Johnson
and executive processes, but in doing so it has highlightedt al,, 1987; Rapoport, 1991; Browet al, 1996). Although
the difficulty in comparing and collating the results of some studies have demonstrated a degree of heterogeneiy
different studies to reach more general conclusions abouh the cortical sites of hypoperfusion and hypometabolism g
which aspects of attention are affected and how early theyZimmer et al, 1997; Steinet al, 1998), the combined
are affected. Cross-sectional studies benefit from assessipgthological and imaging evidence suggests relatives
attentional deficits as a function of disease severity angbreservation of the frontal lobes in Alzheimer’s disease. It 5
should employ well validated tools for this assessmentis, therefore, somewhat surprising that Alzheimer’s diseasei;n
Severity scales that are widely used include the Mini-Mentaproduces the marked impairment in attentional and executives
State Examination (MMSE) (Folstegt al, 1975), the Mattis ~ functions that have been linked with frontal lobe function &
Dementia Rating Scale (DRS) (Mattis, 1992), the Clinicalbefore deficits in language and visuospatial function occurs
Dementia Rating Scale (CDR) (Berg, 1988) and CAMCOG(Haxby et al, 1986, 1990; Lafleche and Albert, 1995; Reid &
(Cambridge Examination for Mental Disorders of the Elderlyet al, 1996). To link attentional dysfunction in Alzheimer’s
Cognitive Test) (Hupperet al, 1995). For discussion of disease to disease pathology in circumscribed brain region$:
their relative merits see Galaskat al. (1990) and Salmon may be an oversimplification, and the pathological processg
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et al. (1990). of Alzheimer’'s disease may cause attentional deficits ing
other ways. §

Current research points to two neural systems whoses

] o disruption may contribute to the attentional deficit: (i) the ?g?

Neural correlates of attentional dysfunction in  pasal forebrain cholinergic system and (ii) corticocortical &
Alzheimer’s disease tract integrity. S
The earliest pathological changes of neurofibrillary tangles The basal forebrain cholinergic system consists of the?

=<

in Alzheimer’s disease appear to involve the transentorhinainedial septum, the diagonal band of Broca and the nucleus;
region; the changes then encroach upon the entorhinal cortdasalis of Meynert, and provides the major cholinergic§
and the hippocampus before spreading to the neocortérnervation to the neocortex (Mesulam and Geula, 1988),§
(Hymanet al, 1984; Braak and Braak, 1991, 1995). Thisincluding areas such as the prefrontal cortex, the thalamus;
pattern is in keeping with the first neuropsychological deficitand the parietal lobes, which are known to be involved in >
in Alzheimer’s disease being episodic memory loss (Huffattention. Although the relative role that cholinergic €
et al, 1987; Welshet al, 1992), and there is sufficient deficiency in Alzheimer’s disease plays in the impairment of
evidence, includingin vivo MRI evidence, to link memory or attention is controversial (Christensen al,
neuropsychology with the site of pathology (Squire, 1992;1992; Geula and Mesulam, 1994; Lawrence and Sahakian,
Deweeret al, 1995; Foxet al, 1996). In the same way that 1995; Raffaeleet al, 1996), cholinergic disruption certainly
converging lines of evidence have linked the early loss oftauses attention deficits (Wesretsal,, 1988; Voytko, 1996),
episodic memory in Alzheimer’s disease to medial temporabnd animal studies in which the nucleus basalis of Meynert
pathology, visuospatial dysfunction to parietal pathologyis lesioned with cholinergic excitotoxins have shown
(Levine et al, 1993) and temporal neocortex damage topredominant attentional rather than mnemonic deficits (Muir
semantic memory (Hodges and Patterson, 1995), it may bet al, 1993, 1995) that can be reversed with nicotine and
possible to predict which attentional processes are likely to beholinesterase inhibitors such as physostigmine. Pathological
affected in Alzheimer’s disease based on current knowledge aftudies in Alzheimer’s disease have revealed that, after the
the pattern of spread of pathology in Alzheimer’s diseaseanedial temporal lobe, the most heavily involved regions are
and from what is known about the neural substrates ofhe accessory basal nucleus of the amygdala and the nucleus
attentional networks. Following involvement of the medial basalis of Meynert (Arnoldet al, 1991). Neurofibrillary
temporal structures, pathological changes of neurofibrillargangle density in the nucleus basalis of Meynert has the
tangles spread to the basal forebrain and anterior cingulatgrongest correlations with dementia severity (Sanetiell.,
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1994), although no correlations were made with attentionaheuropathological studies are needed to examine the neuronal,
tasks in this study. In keeping with this, drugs which modify tangle and synapse density of specific areas of the cortex
the cholinergic system, such as the acetylcholinesterasand of tracts between specific cortical areas.
inhibitor Tacriné, have been shown to significantly improve
accuracy and speed on a choice reaction time test but not
on a test of visuospatial working memory (Lawrence andConclusions
Sahakian, 1995). The recent introduction of cholinergicThe evidence from standard and computer-based
therapies for the symptomatic treatment of Alzheimer’sneuropsychological tasks would seem to support the clinical
disease may be helpful in assessing the role that cholinergimbservations of an attentional impairment relatively early in
deficits play in attentional dysfunction, but unfortunately thethe course of the illness. The accepted pattern of an initial
large multicentre therapeutic trials to evaluate cholinergicamnesic stage, which may be the only cognitive deficit for
drug efficacy in Alzheimer’s disease have so far failed toseveral years, is supported by cross-sectional and longitudin
use measures of attention (Daesal, 1992; Rogerst al, studies which include tests that may be considered to taps
1998). Recent advances in vivo imaging of cholinergic attentional functioning. The current diagnostic criteria for 2
function in Alzheimer’s disease subjects (Kudtlal, 1994, Alzheimer’s disease, which require a progressive memory§
1996; Efangeet al, 1997; Iyo et al, 1997) present the deficit for diagnosis of probable or possible Alzheimer's F
possibility of examining the relationship of deficits on disease, make such an argument hard to refute, as a subje_?,t
attention tasks known to be linked with certain brain regionswith attentional or executive impairment but normal memory§
with regional measurements of cholinergic activity. It will could not be considered to have Alzheimer’s disease. Long=:
also be of interest to examine the particular attentionaterm follow up of such subjects may show progression tog
deficits, and the therapeutic effect on these deficits ok generalized dementia with memory deficits, but to our§
acetylcholinesterase inhibitors, in subjects with cortical Lewyknowledge there have been no pathologically confirmed case§
body disease, a condition known to be associated with lovof Alzheimer’s disease presenting as a pure attentional ofs
cortical cholinergic activity (Perrgt al,, 1994). dysexecutive syndrome. On the other hand, subjects with3
An alternative explanation for the attentional deficits foundseverely impaired memory have been examined over periods
in Alzheimer’s disease relates to disruption of corticocorticalof 3 years or more and have shown no impairment on%
pathways. In addition to the association betweenattentional tests. It is possible that such subjects may havé:Z
neurofibrillary tangle density in the nucleus basalis of Meynerisubtle attentional deficits that would be picked up by more &
and dementia severity, it has been shown that neocorticapecifically designed information processing tasks. Anumberé
synaptic density correlates highly with dementia severityof cross-sectional and longitudinal studies have suggesteds
(Terry et al, 1991; Samuekt al, 1994). It is also known that attentional and dysexecutive impairments are the first§
that Alzheimer's disease neuropatholgy selectively affect®ion-memory domains to be affected, usually before problems:
certain laminae and cell types within the cortex, in particularwith language or visuospatial tasks become apparent.
layers I, lll and IV and the pyramidal neurons, which When different facets of attention are examined, it is clear 2
participate in corticocortical connections such as the superiathat not all components are affected at the same stage of thg
longitudinal fasciculus, a dense fibrous tract connecting thelisease. In the area of selective attention it would seem tha§
parietal and frontal cortices. These neuropathological findingattentional focusing, at least in the visual domain, is relatively§
led to theories of Alzheimer’s disease being a disconnectiopreserved, whilst the disengagement and shifting of attention;
syndrome with disrupted communication between differenis differentially affected, whether the shift is by location of >
neocortical association areas (Morrisenal, 1986). More a stimulus or across features within the same stimulus%
functional evidence of a corticocortical disconnectionResearch with the Stroop test, which appears to be sensitive,
syndrome comes from EEG measures of corticato even minimally affected subjects, may reveal a particularﬁ
synchronicity demonstrating impaired coherence between thattentional problem in Alzheimer’s disease.
anterior and posterior cortices in Alzheimer’s disease patients Clinical observation of patients suggests that while they
but not in multi-infarct dementia, whose subcortical pathologymay be able to perform well-rehearsed and routine tasks
causes predominantly  subcortical—-cortical disruptioncompetently, they have difficulty in performing novel tasks
(Leuchteret al,, 1992). It is thought that the cognitive deficits or old tasks in a novel way. Such well-rehearsed tasks become
of Alzheimer’s disease can be explained in terms of theseirtually automatic and require very little effort or attention
pathological processes disrupting the exchange of informatioto perform, but when such automatic processes have to be
between neural circuits linked by corticocortical tracts. Manyinhibited to allow tasks to be performed in a novel and hence
attentional and executive tasks require the rapid andnore attentionally demanding way, this failure of inhibition
simultaneous integration of multiple types of information, leads to a breakdown in performance. This failure of inhibition
and such disconnection, for instance between the parietal araf more automatic responses, reflected in the tendency to
frontal lobes, as postulated by Haxkgt al. (1990), may read words instead of name colours in the Stroop test, may
account for attentional deficits. As well as supporting evidenceause particular problems for Alzheimer’s disease patients
from neuropsychology and functional imaging, furtherand be a characteristic of their attentional deficit. Response

86.



398 R. J. Perry and J. R. Hodges

inhibition, competing response tendencies, habituation and Chronometric studies of attention in Alzheimer’s disease
the response to novelty constitute a seemingly fruitful areahould incorporate the notion of generalized cognitive slowing
for future research in Alzheimer’s disease. when reporting RTs and should compare ratio scores in
Another area in which Alzheimer’s disease subjects seemaddition to difference scores derived from subtractions. The
to show specific deficits in attention is in the performanceissue of identifying qualitative and quantitative differences
of dual-task paradigms, which reflect a higher level offrom the attentional deficits of normal ageing can be addressed
attentional performance where attention must be shared. Thisy comparing the performance of Alzheimer’s disease
has been investigated in terms of a breakdown in Alzheimer’subjects with that of both age-matched controls and young
disease of the ‘central executive’ or ‘supervisory attentional’controls.
system, which is purported to co-ordinate and allocate Recent advances in functional imaging using cholinergic
attentional resources in non-routine and non-automatienarkers may in future be combined with neuropsychological
processes. It would be of great interest to see such dual-tasissessment, EEG coherence techniques and event-related
paradigms extended to investigate the effect of sharingotentials to evaluate the contribution of cholinergic deficits 3
attention between modalities including tasks in the auditoryand corticocortical disconnection to the attentional g
tactile and possibly postural modalities. impairment in Alzheimer's disease. The use of these2
The conclusions are far less clear when interpreting théechniques in different cortical dementias may provide 5
evidence for impairment or preservation of sustainedsupporting evidence for the involvement of different brain 3
attention. While the majority of studies suggest theregions or systems in different components of attention. For(%;
preservation of sustained attention, at least in mildexample, comparing the profile of attention in Alzheimer’s %
Alzheimer’s disease, few studies have looked at the moreisease and frontotemporal dementia (Brehal, 1994; g
theoretical aspects of sustained attention by examiningsregory and Hodges, 1996) may illuminate the role of the §
sensitivity decrements across tasks last#@0 min. frontal lobes, whereas comparisons with cortical Lewy body &
Although the examination of attention in Alzheimer's disease could provide evidence about the importance of thes
disease is still clearly in its infancy, there are alreadybasal forebrain cholinergic system in particular aspects ofd
implications for the direction of future research. attention.
Neuropsychological tests have great advantages in
quantifying attentional deficits, and it can already be
suggested that some facets of attention are differentiallyéeferences
impaired In_AIzhe_lme_r’s C_Ilsease, but few _StUd'eS haVeAIberoni M, Baddeley A, Della Sala S, Logie R, Spinnler H.
compared this relative impairment or preservation of SubtypeReeping track of a conversation: impairments in Alzheimer's
of attention within a single group of subjects. Many studiesgisease. Int J Geriatr Psychiatry 1992; 7: 639-46.
report attentional deficits in Alzheimer’s disease without ) o ) _
referring to the disease severity of the subjects. If moderaté'exander DA. Attention dysfunction in senile dementia. Psychol
to severely demented patients are tested, they are likely g6P 1973; 32: 229-30.
be in a stage of global cognitive impairment and will be Alexander NB, Mollo JM, Giordani B, Ashton-Miller JA, Schultz
poor at all tasks. Thus the relevance of performing poorlyAB, Grunawalt, JA, et al. Maintenance of balance, gait patterns, 3
on a particular task of attention is lost. Studies should bend obstacle clearance in Alzheimer's disease. Neurology 1995; 45§
designed so that different stages of disease severity a®98-14.

compared by using common and well-validated measureg,yerson sw, Damasio H, Jones RD, Tranel D. Wisconsin CardZ

such as the MMSE or the DRS. This design could showsqting Test performance as a measure of frontal lobe damages

when in the disease process the different subtypes of attentionciin Exp Neuropsychol 1991; 13: 909-22. N

are affected, such as whether sustained attention is preserved )

whilst the same patients are performing poorly on dual taskg\old SE, Hyman BT, Flory J, Damasio AR, Van Hoesen GW. The
Despite the apparent restrictions of the currently usedopographlcal anq_neuroanatqmlcal distribution of neurofll_)rlllary
o . , . . . tangles and neuritic plaques in the cerebral cortex of patients in

criteria for Alzheimer’'s disease diagnosis, it is of greatAlzheimer,S disease. Cereb Cortex 1991 1: 103-16

theoretical importance to test subjects in the earliest stages T '

of Alzheimer’s disease when only memory is impaired andBaddeley AD. Working memory. Oxford: Oxford University

they can still attempt tasks without being hindered byPress; 1986.

visuospatial or language difficulties. There are still very feWBaddeIey A, Della Sala S. Working memory and executive control.
longitudinal studies of patients followed from the earliest|review). Philos Trans R Soc Lond B Biol Sci 1996; 351: 1397—404.
stages of the disease with a broad range of tasks, and none

which include pathological verification of the diagnosis. Baddeley AD, Hitch GJ. Working memory. In: Bower G, editor.
Future research should concentrate on qualifying attentionafecent advances in learning and motivation. London: Academic
impairment by using information processing tasks to examiné €S: 1974. p. 47-90.

specific components of attention in minimally or mildly Baddeley AD, Logie R, Bressi S, Della Sala S, Spinnler H. Dementia
affected patients. and working memoryQ J Exp Psychol 1986; 38A: 603-18.

nb Aq 986/25/€8€/€/2Z | /a101Me/utelq/w

9l

(44014



Attention and executive deficits in Alzheimer’s disease399

Baddeley AD, Bressi S, Della Sala S, Logie R, Spinnler H. TheBrun A, Englund B, Gustafson L, Passant U, Mann DMA, Neary
decline of working memory in Alzheimer’s disease: a longitudinal D, et al. Clinical and neuropathological criteria for frontotemporal
study. Brain 1991a; 114: 2521-42. dementia. J Neurol Neurosurg Psychiatry 1994; 57: 416-8.

Baddeley AD, Della Sala S, Spinnler H. The two-componentBuck BH, Black SE, Behrmann M, Caldwell C, Bronskill

hypothesis of memory deficit in Alzheimer’s disease. J Clin ExpMJ Spatial- and object-based attentional deficits in Alzheimer’s
Neuropsychol 1991b; 13: 372-80. disease. Relationship to HMPAO-SPECT measures of parietal

perfusion. Brain 1997; 120: 1229-44.
Baddeley A, Della Sala S, Papagno C, Spinnler H. Dual-task

performance in dysexecutive and non-dysexecutive patients with FUrd9ess PW, Shallice T. Response suppression, initiation, and
frontal lesion. Neuropsychology 1997; 11: 187-94 strategy use following frontal lobe lesions. Neuropsychologia 1996;
T ' 34: 263-72.

Baker SC, Rogers RD, Owen AM, Frith CD, Dolan RJ, Frackowiak
RS, et al Neural systems engaged by planning: a PET study of th
Tower of London task. Neuropsychologia 1996; 34: 515-26.

Caffarra P, Riggio L, Malvezzi L, Scaglioni A, Freedman M.
%rienting of visual attention in Alzheimer’s disease: its implication
in favor of the interhemispheric balance. Neuropsychiatry

Becker JT. Working memory and secondary memory deficits inNeuropsychol Behav Neurol 1997; 10: 90-5.
Alzheimer’s disease. J Clin Exp Neuropsychol 1988; 10: 739-53. camicioli R, Howieson D, Lehman S, Kaye J. Talking while
Becker JT, Bajulaiye O, Smith C. Longitudinal analysis of a two- walking: the effect of a dual task in aging and Alzheimer’s disease.

component model of the memory deficit in Alzheimer’s disease.NelJrOIOgy 1997; 48: 955-8.
Psychol Med 1992; 22: 437-45. Capitani E, Della Sala S, Lucchelli F, Soave P, Spinnler H. Perceptuai‘i

. ) . attention in aging and dementia measured by Gottschaldt’s Hiddergg”
Becker JT, Mintun MA, Aleva K, Wiseman MB, Nichols T, DeKosky Figure Test. J Gerontol 1988; 43: 157—63

ST. Compensatory reallocation of brain resources supporting verbal . _ _ _
episodic memory in Alzheimer’s disease. Neurology 1996; 46:Celesia GG, Brigell M. Event-related potentials. [Review]. Curr
692-700. Opin Neurol Neurosurg 1992; 5: 733-9.

Bench CJ, Frith CD, Grasby PM, Friston KJ, Paulesu E, FrackowialCerella J. Information processing rates in the elderly. Psychol Bull
RS, et al. Investigations of the functional anatomy of attention usin91985; 98: 67-83.

the Stroop test. Neuropsychologia 1993; 31: 907-22. Christensen H, Maltby N, Jorm AF, Creasey H, Broe GA. Cholinergic
‘blockade’ as a model of the cognitive deficits in Alzheimer’s
disease. Brain 1992; 115: 1681-99.

Chu CC, Tranel D, Damasio AR, Van Hoesen GW. The autonomic-
Berman KF, Ostrem JL, Randolph C, Gold J, Goldberg TE, Coppolgg|ated cortex: pathology in Alzheimer's disease. Cereb Cortex
R, et al. Physiological activation of a cortical network during 1997 7: 86—95.
performance of the Wisconsin Card Sorting Test: a positron emission _
tomography study. Neuropsychologia 1995; 33: 1027—46. Cohen RM, Semple WE, Gross M, Holcomb HJ, Dowling S, Nordahl
TE. Functional localisation of sustained attention. Neuropsychiatry
Binetti G, Magni E, Padovani S, Cappa SF, Bianchetti A, TrabucchiNeuropsychol Behav Neurol 1988; 1: 3—20.

M. Executive dysfunction in early Alzheimer’s disease. J Neurol o hul
Neurosurg Psychiatry 1996: 60: 91-3. Corbetta M, Miezin FM, Dobmeyer S, Shulman GL, Petersen SE.

Selective and divided attention during visual discriminations of S
Bourke PA, Duncan J, Nimmo-Smith I. A general factor involved shape, color, and speed: functional anatomy by positron emissions,
in dual-task performance decrement. Q J Exp Psychol 1996; 49Aomography. J Neurosci 1991; 11: 2383-402. >

C
525-45. _ .
Corbetta M, Shulman GL, Miezin FM, Petersen SE. Superior ¢

Braak H, Braak E. Neuropathological staging of Alzheimer-relatedParietal cortex activation during spatial attention shifts and visual &3

changes. [Review]. Acta Neuropathol (Berl) 1991; 82: 239-59.  feature conjunction [published erratum appears in Science 199513
270: 1423]. Science 1995; 270: 802-5.

dny wouy pepeojumoq

dno-olwep

Berg L. Clinical Dementia Rating (CDR). Psychopharmacol Bull
1988; 24: 637-9.

8€/€/¢Z | /81914e/uleq/wod

1senb Aq 986/25/€

Braak H, Braak E. Staging of Alzheimer's disease-related

neurofibrillary changes. Neurobiol Aging 1995 16: 271-284. Coslett HB, Saffran E. Simultanagnosia: to see but not two see.

Brain 1991; 114: 1523-45.

Brazzelli M, Cocchini G, Della Sala S, Spinnler H. Alzheimer Coslett HB, Stark M, Rajaram S, Saffran EM. Narrowing the

patients show a sensitivity decrement over time on a tonic alertnes§potlight: a visual attentional disorder in presumed Alzheimer's
task. J Clin Exp Neuropsychol 1994; 16: 851-60. disease. Neurocase 1995: 1: 305-18

Broadbent DE, Broadbent MH. From detection to identification: Coull JT, Frith CD, Frackowiak RS, Grasby PM. A fronto-parietal
response to multiple targets in rapid serial visual presentationnetwork for rapid visual information processing: a PET study of
Percept Psychophys 1987; 42: 105-13. sustained attention and working memory. Neuropsychologia 1996;

Brown DR, Hunter R, Wyper DJ, Patterson J, Kelly RC, Montaldi 34: 1085-95.

D, et al. Longitudinal changes in cognitive function and regionalD’Esposito M, Detre JA, Alsop DC, Shin RK, Atlas S, Grossman
cerebral function in Alzheimer's disease: a SPECT blood flowM. The neural basis of the central executive system of working
study. J Psychiatr Res 1996; 30: 109-26. memory. Nature 1995; 378: 279-81.



400 R. J. Perry and J. R. Hodges

Damasio AR, Tranel D, Damasio HC. Somatic markers and thd-urey ML, Pietrini P, Haxby JV, Alexander GE, Lee HC, VanMeter
guidance of behavior: theory and preliminary testing. In: Levin HS,J, et al. Cholinergic stimulation alters performance and task-specific
Eisenberg HM, Benton AL, editors. Frontal lobe function and regional cerebral blood flow during working memory. Proc Natl
dysfunction. New York: Oxford University Press; 1991. p. 217-19.Acad Sci USA 1997; 94: 6512-6.

Davis KL, Thal LJ, Gamzu ER, Davis CS, Woolson RF, GraconGalasko D, Klauber MR, Hofstetter CR, Salmon DP, Lasker B,
SI, et al. A double-blind, placebo-controlled multicenter study of Thal LJ. The Mini-Mental State Examination in the early diagnosis
tacrine for Alzheimer's disease [see comments]. N Engl J Medof Alzheimer’s disease. Arch Neurol 1990; 47: 49-52.

1992; 327: 1253-59. Comment in: N Engl J Med 1992; 327: 1306_86eula C, Mesulam MM. Cholinergic systems and related

Comment in: N Engl J Med 1993; 328: 808-10. neuropathological predilection patterns in Alzheimer’s disease. In:
Della Sala S, Laiacona M, Spinnler H, Ubezio C. A cancellation Terry RD, Katzman R, Bick KL, editors. Alzheimer disease. New

test: its reliability in assessing attentional deficits in Alzheimer’s York: Raven Press; 1994. p. 263-91.
disease. Psychol Med 1992; 22: 885-901. Goldman-Rakic PS Circuitry of primate prefrontal cortex and
Desimone R, Duncan J. Neural mechanisms of selective visud9ulation of behaviour by representational memory. In Mountcastle

attention. [Review]. Annu Rev Neurosci 1995; 18: 193-222, VB, Plum F, editors. Handbook of physiology, Sect. 1, Pt. 1.
Bethesda (MD): American Physiological Society; 1987. p. 373—-417.

Deweer B, Lehericy S, Pillon B, Baulac M, Chiras J, Marsault C,G dv CL. Haxby JV. Horwitz B. Sund M. Bera G. Schani
et al. Memory disorders in probable Alzheimer’s disease: the role rady LL, naxby JV, Horwitz B, sundaram M, Berg &, Schapiro

of hippocampal atrophy as shown with MRI. J Neurol NeurosurgM’ et al. Longitudinal study of the early neuropsychological and
Psychiatry 1995; 58: 590—7 cerebral metabolic changes in dementia of the Alzheimer type.a

J Clin Exp Neuropsychol 1988; 10: 576-96.
Drevets WC, Burton H, Videen TO, Snyder AZ, Simpson JR Jr’Grady CL, Grimes AM, Patronas N, Sunderland T, Foster NL,

Raichle ME. Blood flow changes in human somatosensory Corte)ﬁapoport Sl. Divided attention, as measured by dichotic speecké-

gzgigzarglgﬁﬁqtzgtsizmsgﬂ?: fzggcggmfgés_]g Nature 1995; 373i)erformance, in dementia of the Alzheimer type. Arch Neurol 1989;

46: 317-20.

Dunca_n J 'Ward R, S_he_lpiro K. Direct measurement of attentionabreen J, Morris JC, Sandson J, McKeel DW, Miller JW. Progressive
dwell time in human vision. Nature 1994; 369: 313-5.

sdny wouj papeojumo(

apeoe//

/w02 dno

(=
aphasia: a precursor of global dementia? Neurology 1990; 40: 423-9g

Efange SM, Garland EM, Staley JK, Khare AB, Mash DC. Vesicular greene Jpw, Hodges JR, Baddeley AD. Autobiographical memory
acetylcholine transporter density and Alzheimer’s disease. Neurobigl,§ executive function in early dementia of Alzheimer type.

Aging 1997; 18: 407-13. Neuropsychologia 1995; 33: 1647—70.

Egly R, Driver J, Rafal RD. Shifting visual attention between Greene JDW, Patterson K, Xuereb J, Hodges JR. Alzheimer diseasg’

Objects and |Ocati0nS: eVidence from nOI’ma| and parietal |esi0%nd nonﬂuent progressive aphasia_ Arch Neur0| 19961 53: 1072_8?3
subjects. J Exp Psychol Gen 1994; 123: 161-77. ai

/ccL/ade/ut

(&)
Greenwood PM, Parasuraman R, Alexander GE. Controlling theg
Eslinger PJ, Damasio AR. Severe disturbance of higher cognitiofiocus of spatial attention during visual search: effects of advanced®
after bilateral frontal lobe ablation: patient EVR. Neurology 1985; ageing and Alzheimer disease. Neuropsychology 1997; 11: 3-12. @

35: 1731-41. . Q
Gregory CA, Hodges JR. Frontotemporal dementia: use of consensug

Faust ME, Balota DA. Inhibition of return and visuospatial attention criteria and prevalence of psychiatric features. Neuropsychiatryg*
in healthy older adults and individuals with dementia of the Neuropsychol Behav Neurol 1996; 9: 145-53.
Alzheimer type. Neuropsychology 1997; 11: 13-29.

gL u

Grober E, Sliwinski MJ. Dual-task performance in demented and >
Filoteo JV, Delis DC, Massman PJ, Demadura T, Butters N,nondemented elderly. J Clin Exp Neuropsychol 1991; 13: 667—-76.¢€
_Salm_on DP‘. Dire_ct_ed and divi(_jed attention in Alzheim_er’s_disea_se'Grossberg S, Mingolla E, Ross WD. A neural theory of attentive ™
impairment in shifting of attention to global and local stimuli. J Clin visual search: interactions of boundary, surface, spatial, and objecty
Exp Neuropsychol 1992; 14: 871-83. representations. Psychol Rev 1994; 101: 470-89.

Fisher LM, Freed DM, Corkin S. Stroop Color-Word Test pyarjow JM. Recovery from the passage of an iron bar through the

performance in patients with Alzheimer’s disease. J Clin EXPphead. Mass Med Soc Bost 1868: 2: 327—46.
Neuropsychol 1990; 12: 745-58.

n

0c isn

Hasher L, Zacks RT. Automatic and effortful processes in memory.
Foldi NS, Jutagir R, Davidoff D, Gould T. Selective attention skills j Exp Psychol Gen 1979; 108: 356—88.

in Alzheimer’s disease: performance on graded cancellation tests

varying in density and complexity. J Gerontol 1992; 47: 146-53. Haxby JV, Grady CL, Duara R, Schiageter N, Berg G, Rapoport SI.
Neocortical metabolic abnormalities precede nonmemory cognitive

Folstein MF, Folstein SE, McHugh PR. ‘Mini-mental state’. A defects in early Alzheimer’s-type dementia. Arch Neurol 1986; 43:

practical method for grading the cognitive state of patients for thegg2-5.

clinician. J Psychiatr Res 1975; 12: 189-98. . )
Haxby JV, Grady CL, Koss E, Horwitz B, Heston L, Schapiro M,

Fox NC, Warrington EK, Freeborough PA, Hartikainen P, Kennedyet al. Longitudinal study of cerebral metabolic asymmetries and
AM, Stevens JM, et al. Presymptomatic hippocampal atrophy inassociated neuropsychological patterns in early dementia of the
Alzheimer’s disease. Brain 1996; 119: 2001-7. Alzheimer type. Arch Neurol 1990; 47: 753-60.



Attention and executive deficits in Alzheimer’s disease401

Hodges JR, Patterson K. Is semantic memory consistently impaireumar A, Schapiro MB, Grady C, Haxby JV, Wagner E, Salerno
early in the course of Alzheimer’s disease? Neuroanatomical andA, et al. High-resolution PET studies in Alzheimer’s disease.
diagnostic implications. Neuropsychologia 1995; 33: 441-59. Neuropsychopharmacology 1991; 4: 35-46.

Hof PR, Bouras C, Constantinidis J, Morrison JH. SelectiveLa Berge D, Buchsbaum MS. Positron emission tomographic
disconnection of specific visual association pathways in cases dgheasurements of pulvinar activity during an attention task.
Alzheimer's disease presenting with Balint's syndrome.J Neurosci 1990; 10: 613-9.

J Neuropathol Exp Neurol 1990; 49: 168-84. La Berge D, Carlson RL, Wiliams JK, Bunney BG. Shifting

Huff FJ, Becker JT, Bell SH, Nebes RD, Holland AL, Boller F. attention in visual space: tests of moving-spotlight models versus
Cognitive deficits and clinical diagnosis of Alzheimer’s disease.an activity-distribution model. J Exp Psychol Hum Percept Perform
Neurology 1987; 37: 1119-24. 1997; 23: 1380-92.

Huppert FA, Brayne C, Gill C, Paykel ES, Beardsall L. CAMCOG— Lafleche G, Albert MS. Executive function deficits in mild
a concise neuropsychological test to assist dementia diagnosi§zheimer's disease. Neuropsychology 1995; 9: 313-20.

socio-demographic determinants in an elderly population samplq;ange KW, Sahakian BJ, Quinn NP, Marsden CD, Robbins TW.

Br J Clin Psychol 1995; 34: 529-41. Comparison of executive and visuospatial memory function in &

Hyman BT, Van Hoesen GW, Damasio AR, Barnes CL. A|Zheimer,sHuntington’s diseas_,e and dementia of Alzheimer type matched forg
egree of dementia. J Neurol Neurosurg Psychiatry 1995; 58:2

disease: cell-specific pathology isolates the hippocampal formatiorﬂ
Science 1984; 225: 1168-70. 598-606.

lyo M, Namba H, Fukushi K, Shinotoh H, Nagatsuka S, Suhara T’Lawler|_<A, Qowey A._Onthe role_ of posterior pa_rletal and pref_rontal
. . .__.cortex in visuo-spatial perception and attention. Exp Brain Res

et al. Measurement of acetylcholinesterase by positron emlssm?%?_ 65 6958

tomography in the brains of healthy controls and patients with U e

Alzheimer’s disease. Lancet 1997; 349: 1805-9. Lawrence AD, Sahakian BJ. Alzheimer disease, attention, and th
cholinergic system. Alzheimer Dis Assoc Disord 1995; 9 Suppl 2:
3-9.

apeOjUMO(]

peoe//:sdy

dfooiwe

Jagust WJ, Budinger TF, Reed BR. The diagnosis of dementia wit|
single photon emission computed tomography. Arch Neurol 1987;
44: 258-62. Leuchter AF, Newton TF, Cook IA, Walter DO, Rosenberg-

. ) . _ . _Thompson S, Lachenbruch PA. Changes in brain functional
Jagust WJ, Eberling JL, Reed BR, Mathis CA, Budinger TF. Clinical .oy ye ctivity in Alzheimer-type and multi-infarct dementia. Brain
studies of cerebral blood flow in Alzheimer’s disease. [Review].19go- 115: 1543-61
Ann N Y Acad Sci 1997; 826: 254-62. T '

€/€/ZZ ) /8[ohle/ulelq/wod

Levine DN, Lee JM, Fisher CM. The visual variant of Alzheimer’'s

Johnson KA, Mueller ST, Walshe TM, English RJ, Holman BL. gisease: a clinicopathologic case study. Neurology 1993; 43: 305-13%
Cerebral perfusion imaging in Alzheimer’s disease. Arch Neurol ai

1987; 44: 165-8. Lewin JS, Friedman L, Wu D, Miller DA, Thompson LA, Klein

SK, et al. Cortical localization of human sustained attention: &
Jones GMM, Sahakian BJ, Levy R, Warburton DM, Gray JA. detection with functional MR using a visual vigilance paradigm. 2
Effects of acute subcutaneous nicotine on attention, informatiory Comput Assist Tomogr 1996; 20: 695—701.

processing and short-term memory in Alzheimer’s disease. Psycho-
pharmacology (Berl) 1992; 108: 485-94. Lezak MD. Neuropsychological assessment. 2nd ed. New York:

Oxford University Press; 1983.
Jonides J, Smith EE, Koeppe RA, Awh E, Minoshima S, Mintun )
MA. Spatial working memory in humans as revealed by PET [sed-ineS CR, Dawson C, Preston GC, Reich S, Foster C, Traub M.5

comments]. Nature 1993; 363: 623-5. Comment in: Nature 1993Memory and attention in patients with senile dementia of the &
363: 583_4. Alzheimer type and in normal elderly subjects. J Clin Exp

Neuropsychol 1991; 13: 691-702.
Kinsbourne M, Hiscock M. Asymmetries of dual task performance. . . . . .
In: Hellige JB, editor. Cerebral hemisphere asymmetry: method!‘u”a AR. Higher cortical functions in man. London: Tavistock;
theory and application. New York: Praeger; 1983. p. 255-334.

86.2S.

q

V 9| uo 1senb

[44\

Mackenzie Ross SJ, Graham N, Stuart-Green L, Prins M, Xuereb
J, Patterson K, et al. Progressive biparietal atrophy: an atypical
presentation of Alzheimer’s disease. J Neurol Neurosurg Psychiatry
1996; 61: 388-95.

Konishi S, Nakajima K, Uchida |, Kameyama M, Nakahara K,
Sekihara K, et al. Transient activation of inferior prefrontal cortex
during cognitive set shifting. Nat Neurosci 1998; 1: 80-4.

Kuhl DE, Koeppe RA, Fessler JA, Minoshima S, Ackerman R‘]’MacLeod CM. Half a century of research on the Stroop effect: an

Carey JE, et al. In vivo mapping of cholinergic neurons in the. . . - ) )
. . . [R . Psychol Bull 1991; 109: 163—-203.
human brain using SPECT and IBVM. J Nuc Med 1994; 35; 40510 09"ative review. [Review]. Psychol Bull 1991; 109: 163-203

) ) ) Mattis S. Dementia Rating Scale. Windsor: NFER-Nelson; 1992.
Kuhl DE, Minoshima S, Fessler JA, Frey KA, Foster NL, Ficaro

EP, et al. In vivo mapping of cholinergic terminals in normal aging, McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan
Alzheimer’s disease, and Parkinson’s disease. Ann Neurol 199@M. Clinical diagnosis of Alzheimer’s disease. Neurology 1984,
40: 399-410. 34: 939-44.



402 R. J. Perry and J. R. Hodges

Mesulam MM, Geula C. Nucleus basalis (Ch4) and corticalcortex: a positron emission tomography study. Cereb Cortex 1996;
cholinergic innervation in the human brain: observations based o6: 31-8.
the distribution of acetylcholinesterase and choline acetyltransferas%

J Comp Neurol 1988; 275: 216-40. arasuraman R. Sustained attention: a multifactorial approach. In:

Posner MI, Marin OS, editors. Attention and performance XI.
Milner B. Effects of different brain lesions on card sorting. Arch Hillsdale (NJ): Lawrence Erlbaum; 1985. p. 493-511.

Neurol 1963; 9: 90-100. Parasuraman R, Haxby JV. Attention and brain function in

Morris RG. Working memory in Alzheimer-type dementia. Alzheimer’s disease. [Review]. Neuropsychology 1993; 7: 242-72.

Neuropsychology 1994; 8: 544-54. Parasuraman R, Greenwood PM, Haxby JV, Grady CL. Visuospatial

Morrison JH, Scherr S, Lewis DA, Campbell MJ, Bloom FE, Rogersattention in dementia of the Alzheimer type. Brain 1992; 115:
J, et al. The laminar and regional distribution of neocortical 711-33.

Z_omatostatln ?nt()j lneurltlc _plall?jges: |mp||_cat|onsd for Allzh.eslmr(]er’_lsop rdo JV, Fox PT, Raichle ME. Localization of a human system 9
Isease as a gioba ngocortlca .Iscor.mecnon syndrome. in. 5c e’| r sustained attention by positron emission tomography. Nature3
AB, Wechsler AF, editors. The biological substrates of AIzhelmerslggl. 349: 61-4

disease. Orlando (FL): Academic Press; 1986. p. 115-31.

s Bapeoy

Pardo JV, Pardo PJ, Janer KW, Raichle ME. The anterior cingulat

Muir ‘]Lj Page KJ,’ Sirinathsinghji DJ,.Robbir)s TW’ Everitt _cortex mediates processing selection in the Stroop attentional conflic
BJ. Excitotoxic lesions of basal forebrain cholinergic Neurons:, . adigm. Proc Natl Acad Sci USA 1990; 87: 256-9.

effects on learning, memory and attention. [Review]. Behav Brain
Res 1993; 57: 123-31. Pashler H. Dual-task interference in simple tasks: data and theory®

) ) . . . [Review]. Psychol Bull 1994; 116: 220-44.
Muir JL, Everitt BJ, Robbins TW. Reversal of visual attentional

dysfunction following lesions of the cholinergic basal forebrain by Pate SP, Margolin DI, Friedrich FJ, Bentley EE. Decision-making g
physostigmine and nicotine but not by the 5-HT3 receptor antagonisgind  attentional processes in ageing and in dementia of thes
ondansetron. Psychopharmacology (Berl) 1995; 118: 82-92. Alzheimer’s type. Cogn Neuropsychol 1994; 11: 321-39.

woi

Sdny

wepeoe//

tasks. Int J Psychophysiol 1996; 23: 171-80. functions and Alzheimer
] ] ) J Neurol 1996; 3: 5-15.
Nathaniel-James DA, Fletcher P, Frith CD. The functional anatomy ) _
of verbal initiation and suppression using the Hayling Test.Perry EK, Haroutunian V, Davis KL, Levy R, Lantos P, Eagger S,
Neuropsychologia 1997; 35: 559-66. et al. Neocortical cholinergic activities differentiate Lewy body
dementia from classical Alzheimer’s disease. Neuroreport 1994; 5:
Neary D, Snowden JS, Northen B, Goulding P. Dementia of frontatz47_g.
lobe type. J Neurol Neurosurg Psychiatry 1988; 51: 353—61. ] ) o _
o o _ Petersen SE, Robinson DL, Morris JD. Contributions of the pulvinar
Nebes RD, Brady CB. Focused and divided attention in Alzheimer'sg visual spatial attention. Neuropsychologia 1987; 25: 97—105.
disease. Cortex 1989; 25: 305-15.

6.2G/€8E/E/CCL/BPIE/UIE]

) - _ ~ Petersen SE, Robinson DL, Currie JN. Influences of lesions of &
Nebes RD, Brady CB. Generalized cognitive slowing and severityparietal cortex on visual spatial attention in humans. Exp Brain Res<
of dementia in Alzheimer's disease: Implications for the 1989; 76: 267-80.

interpretation of response-time data. J Clin Exp Neuropsychol 1992; . )
14: 317-26. Pirozzolo FJ, Christensen KJ, Ogle KM, Hansch EC, Thompson WG.

Simple and choice reaction time in dementia: clinical implications.
Nebes RD, Brady CB. Phasic and tonic alertness in Alzheimer'sNeurobiol Aging 1981; 2: 113-7.

disease. Cortex 1993; 29: 77-90. . . . .
Posner MI. Chronometric explorations of mind. Hillsdale (NJ):

Nelson HE. A modified card sorting test sensitive to frontal lobeLawrence Erlbaum; 1978.
defects. Cortex 1976; 12: 313-24.

220z 1snbny 9| uo 1sanb

Posner MI. Orienting of attention. Q J Exp Psychol 1980; 32: 3-25.
Nestor PG, Parasuraman R, Haxby JV, Grady CL. Divided attentio
and metabolic brain dysfunction in mild dementia of the Alzheimer’
type. Neuropsychologia 1991; 29: 379-87.

rEJOS,ner MI, Cohen Y. Components of visual orienting. In: Bouma
H, Bouwhuis DG, editors. Attention and performance X. London:
Lawrence Erlbaum; 1984. p. 531-56.

Norman DA, Shallice T. Attention to action. Willed and automatic
control of behavior. In: Davidson RJ, Schwartz GE, Shapiro D,
editors. Consciousness and self-regulation. Advances in resear
and theory, Vol. 4. New York: Plenum Press; 1986. p. 1-18. Posner MI, Petersen SE. The attention system of the human brain.
[Review]. Annu Rev Neurosci 1990; 13: 25-42.

Posner MI, Driver J. The neurobiology of selective attention.
(];ﬁeview]. Curr Opin Neurobiol 1992; 2: 165-9.

Oken BS, Kishiyama SS, Kaye JA, Howieson DB. Attention deficit
in Alzheimer's disease is not stimulated by an anticholinergic/Posner MI, Cohen Y, Rafal RD. Neural systems control of spatial
antihistaminergic drug and is distinct from deficits in healthy aging.orienting. Philos Trans R Soc Lond B Biol Sci 1982; 298: 187-98.

N | 1994; 44. 657-62. S
eurology ' Posner MI, Choate L, Rafal RD, Vaughan J. Inhibition of return:

Owen AM, Evans AC, Petrides M. Evidence for a two-stage modelneural mechanisms and function. Cogn Neuropsychol 1985; 2:
of spatial working memory processing within the lateral frontal 211-28.



Attention and executive deficits in Alzheimer’s disease403

Rafal RD, Posner MI. Deficits in human visual spatial attentioncomparative study of attentional deficits in senile dementias of
following thalamic lesions. Proc Natl Acad Sci USA 1987; 84: Alzheimer and Lewy body types. Dementia 1992; 3: 350—4.

7349-53. Salmon DP, Thal LJ, Butters N, Heindel WC. Longitudinal

Raffaele KC, Asthana S, Berardi A, Haxby JV, Morris PP, Schapiroevaluation of dementia of the Alzheimer type: a comparison of 3
MB, et al. Differential response to the cholinergic agonist arecolinestandardized mental status examinations. Neurology 1990; 40:
among different cognitive modalities in Alzheimer’'s disease.1225-30.

Neuropsychopharmacology 1996; 15: 163-70. Samuel W, Terry RD, De Teresa R, Butters N, Masliah E. Clinical

Rapoport SI. Positron emission tomography in Alzheimer’s diseaseorrelates of cortical and nucleus basalis pathology in Alzheimer
in relation to disease pathogenesis: a critical review. [Review]dementia. Arch Neurol 1994; 51: 772-8.

Cerebrovasc Brain Metab Rev 1991; 3: 297-335. . . .
Saver JL, Damasio AR. Preserved access and processing of social

Raymond JE, Shapiro KL, Arnell KM. Temporary suppression of knowledge in a patient with acquired sociopathy due to ventromedialU
visual processing in a RSVP task: an attentional blink? J Expfrontal damage. Neuropsychologia 1991; 29: 1241-9.

Psychol Hum Percep Perform 1992; 18: 849-60. . e . . .
Shallice T. Specific impairments of planning. Philos Trans R Soc

Reed BR, Jagust WJ, Seab P, Ober BA. Memory and regionalond B Biol Sci 1982; 199-209.

cerebral blood flow in mildly symptomatic Alzheimer’s disease. i o
Neurology 1989; 39: 1537-9. Shallice T. From neuropsychology to mental structure. Cambridge:

Cambridge University Press; 1988.
Reid W, Broe G, Creasey H, Grayson D, McCusker E, Bennett H, ) L o )
et al. Age at onset and pattern of neuropsychological impairmenphallice T, Burgess PW. Deficits in strategy application following
in mild early-stage Alzheimer disease. A study of a community-Tontal lobe damage in man. Brain 1991; 114: 727-41.
based population. Arch Neurol 1996; 53: 1056-61. Shallice T, Burgess PW. The domain of supervisory processes an
Reitan RM. Validity of the Trail-making Test as an indicator of temporal _organ_ization of behaviour. [Review]. Philos Trans R Soc &
organic brain damage. Percept Mot Skills 1958; 8: 271-6. Lond B Biol Sci 1996; 351: 1405-12.

Reitan RM, Wolfson D. A selective and critical review of Shallice T, Evans ME. The involvement of the frontal lobes in
neuropsychological deficits and the frontal lobes. [Review].COognitive estimation. Cortex 1978; 14: 294-303.
Neuropsychol Rev 1994; 4: 161-98. Shiffin RM, Schneider W. Controlled and automatic human

Rizzo M, Hurtig R. Looking but not seeing: attention, perception, information processing: Il. Perceptual learning, automatic attending
and eye movements in simultanagnosia. Neurology 1987; 37and a general theory. Psychol Rev 1977; 84: 127-90.

1642-8. Spieler DH, Balota DA, Faust ME. Stroop performance in healthy
Robbins TW. Dissociating executive functions of the prefrontalyounger and older adults and in individuals with dementia of the

cortex. [Review]. Philos Trans R Soc Lond B Biol Sci 1996; 351: Alzheimer’s type. J Exp Psychol Hum Percept Perform 1996; 22:
1463-70. 461-79.

Robbins TW, James M, Owen AM, Sahakian BJ, Mclnnes L,Spinnler H. The role of attention disorders in the cognitive deficits
Rabbitt P. Cambridge Neuropsychological Test Automated Batter®f dementia. In: Boller F, Grafman J, editors. Handbook of
(CANTAB): a factor analytic study of a large sample of normal neuropsychology, Vol. 5. Amsterdam: Elsevier; 1991. p. 79-122.

elderly volunteers. Dementia 1994; 5: 266-81.

W0} PSpPEOjUMO

upeoe//:sdiy

Sprague JM. The role of the superior colliculus in facilitating visual
Robinson DL, Petersen SE. The pulvinar and visual saliencedttention and form perception. Proc Natl Acad Sci USA 1991; 88:
[Review]. Trends Neurosci 1992; 15: 127-32. 1286-90.

Rogers SL, Farlow MR, Doody RS, Mohs R, Friedhoff LT. A 24- Squire LR. Memory and the hippocampus: a synthesis from findingsg
week, double-blind, placebo-controlled trial of donepezil in patientswith rats, monkeys, and humans [published erratum appears ins
with Alzheimer’s disease. Neurology 1998; 50: 136—45. Psychol Rev 1992; 99: 582]. [Review]. Psychol Rev 1992; 99: |3

. 195-231.
Rosvold HE, Mirsky AF, Sarason |, Bransome ED, Beck LH. A

continuous performance test of brain damage. J Consult Psych&tein DJ, Buchshaum MS, Hof PR, Siegel BV Jr, Shihabuddin L.
1956; 20: 343-50. Greater metabolic rate decreases in hippocampal formation and
roisocortex than in neocortex in Alzheimer's disease.
europsychobiology 1998; 37: 10-9.

Bny 91 uo 3senb Aq 986/25/€8€/€/22 |/oI01HE/UIRIG/W oD dNO

Sahakian BJ, Downes JJ, Eagger S, Evenden JL, Levy R, Philp
MP, et al. Sparing of attentional relative to mnemonic function in
a subgroup of patients with dementia of the Alzheimer type.Stuss DT, Benson DF. Neuropsychological studies of the frontal
Neuropsychologia 1990; 28: 1197-213. lobes. Psychol Bull 1984; 95: 3—-28.

Sahakian B, Jones G, Levy R, Gray J, Warburton D. The effects oStuss DT, Benson DF. The frontal lobes. New York: Raven Press;

nicotine on attention, information processing, and short-term1986.

T B s oea 50 o . e 5l DT, Eskes GA, Foster 2. Exgermentl neuropsyclogicl

J Psychiatry 1989; 155: 716. stud|es_ of frontal lobe functions. In: Boller F, Spinnler H, Hendler.
JA, editors. Handbook of neuropsychology, Vol. 9. Amsterdam:

Sahgal A, Galloway PH, McKeith I1G, Edwardson JA, Lloyd S. A Elsevier; 1994. p. 149-85.



404 R. J. Perry and J. R. Hodges

Terry RD, Masliah E, Salmon DP, Butters N, DeTeresa R, Hill R, in Alzheimer’s disease: neuron loss, neuritic plaques, and muscarinic
et al. Physical basis of cognitive alterations in Alzheimer’s diseasereceptor binding. Cereb Cortex 1992; 2: 526-35.

'S\lynaplsi;gf é?)-tgizmgi)or correlate of cognitive impairment. Anr\/oytko ML. Cognitive functions of the basal forebrain cholinergic
euro U I system in monkeys: memory or attention. Behav Brain Res 1996;

Tikofsky RS, Hellman RS, Parks RW. Single photon emission?5: 13-25.

computed tomography and applications to dementia. In: Parks RWyg|sh KA, Butters N, Hughes JP, Mohs RC, Heyman A. Detection

Zec RF, Wilson RS, editors. Neuropsychology of Alzheimer's ang staging of dementia in Alzheimer's disease: use of the
disease and other dementias. New York: Oxford University Pressyeuropsychological measures developed for the Consortium to
1993. p. 489-510. Establish a Registry for Alzheimer’s disease. Arch Neurol 1992;

Tranel D, Anderson SW, Benton A. Development of the concept o9 448-52.

‘executive function’ and its relationship to the frontal lobes. In: Wesnes K, Simpson P, Kidd A. An investigation of the range of

Boller F, Spinnler H, Hendler JA, editors. Handbook of cognitive impairments induced by scopolamine 0.6 mg s.c. Hum g
neuropsychology, Vol. 9. Amsterdam: Elsevier; 1994. p.125-48. Psychopharmacol 1988; 3: 27-41.

Treisman A, Gelade G. A feature-integration theory of attention.Wilkins AJ, Shallice T, McCarthy R. Frontal lesions and sustained
Cognit Psychol 1980; 12: 97-136. attention. Neuropsychologia 1987; 25: 359-65.

Wiol} papeojuM

Treisman AM, Sato S. Conjunction search revisited. J Exp PsychoyVolfe JM, Cave KR, Franzel SL. Guided search: an alternative to
Hum Percept Perform 1990; 16: 459-78. the feature integration model for visual search. J Exp Psychol Hum=

Percept Perform 1989; 15: 419-33.
Tulving E. Episodic and semantic memory. In: Tulving E, Donaldson )
W, editors. Organization of memory. New York: Academic Press;WOOdS DL, Courchesne E, Hlllyard ,SA’ Ga!ambos R. .Recovery
1972. p. 381-403. cycles of event related potentials in multiple detection tasks.
Electroencephalogr Clin Neurophysiol 1980; 50: 335-47.
Victoroff J, Ross GW, Benson DF, Verity MA, Vinters HV. Posterior Zimmer R, Leucht S, Radler T, Schmauss F, Gebhardt U, Lauters

cortical atrophy: neuropathologic correlations. [see comments] Arcl]_| o o
o g N . Variability of cerebral blood flow deficits in 99mTc-HMPAO
Neurol 1994; 51: 269-74. Comment in: Arch Neurol 1996; 53: 958'SPECT in patients with Alzheimer’s disease. J Neural Transm 1997;%

Viggiano MP. Event-related potentials in brain-injured patients with104: 689—701.
neuropsychological disorders: a review. [Review]. J Clin Exp
Neuropsychol 1996; 18: 631-47.

o-olwapeoe//:sd

00

Received August 12, 1998. Revised October 14, 1998.
Vogt BA, Crino PB, Vogt LJ. Reorganization of the cingulate cortex Accepted November 2, 1998

220z snbny 91 uo jsenb Aq 986/25/£8€/€/ZZ L/BI0IE/UIR]



