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1. INTRODUCTION

1.1. Ageing of population

Ageing of population is a summary term for shifts the age distribution of a
population toward older ages. The population agasmgorogressing rapidly mainly in
industrialized countries and it is expected to twd over the next few decades, eventually
affecting the entire world. The percentage of tloelevpopulation aged 65 and over was 6.9%
in 2000, in Europe the proportion was 14.7% in 20e&@ the world as a whole, the elderly
will grow from 6.9% of the population in 2000 topaojected 19.3% in 2050. Among the
countries classified as more developed, the meagmof the population rose from 29.0 in
1950 to 37.3 in 2000, and is forecast to rise td 4%y 2050. Population ageing has many
important socio-economic and health consequencedyding the increase in the elderly
dependency ratio (EDR) — the ratio of the eldedpehdent population to the economically
active (working) population. This ratio had increddrom 1:14 in 1950 to 1:4 in 2000 and it
is expected to increase in more developed countoek3 in 2030. It is expected that in
twenty years the most people in Europe will be 086r and the average age will be
approaching 50.

It is well known that the higher age may be asgediavith the higher likelihood of
memory complaints and the higher prevalence ofrghrdiseases. The ageing of the world’s
population means that the number of people with-ragged conditions such as memory
complaints and dementia, especially Alzheimer'sase (AD), will dramatically increase.
The forecast indicate a considerable increase ennttmber of demented elderly from 25
million in the year 2000 to 63 million in 2030 atwd114 million in 2050.

1.2. Memory complaints

In the last decades a variety of terms has beet tasdescribe memory complaints,
which are more common and frequent among senindstransitional stages between normal
ageing and early dementia. One of the first ternas Vibenign senescence forgetfulness’
(BSF) (Kral, 1962). BSF was a term, which was peggbin 1962 by a Canadian clinician of
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the Czech descent, Vincent Kral, to distinguish menproblems in residents of a nursing
home that were benign from those that were maligifadfilling dementia criteria) and
associated with poor prognosis. The BSF was charaetl by an awareness of problems,
inability to recall incidental details from the ezt past rather than whole events and the ‘tip
of the tongue phenomenon’, with recall some tinterlalimportantly there had to be no
objective evidence of memory dysfunctidBSF was believed to be a variant of normal
ageing, but more recent data have cast some doutitad (Ritchie et Touchon, 2000) and
have defined this entity more towards abnormal dmn.

In 1986, a National Institute of Mental Health waykoup proposed the term, ‘age-
associated memory impairment’ (AAMI). This concepds meant to characterize memory
changes in ageing which were felt to be a manifiestaof normal cognition (Crook et al.,
1986). It refers to persons aged 50 years and @ttlerare experiencing a decline in memory
function reflected in everyday life and who perfoateast one standard deviation below the
mean of younger people on standardized tests antememory. The person must be
otherwise healthy, with adequate intellectual fiorctand without delirium, depression or
dementia, determined by a Mini Mental State Exatona(MMSE) score over 23. These
criteria compared memory function in older indivadito the performance of younger adults
and this was found to be problematical for a wiggplication of this term (Smith et al, 1991).
High numbers of elderly people meet these critand only a minority will progress to
dementia, so this can not be clasified as a preedéen syndrome. Using these criteria the
annual incidence of dementia was 1%, which is #meesincidence as in the general age-
matched population. For that reason the term AAMiwd not be probably used as a clinical
diagnosis.

The International Psychogeriatric Association andorM/ Health Organization
Working Party proposed in 1994 the term, ‘age-assed cognitive decline’ (AACD) (Levy,
1994) to refer to multiple cognitive domains presainto decline in normal ageing. Although
it sounds similar to AAMI it is distinct in many mportant aspects. Subjective complaints or
informant report of cognitive decline are importamd impairment may affect any of the
following cognitive domains: memory, attention/centration, abstraction, language, visuo-
spatial, and executive functions. Performance ognitive testing must be one standard
deviation below the mean for an age and educatiatcimed population. Evidence of
systemic, psychiatric or neurological disordernsexclusion criterion and decline is to have
been evident for at least 6 months. As with AANhke bnset must be gradual and dementia is

not present. Using these criteria one can idemtifiyviduals who are doing badly in relation
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to their peers on cognitive tests, but this degignadoes not imply any defined pathological
process. Individuals with sudden onset of problemghose with no insight and no reliable
informant would not meet the criterion.

The Canadian Study of Health and Aging has usedktine, ‘cognitive impairment no
dementia’ (CIND), to characterize cases in whiclobjectively defined cognitive impairment
is proved, but of insufficient severity to constguwlementia (Graham et al., 1997). According
to this koncept the memory impairment does notasgmt an obligatory komponent. Often
when it is applied, reference is made to the agk education matched norms. As CIND
makes no presumptions about aetiology or progresgiancludes a heterogeneous group of
patients and therefore it is not very helpful ialiaical context. On the other hand, the lack of
restrictive criteria can be useful in epidemiol@jistudies, because the term can be applied to
subjects doing poorly on cognitive tests but naadly fitting into any other category. A
disadvantage may be that there are more variatioise application of the term between
studies. This concept has been rather heterogematiusegard to its inclusion of a variety of
types of cognitive dysfunction, but more recentlyhas been refined to correspond more
closely to the mild cognitive impairment (Fisk &t 2003).

1.3. Mild cognitive impairment

1.3.1. The concept of mild cognitive impairment

In recent years an increasing attention has beiehtpahe mild end of the cognitive
spectrum encompassing a transient zone betweemotineal ageing and dementia, the most
frequently represented by AD. This transitional edras been described using a variety of
terms such as dementia prodrome, incipient demeproaromal AD, preclinical AD, isolated
memory impairment, but the most influential is teem ‘Mild Cognitive Impairment’ (MCI)
introduced by Flicker and colleagues (Flicker et #91) and the Mayo Clinic group (Smith
et al., 1996; Petersen et al., 1999). The MCI cpntas two different aspects. Firstly it
presumes that individuals are functioning normally they age. In a group of persons,
particularly in those who are destined to develd@p fkere is a decline in cognitive functions,
which can be very subtle at first. The aim of twscept is to identify these individuals at the

earlier point in the cognitive decline. Secondlypiesents MCI as a continuum of cognitive
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changes between normal ageing and very early déaneiih the overlap in the boundary at
the both ends of MCI. It means that the distincti@ween normal ageing and MCI can be
quite subtle as well as between MCI and very edglyentia.

The concept of MCI refers to a group of individualdio have some cognitive
impairment but of insufficient severity to constéudementia. These individuals do not meet
criteria for dementia due to a very slight degre&inctional impairment. Originally the most
typical MCI patient had memory impairment beyondatvis felt to be normal for age but was
relatively intact in other cognitive domains. Thedhal Mayo criteria (Petersen et al., 1999)
were used for making the diagnosis. They were fedws) memory impairment with relative
preservation of other cognitive domains. Theseatwere as follows: 1. memory complaint,
preferably corroborated by an informant, 2. objectmemory impairment for age, 3.
relatively preserved general cognition for ageegsentially intact activities of daily living,
and 5. not dementedlsing these criteria approximately 12% of MCI patgeprogress to
dementia per year (Petersen et Morris, 2003) (emxd rates of normal population are less
than 1% per year). In six years 80% of MCI patierasvert to dementia and form the at risk
population.

Now we will describe each of the criteria. The tficsiterion refers to the subjective
memory complaint. The aim of this criterion is tetect the notion of a change in memory
performance. It could be mentioned by a patiendl ideally corroborated by an informant.
This criterion is helpful in excluding individualgith lifelong static cognitive deficits (Levy,
1994).

The second criterion refers to objective memoryampent for the age. To fulfil this
criterion it is necessary to provide neuropsychmialgtests. The problem is that there is no
specified cut-off score for any test. The cut-afore of 1.5 SD below age norms has been
used in the most studies, but some later defirstivewve allowed for 1.0 SD. Originally in the
MCI cohort followed at the Mayo Clinic the MCI gn's mean performance was 1.5 SD
below the peers, it means that nearly half of tfeeig had memory performance score lower
than 1.5 SD below the mean, but it was not a cusaire. Commonly the decision on actual
memory impairment remains to the clinical judgm#mt should be made in the clinical
context and in conjunction with the first criterjomwhich represents a change in a patient’s
function. So these two criteria, which are boungktber, can not be used separately and this
is also valid for the combination of precise mebluatory from a patient (or an informant)

and neuropsychological testing.
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The third criterion refers to the essentially preed general cognitive function for the
age. General intellectual function refers to thkeotnon-memory cognitive domains, e.g.
language, executive function, visuo-spatial skipisgxis, attention etc. To fulfil this criterion
it is very useful to provide neuropsychologicaltsesut no specific instruments or cut-off
scores are predetermined and the final decisibased mainly on the clinical judgement.

The fourth criterion refers to the largely intagh€tional activities. For the conclusion
that the activities of daily living are essentiatigrmal it is necessary to get information about
the functional capacity from the subject and pigr from the informant as well. For this
purpose we can use several activities of dailyhvscales, but the degree of impairment is
based on the clinical judgement (Grundman et 8042 The functional impairment of the
daily activities is insufficiently severe to cortigte a major disability and it must be solely
caused by cognitive impairment, and not by medioahorbidities and physical limitations.

The final criterion refers to the ,not demented‘oié&is criterion is also based on the
clinical judgement and results from the combinatainthe previous criteria. To fulfil this
criterion there has to be clinically significantgoative impairment and only slight functional
impairment. But in spite of this, it is sometimeafficult to differentiate between the normal
ageing (with slight functional impairment caused imedical comorbidities and slight

cognitive impairment) and MCI, because the thredheitween them is very subtle.

1.3.2. The subtypes of mild cognitive impairment

In the course of time it has become apparent tbegeral clinical subtypes of MCI
exist besides amnestic MCI (a-MCI) (Petersen ¢t28l01; Grundman et al, 2004). So, the
criteria of MCI have been expanded and refined @&y include other types of cognitive
impairment beyond memory. A second subtype of MCddlled multiple domain MCI (md-
MCI). In this subtype there is impairment in mukipognitive domains such as language,
executive function, praxis, attention and visuotisppaskills with or without memory
impairment. Those with a memory impairment (amneara labelled md-MCI + amnestic
and those without are labelled md-MCI — amnettis. very important to distinguish between
these two subtypes, because they have differemomgs. The third, and least common
subtype of MCI, is the single non-memory domain MiGlthis type there is an impairment in
a single non-memory cognitive domain such as thguage, executive function or visuo-
spatial skills. Each clinical subtype could be ataosed by various aetiologies (degenerative,

vascular etc.)The a-MCI subtype the most commonly representodrpmal form of AD, as
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well as the md-MCI + amnestic subtype. The othdstypes with impairments in non-
memory domains such as executive function and vspadial skills have a higher probability
of progressing to a non-AD dementia such as dementth Lewy bodies (DLB),

frontotemporal dementia (FTD) or vascular deme(¥B). So, the combination of clinical
subtypes and presumed aetiologies can be usefukdicting the type of dementia to which

these persons will convert.

1.3.3. General criteria for mild cognitive impairment and proposed diagnostic scheme

The next milestone in the concept of MCI was redclin September 2003 in
Stockholm, where the First Key Symposium was haldnultidisciplinary and a worldwide
group of experts proposed a revision of Petersefiferia and recommended to set the new
General criteria for MCI, where impairment in vargocognitive domains (not only memory)
was taken into account. The General criteria forIM@re as follows: 1. not normal, not
demented (does not meet criteria (DSM 1V, ICD 1)) & dementia syndrome), 2. cognitive
decline: a) self and/or informant report and impeEnt on objective cognitive tasks and/or b)
evidence of decline over time on objective cogeittasks, 3. preserved basic activities of
daily living, minimally impaired or intact complemstrumental functions.

The setting of the general MCI criteria was follalMey proposing the classification
process of MCI. So, how to make a diagnosis of NICh new patient? The patient or
patient’s informant expresses concern about p&iatgnitive functioning. Based on the
history and the mental status examination, theatoebuld judge whether the person has
normal cognition or suspected dementia. For exanipée patient has a clear impairment in
functional activities and scores low on the MMSiHsilikely, that this patient has dementia.
On the other hand, if a patient scores high orMMSE and has no impairments in complex
activities of daily living, this person may be naindespite the subjective complaints. In this
case the clinician must exclude depression as seaaftthe complaints. Once the clinician has
determined that the patient is neither normal renented, the next step is to asses a decline
in the cognitive functioning. This could be doneotigh a structured history from the patient
and the patient’s informant. If there is an evidefar decline in cognition, the clinician must
then determine whether this change causes a signifimpairment in functional activities
such that the person would be considered as havwgyry mild dementia. If the functional
impairment is not significant, the clinician maynsader the diagnosis of MCI. The next step

is to identify the clinical subtype and for thisrpase is necessary comprehensive cognitive
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testing, using neuropsychological tests (Peter2@d4). Unfortunately up to now there are no
generally accepted instruments for determinatioM@fl subtypes. However the activities
like establishing of Unified Data Set at US memalinics is a step forward in this way
(Morris et al., 2006). First of all it is necess#myassess carefully specific domains of episodic
memory with a word list learning procedure or paapty recall. If the subject’s memory is
significantly lower than would be expected for thege, the patient is classified as having a-
MCI with memory impairment. However, if no memormgpairment is present then the patient
has non amnestic MCI (na-MCI). The next step igddtermine if the patient has an isolated
cognitive impairment or not. For that reason theicln needs to assess other cognitive
domains such as language, executive function anovépatial skills to determine if the
impairment in a-MCI patient is just memory or wheatlt involves other domains as well and
so is a-MCI-multiple domain (a-MCI-md). If thereassessed only memory impairment with
preservation of other cognitive domains, the patisdabelled as a-MCI-single domain (a-
MCI-sd). If other domains are impaired besides nmwmihe patient is labelled as a-MCI-md.
Similarly, if memory is not impaired the patientdassified as na-MCI and as a next step the
clinician determines if there is either a cognitirgairment in a single non-memory domain
(for example an isolated deficit in visuo-spatikills and the patient is labelled as na-MCI-
single domain (na-MClI-sd) or there is an impairmenmultiple non-memory domains and
the patient is labelled as na-MCI-multiple domama-MCIl-md). After the clinical sub-
classification is done, the clinician should detexenthe cause or aetiology of the clinical
syndrome. This procedure is the same as the @mscdetermine the aetiology of dementia.
For example, if there is a suspicion that a patieith amnestic MCI has a degenerative
disorder, then this would likely be prodromal Alately the term pre-MCI was introduced to

characterise the intraindividual decline of cogniti

1.3.4. The concept of prodromal Alzheimer’'s disease

This concept was proposed by Dubois (Dubois, 2@30an alternative to the MCI
concept. He claims that as used today, MCI is al®yne, which is caused by various
aetiologies, and to have full clinical usefulnebg underlying aetiology must be determined.
The aetiological heterogeneity limits the valueMsEl, because the heterogeneity prevents the
definition of specific diagnostic criteria for MClyhich must remain sufficiently broad to
include disorders of different causes. Furthereifugfeneity prevents the development of

specific therapeutic approaches because of the lamgge of possible underlying conditions.
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Finally, the heterogeneity makes it difficult taegict clinical progression for any patient with
MCI. This concept suggests that it is possible aedessary to identify the underlying
pathological disorders before the affected patiemgt the criteria of dementia. Particularly
the patients with AD, the most important subgrodppatients with MCI, can already be
identified before the appearance of the fully depell clinical dementia syndrome. So, the
most difficult problem for a clinician should noe o diagnose MCI but rather to detect
incipient AD. This is important because there isigh prevalence of memory complaints in
the elderly, while only a few of them are at riskdeveloping dementia and because the
treatment for AD might be more efficient in the Igastages, before the patients become
demented. Therefore AD has no more be restrictel@moentia as it can be diagnosed prior to
the functional capacity is lost. In the coming fetut can be expected that the diagnosis of
AD may be established by means of biomarkers iividdals with no change in cognition —
i.e. current approach is to diagnose AD without eetia, but the future approach is to
diagnose AD without cognitive changes.

So, how to detect the presence of AD in its edylipeedementia stages? For this
purpose specific memory tests are used, which iaredaat distinguishing the characteristic
pattern of memory disorders associated with theadis. It is well known that impairment in
memory recall is crucial for fulfilling the diagniis criteria for a-MCI, but deficits of free
recall are not specific for AD and prodromal AD¢chase they are common in many disorders
causing memory impairment. There are three diftererderlying mechanisms that cause
recall deficits: 1. impaired registration — deficitthe activation of encoding processes, as in
disorders of attention due to depression, confusiodrugs; 2. impaired consolidation and
storage — genuine memory deficit, where informatiafthough registered, cannot be
processed into stable memory traces, as in diseasesciated with lesions of the
hippocampus, related structures and hippocampo-taati@lamic circuit, such as AD; and
3. impaired retrieval of stored information — défia the activation of retrieval processes, as
in executive dysfunction due to frontal lobe-rethter subcortico-frontal circuit-related
dysfunction. If a clinician wants to diagnose aetamnestic syndrome (putative AD), one
needs to establish that information has been ergdtand cannot be retrieved, even with the
use of facilitation techniques (cueing or recogmii If the free recall is impaired and
associated with a limited effect of cueing on re¢law total recall), many intrusions and
false positives on recognition tasks, than thisupecis highly suggestive of AD (if effective
encoding of information has been previously cofgd)l This neuropsychological profile of

memory deficit is called “amnestic syndrome of lthygpocampal type” and it has been shown
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in early stages of disease in patients with AD i@et al., 1999). This profile is in contrast
with that seen in depression, where encoding defarie predominant, and with that seen in
FTD, VD, or even normal ageing, where impaired freeall is greatly improved or
normalised with cueing or recognition (Fossatilet2002; Lavenu et al., 1998; Petersen et
al., 1992).

Dubois and colleagues claim that the MCI term isfuisbecause it represents a stage
of severity for specific disorders that have ndtngached the dementia threshold, but it must
be associated with identification of the importn€l subgroup that leads to AD. They
propose that this type should be qualified as “M€the Alzheimer type” and they propose
clinical diagnostic criteria that have a high sfietty for “MCI of the Alzheimer type” or
“prodromal AD” or “Hippocampal amnestic MCI” (Dubmiet Albert, 2004). The proposed

diagnostic criteria for “prodromal AD” or “MCI of Kheimer-type” or “ Hippocampal
amnestic MCI (Ha-MCI)” are as follows: 1. memoryngolaints by the patient or by the
family, 2. progressive onset, 3. normal or mildtypaired complex activities of daily living,

4. amnestic syndrome of the “hippocampal type” mdi by: a) very poor free recall despite
adequate (and controlled) encoding, b) decreadatrexrall because of insufficient effect of
cueing or impaired recognition, ¢) numerous intvasj 5. persistence of memory changes at a
subsequent assessment, 6. absence of the fullyjogedesyndrome of dementia, 7. exclusion
of other disorders that may cause MCI, with adegjtests, including neuroimaging and other
structural, functional and metabolic biomarkers. this place two terms should also be
clarified, intrusions and confabulations. The formeeseen in AD and the latter is usually

described in Korsakoff syndrome.

1.4. Alzheimer’s disease

1.4.1. Epidemiology

It is estimated that 25 million people in the vdonave dementia. About 8 — 10 million
people in Europe suffer from dementia with an iraick rate 1.5 million new patients every
year, which is more than the incidence of strokebetes or breast cancer. The overall
prevalence of dementia is equal to 0.3 to 1.0%nmfividuals aged 60 to 64 years, and

increases to 42.3 to 68.3% in individuals aged &&y and older. The incidence varies from
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0.08 to 0.4% in people aged 60 to 64 years, anttases to 4.98 to 13.57% when the
population was older than 95 years (Hendrie, 1988)people under the age of 60 years,
dementia is seen relatively rarely, with a prevederof about 0.008%. Prevalence and
incidence rates rise exponentially with age andbtiowevery 5 years over the age of 60
(Rocca et al., 1991). More than 85% of dementi@sascur in those aged over 70 years. It is
estimated that approximately 50 to 70% of individuaith dementia have AD (Morris,
1994).

1.4.2. Risk factors

1.4.2.1. Age

Age is the number one risk factor for AD. The pltemae and incidence rise
exponentially as a function of the age between t6585-year-old range and AD doubles
approximately every 5 years in the persons betwleeages of 65 and 95 years of age.

1.4.2.2. Family history

One of the most predominant risk factors for ADaidamily history of AD. The
relative risk is 3.5 if a first-degree relative &S (van Duijn et al, 1997). The relative risk is
higher in those with relatively early onset (att6@®9 years of age) (relative risk 5.3), but it is
still significant in those with late onset (at girathan 70 years of age). The relative risk
increases to 7.5 in persons who have two or mesedegree relatives with AD.

1.4.2.3. Chromosomal abnormalities

It has been known for years that patients witlotng 21 (Down’s syndrome) develop
AD-like neuropathologic changes after the age of WOa very small proportion of AD
patients, the condition shows autosomal dominamtsmission, with identified mutations in
the amyloid precursor protein (APP) gene on chram@s?21, in the presenilin-1 (PS-1) gene
on chromosome 14 and in the presenilin-2 (PS-2¢ geanchromosome 1. Over 70 mutations
capable of producing the clinical and pathologfealttures of AD have so far been identified

on these three genes, 60 of them on the PS-1 gene.
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1.4.2.4. Apolipoprotein E

An association has been found between AD and tlkaslof the gene coding
apolipoprotein E (ApoE), located on chromosome Aatrticular allele of the gene, the
APOE ¢4, responsible for the synthesis of the ApoE4 phgi® is genetically associated not
only with familiar (Corder et al., 1993) but alsahvsporadic forms of the disease (Saunders
et al., 1993a). It has been shown that as the nuofb&POE ¢4 alleles (which code for the
ApoE4 protein) increases (from 0 to 2), so doesrigie of developing the disease. It means
that individuals who carry the APOE4 allele are three (heterozygotes) to eight
(homozygotes) times more likely to develop AD thadividuals who do not have the!
allele. After age, APOE4 allele is the most significant up to date ideatifgenetic risk
factor for AD. One of the effects of tlaé allele is to decrease the age of onset of AD d&or
et al., 1993). It is not yet clear to what extdmse genetic associations are reflected in the
course, severity, and other clinical aspects ofdisease (Bird, 1995). They might increase
beta amyloid deposition even in intellectually nainsubjects (Berr et al., 1994). The

presence of APOE4 allele has not a predictive, but a confirmatiafue in at risk subjects.

1.4.2.5. Gender

The prevalence rates for AD in several studiessayaificantly higher in women than
in men of the same age (Fratiglioni et Rocca, 208D occurs in about twice more women
than men. The factors that are responsible forat@sunknown. One of the explanations could
be an abrupt decline in estrogen production in rpesbpausal women or differential
longevity of demented women. On the other handigairto AD is shorter for male patients

than for females. It must be considered that wohwverionger.

1.4.2.6. Head injury

There appears to be a strong link between serieas Imjury (especially repeated

concussions) and future risk of AD.
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1.4.2.7. Cardiovascular risk factors

These factors such as high blood pressure, digh®gpsrtension, heart disease, and

stroke are believed to be associated with higheease of AD.

1.4.2.8. Education

The lack of education is generally believed to bds& factor for AD (Kawas et
Katzman, 1999). When uneducated persons are cothpatie those who have more than 6
years of education, the relative risk is aboutt2slhypothesized that education actually
increases the density of neocortical synapseswiaipthe accumulation of “reserves” and
therefore delaying the appearance of dementia (Katz 1993), but not protecting.
Paradoxically, there is an increased risk of miiytah AD patients with more advanced
educational and occupational attainment. (Stermalet1995). It is suggested that this is
because lower education is accompanied by an eakpression and therefore longer

survival.

1.4.3. Neuropatology

The degenerative process probably starts 20—-3@ ywediore the clinical onset of AD
(Wilcock et Esiri, 1982). The typical neuropathatmj features of AD are extracellular
neuritic (senile) plaques (SPs) containing beta lammhyand intraneuronal neurofibrillary
tangles (NFTs), formed by paired helical filamewts hyperphosphorylated tau protein,
together with synaptic reductions, and neuronas.l@&Ps and NFTs do not have the same
distribution. SPs involve all the isocortical aresgare the hippocampus and subcortex except
for the amygdala and their density increases whth $everity of the disease. They are
detectable early in the temporal and frontal |0W#eTs involve an increasing number of areas
in a stereotyped order: entorhinal area, hippocaagpibiculum, multimodal and unimodal
association cortices with sparing primary cortif@saak et Braak, 1991). Confirmation of the
diagnosis relies on quantitative (e.g. plaque couather than qualitative features. Both
plaque and tangle count correlate with the demesaieerity, although the best correlation is
with the degree of synaptic loss. Significant symmafpss was found in certain regions of
hippocampus mainly in the dentate gyrus (Schefilet1996) and in frontal and temporal
cortices (in layers 2, 3, and 5) (DeKosky et Sch&#90; Scheff et Price, 1993). Also the
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cholinergic nucleus basalis of Meynert (Vogels let #990), noradrenergic locus ceruleus,
and serotonergic dorsal raphe nuclei (Aletrino &f 4993), which have widespread
neocortical projections, show significant synajdss and loss of neurons that is supposed to
cause a loss of synapses throughout its projectiore. Synaptic loss and loss of neurons
cause gross atrophy of the brain (Gomes-Isla gl887) that is connected with thinning of
cortical ribbon. These findings are the hallmarkA®d. Other histopathological features of
AD include dystrophic neurons, granulovacuolar eegation, congophilic angiopathy and
Hirano bodies.

Much recent interest has centred on the role & betyloid in AD as it was accepted
as a main pathological hallmark of the diseasek(f#el2002). This is the main constituent of
the core of the neuritic plague and is formed frbeta amyloid generated by proteolytic
cleavage of its precursor, the APP. Mutations witthie APP gene are responsible for some
cases of early onset, dominantly inherited AD. $gemic mouse models with this mutation
develop Alzheimer’'s plaque (but not tangle) hisgiyilqGames et al., 1995), which can be
prevented by immunisation with beta amyloid 42. AirP gene is over-expressed in Down’s
syndrome (where AD changes necessarily developga &ayloid deposition also occurs after
head injury and may be increased in the presen@d@fE 4. Beta amyloid is metabolized
along two pathways. In the nonamyloidogenic pathwalyP is cleaved within the beta
amyloid domain by a protease called alfa secretasieh results in the release of alfa-
secretase-cleaved soluble AP&s@APP). APP cleavage within the beta amyloid domain
precludes generation of free beta amyloid. In tbet rstep, the 83 amino acid C-terminal
fragment (CTF) of APP (C83) is cleaved by the gameretase complex releasing a shorter
peptide called p3. In the amyloidogenic pathway,PAR first cleaved by beta secretase,
resulting in the release of beta-secretase-cleavkle APP [{-sAPP). In the second step,
the 99 amino acid CTF of APP is cleaved by the gaeswetase complex releasing free 40-
and 42-amino acid beta amyloid peptides. The amyt®posited in neuritic plagues is
predominantly the 42-amino acid form, which hasr@ater potential to aggregate than the
more common 40-amino acid peptide. In AD, intraneaf accumulation of 42-amino acid
beta amyloid is thought to increase phosphorylatiértau, leading to the formation of
neurofibrillary tangles, which severely disrupt thecrotubule dependent transport system
and lead to cell death. Extracellular accumulaindr2-amino acid beta amyloid leads to
microglial activation and an inflammatory respotisat causes neuronal dysfunction and cell
death and further impairs brain function. It hadéopointed out that certain amount of non-

demented individuals also has amyloid deposithénbrain.
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1.4.4. Clinical features

Dementia involves acquired cognitive impairment dmehavioural alterations of
multiple domains. AD is the typical cortical demiansyndrome. The earliest symptom is
usually the insidious onset of declarative memaefait that is caused by neuropathological
changes in medial temporal regions, areas crifmalong-term episodic memory (Squire,
1992). Already in the early stages the patients have adiffies with learning of new
information due to impairment on the each level mémory processing (encoding,
consolidation, storage, and retrieval), but witbdominant alteration of memory course. For
the early stages of the disease is typical an amngmdrome of the hippocampal type, it
means, that the information that has been regtesianot be retrieved, even with the use of
facilitation techniques (cueing or recognition).eTimpairment in free recall associated with a
limited effect of cueing on recall (i.e. low tot&call), many intrusions and false positives on
recognition tasks is highly suggestive for AD. an the course of the disease the memory
impairment is followed by executive dysfunction, ieth means impairment of problem
solving skills, abstract reasoning, and judgemefith executive dysfunction is also
connected immediate and working memory impairmant mild word-finding difficulties.
Other presenting cognitive deficits may include amment of language (comprehension and
expression), reading and writing, praxis, visuoepptual and visuo-constructive skills and
attention. As the disease advances the cognitiogressively declines, remote memory is
affected as also older memories from the childhomald be lost. Characteristically patients
are less aware and concerned about their problaeohshés loss of insight often means they
are not greatly distressed by their condition.

The dementia syndrome in AD is characterised ndy diy gradual cognitive
impairment but also by behavioural and psycholdgganptoms occurrence. The most
common neuropsychiatric feature in AD is apathy%y2followed by aggression/agitation
(60%), anxiety (48%) and depression (48%) (Cummi2@94). Transient delusions of theft
or intruders, often rather vaguely expressed, B@ @resent in demented patients. For these
patients is further typical aberant motor behavisuch as pacing and rummagirig. the
course of disease sleep disturbances may occuraemdften associated with daytime
drowsiness. A major component of the dementia mdris the decline in every day
functional abilities caused by proceeding cognitiv@airment. At the beginning the patients
have problems with instrumental activities of ddilyng such as use of devices, shopping,

but later they develop problems with basic actgtias eating and dressing followed by
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hygienic disturbances or failures. With increaslogs of social skills and deterioration in
personal habits, the patient becomes totally degr@n&ymptoms progressively worsen,
usually over 5 to 10 years, but there is greataldlity in rate of decline and some patients,
especially the very old, seem to remain stableyéars. The disease probable begins early in
adulthood and may last in average 7 to 10 years fite onset of clinical symptoms. Not

rarely are described more rapid (5 years) or losgerivals (15 years).

1.4.5. Diagnosis and management

The diagnosis of definite AD can only be made byrapathological confirmation of
persons who had clinical syndrome of demernifiae accuracy of the clinical-pathological
correlation has been quite good when standard ghédi criteria for the clinical diagnosis of
AD are met (Galasko et al., 1994), but the diagnoan only be made in terms of probability.
If we consider the diagnosis of dementia or AD ialiaic, we can evaluate a typical set of
criteria such as those in Diagnostic and Statiskitanual of Mental Disorders (DSM) IV-TR
(APA, 2000). The essential features of these caiteiclude memory impairment, and one or
more of the following: aphasia, apraxia, agnosia/ar executive dysfunction. In addition,
these deficits must include a significant impairtiensocial or occupational functioning and
constitute a change from a previous level of penfoice. They also need to exclude other
psychiatric disorders or neurological explanati@arsthe decline in function. For setting the
diagnosis of probable AD are mostly used the Nalioinstitute of Neurological,
Communicative Disorders and Stroke - Alzheimer'ssdase and Related Disorders
Association (NINCDS-ADRDA) criteria (McKhann et al1984), which do not require
evidence of interference with social or occupatiohactioning but they include the
specification that the onset of AD is insidious dhdt there is a lack of other systemic or
brain diseases that may account for the progressemaory and other cognitive deficits. The
DSM-IV-TR and NINCDS-ADRDA criteria have been vatdd against neuropathological
gold standards with diagnostic accuracy rangingnfré5—96% (Petrovitch et al., 2001).
However, the specificity of these diagnostic cr#eagainst other dementias is only 23—-88%
(Varma et al., 1999). The new proposed revisiothefNINCDS-ADRDA criteria (Dubois et
al., 2007) is more focused on the prodromal stagie&D and put emphasis on using
biomarkers in the diagnostic process. To meet thmesised criteria for probable AD, an
affected individual must fulfil the core clinicakierion and at least one or more of the

supportive biomarker criteria. The core criteri@guires presence of early and significant
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episodic memory impairment. Supportive biomarkdteda are as follows: Presence of
medial temporal lobe (MTL) atrophy, abnormal fingnof cerebrospinal fluid biomarkers,
specific pattern on functional neuroimaging withTR&nd/or proven AD autosomal dominant
mutation within the immediate family. These criterrepresent a shift toward more

biologically focused approaches in the AD diagroptbcess.

1.4.5.1. Neuropsychology

The assessment of cognitive functions forms the obdiagnostic evaluation, because
the diagnosis of dementia mainly relies on the emog of cognitive deficits. At first it is
necessary to evaluate global cognitive functioms. tRis purpose are mostly used screening
instruments as the MMSE (Folstein et al., 1975ktsparing test with low sensitivity or the
7-minute test (Solomon et al. 1998). As a secomg,sspecific cognitive domains like
memory, executive functions, attention, languagi\asuo-spatial skills are assessed. Among
these domains the memory function should be asdestsérst, because episodic memory
impairment is required to fulfil the diagnosticteria for dementia. Patients with AD can be
distinguished from non-demented people using wewchl, for example in the Auditory
Verbal Learning Test (AVLT) (Incalzi et al., 1998) in the California Verbal Learning Test
(CVLT) (Delis et al., 1989). In these tests the p&tients exhibit poor recall, mainly delayed,
and a poor learning curve. However, these testse hayh sensitivity, but lower specificity in
diagnosis of the AD, because subcortical or froltdbés impairment and emotional states as
anxiety or depression have influence on free repaitformance. For assuring higher
specificity the tests with controlled encoding ceated with semantic cueing or recognition
are used. The recommended tests, which help imaeparetrieval from storage deficits, are
the Memory Impairment Scale (MIS) (Buschke et H99) and the ‘5 word’ test (Dubois et
al., 2002). Nonverbal memory is assessed by hathegpatient copy an image and then
redraw it from memory as in the Rey Complex Figliask (RCFT) (Osterrieth, 1944) or in
the Benton Visual Retention Test (BVRT). Next, axee functions involving strategy
organization, cognitive flexibility and set shiftjrshould be assessed. Measures of executive
functions include the following tests: the Wiscan€lard Sorting Test (WCST), the Trall
Making Test (TMT), the Tapping test, the Go, notgek and the Stroop test. Attention is
tested by the A test and by the Digit span tesailsg immediate memory. Further cognitive
domain that should be assessed is language congpfisiency, comprehension, repetition,

naming, reading, and writing. One of the most caxphnguage tests is the Western Aphasia
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Battery (WAB) test, but the tests focused on sdparamponents of language as the Boston
Naming Test (BNT) testing confrontation naming, B@ategory Fluency Task (CFT) and
letter fluency tasks (FAS test for example) testapgpntaneous speech, but also executive
functions, can be used. Visuo-spatial skills arsessed by copying figures such as the
intersecting pentagons, copies of three-dimensiogales, such as a cube, and more complex
two-dimensional figures. For this purpose are uskd: BVRT, the RCFT and the Clock

Drawing Test (CDT), which together with the RCFTleets also executive functions.

1.4.5.2. Activities of daily living (ADL)

We can use different scales for objective measuwingDL. These scales are based
mainly on the interview with the patient and his/baregiver, and measure basic, or general
(such as dressing, eating, etc) and instrumentalitees (such as the shopping, using of
devices). Frequently used scales include the AtabeiDisease Cooperative Study (ADCS)
ADL Scale (Galasko et al., 1997), Functional Adtes Questionnaire (FAQ) (Pfeffer et al.,
1982), the Disability Assessment for Dementia (DABElinas et al., 1999), and the Clinical
Dementia Rating (CDR) (Morris, 1993).

1.4.5.3. Behavioural and psychological symptomgeshentia (BPSD)

The accurate identification of BPSD is essentiahianagement of AD. The presence
of these symptoms varies in the course of diseageapathy, depression and anxiety tend to
occur early in the course of AD with delusions,linghations and agitation appearing in the
moderate to late stages. Several rating instrumieat® been designed for this purpose,
evaluating not only the presence or absence oéréifit symptoms but also their frequency,
severity and impact upon the caregiver. They ugualy upon the patient’s informant or
patient report. Scales that are mostly used inclinge Neuropsychiatric Inventory (NPI)
(Cummings et al., 1994), the Geriatric Depressioalé& (GDS) (Yesevage et al., 1983), and
the Beck Depression Inventory (BDR) (Beck, 1978).

1.4.6. Diagnostic tools

1.4.6.1. Medical history
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Is obtained preferably from an independent infortmeamd forms a corner stone of

medical practice.

1.4.6.2. Neurological and physical examination

It should be performed on all patients with deme(@ood Practice Point).

1.4.6.3. Neuropsychological examination

The neuropsychological battery should investig&ba cognitive functions, memory
functions, executive functions and other cognitieenains as mentioned above.

1.4.6.4. Blood tests

Blood tests can exclude the other causes of theitbagimpairment.

1.46.5.CT

This technique can exclude the other causes ofitbegimpairment (haematoma and

hydrocephalus, vascular infractions) and may confieneral brain atrophy.

1.4.6.6. MRI

It is used for the same reason as CT, but it hgkehnisensitivity and specificity in
diagnosis of AD. MRI can detect specific volumeluetions of various specific brain
regions, but the most emphasis is placed on the Miid especially on the hippocampus,
whose atrophy is an early and specific marker of (Kliany et al., 1993; Jack et al., 1992).
The overall sensitivity and specificity of MRI veohetry for detection of mild to moderate
AD comparing to controls were 85% and 88% (Scheltdral., 2002).

1.4.6.7. SPECT and PET

These functional imaging techniques can increasesémsitivity in diagnosis of AD.

The most often applied functional imaging studiedude regional blood flow measurements
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performed with SPECT (99mTc-HMPAO or 133Xe) and sugament of glucose metabolism
performed with 18F-FDG-PET. A reduction in bloodvl or glucose metabolism in parieto-
temporal areas is the most commonly described d&tgncriterion for AD (Kogure et al.,
2000). The most specific in vitro imaging providgsdl expensive and not easy accessible
Pittsburgh Compound B (PIB) PET imaging.

1.4.6.8. Cerebro spinal fluid (CSF) analysis

Specific biomarkers in CSF, i.e. 42 amino acid fahf3-amyloid (AB42), total tau
(T-tau) and phospho tau (P-tau) proteins, can ingthe diagnostic accuracy in patients with
suspicion of AD. The sensitivity and specificity ofiese biomarkers in AD patients
comparing to controls is more than 90% (Blennowa&tnpel, 2003; Verbeek et al., 2003) and
their combination is useful in distinguishing ADoifin other dementias (Blennow et Hampel,
2003).

1.4.6.9. Genetic testing

Identification of mutations in APP, PS-1 and PS-yrbe useful in determining the
autosomal dominant form of AD where cognitive imipgnt occurs in younger patients and
where a family history of AD is positive. A variety risk genes have been identified and the
most carefully studied has been the APOE polymarmhespecially on the APQR allele.
1.4.6.10. EEG

Generalised slowing of background rhythm is a featf AD and there is an overall
relationship between the severity of dementia @mbamalities on the EEG in AD, but these
findings are not specific. Transient epileptic asiaedue to focal temporal lobe seizure
activity can imitate AD (Hogh et al., 2002) and 8BEG may be diagnostic in this situation.
However EEG is generally considered as inefficaamd abundant tool.

1.4.7. Treatment

1.4.7.1. Cholinesterase inhibitors
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Current treatment options include cholinesterabiitors (ChEI), which represent the
first class of drugs approved for the specific stonmatic treatment of AD. There are
currently available three ChEIl - donepezil, galamtaand rivastigmin. Many clinical trials
with these substances have established efficaayognitive functions and ADL in patients
with mild to moderate AD (Tariot et al.,, 2000). TiGhEIs are generally well tolerated,
although some gastrointestinal adverse effects owyur and lead to discontinuation of
treatment in some patients. The available cholarast inhibitors have similar treatment
potential, but may differ in the rate of the sidteet and individual patient’s response. This

variability rises from their different pharmacologi profile.

1.4.7.2. Memantine

Memantine is a non-competitive N-Methyl-D-Aspart@#MDA) receptor antagonist,
which represents the second class of drugs appirfovele specific symptomatic treatment of
moderate to severe AD. The compound blocks the natirbyper-activation of NMDA
receptors that is thought to contribute to the spm@atology and pathogenesis of AD. The
memantine at six months caused a clinically nobteaeduction in deterioration in patients
with moderate to severe AD measured by less fumaticand cognitive deterioration
(Reisberg et al., 2003). Memantine is generallyl vadérated and patients taking memantine
appeared to be less likely to develop agitatioreréhs a mayor rationale for combination of
ChEI with memantine in moderate dementia as theham@sm of action is different in both
groups. There is the evidence suggesting thatctimsbination is well tolerated and can add
more value than separate treatment exploring onlyy mechanism of action (Tariot et al.,
2004).

1.4.7.3. Other drugs and interventions

Nowadays, there is insufficient evidence to consitie use of gingko biloba, anti-
inflammatory drugs, nootropics, selegiline, oestregy vitamin E or statins in the treatment or
prevention of AD. Since ChEIl and memantine arg/ sgmptomatic medicaments, there is a
significant effort to develop disease modifying neation. These strategies should interfere
with the underlying pathological processes repregskmainly by amyloidogenesis and are
expected to reduce the progression of AD. Curresilyilable medications only temporarily

reduce the rate of decline.
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Pharmacotherapy of AD also includes managemenewofapsychiatric symptoms. In
this field, selective serotonin reuptake inhibitanrstidepressants are preferred and atypical
neuroleptics are used to cope with agitation, aggioa, delusions, or hallucinations. Also
non-pharmacological management, including cognitraéing, is an undivided part of the

treatment approach.

1.4.8. Other dementias

It is apparent that there are also other typegeaientia besides the most common one
— the AD. As they were not a part of our studidsiaf survey will follow.

1.4.8.1. Dementia with Lewy Bodies and Parkins@isease Dementia (PDD)

The DLB is the second most common cause of demaftéa AD and represents more
than 20% of all cases of dementia. Approximatel$e80ut of Parkinson’s disease (PD)
patients have cognitive impairment of various isiges, but only some of them develop
PDD.

PD and DLB are both neurodegenerative diseasesif@asas “synucleinopathies”
because of the aggregation efsynuclein protein forming Lewy bodies. A prevagin
hypothesis that PDD and DLB represent a continufimane disease and differ each other
mainly by beginning and location of the Lewy bodéeposition was originally proposed by
A. Korczyn.

Typical features of DLB include dementia with fluating cognition, recurrent visual
hallucinations, and spontaneous features of paskisen (muscle stiffness, hypokinesia,
tremor and postural instability). Disproportionagarly visual impairment and visuo-
constructive dysfunction are characteristic fosttisease. Other features which may occur
include REM sleep behaviour disorder, severe nepti sensitivity, repeated falls and
syncopes, transient and unexplained loss of consoéss, hallucinations in other modalities,
and delusions.

In PD the cognitive impairment is very frequentdatypically is represented by
executive deficits due to dysfunction of the frdntabe connections. In the case of
development of PDD the clinical picture is similiar DLB as the patients may exhibit
fluctuating cognition, visual hallucinations, anpostaneous features of parkinsonism. The

difference is that dementia in DLB occurs before tmset of parkinsonian symptoms and
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PDD is diagnosed when dementia develops in fultpldshed PD, but at least 12 months
after the onset of parkinsonian features.

1.4.8.2. Vascular dementia

Approximately 5-10 % out of all dementia affectipgtients over the age 65 has the
vascular origin. The pure VD is considered to Hatreely rare in comparison to AD. There
is, however, an increasing evidence that many migtienay in fact suffer from mixed
dementia, e.g. coexistent AD and VD or vasculaoivement in AD.

The term “vascular dementia” is quite heterogeneand may refer to following
conditions:

1) Involvement of an important (“strategic”) braamea,with subsequent cognitive
impairment.

2) Multiple lesions (corresponding to the term “tirifarct dementia”) with a sudden
onset after a stroke with a fluctuating or stepwismirse. The cognitive impairment
corresponds to the subcortical profile, and mayabeompanied by focal neurologic signs,
such as gait disturbance, extrapyramidal featareisicontinence.

3) Binswanger’s disease is a histological desamptf subcortical VD and refers to
the development of large and confluent lesiondveawhite matter in the subcortical regions
of the brain. It is manifested by general slowifaygetfulness and attention or executive
functions difficulties.

Besides these “pure” forms of VD, a coincidencevadcular involvement and other
primary neurodegenerative dementia (AD in most £as®y be seen, corresponding to the

term mixed dementia.

1.4.8.3. Frontotemporal dementia

FTD also referred to as frontotemporal lobar degaiwn (FTLD) is the third most
common dementia of degenerative origin and accotmts5-20% of all patients with
dementia. The disease onset is usually before & ye age.

FTLD is a neurodegenerative disease where atroghthe frontal and anterior
temporal lobes is seen. Based on neuropatholodicdings and immunohistochemical
analysis we can talk about “tauopathies” with io#léular inclusions that contain insolulkde

protein and are thereforepositive (Pick’s disease) or “ubiquitinopathies’ithw protein
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aggregates that contain ubiquitin and are theraforegative but ubiquitin-positive and which
account for approximately 60% of all FTLD casesndf pathological protein aggregates are
found, the term dementia lacking distinctive histiblogic features has been used.

FTLD spectrum in addition to the described entitsdso includes the progressive
supranuclear palsy or corticobasal degeneration.

The dominant features of FTLD are early alteratiopersonality and social conduct,
dysexecutive syndrome, and speech problems. Theee alinical syndromes can be the
manifestation of FTLD: 1) behavioural-dysexecutif&ontal) variant (fvFTLD), 2)
progressive non-fluent aphasia (PNFA), and 3) séimdementia (SeD).

1. The fvFTD is the most frequent variant and fesguby a profound alteration in
personality, social conduct, social disinhibitioithvmpulsive and inappropriate behaviour,
loss of volition, distractibility, emotional blumg, and loss of empathy and insight. The
typical “dysexecutive syndrome” refers to impairattention, abstraction, planning and
problem solving.

2. In the PNFA the non-fluent spontaneous speech dominant feature. It is
particularly characterized by phonological and gratical errors (sound-based errors; e.g.
“cap” for “cat”) and word retrieval problems. Wity and reading difficulties develop as well.
In contrast, the word and sentence comprehensicglasvely well preserved. In addition to
the “telegraphic” speech, drawing may also be sanplistic and organic.

3. In the SeD a severe naming and word comprehemsipairment develops, while
the speech is fluent and grammatically correctoAdspying, writing, reading, and repetition
are relatively spared. An inability to recognizes thneaning of visually presented items is
characteristic and refers to associative agnosragrBssive, fluent, empty spontaneous
speech, loss of word meaning with impaired namind aomprehension together with
semantic paraphasias (semantically related wompaae correct nominal terms; e.g. “animal”

for “elephant”) are typical for this variant.

1.5. Biomarkers of Alzheimer’s disease

There is a long asymptomatic period between thst fireuropathological and

neurophysiological changes in AD and the first @paece of the clinical symptoms. There is

the assumption that it is possible to detect tlesgmce of the neurodegenerative process of
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AD very early in the course of the disease usingceig biomarkers. Biomarker is a
characteristic which is objectively measured andlated as an indicator to reflect normal
biologic or pathogenic processes or pharmacologasponses to a therapeutic intervention.
In other words, a biomarker is an indicator of dipalar disease state or a particular state of
an organism. The ideal biomarker should detectntaen neuropathological changes in AD
with high diagnostic sensitivity (more than 80%}Yaspecificity (more than 80%) confirmed
by an autopsy. It should be accurate, reliableroaycible, non-invasive, simple, and cheap
and confirmed by at least two independent studiddighed in journals with impact factor
(Thal, 2006). The importance of biomarkers undesithe fact that they are an integral part in
the new proposed revision of the NINCDS—ADRDA crdagDubois et al., 2007).

1.5.1. Neuroimaging markers

Neuropathological studies show that brain degeioeraccurs very early in the course
of the disease, even before the first clinical sjgand predominates in certain areas,
especially the MTL. Thus, neuroimaging, which coisgs structural and also functional
neuroimaging, may enable us to visualize thesg daain changes in the living subject. If we
focus on structural brain imaging, the highest gty and specificity we can reach with
MRI. There are several methods how to assess atroplthe brain and specific brain
structures. The first one is a visual inspectiomgisa 4 point scale (0 = no atrophy; 1 =
guestionable; 2 = mild; 3 = moderate to severe)s Thethod is quick, but is eminently
subjective and has poor reliability (Frisoni, 200IMhe second more precise method
comprises linear measurements for the thicknesghthidength, or width between well-
identified landmarks, or surface measurementsrefjen of interest (ROI) drawn on a single
predetermined section. A well-known example is “theeruncal distance” (Laakso et al.,
1995a) and “the minimum width of the MTL” (Jobstat, 1992). It is quick, fairly easy,
objective, and usually well reproducible, but artinestion of the actual volume of the
structure is indirect. Especially, choosing a sectia priori” implies that changes may not be
detected in other planes. The last method compvisksne measurements, which are based
on delineating the contours of the structure oénegt on every section where it is present.
With this direct measurement, the volume of thecttire can be computed, which seems to
be the best way how to assess atrophy. Howevisr aitparticularly time-consuming method,
which requires adequate image resolution. It id wabwn that MTL structures are impaired

in early stages of AD and it points to the impocef this brain area in the study of at-risk
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subjects. Nevertheless considerable interest hamtlg also emerged in the study of the

neocortex and other nonhippocampal areas in MCI.

1.5.1.1. MRI volumetry in AD

Several studies have repeatedly found significardgpay of the hippocampal and
parahippocampal formation in AD, ranging from 206&% (Mega et al., 2000), and already
present at the first stages of AD (Celsis, 200(@sd®l on these studies it is shown that
hippocampal atrophy is a quite good discriminatoseparating mild AD from normal ageing,
with an overall accuracy ranging from 67 to 100%n€erning the amygdala, the overall
accuracy for amygdala atrophy ranged from 58 to 9&#6ch would suggest that, amygdala
volume is less efficient than hippocampal volumediscriminate mild AD from normal
ageing (Laakso et al., 1995b). However, a comlanatf the amygdala and hippocampal
volumes was shown to enhance accuracy, consisiémtresults suggesting that the volume
of the amygdalo- hippocampal complex may be pderituefficient to differentiate mild AD
from normal ageing (Pantel et al., 1997). Conceyrtime entorhinal cortex the results of
studies were rather inconsistent. In some stutiessntorhinal cortex was the most atrophic
structure (Chan et al., 2001; Juottonen et al.91%hd the entorhinal volume was more
efficient for classifying subjects (with 87% acatyathan the hippocampus, temporo-polar
cortex, or perirhinal cortex. On the other hand sqffrisoni et al., 1999) reported a lesser
atrophy and lower accuracy for the entorhinal cotkan for the hippocampus (67% vs. 85%
accuracy). According to these studies, the measneof the entire parahippocampal gyrus
lacks accuracy, and so its components should besssd separately. In the same way,
isolated measurements of the frontal and laterapteal cortex have systematically little
accuracy, but when add to them volume measureroétite entorhinal cortex, measurements
of the temporal neocortex may allow a better cfacsgion of mild AD patients and normal
ageing, resulting in 100% accuracy (Killiany et 2D00).

1.5.1.2. MRI volumetry in MCI

Studies on patients with MCI report a significaridwer hippocampal volume in these
patients as compared to normal ageing, ranging frbro 23% (Convit et al., 1997; Xu et al.,
2000; Du et al., 2001). This is in contrast withdinhgs that no significant difference was

found for lateral temporal neocortex volumes betwpatients with cognitive impairments
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and normal ageing. Rather inconsistent results wegerted for the parahippocampal gyrus,
and only a limited number of studies was focusedhenentorhinal cortex (Xu et al., 2000;
Du et al., 2001).Consistent with histological studies, volume of cegimal cortex was
significantly lower in MCI than in normal ageingpslarly (Du et al., 2001) or almost doubly
to hippocampus (Xu et al., 2000). Neverthelessytiieme of the hippocampus was found to
be more efficient than that of the entorhinal coiteseparating both groups (Du et al. 2001).
The hippocampus was also more efficient than d#drmaporal lobe structures to separate MCI

subjects from normal ageing (Convit et al., 19%&)efall accuracy of 73%).

1.5.1.3. MRI volumetry in longitudinal studies

Longitudinal studies on at-risk subjects reporte@gnificant reduction of
parahippocampal gyrus (12%) (Visser et al., 198fpocampus (11%) and fusiform gyrus
(14%) initial volumes (Convit et al., 2000) in camters to AD compared to nonconverters,
while other temporal lobe structures were not gigamtly atrophied. In MCI patients was
found (Jack et al., 1999) that the hippocampal malwvas statistically significantly predictive
of conversion, the patient group with the most radrkippocampal atrophy had the highest
rate of conversion (46% vs. 15% for the group withatrophy). And later was reported that
the annual rate of hippocampal volume loss wasdmigh converters than in nonconverters
(Jack et al., 2000). But some studies (Yamada &08i6; Kaye et al., 1997) reported a similar
annual rate of hippocampal atrophy for converteis @onconverters, as opposed to temporal

lobe atrophy rate, which was higher in converteasntin nonconverters.

1.5.1.4. Functional imaging

If we focus on functional imaging, the most usedhuds are single photon emission
computerized tomography (SPECT), positron emissammography (PET) and functional
MRI (fMRI). Studies with SPECT demonstrate hypopsidn in several brain regions,
mainly temporoparietal areas, of patients with AIdgust et al., 2001). Reduced cerebral
perfusion was also shown in temporoparietal regicimgyulate gyrus, and hippocampus of
patients with MCI (Dobert, et al. 2005). StudiesthwiPET demonstrate glucose
hypometabolism in several brain areas of patients WD (Herholz, et al. 2002) and in
temporoparietal regions, cingulate gyrus, and atsdippocampus of patients with MCI

(Mosconi et al., 2005), where was associated wittgqessive cognitive decline (Chetelat et
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al., 2003). New milestone in functional imaging waached discovering a specific ligand —
PIB that binds t@-amyloid plaques in the brains of living AD subg¢Klunk et al., 2004),

mainly in frontal, temporal and parietal region$iiehh corresponds with postmortem studies.
PIB retention was also detected in a group of dogpty intact elderly, who can represent
presymptomatic AD (Mintun et al., 2006), and in Mgdtients, but where the findings are
rather heterogeneous (Price et al., 2005). StwdithsfMRI demonstrate decreased activation
in the MTL of AD patients during encoding tasks (Rmuts et al., 2000), but on the other
hand studies on MCI patients show increased adaivaif the right parahippocampal gyrus
(Dickerson et al., 2004). In some studies was fodecreased activation in anterior frontal,

prefrontal, precuneus, and posterior cingulate gfyNClI patients (Rombouts et al., 2005).

1.5.2. CSF biomarkers

The CSF is in direct contact with the extracellukpace of the brain, and so
biochemical changes in the brain are reflectethénGSF. Because AD pathology is restricted
to the brain, CSF is an obvious source of biomarker AD. Candidate biomarkers for AD
should be a protein, or molecule, reflecting thetiaé pathogenic processes in the brain, i.e.
the neuronal degeneration, the aggregatiop-amyloid (A3) with subsequent deposition in
plaques, and the hyperphosphorylation of tau withsequent formation of tangles. Up to date
three CSF biomarkers, T-tau,pAsoforms, in particular the 2, and different P-tau
epitopes, have been found to have the highest dstigmpotential.

1.5.2.1. CSF total tau

An increase in CSF T-tau in AD has been consistdatind in numerous studies, with
a mean of 3.2 times higher levels in AD than intoms (Blennow et al., 2001). At a
specificity level of 90%, the mean sensitivity tsaiminate AD from nondemented aged
individuals is above 80% (Blennow et al., 2003).dn acute stroke, there is a marked
transient increase in CSF T-tau that correlateb wiiarct size (Hesse et al., 2000). Further,
the level of increase in CSF T-tau is highest isodiers with the most intensive neuronal
degeneration, such as Creutzfeldt-Jakob disead®) ((Qkto et al., 1997), while a moderate
level of increase is found in AD, with less interd®generation (Andreasen et al., 1999).
Thus, the CSF level of T-tau probably reflects thiensity of the neuronal damage and

axonal degeneration. Normal levels of CSF T-ta@ faund in patients with depression
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(Blennow et al., 1995), alcoholic dementia, an@¢hnonic neurological disorders such as PD
and progressive supranuclear palsy (Sjogren e2@00), so the CSF T-tau assessment could
help in the differentiation between these diagnases AD. A mild-to-moderate increase in
CSF T-tau has been found in FTD in some studiesdf®et al., 1999), but not in all. In the
studies focused on MCI, high CSF T-tau was foundisezriminate MCI patients that later
progressed to AD from those that did not progreitls 90% sensitivity and 100% specificity
(Arai et al., 1997).

1.5.2.2. CSF phospho-tau

There have been found several different phosphegl@pitopes of tau, including
threonine 181 + 231, threonine 181, threonine 23kerine 235, serine 199, threonine 231,
and serine 396 + 404. An increased level of P1ta@$F in AD has been found detecting all
these different epitopes. At a specificity of 92%%e mean sensitivity of CSF P-tau to
discriminate between AD and nondemented aged ithdials is around 80% (Blennow et al.,
2003). Interestingly, the specificity of CSF P-taudifferentiate AD from other dementias
seems to be higher than for T-tau anp42; increased P-tau has only been found in AD,
while normal P-tau levels is not only found in psigtric disorders such as depression, in
chronic neurological disorders such as amyotrofatigral sclerosis and PD, and in an acute
stroke (Hesse et al., 2001), but also in other agiaelisorders such as VD, FTD, and DLB
(Buerger et al., 2002a; Parnetti et al., 2001)thHarr CSF P-tau levels are normal in CJD,
despite a very marked increase in T-tau (Riemeregsdbnet al., 2003), which is together with
the high ratio of T-tau/P-tau (mostly more than, X9pical for this disease. Thus, addition of
P-tau will increase the specificity of CSF biomasken the discrimination between AD and
other dementias. These indirect evidences suglgastCiSF P-tau is not simply a marker for
neuronal damage, like CSF T-tau, but that it speadlfy reflects the phosphorylation state of
tau. CSF P-tau assessment was found useful innpatigith preclinical AD, because a
marked increase was found in MCI cases that abMellp had progressed to AD compared
with stable MCI cases (Buerger et al., 2002b).

1.5.2.3. CSF total A

Some studies found a slight decrease in the CSHF ¢dvotal A3 in AD (van Nostrand

et al., 1992), but there was a large ovetb@pwveen AD patients and controls, and other
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researchers found no change in CSF tofalmMAD (van Gool et al., 1995).

1.5.2.4. CSF A 42 and /8 40

Later was discovered that there are several C-tainfiorms of 4. Focus was set on
the longer form ending at Ala-42 f§A2), which was found to aggregate more rapidly than
AB40 (Jarrett et al., 1993), and to be the initiahfaf Ap deposited in diffuse plaques, and
also the predominating form offfAin senile plaques (lwatsubo et al., 1999). A daseein
CSF-AB42 to about 40-50% of control levels has been foimdD in several papers
(Blennow et al., 2001). At a specificity level 00%, the mean sensitivity of CSHA2 to
discriminate between AD and normal ageing is al®&% (Blennow et al., 2003). Normal
CSF-AB42 is found in psychiatric disorders like depressiand in chronic neurological
disorders such as PD, and progressive supranugidsy (Sjogren et al., 2000). So, CSF-
AB42 helps in the clinical differentiation between ADd these diagnoses.was initially
hypothesized that reduced CSF level §42 in AD is caused by the deposition of4® in
plaques, with lower levels diffusing to CSF, bubsequent studies found a marked reduction
in CSF-A342 also in disorders without pAplaques, such as CJD, amyotrophic lateral
sclerosis, multiple system atrophy, and a mild-tederate decrease in CSB42 is found in
a percentage of patients with FTD and VD (Sjogrealg 2000). On the contrary, autopsy
studies found strong correlations between lofd2 in ventricular CSF and high number of
plaques in the neocortex and hippocampus (Strokzyk.e2003), so the reduction in CSF-
AB42 in AD may at least partly be due to a deposittbrAp in plaques. Moderately low
levels are also found in DLB (Kanemaru et al., 200@ a disorder which is also
characterized by the presence of senile plaquestulies focused on MCI was found low
CSF-A342 together with high CSF T-tau in 90% of MCI casiest later progressed to AD
with dementia when compared with 10% of stable M&des (Riemenschneider et al., 2002).
Moreover a recent population-based study also fahatl reduced CSF{#2 is present in
asymptomatic elderly that during a 3-year followfgyiod developed dementia (Skoog et al.,
2003). Assessing specific pAsoforms is important, because in contrast to mharked
reduction of CSF-B42 in AD, there is no change in CSPB40 (Kanai et al., 1998). As a
consequence, a marked decrease in the ratig342/AB40 in CSF has been found in AD in
several papers (Shoji et al., 1998). The reductiothe CSF-842/AB40 ratio was more
marked than the reduction in CSPB42 (Kanai et al., 1998; Shoji et al., 1998). Pratiany
data suggest that the CSB42/AB40 ratio may be of special use in early AD and M&ides.
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1.5.3. Genetic biomarkers

The genetic research is based on the idea thatmegnatic carriers of AD mutations
may be studied in order to improve diagnostic aatéor MCI. The four genes for which the
relation to AD is established are the APP, PS-1 R8eR genes which are involved in rare
autosomal dominant forms of AD, and the APOE, whgh common genetic risk factor for
AD. There have been a number of studies of asymgiomarriers of APP mutations which
have been studied in order to characterize MCI iamgtove its diagnosis (Almkvist et al.,
2003), but these studies have been limited by smatibers of carriers and by the fact that
mutations in APP are rare. Also PS-1 mutations, rtiest common cause of autosomal
dominant forms of AD are relatively rare occurrimgabout 0.065% of all patients with AD
and this finding makes it difficult to study thesmitations with sufficient statistical power,
even in multi centre studies (Tol et al., 1999; Rinst et al., 2003). Another problem is that
each of these dominant mutations is usually inwblveearly onset forms of disease, which
makes it difficult to translate the findings to theneral population, and that's why screening
for each of these mutations will have no value imgdosing AD and MCI in the general

population.

1.5.3.1. Apolipoprotein E

Among the candidate genes most studies have beamsdd on the APOE4
polymorphism. This interest has been grounded urapathological studies, which showed
that APOEe4 is related to the earlier presence and greatesityeof amyloid plaques in
patients meeting criteria for AD, and in identifica of isoform-specific differences in the
binding of ApoE to the microtubule-associated prot€, which forms the paired helical
filament and neurofibrillary tangles, and to amgl@ peptide, a major component of the
neuritic plaque. Clinical studies have proved thsoaiation of APOE4 with late-onset AD
(Strittmatter et al., 1993). This finding was comfed in a study with autopsy verified
sporadic AD patients, where was found that althailnghCaucasian control population allele
frequency of APOE4 was 0.16, that of the AD patients was 0.40 (Sersdt al., 1993b).
Some studies have demonstrated a dose effect ofintiexitance of APOEe4 on the
distribution of age of onset in familial AD (Cordet al., 1993). Each inherited APGE
increases risk and lowers the distribution of the af onset and the risk for AD increases

from 20 to 90% with increasing numbers of AP@E alleles. It has been shown that the
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inheritance of an APOE2 allele decreases the risk and increases the @agarof onset.
These findings lead to the conclusion that inhedéaof the APOE4 remains the most clear
risk gene for AD (Saunders et al., 1996). The AR@Hhas been found to be associated with
the development of AD among the persons with Mk also associated with amnestic MCI
(Petersen et al., 1995), and the increased frequehthe APOEe4 allele is the strongest
predictor of clinical progression from MCI to ADdfrsen et al., 1995). In AD the APGE
carriers show more pronounced atrophy in the MTucttires (Geroldi et al., 1999) compared
to non-carriers. Presence of APQE allele has been associated with smaller hippoaamp
volume in AD and VD within just 1 year of diseasgset (Bigler et al., 2000). PET studies
have proved that in MCI patients who are carridrthe APOEe4 allele is present more
extended relative cerebral metabolic rate for gbecoeductions than the noncarriers, with a
metabolic pattern suggestive of AD, which may rfiae known APOE4-related increased
vulnerability to dementia. In addition, there isidmnce that the APOE4 allele leads to
greater longitudinal metabolic decline in healtihgeely persons converting to MCI (de Leon
et al., 2001). At follow-up and among those sulsiegho declined to MCI, the APO&
carriers showed marked temporal metabolic redustion

The problem with genetic testing is that althodlgh APOEe4 allele is consistently
associated with late-onset AD, risks are only matidy increased for APO& carriers. For
this reason, the APOE has been shown to be unkuftabdiagnosis of AD. As MCI is more
heterogeneous than AD, APOE or genes with a corbjgetfect are predicted to be not
suitable for MCI diagnosis. Although APQH status is one of the strongest predictors of
progression from MCI to AD, the presence or absearian APOEe4 allele itself lacks both
sensitivity and specificity for the diagnosis other AD or MCI. So the information of an
individual's APOE genotype of those already symmtmfor dementia may not improve
knowledge about the patient’s prognosis, but tHermation about the APOE status of
patients with MCI might have the potential to offiesight into the likelihood of conversion to

clinical dementia.

1.6. Spatial representation and spatial navigation

The relationship between living organisms and tkeewironment is crucial to assure

organism’s survival. The ability to move from onlage to another allows both animals and
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humans to satisfy their needs. Tasks such as fayagi hunting for food, locating shelter,
avoiding predators, and remembering dangerousitosagll require a reliable system where
important elements of the external world, and theilations to each other and to the
organism, are represented. This internal modehefenvironment has been termed a spatial
representation, and the behaviour of negotiatirmuge through the world based on this model
is spatial navigation (Healy, 1998). Another dgstn of spatial navigation came from
Gallistel (Gallistel, 1990a) where according to definition the navigation is the process of
determining and maintaining a course or trajecfasyn one place to another. To understand
how transitions between places are executed, ors muestigate how knowledge of the
environment enables organisms to form and execotement plans. In the first half of the
last century most spatial navigation theories weoeised on the formation of associations.
They claimed that navigation mostly consists ohair of associations between stimuli, such
as features of environment or landmarks, and resgsoto these stimuli (Hull 1934a; Hull
1934b). In opposition to this view Edward Tolmarmlfhan, 1948) demonstrated that rats can
acquire internal representations of space. In tineu&l Faculty Research Lecture, delivered at
the University of California, Berkeley, on March,1I®47, he outlined a series of experiments
the results of which he argued could not be conrgig explained by stimulus—response
learning but only by what was termed field thedhg formation of cognitive maps. The next
milestone was reached in 1978 when O’Keefe and Naudldished a landmark book: The
Hippocampus as a Cognitive Map, where they claithatinot only many species do possess
cognitive maps, but that in vertebrates this mag b®located in the hippocampus (O'Keefe
et Nadel, 1978). Their idea was built mainly on tieservation of single neurons in the
hippocampus of rats showing spatially selectiviadir These neurons, so-called ‘place cells’,
become active only when the animal happens to lee specific region of the environment
called “firing-field’.

O’Keefe and Nadel proposed that learning to naeigata place in the environment is
based on the two strategies that are dependentffenedt neural structures (O’'Keefe et
Nadel, 1978). These two strategies are the taxermgat@on and the locale navigation. The
taxon navigation involves moving to or from distéamtdmarks. It includes two processes: the
orientation is navigation to individual landmarkkile the guidance is a behavioural response
to a landmark. The taxon navigation can be thenghbof as a sequence of orientations and
guidances. In the locale navigation, called alsgndore mapping, the landmarks are used as
an ensemble to define a space through which anahmam calculate a path from its current

position to a goal position. The positions are marked by any single landmark but defined
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by this ensemble. This ensemble is termed cognitigp as a system encoding information
about geometric relationship of landmarks and goals
Another type of classification was proposed by &igtaedt and Mittelstaedt
(Mittelstaedt et Mittelstaedt, 1973), who emphadiz#he importance of the subject’s
movement and divide navigation strategies into tidtic orientation and allothetic
orientation. In the idiothetic orientation spatiaflormation can be only acquired by means of
the subject’s active or passive movement and tiimmation originate only from inside of
the body. By exclusion, the allothetic orientatrefers to any external information yielded by
cues whose orientation can change independentiliyeofnimal’s movement, like the sun or
the visual flow caused by air or water or any otsi@ble cue. In the similar way Gallistel
(Gallistel, 1990b) defined two processes estimagpiogjtion and orientation — dead reckoning
and piloting. The dead reckoning is a continuouscess of determining the change in
subject’s position by integrating one’s movementhwiespect to time. The piloting is an
episodic process of determining one’s path to omfrunobserved goals by reference to
visible landmarks and to a map containing geometlationship between the goals and
landmarks.
The current terminology of the spatial navigatisnvaried and somewhat confusing,
but generally the spatial navigation can be diviod three main categories:
1) Egocentric navigation, with equivalent termssfrense-learning’ (Packard et
Knowlton, 2002), ‘trail-following’ (Maguire et al.1998), ‘taxon navigation’
(O'Keefe et Nadel, 1978), ‘route knowledge’ (Siege White, 1975),
‘procedural representation’ (Thorndyke et HayeshiR@©82) and ‘non-mapping
strategies’ (Brandeis et al., 1989)
2) Allocentric navigation, with equivalent terms awfinding’ (Maguire et
Cipolotti, 1998; Hartley et al., 2003), ‘locale ngation’ (O'Keefe et Nadel,
1978), ‘configural knowledge’ (Siegel et White, B9,7‘survey representation’
(Thorndyke et Hayes-Roth, 1982) and ‘mapping sgratéBrandeis et al., 1989)
3) Path integration, with equivalent terms ‘deadkoming’ (Gallistel 1990a) and
‘idiothetic’ navigation (Mittelstaedt et Mittelstde 1973)

1.6.1. Egocentric navigation

Egocentric navigation uses a coordinate systeativel to the body midline, vertical

visual meridian, or relative self-movement of thenaal’'s body (body-centred navigation).
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This type of navigation requires the presence ofeskind of discrete external stimuli (visual,
auditory, olfactory or tactile) or concentratioradrents.

The simplest form of this navigation type is theigawhich is a movement towards or
away from a stimulus, and which is probably presert organisms. One type of the taxis is
cue guidance, the simple strategy of identifyingidees or landmarks in the environment and
moving toward them. When vision is involved, thadmarks used in such guidance tend to
have dominant forms, distinguished by their streeetar meaning (Appleyard, 1970). In a
simple form, cue guidance may involve pattern gectperception and recognition.

The more developed form of egocentric navigatiomaion navigation (O'Keefe et
Nadel, 1978). Taxon navigation describes the infdrom that encodes a sequential record of
steps that lead from a starting point, throughearhy landmarks, and finally to a destination.
This representation is essentially linear, in #eth landmark is coupled to a given instruction
(i.e. go right at the big oak), that leads to arotlandmark and another instruction, repeated
until the goal is reached. Indeed, the learningantimark-instruction paths has been likened
to the learning of stimulus-response pairs (Thokegdy1l981) for example, going from one
landmark to another, without knowing the relatiapshf landmarksin remembering a route,
the overall path may be stored in a series of Visnapshots or scene memories (Gaffan,
1994; King et al., 2004). Such a process may bekied as a strategy in the absence of spatial
mapping (Bohbot, et al., 2004). While more inforioatcan be stored along with a learned
route-for example, distances, the angles of tunasfaatures along the route (Thorndyke and
Hayes-Roth, 1982) — there is an evidence that stshjeften encode only the minimal
necessary representation (Byrne, 1982). A crucgkeet of this type of navigation is its
presumed inflexibility. Because a route encodesy anlseries of linear instructions the
representation is fragile, in that changes in @uleindmarks or detours render the learned
path useless.

In the most developed form of egocentric navigatitbe spatial information is
specifically encoded in the form of distances amekations. Through application of a
viewpoint-dependent reference system, the egocespiatial memory involves incorporating
body orientation into the spatial representatiomer&fore, the egocentric memory provides a
vector that can orient a location in the environmeith respect to a person’s body.
Experimentally it is possible to isolate the egdgenmemory from scene memory by
requiring participants to remember locations frgmeafic directions while background cues
are rotated or removed (Feigenbaum et Morris 2B@7g et al., 2004; Parslow et al., 2004).
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There is evidence that egocentric information mcpssed outside of the hippocampal
system (O'Keefe et Nadel, 1978), probably involvihg parietal cortex and the caudate
nucleus. Association of the egocentric processiny Whe parietal cortex was proved in
several studies with rats (McDaniel et al., 199%) anonkeys (Pohl, 1973; Andersen et al.,
1993). Furthermore studies of the parietal cortexbnkeys have revealed cells with firing
properties that represent the position of stimaliboth retinotopic and head centred co-
ordinate spaces simultaneously (i.e. planar gaidgi Andersen et at., 1993). Moreover there
is an evidence that neurons in the posterior @rigirtex are involved in the translation
among different egocentric representations and detvallocentric and egocentric frames of
reference (Anderson et al., 1985). In rats ther® strong evidence, that the caudate nucleus
(as well as putamen) supports the response leaused in taxon navigation (Packard et
Knowlton 2002; White et McDonald 2002).

Activation of the parietal cortex and the caudateleus in egocentric navigation was
proved in several studies with human subjects usirigal reality tasks. The right inferior
parietal cortex was active in the both trail-foliogy and way-finding tasks during navigation
in a familiar virtual reality town without any sidicant difference in activation between them
(Maguire et al., 1998). The authors concluded thath tasks had similar egocentric
requirements, where the right inferior parietalterrused egocentric information to compute
the correct body turns to enable movement towaedgthal and computed the actual heading
direction. Moreover the right inferior parietal etion, along with bilateral activation of
medial parietal areas was found in comparison bEtweovement tasks and the static scenes
task. Authors therefore assumed that medial phiaetas are also involved in the egocentric
aspects of movement, mainly in processing the djave generated by the movement. In this
study activity of the right caudate nucleus cotedawith speed of navigation. Another study
using virtual reality town setting showed activatiof the head of the caudate nucleus while
following a fixed familiar route, indicating invobment of caudate nucleus in egocentric
navigation (Hartley et al. 2003). The activity ¢fetcaudate nucleus was also increased in
subjects using non-spatial strategy in a virtualitg analogue of eight-arm radial maze (laria
et al., 2003). In the case report studies bilateralinilateral lesions of the right posterior
parietal cortex, commonly involving the superiorriptal lobule, caused egocentric
disorientation, where the patients had severe itefic representing the relative location of
objects with respect to the self (Kase et al., 1$5tdrk et al., 1996; Holmes and Horax, 1919;
Levine et al., 1985).
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1.6.2. Allocentric navigation

Allocentric navigation involves identifying locat of the unmarked goal relative to
perceptible landmarks and provides a system tormdete location of the subject moving
around the environment. This type of navigationludes forming of cognitive maps. The
term cognitive mapping, derived from Tolman (Tolmdm®48), refers to representing the
vectors between different locations or landmarkegriitive mapping provides spatial
information that allows the distances and direibetween locations in the environment to
be computed. A cognitive map has image-like progerthat allow an individual to plan
effective short-cuts and detours and to quicklyneste distances and bearings from any
location within the map to any other such locat{®eruch et al., 2000). Cognitive maps
consist of points, lines, areas surfaces and dwrecvhich are learned, experienced and
recorded in quantitative and qualitative forms ({Bgret Golledge, 2000). The prominent
feature of cognitive maps is their flexibility —et include information of routes that have
never been traversed (Maguire et al., 1996). Buldimg up the cognitive map requires
extensive exploration of the environment (O’KeefeNadel, 1978), stability of landmarks
and sufficient time to learn. Setting up the cogeitmap is relatively slower compared to
learning a route, but once the map is establishedn be used in a very flexible manner.

Hypothesis about existence of cognitive map inréitdorain was supported by finding
neurons in the rat hippocampal formation with lamasspecific activity. So called ‘place-
cells’ were firing particularly when the rat wasarrelatively small circumscribed part of the
experimental arena called ‘firing-field’ (O’'Keefd@ ®ostrovsky, 1971; O’Keefe et Nadel,
1978). A hypothesis that the hippocampus in raisuslved in cognitive mapping and is a
key structure for allocentric navigation was furtls@pported by experiments performed in
various mazes, especially in the Morris Water M@2&/M) (Morris et al., 1981). It has been
demonstrated that rats with lesion of hippocampasnat able to find a hidden goal in the
water maze when released from different pointdhatgeriphery of the pool (Morris et al.,
1982). It was further proved that the severity atigation impairment strongly depends on
the location of the hippocampal lesion. Lesionshefdorsal parts of the hippocampus proper
disrupt navigation more severely than lesions efwéntral parts (Moser et al., 1993). Several
studies support the hypothesis that the hippocarpfays crucial role in spatial navigation
and perception in subhuman primates. For examptgesunit recordings in the hippocampus
in primates has been shown to have location spen#durons that fire when the monkey

moves to a certain location in the environmentamks at a specific part of it (Ono et al.,
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1993; Matsumura et al., 1999; Rolls, 1999). Alldcermemory may be reliant not just on the
hippocampus but also on surrounding or intercomtecteuronal structures. For example,
lesions of the perforant pathway in rodents causdas learning deficits on the MWM task
to those of hippocampal lesions (Skelton et McNan&©92). In addition, lesions to related
mnemonic structures, including the lateral septoradial septum, and fornix in rodents, all
lead to deficits in allocentric spatial memory (8&} et Landry, 1988; Noonan et al., 1996).

In humans, damage to the hippocampus has alsolin&ed to specific problems in
using allocentric information about space (Burgessl., 1999). Maguire and colleagues
(Maguire et al., 1998) investigating navigationarfamiliar virtual reality town found the
bilateral activation of the hippocampus in sucadsefvigation trials compared to arrows
task. Moreover the accuracy of navigation covasgphificantly with activation of the right
hippocampus. Another study with healthy voluntegas performed in a virtual reality town
by Hartley and colleagues (Hartley et al., 2003). this study accurate navigation in
allocentric task activated the right posterior lmpgmpus and the accurate navigators
activated more the anterior hippocampus in thecafitric task than the unsuccessful ones.
The most valuable studies are in patients withcseke hippocampal lesions. Astur and
colleagues (Astur et al, 2002) examined patienth whilateral hippocampal lesion in a
virtual MWM task. These patients were found to hageere impairment in spatial navigation
task, which was dependent on the use of spatia. cligs effect was evident regardless of
side of surgery. On the other hand allocentric gavon was impaired only in patients with
right temporal lobectomy including hippocampus m analogy of the MWM, which was
displayed in an over-head view (Feigenbaum and i81@004). This finding was supported
by Spiers and colleagues (Spiers et al., 2001), fwsbod more serious impairment in right
temporal lobectomy patients during navigation imirdual town. Impairment in allocentric
memory was also shown in patients with right higgopal sclerosis (Abrahams et al., 1999),
where the extent of focal hippocampal damage cwdl with allocentric spatial memory
loss. In concordance with animal studies also imdms allocentric memory may be
dependent on the neural structures connected wphobampus. As in study performed by
Aguirre and colleagues (Aguirre et al., 1996), veh&ras demonstrated parahippocampal
activity during exploration of a virtual-reality me. Delayed allocentric memory was
impaired in patients after right parahippocampaldes in a human analogue of MWM
(Bohbot et al., 1998). Specifically, the parahipgmgpus appears to be activated by tasks that
involve processing visual scenes or more simpl&stasvolving attention to landmarks

(Aguirre et al., 1996), whereas those that requm@e complex integration of location
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between several areas within a spatial domain terattivate the hippocampus (Burgess et
al., 2001; Maguire et al., 1998). One of the stemtgieces of evidence of the hippocampal
and parahippocampal involvement in spatial navagati/as reached using in vivo single-cell
recording in humans. In this study Ekstrom andeagles (Ekstrom et al., 2003) recorded
place-sensitive neurons from the human hippocanamals parahippocampal cortex in vivo
using intracranial electrodes while participantsigated in a virtual town. It is interesting
that the place fields were found primarily in thgpgocampus whereas cells in the
parahippocampal cortex responded more to viewsamfet landmarks. In summary, when
memory for spatial relationships is used to buildcagnitive map of the environment

(O’Keefe et Nadel, 1978), it was found that thepigampal contribution is necessary.

1.6.3. Path integration

Path integration is a process of recording, stpnd integrating the information
generated during active or passive locomotion aiiguit for continuous computation of the
homing vector that allows the subject to returnrfrany point on its path to the starting point
and also repeat the same path once more (MittdiseeMittelstaedt, 1973). In other words
the term the path integration refers to the updabh position on the basis of velocity,
temporal and acceleration information. It involvesognizing an origin and (usually) a
destination and identifying route segments, turgles) and the sequence of segments and
angles that make up the desired path. This typeawfgation is based on vestibular inputs
(from vestibular semicircular canals and vestibwgulithic receptors), inputs from truncal
graviceptors and proprioception but it can be updldty involving an azimuthal reference
(e.g., the dawn or setting sun, or a mountain ranggtic flow and local features of the
environment (Tversky, 2000). Using only interoceptinformation for computation of the
homing vector causes random and systemic errgratmintegration, which are accumulating
during self-motion mainly after rotations. Theseoes can usually be corrected by using
external landmarks or azimuthal reference durirggiapupdating (Gallistel, 1990a). Spatial
updating is served by a mnemonic component thakdrahe outward route and/or the
distance and direction of the initial referencenpoielative to the individual’s current position
(Worsley et al., 2001).

There is a wide support for the idea that the hippapus (McNaughton et al., 1996) is
involved in path integration, which has been prouedhe studies conducted with animals.

These studies have shown that in the hippocampuleeated place cells which code position
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in space and form a kind of a ‘cognitive map’ o #nvironment. It was later demonstrated
that fimbria-fornix-lesioned rats are impaired irh@aming task, which involved returning to
the point of departure in darkness (Whishaw et Madsel, 1998). Also the posterior parietal
cortex of the rat appears to generate a robustreshahdant internal representation of body
motion through space (McNaughton et al., 1994).hSaicepresentation could be useful in
constructing ‘cognitive maps’ of the environmenheTlatest studies proved that in the medial
entorhinal cortex are located grid cells, which Imigerform some of the essential underlying
computations involved in path integration (McNauwghtet al., 2006). The other type of
neurons which are involved in path integration #esithe place cells and grid cells are the
‘head-direction’ cells (O'Keefe, 1976 Taube et 8890a; Taube et al., 1990b). These ‘head-
direction’ cells signal head orientation withoutyamference to location and were found in
various structures, including the posterior patietartex, retrosplenial cortex, dorsal
presubiculum, postsubiculum and anterior thalanMisllér et al., 1996). McNaughton and
colleagues (McNaughton et al., 1996) proposed ¢ineept of neural basis of path integration
in the following way: “Hippocampal place cells atlte head-direction cells of the dorsal
presubiculum, postsubiculum and related neocoréindlthalamic areas appear to be part of a
preconfigured network that generates an abstraetnal representation of two-dimensional
space whose metric is self-motion. It appears tetpoint-specific visual information (e.qg.
landmarks) becomes secondarily bound to this strecby associative learning. These
associations between landmarks and the preconfiquath integrator serve to set the origin
for path integration and to correct for cumulatereor. In the absence of familiar landmarks,
or in darkness without a prior spatial referendee system appears to adopt an initial
reference for path integration independently oemdl cues.”

A number of researchers (Loomis et al., 1993; &ie$989) have focused on the
ability of sighted individuals to navigate withaiie use of vision in order to investigate path
integration in humans. Some of them (Thomson, 1888wed that humans with eyes closed
can reach a previously seen target on the floagra¢wmeters away. Other researchers (Rieser,
1989; Loomis et al., 1993) have investigated thktyabf persons, with and without vision, to
imagine standing at a known location and to indiday pointing or walking toward, the
direction of obscured locations. Accuracy was seemary considerably depending on the
participant’s familiarity with the test area. Somsieidies were performed with congenitally
blind individuals who were tested against advesusly blind subjects and blindfolded

sighted subjects. However results of these studere inconsistent, where in some of them
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congenitally blind individuals performed worse andome of them they performed similarly
to the other groups. (Rieser et al., 1986; Passial., 1990).

Although there is wide support from animal resedcetthe idea that the hippocampus
is involved in path integration, there is a pauafystudies examining the process of path
integration in humans. In one single paper Worslag colleagues (Worsley et al., 2001)
focused on the role of the left and right tempdohks (including the hippocampal region) in
human path integration in a lobectomy study. lis sgtudy the right temporal lesioned group
was impaired in the computation of a homing veetod in a route reproduction, where the
impairment was only related to errors in estimatimg directions but not distances and this
impairment did not correlate with the homing veatoror. The lesioned group was also not
impaired in two additional simple tests that regdireproducing a simple turn or simple
distance. So the authors concluded that path atiegrinvolved a number of key processes,
such as establishing an initial reference point,nibooing relevant self-motion inputs,
processing self-motion inputs to derive informatadoout distance and direction travelled, and
integrating of distance and directional informattorderive a homing vector. They suggested
that path integration is a discontinuous processviiich the homing vector is derived at
discrete points in time as the point of return hie start, which is different to continuous
process, where the homing vector is derived atyegemt of the subject’s trajectory. One
single study had also proved vestibular-hippocampi@ractions in humans (Lobel et al.,
1996), where after a caloric stimulation of thetimgar apparatus there was shown bilateral

activation of the hippocampus.

1.6.4. Spatial navigation impairment in Alzheimer’'sdisease

Patients with AD frequently have difficulties witbpatial orientation in everyday
activities and may fail to find their way in unfdrar environments when facing entirely new
spatial settings during travelling or shoppingativanced stages of the disease, they may be
disoriented in familiar surroundings within thegighbourhood or even inside their own flat.
Spatial disorientation and episodes of getting Mste well documented in outpatients
(McShane et al., 1998) and in community-residingiepés (Pai et al., 2004) with AD.
Different studies explained the disorientation il Ay optic flow discrimination deficit
(Tetewsky et Duffy, 1999; O'Brien et al., 2001)ppooute navigation (Cherrier et al., 2001),
inability to link scenes with locations in the emnment (Monacelli et al., 2003) or by

impaired allocentric mode of navigation (Kalovaakt 2005; Burgess et al., 2006).
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Most studies on spatial disorientation in AD foausits connection with optic flow
discrimination deficit, which possibly reflects pesor parietal cortical dysfunction in
integrating multi-sensory cues on self-movementis Ttheory was documented by a
significant correlation of optic flow discriminatiahresholds with several measures of spatial
navigation. In a test of navigation in a hospitably (Tetewsky et Duffy, 1999), poor
performance was associated with an elevated dptic threshold. In contrast, there was no
significant correlation between the MMSE score apdtial navigation score. Another study
found significant correlation of the optic flow #sholds also with a score in the table-top left-
right orientation Money Road Map (MRM) test and thiaility to respect lane boundaries
during sustained driving in On-the-Road Drivingtt@3'Brien et al., 2001). In the next study
(Kavcic et al., 2006) elderly and AD subjects wimmbugh a battery of tests of navigation in a
hospital lobby The AD subjects were impaired in all tests of natimn, with best results in
route and location knowledge and with worst resultglentifying photo and video location
along the route. The total score of navigation D subjects correlated significantly with
optic flow discrimination thresholds, visual motiermoked potentials and contrast sensitivity,
but with none of the memory tests. The authors lcaled that navigational impairment in AD
is linked to deficit of visual cortical motion pressing reflected in specific perceptual and
neurophysiological measures.

Also further studies using route learning testa imospital lobby are consistent with a
theory of perceptual deficit influence on spatieodientation in AD. In one of these studies
(Cherrier et al., 2001) all AD patients got lostidg recall of the travelled route on a Route
Learning Test. They performed best on recognitiblfamdmarks compared with recognition
and recall of spatial layout or recognition of ohental items in the environment. The authors
concluded that visuo-spatial attention deficit goabr incidental learning of non-landmark
items are important factors for disorientation iB.AAnalogous real-world navigational task
in the hospital lobby was used in the next studpriitelli et al., 2003), in which almost all
patients with AD had the tendency to become losiis Tmpairment was not related to
memory impairment, but instead, it reflected anbiliiy to link recognized scenes with
locations in the environment and to use spatiahitgctural information. The authors
concluded that this may reflect topographic impetios, consistent with visual processing
deficits in AD and the topographagnosia commontyikatted to parietal or parietotemporal
lesions. Another study (Liu et al., 1991) compapedceptual and higher cognitive spatial
skills in AD patients and healthy control subjeetgh the functional spatial skills in the

subjects’ own house and in an unknown building. ABegroup was impaired in navigation
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inside an unknown building but not in their hou3éis group was also impaired in all

cognitive spatial orientation tests and percepspatial orientation tests requiring mental
representation of shapes, but not in the basia@tien skills. It seems that visuo-spatial
deficits seen in early AD, such as getting lostrasplacing objects, are probably due to the
impairment of mental shape representation or okhgher order processes, rather than to
basic visual-perceptual skills.

Only a paucity of studies has shown impairmentliocantric spatial memory, which
contributed to successful navigation, in AD patser€alova and colleagues (Kalova et al.,
2005) examined a group of AD patients in a humaalague of the MWM and on its
computer version. They found specific allocentawigation deficits in AD group in both real
space and computer versions of the test togethéin won-verbal episodic memory
impairment. The authors hypothesized that the alitec navigation impairment is present in
the early stages of ADA single case study (Burgess et al., 2006) repaat@atient in the
very early stages of AD, who presented with toppgi@al disorientation. This patient had
intact recognition memory for unknown buildingsndianarks and outdoor scenes, although
she showed impairment in face processing. On ther dtand her navigational ability within a
virtual reality town was significantly impaired. Weover there was dissociation between her
memory for object locations when tested from atstifviewpoint compared to when tested
from the same viewpoint as at presentation. Thdwaasit concluded that the deficit in

allocentric spatial memory for the locations ofqaa underlines patient’s poor navigation.

1.6.5. Spatial navigation impairment in mild cognitve impairment

Only a few studies have focused on spatial diataiteon in MCI and all of them deal
with visuoperceptual deficit and its influence gpatal navigation in this group. Visual
attention deficits were documented in MCI patiant$wo studies (Tales et al., 2005b; Tales
et al., 2005a). The authors investigated visuaickeand attention disengagement in amnestic
MCI patients and they found deficits in both of theMCI patients showed significantly
increased search time after surrounding the visealrch target by distracters and also
increased reaction time to invalidly relative tolidly cued target. Both the optic flow
perception and the visual attention deficits mayeh@egative impact on spatial navigation.

The next study (Mapstone et al., 2003) was focusedhe optic flow perception in
MCI subjects. In this study, approximately halftbé MCI patients were impaired in radial

motion perception, suggesting a visuospatial subtfgMICI based on spatial perception. The
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motion perception thresholds correlated signifigantith the results of the MRM test,
requiring subjects to follow a path through a @tya map and indicate left and right turns,
but not with figural and verbal memory. However M€l subjects were not impaired on the

MRM test, therefore the study does not documentspagial navigation deficit.

1.6.6. Neural substrate of spatial navigation impament in MCI and AD

Whereas several studies have described spat@iahsation in patients with AD and
MCI, only one of them has been focused on the mmeshws underlying navigation
impairment in AD and MCI. The authors of this stu@elpolyi et al., 2007) assessed
navigation behaviour in MCI and mild AD patientsings a Route-learning Task and
correlated selective navigation impairments of ¢hpatients to specific patterns of neural
atrophy involving the hippocampus and parietal @qrspecific regions playing critical roles
in human spatial navigation and being also amoegetrliest regions damaged by AD. They
found that approximately 50% of AD and approxima@$% of MCI patients got lost on the
route in the forward direction, compared with l&ssn 10% of controls. Approximately 50%
of MCI patients and approximately 75% of mild ADtipats got lost on the road in the
reverse direction, compared with none of contrbleithermore, MCI patients performed as
poorly as mild AD patients in drawing the routeaamap, and both patient groups performed
worse than controls. Moreover, AD and MCI patietsild not find locations of landmarks
on maps or recall the order in which they were antered, although they were able to
recognize landmarks as effectively as controls.ar#igss of diagnosis, patients who got lost
had lower right posterior hippocampal volume anthteral inferior parietal volumes,
predominantly on the right, than patients and adstwho did not get lost. The ability to
identify locations of landmarks on a map correlatgtth right posterior hippocampal volume
and bilateral inferior parietal volumes, predomitharon the right, whereas order memory
scores correlated with bilateral inferior frontalwmes, particularly on the left, and with left
superior frontal volumes. The authors concluded ttia navigation disability in AD and MCI
involves a selective impairment of spatial cogmitaond is associated with atrophy of the right

lateralized navigation network.
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1.7. Morris Water Maze

(Technically, it is not a ‘maze’, since a maze must definition, include a network of passages.
Nonetheless, the term ‘water task’ and ‘watazeiare often used interchangeably in thedlitee and this

liberty will also be taken here.)

The MWM was originally developed by Morris (Morri$981) as a tool for testing
navigation abilities in rats. It consisted of acalar pool filled with opaque water and a small
circular platform placed in the centre of one airfguadrants of the pool. In this task the rats
were released from different points at the poolpbery and were trained to escape from the
pool via platform, which they have to find and dhirapon. The platform could stuck out of
water and was visible for the rats (cued versiotheftask), or the platform could be hidden
under the water surface and was invisible for ti{prace version of the task). Further, the
position of the platform could be either stablahie coordinate frame of the room or it could
be changed quasi-randomly from trial to trial. lasvdemonstrated that two groups of rats
heading toward the visible platform (either in axgt@ant or in a changing location) learn to
orient toward it and reach it very quickly. Therthgroup of rats searching for the hidden
platform performed with nearly the same efficierasyprevious two groups with the visible
platform after several days of training, in case phatform location was constant (even if the
rats are released from different points at the peolphery). Furthermore even though the rats
were released only from a single start point duafigearning trials, they could still orient
themselves correctly toward the platform, when tveye released from a different point. The
fourth group of rats searching for the hidden plaitf randomly changing its position in the
pool could localize it only by random search angirtiperformance was clearly worse than in
rats from previous groups. These experiments peavidtrong evidence that rats could
remember spatial relationships between the landsnaikiside the pool and the hidden
platform. It was also shown that if this relatiom broken (in case of invisible platform
changing its position) the escape latencies arstanbially increased. This test was shown to
be strongly dependent on the hippocampal functidoris et al., 1982), and based on these
results the general hippocampal function has beeiamed. The essential role of the
hippocampus in the MWM s task supports the cogmithap theory proposed by O’Keefe and
Nadel (O'Keefe et Nadel 1978).

Several researchers tried to use a human analdghe MWM in order to study the
role of hippocampus and adjacent parahippocampspatial memory in humans. They used

either virtual reality or real space experimentse Virtual analogue of the MWM was used

54



by Astur and colleagues (Astur et al., 2002) tonexe the effect of unilateral hippocampal
lesion on navigation in humans. It was a computeri2-dimensional water pool, where the
participants with unilateral hippocampal removagher left-sided or right-sided) were told
to escape from the water as quickly as possiblegusijoystick to move to a platform which
was hidden under the surface of the water. Proedlgumparticipants started from four
different locations as is standardized in animgleginents. As a result they found severe
impairment in spatial navigation in both hippocaigraups relative to age-matched controls
that was evident regardless of the side of surg&sythe subjects were required to use distal
spatial cues to locate the goal, this result suggdse principal role of the hippocampal
formation in allocentric memory in humans.

Later Astur and colleagues (Astur et al., 2004)dudee same apparatus as in their
previous mentioned study to examine the sex difiggs in humans. In this experiment males
swam to the hidden platform significantly more diycthan females, and they spent
significantly more of their distance in the traigimuadrant than did females during the
performance on the probe trial. Moreover males édnid use a direct strategy (they swim
directly to the platform location), while femaleseferred strategies that were non-spatial or
unclassifiable during the probe trial. Similar malgoeriority in performance was also shown
in rodents (Jacobs et al., 1990).

The side effect of hippocampal lesions on spati@mory was investigated by
Feigenbaum and Morris (Feigenbaum et Morris, 2@dx computerized human analogue of
the MWM. The participants were instructed to findidden platform by moving their finger
around the water pool. Their movements were recbroyg a horizontal touch-sensitive
screen. In this task egocentric and allocentric orgmwere tested separately. In the
allocentric condition, the participants were instad to move to different locations around
the horizontal monitor between trials, which digaghthe egocentric memory. Only the right
unilateral temporal lobectomy subjects were impuhire the allocentric condition, but they
had no impairment in the egocentric condition. Tieisult supports the notion that the right
hippocampus is involved in long-term storage of il representations.

A real space analogue of the MWM was introduce@blybot and colleagues (Bohbot
et al., 1998), who explored the functioning of eats with focal unilateral right or left
hippocampal or parahippocampal thermocoagulatisiohs. In this task the participants had
to search for an invisible sensor hidden underctrpet of the testing rectangular room using
room landmarks. On the first trial the subjectseesd from one door and 30 seconds after

finding the sensor, they had to enter from anotloer and find the sensor again. After a 30-
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minute delay, they entered the room again to sefarcthe sensor, but this time from the first
used door. Impairment was seen in this delayed itondin 3 participants with right

parahippocampal lesions, all involving perirhinalnthge, with 2 patients having additional
damage to the anterior hippocampus. Bohbot andeaglies found that the right
parahippocampal cortex was involved in delayed isbahemory without the necessary
involvement of the hippocampus. On the other haatepts with lesions of the right
hippocampus sparing the parahippocampal cortexddoave identified the target location in

relation to the view of a single scene.
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2. AIMS OF THE THESIS

Our current research has been focused on the Ispatiggation impairment in the
early stages of AD and other neurodegenerativeradiss, mainly in patients with MCI. We
tested the hypothesis that the spatial navigasompaired early in the course of AD and

therefore our tests can bring new pieces of knogéadseful for its early diagnosis.

1. The aim of the first study was to characterizeigpatwvigation deficits in MCI
and early AD and to assess how spatial navigatimpairment could

distinguish the MCI subjects from healthy subjects.

2. The aim of the second study was to explore whetpatial navigation ability
could discriminate amnestic MCI patients with eringdand consolidation
deficit (hippocampal impairment, potential predatai AD) from those with
isolated retrieval deficit (i.e., non-hippocampabiairment) as suggested in the
executive dysfunction hypothesis (Dubois et Alb2804).

Our next goal was to investigate a specific pattdrapatial navigation
impairment in patients with hippocampal versus hgpocampal (frontal
lobe) impairment and compare it with spatial natrgzaimpairment of the AD
group.

The spatial cognition laboratory currently locaiadMotol University Hospital was
funded by a McDonnell Pew Foundation grant. Thangenabled to create a human analogue
of the Morris Water Maze — circular Blue Velvet Aeewith computer-controlled orientation
cues and a computerized tracking system and fdysieaf human navigation behaviour in
real life conditions. Also similar computer testghich could be used by a wider group of
physicians, were created.

The previous research was aimed at development batiery for human spatial
navigation testing and assessment of spatial fomdthpairment in patients with temporal
epilepsy and AD (Stepankova et al., 2003; Kaloval.e2005).
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3. METHODS

3.1. Subjects in the first study

All subjects were recruited at the Memory Disosd€linic of the Department of
Neurology at the Charles University!“2Medical School and Motol University Hospital in
Prague and signed standard informed consent. Aikrmga were examined according to a
standard protocol and were examined by magnetanesge imaging, neurological, medical
and laboratory evaluation, a semi-structured inégvvand neuropsychological tests: CDR,
ADL, Hachinski Ischemic Scale, GDS, MMSE, CDT, AVLT6 words Grober and
Buschke's Test (GB’s test), BVRT, digit span fordraand reversed, Category Fluency and
FAS tests, TMT A and B, and ROCF.

Patients were classified into groups (Table 1) dasethe results of the psychological
tests mentioned above, subjectively reported memallems, and information provided by

the patients’ informants:

Table 1. Demographic characteristics of the groups

Control SMC na-MClI a-MCl-sd a-MCI-md AD
Men/women 8/18 5/3 5/2 417 13/5 5/16
Age 69.4 (1.3) 65.6 (4.0) 70.6 (3.0) 71.7 (2.0) 972.4) 75.8 (1.2)

Years of education 15.5 (0.6) 16.4 (0.6) 14.3 (1.1) 15.5 (0.7) 13.8)0 12.4 (0.7)

Values are mean (SD). SMC, Subjective memory camglaa-MCIl, non-amnestic
MCI; a-MCl-sd, amnestic MCI single domain; a-MCI-yramnestic MCI multiple domain;

AD, Alzheimer’s disease.

1) Mild to moderate probable AD group (n = 21). feabs were included when
meeting the DSM |V criteria for dementia and NINGBBRDA criteria for probable AD
(McKhann et al., 1984). Patients with dementia laadimpairment of memory and other

cognitive domain. They had their ADL impaired ahdit CDR was> 1.0.
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Table 2. Neuropsychological characteristics of the groups

Control SMC na-MCl a-MCl-sd a-MCl-md AD
MMSE score 29.3(0.9) 29.8(0.4) 29.0 (1.0) 28.6) 1 27.1(2.3) 23.1 (4.0)
AVLT1 60.4 (14.5) 61.8(8.9) 53.4 (9.4) 38.8 (10.9) 32.3(9.7) 2B.74)
AVLT30 10.7 (4.1) 12.0(3.1) 8.4 (2.8) 39(3.6) .912.4) 0.4 (0.7)
TMT A 18.4 (4.4) 17.8(7.0) 21.1(7.7) 27.5(31.3)33.8(15.0)  42.7 (26.8)
TMT B 76.1(23.2) 85.8(25.1) 179.3(42.8) 100.2 (31.1) 212.4 (106.399.0 (260.3)
FAS 43.2 (10.4) 51.4(12.9) 41.3(9.1) 42.0(12.0) 26.6 (6.3) 462.8)
BVRT A errors 3.9 (2.8) 4.0 (1.4) 7.0 (3.2) 6.9283. 10.8 (4.2) 15.1 (3.1)
BVRT C errors 0.5(1.2) 0.0 (0.0) 1.2 (1.5) 0.71]1. 2.1 (2.7) 2.8 (2.6)
Digit span 6.4 (1.1) 6.2 (1.3) 5.6 (1.1) 6.4 (1.5) 6.4 (3.5) 5.6 (1.3)
Reversed digit span 4.7 (1.1) 5.2 (1.3) 4.0 (0.8) 5.2(0.9) 4.1 (1.1) .6 @.4)
Buschke spont. 10.7 (2.4) 9.8 (1.6) 9.0 (2.2) 8.0)( 4.9 (3.4) 2.2 (1.5)
Buschke total 16.0 (0.0) 16.0(0.0) 13.3 (6.5) 12.8) 13.4 (3.2) 8.7 (3.4)

Values are mean (SD). SD is used here to allowctdoemparison of the groups based
on the diagnostic criteria. An impairment of atded.5 SD from the control group defined
the subtypes of MCI. MMSE, Mini-Mental State Exatiom; ALVT1-6, average of AVLT 1
to 6 words presentation; AVLT30, word recall af8&r minutes; TMT A and B, Trail Making
Tests A and B; FAS, Initial Letter Fluency Test;FBAVA and C errors, errors in Benton’s
Visual Retention Test; Buschke spont., spontanéous-cued) recall; Buschke total, total
recall after cueing. Further abbreviations are exipled in the Table 1.

2) Patients with MCI met the Petersen’s criteriat@lsen, 2004) by impairment in at
least one cognitive domain (Table 2). They werghterr classified in the following groups:
patients with na-MCI (n = 7) or a-MCI, which incled pure a-MCl-sd (n = 11) and a-MCI-
md (n = 18). All amnestic MCI patients had memooynplaints and scored >1.5 of SD lower
than the control group in memory tests, either akdo non-verbal (verified by AVLT, GB’s
test or, BVRT). Of the 29 broadly defined amneMiCl cases, only 11 had pure amnesia (all
of the other tests were within the normal range)emeas the rest, labelled as a-MCI-md,
further suffered from other subtle semantic andtt@ntion-executive function deficits (>1.5
SD). Patients with na-MCI had impairment only ire thon-memory cognitive domains,

manifesting as attentional-executive deficits, laange, praxis, or visuo-spatial deficits. These
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domains were assessed by other cognitive tests (it span, CDT, BNT, FAS, Category
fluency, or ROCF). All MCI groups had a normal Abhd a CDR of maximum 0.5 (Morris,
1993).

3) The subjects with Subjective Memory Complai8M(C) (n = 8) complained about
everyday memory problems (any memory, not onlyiapdiut did not display any objective
memory impairment or lower than 1.5 SD, as defibgdieviation from results in the control
group. These subjects received an overall CDR ®fa@d had the following characteristics:
memory complaints, normal ADL, normal general ctigaifunction, and no dementia.

4) Subjects in the control group (n = 26) deniedifgany memory problems, which
was confirmed by neuropsychological testing and B®R was 0.0. These individuals were
recruited from relatives of staff and patients. Séasubjects were selected to have a similar
age, education, and sex ratio as the other groups.

The CDR score, central to the categorization of shbjects, was derived from the semi-
structured interview administered to each subjeact the subject’s collateral source (Morris,
1993). All subjects completed the GDS and were wad if they scored >5 points. The
Hachinski scale was up to 4 points. Unlike MCI &MC, all patients with AD were treated

by cholinesterase inhibitors.

3.2. Subjects in the second study

All subjects were recruited at the Memory Disosd€llinic of the Department of
Neurology at the Charles University?®2Medical School and Motol University Hospital in
Prague and signed an informed consent approvedhéyldcal ethics committee. They
underwent standard protocol and were examined bynetec resonance imaging,
neurological, medical and laboratory evaluatiorg #re following clinical assessment: CDR
(Morris, 1993), ADL (Galasko et al., 2005) whererss had to be in normal range (range 95-
100/100) in MCI patients and participants from doatrol group, Hachinski Ischemic Score
where participants scoring more than 4 points vex@uded, and 15-item GDS (Yesavage,
1988) where participants scoring more than 5 paugie excluded.

We used the same neuropsychological battery deifirst study and we put emphasis
on the new verbal memory test — 16—item versionb@&r@nd Buschke’s test with enhanced

cued recall procedure (Grober et Buschke, 1987)s @&t was administered to distinguish
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encoding/consolidation impairment from isolatedriestl deficit. This test is described in
detail below in the text.

Patients were classified based on the resultseofetis mentioned above, subjectively
reported memory complaints, and information proglidey the patients’ informants into the
following three categories:

1. The mild probable AD groupMet the Diagnostic and Statistical Manual of Mant
Disorders IV criteria for dementia and the NINCD®HRDA criteria for probable AD
(McKhann et al., 1984). Patients with dementia hadmpairment of memory and another
cognitive domain, impaired functional activitiesydatheir CDR was 1.0 or higher. All AD
patients were treated by cholinesterase inhibifbings group included 21 participants, 4 men
and 17 women. The age ranged from 66 to 87 yearsh@&mean age was 76 years. The years
of education ranged from 8 to 19 years and the meen12 years. The MMSE ranged from
19 to 26 and the mean was 23.

2. The MCI group Met the revised Petersen’s criteria for MCI (Pet@, 2004). The
participants had cognitive complaints, were imphion objective cognitive tasks, were not
normal for age, not demented, and they had intasttional activities with a maximum CDR
of 0.5 (Morris, 1993). This group included 52 pagants, 30 men and 22 women. The age
ranged from 50 to 87 years and the mean age wasy@drs. The years of education ranged
from 9 to 22 years and the mean was 14 years. ThM&BIranged from 21 to 30 and the
mean was 27.5.

The MCI patients were further classified into tldldwing groups: patients with na-
MCI (n=10) or a-MCI (n=42). All a-MCI patients hademory complaints and scored more
than 1.5 of standard deviation (S.D.) lower tha@ tlontrol group in memory tests, either
verbal or non-verbal (verified by AVLT, GB’s test 8VRT). Patients with na-MCI had
impairment only in the non-memory cognitive domaimanifesting as attentional-executive
deficit, language or visuo-spatial deficits as assd by the neuropsychological tests
mentioned above. The na-MCI group included 10 gigdints, 6 men and 4 women. The age
ranged from 54 to 85 years and the mean age wa®satd. The years of education ranged
from 11 to 18 years and the mean was 15 years MM8E ranged from 27 to 30 and the
mean was 28.

All a-MCI patients were subsequently classified aedong to Dubois’s criteria
(Dubois et Albert, 2004) using GB'’s test into thpgocampal a-MCI group (Ha-MCI; n=10)
and the non-hippocampal a-MCI group (NHa-MCI; n=3l)e Ha-MCI group had very poor

free recall despite adequate (and controlled) engodnd decreased total recall because of
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insufficient effect of cueing (less than 10 of 16rds, or 10 to 14 of 16 words with more than
30% recalled spontaneously) in the GB’s test. §nwmip included 10 participants, 6 men and
4 women. The age ranged from 51 to 87 years anth#@ age was 77 years. The years of
education ranged from 9 to 18 years and the meanl®& years. The MMSE ranged from
21 to 30 and the mean was 26. The NHa-MCI groupimadired free recall in AVLT and the
GB’s test with great improvement (10 to 14 of 16rd# with 30% or less recalled
spontaneously) or normalization (15 to 16 of 16 dgdrwith cueing in the GB’s test. This
group included 32 participants, 18 men and 14 woriiée age ranged from 50 to 86 years
and the mean age was 72.5 years. The years ofteucanged from 9 to 22 years and the
mean was 14 years. The MMSE ranged from 25 to @8Gl@mmean was 27.5.

3. The control group:Reported no cognitive problems, which was subsetyue
confirmed by neuropsychological testing and a CR&e of 0.0. They were recruited from
staff and patient’s relatives and were selectebet@as similar as possible to the other groups
in age, education and gender. This group includepatticipants, 8 men and 20 women. The
age ranged from 52 to 82 years and the mean agé3wasars. The years of education ranged
from 10 to 22 years and the mean was 15.5 yeaess MMSE ranged from 27 to 30 and the

mean was 29.

Table 3. Basic characteristics of the groups (mean +S.D.)

Controls naMClI  NHa-MCl Ha-MCI AD P-Valué P-Value MCP
Characteristics (N=28) (N=10) (N=32) (N=10) (N=21)
Gender (male/female) 8/20 6/4 18/14 6/4 4/17 0.02 N.S.
Age (years) 68.9+7.2720+7.9 727+9.277.3+£108 759+5.6 0.02 N.S.
Education (years) 155+3.0147+28 143+3313.6+35 123+3.3 0.02 N.S.
MMSE score 29.3+0.9279+23 27.6+1526.2+3.0 23.1+3.7 <0.001 N.S.

4 P-Value indicates the level of significance in diféerences among all groups.
P p_.value MCI indicates the level of significancettie differences only among the

MCI groups.

The basic characteristics of the groups are surnzexhin Table 3. The groups differed
in age (F[4,95] =3.147, p=0.018), years of educafk4,95] =3.076, p=0.020), gender (Chi-
square [4] =11.531, p=0.021) and MMSE (F[4,95] £83, p<0.001). The MCI groups did
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not differ in age, years of education, gender or 88F[2,49] <2.200, p>0.120 in all
analyses). The detailed neuropsychological chaiatits of the groups are presented in
Table 4.

Table 4. Neuropsychological characteristics of the groupeén +S.D.)

Controls na-MCl NHa-MCl Ha-MCl AD
Tests (N=28) (N=10) (N=32) (N=10) (N=21)
GDS 1.3+21 3.6+£29 44+£35 3.1+£3.1 3.1&3
AVLT 61.2 +14.3 53.4+£9.0 37.0+10.2 29.9+8.8 246+7.3
TMT A 18.0+45 21.1+74  28.19+13.2 27.1 £82. 43.6 +26.4
TMT B 74.8+228 179.3+41.1 162.0+755 223018.1 369.9 + 252.7
FAS 43.2+£9.9 41.3+8.8 31.9+85 32.0+125 92511.8
BVRT A errors 3.8+27 7.0+3.0 9.6+4.2 8843 149+ 3.7
BVRT C errors 05+1.2 1.7+1.4 1.8+2.6 6 %.0.8 2.9 +2.7
Forward DS 6.5+1.1 56+1.1 6.4+2.8 6.3+1.1 56+1.3
Reversed DS 4.7+1.1 4.0+0.8 45%+1.0 4.1+£0.9 3.6+1.3
GB'’s free 10.8+2.3 9.0+21 6.1+29 2.8+2.3 a1 227
GB'’s total 16.0+£ 0.0 16.0£ 0.0 154+1.2 9.7.32 8.9+3.8

GDS, Geriatric Depression Scale; AVLT, Auditory b&rLearning Test; TMT A and
B, Trail Making Tests A and B; FAS, Initial LettEBluency Test; BVRT A and B, Benton
Visual Retention Tests A and B; DS, Digit SpaB;s free Grober and Buschke’s Test with

16 verbal items - spontaneous (non-cued) reB:s tot., total recall after cueing.

3.2.1. 16-item version Grober and Buschke’s Test

This test is a part of the 7 minute neurocognisgeeening battery [52] and consists of
16 items presented on four individual cards (faemis per card). While displaying the first
card, a semantic cue is given by the examiner hadtbject is asked to identify the picture
on the card that best fits with the cue. (e.g.stjaa: “There is a bird on this page, what is it?”
answer: “An eagle.”). When the patient successfidbntifies all four items, the examiner
removes the card from view and immediately testssilibject’s recall by again providing the

cue and asking the patient to recall the item {€gere was a bird on this page, what was
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it?”). After all four cards are presented the sabje distracted and is then asked to recall as
many of the items as possible without providing angs. When the patient cannot recall any
additional items, appropriate cues for the rema@niems are provided (e.g., “There was a
bird on this page, what was it?”). The scores fus test are the free—items remembered in
uncued recall and total recall-total number of geemembered in both the uncued and cued
recall, with a maximum score of 16. This test takdgantage of the finding that subjects with
frontal lobe impairment benefit from mnemonic ses that facilitate the retrieval of
information (e.g., reminder cues), whereas patievith Ha-MCI show significantly less

benefit from these strategies (Dubois, 2004).

3.3. Hidden Goal Task

The Hidden Goal Task (HGT) is a human analoguee®MWM (Kalova et al., 2005).

It is designed to separate two different modesavigation, allocentric and egocentric, using
a real space navigation setting called the BluevateArena (BVA) (Figure 1A and 1B)
(Stepankova et al., 2003; Kalova, et al., 2005wal as a computer-based imitation of the
BVA (Figure 2A) (Kalova et al., 2005).

The task of the subjects was to locate an invigjolal in four different subtests using
start position and/or two orientation cues (FigRB). Each subtest consisted of eight virtual
trials on the computer screen followed by eight-space trials, with the exception of the
delayed subtest, which consisted of only two virarad two real-space trials. The location of
the goal was revealed after each trial and feediaskprovided after each trial in all subtests
but the delayed subtests. There was no time lionib¢ate the goal. The relative position of
the goal, start position and orientation cues wabls across all trials of all subtests, and in
the individual trials of each subtest the whole fguration only assumed eight equally
spaced rotations around the arena in a fixed order.

The first ‘allo-ego’ subtest (allocentric + egoagsjtinvolved locating the goal using
its spatial relationship with both start positiamahe two orientation cues. The second ‘ego’
subtest (egocentric) involved using only the sfamskition to locate the goal with no
orientation cues displayed. The third ‘allo’ subtg@slocentric) involved using two orientation
cues at the arena walls for navigation with thet giasition unrelated to the goal position.

Only the cues-goal configuration remained the sdareng all trials, so the subject could not
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use the starting position for navigation. The #miftof the two cues and of the goal to the new
positions in the each trial with the same cue-gumaifiguration remained the same as in the
first subtest. The starting position shifted rantioand independently of this configuration.
The fourth ‘delayed’ subtest involved the sameglesis the allo subtest but was administered
thirty minutes after the end of the allo subtestribg this delay, other tests from our spatial
navigation battery were administered in standaddaeler. In this delayed subtest, the correct
goal position was not shown so as to prevent thgsts from learning.

Figure 1. Blue Velvet Arena

A B

(&
0

The Blue Velvet Arena. (A) In-scale diagram ofréad space testing environment. (B)

Subject examination in the Blue Velvet Arena.

The real space navigation setting called the Bletv&t Arena (BVA) (Figure 1A and
1B), which was funded by a McDonnell Pew Foundatioant, is an apparatus designed for
testing of human navigation behaviour in real tifaditions (Kalova et al., 2005; Stepankova
et al., 2003). It consisted of a fully enclosedirjtical arena 2.9 meters in diameter
surrounded by a 2.8 meter high dark blue velvetagur A television (TV) camera above the
center of the arena was connected to a computerizeking system and it enabled recording
of the position of an infrared light-emitting diodeED) on the top of a standing pole (1.6
meters high). This pole was used by the subjettdizate a position of the goal on the floor.

Eight large digital numerical displays with lighatterns of two horizontal or three vertical
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short lines were used as the orientation cues. m#pg on the subtest two or none of them
were turned on, the rest of them was invisibleh® $ubject. These displays were placed at
45° intervals on the arena wall 1.5 meters aboedltor. The red decimal point sign on the
numerical display indicated the start location. Tlogizontal and vertical bars together with
the single decimal point sign were controlled bg ttomputer. The goal was a twelve-
centimeter circle of laser light on the arena floshich was created by turning on the
appropriate one of eight laser pointers placedSatidtervals mounted on the ceiling of the

arena.

Figure 2. Hidden Goal Task

B

allo-ego ego allo

The Hidden Goal Task. (A)he view of the centre of the computer screen befoe
first trial of the test allo-ego, showing the ggabsition (the smallest circle with the dot
inside), the start position (the middle-size ciy@ad the cues (red and green on the computer
screen). The largest circle represents the areBa.The scheme of the individual subtests.
The task was to navigate to a goal (small circiejde of a circular arena. The invisible goal
could be identified either by its position relatite the start (larger circle) as in the ego
subtest, relative to two landmarks (short linestba border of the arena) as in the allo
subtest, or relative to both start and landmarksrathe first subtest allo-ego.

The computer version of the test was performed dA’d.CD monitor (640x480 pixel
screen) where a large circle (280 pixels in diametpresented an overhead map-like view
of the arena (Figure 2A). The starting point wadiagated by a red circular mark on the arena

contour, the orientation cues by a red and greak orathe arena contour, and the goal by a
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small red circle inside the arena. The spatialti@iahip between the start, two cues and the
goal was demonstrated to the subjects at the begirof the test and the subjects were

instructed to remember the location of the goayFe 2A). Then, the goal disappeared and
the subjects had to indicate it moving a mousetpoiintom the start to its supposed position.

After that the correct position was shown and thigiect was again encouraged to notice the
position of the goal relative to the start and cuHsen a new trial was started while the

positions of the goal, two cues and start shiftedibg around the arena center by a multiple
of 45° in a pseudo-random order. There were eiggistin each subtest. The position of the

goal changed from trial to trial, but the startsgmal configuration remained the same
during all trials. There was no time limit to loedhe goal. The virtual subtest was completed
after eight trials and was followed by the realcgpaersion in the BVA.

In the real space version, the starting positios marked by a small red decimal point
sign on the arena wall and two orientation cueswsown as two and three short lines on the
arena wall, 1.5 meters above the floor, as destrdimve. The subjects were instructed that
the relative positions of the hidden goal, starfogition and the two cues were the same as
in the preceding computer version. The subject®wasked to take the long standing pole and
go to the starting position. Then the cues weneeion and the subject should go to the goal
and place the long pole at the presumed goal twtain the arena floor. After the subject
placed the pole, the correct location was showa simall red circle on the arena floor. Than
the subject was instructed to place the pole atltddation and was encouraged to notice the
position of the goal relative to the start and cudee goal was subsequently turned off, the
start and the cues were shifted to the new positam the subject was instructed to go to the
new start position and proceed with the test. Theree eight trials in each subtest with the
same start-cue-goal configuration, but in eightedént positions. The change of the physical
location of the start, two cues and the goal fraal to trial guaranteed that the subject could
only use the start location or the positions ofewtation cues to locate the goal. The
experimental room was quiet and the subject listete instructions through wireless
headphones. There was no time limit to locate thed. gAfter the eighth trial of the first real
subtest was completed, the examination continudid tvée computer and real versions of the

second subtest followed similarly by the third &odrth subtests.
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3.4. Data analysis in the first study

Original software created in MS-DOS Quick-Basicswesed to track the LED-diode
position during the test and to control the cues starting point signs position in the arena.
For analysis, the diameters of the real and computeular arena were divided into 280 pixel
units to enable direct comparison of errors madthbysubjects.

Several measures of the subject performance wexk Uifie distance errors, in pixels,
between the subject’s choice and the correct gaation were used in most of the analysis
(marked as ‘distance error’). The navigational tetyees were analyzed using two other
measures. The first one (marked ‘correct side’)nmeded whether the subject knew at least
the approximate location of the goal. The arena erasled into two equal parts by a line
going through the start position in the ego sulesty a line going in the middle between the
two cues in the allo and delayed subtest. The meagas then computed as the number of
positions given by the subject that were lyinghe same half of the arena as the goal. The
second measure (marked ‘side error’) was usedtima® how much confusion of the side of
the arena contributed to the error in estimatirgggbal position. The sides of the arena were
determined as in the previous measure. The measasethen computed as the distance
between the position given by the subject and t& gosition, but regardless of the side. The
first allo-ego subtest was excluded from this asiglybecause the side of the arena that
should be taken as reference was ambiguous.

Analysis of covariance (ANCOVA) was used to evatudlhe group differences,
controlling for the effect of covariates sex, yeafeducation and age. Simple contrasts with
control and AD as reference groups were used topaoenindividual groups. The group
differences in the correct side measure were eteduby the Mann-Whitney U test. The
significance level used throughout the analysis &@5. All statistical analysis was run using
SPSS 13.0 for Windows (SPSS, Inc., Chicago, IL).

3.5. Data analysis in the second study

The distance between the subject’s choice anddhect goal location measured in
pixels was used in the analysis as the measurdeeofidvigational accuracy, averaged across
all eight trials of each of the subtests. One-waglysis of variance (ANOVA) was used to
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evaluate the between-group differences in age,syefireducation and MMSE. The Chi-
square test was used to evaluate differences agrosps. Because the groups differed in the
basic characteristics, the analysis of covariaddd¢GOVA) was used to evaluate between-
group differences, controlling for gender, eduaatend age. Post hoc repeated contrast
analysis and post hoc contrast analyses with ADcamdrol as reference groups were used to
compare individual groups. In the subsequent ANCOW& added to the previously used
covariates the free recall procedure (AVLT) to cohfor the potential effect of memory on
the spatial navigation tests. All follow-up contsasvere done on the adjusted means in the
context of the ANCOVA. The significance level setwo-tailed 0.05. All analyses were run
using SPSS 13.0 for Windows.
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4. RESULTS

4.1. Results in the first study

The spatial navigation impairment of the AD graugs evident in all subtests (Figure
3). The differences between the MCI subtypes, hewewere obvious predominantly in the
third allocentric subtest: although the resultshaf na-MCI group were similar to the control
group, on the figure, of all hits in the alloceatsubtest, the hits of both amnestic MCI groups
(a-MCl-sd and a-MCI-md) were less clustered arotimedgoal and more distributed over the

arena (Figure 4).

Figure 3. The distance errors
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The Distance errors. The errors averaged acrossesib are depicted (mean £ SEM).
The asterisks represent significant differences (p05) from the control group. Please note
the significant impairment of the a-MCI-sd in bdtie allo and delayed subtests and the

impairment of the a-MCI-md group in all subtests.
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4.1.1. Average distance errors

Significant differences across these groups waradan average distance errors in all
subtests (ANCOVA, all F > 5.201, p < 0.001). Thentcast analysis relative to controls
showed impaired performance of AD and a-MCI-md g=oin all subtests (ANCOVA, all p <
0.001) (Figure 3). No differences were found in preeformance of the SMC (all p > 0.382)
and na-MCI groups (all p > 0.127). Only the a-M@lggoup showed differential impairment
depending on the subtest: in the first and secaraests (allo-ego and ego) in which
navigation by starting position could be used.,idt dot significantly differ from the control
group (all p > 0.157). In the third and fourth sdis (allo and delayed), where only two
orientation cues on the wall could be used for gatvon, the a-MCI-sd group showed at least
1.5-fold worse estimates of the goal position thiae® control group and was significantly

impaired (allo computer, p = 0.015; allo real, p.816; delayed computer, p = 0.047; delayed
real, p = 0.021).

Figure 4. Example of the hits pattern in the subtest allmpater and subtest allo real

Control naMCI aMCls aMCimd

Allo Computer

Allo Real

Example of the hits pattern in the subtest allo pot®ar and subtest allo real,
demonstrating the differences between the contrdl MCI subjects. In this subtest, only two
cues on the wall of the arena, here representethéymall circle and disk, could be used as
orientation cues. The position of the goal (largeey disc) was not constant relative to the

starting position (which therefore is not shownijtsHare represented by small black dots.

71



The spatial navigation impairment of the a-MCI-sal aa-MCI-md groups showed
significant differences. The chart in Figure 3 segjg the a-MCIl-md group is closer to the
AD group than the a-MCI-sd group. We tested thipdtlgesis with the AD group as a
reference. The a-MCI-sd group performed similath® AD group in the delayed computer
subtest (p = 0.051) and was slightly better thanAD group in the delayed real subtest (p =
0.042). In all other (not-delayed) subtests, th@-sd group scored considerably better than
AD (all p <0.003). In contrast, the a-MCI-md gropgrformed better than the AD group only
in the first computer subtest (allo-ego computer, §.028) and in two real space subtests
(ego real, p = 0.018; allo real, p = 0.045). Thsugp was similar to the AD group in the first
real space subtest allo-ego real, as well as intwlee following computer subtests, ego
computer and allo computer, along with both 30-ohetayed subtests delayed computer and
real (all p > 0.509).

4.1.2. Individual trials

The correct position of the goal was shown to thbjexts after each single trial.
Consequently, learning was expected to occur dutiegtrials of each subtest. Because the
position of the goal was constant relative to ttegtisig position and/or cues throughout the
test, the first trial in each subtest assessesubgect’s ability to use the information from the
previous subtests. We were therefore interestednmparing the results from these first trials
with the averages of the whole subtests and ewatpdéarning during each subtest by
examining group differences in the averages os#wnd half of each subtest (trials 5-8).

From the chart showing all trials of the test (F&6), it is obvious, that the AD group
was largely impaired throughout the test and exdéibno apparent learning. This observation
was confirmed by significant differences acrossghmups in all subtests (all F > 2.984, p <
0.017), and the AD group’s impairment in both thstftrial and the average of trials 5-8
within each subtest (all p < 0.004). Similar gehargpairment was found in the a-MCI-md
group with the exception being the allo-ego compusigbtest. The a-MCI-md group was
similar to controls in the first trial of this s@st (p = 0.722), possibly reflecting this trial
requires only recalling the correct goal positiontbe computer screen without any delay or
rotation, testing simple short-term visual memofyhis view was supported by the
impairment of this group in the average of trial8 FANCOVA, p < 0.001). The impairment
of the a-MCI-md group was highly significant in alther subtests (p < 0.007), except for
borderline differences in the first trial of egongouter (p < 0.031). Similarly to the allo-ego
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computer subtest, this subtest assesses simphd wisimory but after a delay. The a-MCI-md
group was impaired in the second half of this sstife < 0.001).

The a-MCI-sd group was impaired relative to comstrl the first trial of the two
allocentric subtests (allo computer, p < 0.008p atkal, p < 0.042). The curve of the
individual trials in Figure 5, however, suggeststtlthis group could reach the level of
controls in these subtests. This observation wapa@ted by comparing the groups in the
second half of the two subtests, where a-MCIl-sdopeied similarly to controls (allo
computer, p = 0.165; allo real, p = 0.054). Althbulgese differences in learning were distinct
in the computer version, they were only slighthe teal version. The a-MCI-sd group also
was impaired in the first trial of the ego real =g (p < 0.038) but performed similarly to
controls in the second half of this subtest (p #60). This contrasted with the lack of
impairment of a-MCI-sd group in the ego computdstsst, both in its first trial (p = 0.751)
and its second half (p = 0.760). No impairment Wasd in the first trial of the allo-ego
subtest in both the computer (p = 0.669) and reedions (p = 0.150).

Figure 5. The average distance errors in all trials of eatibtest of the HGT
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The average distance errors in all trials of eatltbtest of the Hidden Goal Task. The
standard errors are not included because of clarithe asterisks represent significant
differences (p < 0.05) from the control group. Tdegynificant differences were analyzed in
the first trial of each subtest and in the averagfetrials 5-8 during each subtest. The

horizontal line above several trials means that #ignificance applies for the average of
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trials 5-8. Please note the learning curves of #aMCl-sd and a-MCI-md (and other)

groups, which are most distinct in the allo subtest

4.1.3. Test components

To evaluate the structure of the subtests, we aadlyhe common factors explaining
the variability in our results using principal coament analysis with varimax rotation. Both
the averages of the individual subtests and tisé tiilals of each subtest were included in the
analysis. The eigenvalue > 1 revealed a two-fastdution. Together, these two factors
explained 65% of the variance. Factor 1 explain&d f the variance, correlating most with
the delayed real (0.834) and allo real (0.804) esstbt Correlation with other variables was
only slightly lower but the six highest correlationefficients (range 0.648—-0.834) belonged
to the six variables from the allocentric subtdsatto and delayed, both computer and real).
Factor 2 explained 8% of the variance, correlatmgst with the ego computer (0.775) and
allo-ego computer (0.757) subtests. Similarly totda 1, correlation coefficients of other
variables were only slightly lower but among th@enivariables with highest correlation
(range 0.439-0.775), eight of them were from thecegtric subtests (allo-ego and ego, both
computer and real). This suggests that at leastatltaentric and egocentric components are
dissociable in HGT.

4.1.4. Navigational strategies

We further analyzed several types of errors madéhbysubjects during the task to
investigate, which of them contributed to their aifment. From Figure 4, which pictures all
hits of the groups in individual subtests, we caessg that many a-MCI-sd subjects confused
the two cues in the allo real subtest becauseithdédim two symmetrical clusters. Similarly,
we can assume that the subjects from the a-MClHmadpggenerally remembered the correct
side of the arena because their hits are moreeckgshear the goal than on the opposite side
of the arena. Thus, in addition to the previousiglgzed distances between position given by
the subject and the correct goal position, two otagiables reflecting this observation were
analyzed. The correct side variable estimated vendtie subject recognized the side of the
arena with the goal and the side error variable ugesgl to estimate how much confusion of

the arena side contributed to the error in estimgagoal position.
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There was no difference in the correct side betwhera-MCI-sd group, and controls
in any subtest (Mann-Whitney test, all p > 0.08h) ahe a-MCI-sd group was better in
determining the side than the AD group in all satgdall p < 0.028) except for the delayed
subtests (both computer p = 0.389 and real p =5).4he impairment of the a-MClI-sd group
in the side error was different in the computer aeal subtests: the group was impaired
relative to controls in the allo computer (ANCOWA< 0.004) and delayed computer subtests
(p < 0.007), but similar to controls in the all@akr¢p = 0.084) and delayed real subtests (p =
0.108). The group also performed similar to costinlego computer (p = 0.824) and ego real
(p = 0.166) subtests. These results confirm ouemasion that the a-MClI-sd group confused
the sides of the arena in the allo real and allay@éel subtests.

The a-MCI-md group was impaired in correct sidalirsubtests (Mann-Whitney test,
all p < 0.017) but remembered the side better thanAD group in the ego real (p < 0.010)
and allo real (p < 0.021) subtests. The group wWss imnpaired relative to controls in all
subtests in side error (ANCOVA, all p < 0.001) gredformed similarly to the AD group in
all subtests (all p > 0.196) except for the egd sabtest (p < 0.018).

4.2. Results in the second study

4.2.1. Differences in spatial navigation

The main hypothesis was that the Ha-MCI group wdagdimpaired in navigation
skills compared with the results of the NHa-MClIgpo

We used the multivariate ANCOVA which revealed figant differences among the
groups in average errors of all subtests of HG®,d]>8.874, p<0.001 in all analyses). We
subsequently performed the post hoc repeated sbnttaich showed substantial differences
in spatial navigation between the Ha-MCI and NHaiM@ups such that the Ha-MCI group
performed worse than the NHa-MCI group in the adm and ego subtests (allo-ego:
p=0.004; ego: p<0.001) (Figs. 6 and 7). The diffeezbetween these two groups in the allo
subtest approached statistical significance (@i€.069) and the groups were similar in the
delayed subtest (delayed: p=0.286).
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Figure 6. The between-group differences
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The between-group differences. The distance erawmexaged across subtests are
depicted (mean = S.D.). The asterisks represemtifssggnt differences (p<0.05) from the
control group. The horizontal lines with the ast&s above represent significant differences
(p<0.05) between the Ha-MCI and NHa-MCI groups.

4.2.2. Differences in individual trials

To further examine whether the differences betw#en Ha-MCl and NHa-MCI
groups in spatial navigation skills were more olngian the second halves of the subtest due
to the supposed differences in spatial learningewaduated the results from the first trials,
calculated averages for the second half of eactesuftrials 5-8), and examined between-
group differences. The multivariate ANCOVA showedns#icant differences across the
groups in both the first trials and the second éslef each subtest (F[4,92]>3.228, p<0.016 in
all analyses). Subsequently, we used the post épeated contrast analysis which showed
substantial differences in spatial navigation betwthe Ha-MCIl and NHa-MCI groups such
that the Ha-MCI group performed worse than the N2l group in the averages of trials 5—
8 within each subtests (allo-ego: p=0.018; ego..@&D; allo: p=0.044), and in the first trial of
the ego subtest (p=0.004) (see Fig. 8).
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Figure 7. Pattern of hits in the ego subtest

controls naMClI NHaMClI

ego subtest

The pattern of hits (small black dots) in the egbtest demonstrating the differences
among the groups. Only the position of the staarggr grey disc) could be used for
orientation.

4.2.3. Differences in memory tests

To explore whether differences in spatial navigatperformance between the Ha-
MCI and NHa-MCI groups had not been caused onlyntgmory impairment, we used
multivariate ANCOVA and the post hoc repeated asttron standard neuropsychological
tests. The multivariate ANCOVA revealed differen@song all groups in verbal (AVLT,
F[4,92]>19.935, p<0.001; GB's test free recall, ,BR}>14.881, p<0.001; GB’s test total
recall F[4,92]>20.544, p<0.001), and non-verbal BBV A, F[4,92])>13.887, p<0.001)
memory tests. On the other hand, the post hoc tegpheantrast showed that the Ha- MCI and
NHa-MCI groups did not differ in any verbal [AVLTp£0.144), GB’s test free recall
(p=0.190)] or non-verbal [BVRT A (p=0.857)] memamssts except total recall in GB’s test
(p<0.001), which was a criterion in classificatiohMCI subjects into Ha-MCI and NHa-

MCI groups.
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Although the two a-MCI groups did not differ in amyemory tests, we could not
exclude the possibility that the differences intgpanavigation tests between these groups
were caused mainly by the different memory perforcea So we repeated the multivariate
ANCOVA to evaluate between-group differences andadded to the previous covariates
(gender, education, and age) results of the freallrprocedure - AVLT. Even with this new
covariate, the multivariate  ANCOVA indicatedaththe NHa-MCI group performed better
than the Ha-MCI group with respect to average eraifrallo-ego, ego and allo subtests of
HGT [allo-ego: F(4,92)>3.006, p=0.025; ego: F(4:9RY46, p=0.002; allo: F(4,92)>2.743,
p=0.037]. The difference in the delayed subtest watshe same direction but it only
approached statistical significance [F(4,92)>3.4p40.067]. The significant differences
between Ha-MCIl and NHa-MCI groups in the ego subtesre retained in the post hoc
contrast test (p=0.003).

Figure 8. The learning curves
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The learning curves. The distance errors in alalsi of each subtest of the Hidden
Goal Task are depicted in this chart. The asterigfgesent significant differences (p<0.05)
between the Ha-MCI and NHa-MCI groups. These sioamt differences were analyzed in

the first trials of each subtest and in the avesagé trials 5-8 within each subtest. The
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horizontal line above several trials means that significance applies for the average of
trials 5-8. Please note the learning curves of Mida-MCIl group, which are the most
apparent in the allo subtest.

4.2.4. Characteristics of spatial navigation perfamance

We used the post hoc contrast analysis with cantasl a reference group after the
multivariate ANCOVA to reveal characteristics ofasipl navigation performance. This
analysis showed that Ha-MCI group was impaired linspatial navigation subtests (all
p’s<0.001), which mirrored the result when conirasthe control group with the AD group
(all p’s<0.001) (Fig. 6). The NHa-MCI group wasa@lmpaired in spatial navigation subtests,
but the impairment was not as profound as in tlipus groups (p<0.05). There were no
differences between the na-MCI and control gropp® (105 in all subtests).

We then compared the spatial navigation performafdhe a-MCI groups with the AD
group using the post hoc contrast analysis. Thadyais showed that Ha-MCI group did not
differ from AD in any subtests (all p’s>0.383). Gime other hand, the NHa-MCI group
outperformed the AD group in all subtests (p<0.083%)ept the delayed one (p=0.225).

4.2.5. Characteristics of performance in individualrials

In additional analyses, we tested whether the st#jeiere able to improve their
performance within the subtests by presenting anileg effect. We used the controls as the
reference group. We hypothesized that the Ha-MGugy as well as the AD group, would
not exhibit any apparent learning when comparedhé control group. We evaluated the
results from the first trials and calculated avesafpr the second half of each subtest (trials 5-
8) and examined between-group differences.

In agreement with our hypothesis, results from rtindtivariate ANCOVA and the
subsequent post hoc contrast indicated that thMB8hgroup exhibited no apparent capacity
to learn in any of the subtests compared to thdrabgroup (see Fig. 8) (F[4,92]>3.228,
p<0.016 in all analyses), which mirrored the resuien contrasting the control group with
the AD group (all p’s<0.001).
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5. DISCUSSION

5.1. The first study

Our goal in the first study was to characterizatigh navigation deficits in MCI and
early AD patients and to assess how spatial naegigampairment could distinguish MCI
patients from healthy subjects. We investigatedcalhtric and egocentric navigation in a
human analogue of the MWM in mild to moderate ARQigrats, na-MClI, a-MCl-sd, a-MCl-
md patients, and patients with SMC and we compérent spatial navigation performance
with age, education and sex matched healthy costitgects.

According to our assumption we found the extenspatial navigation impairment in
the patients with early AD. These patients wereairgal in all spatial navigation (in the real-
space as well as in the virtual) subtests and toeyd not even recognize the correct side of
the arena, where the goal was located. Regionstaffesarliest in AD like medial temporal
lobes, ventral occipitotemporal, posterior pariedald restrosplenial cortices are those thought
to play critical roles in human navigation (Aguietal., 1998), potentially explaining why so
many AD patients have navigation impairments. Qndihgs provide further support that
spatial disorientation and spatial memory defiate an early diagnostic signs of AD
(Cherrier et al., 2001; Monacelli et al., 2003; #iad et al., 2005; Burgess et al., 2006).

Our results indicate strong differences in spatiabvigation impairment among the
subtypes of MCI. The na-MCI patients were not imgaiin any spatial navigation subtest
and performed similarly to controls, as we previpusported (Laczo et al., 2006). Further,
pronounced differences appeared also between tharmestic types of MCI, a-MClI-sd and
a-MCI-md. The a-MCI-md subjects were impaired ihsalbtests and the impairment was
present in the first trial as well as in the secbatf of all subtests, indicating the a-MCI-md
subjects could not learn how to find the goal ie ttourse of repeated testinhey were
impaired not only in the distance error duringsalbtests, but even in the recall of the correct
side of the arena, suggesting serious impairmespatial orientationThe only trial where
they performed similar to controls was the firgaltrof the first virtual subtest, possibly
reflecting this trial requires only recalling therect goal position on the computer screen

without any delay or rotation, testing simple visonemory.
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In contrast, the a-MCI-sd subjects were impairely am several specific parts of the
test, namely in the first trial of the ego real-spaubtest, the first trials of both the allo \attu
and real-space subtests, and the averages of betdalayed computer and delayed real
subtests. This pattern of the impairment suggéstisthe allocentric navigation by two cues
independent of the starting position contributedirtgpairment of this group. This also
corresponds with the results of the principal congmi analysis, where most variance-
explaining factors correlated with the allocentigdbtestsThe impairment of the a-MCl-sd
group was not found in the second half of the sibtavhich indicates preserved capacity to
learn.

Although memory deficit is a defining and importadiagnostic feature of AD, its
impact on spatial disorientation in AD and MCI istrtlear yet. The selective impairment in
a-MCl-sd in all allocentric subtests suggests gobdgampal deficit. Disrupted allocentric
navigation after medial temporal lobe damage wascritged in analogues of the MWM
(Feigenbaum et Morris, 2004; Holdstock et al., 20@M invisible sensor task in a hospital
room after a 30-min delay (Bohbot et al., 1998)) &am a virtual reality shifted-viewpoint
spatial memory test (King et al., 2002). Tempoaddlel damage also disrupted topographical
orientation in a real environment (Maguire et dl996). On the contrary, optic flow
perception activates right posterior parietal cori@lorone et al., 2000). Therefore,
impairment in both allocentric mode of navigatiordanemory for configurations in the real
space are consistent with the medial temporal t#beage found in MCI (Grundman et al.,
2004; Pennanen et al., 2004), but not with a pareysfunction connected with optic flow
discrimination deficit.

We can hypothesize about the nature of the impatrnre the a-MCl-sd patients
because of its selectivity. However we are not alolespecify the cognitive domains
influencing bad results in our AD and a-MCI-md pats because they were impaired in all
subtests. Presumably, both parietal dysfunctionraachory deficit had a significant impact.
The more global defect in the a-MCI-md and AD geupuld be explained by the disease
spreading beyond the hippocampus (Braak et Bra@®];2Brun et Gustafson, 1976) with
affection of other non-memory domains. The earlig@gic memory deficit in AD (Nagy et
al., 1999) is followed by the early impairment odeeutive functions with later involvement
in constructional praxis, language, and sustaiteshton (Baudic et al., 2006). Our findings
are consistent with other papers suggesting thdtidamain MCI is similar to AD in many
domains of cognition as well as in behavioural @sgchological symptoms (Cummings,
2005).
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The similarity of spatial navigation impairment the a-MCI-md and AD groups
demonstrated by our results is prominent and ctargiswith the contemporary view of a-
MCI-md as a prodromal stage of AD. a-MCI-md hasss lfavourable prognosis with a higher
proportion of conversion to AD and may represenna@re advanced prodromal stage of
dementia than a-MCI-sd (Alexopoulos et al., 20@%)zoki and colleagues (Bozoki et al.,
2001) showed that patients exhibiting impairmenbtiher cognitive areas beyond memory
loss have a higher risk of developing dementia thase with memory loss alone. Our results
might suggest that the a-MCI-sd represents aneeastage of AD than a-MCI-md. At the
same time, memory impairment is a presymptomatgestof AD because the early non-
memory domain deficit precedes other non-AD derasn{iPetersen, 2004). Yaffe and
colleagues (Yaffe et al., 2006) proved that thetygd of MCI influences the rates of
progression toward dementia and death and has ar nmdéjuence on future diagnosis of
dementia type. Among patients who progressed to A% had prior amnestic MCI; of the
patients who progressed to VD, 50% had prior anm®&EI; and all patients who progressed
to a frontal dementia syndrome had single non-atimeCl1 (Yaffe et al., 2006).

SMC subjects were similar to the control groupadttspatial memory in this group is
consistent with other studies evaluating other &ind declarative memory (Jonker et al.,
2000). This group was placed in our study becald€ $dividuals form a large proportion
of clients in memory clinics and should be monitblecause some of these patients may
convert into a MCI group.

Our study shows that spatial navigation impairmennot limited to AD, but is,
instead, detectable earlier in MCI and therefore loa expressed in a more complex or novel
environment. According to our results, the spatislorientation in MCI detected in our
subjects tested by an analogue of the MWM is duspaired spatial memory.

If spatial navigation begins to decline early ire tlisease process, presymptomatic
measures of spatial navigation should predict tieebof clinical symptoms. The occurrence
of spatial navigation impairment in the amnestic IM&@nd the similarity of deficits in
multiple domain MCI with those of early AD, suggetitat these manifestations may assist in
identifying patients in the earlier stages of ABstoiguishing them from the patients with
MCI of other origin. This fact makes it a potentabmarker of AD. Similar computer tests
can serve as an inexpensive, but reliable, protfhéodegree of impairment of critical brain
structures in AD.
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5.2. The second study

The purpose of the second study was to examingh&hepatial navigation ability
could discriminate two groups of amnestic MCI paise — with hippocampal memory
impairment versus non-hippocampal (frontal) memanpairment as suggested in the
executive dysfunction hypothesis (Dubois et Alb2@Q4). Given that encoding/consolidation
deficit, typical of hippocampal deficit, is presantAD patients (Deweer et al., 2004) and in
the prodromal stage of AD (Dubois et Albert, 2004)s investigation may have important
implications for understanding the underlying metsias important in the identification of
preclinical AD. In addition, the findings could petefine commonly accepted Petersen’s
criteria for MCI (Petersen, 2004), which are basadthe identification of memory recall
impairment without stratification into encoding/cmfidation and retrieval impairment.

In agreement with our hypothesis, we found subwsthdifferences between the Ha-
MCI and NHa-MCI groups in spatial navigation penfi@nce. The Ha-MCI group performed
worse in the combined egocentric + allocentric aesihtin the egocentric subtest and in the
allocentric subtest (although this difference was statistically significant) than the NHa-
MCI group. The differences between these two grdaggsame more obvious in the second
halves of the subtests, suggesting particularinguaced differences in learning ability. In
the second halves of the subtests, not only tleaNtda-MCI group consistently outperformed
the Ha-MCI group, but the Ha-MCI group remained @dimidentical to the AD group. The
Ha-MCIl and NHa-MCI groups did not differ on the refard memory tests based on free
recall. Still, to exclude the possibility that theain difference between them was caused by
the different performance in memory recall, we eoted the spatial navigation results for
results on the qualifying memory test (AVLT). Evafter this correction, the differences in
spatial navigation between these two a-MCI groapsained. We propose that the differences
in spatial navigation performance between Ha-MGd &Ha-MCI groups were due to the
different underlying pathology and structural die$idn the hippocampal and frontal areas
rather than due to the severity of the diseasd@rseverity of memory impairment. Future
research should test this hypothesis using straictmaging techniques.

We found out that spatial navigation was genergtipaired in the Ha-MCI group
within all subtests in the HGT. This group also dmt exhibit any apparent learning effect
within HGT tasks. The same pattern of spatial naog impairment was found in the mild

AD group. The different pattern was observed in Wda-MCI group, where the spatial
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navigation impairment was mainly present in theadhtric subtest and was less pronounced
than in the Ha-MCI group. Further the NHa-MCI growas able to improve their
performance and the learning effect was present.

Our findings suggested that the Ha-MCI group (whigght represent preclinical AD)
exhibited relatively severe spatial navigation immp&nt, mainly in the allocentric tasks. This
was in agreement with studies showing that the dogpmpus is essential brain structure for
learning (Squire et Zola-Morgan, 1991) and for @latric spatial navigation processing as
was well documented in many animal and human ssu@stur et al., 2002; Morris et al.,
1982; O'Keefe et Dostrovsky, 1971; O’Keefe et Nad8I78). The Ha-MCI group was also
impaired in the egocentric task which indicatedrakippocampal impairment. It is known
that egocentric navigation is connected with paliébbes (Aguirre et D'Esposito, 1999;
Burgess et al., 1999; Astur et al., 2002; Feigenbati Morris, 2004; Maguire et al., 1998).
Parietal and temporal lobe abnormalities are thotmlbe a hallmark of AD (Ibanez et al.,
1998; Kemper, 1994; Rossor et al., 1996) and deetald also in MCI patients (Mapstone et
al., 2003). In addition, pathological studies iraded that parietal disease burden corresponds
to visuo-spatial disorientation in AD (Galton et, &#000; Rascovsky et al., 2002). Several
studies also indicated that navigational defect&bhand MCI patients are connected with
parietal lobes and/or the junction of the parieiipital-temporal cortex (Mapstone et al.,
2003; Monacelli et al., 2003). Further it is wetlden that optic flow visual motion stimuli
contribute to guidance of self-movement. Neuror grocess optic flow motion stimuli can
be found in the medial superior temporal areas fiDet Wurtz, 1991). All of this work, as
well as other work, points strongly to dysfunction dorsal stream of visual processing
regions of the brain as the cause for much of #negational and visuo-spatial dysfunction
found in AD and MCI. It is probable that these m play some role also in spatial
navigation impairment in the Ha-MCI patients. Fetwtudies can highlight the underlying
pathology and the roles of the temporoparietalamgjiin spatial navigation impairment in
these Ha-MCI patients.

Our finding suggested that the NHa-MCI group witte tfrontal lobe impairment
exhibited the partial spatial navigation impairmesitich was more apparent in the allocentric
task. Many studies showed that the frontal corseracessary for complex problem solving,
planning, keeping in mind a goal over time (Koectdt al. 1999), and for maintaining the
intention to reach the destination and switchintyveen tasks (Burgess et al., 2000). All the
above mentioned findings, and particularly the ast, could contribute to spatial navigation

impairment in NHa-MCI group as this group had thggést difficulties in switching from
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egocentric to allocentric navigational strategye Hbility to improve the performance within
the tasks testified against the hippocampal impamm

We further found that subjects in the mild AD growpre severely impaired in all
spatial navigation subtests with no learning impraent. This finding provides further
support that spatial disorientation and spatial wmndeficits are an early diagnostic sign in
these patients as discussed before (Cherrier,e2@1; Kalova et al., 2005; Kessels et al.,
2005; Monacelli et al., 2003).

Finally, our study showed that the na-MCI group vmaé impaired in any spatial
navigation subtest and performed similarly to colstr which was consistent with our
previously reported findings (Hort et al., 2007a).

Among the diagnostic tests of the early AD and Mtk spatial navigation may
represent a new promising avenue as it may be artiengjrst cognitive domains to show
impairment demonstrative of underlying neuropatggldn this study, we tested the value of
spatial navigation in the HGT, a human analogué/g¥M, a test commonly used in the
assessment of interventions to improve cognitivetioning. We were particularly interested
to test whether the spatial navigation performaoceld discriminate the amnestic MCI
patients with hippocampal impairment from thosehwiion-hippocampal impairment. We
built on our earlier studies (Hort et al., 2007acko et al., 2006) where we had reported
spatial navigation impairment in patients with ABdaMCI but were unable to distinguish
between hippocampal and non-hippocampal amnesiaresnes.

We found that the amnestic MCI patients demongdraftial navigation problems.
Among the a-MCI patients, spatial navigation wagsicantly poorer in those with (versus
without) hippocampal deficits. The patients with-M&| also were more similar to the AD
patients than to the other MCI subgroups. Thisossestent with the view that a-MCl is a
prodromal stage of AD (Lopez et al., 2006), espbcim those with the hippocampal
amnestic syndrome (Dubois et Albert, 2004). Wertilclassify patients according multiple-
and single-domain scheme (Petersen et al., 20@1)ada low number of patients with single-
domain Ha-MClI, a relatively rare category (Alladiad¢, 2006).

In addition to its use as a research tool, the H@3$ a potential practical utility in
several areas, in particular as a diagnostic esidéntify presymptomatic or early AD
patients, a biomarker of disease progression, amdnalational tool in the development of
new drugs for cognitive enhancement. At presemengits to extend clinical assessment to
prodromal stages of the disease have not beerfastig). The similarity of deficits in

hippocampal a-MCI with those of early AD suggestattthe HGT may help distinguish
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preclinical patients from those with MCI of othegtialogies. In addition, early diagnosis of
AD by means of HGT was found to provide comparabfeciency as other biomarkers used
in a memory clinic setting as cerebrospinal fluidnbarkers or structural brain imaging
(Horinek et al., 2007; Hort et al.,, 2007b). HGT msgrve as an inexpensive, reliable
biomarker of the degree of impairment of criticedib structures in the progression of AD.

In conclusion, we found deficits in the spatialvigation in the amnestic MCI that
were more substantial in the hippocampal thanenitn-hippocampal subtype. These results
were consistent with the previously posited diffet@ion of susceptibility to conversion to
AD based on hippocampus-related deficits in MCII§Dig et Albert, 2004). In addition, from
the clinical point of view, our results provide n&widence that the spatial navigation may
need to be considered separately from the non-vembenory in the context of identifying
preclinical signs of AD.

The Ha-MCI patients were found to have a severpairment of the allocentric
navigation and an inability to learn, which was sistent with the probable hippocampal
impairment in this patient group. The poor egogentavigation in this group suggested an
additional extra-hippocampal impairment most liketythe parietal and temporal cortices.
Our finding of allocentric navigation impairment NHa-MCI patients with retrieval deficit
and very likely the frontal lobe impairment mighustrate the importance of frontal lobes for
spatial navigation. The global spatial navigatiompairment in AD patients provided further
support for previous findings on topographical desatation and spatial memory deficits in
these individuals. Although we are aware of limias of this study not having performed
structural brain imaging, these findings may addhfer insights into the nature of the spatial
navigation deficit in MCI and AD patients by explagy an up to now partially neglected
modality and may have relevance in explaining whystrAD and some MCI patients lost
often their way. Further studies are required, esgfig imaging ones, to highlight the
structural and functional deficit in AD and MCI paits underlying spatial navigation

impairment.
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6. CONCLUSIONS

Our studies of spatial navigation in MCI and ADigats in the human analogue of the

Morris water maze revealed that

the spatial navigation is impaired in the earlygstaf AD

- the spatial navigation impairment is present inigoas with amnestic MCI,

especially with multiple domain impairment

- the impairment of spatial navigation is detectadlen in amnestic MCI patients

with isolated memory impairment (single domain)

- the amnestic MCI patients with hippocampal memampairment (potential
preclinical AD) have severe spatial navigation impant similar to that seen in

AD patients

- the patients with non amnestic MCI and subjectiwamary complaints have intact

spatial navigation

In conclusion, the spatial navigation testing ma&phin identifying patients in the
earlier stages of AD distinguishing them from paisewith MCI of other aetiologies. This
fact makes it a potential biomarker of AD. The ggatavigation testing may serve as an
inexpensive, reliable biomarker of the degree gsfaimment of critical brain structures in the
progression of AD. It may serve as a biomarker ef@D, b) translational from the animal to

the human research — because of MWM analogue.
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