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1. Introduction
Research in the dld of aging and dmentiais a man concernas the population of elderly

people isgrowing continuouslydue to increasing life expectaneyd thusan accumulative
number of people who live well beyond 65 years of age run a risk of develagmg
associated neurodegenerative disorders of cognitive function,lIs8 as Al zhei mer
(AD), emerging as a major health probldrising rates of prevalence and incidemath age
(Bickel, 2000; Gao, Hendrie, Hall, & Hui, 1998; Hebert, Beckett, Scherr, & Evans, 2001; K
kull et al., 2002)are countered by prospects of effective theraihias at least, might be able
to slow or delay thg@rogression tAD and the course of AD, respectivelased on thesa
sumpton that earkr identification of people at risk of AD will lead to bettargnitive out-
come bye.g. medical interventionsesearcthas focused on methods to identify cognitive
disorders at the prodmmal stage othe illness the stage omild cognitive mpairment(MCI;
Petersen et al., 1999 particular, he amnestic form d¥ICl is generally considered a trans
tional stage between normal ageing and a diagnosis of clinically probabl@Pé®rsen,

2000)and therefora subject of intense investigation.

The present wrk is based ogrowingevidence that deficits misualselective attention occur
early in the progression to AQFoldi, Lobosco, & Schaefer, 2002nd therefore might be
present as the first nememory cficits (Perry & Hodges, 1999t the early prodromal MCI
stage.Despite intensive research done in this figdanieva, Phillips, Della Sala, & Henry,
2004b; Backman et al., 2004; Balota & Faust, 2002; Parasur&nitaxby, 1993; Perry &
Hodges, 1999here is still ongoing debate as to whether certain aspects of visual selective a
tention are particularly vulnerable or preservespeciallyat the stage of MCland whether
attentional functioning might be qualitatively and/ or quamvely different from attentional
performance at the AD stagm the one hand or normal functioning on the other hdnd
date,a huge variety of studies presedtesults on visualteentional functions in MCI and/ or

AD patientswhich areheterogeneous éuo several @sons:
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a) Heterogeneity in thetiology and application of clinical criteria especially with regard to

the various concepts of M@ad to difficulties ingathering from results of different studies

b) Furthermore, esults derived fromitferent paradigmdor attentional assessmeate not
highly comparablevhen they variedvith respect to taskask difficulty, stimuli, stimuli pres-
entation conditionsautomation €.g. manualversuscomputerizedtests) or response nee

surementé.g.readion time RT) or error rate).

c) Cognitive impairment in general andgnitive slowingin particular argpredominantlyas-
sociated with deceleration in motor response and thereftee measured bynanual e-
sponse times liké is done,for examplein the established clinical diagnostic tablT e st f o |
At tent i on al(TAP;ZmmemamadFomen51993With the application of such a
motor response depesrat too| it hasto be taken into accouttiat general cognitive slowing
might lead to a distortion of the evaluation of other cognitive functionshketterm meno-

ry capacity or togdown control which would undermine the theoretical independence-of a
tentional functionsReversely, even selective deficits in motor speed would not unamisiguou

ly point to reduced processing capacity as the underlying cause might be due to preidominan
ly prevailing motor disturbance$herefore, attentional assessmengloterly healthy subjects

as well as in patients suffering from coye degeneratioike AD should preferably be

based ontheoretically and empirically independent attentional components.

d) As even patients in the early stageA@f show remarkable cognitivend memorympair-
ment the application ofexclusively easyand intuitive tasks including simple instructions
would allow comparingattentional functions ofistinct stages in the course AD. In TAP
subtests |-gkddr tthhee 06GWA riisk(AmmemmanmoFinyn$1993)in-
structions would presumably be too difficult frlow for probable AD patients or comti-

wise, the experimenter could hardlyntl for comprehension of the task.

To overometheseshortcomings, thipresentwvork was designed to investigate selective vi

ual attentional functions in MCI and AD patients compared to healthy control subjects based
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on Bun dheayeai gseal attention (TVA; Bundesen, 1990, 1998Yhis theoretical

frameworkallows the assessment sdveralatent mathematicallyndependenand quanta-
tive parameteestimates which areéerived from two highly comparable pdrgmsi compu-

terizedwhole report and partial repat briefly presentedisualletter arrays

Before describing the theoreticahd mathematicdtamework of TVA in more detail, a short

overview of the studies presented in the chapt¢os is provided in the next section.
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2. Synopsis
In the following sections, English summaries of the three studies presented in this dissertation

are given. For a detailed German synopsis of the present work, see ¢hgmperl18 et

seqq.).

Research in the field of aging and dementia is a main concern as the population of elderly
people is growing continuously due to increasing life expectancy andathascumulatie
number of people who live well beyond 65 years of age run a risk of developing age
associated neurodegenerative disorders of

(AD), emerging as a major health problem.

The present work is based on growingdewce that deficits in visual selective attention occur
early in the progression to AQroldi et al., 2002and therefore might be present as the first
nonmemory deficitPerry & Hodges, 1999t the early prodromal stage of mild cognitive
impairment(MCI; Petersen et al., 1999he present dissertation was performed to contribute
to the still ongoing debate as to whetlsertain aspects of visuadlsctive attention are pa
ticularly vulnerable or preserved, especially at the stage of MCI, and whether attentional fun
tioning might be qualitatively and/ or quantitatively different frottemtional performance at

the AD st@e on the one hand or normal functioning on the other hand.

Ast heor et i cal theos ofwvisual Bitemiafiid/4; unmdesen, 1990,998)was
employed to assess several latent, mathematically independent and quantitative pasameter e
timates which are derived from two highly comparable paradige@mputerizedvhole e-

port and partial report of briefly presentedualletter arrays. Central conclusions arising out

of TVA-based investigation@.g., Bublak et al., 2005; Bublak, Redel, & Finke, 2006n-Du

can et al.,, 1999; Duncan et al., 2003; Finke et al., 2006; Gerlach, Marstrand, Habekost, &
Gade, 2005; Habekost & Bundesen, 2003; Habekost & Rostrup, 20086; étea., 2005)

point at four central strengths of this tool foteational asessmeni the quality criteria s&

sitivity, specificity, reliability and validity.
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2.1.Study 1
In AD, the amyloid cascade hypothegitardy & Selkoe, 2002assumes that rising plaque

and tangle burden invokes loss of nerve cells through direct and indirect effects on synaptic,
neuronal and neuritic functiofsee e.g. Cirrito et al., 20Q5)sulting in progressive intetle

tual decline. Thus, sensitive biomarkers loading functionally on the neural alterations invoked
by AD from ealy on, might improve the possibility to identify at risk subjects in time, jgkovi

ing a chance for effective treatmd@hah et al., 2008)he first study (see chaptérpp.31

et seqq.) examimkwhether cognitive parameters for estimating the capacity of visual atte

tion might serve that purpose.

Based on B990)d\¢As\esnabisformation uptake waanalyzedin 18 subjects
with probable AD, 18 subjects with amnestic MCI, and 18 healthy elderiyrol subjects.
Groups were matched for gender, age, and education. From a whole report task requiring ve
bal report of briefly presented letters, four parameters were dedladacterizinglifferent
aspects of visual processing capacity: perceptuakhioldt,, iconic memorye, processing

speedC, and visual shostermmemory (VSTM) storage capaciky

Comparison of these attentional parameters between groups revealed an elevationref the pe
ceptual threshold already in MCI subjects, while processpegd and VSTM storage capac

ty showed a significant decline for AD patients, only. AD patients on medicatioraeetij-
cholineesterase inhibitors had higher processing speed, but were still below the level of MCI
patients. Perceptual threshold valuesengignificantly correlated with disease duration, but
not with cognitive measures. Conversely, speed and VSTM were significantly relateg to co
nitive scores, but not to disease duration. In particular, VSTM storage was related f@ neuro
sychological taskspplying visual material (picture naming and visomstruction), while

speed showed an additional relationship also to measures of verbal memory.

These results indicate a staged pattern of deficits affectingtignetive visual processing in

MCI, and aténtive processing in AD. They fit into the amyloid cascade hypothesis according
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to which the neuropathology of AD eharacterizedby a net accumulation and deposition of
b-amyloid (A B in the initial phase, giving rise to neuronal and neudisfunction. Later,
gradual neuronal loss and transmitter disturbances finally cause the increasing intekectual d
cline during further progression of the disease. A threshold elevation may thus be considered
as a possible index of impaired neuronal fuorgtig prior to cell death, while speed and
VSTM deficits may be indicative already of a substantial loss of neuronal cell assemblies and

a degeneration of neurotransmitter systems.

2.2.Study 2
AD is the most frequent form of dementia which appears bothawsildl and a sporadicav

riant. In the by far more frequent sporadic form, a genetic risk factor is also implicated, in that
carriers of the apolipoprotein E U4 ap-lele
ing the disease, compared to raariers (Blennow, de Leon, & Zetterberg, 200&)sing an
identical TVA-based partial report paradigas in the present studifzinke et al(2006) had

found a close relationship between the severitthe underlying genetic pathology in another
neurodegenerative, namely Huntingtonoés-, dis
tional weighting. Sensitive tools for assessing selective visual attention might serve as early
cognitive markersn the course of AD and therefore enhance the identification raterigkat
subjects at the MCI stag&hah et al., 2008s well as of subjects with underlying genetic

risk (ApoE4). The second study (see chapiepp. 60 et seqg aimed at examining whether
attentional parameters of visuospatial and-tatkted selection are appropriate means for that

purpose.

Visual selective attention was investigated in 32 patients with amnestic MCI, 16 patients with
probable AD, and 36 hehlf elderly control subjects. Groups were matched for age, gender
and educational l evel . (19800)T¥A, twb matherhaticaliyn- wi t h

dependent and quantitative parameter estimates were derived from a partial report of briefly
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presented letter arrays: tolown control of attentional selection, representing-tatidted &
tenional weighting for prioritizing relevant visual objects, and spatial distribution afi-atte

tional weights across the left and rigigual hemifield.

Compared to controls, MCI patients showed significantly reduceddam controlled sete

tion whichfurther deteriorated in AD subjects. Moreover, attentional weighting wasisignif
cantly unbalanced across hemifields in MCI and tended to be more lateralized in ADaThe m
jority of patients was biased to the left. Across MCI and AD patiémsE4 carriersrevealed

a leftward spatial bias. The leftward bias was the more pronounced the younger the ApoE4
positive patients and the earlier disease onset. Ajpelgative subjects showed balanced a

tentional weighting.

These results indicate that impaired-tigwwn control may be linked to early dysfunction of
cortico-cortical networks connecting parietal and frontal lobes. Accompanying, an early inte
hemispheric asymmetry in tempegparietal cortical interactions might cause a pathological
spatial bias. As the inhigance of ApoE4 is associated wihn interhemispheric imbalance in
parietalcortical interactionsa pathological spatial bias may function as early cognitiv&-mar

er for detecting subjects at risk for probable AD.

2.3.Study 3

In the latter study, th&VVA-based partial report paradigm proved to be a sensitive toogfor v

rifying that both, deficits in taskelated selection and a pathological attentional imbalance,
are already present at the early stage of amnestic MCI and increase further at theeAD stag
(see second study, chapterpp. 60 et seqq.). It ws hypothesized that these deficiencies in
selective attention may result from an early disconnection syndrome and an interhemispheric
imbalance in cortical interactions, respectively, in the frgpatoetal attention network, before
gradual neuronal lodeads to further decline in selective attentional and intellectual functions

at later stages.
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In the third study (see chapt@rpp.93 et seqq.), these hypotheses were tested by inviestiga
ing the relationship of both partial report parameters;dimpn controlU and especially the
laterality index of attembnal weightingw,, to regional glucose metabolism measured bty res
ing-state positron emission tomography (PET) in a sample of 30 amnestic MCI or mild AD

patients.

Hypometabolism across all patients was slightly increased in the left hemidpkenesting-

ly, the more reduced the metabolism in the left temypantetal junction (TPJ) the moregpr
nounced was the tegpown control deficit. Accordingly, hypometabolism in the left TPS-pr
dicted the magnitude of the spatial bias. Furthermore, relayipemetabolism in the left TPJ
and leftinferior parietal lobelPL) as compared to the right TPJ and right IPL, respectively,

was correlated with direicih and degree of spatial bias.

Taken together, PET imaging results support the hypotheses thateaneethand, early e

icits in taskrelated weighting may result from a frorparietal disconnection syndromé a

ready at the stage of MCI. On the other hand, very early AD seems to be also associated with
an interhemispheric imbalance of metabolism, paldity in the temporgparietal cortices,

resulting in a correspondingly directed and distinctive vsp@tial attentional bias.

2.4.Conclusions and outlook
This dissertation intended to investigate the probable valuable contribution of the whole and

partialreport of briefly presentedlete r ar r ay s b atheory of visual &teiond e s e n
(TVA; Bundesen, 1990, 1998; Bundesen, Habekost, & Kyllingsbaek, 20@)sessingm-

nestic MCl and AD patients in comparison to healthy elderly contitmésts.

The results of the three presented studies suggest a staging model of visual selegtive atte
tional impairments in MCI and AD. Deficits of pegtentive processing (perceptual threshold
to), taskrelated (topdown controlU) and spatial weightingldterality index of attentional

weightingw,) were already detectable in MCI patients, while aspects of processing capacity
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(perceptual processing spe€dand VSTM storage capacitg) were still intact. At a later
stage of the disease, further deterioratid topdown controlU and increasingdateralization
of spatial weightingw,. accompanied impairments in perceptual processing s@eadd

VSTM storage capaciti.

In conclusion, the TVAbased assessment of selective visual attention proved tednsitive
diagnostic tool for revealing subtle deficits already at the stage of MCI which might exhibit
the capability of an early cognitive marker for the identification of subjects at risk oT&D.

address this question, this survey needs to be comptechby longitudinal studies.
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3. Theory of visual atention (TVA)
The theory of visual attention (TVA) by Claus Bundeg@undesen, 1990, 1992, 1998;rBu

desen et al., 2008 a formal computational theory integragiboth, aspects of ear(g.g., fi-
ter theory by Broadbent, 1958; feature integration theory by Treisman & Gelade,al®@B0)
late visual attentional selectiofiDeutsch & Deutsch, 1963hto one unified mechanism of
visual recognition and attentional selection. Accordingly, in TVéedion and recognition
are assumed toharacterizéhe same process] operation and thefiore occur at the same

time. As a result, an object in the visual fields&ected when it isecognized,and vice versa.

As TVA was developed from u ¢ €1859)choice mode[see also Bundesen, Pestm, &
Larsen, 1984; Bundesen, Shibuya, & Larsen, 198Bj)ch was integrated in the framework of
the race modgBundesen, 1987)n the one handnd from a fixeecapacity fousparameter
independent race modéFIRM; Shibuya & Bundesen, 1988hese models will not be i
cussed herel' VA is a mathematical model witktrong relations to the biasedmpetition a-
count of attentional selection proposed by Desisnand DuncaiiDesimone, 1998; Des
mone & Duncan, 1995; Duncan, Humphreys, & Ward, 198@) a detadd matlematical ce-

scription of TVA, see Bundesdh990, 1998)Duncan et al(1999) or Kyllingsbaek(2006)

3.1.Basic assumptions and equations

Perceptualcategorizationsare at the basis of visual recognition and attentional selection in

TVA. Visual information intake is a process by which evidence is accumulated that a visual
perceptual unit in the visual fieldbjectx, belongs to a certaiperceptuatategoryi (the dass
of all objects thaexhibit a certaicommonfeaturg andis characterizedby a certainpercep-
tual featurej (e.g.a specificcolor, shape movementpr spatial locatioip According to thata
set of red objects would be indicative @fperceptuatategorizatiorwith regard tocolor; in

view of shape, &tterset of the charactetcould be exemplified.
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The probability that a specific categorization is selected is dependent on both, the strength of
the sensory evidence thabjectx belongs to a articular category and the strength of the
sensory evidence thatbears a certain perceptuahturej. The representation of relatively
weaker or stronger sensory evidence is not on equality with conscious recognition i&nd atte
tional selection. Decisits on the affiliation of an object to a specibierceptuatategoryare
computedbefore the start of the selection procéssaconsequenceghe objectx can only be
identified or selected (which is synonymous in TVas belonging to categorywhen it is
encoded into a capacitynited visual shortterm memory (VSTM) storeTo consider this
matter from another angle, an obj&ds assumed to be represented in the VSTM sidren

somecategorizatiorof objectx enteredhis store.

According to VA, objects in the visual field are processed in parallel and compete for sele
tion, that i s, 6consciousd represe€hetsald-i on
tion mechanism is temporally restricted so that only those objects may be reponted f

briefly presented visual display whidampledcategorizationsare completely encoded into

VSTM, before the decay of the sensory representation of the visual stimulus array and before
the VSTM is completely filled with other elemenltkthe perceptal categorizatiorof object

x is not completely processed/ sampled or if it was sampled but the VSTMssfithesd up

with K other elements, not containing a representatiarbyectx, the categorizatiorof object

x will be lost Thus, objeckx wo n 0 t be selected into uMeSsSTIM ar
there are less thak elements represented in VSTM stoRarametelK, an estimation of

VSTM storage capacityrepresentshe maximum number of objects that can be consciously
maintained in paradl in VSTM (expressed in number of elem@ni®ypically, parameteK

reaches between three to four elements in healthy sulfratslesen et al., 1984; Bundesen

et al., 1985; Finke et al., 200%)bjects (i.e. targets) thamtered the VSTM store are cortec

ly identified with a probability close to 100% regardless of whether other elements is-the vi

ual field are encoded or not. Thus, the maximum number of elements represented in VSTM
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store, parameteK, is independent of display siZBundesen et al., 1984; Bundesen et al.,

1985)

It is important to differentiate between thmited capacity of the VSTM store with regard to

the number of object¥, that might be represented at the maximum, and thdimded
amount of object categorizations, provided the following prerequisites are estaldisbeed:
tegorization®f objectx can always enter the VSTM as longtlas corresponding object i a

ready encoded into VSTNirrespectiveof whether it is filledcompletely withK element}

and therefore represented with aevariouscategorizationsb) the categorizatiorof objectx

can be sampled and represented in VSTM in case of les&teacoded element3hese a-
sumptions are in line with a study by Luck and Vod€l97)who were able to demonstrate

that VSTM capacity must be interpreted as integrated oldpeeisng e.gseveralfeatures or
categorizationshat are bound together and related to one single object representation instead

of individual unconnected features.

3.1.1.Single stimulus identification
When a single object is considered, the probability of coobjgctidentification is a fun-

tion of exposure duration. It can beodeledby an exponential growth function originating

from a threshold valug, beneath which nothing is perceived, rising steeply with increasing
presentation time, and approaching an asymptote when additional presentation time does not
yield any further effecon report probability. The slope of this function at its origin reflects
processing speed which is determined by the available capacity of attésgienKy-
lingsbaek, 2006, for a mathematical dgstton). An illustration of this process is given in the

second study of this dissertation (§egure4, p.44).

Given thatx is the only object in the visual display,h i s s i n gploeessmg ratepndent 0 s
termines the speed of t he o0bjbasic sedsery affecitve t 0\

nessof objectx, denoteds, (Bundesen, 1990, 1998he sensory effectiveness of an obgct
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is determined by several influences such as stimulus discriminability, contrast and spatial |

cationin relation to fixation(see also sectio5.3.3.3 pp.72et seq.).

3.1.2.Selection from multi-element displays
In the case of multiple objects present in the visual figld, limiting factors emergea) the

amount of the attemnal capacity available ano) the capacity of the VSTM stor@bout

four objects in healthy young subjects; see Cowan, 2001 first constraint implies allae

tion of attention across all objects, which reduces the capacity each object receiveseand ther
by decreases the processing speeadah object. The second constraint relates to the-term

nation of the selection process, which occurs when the VSTM store is completely filled.

Thus, according to TVA, which considers the competition between multiple objects for sele

tion as a race towasdVSTM, the efficiency of visual processing is primadharacterizedby

two components: visual processing speed and the VSTM storage capacity. These components
can be assessed by a whole report task, in which letter arrays are briefly presented, either
masked or unmasked, and subjects haverto re
formance can then bmodeledby four parametergperceptualprocessing spee@ (i.e. the

slope of the exponential growth function), VSTM storage cap#citye. theasymptote of the
function), a perceptual threshalg and an estimation of iconic memauy(or visual pers-

tence) derived from unmasked displéiyllingsbaek, 2006)For a detailed illustration of the

exponential growth function séegure4 (p. 44).

3.1.2.1.Equation 11 rate equation
As the selection of a visual objestsynonymous with its encoding into a VSTM store with

limited capacity, the probahiyi of selection is determinea) b y a nprocebsjngrate, 6 s
which depends on thattentional weightw it receives, andb) by the capacity of the VSTM

store (if the store is filled, the selection process terminafésien an object is presented in
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the visual field and is assigned to a certain perceptual categbey hazard function of this

process is assumed to: ey Q= s(w Y ﬁ (equation 1; Bundesen, 1990)

The strength othe sensory evidence that elemgrielongs to categoryis represented by

d ( xB i$ 8 perceptual decision bias associated with catédoiy b @ ,hrdw, andw, are
attentional weights oélementsx andz, respectivelySis the set of all elements in the visual
field. The denominator of the third factor representséfetive attentional weight of object

(in reference to the sum of attentional weights for all elements in the visual fielde-Cons
quently, the third factoof the rate equation indicates the portion of the total available ieapac

ty that is allocated to objegt(e.g. Bundesen, 1990)

With regard to central TVA parameters, it should be mentioned that perceptual processing
speedC is defined as the sum wfvalues across all perceptual categorizations of all elements
in the visual field while VSTM storage capaciky corresponds to the asymptote of the
growths functiorrelating mean number of reported visual objects to exposure duratian. Par
meterK represerd the maximum number of reported elements on any single trial at any exp
sure duratiorfe.g. Duncan et al., 199%urther details are provided in chap4e3.3(pp. 42 et

seq.)of the second study.

3.1.2.2.Equation 21 weight equation

Due to the limitation of VSTM capacity ¢ distinct elements, the resultiparallelrace for
selection(see also the 'biased competition model' by Desimone & Duncan, 48@k)g -
jects in the visual display can be biased such that some objedtsvaredfor selection/ a-
coding into VSTM, especially if display elements outnumber VSTM capHEcifyccording to

the TVA model, to each element in the visual field a corresporattegtional weightv is as-
signed. The probability of a neselected visual object to be encoded into VSTM depends on
the relative attentional weight of that specific objectetation to the summed attentional
weights of all other noselected objects in the visual displésee equation 1; Bundesen,

1990) Attentional weights are derived fromertinence values;; (Bundesen, 1998; Wy
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lingsbaek, 2006)Every perceptal category is assigned a pertinence value which is a
measureaeflectingthe current importance ottanding to elements that belong to category
The attentional weight afveryobjectx in the visual field igletermined by the second central

equaion of TVA: 0y = Bygys(X,j) “o(eqution 2; Bundesen, 1990)

Ris the set of all perceptual categorig,j) is thestrength of the sensory evidence that el

mentx belongs to categofly and’; is the pertinence value of categpBundesen, 1990)

Importantly, further central TVAased parameters are derived from attentional weights
which are estimated separately for each object in the visual difj@degmeterdp-down can-

trol U, reflecting taskelated weighting for prioritizing relevant vial objects for processing,
indicates whether attentional weights for targets (T) are greater than the weights for distra
tors (D and is defined as the ratw / wy. The spatial distribution of attentional weights
across the left and righiemifields, parameten,, is derived from separate attentional weights
for the left (Me) and the right visual hemifieldmign). Parametem,.is defined as the ratio

Wiet /| (Wiett + Wright). See chapte.3.3(pp. 70 et seqqg.for additional information.

3.2. A neural theory of visual attention (NTVA)
TVA (Bundesen, 1990 able to account for a broad range of data from the experimental

psychological literaturen visual selective attention. The neural theory of visual attention
(NTVA; Bundesen et al., 200%)so bridges the gap to neurophysgy by explaining a wide

range of attentional effects derived from single cell recordings, and by making exglicit a
sumptions about a neural interpretation of its parameters. For example, processing speed is
assumed taeflect the number and activation of cortical neurons representing visual objects,
while VSTM storage is thought to represent the function afor&l populations arranged in

a feedback circuitry to actively maintain object representaidusdesen et al., 2005)

Parameter topglown controlU and the spatial distribution afttentionw,. are both derived

from attentional weights that are computed for each element in the visual display. In terms of
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NTVA (Bundesen et al., 20053ttentional weights are assumed to be represented as cortical
activation in a saliency map which may be located inatigely interconnectegulvinar nie-

leus of the thalamud/ia attentional weights, the reallocation of atien is corrolled bydy-

namic remapping of receptive fields of cortical neurons. The higher the attentional weight of a
visual object, the more neurons are assigned to that objectedCensly, selective processing

of aprioritized object results from the amountpsbcessing @pacity allocated to this element
which is dependent on the attentional weight of that olfiaotdesen et al., 2009n healthy
subjects, more processingsources are dedicated to important objects, i.e. taigetntrast

to distractors, indicatingitact topdown controlU (Desimone & Duncan, 1995Accordingly,

the parameter spatial distribution of attentional weightsiight reflect the distribution ohi

terhemispheric cortical activifpesimone & Duncan, 1995; Peers et al., 2005)

3.3. TVA -basedattentional assessment
The whole report paradigm as well as the partial report paradigthe central experimental

applicati ons oBundBsem D@0k thenstudies af thé\presensskration.

3.3.1.Whole and partial report paradigms
A) B)

BRIEK PRICKIER

Figure 1: Schematic illustration of the TVA-based (A) whole and (B) partial report para-
digms
(A): Different trial types with presentation of five equidistant letters (either red or green, respectively) in columns
on the left or the right of the fixation cross are shown. (B): 16 different trial types were presented: 4 single target
(depicted as 06T©0, a |l waryasc troerd )(,d e8p itcaregle tasp loubsd ,diasliways
tions.



3. Theory of visual attention (TVA) 3.3 TVA-based attentional assessment 28

We used a whole report tagkigurel A), in which letter arrays are briefly pesged, either
masked or unmasked, and subjects have to report as many letters as posdie exact
whole report instructions, séestruction1 andInstruction2, p. 126). The whole report task,
procedure, stimuli and apparatus are described in detail in the first study of this dissertation

(see chaptet.3.2 pp.39et seqq.).

The whole report task was combined t h B u n d gseeengdBundds¥nhA199A)or-

der to assess four mathematically independent and quantitative parameter estimates describing
facetsof visual information intake in general and spec#di&pects oprocessing capacityd)
parametet, (expressed in milliseconds), the estimated threshold value (minimum resent
tion time) beneath which nothing is peived b) parameter (also expressed in itfise-

conds), the iconic memory buffer estimated from the difference in accuracy beivween
masked and masked display};parametelC, an estimation of visuglerceptualprocessing
speedreflecting therate of information uptakduring visual processingz{pressed in nm-

bers of elemets processed per second); ancgdrameteK, an estimation of VSTM storage
capacityrepresentinghe maximum number of objects that cancbesciously maintained in

parallelin VSTM (expressed in number of aents; see alsdapterd.3.3 pp.42, et seq.).

Besides the whole report task taskwas employedequiring partial report obriefly pre-

sented lettets based on B UWAM(sesFgurdl 8). Suldjeetd Weje instructed

report only predefinedtarget letters while ignoring green distractor letters. For detaited i
formation on test instructions, skestruction3 andInstruction4 (p. 127). Details on the pa

tial report assessment (task, procedure, stimuli and apparatus) are provided in the second

study of this dissertation (see chafe3.2 pp.68 et seqq.).

The partial report paradigm allowed derivihgo independent quantitativparameter est
mates for characterizing specific aspects of attentional weighting, such -asléasl weigh

ing for prioritizing relevant visual objects for processing {timwvn controll) and the spatial
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distribution of attentional weights across the left and rgimifields, parametew.. (for more

detailed informationsee chpter5.3.3 pp.70 et seqq.)

3.3.2.Advantages

The TVA-based approach permits parametric estimates to be derived from performance in

two psychophysical tasks that refldmdth, aspects of processing capacity (e.g., perceptual
processing speed and VSTM storage capacii), assessed by a whole report task, arsd sp
tial (parameter laterality of attentional weighting) as well as taskelated (parameter tep

down controll) aspects of attentionaleighting evaluated by a partial report experiment.

In both highly identical paradigms (identical stimuli, similar tasks), subjects are simply asked
to OReport as many | etters as poslsdtbtlerbés (owr
(partial report), respectively, with the experimenter typing in all reported letters. Evein cogn
tively severely impaired patients like neglect patigfidablak et al., 2005; Duncan et al.,
1999)or Hunt i ngt on §Binkedet &.e2806)ere pldetto complete both, the

whole and partial report task

In general, whole and partial report can be considered as simple psychophysical tasks which
were already successfully applied to several clinical populations like focaldaaiaged a-
tientsincluding partly subjectswith subclinical attention deficitBublak et al., 2005; Gerlach

et al., 2005; Habekost & Bdesen, 2003; Habekost & Rostrup, 2006; Peers et al., ,2085)

lect patientgBublak et al., 2005; Duncan et al., 199%atients suffering from simwhagro-
sia(Duncan et al.,, 2003) Hunt i n g t(Fonkebes al., 00638 wedl as MCI and AD
(Bublak et al., 2006)Central conclusions arising out of TW#ased invesgations (.e. stu-
diesmentioned aboveg)oint atfour central strengths of this tool for attentional assessiment

the quality criterissensitivity, specifitty, reliability and validity.

Notably, TVA-based attentional assessment completely abandorAsas€l measureme

Thus, confounds by motor dysfunction are ruled out. Accordingly, parameters are derived
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from raw data accuracy measurement of correctly reported letters. Therefore, interpretation of
all parameter values is legitimate even if e.g. slowing of mentalepsing speed would be

the underlying symptom of a patient.

A further advantage of both paradigms is the fact that task difficulty is adapted to each of the
subjects by individual adjustment of exposure duration which permits to control for @mpar
ble tag demands, for instance, when assessing healthy subjects, MCIl and AD patients within

one scope of research question, as presentadidissertation.
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4. Study 1: Visual processing capacityn MCIl and AD

In this study, attentional functions wisual information intake angrocessing capacity were

analyzedin a whole report task (WRp patients withamnesticmild cognitive impairment

(MChand Al zhei A®) 0s di sease

4.1. Abstract

The presenstudyanalyzedvisual information uptake based on Bend e (199®)theory of

visual attention (TVA) in 18 subjects with
with amnestic mild cognitive impairment (MCI), and 18 healthy elderly control subjects.
Groups were matched for gender, age, and education. From a whatetask requiring we

bal report of briefly presented letters, four parameters were dedhadacterizingifferent

aspects of visual processingpacity: perceptual thresholgl iconic memorye, processing

speedC, and visual shotterm memory (VSTM}torage capaciti{.

Comparison of these attentional parameters between groups revealed an elevationref the pe
ceptual threshold already in MCI subjects, while processing speed and VSTM storage capac
ty showed a significant decline for AD patients, onlyD patients on medication witlicety-
cholineesterase inhibitors had higher processing speed, but were still below the level of MCI
patients. Perceptual threshold values were significantly correlated with disease duration, but
not with cognitive measures.oBversely, speed and VSTM were significantly related tp co
nitive scores, but not to disease duration. In particular, VSTM storage was related @ neuro
sychological tasks applying visual material (picture naming and agsuostruction), while

speed showedn additional relationship also to measures of verbal memory.

These results indicate a staged pattern of deficits affectingtimeative visual processing in
MCI, and attentive processing in AD. They fit into the amyloid cascade hypothesis according
to which the neuropathology of AD isharacterizedby a net accumulation and deposition of

b-a my | o i ih thé iAitial)phase, giving rise to neuronal and neuritic dysfunction. Later,
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gradual neuronal loss and transmitter disturbances finally cause the imgliegslectual @-

cline during further progression of the disease. A threshold elevation may thus be considered
as a possible index of impaired neuronal functioning prior to cell death, while speed and
VSTM deficits may be indicative already of a subgtdrbss of neuronal cell assemblies and

a degeneration of neurotransmitter systems.

4.2.Introduction and aim of the study
Al zhei mer 6s disease (AD) i's the most frequ

exponentially increases with age, so that apne third of individuals aged above 80 years
are affectedBlennow et al., 2006)it takes a slowly progressive course, typicaliyh ep-

sodic memory impairment as the first ostensible cognitive sign. ADbpetnology ischara-
terizedby an increasing load of senile plaques and neurofibrillary tangles in the brain, due to

an i mbal ance between t hamplroiddciAon. and cl e
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Figure2: Amyl oi d cascade hypothesis in Al zhei meroés

AAccmg dtio this hypothesi s, the central event in tohe dise.
duction and clearance, with increased Ab production in fa
di sease. Ab ol i go mer ippocampalllodg-taim potertidtibnyand iimpdirisymaptic fuhction, in
addition to the inflammatory and oxidative stress caused

impair neuronal and synaptic function with resulting neurotransmitter deficits and cognitive symptoms. Tau pa-
thology with tangle formation is regarded as a downstream event, but could contribute to neuronal dysfunction
and cogni ti (seepsdimBenhnowss a., 2006; see also Hardy & Selkoe, 2002).
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The amyloid cascade hypothefitardy & Selkoe, 2002assumes that rising plaque and-ta

gle burden invokes loss of nerve cells through direct and indirect effects on synaptoahe

and neuritic functiorfsee e.g. Cirrito et al., 20pSesulting in progressive intellectual decline
(seeFigure?2). Presumably, the pathological load starts yeafsréeahe clinical onset buer

mains undetected until a critical threshold is reached and the first symptom&ansieier et

al., 2006; Nestor, Scheltens, & Hodges, 2004jis transitional stage, when slight cognitive
deficits already exist but do not yet exert adverse effects on activities of daily living, is termed
Amild cognitive i mpairmento (MCI). MCH- not
jects remaining stable @ven returning to normal over time. However, it represents-askat
state with more than half of the subjects converting to dementia within five (&authier et

al., 2006; Levey eal., 2006; Nestor et al., 2004n particular, for AD the amnestic type of
MCI is known to bear a high risk for progression to dementia, especially so, if additional def
cits of nonmemory @mains are also prese(hlexopoulos et al., 2006; Alladi et al., 2006;

Gauthier et al., 2006)

Attention is one of the cognitive domains most likelybe affected already at early stages of
AD (Foldi et al., 2002; Perry & Hodges, 1999, 2Q0Bj)is is allegeable considering several
important features of AD neuropathology. For example, large cortical neurons geérprefer
tially lost, inducing a corticeortical disconnectioiiDelatour, Blanchard, Pradier, & Dugc
aerts, 2004)hat not only affects hippocampal functions, but also destroys the neural network
nodes supporting attentional functiof®org et al., 2007)In particular, accumulation of g
gues and tangles in visual association a(Besak, Brak, & Kalus, 1989)may underlie def

cits of visual attention. Finally, degeneration of the basal nucésutisin decline of cortio-
petal cholinergic inpuCoyle, Price, & DeLong, 1983; Mesulam, 200A} cholinergic po-
jections attain to virtually all cortical regions and are able twlutate the processing of
sensory stimul{Sarter & Bruno, 2000; Sarter, Hasselmo, Bruno, & Givens, R@b&ir loss

additionally contributes not only to learning, but also to attentional deficits. Importantly, all
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these features described can already be found in MCI patiéetisolz, 2008; Herholz et al.,
2005; McKee et al., 2006Yhus, sensiie biomarkers loading functionally on the neura¢-alt
rations invoked by AD from early on, might improve the possibility to identify at risk subjects
in time, providing a chance for effective treatmgslhah et al., 2008)The present studyxe
amines whether cognitiveaameters for estimating the capacity of visual attention might

serve that purpose.

A decisive progress in this direction has already been made by the assessvisaral qie-

ceptual speed based on thecsdled inspection time paradigf@eary, 2001; Vickers, Nette

beck, & Willson, 1972) I n t hi s task, subject s-lkashae pr es
that has two arms of different lengths, and have to decide which one (left or right) isgthe lon

er. By assessing performance accuracy as a function of presentation time in this task, an est
mation of the speed of visual information uptake isweeti Inspection time (IT) has been
shown to be significant | (Johnsonetrale 2094l inibath Par |
subjects with AD(Deary, Hunter, Langar& Goodwin, 1991)and with MCI(Bonney et al.,

2006) Pharmacological studies have confirmed a strong relationship between perceptual
speed, as assessed By &nd the functional state of the cholinergic sys{etatchison, N-

than, Mrazek, & Stough, 2001; Nathan & Stough, 2001; Stough, Thompson, Bates, & Nathan,

2001)

However, studiessing the IT approach have also raised some unresolved issues. Fer exa
ple, although a relationship to intelligence is well establis{i2gary, 2001; Grudnik &
Kranzler, 2001;Schweizer & Koch, 2003)the exact role of the cognitive mechanisras r
flected by IT is not sufficiently understogBurns & Nettelbeck, 2003; Deary, 2000) addi-

tion, it has become increasingly clear that IT has a more complex psychological nature than
initially thought and might encompass not only a pure speed component, but alss-other a
pects such as perceptual thresholds or even higher functions related to memory, atte

tion, and cgnitive control(Nettelbeck, 2001)
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A theoretical framework that is more explicit with respect to the integration of differemt co
ponents of \gual information intake is the theory of visual attentfdiYA) proposed by Bo-
desen(1990, 1998) TVA is a computational model of visual selective attention with a strong
association to the asedcompetition frameworkDesimone, 1998; Desimone & Duncan,

1995; Duncan et al., 1997)ccording to TVA, visual information intake is a process by
which evidence is accumul ated thegtory Wi ®udl
red objects) and bears a certain feature 0.
canbe identified, which in TVA is synonymous with its selectioni an TVA termsi encal-

ing into a visuakhortterm memory (VSTM) store. When a single object is considered, the
probability of correct identification is a function of exposure duration. ritlmamodeledby

an exponential growth function originating from a threshold véjubeneath which nothing

is perceived, rising steeply with increasing presentation time, and approaching an asymptote
when additional presentation time does not yield anyhéu effect on report probability. The

slope of this function at its origin reflects processing speed which isrdeésl by the avaal-

ble capacity of attentio(see Kyllingsbaek, 2006, for a mathatical ascription)

In the case of multiple objects present in the visual figld, limiting factors emerge:)dhe

amount of the attemnal capacity available and khe capacity of the VSTM stof@about 4

objects in healthy young subjects; see Cowan, 20019 first constraint implies lacation of

attention across all objects, which reduces the capacity each object receives and thereby d
creases the processing speed for each object. The second constraint relates to the termination

of the selection process, which occurs when the VSTM ssazompletely filled.

Thus, according to TVA, which considers the competition between multiple objects for sele
tion as a race towards VSTM, the efficiency of visual processing is princhahacterizedby

two components: visual processing speed aadtBTM storage capacity. These components
can be assessed by &ale report task, in which letter arrays are briefly presented, either

masked or unmasked, and subjects haverto re
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formance can then bmodeledby four parameters: processing speed (i.e. the slope okihe e
ponential growth function), VSTM storage capacity (i.e. the asymptote of the functiom), a pe
ceptual threshold, and an estimation of iconic memory (or visual persistence) derived from

unmasked dplays(Kyllingsbaek, 2006)

TVA is able to account for a broad range of data from the experimental psychologieal liter
ture on visual selective attention. It also bridges the gap to neurophysiology by explaining a
wide range of attentional effects derived fromgse cell recordings, and by making explicit
assumptions about a neural interpretation of its parameters. For example, processing speed is
assumed to reflect the number and activation of cortical neurons representing visual objects,
while VSTM storage ishtought to represent the function of neuronal populations arranged in

a feedback circuitry to actively maintain object representa{idusdesen et al., 2005)

In recent years, the TVA based approach has been successfully applied to several clinical
populationgBublak et al., 2005; Duncan et al., 1999; Gerlach et al., 2005; Habekost-& Bu
desen, 2003; Habekost & Rostrup, 2006, 2007; Peails @005) In particular, in a previous
study assessing t he subcortical dementi a
processing and the VSTM storage capaesiyereduced and this decline was significangy r

lated to the disease sta@enke et al., 2006)

In the present study, the same methodologyg appliedo AD asa cortical dementia, in order

to examine whether there would be a systematic decrease of processing capacity at different
stages of the disease, thatasnesticMCI and dementia. In addition, perceptual threshold

and iconic memory parametesgre also &sessedso as to obtain a more complete picture of

the factors contributing to the purported impairment of visual information intake during the
course of AD. In general, for all aspects, an incremental decline in MCI compared to healthy

subjectsvas expeted and in AD compared to MCI subjects.
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4.3.Method

4.3.1.Subjects
Overall, 54 subjects 18 patients with probable AD, 18 MCI patients, and 18 healthy control

subjects participated in this study. The three groups were matched for geA(®r(.15; p

> .90),age E(2, 53) = .35p > .70), and educatior(2, 53) = 1.09p > .30). Disease duration
(time since symptom onset) tended to be longer in AD than in MCI subj@#3 € 1.87p <
.10). Demographic data are summarized able 1. Patients were recruited from the Memory
Clinic of the Department of Psychiatry, Technical University, Munich, Germany; control su

jects by wordof-mouth and notice board advertising.

All patients underwent a standardized diagnostic assessment comprising medical history (both
patient and informant interview); medical, neurological, and psychiatric examinationpneuro
sychological assessment usig ttest battery of the Consortium to Establish a Registry for
Al z hei me r (CBERADNPsGeanareversion; Thalmann and Mong&B97) seeTest

1, pp. 141 et seqg, which includes the MinMental State Examinatio(MMSE; Folstein,
Folstein, & McHugh, 1975and the Clock Drawing Te¢CDT; Shulmann et a[1993) se

Test2, pp. 155 et seq.)rating of the overall seveyitof cognitive deficits using the Clinical
Dementia Rating scal€DR; Morris(1993) seeTest3, ppl57 et seqq.)structural brainm-

aging (MRI) and blood tests. The results of the neuropsychological testing are also provided

in Tablel. Details forindividual MCI and AD subjects are provided Trable8 (p. 128).
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Table 1: WR: Demographic and neuropsychological data for MCI and AD patients and

healthy controls

See also Table 8 (p. 128).

Values represent mean scores (and standard deviations).

AD: subjects with probable Alzhe i mer 6 s di sease; MCI : subjects witm mild cc¢
trol subjects; CDR: clinical dementia rating; MMSE: Mini Mental State Examination; CERAD: Consortium to Es-
tablishaRegi stry for Al zheimero6s Disease; n.a.: not applied.
**: AD versus MCI, p <.01; *: AD versus MCI, p <.05; +: AD versus MCI, p <.08

$8: MCI versus HC, p < .01;

% Values represent median (and range);

®: Norm values taken from the CERAD manual.

¢ Cut-off score

AD MCI HC
Gender fnale /female) 7711 8/10 71/11
Age (years) 68.3(9.0 698 (5.0 68.0(6.0)
Education (years) 9.9 (1.5) 10.8 (1.9) 10.6 (2.0)
MMSE (max. 30) 22.5 (2.4Y 27.4 (1.2%° 29.0 (1.1)
Disease duratioryéars 3.4(1.9" 2.5(1.2 -
CDR sum scofe 4.3 (3.57.0) 2.0 (0.53.5) -
CERADtotal score 66.0 (10.8) 83.5(13.0) n.a.
Category Fluency (animals) 13.9 (5.7) 18.3 (5.7) 21.3 (5.5%
Boston Naming (max. 15) 12.6 (2.2) 13.0 (2.4) 14.0 (1.1}
Word list learning (max. 30) 10.8 (2.8) 15.2 (3.9) 20.1 (3.7}
Delayed recall (maxL0) 1.4 (1.2) 3.9(1.6) 6.9 (2.0%
Recognition (max. 20) 16.8 (1.7 18.3 (1.8) 19.4 (0.9%
Visuoconstruction (max. 11) 8.3(1.7) 9.7 (1.7) 10.4 (0.9}
Clock drawing (max. 6) 4.0 (15)° 2.0 (34) 3

Diagnosis of probable AD was made followitigg diagnostic criteria of the ICDO classii
cation of mental andbehavioraldisorders for dementiéBramer, 1988)and the NINCDS
ADRDA criteria (seelist of abbreviations, pVIIl) for the diagnosis of AlMcKhann et al.,
1984) Diagnosis of MCI met the criteria for amnestic M@authier et al., 2006; see also
Sorg et al., 2007)which include reported and neuropsychologically assessed memery
pairments, largely preserved activities of daily liv(iBgADL; Hindmarch, Lehfeld, de Jongh,

& Erzigkeit, 1998) excluded dementia according to 1D criteria, and CDR (globalcore)

of 0.5 (questionable dementia). Exclusion criteria for entry into the study were othef neur
logical, psychiatric, or systemic diseases (e.g. stroke, depression, alcoholism)jacatllin
notable MRI (e.g. stroke lesions) which could be relatembgmitive impairment. None of the

subjects had diabetes mellitus, and none received antidepressant medication. Twda-MCI su
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jects received antiypertensive medication. Eleven of the subjects with probable AD were
treated withacetytholine esterase inhibits (AChEI). All patients were able to fixate ed

quately, understand, and follow verbal instructions, and concentrate on the task folathe dur
tion of the experiment. All healthy control subjects were without memory complaints, were

unrelated to the patients, and had no history of neurological or psychiatric disease.

All patients and control subjects taking part in this study were-hghtledaccading to the
Edinburgh Handedness Inventory, Oldfield, 19&)d had normal or corrected to normial v
sion. Subjects were treated in full agreement with the Declaration of Helsinki Il, and gave
written informed consent in accordance with the Human Rese2ommittee guidelines of

theKlinikum Rechts der IsaiTechnical University, Munich.

4.3.2.\Whole report paradigm
The whole report paradigm was applied in a manner analogous to that introdusadday

et al.(1999)and adopted in several previous studies of our own gfBuplak et al., 2005;

Finke et al., 2006; Finke et al., 2005)

4.3.2.1.Task

A schematicllustration of an experimental trial is shownkigure3. On each trial, subjects
were briefly presented with five equidistant target letters. They were arranged in a vertical
column, which was displayed to either the left or the right of a firatiess (se€&igure 3).
Subjects were instructed to maintain fixation and, after the letters had been presented, to ve
bally report all the letters tgevere fairly sure they had recognized. Letters could be reported
in any order, and there was no emphasis on speed of report. The experimenter entered the r
ported letter(s) on the computer keyboard and initiated the next trial after the subject-had ind
caed that he/she was readyor detailedinformation ontest instructions, seklastructionl

andInstruction2 (p. 126).
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Figure 3: WR: Schematic illustration of the whole report task
Different trial types with presentation of five equidistant letters (either red or green, respectively) in columns on
the left or the right of the fixation cross are shown.

4.3.2.2.Procedure
The letter arrays were presented for three different expaduraions, and were either

masked or unmasked. Owing to visual persistence, the actual exposure durations are usually
prolonged in unmasked as compared to masked cond{&pesling, 196Q)Thus, by ortlo-

gonally combining the three exposure durations with the two masking condginmnifferent
Oeffectived exposure durations resulted. T&h
formance, so that coverage of the whole curve relating report accuracy to effective exposure

duration would be possible.

The three exposure durat®were determined individually for each subject in atgsé phase

and then introduced into the experimental assessment phase. This was done to petmit adjus
ment of baseline performance for all subjects, so as to support maximum validity of parameter
esimation. Note that presentation time selection by itself is not a determinant of theeparam

ters obtained; rather, it provides just a means for optmadelingo f a subjgect 0:s

mane.
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During the preest, the individual presentation time was determatedhich a subject could

report, on average, one letter per trial correctly (i.e. 20% report accuracy) in a series of 24
masked trials (12 for eadtemifield presented with a fixed exposure duration (e.g. 300 ms).
This presentation time was then usedh&sintermediate exposure duration in the expearime

tal session, together with a shorter (about half as long, e.g. 157 ms) and longer (about twice as
long, e.g., 600 ms), exposure duration (with each exposure duration adjusted to theescreen r
freshrate). e average Ashort &M=0A40 ens(®Dn=t281) fordealthy i me
control subjectsM = 162 ms(SD = 569) for MCI subjects, antl = 198 ms(SD = 64.9 for

AD subjects. Alntermedi at edM=RMens(EDn=telaforon t i
healthy subjectdyl = 317 ms(SD = 117.8) for MCI subjects, ant¥l = 387 ms(SD = 134.0

for AD subjects. And fAMobig ns(Sbr=d2/d fot hadithyo n t
control subjectsM = 597 ms(SD = 1887) for MCI subjects, antl = 713 ms(SD = 172.)

for AD subjects. The most frequently used set of presentation times was (157 ms, 300 ms, 600
ms), applied to about half of the subjects (13 healthy control subjects, 5 MCI subjects, and 10

AD subjects) Individual exposure durations for aliree subject groups are listedTiable 9
(p-129.

The wholereport task comprised 192 trials, separated into four blocks of 48 trials eabh. Wit

in each block, the twelve different trial conditionsh@mifields x 3 exposure durations x 2
masking conditions) of the experiment were presented equally often esmttiomized order.

Each subject received the same letter displays in the same random order. The test lasted about

half an hour, with breaks between bl ocks ad

4.3.2.3.Stimuli
The letters presented on each trial were either all red gresh and appeared at high contrast

on a black background. For a given trial display, letters were randomly chosen from the a
phabet excluding C, D, G, ,lwith a@articu@r, lettéF appedring only once. Letter

size was 0.5 of visual angel inheight and 0.4in width. Masks consisted of lettsized
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squares (of0.5 f i |l |l ed wi ¥h aan di pd esrechterd for 500

The distance of the letter column from the vertical meridian was 2.5° of visual angle.

4.3.2.4.Apparatus
Thewholereport task was conducted in a dimly lit room. Stimuli were presented on aperso

al computer with a 17606 monitor (1024 x 7€
Viewing distance was about 50 cm. All patients were tested on locationtethery Clinic,
while the control subjects were assessed in an external psychology lab under identieal cond

tions.

4.3.3.Estimation of TVA parameters
Parameters were estimated applying the algorithms described in detail by Kydagsb

(2006)and used irseveral recent studigBublak et al., 2005; Duncan et al., 1999; Finke et
al., 2006; Finke et al., 2005; Habekost & Bundesen, 2@&perally, based on the basiaieq
ations(see section8.1.2.1and 3.1.2.2 pp. 24 et seqq.)provided by TVA(see Bundesen,
1990; Bumlesen et al., 2005; Kyllingsbaek, 2006) a s u b jasy oftleftes re@ort aswar
function of effective exposure durationn®deledoy an exponential growth function, acder

ing to a maximum likelihood methodwo defining characteristics of this function are the
slope at its origin and its asymptote. They represent two important TVA parameters, the

meaning of which is described below.

According to TVA, in masked conditions, the effective exposure duratitmeastimulus d-
play is the differencéi to, with t being the display presentation time dpthe estimateani-
nimal effective exposure duratidrelow which information uptake from the display & a
sumed to be zero. Under naomasked stimulus conditions, ow to visual persistence, aft e
fective exposure duration @f milliseconds is added ttito. TVA assumes thafpr a given

subject to andp are constant across experimental conditi@eg e.g. Bundesen, 1990)
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Thus, essentially,itting of the raw data is based on estimating four parameters which define
the exponential growtHunction: g parametet, (expressed in milliseconds), the estimated
threshold value (minimum presentation time) beneath which nothing is perceived (ia. prob
bility of report equals 0); Joparametee (also expressed in milliseconds), the iconic memory
buffer estimated from the difference in accuracy betwaemasked and masked displays; ¢
parametelC, an estimation of visual processing speed (rate of information uptake, expressed
in numbers of elements processed per second), reflecting the slope xdnergial growth
function at its origin at the coordinatig, (0); and gl parameteK, an estimation of VSTM et

rage capacity (the maximum number of objects that can be represented simultaneously at a
time in VSTM, expressed in number of elements), réfigathe asymptote of the exponential

growth function.

4.4.Results

4.4.1.Raw data
Figure4 illustrates the qualitative pattern of performance for three representative subjects, one

for each of the three groups. As indicated by the histogr&igaré4 A-C), for each subject,

the number of letters reported correctly increased systematically with increasing expesure d
rati on. However, bot h t he Af2ation petforrhance wad C |
markedly reduced compared to the healthy control subject at the shortest exposure durations,
with a relatively large proportion of zero letter reports. In the right pandtggafe4 (D-F),

the black dots represent the observed number of correctly reported letters [Mean(obs)] as a
function of the effective exposure duration. As can be seen, within the earlier section of the
asending curve relating performance to presentation time, the performance increment with
increasing stimulus exposure is more pronounced in the healthy subject, but less so especially

in the AD patient.
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4.4.2. TVA parameter estimates

For each subject, the accurafyletter report as a function of effective exposure duration was

modeledby a TVA-based function representing the best fit of the raw data according to a
maximum likelihood methodsee e.g. Ross, 2000)his theoretically derived function is

shown as a solid line for the representative subjedtgure4 [Mean(theo)
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Figure 4: WR: Whole report performance of a representative subject for each group: One
healthy control subject (LA), one MCI patient (MM), and one AD patient (GE)

The left panels (Ai C) show the percentage of trials with 0, 1, 2, 3 or (in the AD patient) 4 correct letters re-
ported, plotted as a function of effective exposure duration. In the right panels (Di F), the mean number of cor-
rectly reported letters is shown as a function of effective exposure duration. Solid curves represent the best fits
of the TVA-based model to the observed values. The resulting estimates of visual short-term memory storage
capacity K are marked by a dashed horizontal line (asymptote of the curve), the estimates of visual perceptual
processing speed C are shown as a dotted tilted line (slope of the curve at to). Numerical values of these para-
meters, as well as of the estimated threshold t, and of iconic memory duration ¢ are also provided.

Overall, there was a close correspondence betweethdbectically and the empiricallybe
tained mean scores in the three groups. Across subjects, the average Pearsomprodaott
correlation between the observed values and the TVA best data fits in each of the three groups

wasr = .93 (SD = .08) for the A@roup,r = .96 (SD = .02) for the MCI group, amd= .95
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(SD = .04) for the group of healthy control subjects. Thus, overall, the TVA model accounted

for more than 86% of the variance in the performance of ti@ereport task.

In Figure4, the theoretically derived functioMan(theo) shows the typical course already
known from previous studigg.g. Duncan et al., 1999; Finke et al., 200%)wever, in both
patients, the function originates at a longer exposure duration compared to the healthy subject.
Also, the slope of thunction (dotted tilted line) at the poirty,(0) is less steep in the ARxp

tient compared to the other two subjects, indicative of a somewhat reduced processing speed
C. As exposure duration increases to a few hundred milliseconds, though, all thesegaurv

proach a similar asymptotic level of about 3 reported letters. Accordingly, the three dashed

horizont al l i nes indicating th& aeatlaboeat thé s o6 |
same level.
As for the representative cases showifrigiure 4, the four parameterso(€ |, C Jawerdd K

derived individually for each of the 54 subjects testedhbgelinghis/ her performance in the
whole report task. The numerical parameter estimates obtained in this way for each subject
(seeTablel0, pp.130et seq) allowed for statistical analysis at the group level. Plannet co
parisons between groups (healthy control subjects versus MCI patients, and MCI versus AD

patients) were conducted usintestsfor independent samples.

4.4.2.1 Perceptual threshold: Parametert,

Figure5 presents the group means for the threshold parametparately for each grpu
Subjects with MCI displayed a significantly elevated threshold compared to healthy control
subjects (M = 106.1 m$SD = 64.8 versus M = 75.5 mSD = 39.2;t(34) =-1.72,p < .05,
onetailed), but the difference between MCI subjects and AD subjects (BI621 msSD =

64.8) versus M = 114.9 ms (SD = 51.1)) was-smmnificant ((34) = .45,p > .30).
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Figure 5:  WR: Mean values of the estimated perceptual threshold t, for healthy controls
(HC), MCI and AD subjects

Error bars indicate the standard error of the mean.

4.4.2.2.Iconic memory: Parametereg
Figure 6 shows group means for the iconic memory parangté&herewere no statistically

significant differences in this parameter, neither between MCI and healthy control subjects
(M =91.6 msSD = 31.8 versus M = 102.7 n8D = 39.5%(34) = .93,p > .15), nor between
MCI and AD subjects (M = 91.6 mSD = 31.8 versubl = 97.6 ms$SD = 62.9;t(34) = .36,p

> .35).
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Figure 6: WR: Mean values of the estimated iconic memory € duration for healthy controls
(HC), MCI and AD subjects

Error bars indicate the standard error of the mean.
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4.4.2.3.Processing speed: Parametdat

Figure7 presents the group means for the speed para@eter
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Figure 7: WR: Mean values of the estimated processing speed C for healthy controls (HC),
MCI and AD subjects

Error bars indicate the standard error of the mean.
While MCI subjects were comparable to healthy control subjects in processing speed (M =
17.5 elements/ se6D = 6.0 versus M 19.9 elements/ seBD = 6.6 t(34) = 1.11p > .10),
they were able to process a significantly larger number of items per second than AD subjects
(M = 17.6 elements/ seBD = 6.0 versus M = 11.0 elements/,s8D = 4.9;t(34) =-3.57,p <

.01, onetailed).

4.4.2.4\NSTM storage capacity: ParameterkK

Figure 8 presents the group means for the VSTM paranteteks for the speed parameter,

MCI subjects did notliffer significantly from healthy control subjects in terms of VSTIg st

rage capacity (M = 2.9 elemen&D = .4 versus M = 3.0 elemen8D = .4 t(34) = .88,p >

15 ; however, MCI subjectsd capacity was | al

SD = .4 versus M = 2.5 elemen8D = .6;t(34) =-1.89,p < .05,0netailed).
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Figure 8: WR: Mean values of the estimated visual short-term memory storage capacity K
for healthy controls (HC), MCI and AD subjects

Error bars indicate the standard error of the mean.
Taken together, analysis of the TVA parameters indicated an elevation of the percegtual thr
shold already in MCI, but a significant decline in processing speed and VSTM storage capac

ty only in AD.

4.4.3.Effect of acetylcholine esterase inhibitor medication
As mentioned above, 11 AD subjects receiaeetylcholine esterase inhibitof& ChEI) at

the time of testing. Therefore, medicated and-ma&dicated AD subjectsere comparewith
respect to the two parameters fhnich significant differences had been found compared to
MCI: processing spee@ and VSTM storage capaci. Medicated and nemedicated Sor
jects were comparable in terms of agfd®) = 1.05,p > .30), gender ¢(2) = .08;p > .75),

and educationt(16) = -.20,p > .80).

For processing spedd] there was a significant differendéigure9). Non-medicated AD p-

tients had lower processing speed tA&hEl-medicated patients (M = 8elementsseg SD

= 4.0 versus M = 12.9 elements#c SD = 4.7;1(16) =-2.24,p < .05; twotailed). Non
medicated patients also exhibited lower VSTM storage capacity compared to medscated p
tients (M = 2.2 element$§SD = .7 versus M = 2.7 elemen&D = .5), though this difference

was not statistically reliablé((6) =-1.54,p > .15).
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Figure 9: WR: Mean values of the estimated processing speed C for medicated and non-

medi cated subjects with probable Al zhei me
Medication refers to acetylcholine esterase inhibitors. Error bars indicate the standard error of the mean. (HC =
level of healthy control subjects; MCI = level of MCI patients).

With respect to processing speed, medicated AD patients still differed significantly from MCI

subjects(27) =-2.20,p < .05; twaotailed).

4.4.4.Relationship to disease duration
Across both clinical groups (i.e. MCI and AD patients), correlations between the three a

fected TVA parametersy( C, andK) and disease duratiavere calculatedthat is, time since

symptom onset.

Forto, the correlation with disease duration vgagnificant ¢ = .34,p < .05; twetailed), ind-
cating a modest association that points to an increase of the perceptual threshold with longer
lasting disease. In contra&t,andK were not associated with disease durationa (02,p >

.90, andr =-.09,p > .55, respectively).

4.4.5.Relationship to indices of cognitive function
We also calculated correlations between the three affected TVA paramgt€rsagdK) and

three global cognitive measuresamely: CDR score, MMSE and CERAD total score (which

doesnot include the MMSE; see Chandler et al., 200&3ross both clinical subject groups.
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The perceptual threshold parametigwas not associated with any of these measure$ (all
>.40; two-tailed). However, processing spe@dvas significantly related to[@R (r = -.55,p

< .01), the MMSE scorer (= .59;p < .01) and the CERAD total score £ .42,p < .05).
VSTM storage capacitil was also significantly related to CDR £ -.39, p < .05), and the
CERAD total scorer(=.40,p <.05), while the association to the MMSE score was somewhat

weaker ( = .33,p < .06).

Interestingly, with respect to the CERAD, VSTM storage cap&cimas related only to those

subtests providing visual material (i.e. picture naming and wsumstructio; r = .49,p< .01

in both cases). In contrast, processing sfeaa@s significantly correlated not only with these
measuresr(= .33, andr = .39, respectively, both < .05), but also with the verbal memory

measures (learning, delayed recall, and reitogn all r > .35, allp < .05).

4.5.Discussion
The present studgnalyzedv i s u a | i nformati on u(jPo0xheeryodb as ed

visual attentior(TVA) in AD, MCI, and healthy elderly control subjects. From laole report

task requiring verbal report of briefly presented letters, four parameters were delniaeh
terizingdifferent aspects of visual processtapacity: perceptual threshdlg iconic memoy

€, processing speed, and VSTM storage capaciky. Comparison of these attentional gar
meters between groups revealed an elevation of the perceptual thresholdialidadysub-

jects, while processing speed and VSTM storage capacity showed a significant decline for AD
patients only. The reduction in processing speed was especially pronounceemedioated

AD patients, proving a strong relation of processing spe#uetéunctional state of the chol

nergic system.

This staged pattern of performance deficits revealed in the present study is striking, because it
is the first, tomy knowledge, to assess basic aspects of visual information uptake in both MCI

and AD patiets. It is well established that AD is accompanied by abnormalities in attentional



4. Study 1: Visual proceing capacity in MCl and AD 4.5. Discussion 51

processing of visual stimuli. For example, Schlotterer &f1884)found Alzheimer patients

to require more time than ageatched controls to identify letters, and to be susceptible to i
terference from a backward pattern mask for a longer time interval. Consistent with lthis, Gi
more et al(2005) have shown that AD patients have to rely on higher contrast stimuli than
healthy subjects for identifying rapidly flashed masletters with comparable accuracyl- A

so, Kavcic & Duffy (2003) disclosed an impaired temporal dynamics of visual perceptual
processing in the attentiorblink paradigm using rapid serial visual presentation ofalph
numericstimuli. However, MCI patients were not assessed in these studies, so that a direct
comparison between deficits at different stages of AD was not possible. Conversely, Perry &
Hodges(2003)found a normal attentional blink in MCI, while Bonney et(2006)reported
prolonged inspection times IMCI subjects, but both studies had not included patients with

dementia.

Relying on the conceptual strength of TVA in the present study, qualitative as well as quanti
ative differencegould be describedetween MCI and AD subjects with respect to sdgara
components of visual information intake. The data point to the possibility that the identified
impairments follow an orderly progression, such that simpler aspects of visual processing like
a perceptual threshold are affected at an earlier disease (M&), and before significant
cognitive decline has emerged, while more complex aspects like processing speed and short
term storage decline at a later stage when intellectual functions have already deteriorated
(dementia). Based on TVA and its neurdenpretation(NTVA; Bundesen et al., 2005)his
differentiation can be discussed wittspect to deficits at early (pedtentive) versus late tta

tentive) stages of visual processing.

4.5.1.Deficits of pre-attentive processing
According to TVA, during the first stage of visual processing, perceptual units (objects) in the

visual field are matchetb representations in visual lobgrm memory (categories). This is a

massively parallel process that results in the computation of evidence values, each providing a
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measure for the degree of the match between a given object andtarlongiemory re@-

sentation. This first stage does not enable object identification. For example, in whole report
of |l etters, the strength of the evidence t
the evidence that the | et tedbythe sbjecive conditions E v i
of the visual environment like stimulus visibility (e.g. contrast), by the quality of the visual
patterns to be matched, and by the reliability of l@rgn memory representatiofthis de-

scripion follows Kyllingsbaek, 2006)As a result, pathology of both peripheral and central
components of the retintalcarine pathway could contribute to deficits arising at this first

stage.

With respect to peripheral pathology, an extensive nephthalmc investigation by Rizzo et
al. (1992) has provided evidence that, compared to g@atiic changes in visual association
cortex, retinal or optic nerve pathology are negligible for explaining visual deficits i(s&&®
Rizzo, M., Anderson, Dawson, & Nawrot, 2000, for a similar conclusiRagently, haever,
retinal abnormalities have been reported to occur in earlyfBddisha et al., 2007¥0 that it
is conceivable that an elementary deficit like aavatied threshold would be etéd to such
abnormalities. However, what argues against tessirmption is that any retinal pathology
would be expected to also affect iconic memoryatiom, which was not supported lige
presentresults. Moreover, in the study of Berisha et(2007) retinal pathology was ass
ciated with visual field defects. However, there was ndence for the presence of scotoma
in the participants ofhis study. Therefore, the identified elevatiof the visual threshold is

suggested to beelated to central, rather than to peripheral, pathology.

As regards central pathology, an elevated visual threshold could result from alteratians in ea

ly visual areas in and around the striate cortex. Orafgsmption, feature detectors thai-pr

vi de t hebldobcukislédifnogp constructing visual pat
the patterns to be compared to visual kbe&gn memory representations might be comapr

mised, impeding the matching proce$his interpretation is compatible with the available
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evidence that neurofibrillary tangle burden, although relatively minor in area 17, is cansider
ble in areas 18 and 1Braak et al., 1989; Lewis, Campbell, Terry, & Morrison, 198719re-
over, this pathology is notable already in-phaical AD subjectdMcKee et al., 2006)sp-

portingthe presentinding of a threshold increase in MCI patients.

An alternative account could be that leteggm memory representations of letters, assumed to
reside in the fusiform gyrus of the ldfemisphergPolk et al.,2002) might be degraded-d

rectly. That is, the disturbance of the matching process would result from the memory rather
than pattern construction. Consistent with this, tangle burden has been found to be particularly
marked in inferecemporal areagLewis et al., 1987)and cortical degeneration to be more

pronounced in the left hemisph&iéhompson et al., 2003)

4.5.2.Deficits of attentive processing
TVA conceives of the second stage of visual processsng race in which categorizatiores d

rived from the first stage compete for representation in VSTM. Entry to VSTM is synony

ous with selection. Its result is the identification of a subset of visual elements from the visual
field (e.g. that a given letters an O EO) . Thus, in terms of
that won the race for VSTM representation as a result of receiving the highest processing rate
(Bundesen et al., 2005; Kyllingsbaek, 2Q0B)e processing rate for each element is &-fun

tion of both the evidence value derived from the first stage and atiaitd weight assigned

to the element. The weights stem from the available (limited)tetteal capacity that is di

tributed across all the elements in the visual field. Thus, under the conditionsholerev

port task where no element in the display is piimed according to an-priori criterion, it

can be assumed that processing speed (i.e. the sum of the processing rates for each display

element) essentially reflects the amount of available attentionaliapac

According to the neural interpretation o/ A (NTVA; Bundesen et al., 2005allocation of
attentional capacity to a visual object is synonyswith the recruitment of cortical neuronal

populations representing the object. While the number eiiehion levels of these neurons
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reflect processing speed, VSTM storageeislizedby fealback loops that sustain the aetiv

tion of neural units repeenting asubset of objects within revemagory circuits(Bundesen et

al., 2005) Thus, from a neuroatomical and neuroptsiological perspective, these visual
functions arise from both the pure number of available neurons and their responsiveness.
Hence, while a rather local pathology could explain the threshold elevation discussed above,
more widespread alterations are hk& underlie the decline of VSTM storage capacity and
processing speed. Given this, it appears plausible that these aspects show significant decline
at an advanced disease stage (as seen in the present study) when AD pathology has already
paved the waydr substantial loss of meons, corticecortical and corticesubcortical disco-

nection, as well as destruction of netwansmitter systems.

In line with this, in subjects with acquired brain damagebekost & Rostrug§2007)found
severe reductions of processing speed and VSTM capacity after white matter lesions affecting
long-range anterieposterior or corticghalamic connections. In a slyiwith patients suffie

ing from focal brain lesiongeers et al(2005)reported damage to the tempguarietal e-

gion to be associataslith significant speed and VSTM deficits. This region is also known to
be heavily affected by AD pathology during the course of the dig8#esenow et al., 2006)
Moreover, temporgarietal hypometabolism has been identified to predict progression from
MCI to dementia with high accura¢Zhetelat et al.2003) For VSTM sbrage, fMRI ew

dence suggests that bilateral activity in posterior regions, more specifically in the intraparietal
and the intraoccipital sulcus, is correlated with the number of objelcksth€STM (Todd &
Marois, 2004) This suggests that the significant VSTM decline found in AD subjects in the
present study is relatetb advanced cortical pathology in posterior, eesgdly tempore
parietal regions. For visual perceptual processing speed, on the other hand, there & also co
clusive evidence that it heavily relies on the activity of the cholinergic sy@temchison et

al., 2001; Nathan & Stough, 2001; Stough et al.,120Mterestingly, and in full agreement

with this assumption, higher processing speed in AD patients on chatredim medication
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wasfound Neverthel ess, these patientsd speed
Thus, the speed decline identifiedtims studymight reflect a deficit in clolinergic innena-

tion, which is also known as a neuropathological hallmark ofMBsulam, 2004)

4.5.3.Relationship to other clinical and cognitive measures
The results ofhe analysis of correlations between diseesated TVA parameters and other

clinical and cognitive measures are catiiple with the suggested neaomnitive interpred-

tion of the deficits. Although these correlations were only moderate, they showdithctides
pattern: Perceptual threshold values were significantly (though moderately) correlated with
disease duration, but not with cognitive measures; conversely, speed and VSTM were signif
cantly related to cognitive scores, but not to disease durdtsis what would be expected

if measures of the perceptual threshold depicted the gradual accumulation of tangke- and pl
gue deposits, which characterizes the@maical stage of AD until the advent of MCBlen-

now et al., 2006)On the other hand, cognitive decline to dementia may follow dinear

and perhaps less systematic trend due to several influencing riskotectipefactors(Jarvik

et al., 2008)so that other measures (processimeesl and VSTM apacity) depicting the pr
gressive degradation of the neural machinery underlying cognition are not closely associated
with disease duration as such. In this regard, there may be ruliféeto a subcortical deme
tia such as seébkas, or whiclh speed ansl VRTM measwvese found tobe

linked to disease duratigffrinke et al., 2006)In this case, onset of cortical pathology may
occur at later stages of the disease, giving rise to the link between duration and cognitive d

cline.

We found significant associations with cognitive tasks, heithin the visual domain and
beyond. In particular, VSTM storage was related to neuropsychological tests involving visual
material (picture naming and viswonstruction), while speed showed an additional relatio
ship to measures of verbal memory. Similalationships have already been documented in

earlier studies. For exampl&oninGolomb et al.(1995)reported that visual dysfunctior-o
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curs in cojunction with cognitive decline in AD. An extensive investigation in AD patients
(Rizzo, M., Anderson, Dawson, & Nawrot, 2006howed signifiant associations between
overall cognitive status and the performance in both perceptual and attentional visual tasks.
Finally, modest relationships between a measure of processing speed (inspection time) and

verbal memory measures have also been revéa@dCl| subjectdBonney et al., 2006)

Such an association between vision and cognition can be interpreted in one of three ways.
First, it is possible that generabgnitive decline, producing difficulties in performing any
task, also gives rise to problems with visual tasks. However, this is unlikely to apply to
presenfindings, given the simplicity of the holereport task. This task, which does not need

a compex instruction and does not require the subject to engage in a complex mapping of
stimuli to (key press) responses, makes minimal cognitive demands and can even be pe
formed by patients with Hun (Bubfakdta. n2006; Fidke s e a s
et al., 2006)Moreover, the individual performance patt¢seeFigure4, p.44 for examples)
demonstrates that AD patients produce results that show a similar, systematic increase in pe
formance with longer presentation times as for healthy control subjects. This maiutbeé
expected in a cognitively demanding task that poses difficulties for subjects with intellectual

decline.

As a second possibility is that visual deficits could affect the performance of a variety- of co
nitive tasks, especially if these tasks useiaisstimulus material. Such an interpretation is
supported by recent data of Croiolomb et al(2007)who demonstrated that simply-e
hancing stimulus strength can improve cognitive performance. This was true, however, only
for relatively simple tasks with a clear visaognitive component (picture naming, reading,
face recognition), but not for a more comwlreasoning task (Raven matrices). Such@n a
count may also explaithe currentfinding of an association between VSTM capacity and
both picture naming and vistemnstruction scores. VSTM storage may be required in these

tasks for at least two reasongher because more complex pictures comprising sevenal co
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ponents (e.g., drawing a wire cube) have to be processed, or because visual scannisg is nece
sary. Likewise, these functions may also depend on processing speed, consistent \with the a
sociation of tle TVA speed parameter with the scores in these tasks. The association of speed
to the verbal memory measures may then be due to the fact that subjects had to read the words

during encoding.

A third explanation may invoke common underlying pathology. Osdbcount, correlations
between certain parameters and tasks would result from the fact that both measures depend on
the integrity of the same brain regions. For example, wisunstructive tasks and picture
naming may require spatial shifts of attentisa,that performance involves posterior parietal
functions in both cases. This region may also play a role in VSTM storage, as discussed
above, and may be associated with these tasks for this reason. With regard to processing
speed, if this function critidlg depends on the cholinergic system, as supportedhby
presentesults, then the association with memory could be explained by the fact thasthis sy
tem also contributes to learning and memory formadesulam, 2004)In addition, one

would expect the speed parameter to be correlated with a broad range of cognitive functions,

due to the widespread cortical effe of the cholinergic system.

Thus, more generally, the TVA parametassessed in the present study may just bei-cons
dered as neunmgnitive markers for the functional integrity of the different cerebral systems
and regions that are most prominently affected by AD pathology: posterior cortical areas in

the temporal, parietaand occipital lobe, and the cholinergic corticopetal projection system.

4.5.4.Limitations
The currentstudy has a number of limitations that are worth mentioning. First, the mesent

tion of resultsfocusedon the main line of the effects. There were numerical differences that
did not reach statistical significance (in particular, differences between MCI and heaithy co
trol subjects with respect to paramet€randK) which might have turned out significanith

a larger sample of subjects. However, even if such effects reached significance, they would
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not contradicthe conclusiongdrawn so farin fact, the gradual transition from the MCI to the
dementia stage of AD would imply a substantial overlap betwe#m groups, as was quite
evident in the presematient samples as wellhe currentesults merely suggest that ae-el

vated threshold marks the MCI stage, while a speed decline unambiguously indicates the d
mentia stage, notwithstanding the fact thatensubtle differences may also be present:-Ne
ertheless, the present findings would have to be replicated in further studies to underpin the

robustness of the effects revealed.

A second limitation othis study derives from the fact that it is based omos®sectional p-
proach, comparing different groups of subjects at different stages of cognitive decline. This
approach needs to be complemented by longitudinal studies to examine whether the staged

pattern of deficits identified does also hold for thavmtlial progression of the disease.

Third, despite the significant group differences in the mean parameter estimates, thére was a
so substantial overlap between groups with respect to the individual parameter valugs. Ther
fore, it remains an open issue \ilier parametric assessment based on TVA can be used for
diagnostic decisions at the level of individual patients. Note, however, that the diagnestic p
tential of this approach may significantly improve by taking into account additional measures
i such as VA-based assessment of attentional weigh{Buplak et al., 2005; Finke et al.,
2006; this was not examined in the present stuatyjunctional neurionaging (e.g.positron

emission tomography ET) data.

4.5.5.Conclusiorns
Besides the presence of a memory disorder, AD is also characterized by deficits in visual pe

ceptionand attention that can be related to the neuropathology predominantly affecting pos
erior cortical areas. Visuoognitive impairments have been revealed in a broad range of
tasks, involving visual seard@fiales, Haworth et al., 2005)isual shorterm memoryAles-
cio-Lautier et al., 2007)and visual perceptio(Rizzo, M., Anderson, Dawson, & Nawro

2000) It has also been suggedtthat deficits in visual memory can predict the advent of AD
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long before a diagnosis can be mgdawas et al., 2003)Efficiency of visual information
uptake may contribute critically to such deficits. The present study, which was designed to
analyzedifferent components of visug@rocessing capacitygrealed an incremental pattern

of modified parameters that was associated with differesstade stages and could be e
plained by differential impairments of pattentive and, respgvely, attentive stages of uis

al processing. Thesfindings are compatible with the amyloid cascade hypothesis of AD
(Blennow et al., 2006; Hardy & Selkoe, 200atcording to which the AD neuropathology is
characterizey a net accumul ation and deposition
neuronaland neuritic dysfunction. At later stages, gradual neuronal loss and transnsiter di
turbances finally cause the increasing inttllal decline during further progression of the
disease. The threshold elevation foundhiis study may thus be consideredaapossiblen-

dex of impaired neuronal functioning prior to cell death, while speed and VSTM deficits may
be indicative already of a substantial loss of neuronal cell assemblies and a degeneration of
neurotransmitter systems, in particular theliciergic system. Thus, TVAased assessment
could provide appropriate newagnitive markers of both a dysfunctional and a degenerated

cortex, tracking the cerebral decomposition
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5. Study 2: Visual attentional selection in MCland AD
In the second study, visual attentional functions of spatial aner¢tetied selection wer@-

vestigatedn a partial report task (PRi) patients withamnesticmild cognitive impairment

(MCI) and Al zhei merds disease (AD).

5.1. Abstract

The presenstudy investigated visual selective attention in 32 patients with amnestic mild

cognitive impairment ( MC1 ) , 16 patients wi
healthy elderly control subjects. Groups were matched for age, gender and educatbnal lev

I n combi nat i o nl199%0)thedny oBrisualdattestie(iiVA) two mathematally
independent and quantitative parameter estimates were derived from a partial report of briefly
presented letter arrays: tojown control of attentional selection, representing-tatkted &

tentional weighting for prioritizing relevant visual objgcand spatial distribution of atte

tional weights across the left and right hemifield.

Compared to controls, MCI patients showed significantly reduceddom controlled sete
tion which further deteriorated in AD subjects. Moreover, attentional wegyhtas signif
cantly unbalanced across hemifields in MCI and tended to be more lateralized in ADa-The m
jority of patients was biased to the left. Across MCI and AD patients, carriers of thecapolip
protein E U4 allele ( AposEte leftwardbiaswas the norel e f
pronounced the younger the Apchdsitive patients and the earlier disease onset. ApoE4

negative subjects showed balanced attentional weighting.

These results indicate that impaired-tigovn control may be linked to eartlysfunction of
cortico-cortical networks connecting parietal and frontal lobes. Accompanying, an early inte
hemispheric asymmetry in tempegparietal cortical interactions might cause a pathological

spatial bias. As the inheritance of ApoE4 is associaiddan interhemispheric imbalance in
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parietal cortical interactions pathological spatial bias may function as early cognitivé&-mar

er for detecting subjects at risk for probable AD.

5.2.Introduction and aim of the study
Al zhei mer 6 s di s eragaent fdrnAdD Jementsa chadacterizedoby irogressive

cortical degeneration starting in mediotemporal regions and proceeding to parietal and frontal
areas(Braak & Braak, 1990; Braak, Braak, & Bohl, 1993; Whitwell et al., 20G7gppears

both as a familial and a sporadic variant. The familial form is rare, with a prevaleooe b

0.1%, and represents an autosomal dominant disorder with onset before age 65 years, mostly
caused by mutations of the highly holmgous presenilin genes. In the by far more frequent
sporadic form, a genetic risk factor is also implicated, in that carriers of the ggotgin E

U4 allele (ApoE4) on chromosome 19 hgve a
gotes) higher rislof developing the disease, compared to-oarriers. In both aiants, the
neuropat hol ogi cal basi sanoyfl oARl i(sAbgn elang chiemu |

overproduction (familial variant) or @®lenf ail u

now et al., 2006)

Mild cognitive impairment (MCI) is considered as the prodromal phase of dementia in most
patients. It is diéned as a transitional state between the normal alterations of cognitive and
functional abilities in elderly subjects and the significant decline associated with probable
dementia(Gauthier efal., 2006; Nestor et al., 2004h particular, MCI of the amnestic type
bears a high risk for subjects to develop KRauthier et al., 2006)According to Petersen et

al. (1999) it is diagnosed on presentation of subjective memory complaints, preferalay corr
borated by an informant, the presence of objeatreenory impairment, as assessed by-ne
ropsychological testing, essentially normal functional abilities, anddasenae of dementia. It

has been claimed by some authors that the initial memory disturbance in AD is atleast a

companied if not preceded byrbadeficits of selective attentioffoldi et al., 2002; Perry &
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Hodges, 1999)Thus, sensitive tools forsgessing seltive attention might serve as early
cognitive markers in the course of AD and therefoigaace the identification rate of-ask
subjects at the MCI stag8hah et al., 2008 he present study aims at examining whether a
tentional parameters of visuospatial ansk#eelated selection are appropriate means for that

purpose.

Deficits of visuospatial attention are well established in AD, and have been extensively st
died using spatial cueing and visual search téskseview, see Parasaman, Greenwood, &
Sunderland, 2002AD patients have been shown to suffer from a reduced spatiatiGitd

window (Rizzo, M., Anderson, Dawson, Myers et al., 20808 to present diffidties indis-
engaging attention from invalidly cued locatiofil&ales, Snowden, Haworth, & Wilcock,
2005) Recently, Drago et 82008)reported that the capacity to reallocate spatial attention is
especially hampered when it hacehalirected towards the left. Similarly, Foster e(99)

had alreay found that AD patients had more difficulty in detecting targets on the right in a
visual search task. In fact, a lateral bias of spatial attention, either towards the left or the right
hemifield, seems to occur in a substantial number of cases, withsfodieseven showing

signs of henspatial neglec(Bartolomeo et al., 1998; Ishiai et al., 2000; Mendez, Cherrier, &
Cymerman, 1997; Venneri, Pentore, Cotticelli, &2 Sala, 1998)Typically, however, the
spatial bias is more subtle and disclosed under conditions of double seouliastimulation

only, when stimuli within botthemifields compete for selectiqBublak et al., 2006)It is an

open issue whether a spatial bias of attention is already present at the MCI stage. Thus, the
first aim of the currenstudy was to investigate the evidence of spatially lateralized attentional

processing in both MCI and AD subijects.

Visual search tasks have also revealed impairments irreetled selection, that is, deficits of
filtering out irrelevantdistractors during target processing. For instance, Baddeley et al.
(2001)found AD patients to & somewhat more susceptible to interference from simigar di

tractors than control subjects. Amieva et(4898)have reported deficient inhibitory mecha
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isms in the widelysed trail making test, which may be the result of a profound impairment
of executive functions in AD, present already at early stéfyeseva, Phillips, Della Sala, &
Henry, 2004a; Levinoff, Li, Murtha, & Chertkow, 2004; Minati, Edginton, Bruzzone, &
Giaccone, 2009)Iin contrast to inferences from rather indirect measures ofr¢daed sele-

tion (defined by, e.g., distragtgimilarity or error type differencesihe second goal was to
aralyze the effect of distractor interference by direct comparison of performance between tr

als with a single target presented on its own and trials with an additional distractor.

To investigte these issues, a task requiring partial repdtiefly presented letters (i.ee-

port only predefined target letters, but not distractor lettevay employegdbased on Bured
sends (1990) f or mal (TYAh &he TWA-baséd approaci @etmitagpt t e n
rametric estimates to be derived from performance in this simple psychophysical task that r
flect both spatial and taslelated aspects of attentional processing. In this way, comparability

of conditions was ensurddr interpreting separate aspects of selective attention in both MCI
and AD subjects; for a recent summary for T¥ased studies with neurological and psgehi

tric patients, seélabekost ad Starrfelt(2009) A further, critical advantage of this aligm

is that it does not rely on response tibesed assessment (as many previous studies did), th

reby eliminating a general slowing of motor performance as a potentially confounding factor.
Thus, by individually adjusting the (brief) stimulus presentatimes, a comparable tasK-di

ficulty is ensured across subjects. In a previous stilnity,approach hadlreadybeen suc-
cessfully, applied to investigate patients
disease(Finke et al., 2006)Furthermore, a related TVVBased whole report paradigm (in
which subjectdad to report as many letters from a briefly presented array as possible) had
proved to be sensitive to revealing visual attentional capacity reductions in both MCI and AD
patients(Bublak et al., 2009)Therefore, this methodeemedo be appropriate for assessing
spatial and taskelated aspects of attentional processing in subjects at diffeéageissof co

tical degeneration, that is, amnestic MCI and probable AD.
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TVA is a mathematical model witstrong relations to the biasedmpetition account ofta

tentional selection proposed by Desimone and Dur{t885) for a detailed mathematicatd

scription of TVA, see Bundesdi990, 1998) Duncan et al(1999) or Kyllingsbaek(2006)

For a neural interpretation of TVA, seerlesen et a[2005) On this account, visual objects

in the visual field are processed in parallel and compete for selettienft i s, @&consc
presentation within the information processing system. The resulting race among objects can
be biased such that some objects faoredfor selection, based either on stimutirsven,
Obotutpodbm or on i-chdvemda i foah& selection af @ visual object isrsy
onymous with its encoding into a visual shtatm memory (VSTM) store with limitedae

pecity. The probabilly of selection is determineda by an obj ectv@lsichpr oc
depends on the attentional weigw) it receives, and)dby the capacity of the VSTM store (if

the store is filled, the selection process terminates). TVA provides parameters for clzaracteri

ing specific aspects of attentional weighting, such asrelsked weighting for prioritizing

the processing of relevant visual objects {tlmpvn control) and the spatial distribution @&f a
tentional weights across the left and right hemifields. Independent quantitative estimates of
these two aspects of attentional weighting are derived from subjectse r f or marnc e i
tial report task. In this task, subjects have to report target objects only, which-apepifeed

(e.g., with respect toolor), whilst ignoring distractors.

Thus,thepresent study provides an extension of a previous-b¥gednvestigation of visual
processing capacity in MCl and AD using a (rsmtective) whole report task, which, howe
er, does not allow for aspects of the selective weighting of stimuli to be exa(Bueldk et
al., 2009) The partial report paradignvas appliedn patients with amnestic MCI, probable
AD, and healthy control subjects. In patients, thesible influence of genetic risk on atte
tional weightingwas also assességy comparing carriers and naarriers of ApoE4 alleles.
Using an identical TVAbased partial report paradigm, Finke et(2006) had found a close

relationship between the severity of the underlying genetic pathology iheanoturodegr
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nerati ve, namel y Hu ndirectiog tnudegree ,of spatiat atensoeal a n d
weighting. Thereforeit wasexamined whether ApoE4 carriersthre presentlinical groups
might exhibit more pronounced deficits in spatial andtaskrelated attentional weighting

than clinical norcarriers of the ApoE4 allele.

5.3.Method

5.3.1.Subjects
48 patients with the clinical diagnosis of amnestic mild cognitive impairment (MCI) br pro

able Al zhei merds di sease ( Atbg Memoredimpceotthei v el
department of Psychiatry,echnische Universitat Minche@ermany. 32 MCI patients (17

male, 15 female; mean age 69.0 years; mean educational level 10.8 years) took part in the
study. The AD patient group consisted of 5 men ansvdhen (mean age 67.1 years; mean
education 9.8 years). All patients were rigplainded according to the Edinburgh Handedness

Inventory(Oldfield, 1971)

Written informed consent according to the Helsinki Il declaration was obtained fronball su
jects or, respectively, their legal representatives, and the study was foapalbved by the
ethics committee of the University of Munich. All subjects had normal or corréztedrmal
vision. All patients were able to fixate adequately, understand, and follow the verbai-task i
structions as well as work concentrated for aboumB@utes, and did not suffer frooolor
blindness. No subjects in the clinical group displayed any salient and considerable visual def

cits typical of posterior cortical atrophy.

All patients had undergone a standardized diagnostic assessment includiogl imistbry
(both patient and informant interview), medical, neurological, and psychiatric examination,
neuropsychological assessment using the test battery of the Consortium to Establish a Reg
stry for Al z hNeurapsychblsgicaD Bategf@ERAD-NP, German version;

Thalmann and Monsc(l997) seeTestl, pp.141et seqq.jncluding the MiniMental State
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Examination(MMSE; Folstein et al., 1975and the Cloclorawing Tes{CDT; Shulmann et
al. (1993) seeTest2, pp.155et seq.)as well as rating the overall seMgrof cognitive def
cits with regard to activities of daily living using the Clinical Dementia R&IQR; Morris

(1993) seeTest3, ppl57et seqq.)structural brain imaging (MRI), and blood tests.

All AD patients fulfilled the criteriza of
heimer type based on the diagnostitecia of the ICD10 classification of mental arfseha-

vioral disorders for dementi@ramer, 1988)and the NINCDSADRDA criteria for thediag-

nosis of AD(McKhann et al., 1984)All MCI patients fulfilled the following inclusion cret

ria: cognitive impairment affecting at least the memory domain (amnesiit pdtients,
single or multiple domains) according to Peter62000; Petersen et al., 199%rgely pe-
served activities of daily livingBayer ADL scale; Hindmarch et al., 1998)p dementiaa
cording to ICD10 criteria, and questionable dementia indicated by CDR global score of 0.5.
Exclusion criteria for participation in this study were other neurological or systemic diseases

like strdke or substance abuse or clinically notable MRI pointing to cognitive deficits.

None of the MCI patients was medicated with antidementives, but 11) @%batients were
treated with acetylcholine esterase inhibitors (AChEI). Due to mild symptombspoéssion,

9 MCI (28%) and 3 (19%) AD patients received antidepressant medication. Distributions of
antidepressant medication in MCI patients resembled those in AD sulpeets4b). Fu-
thermore, two MCI and three AD patients suffered from diabetestusel® MCI and 6 AD

patients received antihypertensive medication.
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Table 2:  PR: Overview of biographical and clinical details for MCI and AD patients and
healthy controls
See also Table 11 (pp. 132 et seq.).
CDR: Clinical Dementia Rating Scale, global score (Morris, 1993); p: level of significance; M (SD): mean score
and standard deviation; Age in years; Education in years; Handedness: according to the Edinburgh Handedness
Inventory (Oldfield, 1971); R: right-hander; MMSE: Mini Mental State Examination (Folstein et al., 1975), 30-0
points, cut-o f f 0 23; CERAD: The Consboryi tmr t alsdaset(Thdbanssh
Monsch, 1997), total score; n.a.: not applied; CDT: Clock Drawing Test, 0-6 points, cut-o f f (SQulnan, Shed-
letsky, & Silver, 1986); CDR sum: sum of CDR category scores; Age at disease onset in years; Disease dura-
tion in years; ApoE4: apolipoprotein E4 genotype, positive (+), negative (-).
AD ) MCI Control p
(n=16,CR O (n=32,CDR=05) (n=236)
Age, 67.1 (8.6) 69.0 (7.6) 67.2 (6.6) .55
M (SD), range 55.871 81.5 45.91 79.9 50.07 82.0
Gender (male/ female) 5/11 17/15 16/ 20 .35
Education, 9.8 (1.3) 10.8 (1.9) 10.5(2.1) >.20
M (SD), range 97 13 971 13 7713
Handedness allR allR allR
MMSE, 22.8 (2.3) 27.4 (1.3) 29.0 (1.0) <.01
M (SD), range 197 25 2571 30 2771 30
CERAD, 68.0 (10.0) 82.9 (10.5) n.a. 01
M (SD), range 517 84 547 112
CDT, 3.2(1.1) 2.0 (.9 n.a. .01
M (SD), range 1715 17 4
CDR sum, 4.4 (.6) 2.0(.7) n.a. .01
M (SD), range 3.51 5.0 1.01 3.5
Age at onset, 64.5 (9.1) 66.2 (7.9) - .50
M (SD), range 52.11 78.4 43.617 76.8
Disease duration, 3.3(2.0) 2.7 (1.5) - .25
M (SD), range 0.87 8.0 0.57 7.8
ApoE4 genotype 10 +/ 4- 18 +/ 11- n.a. .75
2 n.a. 3 n.a.

i

Reg

As can be seen ihable2, ApoE4 genotype was assessed for a subset of 29 MCI (18 ApoE4

carriers) and 14 AD (10 ApoEchrriers) patients. Distributions of the ApoE4 genotype were

comparable in MCI and AD patients.

A control group of 36 healthy older subjects (16 male, 20 female; mean age 67.2 years; mean

education 10.5 years; all righinded) was recruited by weod-mouth recommendation,

flyers and notices. None of the control subjects reported a neurological brgtsgadistory.

All subjects had normal or correctémnormal vision. MCI and AD patients as well as€o
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trol subjects did not differ significantly from each other with regard to Ag2, [81) = .58p

> .55], Educationff(2, 81) = 1.50p > .20] or Gende[c*(2) = 2.08p > .35].

Further biographical and detailed clinical information of each subject group is listedble

2 (for details of individubaMCI and AD subjects se&able 11, pp. 132 et seq.) All three

groups differed significantly from each other with regard to MMSE score. Furthermore, MCI
patients were significantly less impaired than AD patients in the overall level of functioning
according to CERAQtotal score excluding MMSE, Chandler et al., 2006)the CDT and

the CDR (sum of category scores). Estimates of disease onset (based on the date of the first
documatation of the MCI diagnosis) and disease duration were comparable across patient

groups.

5.3.2.Partial report paradigm
The stimuli and the general method were similar to those introduced by Dunca(ie98).

and identical to several previous studies of our research ¢Buigak et al., 2005; Finke et

[ | ]|

al., 2006; Finke et al., 2005)

A)-

NS <
QO ‘:)QQ 026’@
eF 1S

Figure 10: PR: lllustration of (A) the partial report paradigm with (B) 16 different trial types
4 single target (depict eplusdiiss térTadct carl wad/espircetded &8s téabDdg,etal
target conditions.
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5.3.2.1.Task
In Figure 10, the sequence of events on an experimental trial (A) and the different trial types

(B) are illustrated. Subjects were asked to maintain fixation before being presemteaunhevit

or two | etters on four possible equidistan
task was to verbally report only red target letters they felt relatively sure they had recognized,
and to ignore green distractor letters. Verbal repomaditidual letters was performed im-a

bitrary order and without stress on report speed. The experimenter entered the reported le
ter(s) on the keyboard and then started the next trial as soon as the subject warakely.

tailed information on test instctions, seénstruction3 andinstruction4 (p. 127).

5.3.2.2.Procedure
First, subjects were instructed to fixate a central white cross (0.3° visual angle) presented for

300 ms (sedigure10A). Then, after a gap of 100 ms, red and/or green letters (0.5° high x
0.4° wide) were presented on a black background for a predetermined exposure duration. Su
jects weranstructed to maintain fixation on the fixation cross until the presentation oftthe le
ter(s). Prior to the start of the experiment proper, a short practice session was conducted
which served to determine the individual presentation durations (besid#stingl intact vs-

ual functions in all subjects).

For the specification of the individual exposure durations, an initial test phase consisting of 32
masked trials was used, aimingy fabout 80% accuracy on sindédter trials. In the exper

ment itself, dl stimuli displays were presented for the individually adjusted exposuee dur
tion. A mean exposure duration of 452 ms (SD = 171, range748pPwas used for ADap

tients, of 330 ms (SD = 114, range 180) for MCI patients, and of 200 ms (SD = 69, range:

71-357) for control subjectExposure durations of individual subjects are listedable 12
(p. 134).

The total number of trials was 288, divided into blocks of 48 trials each. Within each block,

the sixteen different trial pes of the experiment (4 singlrget, 8 targeplus-distractor,and
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4 dualtarget conditions) were presented equally often (with 18 trials each) and in randomized
order. On each trial, a single red target (letter), or a target plus a green distractor (letter), or
two red targets (sdeéigurel0B) were presented at the corners of an imaginary square with an
edge length of 5%enteredn the screen. Two stimuli were presented either horizontally (row
display) or veitally (column display), but never diagonally. Stimuli were displayed nando

ly at all possible positions in pspecified combinations as well as with respect to visaal h

mifield in order to avoid anticipatory responses by the subjects.

5.3.2.3.Stimuli

The lettes for a given trial were randomly chosefrom the prefixed set

60 ABEFHJ KL MN P R,Svithwhée Ysahte letter appearing only once in a trial display.
Each subject received the same letter displays in the same random order. Stimuli were all
masked by squareso 0. 5A filled with a 6+6 and an 0>

each stimulus location after stimulus presentation.

5.3.2.4.Apparatus

Sti mul i were presented on a personal comput

resolution; 70 Hz refresh rgté/iewing distance was about 50 cm. The patients were tested in
hospital, and the control subjects in a university laboratory. At all locations, experiments were

conducted in a dimly lit room under identical conditions.

5.3.3.Estimation of TVA-based parametes
The individual assessment of performance accuracy across the different partial repert cond

tions (sed~igure10 B) wasmodeledby a TVA-based algorithm using a maximum likelihood
method(e.g. Ross, 2000)Detaiked descriptions of the model fitting procedure, which was
largely identical with that used by Duncan et(2aP99) and the software used, can be found

in Kyllingsbaek(2006) By fitting TVA to individual (partial report) raw data sets, severl p
rameter estimates can be derived, in particular: parameters for characterizing specific aspects

of attentional weighting, such as tastated weighting for prioritizing relevant viduzbjects
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for processing (togglown control) and the spatial distribution of attentional weights across the
left and righthemifields. Additionally, parameter estimates for sensory effectivenesstreflec

ing the processing rate for each hemifield are provided

The qualitative pattern of each groupés pel
based model that produced individual estimates of attentional wevwgheparately for each

of the four display locations and separately for targets and disgsa&mwnilarly, individual
estimates of sensory effectivenggdor each display location (irrespective of the displayed

letter being a target or distractor) were derived.

The mean scores for the different partial report conditions and those predictdcobabe
best fits of the TVA model parameters showed a high correspondence, with a mean correl
tion ofr = .87 (SD = .11) for controlgfr = .92 (SD = .11) for MCI patients and iof .95
(SD = .04) for AD patients. The predicted values accounted foi7 7% (SD = .17) of thear
riance of the observed mean score in controls;fer85% (SD = .16) in MCI patients an@l

=91% (SD =.07) in AD patients.

5.3.3.1.Task-related weighting

ParameterU, reflecting the efficiency of tedown control, indicates whethettentional
weights for targets (T) are greater than the weights for distractors (D; averaged a@oss loc
tions, respectively) and is defined as the rakid wr. Thus, lowerJvalues indicate moref-e
ficient topdown control. Unselective processing, byntast, would give rise to equally
weighted target and distractor processing, increasitm approach 1. A value df greater

than 1 would indicate that the subject actually prioritizes theitesdkvant distractors.

5.3.3.2.Spatial weighting
The spatial distbution of attentional weightingys,, is estimated from performance in cend

tions in which subjects have to report stimuli presented either unilaterally, on either side of
the visual field, or bilaterally, in the left and right visual hemifields. Fronatwairacy of ta

get identification, separate attentional weights are derived for theMgft &nd the right &-
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mifield (Wright). In TVA, the absolute attentional weighting has no meaning; only relative i
trarindividual values can be compared. Therefardaterality index was computed from the

raw data of thev estimates: parametes, reflecting the laterality of the spatial distribution of
attentional weights. The laterality index of attentional weighvges defined as the ratiies; /

(Wit + Wright). Hence, a value afi,= 0.5 indicates balanced weightinget = Wrigny), values of

W, > 0.5 indicate a leftward and valueswf< 0.5 a rightward spatial bias, because weights

for objects to the left of fixation would be higher than those foeabjto the right, or vice
versa. As a result, for example a value of .63 would indicate a leftward spatial bias, a value of
.37 would represent a spatial bias of comparable degree, however to the opposite, right, hem
field. In AD with bilateral neurdegerrative processes, single patients might show a tdysba
ance to either hemifield, that reflects either predominantly -sgited or leftsided neural
damage, rather than suffering from a systematic spatial bias to a specific hemifield. Thus, the
absolute demation of w, from the optimum value 0.5 iany direction was also computed
Deviw,) , as an index of the subjectdos gener al
(see also Finke et al., 200%ote that in the two examples given abpthis absolute des

tion from 0.5, the imbalance index of attentional weighting gy(vould be equally severe

and indicated by a value of .13.

5.3.3.3.Sensory effectiveness

In TVA, the probability of identifying an object depends not only on its relatitentional

weight (i.e. the weight allocated to a given object relative to the weights assigned to the other
objects), but als on the sensory effectivene&f an object{Duncan et al., 1999Which is
independent of its attentional weight (rathedepends on factors such as stimulus diserim
nability, contrast, and retinal eccentrigityParameterA is assumed to reflect the total
processing rate for each hemifield, rather than how capaadtyided between the different

objects in a display. Conceptually, the estimate& afe measures of basic sensory effeztiv
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ness and thus are related to accuracy on a single element presented alone, ratherrthan to pe

formance losses in mulélement disgys.

According to TVA, a spatial bias may be caused by attentional weights being reduced for one
compared to the other hemifiefBuncan et al., 1999unbalancing the competition between
objectson left and the right side. Alternatively, a spatial bias might be due to basic sersory e
fectiveness being reduced for one hemifield, leading to an imbalance in sensory processing
between hemifield¢see equation 2, sectidl.2.2 p. 25; Bundesern(1990). To decide b-

tween these possibilities (analogously to the definitionfvalues ofA;gn:andAer are cé
culated, that is, the @an values of sensory effectiveness for the upper and lower positions in
the left and the right hemifield, respectively. In addition, a laterality index for sensocy effe
tiveness A;) is computed as the ratier / (AetArigh). Thus, a laterality vakiabove 0.5a-

flects a lateralization of sensoeffectiveness to the left (i.digher effectiveness in the left
hemifield), and a value below 0.5 a lateralization to the right visual hemifield. In order to test
for sensory accuracy loss @itherof thetwo hemifields, the absolute deviationAffrom the
balanced value 0.5 iany directionwas computedDev(@A,) , as an index of

general degree of balance/ imbalance in sensory effectiveness between the two hemifields

5.4.Results
This section is divided into two subsections, the first presenting the results oreleskl

weighting and the second the findings on spatial weighting and associated sensoryeeffectiv
ness. Each subsection starts with a description of the qualitative peti@erformance -

duced by each subject group in the partial report task. Next, thenidthel estimates of the
parameters for tedown control of attention, for spatial laterality and balance/imbalance of
attentional weighting, and for the correspondingssey effectiveness parameters are-pr
sented for each subject group, and compared among groups. Subsequently, the inter

correlations of both partial report parameters are reported for each subject group.i+or add
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tional information about the clinical relawee of the TVA parameters, their relationship with
external clinical measures and cognitive testdso documentedrurthermore, in order tcsa
sess whethethe parameters are relatedptssible underlying ger@ssociateghathology, the

effect of ApoE4 gnotype (carriers versus noarriers) on the parameter valuggxamined

5.4.1.Task-related weighting
In this section, findingsre present whiclpertain to the ability tgerform top-down cm-

trolled visual selection under conditions in which distractor rimfation is present, starting
with the raw data results followed by the estimates of the correspondindaftap control)

parametet]

5.4.1.1.Raw data
Top-down control of attention refers to the capability of tesllated selection, that is, ofipr

oritizing the vsual processing of targets over that of distractors. To illustratddom com-

trol, Figure11 shows the mean proportion of target letters correctly identified, by patients and
controls, separately for conditions with single target letters, targets accompanied lry distra
tors, and targets accompanied by a second targeheAsterest here is in general estimate

of top-down control in the whole visual field, averaged values across hemifields eare pr

sented
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Figure 11:

Healthy controls

none D T
Accompanying stimulus

MCI patients

none D T
Accompanying stimulus

AD patients

none D T

Accompanying stimulus

PR: Mean proportion of correctly reported letters (in %) of (A) control subjects,
(B) MCI subjects and (C) AD patients in the single target (none), the target + dis-

tractor (D), and the target + target (T) conditions across both hemifields
Error bars show standard errors of the mean.



5. Study 2: Visual attentional selection in MCl and AB.4. Results 7€

In order to compare the efficiency of tdpwn controlled selection across the three subject
groups, the relative performance in the target plus distractor condition is critical. In normal
subjects, performance in this conditinealy equals that for single targets (3% difference

and is clearly higher than that for dual targets (L1%hus, they efficiently prioritize targets

over distractors. In the MCI patients, the accuracy in the distractor condition fupher a
proaches that fodual targets (14% difference; in contrast to 11% difference to the simgle ta
get condition), in contrast to controls. Thus, this group seems to attribute higher attentional
weights to irrelevant distractors compared to normal controls. In AD patienity,faxauracy

in distractor conditionsearlyequals that in dual target conditions (7% difference; in contrast
to 19% difference to the single target condition). Therefore, distractors and additional targets
interfere with AD @ cothparabtedegrée, imieative ofatmienonc e t o

selective processing.

As selectivity is reflected in performance on targkts distractor displays compared to the
singletarget condition (baseline), a raw data selectivity indaex calculateavhich equals the
ratio of mean accuracy for targeitus distractor arrays divided by the mean accuracy for si
gle target displays. The lower this ratio, the lower the relative performance in theplasget
distractor condition and, hence, the lower the efficiency ofdmpn control. An ANOVA
was conducted on these raw data selectivity indices, with the single (betwigent) factor
Group (controls, MCI and AD patients). The Group effect was highly signifi€ég@t B1) =
21.42;p < .0]]. T-tests revealed that controls @197, SD = .05) and MCI patients (M = .88,
SD = .10) differed significantlyt(66) = 4.74 p < .01], as well as MCI and AD patients (M =
.80, SD = .14){{46) = 2.31,p < .05]. This staged decrease of the raw data selectivity index
value points to a pragssive deficit in prioritizing the processing of targets over thatf di

tractors in MCI and, more markedly, AD patients
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5.4.1.2.TVA parameter estimates
From the raw data of the estimates (for more details seapter5.3.3.1 p. 71), the parara-

ter efficiency of topdown cantrol Uwas calculate@dnd compared across subject groups
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Figure 12: PR: Mean values of parameter top-down control Ufor healthy controls (HC), MCI
and AD patients

Error bars represent standard errors of the mean.

An ANOVA of the parameter efficiency of tegrown controlUwith the betweersubject fa-
tor Group (MCI, AD, HC) and the withisubject factor Side of Visual Field (left, righ®-r
vealed a highly significant effect of Grouip(R, 81) = 12.37p < .01]. The nain effect of Side
and the interaction were not significant [alp .25]. As depicted ifrigure 12, posthoc tests
revealed that toplown control wasmpaired in both, MCI{{66) = 1.83p < .05] and AD -
tients f(50) = 2.97 p < .01], compared todalthy subjects. The decline wstaged, i.e. values
of AD patients were worse than that of MCI patien(ddq) = 2.19,p < .05]. Parameter esst

mates for idividual MCI and AD patients are providedTable13 (pp.135et seq.).

5.4.2.Spatial weighting and sensory effectiveness
First, visual field differenceselated to the spatial laterality and imbalance indices oh-atte

tional weightingare reportedas wellas that of sensory effectiveness across the left and the
right hemifields, starting with the presentation of raw data results followed by the parameter

estimates
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5.4.2.1.Raw data
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Figure 13: PR: Mean proportion of correctly reported letters (in %) of (A) control subjects,

none/ ipsilateral

contralateral

Accompanying stimulus
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(B) MCI subjects and (C) AD patients in unilateral stimulus conditions (accompa-

nying stimulus: none/ ipsilateral) and bilateral stimulus conditions (contralateral)

The white bars indicate the averaged individual hemifield differences in the respective conditions. Error bars
represent standard errors of the mean.
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To illustrate attentional weighting and sensory effectiveness across the two hentifglds,

13 shows the mean proportion of target letters correctly identified by patients and controls in
each hemifield, separately for experimental conditions with unilateral stimuli (average of si
gle targets and targets accompanied by ipsilateral targets or distractors) and bilateral stimuli

(average accuracy of targets accompanied by a contralateral stimulus).

Performance for unilateral stimulus conditions was examined to assess the general ensory e
fectiveness, that is, basic sensory efficiency of visual processing of a single target stimulus at
a given exposure duration. In unilateral displays, this basic efficiency is assumethde-be
pendenbf the spatial attentional weighting across the twoihelds. In the unilateral prese

tation conditions (none, ipsilateral distractor, ipsilateral target), both controls and patients e

hibited only minor hemifield differences, indicating a balanced sensory effectiveness.

The laterality of attentionalveighting is a measure of the spatial distribution of attentional
weights across the left versus the right visual hemifield. Therefore, the bilateral stinmius co
ditions with (row) displays containing a stimulus in each hemifield are crucial for the TVA
based estimation of the attentional weighting parameter. In these conditions, sipetit-

al weights have to be distributed across thedeétthe right visual hemifield, with the weight
allocation determined by a competitive process between the tmdidlds. If attentional
weights are biased towards one hemifield, performance in the bilateral (compared tcathe unil
teral) target condition will suffer more for a target presented in the hemifield with relatively
low attentional weights, compared to aget in the hemifield with high weights. In bilateral
presentation conditions, healthy controls showed no obvious hemifield differences-In co
trast, MCI patients showed slightly better performance in the left compared to the right hem
field, indicating tlat objects on the left side received higher attentional weight and affected
accuracy for right side stimuli more than vice versa. AD patients showed an even oiore pr

nounced leftward bias.
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It is worth noting that the standard error of the mean in bilateraditions was quite large in

MCI patients, and even larger in AD patients, compared to healthy subjects, indicaging a r
markable variance in performance. In order to examine whether this variance refleats indiv
dually enhanced spatial attentional biasésee to the left or the right hemifield, the average
accuracy differences between the left and the right hemifield, |acguracgccuracyign,

were computedThese hemifield differences are illustrated, separately for each group and the
different comlitions, by the white bars iRigure 13. In unilateral conditions, no significant
differences between groups were fouRd2, 81) = 1.11;p > .30]. In bilateral conditions,
however, the groups differed significanti(R, 81) = 12.62p < .01], with enhanced values in

MCI [t(66) = 3.82 p<.01] and AD patient2(50) = 3.66;p < .01] compared to controls.

These results suggest that MCI and AD patiesufered from biased spatial attentional

weighting (either directed to the left or to the right visual hemifield in the individual patients)
in conditions with bilaterally presented stimuli. Since no comparably enhanced visual field
differences were revésl in unilateral stimulus conditions, the basic sensory effectiveness of

visual processing seemed to be aeralized

5.4.2.2.TVA parameter estimates

Three laterality indices were computed from the raw data of\ thiedw estimates (for more
details, seehapers5.3.3.2and5.3.3.3 pp. 71 et seq).: thelateralityindex of sensory efte
tivenessA,, thelateralityindex of attentional weightingi,. and theimbalanceindex of atte-
tional weightingDev(w.). For detailed parameter values in all subject groupsl @ele 3. Pa-

rameter estimates for individual MCI and AD patients are providethbie 13 (pp. 135 et

seq).).
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Table 3:  PR: TVA patrtial report parameters of MCI and AD patients and controls
See also Table 13 (pp. 135 et seqq.).
Asi! Aignt: basic sensory effectiveness in the left and right hemifield, respectively; A, laterality index of sensory
effectiveness; w,: laterality index of attentional weighting; Dev(w,): imbalance index of attentional weighting; **:
highly significant difference compared to controls (p < .01). Values represent mean scores (and standard devia-

tions).
Aleft Ariqht Aa Wo DeV(Wa)
AD 3.08 (.81) 3.05(1.04) .51 (.07) .56 (.19) 16 ((11)**
MCI 3.20 (1.76)  2.83(.91) .52 (.08) 51 (.14) 11 (.09)**
Controls 2.79 (.92) 2.68 (.83) .51 (.05) .49 (.06) .05 (.04)

An ANOVA of sensory effectiveness paramet@;swith the betweersubject factor Group

(HC, MCI, AD) and the withirsubject factor Side of Visual Fielgeft, right), revealed rie

ther main effect to be significant, Group(2, 81) = .95p > .35] and SideH(1, 81) = 2.00p

> .15], nor the Group x Side interactiodf(2, 81) = .79p > .45]. Similarly, the index for the
laterality of sensory effectiveness.did not differ significantly between subject group$d,
8l)=21p> .80]. Neither the control groupo6s n

from 0.5, which indicates equal sensory effectiveness on both sidps(&D)

0.2 -
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-~ ** p<.06
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Figure 14: PR: Mean values of the imbalance index of attentional weighting Dev(w,) for
healthy controls (HC), MCI and AD patients

Error bars show standard errors of the mean.

The parameter laterality of attentional weightimgdid not difer significantly among groups
[F(2, 81) = 1.95p > .10], and none of the group mean values differed significantly from the
unbiased value 0.5 (gfl > .15). These results indicate that there was no specific bias in the

sense of a general leftward or riglard preference in the patient groups.



5. Study 2: Visual attentional selection in MCl and AB.4. Results 82

However, a significant group effect was found for the deviation from the optimum value, that
IS, the imbalance index Deng [F(2, 81) = 11.07p < .01]. As depicted ifrigure 14, post

hoc comparisons revealed highly significant differences between healthy control subjects and
both MCI [t(66) = 3.27p < .01]) and AD patientst(®0) = 3.75,p < .01]). FurthermoreAD
patients tended to show even more increased values compared to MCI pidiéhts 1.60p

< .06] indicating a more severe imbalance of attention. Thus, rather than sufferingdrom a
rectedimbalance towards orspecifichemifield, the patients disgyed a more general indbi

ity to distribute attention across both hemifields, with a preference for theorigie left on

the level of the single cases.

Based on the range of the imbalance index @\t healthy subjects, the 9@ercentile was
selected to indicate a pathological spatial imbalance gv( O . 11) i n peati en
rion, 12 MCI (38%; 7 left, 5 right) and 9 AD patients (56%; 7 left, 2 right) suffered froas a p
thological imbalance of attentional weights, predominantly direcieithé left visual hem

field (67%), though, to a smaller portion, also directed to the right (33%).

In order to rule out probable sensory confounds with the imbalance indewJpeki(s index
was correlated with the corresponding parameter indicating lemica of sensory effecty
ness Dewy). Nonsignificant correlations were obtained for all subject groups (contrels:
.05,p>.75; MCl:r =-.17,p > .35; AD:r =-.02,p > .90). Thus, the pathological imbalance

of spatial weighting is not attributable to a more fundamental sensory imhalance

5.4.3.Parameter inter-correlation
No significant correlation was found between the imbalance index of attentional weighting

Dev(w,) and theefficiency of topdown controlUwithin single groups (alp > .25). Thesee-
sults indicate that partial report parameters are independent of each other in healthy controls

as well as in both clinical groups
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5.4.4 Relationship of partial report parameters to external clinical measures

Furthermore, the relationship of both partial report parameters, imbalance index of attentional

weighting Dev{v,) and the efficiency of topown controlU, with external criteriavas &-
amined,including age, age at onset and disease duration since estimated symptom onset in
both patient groups and across all patients. Neither of these correlations reached significance

(all p>.10)

5.4.5.Relationship of partial report parameters to measures of cogtive func-
tion
Across both clinical groups, 46 MCI and AD patients (clinical indices of two AD patients

were not available), Spearman correlatioreye calculatedetween the pathological imba

ance of spatial attentional weighting Dey) and the decreasezfficiency of topdown ca-

trol U, to external clinical criteria, the CERAD batteftptal score excluding MMSE; see
Chandleret al., 2005)the CDR sum of boxes score, MMSE, and CDT. After correction for
multiple comparisons, a significant negative correlation betweenieaid the CERADd-

tal score (s = -.34, p < .05) was revealed. Thus, the more pronounced the gengritice
decline, the more severe the inability to pay equal attention to both visual hemifields: In co
trast, parameter selectivity of tafpwn controlUwas significantly positively related to the
CDR scoref(s = .34,p < .05). This result suggests thaetdegree of impairment in tajfpwn
selection corresponds to the progressive stage of AD severity according to CDR. All other

correlations were nesignificant

5.4.6.Effect of ApoE4 genotype
In order to test whether the partial report parameters are relaagub&sibly underlying gene

associated patholodgs has been found for spatial attentional weighting in Huntingtast's di
ease, Finke et al., 2008)e effect of ApoE4 genotype-glallele carriers denoted as ApdE4

versus ApoE3 on the parameter valuesas analyzed
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ApoE4 status was available in 43 patients. For further analyses, the combined patient group
was usedn order toenhance sample size. The patients were divided into two subgroups, 28
ApoE4 and 15 ApoE4patients. Clinical details are reportedTiable 4, separtely for each

of the groups under study.

Table 4:  PR: Clinical characteristics of ApoE4 subgroups

ApoE4": ApoE4 gene carriers; ApoE4: ApoE4 non-carriers; AChEI: acetylcholine esterase inhibitors; SSRI: se-
lective serotonin reuptake inhibitors; NaSSA: noradrenergic and specific serotonergic antidepressant; see also

Table 2 (p. 67).
ApoE4" (n = 28) ApoE4 (n = 15) p

Age, 68.4 (6.2) 68.1(10.1) > .85
M (SD), range 56.17 79.0 45.97 81.5
Gender (male/ female) 12/16 9/6 >.25
Education, 10.6 (1.9) 10.2 (1.8) > .45
M (SD), range 97 13 97 13
Diagnosis 18 MCI, 10 AD 11 MCl, 4 AD > .50
Handedness allR allR
MMSE, 25.8 (2.4) 26.5 (2.7) > .40
M (SD), range 2071 29 197 30
CERAD, 78.3(9.1) 78.8 (16.4) > .90
M (SD), range 5471 90 5171 112
CDT, 2.4 (1.1) 2.3 (1.2) > .75
M (SD), range 115 1i 4
CDR sum, 2.8 (1.3) 2.7 (1.3) > .75
M (SD), range 1.07 5.0 1.071 5.0
Age at onset, 65.3 (7.1) 65.2 (9.9) > .95
M (SD), range 53.4i 76.5 43.67 78.4
Disease duration, 3.1(2.0) 2.9 (1.2 >.70
M (SD), range 57 8.0 1.1i 5.4
Medication: 19 AChEI 13 AChEI > .15
Antidementive (68%) (87%)
Medication: 6 SSRI, 1 NaSSA 1 SSRI, 1 NaSSA, 1 tricyiel >.70
Antidepressant (25%) ca(20%)

ApoE4 and ApoEZ4subgroups were matched with regard to all variables list@dtie4 (all
p > .15). A trendlevel difference betweeApoE4 subgroups was revealed with regard to the
spatial laterality index of attentiom,.[t(41) = 1.62p < .06]. A significant deviation from the

optimal unbiaseav,.value 0.5 was only present in ApoBdatients {(27) = 2.61p < .01], in-
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dicating apathological leftward spatial bias in contrast to the balanced distribution of atte

tion in ApoE4 patients {(14) = .31p > .75] (sedrigure 15).
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Figure 15: PR: Effect of ApoE4 genotype (ApoE4": gene carrier; ApoE4": non-carrier) on pa-
rameter laterality of attentional weighting w,.in a combined group of MCI and AD

patients
The dashed line represents the unbiased w,value 0.5. Error bars indicate standard errors of the mean.

As can be seen frofigure16, age and the spatial laterality index of attentAgnvere signi-

icantly correlated in ApoE4patients (n = 27¢ = -.33,p < .05) and a trend level correlation

was found between parameteyand disease onset£ -.30,p < .07). These correlations iRrd

cate that ApoE4patients with an early onset show armpronounced leftward spatial bias.

This result was revealed after the exclusion of one outlier value (3 standard deviations above

mean) produced by MCI patient AWI{= .13)
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Figure 16: PR: Scatterplot relating the spatial laterality index of attentional weighting w,.to
age in ApoE4" patients
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5.5.Discussion
The aim of the present study was to investigate the functions of spatial amedlshsé atte-

tional weighting by means of @99@theoryofesl- r e p c
al attention(TVA) in amnestic MCI and probable AD patients compared to a healthy elderly
control group. The partial report task required the verbal report of briefly presenteddiarget
ters(and tebe-ignored distract® and allowed the derivation ofo independent quantitative
parameter estimates from the qualitative performance patterrrefasd efficiency of top

down controlUand spatial imbalance of attentional weightidey(w,). MCI and AD patients

were impaired in both attentional funct®eompared to healthy controls. Early deficits of

both parametertl and Dev{v,) at the MCI stage further deteriorated at the stage of AD. In
apol i poprotei n chrietsdearlied disease ®nsdt was asSotipted witbra

pronounced leftwardpatial biasws.

Thus far, tomy knowledge, there have been no reports of both spatial andetaséd aspects
of visual attentional weighting in MCI as well as AD patients, although it is widely accepted
that early AD is marked by visuospati@arasuraman et al., 2002hd executive deficits

(Perry & Hodges, 1999)

The imbalance index of attentional weighting Dey(and the efficiency of toplown control

Uwere uncorrelated for each group, indicating that these indices represent distinct attentional
deficiencies with possibly different underlying neuropathologmathanisms. In support of

this, Bublak et al(2005) who employed the same partial report task, observed the following
double dissociation: One patient with a right inferior parietal lesion suffered from impaired |
terality of attentional weightingv,, while efficiency of topdown controlU was intact. The
second patient with a superior frontal brain lesion displayed the reverse pattern, with impaired

top-down controland balanced spatial weighting.
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5.5.1.Impairments in task-related weighting
Frontal lobe pathology is generally not seen in the early stages ¢(Brslak & Braak, 190;

Braak et al., 1993; Whitwell et al., 200However, it has been repeatedly suggested that the
frontal lobes might be functionally disconnected from other relevardstrisite, parietal and
hippocampal areasee review by Delbeuck, Van der Linden, & Collette, 2003; Grady et al.,
2001; Sorg et al., 2007¢orrespondingly, a number of studies suggest that impairment in top
down processing might be even a very early featurtheé course of A¥Azari et al., 1992;
Perry & Hodges, 1999)The results othe presenstudy were in line with this assumption.
The taskrelated selection, that is, the efficiency of-tb@vn controlU, wasimpaired early at

the MCI stage and deterated further in the later stages of disease progression.

Neuropathology in AD is mainly characterized by neurofibrillary tangles and neuritic plaques.
Neurofibrillary tangles are prevailing in associative are¢hat is, the parietal and frontal
lobes, and in large cortical neurons mediating cowtmaical connectiongPearson et al.,
1985) while neuritc plaques seem to accumulate at the ends of canbidcal tractgDe La-

coste & White, 1993)Both pathological markers give rise to a selectively distributed neoco
tical disconnection syndrome in Aelbeuck et al., 2003; Sorg et al., 2008isrupting,
among others, functional connectivity between frontal and parietal cortices ifA2dDi et

al., 1992; Horwitzet al., 1987) The diminished anteriguosterior connectivity in B was
corroborated by Collettet @l. (2002) who examined inibitory processing and selective a
tention in AD patients with either parietal and temporaldmyptabolism or with additionally
reduced metabolism in frontal areas. Both AD groups were impaired in all executivertasks, i
respective of the presence or alwsenf frontal lobe hypmetabolism. Consequently, exec

tive impairments in AD seem to be predominantly caused by disruptions of the fhiaoretal
attention network, rather than frontal lobe dysfunction, and therefore might occur early, that
is, at the MClstage of the disease. At the later AD stage, increasing burden of neartic pl

gues and neurofibrillary tangles cause substantial lossubbma cell assemblies in parietal
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and frontal corteXBraak & Braak, 1990, 1991; Whitwell et al., 200®hich is in accordance
with further deterioration of tedown control selectivity in AD compared to MCI patients.
By usinga comparableTVA partial report task, Peerg al. (2005) revealed thatin patients
with frontal lobe lesiongjeficits in the efficiency btop-down controlUwere predicted bye-
sion volume. Consequently, the staged decline otieffcy of topdown controlU, as e-
vealed in the present study, might result from early coartical disconnection in the fne
to-parietal attention network #te MCI stage and a latedditional loss of nerve cells in co

responding association areas at the stage of AD.

5.5.2.Impairments in spatial weighting
In the currentlinical samples, a pathological spatial deviation of attention g6 either

hemifieldwas obtained n bot h MCI and AD patients, alth
absolutely balanced across both hemifields in unilateral stimulus conditions. Any unilateral
right- or left-sided sensory loss was excluded by a balanced laterality indexsofpeffe-
tivenessAg across the left and right visual hemifield and +sagnificant correlations between
imbalance of attentional weighting Dew and the corresponding imbalance index of-se
sory effectiveness DeRy) in all subject groups. Additionallyhe spatial bias exhibited lige
clinical groupsin this studyis also not attributable to an inability to maintain central fixation
during the partial report task. Any systematic gaze deviation to either hemifield would have
resulted in higher accuraand enhanced values of sensory effectiveness of visual processing
for one or the other hemifield and would, thus, have affected the absolute accuracydifferen
es between the left and the right hemifield in unilateral conditions as well as the laterality i

dex of sensory effectiveness.

Significant accuracy asymmetries in patients were present in bilateral presentation conditions
only, which accords with the view thas$ Vvi sl
patial bias, a symptom mainlpdnd in unilaterally brain damaged patients. Extinctioneis d

fined as the inability to process a stimulus in the right visual hemifield in presence of another
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stimulus in the left hemispace, or vice versa, despite preserved visual sensory processing
(Driver & Vuilleumier, 2001) In manifest neglect, the patient would be completely unaware

of all stimuli presented in the contralesional hemifield.

These findings are consistent with the assumption that parietal lobe degeneration ini-AD is b
lateral on the one han@Braak & Braak, 199Q)however, probably also not absolutely-b

l anced in individual pati ent 0s slightlyaintenssfied Ne ur
in the left compared to the right hemisphere, as indicated by various measures of brain activ
ty (Desgranges et al., 1998; O'Brien et al., 1992; Volkow et al., 20@f2pre (Thompson et

al., 2003; Ueyama et al., 1994nd posimortem(Li et al., 2000)rain volume measurements.
Accordingly, Bartolomeo et a(1998)and Venneri et al(1998)reported visual spatial ge

lect of the right hemifield in single cases with corticabpltryy and hypoperfusion predom
nantly in the left posterior regions. However, leftward neglect in patients with predominantly
right-hemispheric dgeneration has also been repor{éshiai et al., 2000; Mendez et al.,
1997; Venneri et al., 1998%roup studiegBublak et al., R06; Ishiai et al., 2000; Maruff,
Malone, & Currie, 1995; Meguro et al., 2001; Mendez et al., 188if)d left or rightsided

spatial bias in line bisection, reaction times, discrimination and visual search tasks in up to
75% of AD patients. Since potential lateralizations atehdy MCI stage of the disease are
presumably even more subtle than those in the later AD phase, highly sensitive, explerimenta
ly-based, paradigms are needed to reveal small but indicative d&@fi@tpresenT VA-based

partial report results resemblecesie findings even at the early stage of the disease, since in
38% of MCI and 56% of AD patients a pathological spatial bias prevailed. About 2/3 of these
patients showed leftward spatiateralizationand about 1/3 a spatial bias towards the right

visualfield.

Although AD does often not lead to clinically manifest hemineglect symptoms according to a
classical test of figure copying, visual search paradigms using picture material can eeveal h

mispatial omissions in the majority of patie(ite. Meguro et al., 2001)n this study, AD p-
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tientsd enhanced rightward omissions wer e
(CBF), as measured withingle photon emission computed tomograpBRECT), in the left
hemisphere @ampared to the right, and patients with predominantly leftward omissions
showed the opposite CBF pattern. Accordingly, it is feasible thtaeicurrentlinical groups

the present pathological laterality of spatial attentigmmight be associated with and result
from an underlying interhemispheric imbalance in (temppavietal cortical interactions in

such a way that a more pronounced leftward spatial bias would be associated with distinct
leftward parietal impairment and @oversa. Further imaging (e.@ositron emission toot
graphy,PET) studies are necessary to investigate this issue. The staged increase inipatholog
cal spatial bias from MCI to AD patientstinis study might result from an early imbalance in
parietal corical interactions and, at the later AD stage, additional parietal degeneration
through neuronal loss. Support for the latter assumption is provided by ebds&&l partial
report studyby Peers tal. (2005) In this study, patients with parietal lobe lesions revealed a

lateral spatial bias, which was associated with lesion volume.

5.5.3.Effect of ApoE4 genotype
One major influence on spatial ettion in AD might stem from genetic influences. This is

suggested by findings in severf@loro-deoxyglucose PET(FDG-PET) studies in healthy
subjects(Reiman et al., 1996; Small et al., 2000; Small, Mazziotta et al., 129%)ell as
MCI and AD patientgMosconi et al., 2005; Mosconi, Nacmias et al., 2004; Mosconi, Perani
et al., 2004) which showed that the dose of ApoE4 allele influences the typicaletaged
decline in parietal, temporal and posterior cintikeerebral glucose metabolism progresses.
Healthy monozygous ApoE4ubjects with subjective memory impairme(@snall, La Rue

et al., 1995ns well as homozygous ApoEdubjects without memory complairf®eiman et

al., 1996)were found to display significantly lower parietal metabolism compared to ApoE4
subjects and a significantly enhancpdrietal asymmetry with a more pronounced hypemet

baism in the left hemisphere. Furthermore, in healthyestis at genetic risk, lower baseline
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metabolism in left posterior cingulate, inferior parietal and lateral temporal regions predicted
the greategportion of metabolic decline after two yed&mall et al., 2000)Iinterestingly, 8-

ing an identical partial report paradigm, Finke e{2006)had found a close relationship-b

tween the severity of the underlying geassociated pathology in the neurodegemeardiun-
tingtonds di sease and tantlore In the pyesentestudy, fthe findirigs wa r
of Finke et al.(2006) could be replicateth a conbined clinical group of MCI and AD&

tients, suggesting more pronounced leftward spatial bias in Apadiients with earlier gk

ease onset. Theorrelation was lower in the present study, which is most probably related to
the deeper impact of the underlyinggens s oci at ed pathol ogy i n Hu
interactive effects of ApoE4 genotype and (onset) age have been docufhvosedni et al.,

2005; Mosconi, Sorbi et al., 2004) would be important to examine systematically, in larger
samples, whether distinct effects of ApoEhatype in patients with earlgnd with late (o-

set) age would be found on, for instance, thameter laterality of attention,.

5.5.4.Limitations of the study
As a crosssectional study desigmas usedneither conclusions on the predictive value of one

or both partial report parametaran be drawnvith regard to conversion from MCI to AD nor
on the course of partial report parameters in the individual progression of AD. Therefore, this

survey needs tbe complemented by longitudinal studies

5.5.5.Conclusions
The TVA-based partial report task proved to be a sensitive tool for assessing selective visual

attention already at an early stage of the progression to AD, &efikits in taskrelated s-

lection aml a pathological attentional imbalanege already present at the early MCI stage,
besides the presence of memory impairments, and they increase further at a more advanced
stage of the disease. These findings are compatible with the hypotheses thatpzangents

in taskrelated and spatial weighting result from a disconnection syndrome and an inserhemi
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pheric imbalance in cortical interactions, respectively, in the frpateetal attention network.

At later stages, gradual neuronal loss causes fudigrdine in selective attentional and inte
lectual functionsThe present resultsoint to the efficiency of toglown control and to the
spatial imbalance of visual attention as potential early cognitive markers. Both atterdtonal p
rameters can be takertanaccount as sensitive measures of neuronal dysfunction prior to cell
decline. The fact that the pathological spatial imbalance of attentional weighting was ass
ciated with the presence of ApoE4 and early disease onset, may even determine the-partial r

port procedure as efficient diagnostic tool for early identification of subjects at risk for AD
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6. Study 3: Spatial weighting and interhemispheric metabolicim-
balanceacrossMCI and AD

In the third studythe relationship of the spatial distribution of atienal weights across the

left and right hemifield waanalyzedwith regard to interhemispheric metabolic imbalances as
measured by°Fluoro-deoxyglucose positron emission tomogragi§DG-PET) in tempore
parietal corticegTPJ, temporgarietal junction)in patients with mild cognitive impairment

(MCI) and Al zhei merds disease (AD).

6.1. Abstract

In mild to moderateA|l z h e i me r AB), deficits ef aisuespafial attention and task

related selection are well establishédrthermorethe partial reporparadigmbased on the
theory of visual attention (TVAproved to be a sensitive tool for verifying that both, deficits

in taskrelated selection and a pathological attentional imbalance, are already present at the
earlyamnesticstageof mild cognitive im@irment (MCl)and increase further #ie AD stage

(see second study, chapterpp. 60 et seqq.)It was hypothesizedhat hese deficiencies in
selective attention may resditbom an early disconnection syndrome and an interhemispheric
imbalance in cortical interactions, respeely, in the fronteparietal attention netwoylefore
gradual neuronal lodsads tdfurther decline in selective attentional and intellectual functions

at later stages

In the present studyhesehypothese were tested by investigating the relatlipsof both
partial report parameters, tajpwn controlU andespeciallythe laterality index of attentional
weighting w,, to regional glucose metabolism measuredrdstingstate positron emission

tomography (PETh a sample 080 amnestidviCI or mild AD patients

Hypometabolism across all patients was slightly increased in the left hemidpkenestig-
ly, the more reduced theaetabolism in the leftemporeparietal junction (TPJhe more po-
nounced was theop-down control deficit Accordingly, hypanetabolism in the left TPb4

gether with the left inferior parietal lobe (IPL) predicted the magnitude of the spatial bias.
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Furthermore, relative hypeetabolismin the left TPJ and leftPL as compared to the right

TPJandright IPL, respectivelyyas corelated with diregon and degree of spatial bias.

Taken t@ether, PET imaging results suppthret hypotheses that, one the one hand, earfly de
icits in taskrelated weighting may resultom a fronto-parietaldisconnection syndromd-a
ready at thetage of MCI. On the other handery early ADseems to balsoassociated with
an interhemispheric imbalance of metabolism, particularlyhe temporeparietal cortices

resulting in acorrespondinglylirected and distinctiveisuo-spatial attentional b&a

6.2. Introduction and aim of the study
In the latter study (see chapterpp.60 et seqq.), functions of spatial and taskated atte-

tional weightingwere assessddly means of a parti al (1890)or t t
theory of visual attentiofiTVA) in amnesticmild cognitive impairmentNICI) and probable

Al z hei me r AD3 patientscenapared théalthy elderly contrel The TVA-based pa

tial report task proved to be a sensitive tool for assessing selective visual attention already at
an early stage of the progression to ADe findings ofthe latter studyorroboratedhat pa-

tients in the eayl stage ofMCI were impaired irboth, taskrelated efficiency of tomlown

control U and spatial imbalance of attentional weightiDgv(w,) compared to control bu

jects. Thus, on the one hant¥Cl subjectswere impaired in their ability to prioritize pre
specified target lettergver taskirrelevant distractor letters. On the other hand, in M&l p
tients, a pathological spatiahbalanceof attention twardseither hemifield was revealed
Compared tdealthycontrols, most of these patiersigffered from a pathological spatial bias
directed to the left visual hemifield, though a smaller portion of patients showed a rightward

spatiallateralization

Thefindingsin view of parametetop-down controlUare comptible with the hypotkss that
early impairments in tastelated weightingnight result from acortico-cortical disconnection

syndrome(see e.g. Delbeuck et al., 2003; Sorg et al., 2@0%e frontepaietal attention
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network which was corroborated y**fluoro-deoxy-glucose pasron emission tomgraphy
(**FDG-PET) sudy by Collette et al.(2002) In this study, AD ptients with either parietal

and temporal hypometabolism or with additionally reduced mésabon frontal areas were
impaired in various executive tasks, irrespective of the presence or absence of frontgl lobe h
pometalblism. As a resultcortico-cortical disconnectivity between frontal and parietat co
ticesmight beat the bottom ofleficits in topdown controlledselection(see chaptes.5.1, pp.

87 et seq, for a detailed discussiprAs a consequence, the first aim of the third studg o
investigate whether the T\\Basedassessment in combination with restsigte'*FDG-PET
would reveal evidence for a functional disconnecsgndromebetween frontal and parietal

cortices in early AD.

The seconé&nd maingoal of the present study waerived fronthefinding that already MCI
patients suffered from impairegbatialallocation ofattentional weigtgwhich wasinterpreted
as being probably caused &y interhemispherittemporoe)parietalimbalance in cortical it
radions In line with this hypothesis afindings of a visual search studyy Meguro et al.
(2001) revealingthaAD pati ent s6 enhanced rightward or
parietal cerebral blood flow (CBF) in the left hemisphere compared to the righticane-
sa The fact that temporparietal hypometabolism is a main indicator of fd2e e.g. review
by Mosconi, 2005supportedhe view of parameter laterality of atteatial weightingw,. as
potentially early cognitive marker of subjects at risk for Abthis study, a more pronounced
leftward spatial biasvas expected tbe associated witrelative lefthemispheric hypomat
bolism in (tempor¢parietal cortex compared tine metabolic rate ilomologous right
hemispheric regions and vice vergara morethorough discussion artktailed argument

tion, see chaptes.5.2(pp. 88 et seqq.)

Thus, the present stu@yxpands the investigation of theevioudy presentedecond study of
this dissertation (see chapt&rpp. 60 et seqq.) by relating TVA parameters for spatial and

taskrelated attentional selection FDG-PET imaging dataThe TVA-basedpartial report
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paradigm (andvholereport paradigmwasappliedin patientswho werepredominantly dig-
nosedwith amnestiaViCI i only some patienta/erediagnosed witlprobable ADi in order

to be able t@ccount fobehavioralmetaboliccoherences ierarly AD.

6.3. Method

6.3.1.Subjects
A subgroup of thsepatients who participated in the second study detailson diagnostic

assesment exclusionand diagnostic criterjssee chapteb.3.1, pp. 65 et seq.)took part in
thisthird studybecause only individuals the original sample uderwent FDGPETimaging
resulting in23 MCI and7 AD patients(11 male, 19 female; mean age 67.5 years; mean ed
cation 10.3 years; all rightanded) The patient sample was supposed to represent early AD
because the majority (77%) consisted of MCI patiedtme of the MCI patients was nied
cated with antidementives, but 6 AD patients were treated with acetylcholine esterase inhib
tors(AChEI). Due to mildsymptoms of depression, 8 MCI patients and 1 AD patient received
antidepressant medication. Furthermore, 1 MCI patient suffered from diabetes mellitus, 5

MCI and 2 AD patients received antihypertensive medication.

The age, gender and education matchedrobgroupfor the TVA-based(whole and partial

report assessmewtas identical to thgroup ofcontrol subjects assessed for the second study
and consisted of36 healthy older subjects (16 male, 20 female; mean age 67.2 years; mean
education 10.5 yearsjl right-handed)All control subjects were neurologically and psyehi
trically healthy, were not medicated and had no cognitive symptalnsubjects had normal

or correcteeto-normal vision. Patients and control subjects did not differ significantiy fro
each other with regard to Age(fL, 65) = .04p > .80], Educationk(1, 65) = .08p > .75] or
Gender §%(1) = .41,p > .50]. Further biographical and clinical information of each subject
group is listed inTable5 (for demographiaetails of individual MCIl and AD subjegtsee

Tablel4, p.1398).
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Table 5: TVA-PET: Overview of biographical and clinical details across MCI and AD pa-

tients and healthy controls

See also Table 14 (p. 138).

CDR: Clinical Dementia Rating Scale, global score (Morris, 1993); p: level of significance; M (SD): mean score

and standard deviation; Age in years; Education in years; Handedness: according to the Edinburgh Handedness

Inventory (Oldfield, 1971); R: right-hander; MMSE: Mini Mental State Examination (Folstein et al., 1975), 30-0

points, cut-o f f 0 23; CERADi umheé oC&ssabl i sh a BeasgiThdlmaym &f or Al z
Monsch, 1997), total score; n.a.: not applied; CDT: Clock Drawing Test, 0-6 points, cut-o f f (SBulnan et al.,

1986); CDR sum: sum of CDR category scores; Age at disease onset in years; Disease duration in years;

ApoE4: apolipoprotein E4 genotype, positive (+), negative (-).

MCI and AD Control p
(n = 30, CI (n = 36)
Age, 675(7.9 67.2 (6.6) > .80
M (SD), range 45.91 79.9 50.01 82.0
Gender (male/ female) 11/19 16/ 20 > .50
Education, 10.3 (1.8 10.5 (2.1) >.75
M (SD), range 971 13 7113
Handedness allR all R
MMSE, 26.2 (2.4 29.0 (1.0) <.01
M (SD), range 2071 30 271 30
CERAD, 81.1(11.5 n.a.
M (SD), range 547 112
CDT, 2.4(1.1) n.a.
M (SD), range 115
CDR sum, 2.6(1.) n.a.
M (SD), range 1.071 5.0
Age at onset, 64.7 (8.3 -
M (SD), range 52.171 76.8
Disease duration, 2.8(1.9 -
M (SD), range 05778
ApoE4 genotype 19 +/ 8-/ 3n.a. n.a.

All participants gave informed consent to taking part in the I&&ed assessment andti+es
ing-state'®FDG-PET. The ethics committee of the Technical University of Munich and the
radiation protection authorities approved the study protocol. The TVA procedure and the PET

acquisition were performed within an interval of a few days.

For the comparison of patit baseline PET data with an agatched control group a pre
existing PET database of 23 healthy volunteers was applied. This group had been acquired
previously for clinical and scientific purposes in the dementia research unit and consisted of
subjects wthout cognitive symptoms, neurological, psychiatric, or systemic diseases.hfhe et

ics committee of the Technical University of Munich and the radiation protection authorities
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approved the PET protocol for the healthy control group. PET examinations obritrel

group had been performed following the identical protocol as for the patient group.

6.3.2.Whole and partial report paradigm
Please note thahe TVA-based whole report paradigm was primarily applied in orderne co

trol for possible no#ateralizedinfluences of distinctcomponents of processing capacity on
aspects of both, tagielated and spatial weightingjask, procedure, stimuli and apparabdis

the whole report assessmemtere identical to theesting in thefirst studydescribed in this
dissertationsee chaptef.3.2 pp.39etseqq.)The aver age fAshorusedinpr es
the whole report paradigmasM = 167ms (SD = B8) across MCI and AD patients aii=

135ms (SD = 29) for healthy control subfec fil nt er medi at e0 present
erage M =325ms (SD =120) acrossMCI and AD patientsandM = 265ms (SD =58) for

healthy subjects And @Al ongo pr es é18ms=a($D =hod) acrossivi€lsandw e r e
AD patients andM = 528 ms (SD = 188) fohealthy subjectsindividual exposure durations

for the combined patiergroup and control subjecsse listed inTable15 (p. 139).

The main focus of this study waset partial reporassessmemnwhich was identical to thex-
aminationin the second studisee chapteb.3.2 pp.68 et seqq.)A mean exposure duration
of 360 ms (SD = 138) was used across MCI and AD pati@f 200 ms (SD = 69) for control

subjects. Exposure durations of individual subjects are list€dbte15 (p. 139).

6.3.3.Estimation of TVA-based parameters
Parameter estimateerived fromthe whole report, perceptual processing sggedd VSTM

storage capaciti{, werecomputedas presented in the first study (see chapt@d pp.42 et
seq). The estimation of the partial report parametersdimpn controlU, characterizing task
related weighting for prioritizing relevanisual objects for processingnd thespatial distr
bution of attentional weightingv..across the left andght visual hemifieldvereconducted as

described in the second study (see ch&p®B pp.70et seqq.).
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6.3.4."*FDG-PET measurement
8FDG-PET was used for data assessment in MCI and AD patients. Amatghed control

group of healthy volunteers was composed of aegisting PET database.

6.3.4.1.Betweengroup and betweenhemisphere comparisons

Images were acquired on a Siemens 951 R/31d4eamnerFor all patients, PET imagingeb

gan 30 minutes after injection of an intravenous bolus of KMégabecquere(MBq) of

8EDG. Subjects were positioned withet head parallel to the canthomeatal line within the
gantry. Duringdataacquisition, patients were at rest with their eyes closed. Three frames of
tenrminute duration were acquired and averaged to a single frame. Image data were acquired
in 2-dimensionalmode with a total axiafield of view of 10.5 cm and no intgrane gap
space. Attenuation correction was performed by a standard ellipse i n g Detals di o d .
the imaging procedure can be found in a report by Drzezgh(2005) Images were norez

lized to a stadard template iMontreal Neurological Institute (MNBpace using a neimear
algorithm implemented in Statistical Parametric Mapping SPM) 5
(http://www.fil.ion.ucl.ac.uk/spm/) and smoothed using a 12x12x12® @aussian kerel.
Individual global countsvere proportionally scaled to a mean value of 50 b@§ i/ min.

The smoothed images were further analyzed within the framework of the general linear model

(Friston et al., 1995)

In a first step, global effects tlie presence of amnesMCI and AD on glucose metabolism

were investigatetdy comparing PET images frothe combinegatient group with images of

23 healthy agenatched controlsA two-sampleSt u d etest od sach voxelas performed
accepting differences that passed a threshofo<of01, falsediscoveryratecorrected FDR-
corrected)for multiple comparisons, as significarRegions differing between the groups
were supposetb be those most affected by disease progression and expected any effects of
clinical scoresd be found within these aredis was done mainly to ensure titia¢ sample

in this studywas representative MCl and AD ingeneral.


http://en.wikipedia.org/w/index.php?title=Megabecquerel&redirect=no
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Further, a grouplevd map d diseasemediated intdremispheric asymnigy was createdin

order to be able to compare homologous structures in both hemispheres, PETnieeages

to be adjustetb make them symmetricakcross the central commissuFar this purpose, all

pat i e agess(@which had previously been normalized to MNhce)were averagedo

create a patiergpecific template and averaged this template with a duplicate that had been
flipped across the-g-plane to make it symmetricaLh e pati ent s0 @&agds c ont
were then normalized to this symmetrical template, effectively creating symmetrical images
that still retained indindual variations in metabolisnAgain, atwes a mp | e Stestden't
was usedo find regions of significant hypometabolism (ak .01, FDR-corrected, and a
minimum of 200 contiguous voxels) in gEEnts compared to control$hese hypometabolic
areaswere useds a mask within which to search forefiserelated intelnemispheric med-

bolic asymmetryTo test for these imbalances in metdm, a duplicate of each images
createdthat was then flipped along thezyplane and subtracted the original image from its
flipped duplicate, yielding images of metabolic difference across péeres.Using these
images, a onsample #testwas peformedon each voxel to find unbalanced regionsp(&
.05,FDR-corrected, and 50 contiguous voxels).

6.3.4.2.Multiple regression model of PETbased measurements onto TVA param:
ters

As the next step, a multiple regression modelTMA parameters onto PET imagesms

createdAlthough at least four main paramet@egerality of attention weighting,, top-down
control U, perceptual processing spe@dindvisual shortterm memory YSTM) storage a-
pacity K) can bederivedfrom the TVAbased whole and partial repgaradigns, the main
interest was takeim the laterality indeof attentional weightingv,, which wasexpected tde
related to hypometabolism temporeparietal regiongsee Meguro et al., 20Q1n addition,
it wasanalyzedvhether topdown controlUmight be predominantly associated with metabo
ism intemporoeparietal cortexbesides frontal aregdsee Collette et al., 2002; Delbeuck et al.,

2003)
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Sincethe measure of spatidhterality of attentionw,.ought to be usedith as few confounds

from other factors as possible, the contributiothef parameters processing sp€ed/STM
storage capacitiK and topdown controlU to parametem, were extracted bysing Gram
Schmidt orthogonalization, yielding four orthogonal TVAjmessorsAnalogous procedures
were executed with regard to parametgrdown controlU. The participants' agwas used as
covariate of no interesthe hypothesis focused on the relationship betwssmametews,and
metabolism in fouhomologoudeft and right temporgarietal regions putatively related to
impairments in spatial attentiothe angular and supramarginal gyri of the parietal cortex
(Ang-SMG) as well as the posterior middle temporal gyrus (pMTG) as representatives of the
temporepaietal junction TPJ, along with the inferior parietal lobule (IPL) and the superior
parietal lobule (SPL)TPJ was separated into two regions of interest (ROIs) to get mare sp
tially specific resultsinitially, analyseswere restrictedo these regionsybanatomically @-

fining ROIs using the Automated Anatomichibeling (AAL) tool (Tzourio-Mazoyer et al.,

2002) Additionally, a whole-brain analysisvas usedo look for correlations outside ofe
ROlsdefined in this studyPlease note that whelgain analyses were not corrected forlimu

tiple comparisonsp(< .001, cluster threshold: minimum of 50 contiguous voxe)ne-
quently,alarger alpha errorn.g. p > .05) cannot be excluded. Therefore, correlations revealed
by wholebrain analyses might not be considered as rigorous and straight compared to ROI

results.

Next, in order to further evaluate the contribution of spatially-laderalized attention e
chanisms, analogous analysesre performedor the remaining TVA parameteperceptual

processing spedd, VSTM storage capacitl{, andtop-down controlUl

6.3.4.3.Metabolic laterality index

Finally, to test the hypothesis that it is ttedative hypometabolism of one brain structure
compared to its contralateral homologue, rather thatabolism othatsinglebrain structure,

which causes spatitdteralizationtowards one or the other hemifielshean values from the
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four ROIs in botrhemspheresvere extracted~or each ROI, a metabolic lateralibdexwas
createdoy dividing average metabolism in the right ROl by the sumetabolism ifeft and

right homologous ROls, le. using the formula

right ROI metabolism
right ROl metabolism + left ROl hypometabolism

ROllaterality index = . Then it was checked up on

significant relations between the R@dices andhe partial reportaterality parameter cdt-
tentionalweightingw,, u si ng Pe ar s o n &est whetherthe latarality pameter T o
W, is related to imbalanced metabolism in the visual systeensame procedungas pe-

formed for primary visual areas along the calcarine sulcus, again as derived from the AAL

tool.

6.4. Results

This chapteiis divided in three sections, the fidgscribing the results on pathological byp

metabolism across MCI and AD patients, the second presenting results eneldsesk
weighting and the third on spatial weighting in relation to PET metabol&rasequently, the
inter-correlations of the main fourVA parametes (w,, U C andK) and relevant metabolic

laterality indices are reported for patients and healthy subjects.

6.4.1.AD-typical hypometabolism across MCI and AD patients
Regions of significant hypometabolism across MCI and AD patients compatieel tormal

contr ol s 6 arddBon iFiguaed® s
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Figure 17: TVA+PET: Regions of significant hypometabolism across MCI and AD patients

as compared to healthy controls
p < 0.01, FDR-corrected, cluster threshold: minimum of 200 contiguous voxels;

Patients shoed bilaterally distributed hypometabolisoenteredn posterior cingulate gyrus/
precuneus (largest group differences), lateral superior parietal lobes, dorsolateral frontal lobes

and anterior cingulate cortex.

6.4.2.Task-related weighting and frontal/ temporo-parietal hypometabolism
Parameter toglown controlU was negatively correlated witflROIl-metabolism in the left

Ang-SMG and the left pMTG, indicating reduced tpwn controlled slectionwith dimi-

nishedmetabolismin left TPJ(seeFigure18A).

Figure 18: TVA+PET: Left-hemispheric hypometabolic regions showing a negative correla-
tion (A) in the ROI and (B) in the whole-brain analysis with parameter top-down

control Uacross MCI and AD patients
Whole-brain analysis: p < 0.001, uncorrected, cluster threshold: minimum of 50 contiguous voxels;

Whole-brain analyses witla more liberal thresholere conducted to avoid excluding pote

tially relevant regions ancevealedthe samdeft posterior maxima of correlation with @ar
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meterU, as in the ROI analysis with furthemaximafoundin the left inferior frontal cortex
andthe left precuneuéseeFigure 18 B). The more reducebkft-hemispheric metabolism in

TPJ inferior frontal lobe and precuneuse more impaired wasg-down controlU

6.4.3.Spatial weighting and temporo-parietal hypometabolism

A significant group effect was found for parameter laterality of attentional weightift¢64)

= 2.83,p < .01]. Across MCI and AD patienttM = .55, SD = .11)parametemw, deviated
significantly from the optimal unbiasemd, value 0.5 {(29) = 2.46,p < .05], indicating a p-
thological leftward spatial biagn contrast, healthy controls (M = .49, SD = .06) showad b
lanced spatial weighting(B5) =1.40,p > .15]. The laterality index of sensory effectiveness
As.in the patient group (M = .52, SD = .08id not differ significantly from the value 0.5
[t(29) = 1.40p > .15], which indicates equal sensory effectiveness on both sides of the visual
field. Therefore, thgpathological spatial biaw, in the clinical group is not attributable to a
more fundamental sensory bid%or detailed information concerning individual parameter

values, sed@ablel16 (p. 140.

In line with thebehavioralresults, six clusters of significant hemispheric differences veere r
vealed vithin thoseregions showing hypometabolism in the patient grdiye of these e-

gions were situated in the left hemisphere, indicating that metabolism in those left
hemisphec structures was reduced compared to the samegtesan the right hemisphere.
The five dusters of left hypometabolism were in the posterior cingulate, the superior, middle,
and inferior frontal gyri, andhe inferior parietal lobuleThe single cluster of relative right

hypometabolism was in the precuneus.

Furthermore, a significant negagicorrelation of parameter laterality of attentional weighting
W, with metabolism in the left pMTG was found, near the maximum for parameteotop
control U. Therefore, Wwasassociatedwith arbocelprorounced n
leftward spatl bias. Parameters, did not correlate with the symmetrical right TPJ or with

the inferior or superior parietal lobules of either hemisphere. In bidevorain analysis (see
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Figure 19), correlations with the laterality parametes were restricted to the left temporal
and parietal lobegenteredon TPJ(Ang-SMG and pMTQ. No other areas showed anyg-si
nificant correlationsTherefore, parameter laterality of attentional weightiggeened not to

be related to the metabolic rate of the visual system, for instance.

Figure 19: TVA+PET: Left-hemispheric hypometabolic regions showing a negative correla-
tion with the spatial laterality index of attentional weighting w, across MCI and AD

patients
p < 0.001, uncorrected, cluster threshold: minimum of 50 contiguous voxels;

Finally, the relationship ofgrameter laterality of attentional weightingto thelateralty in-
dex of relative regional metabolisim ROIswas investigated across MCI and AD patients.
The metabolic laterality index was significantly correlated with parametierthe Ang-SMG
and thepMTG (TPJr = .43,p < .01 seeFigure20A), i.e. regions whichkvere already ideit

fied to significantlycorrelate withparametemw,.in the unilaeral analysis.
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A) MCI and AD patients B) MCIl and AD patients
0.54 - 0.54
.
. .
& 052 ' p
S 5 052
£ c
._;- 0.50 - >
T < 0.50 -
9 o4 | 9
5 . L
2 —1 0.48 - .
B o046 . o .
0.44 ; ; ; ; ; ‘ 0.46 ; . : : : ‘
0.3 04 0.5 0.6 0.7 0.8 0.9 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Parameter w, Parameter w,

Figure 20: TVA+PET: Positive correlation of the spatial laterality index of attentional weight-
ing ws.to corresponding interhemispheric metabolic (A) TPJ and (B) IPL laterality
indices across MCI and AD patients

TPJ: temporo-parietal junction; TPJlaterality index =

right IPL metabolism .
right IPL metabolism + left IPL metabolism '

right TPJmetabolism

- - — ; IPL: inferior parietal lobe;
right TPImetabolism + left TPImetabolism

IPL laterality index =

Additionally, the metabolic laterality index for thieLs correlated significantly with the &t

rality index of attentiow,. (r = .35,p < .05;seeFigure20 B), even though the left IPL alone

was not correlated with parametes. The metabolic laterality index of the visual cortex was

not correlated with parametes, indicating that the spatialistribution of attention seems to

be independent of interhemispheric metabolic imbalances in the visual system, but dependent

on relative metabolism in homologous temppevietal caetical regions.

6.4.4.Parameter inter-correlation
Given theadjacentmetabolicmaximain the left pMTG for both, parameter spatial laterality

index of attentiorw,.and parameter tegown controlU, a special interest was takenifnves-

tigating whethetheseparameters werassociated with each other

No significant correlationsvere found between all TVA parametéseeTable 6), laterality
index of attentional weightings, top-down controlU, perceptual processing spe@and vis-

ual shoriterm memory storage capacky in both, patients and healthy controls fal .13).

In healthy subjects, two trerdvel correlations between parametegsandC and parameters

we.andK, respectively, were revealed (plk .10) indicating that a slight leftward spatial bias
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was associated with enhancegneral processing capagitye. faster processing speed and

higher VSTM storage capacity.

Table 6: TVA-PET: TVA parameter inter-correlations and relationship to metabolic TPJ-

and IPL laterality indices
ws laterality index of attentional weighting; U: top-down control; C: perceptual processing speed (N elements/
sec); K: visual short-term memory storage capacity (N elements);

TPJ: temporo-parietal junction; IPL: inferior parietal lobe; TPJlaterality index = fight TPJmetabolism

right TPJmetabolism + left TPImetabolism ’

right IPL metabolism
. L . p< .01 % p<.05;
right IPL metabolism + left IPL metabolism

IPL laterality index =

Parameter U C K TPJ laterality  IPL laterality
inter-correlations index index
MCI and AD

W, -.06 -.15 -.19 A3 .35*%
U - .00 -.10 -.18 -.32
C - - .28 -.25 -.06
K - - - -.18 -.08
TPJ laterality - - - - 75%*
index

Controls

Wa, 14 29 .28 - -

U - A1 .05 - -

C - - .10 - -

Across MCI and AD patientfor individual parameter values, s€able 16, p. 140), Sgnifi-

cant positive correlations weresolely revealedbetween the laterality index of attentional
weightingw,. and both, TPJAng-SMG andpMTG) andIPL laterality indicesBoth mea-
bolic indices were positilg inter-correlated This intercorrelationalsosubsisted when pts
erior cingulate metabolism wasagsas a covariate of no interest in order to control fer di
ease severityNone of the other correlations calculated between TVA parameters aad met
bolic indices reached the level of significan€aese rsults indicate that direction and degree
of the spatial lateralitindex of attentional weightingv,.restupon analogous interhemispheric
imbalancs in both, TPJ and IPL regionsand areindependent of nofateralizedattentional
mechanisms such as tas#kated selectiont¢p-down controll) and processing capagitye-

ceptual processing spe€kndVSTM storage capacitif.
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Notably, mrameter<C andK were not correlated with any R@hddid not show significant

correlations elsewhere in thénale-brain analyss.

6.5. Discussion
The present study was conducted to investitfeaelationship betweatomponent®f sele-

tive visual attentionas assessed bypartial reporttask as ed o n (BA90G)tdeerg e n O s
visual attentio(TVA), and the regional®’PDG-PET metabolism in early AD patients (about
80% amnestic MCI and 20% probable AD patignisom the partial report task, two ied
pendent quantitative parameter estimates were derivedrdiad&d efficiency of tomlown
control U and the spatial laterality index of attentional weighting In early AD, left
hemispheric hypometabolism temporeparietal (and frontal) areas predicted deficient top
down controlled selectiorrurthermorehypometabolism in the left tempeparietal junction

(TPJ) as well amterhemispheric metabolic imbalances in homologous regions diRdand

the inferor parietal lobe (IPL)respectivelywere significantly correlated in degree and clire

tion with spatial attentional weighting..

PET imaging data affirmed th#te presentlinical samplecan be considered aspreserd-

tive group of early AD patients (majority of MCI patients), since hypometabolic regions in
the currentsample araypically anticipated at an early stage of the disg@&seezga et al.,
2003; Drzezga et al., 2005; Herholz, 199=)rthermore, TVAbased capacityeflecting pa-
rameters perceptual processing spe€dand VSTM storage capacity, were not correlated
with any ROI and did not show significant correlations elsewhere in the shaile analysis,

as expected due to the rspecific regional character of lesions associated with structural |
mitations in attentional processing capa¢Byndesen et al., 2005Both parameters; and

K, had no effect on togdown controlUor the spatial laterality index of attentional weighting
W, nor on the metabolic measur@sevious findings are in line witime presentesults, atir

buting deficits in general processing capacity mainliesion volume andavide-rangingdis-
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ruptions of white matter cortiecorticalfibers (Habekost & Rostrup, 2007; Habekost & $tar
felt, 2009; Peers et al., 200%)stead of circumscribed (e.g. rdablic) alterations in distinct
regions.Importantly, topdown controlUand the laterality pameterw,.were uncorrelated for
each group, corroborating (se#¢so chapter5.5 pp. 86 et seq) that both parameters are
present as distinct and independent attentional indieflacting possibly different underlying

neuropathological mechanisniis issue will be discussed in the next sections.

6.5.1.Task-related weichting and frontal/ temporo-parietal hypometabolism
Neurofibrillary tangles and neuritic plaques give rise to a selectively distributed neocortical

disconnection syndrome in Aelbeuck et al., 2003; Sorg et al., 200@srupting, among
others, functional connectivity between frontal and parietal cortices in(Akari et al., 1992;
Horwitz et al., 1987)A FDG-PET study by Collette et a2002)was in line with the hyp-
thesis of diminished anteriqguosterior connectivityln this studyAD patients with either @
rietal and temporal hypometalsi or with additionally reduced metabolism in frontal areas
were similarlyimpaired in severagéxecutive tasks, irrespective of the presence or absence of
frontal lobe hypometabolisnThe currentresults on the relatiship of parameter tedown
control Uwith hypometabolism in predominantly l¢femispherigosterior regions (left TPJ,
composed of AnggMG andpMTG,; and precuneuspreponderantlysupport this viewal-
thoughparameter tomlown controlUwas also related to left inferior frontal cortéyotably,
associations between paramdieand hypometabolism in precuneus and especially ledt inf
rior frontal cortex were revealed in the whdlein analysis, onlyln support of the fronto
parietal disconnection hypothesis, these findings might nos beliable as the R@iased e-
lationship between parameter +dpwn controlUand metabolism in left TRTaken together,
executive impairments in early AD could be the consequarisaeg outof a partial disrp-

tion of the fronteparietal attention netwkr
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6.5.2.Spatial weighting and temporgeparietal hypometabolism
Across MCI and AD patients, a pathological spda#tralizationof attentionw, towardsthe

left visual hemifieldwas revealedwhile in healthy elderly controls visual spatial attention
wasbalancedIn support of thesbehavioraresults,'*FDG-PET imaging corroborated a left
hemispheric hypometabolism prefrontal, lateral parietal corticesand precuneusompared

to homologous regions in the right hemisphere across pat@msequentlyneural degesr

ration in AD seems to be slightly intensified in the left compared to the right hemigpleere
sgranges et al., 1998; Li et al., 2000; O'Brien et al., 1992; Thompson et al., 2003; Ueyama et

al., 1994; Volkow et al., 2002)

In the patient groupthe laterality parameter of attentional weightimgwasmore directed to

the left visual hemifield the lower the metabolism in the left TPJ. Paramgteas neither
associated wittmetabolism inright TPJ, other parietal regions, nitie occipital cortex In
addition, spatialateralizationof attentionw,. was not related to imbalanced metabolisea b
tween leftand right primary visual cortexvhich excluds primary visualsensory deficito

be the cause of theathologicalleftward spatial biasBehavioraldata complies with the PET
data, revealing no significant correlation between the spatial laterality index of attentional
weightingw,.and the corresponding index of sensory effectiveAgsmdicating thathe pa-
thologicalleftward lateralizationdoes not originate from amilateral right or left-sided sa-

sory loss.

In contrastthe spatial laterality indews, seemed tstemfrom hypometabolism in left TPJ

and an interhemispheric metabolic imbalance between the left and right TPJ and IRt-, respe
tively (TPJ and IPL laterality index-he more reduced the metabolism in left TPJ and IPL
compared to the rightemispheric homologs regions, the more pronounced the leftward
spatial bias. These results replicate recent findings by Meguro @08afL) In this SPECT

study, AD patientsd enhanced rightward omi s
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lower parietal cerebral bbd flow (CBF) in the left hemisphere compared to the right, and p

tients with predominantly leftward omissions showed the opposite CBF pattern.

6.5.3.Parameter inter-relations
Despite the fact that both partial report parametersdtmm controlU and the latrality pa-

rameterw,, were related to corresponding cortical regions in thepldftG (TPJ, they were
not correlated with each other in bajfoups patients and controls. Hence, thegrepresent
independeny from each otherThe same results were releg for all other possible TVA

based parameter inteorrelations.

Interestingly,in the clinical group, significant positive correlations were solely reveated b
tween the laterality index of attentional weightingand both, TP&AndIPL laterality indices.
Both metabolic indices were positively inteorrelated which has been reported bef@€zor-
betta, Patel& Shulman, 2008; Vandenberghe & Gillebert, 200®pnsequently, direction
and degree of the spatial laterality indexseem to be caused by interhemispheric metabolic
imbalances in both, TPJ and IPL regions. Howgetlgs relationship is independent of Ron
lateralizedattentional mechanisms such as tesdlated selection (tedown controlU) and

processing capacity.e. perceptual processing speeé@nd VSTM storage capacik.

According to a recenteview articleby Vandenberghe and Gillebef2009) activation in
intraparietal sulcuiPS)is related to selection taskémultiple competing stimulij.e. targets
and distractorssuch asn the TVA-based partial report taskomplemented by the comput
tional view based on NTVABundesen et al., 2005he relationshipf parameter laterality
index of attentional weighting,.and the metabolic IPL index (IPL is adjacent to IPS) seems
to correspond with the hypothesis thatIPL (and IPS, respectively) relative attentional
weights are allocatednd contrlateral saliencymaps are generat€dffandenberghe & G-

bert, 2009)n such a way that ithe presensample of early Alpatients an imbalance imglu-
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cosemetabolism and probably also in cortical actigtween lefand right IPL resuéidin a

spatial bias.

Analogous, theelationship between parametgs and the metabolic TPJ index mightigi-
natefrom adeficitin the appropriateeallocation of attentional weigbti.e. processing capa
ity) in this early AD sample asattentioral reallocationseems to be mediated by left and right
TPJ regiongVandenberghe & Giébert, 2009)Both, IPL and TPJmetabolic indiceswere
highly intercorrelated indicating that TPnediated rallocation of attentioal weightsmay
support thenstantiation ofaliency maps in IPL$Noteworthy, parameter tegown controlU
wasin the wholebrain analysidoosely (see chapter6.3.4.2 pp. 100 et seq. and.4.2 pp.
103 et seq.)associated with left TPJ aneft inferior frontal lobe &part fromleft precuneus
Thereforetop-down controlledreallocation of attentional weights taskrelevant target st

muli in presencef taskirrelevant distractors might be modulated by inferior frontal lobe.

In terms of the biased competition modélattentional selection proposed by Desimone and
Duncan(Desimone, 1998; Desimone & Duncan, 1995; Duncan et al., 188ith is strongly
related to TVA(Bundesen, 1990}he process of attentional (adlpcation might be undsr
tood as interactions among neurons representing all stivhigh are currentlypresent in the
visual field Competition between object representatiarsbiasedin favor of taskrelevant
stimuli in healthy subject¢Desimone & Duncan, 1993)ut may be pathologically ima-
lancedin the currentearly AD sampleReductions of neuronal activity ileft IPL and TPJ
compared to right IPL and TPdr vice versaseem tocausea correspondingpathological
spetial bias towards the left and right visual hemifield, respectivaehaddition, decreaseda
tivity in inferior frontal lobemight underlie impairments itop-down controlledselectionof
neuronal representatiomd objectsrelevar to currentbehavioror, considered from another

angle, might result in altered suppressiobetavigally irrelevant stimuli.
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6.5.4.Limitations of the study

The present study has several limitations. First, this is a correlation study between resting

state PET measures and cognitive performance and thewefomatious interpretation is
needed(Tulving et al.,, 1999)I n addi ti on, conokugiedrmagit ol 9
v at eodiéal regionscould be questioned, althougirevious studies using voxbhsed
mapping of correlations between cagre performance and restisgate regional glucose
metabolism have demonstrated the sensitivity of this approachravelingthe neural si-

strates of cognitive impairment &D (Bracco et al., 2007)

Second, he pattern of cognitivenetabolic correlations might vary according to diseaserseve

ity (Bracco et al., 2007Despite the fact that posterior cingulate metabolism was used as a
covariate of no interest in order to control for disease severtteianalyss of paameter -
ter-correlations, the present findings ought to be investigated further, i.e. by oppSing

and AD patient groups.

Third, it was not feasibléo assess both, resting FERET and TVAbased tasks in one single
sample of healthy elderly controlShus,it was impossibléo directly compare the relatie
ship ofthe partial report parameters to patternstdtabolic correlates both, patients and
healthy controlsTherefore,this survey needs to be complemented inyher studiege.g.

PET and fMR).

6.5.5.Conclusions
The TVA-based partial report task proved to be a sensitive tool for reflecting underlging m

tabolic dysfunctionstan early stage of AD. Deficits in tas&lated selection as well as a-p
thological spatial biggjualitativdy distinct andquantifiable were shown to be related to left
hemispheric hypometabolisieind intethemispheric metabolic imbalances predominantly
posterior regions of the frorqmarietal attetion network These results support the hypotheses

that early impairments in tagklated as well as spatial weightingay be caused by a cortico
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cortical disconnection of frontparietal cortices on the one hand and by an imbalancge in i

terhemispheric tempot+parieta interactionson the other hand

As temporeparietal hypometabolisns now considered a reliable hallmarkAD (Mosconi,
2005)and a sensitive tool for reflecting pathological interhemispheric metabolic imbalances

I.e. the TVAbased partial repoparadigm might beindicative of subjects at risk for AD.
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7. General conclusions and perspectives
This dissertation intended to investigate the probable valuable contribution of thaséa

whole and partial report of briefly presentedletr ar r ays b athedrgofwviar B u nc
al attention(TVA, Bundesen, 1990, 1998; Bundesen et al., 20@%3)ssessing amnestic MCI

and AD patients in comparison to healthy elderly control subjects.

The resultsof the three presented studmsggesta staging model ofisual selective atte
tional impairments in MCI and AllseeTable7). Deficits of pre-attentiveprocessingperce-
tual thresholdy), taskrelated(top-down controlU) and spatial weightinglaterality index of
attentional weightingv,) werealreadydetectable ifMCI patients while aspects oprocessing
capacity(perceptual processing spe€@dnd VSTM storage capacif) were still intactAt a
later stage of the diseagarther deterioration afop-down controlUandincreasindateraliza-
tion of spatialweightingw, accompanid impairments in perceptual processing sp€eahd

VSTM storage capaciti.

Table 7. WR-PR: Pattern of impaired and intact TVA-based attentional components in MCI
and AD patients compared to healthy controls

Z impaired attentional parameter; ZZ: f urt heréddeitetr aofr aati to@enti onal component
Group Perceptual the- Spatial Top-down Processing  VSTM storage
sholdt, weightingws,, controlU speedC capacityK
MCI Z Z Z a a
AD Z 27 z27 Z Z

It is a fact that not all subjects diagnosed with MCI will develop dementia, althougmthe a
nestic subtype bears a high prognostic vé{eauthier et al., 2006 Needless tsay, his a-
sumption merits further investigation. I&ngitudinal study would be required to address th
guestionwhether one or several T\MBased paramete(se. perceptual thresholg, top-down
control Uand the laterality index of attentional weigigiw,) might predictwhich MCI pa-

tients convert to AD
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Further specific questions for future studies arise femweralparticularfindings. Notably,
perceptualprocessing spee@ differed significantly between AD patients receiviagety-

choline esterase inhibitorAChEI) and those nomedicated AD patientd/edicated AD p-
tients exhibited higher processing speedhpared to nomedicated patientsndicating that
parameteC might bear the potential of reflectimgedication effectsnaybeeven &the early

MCI stage Dedicatednedication studies usim§ChEI might answer this question.

Furthermore, it would be of interest to contrast samples of AD patgtitgnd without pas

erior cortical atrophyn order to invesgjatewhether decreasing pressing spee@ might be

a general factor in AD or whether it is more attributable to atrophy in specific posterior r
gions.Analogous to atudy by Finke et a2007)i n Hunt i ngt on &Glowingi s e a s
impaired simultaneous perceptjisymptoms of simultanagnosia could be investigated in AD
subgroupsdy a simultaneous perception task of visual objects presented under varyisg level

of difficulty. Besides a conceivable common relationship between para@eied simulé-

neous perceptioonf objects,both disease variania AD might differ with regard to other
TVA-based parameters and miglotentally exhibit a characteristic pattern iotact and -

turbed attentional aspects addition, these research questi@muld also be surveyead

MCI patients.

With regard to the pinpointed relationship between increasing leftward spatial bias and earlier
disease onset in clinical carriers of the ApoE4 allele effect of ApoE4 genotype andsdi

ease onset on parametesshould be investigated in more detail. Unfortunattig, present
clinical sample or rather corresponding subgroups were not large enough to conducg-an anal

sis of a possibl&enotype xDisease psetinteraction effect

Finally, it would be desirable tturther investigate the probable neuronal correlates @&-par
meter topdown controlUand the laterality index of attentional weightiwg respectively, as
it was not feasibléo assess both partial report components together with the PET imaging d

ta in cne and the same growp healthy elderly controls.wo different control groupbkad to
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be appliedwhich prevented the direct comparison of cognitivetabolic coherences in the
clinical and the healthy sampl@n the same subjedhe influence of the levef alertness on
spatial (laterality parameter of attentional weightiwg and norspatial (i.e. perceptual
processing speed) components of visual attenti@hould beexplored. Matthias et a{2009)
demonstrated the relevance of alertness to spatial attentional asymnsetiks, to those

that werediscoveredn the present workh amnestic MCI and AD patients.

In conclusion, the TVAbased assessment of selective visual attention proved to be a sensitive
diagnostic tool for revealing subtle deficits already at the stage of MCI waight exhibit

the capabilityof an early cognitive marker for the identification of subjects at risk of AD.
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8. Deutsche Zusammenfassund3derman synopsi9
Die vorliegende Dissertation mit dem Titel

bei Pat i Mid Cagmtivemimpairmand und Alzheimer Demenz basierend auf der
Theorie der visuellen Aufmeressmk ei t @ (engl i A¢ihewalOr atg§-aemtl it d
ment in mild cognitive i mpairment andn-Al zhe
t | pdiigilert sich in drei Stuen, welche unterschiedliche Aspekte der selektiven visuellen
Aufmerksamkeiuntersuchten, und zwar&at i ent en mit ei ne Mildamnes
Cognitive Impairmeréa  ( MC 1 ; deut sch: | e i anBRatientenidierguy i t | V ¢

malfilichan einerAlzheimerdemenz (ADgrkrankt sind

Die Erforschung degesunden aber v.a. auch pathologischkerns bedingtdurchz.B. ver-
schiedaee Formen der Demenanimmt mittlerweile einen hohen Stellenwert in unserer G
sellschaft ein, danit steigender ebenserwartung ein stetig wachsendes Risiko egehéan
einer neurodegenerativen Erkrankung wie der Alzheimerdemenz zu erkrankeng&eke
schaftspolitisch relevanténtwicklung tickt immer mehr in den Fokus défissenschaft und

der Forschung.

Die valiegende Forschungsarbejeht von der Annahme aus, dass bereits in einem frihen
Stadium derAD-Erkrankung Defizite deiselektiven visuellen Aufmerksamkegtuftreten
(Foldi et al., 2002und diese mdglicherweise als erste Beeintrachtigur(geben Gedadth
nisproblemen; Perry & Hodges, 199@) frihen Prodromalstadium MQPeterseret al.,
1999) naclweisbarsind. Ziel dieser Dissertatiomvar es, die Fragestellung zu untersuchen,
inwiefern bestimmte Komponenten der selektiven visuellen Aufmerksamkeit v.a. im frihen
MCI-Stadium bereits beeintrachtigkzw. noch intakt sind. In diesetrdusammenhang sollte
auch untersucht werden, ob sibai MCI-Patientenbestimmte Aufmerksamkeitsfunktionen
gualitativ und/ oder quantitativ von Aufmerksamkeitsleistungen beiPabenten auf deri-e

nen und bei gesunden alteren Kontrollprobanden auf derean8eite unterscheiden.
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Die Theorie der visuellen AufmerksamkéfVA) von Bundeserf1990, 1998 iente hierzu

als theoretische Grundlage und ermdglichte es, latente, mathematisch unabhangige-und qua
tifizierbare Parameter zu schatzen. Diese Parameterwerte leiten sich ab von zwei sehr ahnl
chen Paradigmen, dem computergjegen Ganzbericht und Teilberichtit kurz dargeba-
nenvisuellenBuchstabenanordnungen. Zahlreiche Fdsierte Untersuchungén.B. Bub-

lak et al., 2005; Bublak et al., 2006; Duncan et al., 1999; Duncan et al., 2008;€tiak,

2006; Gerlach et al., 2005; Habekost & Bundesen, 2003; Habekost & Rostrup, 2006; Peers et
al., 2005)konnten zeigen, dass das Gaunad Teilberichtsverfahren als Diagnostikum fér s
lektive Aufmerksamkeitsleistungener grof3e Starken aufweist: diglitekiterien der Sens

tivitat, Spezifizitat, Reliabilitat und Validit&indin hohem Mal3gegeben

8.1.Studie 1
Die Amyloid-KaskaderHypothese (Hardy & Selkoe, 2002himmt in Bezug auf dieAD-

Erkrankung an, dass eine Zunahme fselmyloid ( A Blaquesund Neurofibrillendurch d-
rekte und indirekte Wirkung auf synaptische, neuronale und neuritische Funkaogéns-

tig zu kortikalem Zelltod (z.B. Cirrito et al., 200550wie fortschreitendem intellektuellem
Verfall fuhrt. Folglich konnte die Erforschung vaensitiven Biomarkern, welche die neur
degenerativen Verandengen der AD wderspiegeln, die Mdglichkeit bieten, Personen mit
erhbhtem ADBRisiko moglichst friih zu diagnostizieremd somit die Chance einer wigks
men Behandlung zu erdéffn€Bhah et al., 2008Die erste Studi¢Kapitel 4, S.31 ff.) unte-
suche die Fragstellung ob kognitive Parameter z@rfassungvisueller Aufmerksamkest

kapazitadiesen Anspruchgerecht werdekdnnen

Basierend auf der TVA von Bundesgr990, 1998)wurde dieFahigkeit zurvisuellen Infor-
mationsaufnahme vo18 Patienten mit mutmalflicher AL8 amnestischeMCl-Patienten
und 18 gesunden alteren KontrollprobandatersuchtDie Gruppen wareihinsichtlichdes

Alters, desGeschlechtsund des Bildungsveaus vergleichba’lle Probanden bearbeiteten
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ein Ganzbeichtsverfalmen in demmaglichst viele Buchstaben benannt werden solltei, we
che kurzzeitig auf einem Computerbildschirm prasentiert wurdeAusgehend von dieser
Leistung konnten vier voneinander unabhangige Parameter ermittelt werden, welche ve
schiedene Aspekte der visuellen Verarbeitungskapazitat reprasentenzeptuelle Verarlbe
tungsschwelldy, ikonisches Gedachtnjs perzeptuelle Verarbeitungsgeschwindigkeiund

visuelle Speicherkapazitdes Kurzzeitgedachtnisses (KZk.)

Im Gruppenergleich wurde deutlich, dass die perzeptuelle Verarbeitungsschybkeeits

im MCI-Stadium erhéht ist, wohingegen die Verarbeitungsgeschwindigkeitd die KZG
Speicherkapazitdk nur bei denAD-Patienten signifikant reduziert vorlagD-Patienten,
welche Acetylcholinesterasehemmer (AChEE)Nnahmen, wieseawar eine hohere Vera
beitungsgeschwindigkeit als APatienten auf, die keine AChE¢thielten, jedoch erreichten
ersterenicht das Leistungsniveau der MeEatientenDer Parameter perzeptueN&erarbe-
tungsschwellg, war signifikant mit der Krankheitsdauer korreliert, jedoch nicht mit anderen
kognitiven Kennwertenlm Gegensatz dazuigsendie Verarbeitungsgeschwindigke&itund

die KZG-Speicherkapazitd zwar einen signifikanten Zusammenhanig @ven jenen kogn
tiven MalRen auf, nicht aber mit der Dauer der Erkrankumspesondere zeigte sich ein-Z
sammenhang zwischater KZG-Speicherkapazitdk und neuropsychologischen Testie
priméar aufvisuellem Materiaberuhenwie z.B. Bildbenennung uth Visuokonstruktion. Im
Hinblick auf die Verarbeitungsgeschwindigkeit konnte zudem noch ein Zusammenhang mit

verbalen Gedéachtnismallkelegtwerden.

Diese Ergebnisse deuten darauf, dassm frihen MCIStadiumDefizite der praattentiven
visuellenVerarbeitung vorliegen, wohingegen bei Aftienten zudem die attentive Viera
beitung beeintrachtigicheint Eine gestufteattentionale Kapazitéabnahmeam Verlauf der
AD-Erkrankungsteht im Einklangmit der AmyloidKaskaderHypothese welche besagt,
dassdie AD-Neuropathologie in der Frihphase vor allem durch die netzartige Anh&aufung und

Ablagerung vonA bbeschrieben werden kanBies fiihrt zu neuronalen und neuritischen
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Funktionsstorungenim weiteren Krankheitsverlaubewirken er allmahliche Verlust vo
Neuronen und Storungen in Transmittersystea@mzunehmendegeistigenVerfall. In die-

sem Zusammenhang konnte die Erhdhung der perzeptuellen Wahrnehmungsschwelle als
maoglicher Indikator fimeuronale Funktionsstérungen vor dem Zelltod in Betracht gazoge
werden. Im Gegensatz dazu konnten Defizite der Verarbeitungsgeschwindigkeit und der
KZG-Speicherkapazitat bereits Hinweigebenauf einenmassiva Verlust neuronaler Zel

verbande in Verbindung mit Beeintrachtigungen in Neurotransmittersystemen.

8.2.Studie 2

Die haufigste Form von Demenz ist die AD, die zum einen als erbliche, famili&r gehéufte E

krankung auftritt doch viel haufiger in sporadischer Form in Erscheinung Aitch die sp-
radische Form von AD wird mit einemenetischen Risikaktor in Verbindung gebracht:
Trager ded\polipoprotein EU Allels (ApoE4) haben im Vergleich zZApoE4-negativen Pe
sonenein 3- bis 15fach hoheres Risiko, akD zu erkranker{Blennow et al., 2006)Finke et
al. (2006) konntenmit demselberm VA -basiertenTeilberichtparadigmawie in dieser Studie
bei Chorea Huntington Patienteime enge Beziehungelegenzwischen de Schwergrad
der genetischen Pathologier neurodegenerativeerkrankungsowie der Ausrichtung und
dem AusmalftaumlicherAufmerksamkeit@teralisierungSensitive Testgur Messung selke
tiver visueller Aufmerksamkeit konnten aldihe kognitive Marker der ADzum Einsatz
kommen und somit eine friihe Diagnose von Risikopersonen im3#lium ermoglichen
(Shah et al.,, 2008)als auch von Personen mit zugrundeliegendem genetischem Risiko
(ApoE4).Die Zielsetzung derweiten Studie(Kapitel 5, S.60ff.) richtete sichauf die Frag-
stellung, ob Parameter der visuglumlichen und aufgabenbezogenen selektiven Alimer

samkeit als friihe kognitive Marker Betrachtkommen.

Zur Erfassung der selektiven Aufmerksamkeitsleistundpmn 32 amnestischen MCI

Patienten, 16 ABPatisiten und 36 gesunden alteren Kontrollprobandemde einTVA-
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basiertesTeilberichtsverfahrefBundesen, 1990, 1998)jngesetzt. Die Aufgabe der Proba

den bestand darin, kurzzeitig prasentierte Buchstaben zu benennen. Ausgehend von dieser
Leistung wurden zwei mathematisch unabhangige und quantifizierbare Parameteewerte b
rechnet. Der Parameter Tdpwn KontrolleUist ein MaR fiir die Fahigkeit, Zielreize imeG

gensatz zu Distraktoren bevorzugt zu verarbeiten. Der Parameter rdumliche Aufmerksa
keitsgewichtungv,. spiegelt die Verteilung der Aufmerksamkeit Gber das linke ectte

suelle Halbfeld wider.

Im Vergleich zu einer nach Alter, Geschlecht und BildweggleichbarerKontrollgruppe
zeigten MClPatienten signifikante Defizite in der Tolown KontrolleU, die sich imAD-
Stadium noch weiter verschlechterten. Zudem wreddClI-Patienten eine pathologische
raumliche Aufmerksamkeitslateralisierumgauf, die belAD-Patienten tendenziell noch sta

ker ausgepragt war. Uberwiegend zeigie Gruppe dePatienten eine Aufmerksamkeitsve
schiebungwn,.zum linken HalbfeldTragerdes ApoE4 Allelsin der klinischen Gruppeiesen
dariiber hinausine linksseitige Aufmerksamkeitslateralisierung auf. Diese linksgerichtete
Aufmerksamkeitsverschiebung war bei jingeren ApoE4 Patienten bzw. Apé@igérnmit
friherem Krankheitsbeginn starkausgepragt. ApoEdegative Patienten konnten die fAu

merksamkeit gleichmaRig auf beide visuelle Halbfelder ausrichten.

Diese Befunde deuten darauf hin, dass Defizite in derdbeyn KontrolleUauf friihe Beeai-
trachtigungen in kortikéortikalen Faserverbinthgen zwischen parietalen und frontalen
Arealen zurickgefiihrt werden kdnnen. Zudem scheif@gleitend interhemispharische
Asymmetrien im temporparietalen Aufmerksamkeitsnetzwerk autireten welche einer @
thologischen raumlichen Aufmerksamkeitsversbbrgg w,. zugrunde liegen kdnnen. Da die
Erblichkeit von ApoE4 in Verbindung steht neinem interhemispharischen Ungleichgewicht
in parietalen kortikalen Interaktionekpnnte eine pathologische linksseitige Aufmerksa
keitsverschiebungy, als friher kognitrer Marker dienen, um Personen mit erhéhtem Risiko

an einer Alzheimerdemenz zu erkranken, maglichst friih zu diagnostizieren.
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8.3. Studie 3

In der vorangegangenen Studie zeigte sich, das$\dasbasierteTeilberichtparadigmabei

amnestischen MCGPatienterals sensitives Verfahren zur frihen Diagnose von Beeintiracht
gungen in der aufgabenbezogenen Selektionsfahigkeit als auch hinsichtlich eines patholog
schen Ungleichgewichts in der Aufmerksamkeitsverteilung im Raum herangezogen werden
kann(Kapitel 5, S.60ff.). Es wurde die Hypothese aufgestellt, dasdiese Beeintrachtigu

genin der selektiven Aufmerksamkeauf ein frihedDiskonnektionsSyndromund ein inte-
hemiphéarischet/ngleichgewichikortikaler Interaktionenm fronto-parietalenAufmerksam-
keitsnetzwerk zuriickzufiihren sind. In einspétererStadiumder Krankheitkommt esdann

durch ein allmahlichesAbsterbenvon Nervenzellen zieiner weiteren Verschlechterung der

selektiven Aufmerksamkeitsleistungen soaehdergeistigen Fahigkeiten.

In der dritten Studi€Kapitel 6, S. 93 ff.) wurdendiese Hypothesegeprift indem der z-
sammenhang zwischen den beiden Teilbésmarametern, Tegown KontrolleU und v.a.
der raumlichen Aufmerksamkeitsgewichtuwg und dem lokalen Glukosestoffwechsel-mi
tels PositroneifemissionsTomographie (PET) in einer klinischen Gruppe mit 30 anwnest

schen MCH oder AD-Patienteruntersucht wude

Bei allen Patienten fand sich ein leickgrringerter Glukosestoffwechsal verschiedenen
Arealender linken Hemisphare. Interessanterweise ergab sich folgender Zusammenhang: je
deutlicher der Metabolismusim linken temporeparietalen Ubergansbereiskduziertwar
(temporeparietal junction.TPJ) destoschlechter war die dp-down KontrolleU Vergleich-

bare Ergebnisse zeigten sich Bezug auf den Parameter rdumlichen Aufmerksamiesitsg
wichtungw,: ein verrirgerter Stoffwechsel im linken TFAeal diente als Pradiktor fur das
Ausmal’ der raumlichen Lateralisierung Dartiber hinaus korreliern verringerte Gluko-
sestoffwechsel im linken TPAreal bzw. dem linkemnferioren Parietallappen (IPlijn Ver-

gleich zu rechtshemisphérischem FRdeal bzw. IPL mit der Ausrichtung und der Starke der

raumlichen Aufmerksamkeitslateralisierunwg
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Zusammenfassend kann man schlie3en, dass dieb&&drtenBildgebungsdaten die rei
gangs aufgestellten Hypothesen untermauEmerseitskonnte gezeigtwerden, dass eine
friine Beeintrachtigungler Top-down KontrolleUbereitsauf ein fronteparietales Diskonre
tionsSyndromim MCI-Stadium zurtcgefuhrt werden kannAndererseitsscheint auch ein
interhemispharisches metabolisch#ggleichgewichin homologen temporparietalen Ara-

len vorherrschend zu sein, welcheiser entsprechend ausgerichteten und ausgepragten vis

ell-rdumlichen Aufmerksamkeitslateralisierung zugrunde liegt.

8.4. Schlussfolgerungen und Ausblick
Die vorliegende Dissertation hatte es sich zum Ziel gesetziBeiérag desGanz und Tel-

berichtsb asi erend auf Bundesends Th(@WrBuedesdner vi
1990, 1998; Bundesen et al., 20@% mdgliches sensitives Verfahren Riagnostikvon -
lektiven Aufmerksamkeitsdefiziten bei amnestiscMiI- und AD-Patienten zu untersuchen

und den Aufmerkamkeitsleistungen von gesunden Kontrollprobandsgegiberzustellen.

Die Ergebnisse der drei hier vorgestellten Studien weisen darauf hirsiclagsuelleselek-
tive Aufmerksamkedeistungen tbedasMCI- bis hin zum AD-Stadiumgraduell verschlde
tem. Beeintrdchtigungen irder praattentivenVerarbeitung (perzeptuelle Wahrnehmusg
schwellety), deraufgabenbezogenattentionalerGewichtung (Bp-down Kontrolle U) sowie
der raumlichen Gewichtungler Aufmerksamkeitws) konnten bereits bei M@Patienten
nachgewiesen werden. Komponenten &rarbeitungskapazitat (perzeptuelle Verarbe
tungsgeschwindigkeiC und KZG-Speicherkapazitdk) waren hingegen im MC$tadium
noch intakt.Im weiteren Verlauf der neurodegeneratifkrankung zeigte sich eine zdme
mende Verschlechterungen der Taigpvn Kantrolle und einestérkerausgepragtéateralise-
rung der rdumlichen Aufmerksamkeit. Begleitend tratasatzich Defizite in der Verarbe

tungsgeschwindigkeit als aushder KZG Speicherkapazitauf.
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Die vorliegende Arbeit konnte aufzeigatass sich digVA-basierte Untersuchung der dele
tiven visuellen Aufmerksamkeit als sensitives Diagnostikum bewéhrt hat, da mit diesem Ve
fahrenschon im frihen MCBtadiumsubtile Defizite aufgedeckt werden konntéhogli-
cherweise&kommt dieses Aufmerksamkeitsdiagnostik als friher kognitiver Marker ineB
tracht, um einériherkennung von MG@Patienten mit erh6htem Risiko, an AD zu erkranken,
zu unterstitzenLangsschnittstudien missen zeigen, ob die IAkierte Aufmerksamket

diagnostik prognostischen Wert hat.
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SupplementA: T estinstructions

Test instructions were provided in written far The experimenter made sure that every single
subject understood the instruction by requesting and further verbal explanation of the &sk, if n
cessary (especiallyith regard tgpatient data assessment).

Instruction 1: Whole report instruction: German original version and English translation for

healthy subjects in phase | (pre-test) and phase Il (experiment)

In the pre-test the individual exposure duration was determined at which the subject could report, on average,

one letter correctly (20%). This value was used as the middle exposure duration (together with a shorter and a

longer presentation duration) in the main experiment (phase Il). Masked and unmasked trials were balanced

and were used for all participants.
ASie sehen gleich fiir kurze Zeit in der Mitte des Bildschirms ein Kreuz aufleuchten. Bite fixi
ren Sie dieses Kreuz. Wenig spater verschwindet es wieder. Danach erscheinen fur sehr kurze
Zeit funf rote oder funf grine Buchstaben. Ihre Aufgabe ist es, mdglichst viele dieserd@uchst
ben zu benennen. Die Reihenfolge spielt keine Rolle. Da die Prasentationszeit sehr kurz ist, ist es
vollig normal, wenn Sie nicht alle Buchstaben erkennen. Versuchegirfaeh, die Aufgabe so
gut wie moglich zu machen und nennen Sie alle Buchstaben, von denen Sie sich ziemlich sicher
sind, sie erkannt zu haben. Ich werde die von lhnen genannten Buchstaben eingeben und dann
folgt ein neuer Durchgang mit neuen Buchstafven.

ANow, in a moment you will see a crossxbrief
ate this cross and keep your fixation on its position. After the cross has disappeared, five red or
five green letters will appear in a column in the centrthe screen. Your task is to name, in any

order you wish, as many letters as possible. As the presentation time is very short, it is absolutely
normal if you are unable tecognizeall of them. Just try to do your best and report only those
letters of wich you are quite sure you have seen them. | will type in the letters you report and
then the next trial follows including a new

Instruction 2: Whole report instruction: German original version and English translation for MCI

and AD patients in phase | (pre-test) and phase Il (experiment)

In the pre-test the individual exposure duration was determined at which the subject could report, on average,

one letter correctly (20%). This value was used as the middle exposure duration (together with a shorter and a

longer presentation duration) in the main experiment (phase Il). Masked and unmasked trials were balanced

and were used for all participants.
AAuf dem Bildschirm erscheint zuerst ein Kreuz. Schauen Sie dostii das Kreuz ist. Dann
erscheinen funf Buchstaben. Benennen Sie alle Buchstaben, die Sie sehen kénnen. Cie Buchst
ben erscheinen nur ganz kurz. Es ist normal, dass Sie nicht alle Buchstaben erkennen werden.

Nennen Sie einfach alle Buchstaben, die Siamant haben

AFirst you wild/| see a cross at the screen.
letters will appear. Name as many letters as possible. Presentation time is very short. Therefore,
it is normal that you are unabletoe cogni ze al | |l etters. Just re
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Instruction 3: Partial report instruction: German original version and English translation for

healthy subjects in phase | (pre-test) and phase Il (experiment)

The pre-test was applied to determine the individual exposure duration for the experiment itself (phase Il), aim-

ing for about 80% accuracy in single letter trials and for about 20% totally correct dual target trials (based on tri-

als with two correctly named targets, only). Masked trials were used for all participants.
ASi e sehen gleich f¢r kurze Zeit in dee- Mitt
ren Sie dieses Kreuz. Wenig spéater verschwindet es wieder. Dann erscheint KurzelZeit
entweder ein einzelner roter Buchstabe oder es erscheinen zwei Buchstaben: entweder zwei rote
Buchstaben, oder ein roter und ein griner Buchstabe. Ihre Aufgabe ist es, nur auf die roten
Buchstaben zu achten und diese zu benennen. Die Retdeesfoelt keine Rolle. Da die Prase
tationszeit sehr kurz ist, ist es vollig normal, wenn Sie nicht alle roten Buchstaben erkennen.
Versuchen Sie einfach, die Aufgabe so gut wie mdglich zu machen und nennen Sie alle roten
Buchstaben, von denen Sie sichnziieh sicher sind, sie erkannt zu haben. Ich werde die lvon |
nen genannten Buchstaben eingeben und dann folgt ein neuer Durchgang mit einem oder zwei
neuen Buchstabenii

ANow, in a moment vyou wil/ see a crheassfi-br i ef
ate this cross and keep your fixation on its position. After the cross has disappeared, @ither a si
gle red letter or two letters appear. There might be two red letters or one red letter together with
one green letter. Your task is to attend mal aeport red letters only, whilst ignoring the green

ones. As the presentation time is very short, it is absolutely normal if you are unaddegnize

all the red letters. Just try to do your best and report only those red letters of which youeare quit
sure you have seen them. | will type in the letters you report and then the next trial faHows i
cluding one or two new |l etters. o

Instruction 4: Partial report instruction: German original version and English translation for MCI

and AD patients in phase | (pre-test) and phase Il (experiment)

The pre-test was applied to determine the individual exposure duration for the experiment itself (phase 1), aim-

ing for about 80% accuracy in single letter trials and for about 20% totally correct dual target trials (based on tri-

als with two correctly named targets, only). Masked trials were used for all participants.
AAuf dem Bildschirm erscheint zuer st ein Kre
erscheinen rote oder grunaighstaben. Nur die roten Buchstaben sind wichtig. Benennen Sie
nur die roten Buchstaben. Die grinen Buchstaben brauchen Sie nicht zu benennen. Dée Buchst
ben erscheinen nur ganz kurz. Es ist normal, dass Sie nicht alle roten Buchstaben erkennen we
den. Nenen Sie einfach alle roten Buchstaben, die Sie erkannt liiaben.

AFirst you wil/|l see a cross at the screen. F
red or green letters will appear. Name the red letters only. Only the red lettersraperdénce.

You do not have to report the green letters. Presentation time is very short. Therefora;it is no
ma | that you are unable to recognize al/l red



Supplement B:

Whole report data (study 1) 12¢

Supplement B:Wholereport data (study 1)

Table 8:  WR: Demographic and neuropsychological data for individual MCI and AD patients
CDR: Clinical Dementia Rating Scale, global score (Morris, 1993); p: level of significance; M (SD): mean score and
standard deviation; Age in years; Education in years; MMSE: Mini Mental State Examination (Folstein et al., 1975),
30-0 points,cut-of f O 23; CERAD: The Consortium to EgThanthni&s h
Monsch, 1997), total score; CDT: Clock Drawing Test, 0-6 points, cut-o f f (SBulnfan et al., 1986); CDR sum: sum
of CDR category scores; Age at disease onset in years; Disease duration in years; ApoE4: apolipoprotein E4 geno-
type, positive (24, 34, 44), negative (23, 33); n.a.: not applied; AChEI: acetylcholine esterase inhibitors. All subjects
were right-handers, according to the Edinburgh Handedness Inventory (Oldfield, 1971).
Nr. Patient Age Gender Education MMSE CERAD CDT CDR Age at Disease ApoE4 Medication
total sum diseaseduration genotype . .
score onset Dementia Depression
MCI patients
1 KK 719 m 9 28 79 3 15 703 1.5 34 - -
2 BD 756 f 13 28 83 2 20 735 2.2 34 - -
3 HM 59.0 f 9 28 87 3 20 564 2.6 n.a. - -
4 SE 69.1 f 10 28 91 3 10 659 3.2 33 - -
5 LE 747 f 10 25 79 3 30 731 1.5 34 - -
6 TJ 61.3 m 10 28 100 1 05 581 3.2 33 - -
7 FF 677 m 13 27 96 1 35 651 25 33 - -
8 RB 66.4 m 13 27 112 2 25 633 3.1 33 - -
9 BU 733 f 9 26 90 1 20 722 1.1 34 - -
10 SB 710 f 13 27 54 3 20 705 0.5 44 - -
11 LM 66.1 f 10 28 86 1 20 616 4.5 34 - -
12 BW 79.0 f 9 29 80 1 10 765 24 34 - -
13 MM 708 f 9 26 86 3 10 672 3.5 34 - -
14 JR 68.2 m 9 27 70 3 3.0 6638 14 33 - -
15 HF 71.0 m 13 28 89 2 20 669 4.1 23 - -
16 AW 675 m 13 27 79 2 3.0 633 4.2 44 - -
17 NS 684 m 9 30 76 1 15 663 2.1 33 - -
18 HI 748 f 13 26 66 4 3.0 737 1.1 34 - -
Mean 69.8 8 m, 10.8 274 835 22 20 673 25 10+, 7, un- un-
(sb) (5.0) 10f (2.9) (2.2) (13.0) (1.0) (.8) (b.5) (1.2 l1na. medicated medicated
AD patients
1 OK 714 m 9 25 71 1 45 659 5.5 34 AChEI -
2 VA 782 m 10 24 52 4 7.0 669 4.1 34 AChEI -
3 SAa 809 m 10 24 74 3 40 - - 34 - -
4 RB 558 f 9 25 63 4 45 521 3.7 33 AChEI -
5 WG 659 m 13 24 64 3 35 643 1.6 33 AChEI -
6 MW 671 m 13 n.a. na. na. 50 591 8 44 AChEI -
7 SuU 60.0 f 10 23 72 4 40 583 1.8 24 AChEI -
8 LL 79.1 f 9 25 62 3 40 780 1.1 33 - -
9 FA 75.0 f 9 19 54 4 55 719 3.1 44 AChEI -
10 JH 62.0 f 10 23 70 4 40 581 3.8 33 AChEI -
11 ClI 65.6 f 9 20 71 5 50 592 6.4 34 AChEI -
12 SAb 682 f 9 25 84 2 35 66.1 21 34 AChEI -
13 HJW 570 m 10 n.a. na. na. na. - - n.a. - -
14 KB 60.6 f 9 22 83 3 35 584 2.2 44 AChEI -
15 GT 63.2 m 13 24 76 2 40 59.2 3.9 44 - -
16 UB 571 f 9 19 58 4 50 553 1.8 44 - -
17 GE 806 f 9 19 51 4 50 784 21 n.a. - -
18 EM 815 f 9 19 51 4 50 784 3.2 33 - -
Mean 683 7m, 9.9 225 660 34 45 644 3.4 11+, 5, 11 AChEI, 7 un-

(SD)

(9.0) 11f (1.5) (2.4) (10.8) (1.0) (.89) (8.5) (1.9 2 n.a. unmedicated medicated

a

Regi ¢
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Table 9: WR: Exposure durations of individual MCI and AD patients and healthy controls
50% of the trials were masked.
Nr. AD Exposure Nr. MCI Exposure Nr. Controls Exposure

patients durations (ms) patients durations (ms) durations (ms)
10K 157 300 600 1 KK 157 300 600 1ED 157 300 600
2VA 300 600 1000 2BD 157 300 600 2BA 157 300 600
3 SAa 157 300 600 3 HM 86 157 300 3SJ 157 300 600
4 RB 157 300 600 4 SE 300 600 1000 4 LA 157 300 600
5WG 157 300 600 5LE 157 300 600 5SE 157 300 600
6 MW 157 300 600 6TJ 157 300 600 6 FU 157 300 600
7SU 157 300 600 7FF 86 157 300 7EA 157 300 600
8LL 157 300 600 8 RB 200 400 700 8 SS 157 300 600
9 FA 300 600 1000 9 BU 86 157 300 9 DG 157 300 600
10JH 200 400 700 10SB 157 300 600 10 LK 157 300 600
11Cl 157 300 600 11LM 100 200 400 118l 157 300 600
12 SAb 171 343 686 12 BW 129 257 514 12 UE 157 300 600
13 HIW 157 300 600 13MM 186 371 700 13 RML 86 157 300
14 KB 200 400 700 14JR 229 457 814 14 PDM 71 143 271
15GT 157 300 600 15HF 229 457 800 15BE 100 186 371
16 UB 300 600 1100 16 AW 171 343 686 16 SH 157 386 786
17 GE 171 343 686 17NS 200 400 700 17 AW 114 229 457
18EM 343 686 957 18 HI 129 257 529 18 PD 114 229 457
Mean 198 387 713 Mean 162 317 597 Mean 140 274 547
(SD) (64) (134) (172 (SD) (57 (118 (189 (SD) (29) (61) (127)
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Table 10: WR: Parameters of individual MCI and AD patients and healthy controls
to: perceptual threshold (ms); €: iconic memory (ms); C: perceptual processing speed (N elements/ sec); K: visual
short-term memory storage capacity (N elements).

Nr. Patient to € C K
AD patients
1 OK 118 147 17.6 2.96
2 VA 181 1 4.2 1.25
3 SAa 10 133 7.4 2.48
4 RB 120 145 11.7 2.99
5 WG 70 71 134 2.87
6 MW 141 47 19.3 2.96
7 SuU 89 76 14.7 2.86
8 LL 131 48 11.0 1.52
9 FA 217 48 15.8 2.96
10 JH 93 196 9.6 2.51
11 Cl 134 38 17.7 2.94
12 SAb 96 119 8.3 2.53
13 HJIW 44 229 9.4 2.70
14 KB 152 147 9.6 2.88
15 GT 96 56 13.6 2.89
16 uB 65 133 2.6 1.37
17 GE 134 105 9.6 3.00
18 EM 178 16 3.1 1.70
Mean (SD) 115 (51) 98 (63) 11.0 (4.9) 2.52 (.61)
MCI patients
1 KK 126 57 245 3.00
2 BD 108 52 20.9 4.00
3 HM 15 127 27.9 2.94
4 SE 277 50 21.2 2.90
5 LE 31 58 9.2 2.34
6 TJ 136 141 22.3 3.00
7 FF 63 128 17.5 2.96
8 RB 127 126 12.1 2.93
9 BU 23 89 12.0 2.40
10 SB 92 123 18.5 3.00
11 LM 80 91 25.8 2.84
12 BW 30 32 15.8 1.93
13 MM 119 96 12.9 3.00
14 JR 149 107 8.2 2.95
15 HF 195 79 104 2.86
16 AW 114 84 22.5 3.00
17 NS 137 109 19.6 2.94
18 HI 88 98 145 2.32
Mean (SD) 106 (65) 92 (32) 17.5 (6.0) 2.85 (.42)

See below for healthy contrsubjects.
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Nr. Patient to € C K
Healthy controls

1 ED 17 233 14.3 2.98
2 BA 92 104 19.1 2.87
3 SJ 92 95 22.1 2.93
4 LA 79 111 17.3 3.00
5 SE 107 112 25.5 3.00
6 FU 40 124 151 3.78
7 EA 119 96 171 2.98
8 SS 138 64 36.2 2.90
9 DG 112 63 32.9 3.00
10 LK 78 77 17.4 3.94
11 Sl 98 90 16.0 281
12 UE 74 64 25.3 2.96
13 RML 52 121 12.8 2.47
14 PDM 15 80 151 2.92
15 BE 26 109 17.3 2.53
16 SH 127 73 14.9 2.83
17 AW 71 90 24.7 2.88
18 PD 22 141 15.0 2.64

Mean (SD) 76 (39) 103 (39) 19.9 (6.6) 2.97 (.36)
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Supplement C:Partial report data (study 2)

Table 11: PR: Demographic and neuropsychological data for individual MCI and AD patients
CDR: Clinical Dementia Rating Scale, global score (Morris, 1993); p: level of significance; M (SD): mean score and
standard deviation; Age in years; Education in years; MMSE: Mini Mental State Examination (Folstein et al., 1975),
30-0 points,cut-of f O 23; CERAD: The Consortium to EgThanthni&s h
Monsch, 1997), total score; CDT: Clock Drawing Test, 0-6 points, cut-o f f (SBulnfan et al., 1986); CDR sum: sum
of CDR category scores; Age at disease onset in years; Disease duration in years; ApoE4: apolipoprotein E4 geno-
type, positive (24, 34, 44), negative (23, 33); n.a.: not applied; AChEI: acetylcholine esterase inhibitors; SSRI: selec-
tive serotonin reuptake inhibitor; NaSSA: noradrenergic and specific serotonergic antidepressant; All subjects were
right-handers, according to the Edinburgh Handedness Inventory (Oldfield, 1971).
Nr. Patient Age Gender Education MMSE CERAD CDT CDR Age at Disease ApoE4 Medication
total sum diseaseduration genotype . .
score onset Dementia Depression
MCI patients
1 ZF 585 m 13 27 85 1 15 543 4.2 34 - -
2 KK 719 m 9 28 79 3 15 703 1.5 34 - -
3 MC 781 m 13 27 71 1 15 76.0 21 23 - -
4 RH 649 m 10 26 84 1 20 571 7.8 44 - SSRI
5 RW 644 f 9 28 83 1 3.0 597 4.7 44 - SSRI
6 BDa 756 f 13 28 83 2 20 735 2.2 34 - -
7 RHB 658 m 13 29 85 2 20 641 1.7 24 - -
8 HM 59.0 f 9 28 87 3 20 564 2.6 n.a. - -
9 SE 69.1 f 10 28 91 3 10 659 3.2 33 - -
10 LE 747 f 10 25 79 3 30 731 1.5 34 - -
11 FA 654 m 13 28 84 2 20 620 34 23 - -
12 WKH 572 m 9 27 93 2 15 556 1.6 23 - SSRI
13 RHH 754 m 13 26 79 3 25 744 1.1 34 - -
14 KJ 66.8 m 9 25 88 3 30 646 2.3 34 - SSRI
15 TE 58.7 f 9 29 88 2 10 559 2.8 44 - SSRI
16 BDb 770 m 13 28 86 2 15 738 3.2 34 - -
17 zU 789 f 13 27 89 1 15 7638 21 n.a. - SSRI
18 FF 67.7 m 13 27 96 1 35 651 25 33 - -
19 PHa 459 m 9 26 93 2 25 436 24 33 - -
20 RB 664 m 13 27 112 2 25 633 3.1 33 - -
21 MR 76.2 f 9 30 86 1 15 720 4.2 33 - SSRI
22 BU 733 f 26 90 1 20 722 1.1 34 - -
23 SB 710 f 13 27 54 3 20 705 0.5 44 - -
24 LM 66.1 f 10 28 86 1 20 616 4.5 34 - -
25 TO 799 m 9 28 64 1 25 745 54 23 - tricyclica
26 BW 79.0 f 9 29 80 1 10 765 24 34 - -
27 MM 708 f 9 26 86 3 10 672 3.5 34 - -
28 JR 68.2 m 9 27 70 3 30 6638 1.4 33 - -
29 PHb 699 f 9 29 81 2 20 688 1.1 n.a. - SSRI
30 AW 675 m 13 27 79 2 3.0 633 4.2 44 - -
31 NS 684 m 9 30 76 1 15 663 2.1 33 - -
32 HI 748 f 13 26 66 4 3.0 737 1.1 34 - -
Mean 69.9 17m, 10.8 274 829 20 20 66.2 2.7 18+, 1%, un- tri?:yscﬁ;ll,’ ;'3

(SD)

(7.6) 15f  (19) (1L3) (105) (9) (7) (79) (15) 3na medicated Y uS <2

a

See below for AD patients.

Regi ¢
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Nr. Patient Age Gender Education MMSE CERAD CDT CDR Age at Disease ApoE4 Medication
total sum diseaseduration genotype . .
score onset Dementia  Dementia
AD patients
1 OK 714 m 9 25 71 1 45 659 5.5 34 AChEI -
2 PA 56.1 m 9 21 71 3 50 534 2.8 44 AChEI SSRI
3 RB 55.8 f 9 25 63 4 45 521 3.7 33 AChEI -
4 MW 671 m 13 . . . 50 591 8.0 44 AChEI -
5 SuU 60.0 f 10 23 72 4 40 583 1.8 24 AChEI -
6 LL 791 f 9 25 62 3 4.0 780 1.1 33 - -
7 PM 730 f 10 25 60 3 50 708 2.1 34 AChEI SSRI
8 MK 731 f 9 23 67 3 . 72.2 0.8 44 AChEI NaSSA
9 JH 62.0 f 10 23 70 4 40 6581 3.8 33 AChEI -
10 cClI 65.6 f 9 20 71 5 5.0 592 6.4 34 AChEI -
11 SA 68.2 f 9 25 84 2 35 661 2.1 34 AChEI -
12 HIJW 570 m 10 . . . . . . n.a. - -
13 KB 60.6 f 9 22 83 3 35 584 2.2 44 AChEI -
14 GT 63.2 m 13 24 76 2 40 592 3.9 44 - -
15 GE 80.6 f 9 19 51 4 50 784 2.1 n.a. - -
16 EM 815 f 9 19 51 4 50 784 3.2 33 - -
Mean 67.1 5m, 9.8 228 680 32 44 645 3.3 10+,4, 11 AChEI, 5 r\?assi‘il'lls
(Sb) (8.6) 11f (1.3) (2.3) (10.0) (2.1) (.6) (9.1) (2.0 2 n.a. unmedicated !

unmedicated
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Table 12: PR: Exposure durations of individual MCI and AD patients and healthy controls

All stimuli were masked.

Nr. AD Exposure Nr. MCI Exposure Nr. Controls Exposure

patients durations (ms) patients durations (ms) durations (ms)
10K 300 1ZF 300 1Ws 157
2PA 300 2 KK 300 2MS 157
3RB 600 3MC 157 3ED 157
4 MW 300 4RH 300 4 HD 157
5SU 300 5RW 200 5EH 157
6 LL 600 6 BDa 300 6 RR 129
7PM 500 7 RHB 300 7 BA 157
8 MK 500 8 HM 157 8SJ 300
9JH 586 9 SE 600 9 SK 300
10Cl 500 10LE 300 10LA 300
11SA 400 11FA 300 11 SE 300
12 HWW 100 12 WKH 500 12 SHa 300
13KB 700 13 RHH 257 13KB 71
14GT 371 14 KJ 300 14FU 129
15GE 429 15TE 300 15EA 257
16 EM 743 16 BDb 357 16 SS 157
Mean 452 177U 600 17 DG 200
(SD) (171) 18 FF 300 18 WK 157
19 PHa 143 19 LK 157
20RB 400 20l 200
21 MR 529 21 RML 357
22BU 257 22 PDM 114
23SB 329 23BU 157
24 LM 271 24 BE 200
25T0 386 25KC 357
26 BW 300 26 SHb 243
27 MM 414 27 AW 157
28JR 457 28PD 157
29 PHb 200 29LD 186
30 AW 343 30WH 186
31NS 400 31BH 243
32HI 300 32MH 200
Mean 330 33 HW 143
(SD) (114) 34 ND 186
35LS 229
36 BM 200
Mean 200

(SD) (69)
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Table 13: PR: Parameters of individual MCI and AD patients and healthy controls
Aer! Adight: basic sensory effectiveness in the left and right hemifield, respectively; A laterality index of sensory ef-
fectiveness; w: laterality index of attentional weighting; Dev(w,): imbalance index of attentional weighting;

Nr. Patient Aett Avight A, W, Dev(w,)
AD patients
1 OK 2.97 4.25 41 .55 .05
2 PA 2.40 2.75 A7 .80 .30
3 RB 3.83 2.75 .58 .53 .03
4 MW 3.01 2.45 .55 .66 .16
5 SuU 3.14 2.06 .60 74 .24
6 LL 4.55 5.96 43 74 .24
7 PM 3.63 2.34 .61 .57 .07
8 MK 3.23 2.57 .56 72 22
9 JH 2.71 3.12 A7 14 .36
10 Cl 4.05 4.29 .49 .58 .08
11 SA 2.32 2.06 .53 43 .07
12 HIW 2.01 2.09 .49 .61 A1
13 KB 2.26 2.84 44 .54 .04
14 GT 4.46 3.46 .56 .64 14
15 GE 2.51 3.37 43 15 .35
16 EM 2.21 2.44 .48 .59 .09
Mean (SD) 3.08 (.81) 3.05 (1.04) .51 (.07) .56 (.19) .16 (.11)

See below for MCI patients.
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Nr. Patient Aett Aight A, W, Dev(w,)
MCI patients

1 ZF 2.11 2.19 .49 51 .01
2 KK 3.10 3.57 .46 .63 A3
3 MC 1.89 1.28 .60 .66 .16
4 RH 2.24 1.91 .54 .52 .02
5 RW 1.49 1.32 .53 .57 .07
6 BDa 2.95 4.45 .40 46 .04
7 RHB 1.68 2.20 43 .55 .05
8 HM 9.85 3.88 72 43 .07
9 SE 5.21 2.64 .66 46 .04
10 LE 2.12 3.02 41 .57 .07
11 FA 2.06 2.95 41 72 .22
12 WKH 3.85 2.87 .57 31 19
13 RHH 2.79 2.82 .50 .37 13
14 KJ 2.04 2.90 41 A7 .03
15 TE 3.30 4.82 41 .70 .20
16 BDb 1.97 2.32 .46 A4 .06
17 ZU 3.44 2.65 .56 .55 .05
18 FF 2.50 2.61 .49 49 .01
19 PHa 2.51 2.77 .48 49 .01
20 RB 2.67 2.56 51 41 .09
21 MR 2.30 2.45 .48 .34 .16
22 BU 2.42 2.19 .53 .62 A2
23 SB 3.56 2.31 .61 46 .04
24 LM 8.00 5.34 .60 .52 .02
25 TO 2.93 3.69 44 .68 .18
26 BW 3.78 2.52 .60 .60 .10
27 MM 2.90 2.56 .53 .79 .29
28 JR 2.15 2.30 .48 .58 .08
29 PHb 2.70 2.04 .57 .54 .04
30 AW 4.68 4.00 .54 .18 .32
31 NS 2.48 2.72 .48 13 .37
32 HI 4.73 2.59 .65 .60 .10

Mean (SD) 3.20 (1.76) 2.83(.91) .52 (.08) .51 (.14) .11 (.09)

See below for healthy contrsuibjects.
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Nr. Patient Aett Aight A, W, Dev(w,)
Healthy controls

1 WS 2.05 1.75 .54 41 .09
2 MS 1.66 1.70 .49 44 .06
3 ED 3.64 3.77 49 .53 .03
4 HD 3.17 2.87 .52 .50 .00
5 EH 1.47 1.81 .45 .45 .05
6 RR 2.98 2.81 .51 57 .07
7 BA 1.44 1.66 .46 .51 .01
8 SJ 2.40 3.67 .40 .48 .02
9 SK 3.91 3.96 .50 57 .07
10 LA 2.23 3.29 .40 .57 .07
11 SE 4.47 3.77 .54 48 .02
12 SHa 3.08 2.67 .54 .38 A2
13 KB 2.20 1.93 .53 .48 .02
14 FU 2.64 2.77 .49 .60 .10
15 EA 3.23 3.15 51 .53 .03
16 SS 2.10 2.07 .50 57 .07
17 DG 3.54 3.06 .54 .53 .03
18 WK 2.23 1.99 .53 .51 .01
19 LK 2.74 2.56 .52 A7 .03
20 Sl 491 3.42 .59 47 .03
21 RML 3.22 3.75 .46 48 .02
22 PDM 2.77 191 .59 43 .07
23 BU 4.83 3.00 .62 .38 A2
24 BE 3.93 3.31 .54 .48 .02
25 KC 2.80 3.10 A7 A7 .03
26 SHb 1.95 1.97 .50 .32 .18
27 AW 2.38 3.06 44 .54 .04
28 PD 2.56 1.85 .58 45 .05
29 LD 4.03 5.00 .45 .55 .05
30 WH 2.16 2.47 A7 45 .05
31 BH 2.21 1.71 .56 .50 .00
32 MH 2.18 1.95 .53 .54 .04
33 HW 3.21 2.90 .53 45 .05
34 ND 2.79 2.54 .52 .39 A1
35 LS 1.78 1.78 .50 .54 .04
36 BM 1.53 1.45 51 A7 .03

Mean (SD) 2.79 (.92) 2.68(.83) .51 (.05) .49 (.06) .05 (.04)
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Supplement D: TVA -baseddata and PET imaging(study 3)

Table 14: TVA+PET: Demographic and neuropsychological data for individual MCI and AD pa-

tients

CDR: Clinical Dementia Rating Scale, global score (Morris, 1993); p: level of significance; M (SD): mean score and

standard deviation; Age in years; Education in years; MMSE: Mini Mental State Examination (Folstein et al., 1975),
30-0points,cuto f f O 23; TGERADnsortium to Establish(Tamhaegi stry for
Monsch, 1997), total score; CDT: Clock Drawing Test, 0-6 points, cut-o f f (SBulnn et al., 1986); CDR sum: sum

of CDR category scores; Age at disease onset in years; Disease duration in years; ApoE4: apolipoprotein E4 geno-

type, positive (24, 34, 44), negative (23, 33); n.a.: not applied; AChEI: acetylcholine esterase inhibitors; SSRI: selec-

tive serotonin reuptake inhibitor; All subjects were right-handers, according to the Edinburgh Handedness Inventory

(Oldfield, 1971).

Nr. Group Patient Age Gender Educa- MMSE CERAD CDT CDR Age at Disease ApoE4 Medication
tion total sum disease dgra- genotype Dementia Depression
score onset tion
1 MCI RH 649 m 10 26 84 1 20 57.1 7.8 44 - SSRI
2 MCI RW 64.4 f 9 28 83 1 3.0 59.7 4.7 44 - SSRI
3 MCI BD 75.6 f 13 28 83 2 20 735 2.2 34 - -
4 MCI RHB 658 m 13 29 85 2 20 64.1 1.7 24 - -
5 MCI HM 590 f 9 28 87 3 20 564 26 n.a. - -
6 MClI SE 69.1 f 10 28 91 3 10 659 32 33 - -
7 MCI LE 74.7 f 10 25 79 3 3.0 731 15 34 - -
8 MCI RHH 754 m 13 26 79 3 25 744 1.1 34 - -
9 MClI KJ 66.8 m 9 25 88 3 30 646 23 34 - SSRI
10 MCI TE 587 f 9 29 88 2 10 559 28 44 - SSRI
11 MClI zU 78.9 f 13 27 89 1 15 76.8 2.1 n.a. - SSRI
12 MClI FF 67.7 m 13 27 96 1 35 651 25 33 - -
13 MCI PHa 459 m 9 26 93 2 25 436 24 33 - -
14 MClI RB 66.4 m 13 27 112 2 25 633 3.1 33 - -
15 MCI MR 76.2 f 9 30 86 1 1.5 720 4.2 33 - SSRI
16 MClI BU 73.3 f 9 26 90 1 20 722 1.1 34 - -
17 MClI SB 71.0 f 13 27 54 3 20 705 0.5 44 - -
18 MClI TO 799 m 9 28 64 1 25 745 5.4 23 - tricyclica
19 MClI BW 79.0 f 9 29 80 1 1.0 765 2.4 34 - -
20 MCI MM 70.8 f 9 26 86 3 1.0 67.2 35 34 - -
21 MCI  JR 68.2 m 9 27 70 3 3.0 66.8 1.4 33 - -
22 MCI PHb 69.9 f 9 29 81 2 20 68.8 1.1 n.a. - SSRI
23 MCI HI 74.8 f 13 26 66 4 3.0 737 1.1 34 - -
24 AD PA 56.1 m 9 21 71 3 50 534 2.8 44 AChEI SSRI
25 AD RB 55.8 f 9 25 63 4 45 521 3.7 33 AChEI -
26 AD SU 60.0 f 10 23 72 4 40 583 1.8 24 AChEI -
27 AD Cl 65.6 f 9 20 71 5 50 59.2 6.4 34 AChEI -
28 AD SA 68.2 f 9 25 84 2 35 66.1 2.1 34 AChEI -
29 AD KB 60.6 f 9 22 83 3 35 584 2.2 44 AChEI -
30 AD GT 63.2 m 13 24 76 2 4.0 59.2 3.9 44 - -
8 SSRI, 1
Mean 675 11m, 10.3 26.2 811 24 26 647 2.8 19+ 8, gfﬁ:ﬂ tricyclica,
(SD) (7.9) 19f (1.8 (24 (@15 (11) @11 (83 (1.6 3na. dicated 21 unme-

dicated
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Table 15: TVA+PET: Whole and partial report exposure durations of individual MCI and AD
patients and healthy controls

In the whole report task, 50% of the trials were masked. In the partial report task, all stimuli were masked.

Nr. Diagnosis Patients Whole report Partial report Nr. Controls Whole report Partial report
exposure exposure exposure exposure

durations (ms)  durations (ms) durations (ms)  durations (ms)
1 MCI RH 157 300 600 300 1ws 157 300 600 157
2 MCI RW 157 300 600 200 2 MS 157 300 600 157
3 MCI BD 157 300 600 300 3 ED 157 300 600 157
4 MCI RHB 157 300 600 300 4 HD 157 300 600 157
5 MCI HM 86 157 300 157 5 EH 157 300 600 157
6 MCI SE 300 600 1000 600 6 RR 157 300 600 129
7 MCI LE 157 300 600 300 7 BA 157 300 600 157
8 MCI RHH 157 300 600 257 8 SJ 157 300 600 300
9 MCI KJ 157 300 600 300 9 SK 157 300 600 300
10 MCI TE 157 300 600 300 10 LA 157 300 600 300
11 MClI ZU 300 600 1000 600 11 SE 157 300 600 300
12 MCI FF 86 157 300 300 12 SHa 157 300 600 300
13 MCI PHa 43 86 157 143 13 KB 86 157 300 71
14 MCI RB 200 400 700 400 14 FU 157 300 600 129
15 MClI MR 300 600 1000 529 15 EA 157 300 600 257
16 MCI BU 86 157 300 257 16 SS 157 300 600 157
17 MCI SB 157 300 600 329 17 DG 157 300 600 200
18 MCI TO 171 343 686 386 18 WK 86 157 300 157
19 MCI BW 129 257 514 300 19 LK 157 300 600 157
20 MCI MM 186 371 700 414 20 Sl 157 300 600 200
21 MCI JR 229 457 814 457 21 RML 86 157 300 357
22 MCI PHb 186 371 743 200 22 PDM 71 129 271 114
23 MCI HI 129 257 529 300 23 BU 114 229 457 157
24 AD PA 157 300 600 300 24 BE 100 18 371 200
25 AD RB 157 300 600 600 25 KC 129 257 500 357
26 AD SuU 157 300 600 300 26 SHb 157 386 786 243
27 AD Cl 157 300 600 500 27 AW 114 229 471 157
28 AD SA 171 343 686 400 28 PD 114 229 457 157
29 AD KB 200 400 700 700 29 LD 71 157 314 186
30 AD GT 157 300 600 371 30 WH 114 243 486 186
Mean 167 325 618 360 31 BH 157 300 600 243
(SD) (58) (120) (191) (138) 32 MH 129 271 514 200
33 HW 143 286 571 143
34 ND 129 257 514 186
35LS 100 214 429 229
36 BM 143 286 571 200
Mean 135 265 528 200
(SD) (29) (58) (118) (69)
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Table 16: TVA+PET: Whole and partial report as well as metabolic parameters of individual

MCI and AD patients

w,: laterality index of attentional weighting; Ax laterality index of sensory effectiveness; TPJ: temporo-parietal junc-

tion; IPL: inferior parietal lobe; TPJaterality index = — TPJmrei?:;on:jmfitf):";:metabonsm ; IPL laterality index =

right IPL metabolism .

right IPL metabolism + left IPL metabolism '

C: perceptual processing speed (N elements/ sec); K: visual short-term memory storage capacity (N elements).
Nr. Diagnosis Patients W, As TPJ laterality  IPL laterality C K

index index
1 MCI RH .52 .54 497 .509 19.1 294
2 MCI RW 57 .53 .506 518 13.3 2.70
3 MCI BD 46 40 488 494 20.9 4.00
4 MCI RHB .55 43 .504 .510 11.0 2.48
5 MCI HM 43 72 493 .506 27.9 2.94
6 MCI SE 46 .66 .502 490 21.2 2.90
7 MCI LE 57 41 495 496 9.2 2.34
8 MCI RHH .37 .50 492 498 23.0 281
9 MCI KJ A7 41 .506 515 13.7 294
10 MCI TE .70 41 493 489 17.7 2.83
11 MCI ZU .55 .56 501 .506 6.0 2.93
12 MCI FF 49 .49 .498 512 17.5 2.96
13 MCI PHa 49 .48 .485 491 354 2.92
14 MCI RB 41 .51 492 .500 12.1 2.93
15 MCI MR .34 .48 .498 487 5.0 2.92
16 MCI BU .62 .53 .507 .506 12.0 2.40
17 MCI SB 46 .61 482 486 184 3.00
18 MCI TO .68 44 .507 492 8.5 251
19 MCI BW .60 .60 516 .528 15.7 1.93
20 MCI MM .79 .53 .535 541 12.9 3.00
21 MCI JR .58 .48 .500 515 8.2 2.95
22 MCI PHb .54 .57 .496 515 17.5 3.68
23 MCI HI .60 .65 .483 495 14.5 2.32
24 AD PA .80 A7 .510 493 18.2 2.98
25 AD RB .53 .58 516 496 11.7 2.99
26 AD SuU 74 .60 524 .528 14.7 2.86
27 AD Cl .58 .49 .460 479 17.7 2.94
28 AD SA 43 .53 .501 489 8.3 2.53
29 AD KB .54 44 A73 A74 9.6 2.88
30 AD GT .64 .56 494 497 135 2.89
Mean .55 .52 498 .502 15.2 2.85
(SD) (.11) (.08) (.015) (.015) (6.5) (.38)
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Test 2: Clock Drawing Test (CDT; Shulman et al., 1993)

Der Uhren-Test (modifiziert nach Shulman 1993)

Anweisungen zur Durchfiihrung:

1. Geben Sie dem Patienten ein Blatt Papier mit einem vorgezeichneten Kreis. Zei-
gen Sie ihm, wo oben und unten ist.

2. Geben Sie dem Patientenf ol gende Anwei sung: ADies s
mochte Sie bitten, in diese Uhr die fehlenden Ziffern zu schreiben. Zeichnen Sie
danach die Uhrzeit al0 nach 116 ein. i

3. Machen Sie sich Notizen zur Ausfuhrung der gestellten Aufgabe (Reihenfolge,
Korrekturen etc.).

4. Bewerten Sie die angefertigte Zeichnung gemal? der untenstehenden Kriterien.
Notieren Sie den Score zusammen mit Datum und Namen des Patienten auf
dem Zeichenblatt.

5. Der validierte Cut-Off zur Unterscheidung zwischen Normalbefund einerseits und
kognitiver Beeintrachtigung im Sinnes einer evtl. vorliegenden Demenz anderer-
seits |iegt zwischen 2 und 3. Anders au
als pathologisch anzusehen.

Bewertung (1 = ohne Fehler, 6 = keine Uhr erkennbar)
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Score Beschreibungy Beispiele
uPEffEk‘“ Pl S LI
+ Fiffern 1 — 12 richtig eingezeichnet r,'x-'.__ AN - N
1 « zwei Zeiger, die die richtige Uhrzeit anzeigen :'i A\ l |:f_ " :
A L ;-. /’_. ’ )
leichte visuell-raumliche Fehler T T
« Ahstande zwischen Ziffern nicht gleichmatig 4 ) e “-‘\r..
2 |+ Affern aulterhalb des Kreises [ \/ - + [ .~ )
+ Blatt wird gedreht, so dass Ziffern auf d. Kopf stehen of ' ‘:,-'
+ Pat. verwendet Linien [ ,Speichen") zur Orientierung e v /
o
Fehlerhafte Uhrzeit bei erhaltener visuell-raumlicher P P
Darstellung der Uhr ,‘ \* -"I','\-"n
3 + nurein Zeiger (" al oo
+ 10 nach 11" oder ahnliches als Text singegeben \ , _
+  keine Uhrzeit singezeichnet Sf LS
Mittelgradige visuell-raumliche Desorganisation, so dass ein
korrektes Einzeichnen der Uhrzeit unmaglich wird T T
+ unregelmiliige DSwischenraume 7 BN
4 + Tiffern wvergessen (4 ‘2 .
Perserveration; wiederholt den Kreis, Ziff. jenseits der 12 ISP \ gy f
o Rechts-Links-Umkehr (Ziffern gegen den Uhrzeigersinn) N o _
o Dysgraphie — keine lesbare Darstellung der Ziffern
Schwergradige visuell-raumliche Desorganisation ] TRl
+ wie unter (4) beschriehen, aher starker ausgepragt Y N
5 : .
keinerlei Darstellung einer Uhr g, -
{cave: Ausschluss Depression / Delirl) "\y / ™
kein wie auch immer geareter Versuch, eine Uhr zu zeichnen | | ! "»é [ ‘|
6 +  keine entfernte Ahnlichkeit mit einer Uhr \ J \
e Pat. schreibt Wort oder Mame i ,f’ r"""/
Literatur:

1. Shulman, K.l., Shedletsky, R., & Silver, I.L. (1986). The challenge of time: Clock-drawing and cognitive function
in the elderly. International Journal of Geriatric Psychiatry, 1(2), 135-140.

2. Shulman, K.l., Gold, D.P., Cohen, C.A., & Zucchero, C.A. (1993). Clock-drawing and dementia in the communi-
ty: a longitudinal study. International Journal of Geriatric Psychiatry, 8(6), 487-496.

3. Brodaty, H., & Moore, C.M. (1997). The Clock Drawing Test for dementia of the Alzheimer's type: A comparison
of three scoring methods in a memory disorders clinic. International Journal of Geriatric Psychiatry, 12(6), 619-
627.
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Test 3:

Clinical Dementia Rating Scale (CDR; Morris, 1993)

157

Bewerten Sie nur die Verschlechterung im Vergleich zum friiheren Zustand, die auf kognitive Beeintrachtigung zurickzufiihren ist, nicht die Beeintrachtigung aus anderen Griinden

“copyright by Washington University, St. Louis, MO,

nsttuticultadagiprojectya 143 Tqueston\cdr- mi

\german\final\corgerq doc-02103/201

Fragebogen zur Klinischen Einschétzung des Schweregrades einer Demenz®

1 ;
ki b
O a
m] ]
= =
O a

o
Uhlmmsp

an Monat?
Dhlmmnap

ag

Fragen zum Orientierungsvermagen an die befragte Person:

Wie oft karn erfsie Folgendes genau benennen:

1
2

Oseren st ich nicht

DOIManchenal

Osetten D weilt ich nicht

OIManctmal

D Meistens ja

D weits ich nicht

Os5eiten

OIManchmal

Dhlmmnap

Findet arfsie sich in vertrsuten Strallen zunechi?

G

OIMancienal Ogetten DI Weitt ich nicht

O Messtens ja

DI weits ich micht

O Manchma Os5atten

numbnnsp

DOweitt ich nicht

Osetten

DOManctvnal

Dumhnspl
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