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Abstract
Awareness and interest in diseases, which pertain to cognitive and affective functions
in the elderly, has been increasing, as the proportion of elderly people in the
population grows larger.

Afflicting an estimated 19 million people worldwide the

syndrome of dementia comprises some of the most prevalent and devastating
diseases. The development of Alzheimer's disease (AD), the most frequent cause of
dementia in the elderly, is associated with a number of pathogenic mechanisms that
include genetic, immunologic, and vascular factors.

AD is often unrecognized in its

earliest stages even though it is the most common cause of dementia in the aged
population, yet impossible to diagnose precisely without invasive techniques,
particularly at the onset of the disease.
AD accounts for 70% of all cases of late-onset dementia (after 65 years of age).
Since the incidence of AD doubles every 5 years after 60 years of age (Tanzi et al
2000), the incidence of AD is expected to increase further as more people live to
advanced

ages.

Characteristic

neuropathological

features

of

AD

include

neurofibrillary tangles (NFTs), and extracellular deposits of b-amyloid protein (Ab) in
senile plaques (SPs). However, AD seems to be etiologically as well as genetically
heterogeneous, with probable interactions between genetic and nongenetic factors.
The initial deficit in AD is normally in short-term and working memory, which
progresses gradually for several years before impairments in other cognitive domains
such as language, semantic memory, orientation, and visuospatial functions become
evident. Short-term as well as working memory is built from several different types
of attentional mechanisms, which allow for normal functioning and memory
performance. This study postulates that a deficit in a subtype of attention, called
selective attention, becomes impaired before evident deficits in short-term memory
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are observable. The anterior cingulate cortex (ACC) is believed to play an essential
role in the mechanisms of selective attention in normal subjects. Moreover, the ACC
is thought to be responsible for the initiation and motivation of goal-oriented
behaviors.

Impairments in ACC function produce marked deficits in selective

attention, and may contribute to apathy and anosognosia seen in as many as onehalf of mild AD patients. Mild AD patients that exhibit anosognosia are unaware of
their symptoms, which are usually manifested as unawareness of short-term
memory loss, and orientation function. These ACC impairments have implications in
the clinical management of AD patients (i.e. driving).
Specifically, this study examines the contributions of the cingulate cortex to
impairments in selective attention and anosognosia in mild AD patients.

The

cingulate cortex is a part of the mesial temporal lobe memory system known to be
affected early in the course of AD. The main purpose of the study was two-fold: a)
to investigate differences in brain activation between mild AD patients and normal
controls when performing the Counting Stroop Test; and b) to investigate the
biological substrates of attentional impairments and anosognosia in mild AD patients
using different approaches of measuring cortical activity.

Two functional imaging

methods: functional Magnetic Resonance Imaging (fMRI) and 18-Fluorodeoxyglucose
Positron

Emission

Tomography

(18-FDG-PET)

were

implemented.

Recent

development of functional neuroimaging techniques, particularly functional magnetic
resonance imaging (fMRI), has made the evaluation of small brain structures, such
as the different regions of the cingulate cortex, conceivable.

In addition to the

functional evaluation of the cingulate cortex by fMRI and PET, the anatomical
integrity of brain structures was evaluated using high-resolution MRI in all of the
study participants.
The Counting Stroop, a Stroop Test-variant specialized for fMRI and PET was used as
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the activation paradigm to test selective attention. Selective attention reflects upon
the ability to choose successfully what an organism wishes to analyze in the
environment and to ignore what it should disregard, which contributes to the overall
integrity of cognitive function, and subsequently, behavior.
A total of 23 unmedicated subjects from two groups were examined: 10 patients with
probable AD according to NINCDS-ADRDA criteria (McKhann et al., 1984), and 13
cognitively normal age-matched control subjects. All of the participants performed
the Counting Stroop Test while undergoing the fMRI scan; the mild AD patients also
performed the Counting Stroop Test before having the FDG-PET scan. In addition,
all of the subjects were also administered several cognitive assessments: 1. the Self
Test (ST) and the Mini Mental Status Exam (MMSE) to stage the AD patients
according to impairments in general cognitive function, 2. the Stroop Test to
evaluate impairments in selective attention, 3. the Beck Depression Inventory (BDIII), and 4.)the Anosognosia Questionnaire to assess AD patients’ awareness of
symptoms.
Both groups of participants showed highly significant correlation between the written
Stroop Test scores and the Counting Stroop Test scores exemplifying high degree of
validity and reliability of the newly developed Counting Stroop Task. Furthermore,
the AD and normal group differed significantly in the written Stroop Test scores: the
normal control group had a mean score of 75 ± 12 words/45 seconds compared to
the mild AD group which mean score obtained on the written Stroop Test was 23 ± 8
words/45 seconds.
While there were individual differences, the mild AD group consistently showed
significant blood level oxygen dependent (BOLD) decreases in the ACC while
undergoing the Counting Stroop Test as shown by the fMRI scans. When compared
to the normal subjects the patients’ fMRI images showed that the anterior areas of
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the cingulate cortex had significantly increased BOLD activity. On the other hand,
the mild AD group did activate the medial frontal lobe (bilaterally), the inferior
frontal lobe (bilaterally), the insular cortex (bilaterally), the left caudate nucleus, the
right thalamus, the medial and inferior occipital lobes, and the right posterior parietal
lobe.

Therefore, these results indicate that the mild AD group activated the

frontostriatal-insular network; the absence of the ACC activation could not have been
caused by poor neuronal responses.
The normal group showed significantly increased BOLD activity in the ACC bilaterally,
the right dorsolateral prefrontal cortex, the superior parietal lobule, the inferior
parietal lobule, the middle and inferior occipital lobe, and the inferior orbital cortex.
Direct comparisons between the mild AD and the normal control group indicated
significant differences in the following areas: the left dorsolateral prefrontal area, the
ACC bilaterally, and posterior parietal areas bilaterally. The MRI anatomical scans of
mild AD patients did not show significant focal lobar atrophy changes, which are
typical of AD pathology; instead mostly age-appropriate atrophy was observed. The
anatomical MRI findings were similar for the normal control group as well.
In order to determine whether an association between anosognosia and BOLD
activations in the ACC exists, the mild AD subjects were divided into 2 groups: those
mild AD patients with no significant activations in the ACC compared to those mild
AD subjects with one or more significant activations in the ACC.

The results

confirmed that a significant difference in anosognosia scores in those mild AD
patients with no significant activations in the ACC compared to those mild AD
subjects with at least one significant activation in the ACC existed (mean difference
in AQ score 0.81, p<.02).
The qualitative analyses of FDG-PET images indicated decreased utilization of glucose
in the tempoparietal and temporal lobes in the mild AD group.
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This is a typical

pattern of probable AD in the moderate to late stages as seen on FDG-PET without
using an activation task. The same pattern was quantitatively determined using the
Counting Stroop Test as the activation paradigm in the mild AD group.
The coregistration of functional images (FDG-PET) combined with subjects’ own
anatomical MRI images was performed to design improved, more efficient method of
accurate specification of significant glucose hyper- or hypo-activated areas. After
subtracting the activation FDG-PET images from the baseline FDG-PET images, the
following

focal

areas

of

decreased

glucose

metabolism

were

determined

quantitatively: the thalamus, the superior ACC, the superior colliculi, and the right
dorsolateral prefrontal cortex. In addition, a significant loss of the superior portion
ACC glucose uptake was found in five of the six anosognosic patients with mild AD
(p<.01). The magnitude of the glucose uptake loss correlated positively with the
mild AD patients’ Anosognosia Questionnaire scores. Thus, functional hypoactivity of
the ACC was strongly indicative of anosognosia deficits in mild AD patients.
In conclusion, compared to the normal age-matched control subjects, all of the mild
AD patients showed prominent impairments in selective attention as detected by the
test for selective attention, the Color Word Stroop Test (CSWT). In addition, both
groups of subjects showed highly significant correlation between the written CSWT
scores and the Counting Stroop Test scores (obtained during the activation task)
exemplifying a high degree of validity of the newly developed Counting Stroop Test.
The absence of significant fMRI activations in the left dorsolateral prefrontal area, the
ACC bilaterally, and posterior parietal areas bilaterally as well as decreased glucose
metabolism in the thalamus, the superior ACC, the superior colliculi, and the right
dorsolateral prefrontal cortex determined by FDG-PET was determined to be
associated with impairments in selective attention in the mild AD patients but not
normal control subjects.

Furthermore, the functional hypoactivity of the ACC of
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those mild AD patients with anosognosia indicated that these patients were generally
not aware of their cognitive shortcomings. Anosognosia in mild AD patients appears
to represent a defect in the ACC, and may thus denote specific cognitive abnormality
of selective attention.
Medical Subject Headings:
Aging, memory impairment, selective attention, cognition, affect, awareness,
conscious processing, MCI, AAMI, anosognosia, Alzheimer's disease/diagnosis,
Alzheimer's disease/radiography, AD, MRI, fMRI, FDG-PET, dementia; cingulate
cortex, anterior cingulate cortex (ACC), parietal lobe, prefrontal lobe, orbitofrontal
cortex, entorhinal cortex, thalamus, superior colliculi.

Izvleèek v slovenskem jeziku
Naslov: Raziskava osnovnih kognitivnih in èustvenih deficitov zavesti in pozornosti
selektivnega tipa s pomoèjo funkcionalno magnetno rezonanènega slikanja (fMRI) ter
pozitronske emisijske tomogrofije (PET) pri bolnikih v najzgodnejših stopnjah
Alzheimerjeve bolezni (AB)
Razširjenost Alzheimerjeve bolezni (AB) eksponentno narašèa, ker se življenjska
doba prebivalcev neprestano poveèuje.

Epidemiološke raziskave kažejo, da se

število bolnikov z Alzheimerjevo boleznijo po 65. letu vsakih 5 let podvoji (Perkin,
1999).
V ZDA po 80. letu starosti zboli veè kot 45 % oseb. Nekateri strokovnjaki so zato
poimenovali Alzheimerjevo demenco “prihajajoèo epidemijo 21. stoletja” (Petersen,
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2001). Stroški zdravljenja bolnikov z Alzheimerjevo boleznijo posledièno prav tako
narašèajo z eksponentno hitrostjo in so takoj za stroški zdravljenja bolnikov z
rakavimi in srènimi boleznimi.
Definitivni povzroèitelji Alzheimerjeve bolezni niso znani, vendar raziskave kažejo, da
na njen potek vplivajo genetski in biokemièni dejavniki, dejavniki okolja, pomembni
pa so tudi drugi, ki jih oznaèujemo kot dejavnike tveganja za nastanek
nevropatoloških sprememb v osrednjem živèevju in jih vedno spremlja pomanjkanje
razliènih prenašalcev.
Alzheimerjeva bolezen je zelo heterogena v kliniènih simptomih in znakih, zaznamuje
jo pomanjkanje razliènih prenašalcev v osrednjem živèevju, genetska spremenljivost
ter spremenljivost nevropatoloških sprememb, kar omogoèa razliène pristope k
zdravljenju te bolezni.
Najveèjo oviro pri zdravljenju bolnikov z demenco predstavlja diagnostièni nihilizem,
ki je delno pogojen s heterogenostjo bolezni.

Vendar pa v zadnjem èasu postaja

zgodnje odkrivanje simptomov Alzheimerjeve demence kritièno pomembno, ker se
na trgu vedno pogosteje pojavljajo uèinkovita zdravila, sposobna zaustaviti
napredovanje osnovnih bolezenskih sprememb. Izboljšanje zgodnjih diagnostiènih
metod demence potrebujemo tudi zato, ker pretirano navdušenje nad zdravili lahko
hitro pripelje do razoèaranja, èe ne upoštevamo dejstva, da bolniki z demenco
potrebujejo razliène terapevtske pristope.
Uèinkovite diagnostiène metode v najzgodnejših stopnjah bolezni bodo nedvomno
predstavljale dobro podlago za celostno obravnavo bolnika v prihodnosti. Uspeh bo
toliko boljši, kolikor prej se bolezen odkrije in priène z zdravljenjem, saj povzroèijo
bolezenske spremembe po doloèenem èasu nepopravljivo škodo.
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Ker simptomatsko zdravljenje ne zaustavi poteka demence ampak delno zaustavi le
potek patološkega procesa, v konèni fazi potrebujemo tudi zdravila, ki bodo
uèinkovito zavrla napredovanje osnovnih bolezenskih sprememb.
Trenutno se diagnoza postavi najveèkrat tedaj, ko so bolezenske težave že
napredovale do taksne mere, ko patološkega procesa ni mogoèe veè niti upoèasniti.

Z uporabo kognitivnega stresorja za selektivno pozornost, smo v tej raziskavi razvili
dve novi metodi funkcionalnega slikanja možganov, ki predstavljata potencialen
diagnostièen pristop v najzgodnejši fazi Alzheimerjeve bolezni, predenj se pojavijo
oèitne težave s kratkotranjnim spominom.

Namen raziskovalnega dela je bil ugotavljanje povezave med porabo glukoze ali
poveèano stopnjo oksidacije možganskih celic, ki omogoèijo normalno funkcijo
selektivne pozornosti, ter stopnjo zavedanja o deficitih normalnega delovanja
kognitivnih funkcij (anosognosia = nesposobnost zavedanja simptomov bolezni).

Za primerjavo smo uporabili metode funkcionalno magnetno rezonanènega slikanja
(fMRI) ter [18-Fluorodeoxyglucose] (FDG) pozitronsko emisijske tomografije (PET), s
katerimi smo ugotavljali, kako je poveèana ali zmanjšana fiziološka aktivnost v
doloèenih predelih možganov, povezana z stopnjo zavedanja bolezenskih znakov pri
Alzheimerjevih bolnikih v zgodnji stopnji bolezni (MMSE=20-24).

V raziskavi je sodelovalo 23 subjektov, od tega 10 Alzheimerjevih bolnikov z zgodnjo
stopnjo morebitne (probable) AB (izbranih po kriterijih NINCDS-ADRDA) ter 13
normalnih prostovoljcev, ki so se po starosti ujemali z Alzheimerjevimi bolniki.
“Counting Stroop Test”, test za selektivno pozornost je bil uporabljen za aktivacijo
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fizioloških mehanizmov med fMRI in FDG- PET slikanjem. Test selektivne pozornosti
aktivira tiste predele možganov, ki nam dovolijo, da lahko selektivno reagiramo na
vplive iz okolja, kateri so pomembni za uspešno kognicijo ter omogoèijo situaciji
primerno vedenje.
Anosognosia oziroma stopnja zavedanja bolezenskih simptomov je bila objektivno
izmerjena s psihometricnim vprasalnikom “Anosognosia Questionnaire” (de Leonni
Stanonik & Dougherty, 2001).

Rezultati funkcionalnega slikanja možganov se niso ujemali z ugotovitvami
anatomskega slikanja (MRI) pri Alzheimerjevih bolnikih.

Funkcionalno magnetno

rezonanèno slikanje je pokazalo znatno poveèano aktivacijo v medialnem in
inferiornem delu ocipitalne (temenske) skorje, v desni polovici parietalne (senène)
skorje, ter na obeh straneh insularne skorje. Subkortikalno, na levi strani bazalnih
ganglijev (left head of caudate nucleus) ter na desni strani talamusa.
V primerjavi z normalnimi prostovoljci je bila pri Alzheimerjevih bolnikih predvsem
oèitna razlika glede odsotnosti aktivnosti v anteriornem predelu cingulatnega girusa
limbiène skorje.
Kvalitativne interpretacije FDG-PET slik so indicirale splošno znižano porabo glukoze
v temporalnem (zatilnem) in posteriornem predelu parietalne (senène) skorje na
obeh straneh.

Rezultati kvantitativnih statistiènih analiz FDG-PET slik so pokazale fokalno znižanje
metabolizma glukoze v anteriornem predelu cingulatnega girusa limbiène skorje,
lateralnem in medialnem talamusu, v gornjem kolikulu, dorsolateralnem predelu
predèelne skorje ter posteriornih predelih parietalne (senène) skorje na obeh
straneh.
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Šest izmed desetih Alzheimerjevih bolnikov je pokazalo zmerno do moèno
nesposobnost zavedanja, da imajo simptome Alzheimerjeve bolezni (povpreèna
razlika v oceni 0.87, p>0.02). Ko smo izmerili ter primerjali povezave med stopnjo
aktivnosti možganskih celic v razliènih predelih med tistimi Alzheimerjevi bolniki, ki
se zavedajo svoje bolezni in tistimi, ki tega niso sposobni, se je izkazalo, da so
kvantitativne determinacije tako fMRI slikanja kot tudi FDG-PET slikanja pokazale ali popolno odsotnost ali pa znižano stopnjo fiziološke aktivnosti v anteriornem
predelu cingulatnega girusa limbiène skorje (v primerjavi z vsemi ostalimi predeli
možganov). Medtem, ko so primerjave med znižano stopnjo sposobnosti selektivne
pozornosti bile povezane z znižano aktivnostjo v anteriornem predelu cingulatnega
girusa limbiène skorje, v prednjem delu talamusa, dorsolateralnem predelu predèelne
skorje

ter posteriornem predelu parietalne (senène) skorje na desni strani

možganov.

Zakljuèek: Rezultati fMRI ter FDG-PET funkcionalnega slikanja možganov so v tej
raziskavi pokazali, da imajo Alzheimerjevi bolniki v najzgodnejših stopnjah bolezni
težave s selektivnim usmerjanjem pozornosti.
Dodatno pa so rezultati raziskave tudi nakazali, da je nesposobnost zavedanja
bolezenskih znakov pri Alzheimerjevih bolnikih povezana z zmanjšano fiziološko
aktivnostjo v anteriornem predelu cingularnega korteksa, ki obenem odraža tudi
težave z usmerjanjem selektivne pozornosti.

Iz tega sledi, da nesposobnost

zavedanja bolezenskih znakov ponazarja morebiten specifièen deficit selektivnega
usmerjanja èlovekove pozornosti nase.
To je prva raziskava, ki je primerjala ter ugotavljala sposobnost zavedanja
bolezenjskih znakov v najzgodnejših stopnjah Alzheimerjeve bolezni s pomoèjo
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funkcionalnega slikanja možganov.

Rezultati so pokazali, da je mogoèe ugotoviti

deficite selektivne pozornosti predenj bolniki izgubijo sposobnost kratkoroènega
spomina, kateri najbolj pogosto doprinesejo k zmanšjani kvaliteti njihovega življenja.

Kljuène besede: kratkoroèni spomin, starostni procesi, selektivna pozornost,
kognitivna funkcija, afektivna funkcija, anosognosia, Alzheimerjeva bolezen (AB),
diagnoza, radiografija, funkcionalno magnetno resonanèno slikanje (fMRI), 18-F
fluorodeoxy glukoza (FDG), positronsko emisijska tomografija (PET), cingulatni girus,
senèna skorja, temenska skorja, èelna skorja, predèelna skorja, ocipitalna skorja,
gornji kolikul, talamus, bazalni ganglij.
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Chapter 1: Introduction
1.1 Secrets of the brain
The brain is the most fascinating, and least understood, organ in the human body.
For centuries, scientists and philosophers have pondered the relationship between
behavior, emotion, memory, thought, consciousness, and the physical body. In the
Middle Ages there was much controversy as to whether the soul was located in the
brain or in the heart. As ideas developed however, it was suggested that mental
processes were located in the ventricles of the brain. According to this theory
'common sense' was located in the lateral ventricles, along with imagination
accommodated in the posterior part. The third ventricle was the seat of reasoning,
judgment and thought, while memory was contained in the fourth ventricle.
It was in the 17th century that Thomas Willis proposed that various areas of the
cortex of the brain had specific functions, in particular the circle of vessels at the
base of the brain, which now bear his name. In the 19th century, Gall put forward
his 'science' of phrenology, where the presence or absence of bumps on the skull
revealed the strength or weakness of various mental and moral faculties. Despite the
dubious method he used, Gall put forward two very important concepts:
1. the brain is the seat of all intellectual and moral faculties;
2. specific mental activities could be localized to some specific region of
the cerebral cortex;
3. The study of brain function progressed in the late 19th century
through work involving the stimulation of the cortex of animal brains
using electrical currents. This lead to the mapping of motor function in
animals and, later, in humans. These results however contained many
inconsistencies.

Penfield, who managed to map the motor and
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somatosensory cortex using cortical stimulation of patients undergoing
neurosurgery, carried out more reliable work in the mid 20th century.
In the latter half of this century, most progress in the study of brain
function has come from patients with neurological disorders or from
electrode measurements on animals. It has only been in the last
decade or so that brain-imaging techniques have allowed the study of
healthy human subjects.
1.2 Pictures of the mind
The impact of medical imaging on the field of neuroscience has been considerable.
The advent of x-ray computed tomography (CT) in the 1970's allowed clinicians to
see features inside the heads of patients without the need for surgery. By making
the small step of placing the source of radiation within the patient, x-ray CT became
Single Photon Emission Computed Tomography (SPECT), so that now not only
structure but also blood flow and metabolism could be followed in a relatively noninvasive way. A big step forward was made by choosing to use a positron emitter as
the radioisotope. Since a positron almost immediately annihilates with an electron,
emitting two photons at 180 degrees to each other, much better localization of the
radioisotope within the scanner is obtained. Using labeled water, positron emission
tomography (PET) became the first useful technique, which allowed researchers to
produce maps of the mind, by measuring blood flow during execution of simple
cognitive tasks.

Since local blood flow is intimately related to cortical activity,

regions of high regional blood flow indicate the area in the cortex responsible for the
task being performed.
At about the same time, another technique, which promised even better anatomical
pictures of the brain, was being developed. Magnetic resonance imaging (MRI),
based on the phenomenon of nuclear magnetic resonance, produces images of the
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human body with excellent soft tissue contrast, allowing neurologists to distinguish
between gray and white matter, and brain defects such as tumors. Since MRI
involves no ionizing radiation, the risks to the subject are minimized. The
development of contrast agents suitable for dynamic MRI studies, and improvements
in the speed of imaging, opened up the possibility of using the technique for
functional brain studies.

In 1991 the first experiment using MRI to study brain

function was performed, imaging the visual cortex while the subject was presented
with a visual stimulus. A contrast agent was used in this first study, but soon the
first experiment was carried out using the blood as an endogenous contrast agent.
The hemoglobin in the blood has different magnetic properties depending on whether
it is oxygenated or not; these differences affect the signal recorded in the MR image.
By imaging a subject at rest and while carrying out a specific task, it became
possible to image brain function in a completely non-invasive way.
The functional 'pictures of the mind' that have been produced over the past few
years have started to make a big impact on the way neuroscience is approached.
There are, however, still areas of the technique of functional MRI (fMRI) as well as
PET that require refinement in an attempt to identify the intricacies of brain function.
However, the new developments of fMRI techniques, alongside those of PET, means
that the study of the human brain has entered a new era, offering new insights into
neurology, psychiatry, psychology and even contributing to the philosophical debate
about the relationship between mind and brain, and most recently even human
consciousness.
1.3 The Scope of this Thesis
The material presented in this thesis investigates mechanisms of selective attention
and anosognosia using fMRI and PET techniques as measurements for the brain
metabolic deficits responsible in mild Alzheimer’s disease (AD) patients (Figure 1.1).
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Figure 1.1 Theoretical concepts explored in this research study.

Anosognosia is defined as lack of awareness of disease symptoms. In this research
study, anosognosia in early AD patients specifically refers to the lack of awareness of
their cognitive impairments, for instance, short-term memory loss, dysnomia,
problems with orientation to time, and visuospatial disorientation. A brief overview
of the concept of functional images of the brain has been presented in the previous
sections.
The Second chapter is dedicated to a thorough review of Alzheimer’s disease. First,
it briefly discusses different types of dementia but concentrates on the dementia of
Alzheimer’s type in detail.

It’s history, etiology, screening, diagnosis, treatments,

and current biomedical research advances are described.

The last portion of the

chapter addresses anosognosia and draws upon previous research on depression in
early AD patients.
The anatomy and interconnections of the frontal as well as the cingulate cortex are
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extensively covered in the Third chapter as they relate to the impairments in
affective and cognitive processing of attention, working memory, and anosognosia.
The Fourth Chapter details the cellular structure of the brain. Some basic aspects of
neuroscience are then covered, and the main structures in the brain, its biochemistry
and functional organization are described.

Furthermore, it introduces functional

neuroimaging techniques concentrating on functional Magnetic Resonance Imaging
(fMRI) and Positron Emission Tomography (PET).

The underlying biological

properties (brain metabolism and blood flow), which allow functional neuroimaging to
exist, are revealed, followed by a short description of the principles for functional
image analysis.
Chapter Five delineates the theoretical principles behind the Magnetic Resonance
Imaging, including the classical and quantum mechanical descriptions of nuclear
magnetic resonance, and the variety of techniques that can be used to image
biological samples. The origin of contrast in MRI is then described and the sources of
image artifacts discussed. Additionally, the topic is concluded with two sections on
practical imaging, one on the hardware that is required for MRI and another on the
safety aspects of putting patients and human volunteers inside MR scanners.
Chapter Six discuss the technique of fMRI in detail, describing how brain activity
affects the contrast in the MR image, how experiments are performed, and how the
data are analyzed. Furthermore, several improvements in the technique of fMRI, for
instance

optimization

of

MRI

for

functional

brain

imaging

are

mentioned.

Experiments that determine the optimum image echo time (TE) to use in an fMRI
study are described. These use a technique that acquires six images, each with a
different echo time, in a single shot. The reduction of image artifact is the subject of
the next section. A number of post-processing techniques that reduce the Nyquist or
N/2 ghost are compared for effectiveness on fMRI data sets and a method for
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removing the bands on images that result from external radiofrequency (RF)
interference is demonstrated. The implementation of the technique of interleaved
echo planar imaging (EPI) is then discussed. The reasons for using the technique are
explained, and the problems that have arisen in its use for high resolution, low
distortion fMRI are explained.
Chapter Six contains detailed descriptions of the methods.
cognitive assessments are denoted.

First, the methods of

Next, all aspects of the stimulus paradigm

design and implementation are covered, as is the optimization of the imaging and
experimental protocols. Likewise, the cognitive assessments administered to study
participants are discussed in detail. Subsequent sections cover aspects relating the
analysis of fMRI data to produce statistical results. The theory and implementation
of a number of image pre-processing techniques is described and the statistical
techniques that can be used to detect regions of activation are outlined.
Furthermore, the implementation of the Statistical Parametric Mapping (SPM)
program is described according to the design of the activation paradigm. The theory
behind software that is used to draw inference from the resulting statistics is
explained and ways of presenting the final data are described.
Chapter Seven describes and discusses the results of this study.

It presents the

fMRI, FDG PET as well as cognitive test results of selective attention and
anosognosia. Correlations of the neuroanatomical deficits and cognitive test results
are presented in mild AD patients and normal age-matched volunteers are described
as well. In the discussion, all of the significant and insignificant findings of this study
are discussesed: its novel contributions to the body of knowledge in terms of
Alzheimer’s disease, impairments of selective attention and/or working memory
mechanisms, as well potential mechanisms for anosognosia. Last, the implications
for the biological substrates of attentional and awareness mechanisms are presented.
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1.4 Specific aims
Hypotheses of the research work are presented in Figure1.2.
1.5 Background
Early recognition is increasingly important in Alzheimer’s disease as new medical
treatments become available (Petersen, 1999). Reliable as well as valid cognitive
and biological markers are urgently needed in order to make the diagnosis and early
medical interventions possible (Cummings et al., 2000).

Magnetic Resonance

Imaging (MRI) scans and Positron Emission Tomography (PET) scans of the brain
currently help in diagnosing Alzheimer's disease by ruling out other forms of
dementia, tumors, and signs of stroke (Bush, 1997).

In addition, functional MRI

techniques (fMRI) are investigated to search for markers of Alzheimer's disease
itself, and hold the promise of leading to an early and cost-effective method for
diagnosing Alzheimer's disease (AD).
Recent investigations have shown that attentional deficits may predate the
mnemonic impairments in AD, even though the initial deficit in Alzheimer’s disease is
often thought to be an amnestic syndrome progressing gradually for several years
before impairments in other cognitive domains such as language, semantic memory,
visuospatial function occur (Posner et al., 1998; Bush et al., 2000). Since memory is
not a unified concept different subtypes may be differentially impaired at different
disease stages: likewise different types of attention my be impaired differentially
dependent on the stage of AD.

Furthermore, it has been shown that dysfunction of

the anterior cingulate cognitive division, a region vitally important to the proper and
efficient functioning of frontostriatal attentional networks is impaired in Attention
Deficit Hyperactivity Disorder, characterized by developmentally inappropriate
symptoms of inattention, impulsivity, and motor restlessness (Bush et al., 1999).
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Attention subsystems, like memory, may be divided into performing separate but
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Figure 1.2 Specific aims of the research study.
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interrelated functions, which interact with other domain-specific systems.

One

cognitive area, which overlaps with attention, is the so-called “executive function” this is the mental activity that is involved in planning, initiation, and regulation of
behavior (Lezak, 1983).

There is growing evidence that executive functioning is

impaired in early Alzheimer’s disease and may relate particularly to some of the
problems patients experience in activities of daily living. Many tasks that claim to
test executive functions are also interchangeably used to test attention. In fact, it is
sometimes extremely difficult if not impossible to separate attentional and executive
function tasks.
Pathological findings tend to follow the correlates of cognitive impairments in
Alzheimer’s disease (Posner, 1998). The earliest pathological changes occur in the
transentorhinal region, entorhinal cortex, and hippocampus.This pattern is in keeping
with the first major neuropsychological deficit: episodic memory loss.

When the

neurodegeneration progresses to parietal regions, patients experience visuospatial
impairments as well.

Furthermore, semantic memory loss is evidenced in the

presence of temporal neocortical damage. The majority of resting measurements of
regional cerebral blood flow (rCBF) and glucose metabolism by Single Photon
Emission Computed Tomography (SPECT) or [18F]fluorodeoxyglucose Positron
Emission Tomography (18-FDG PET) have also shown early temporal and parietal
perfusion deficits, with frontal changes occurring as the disease progresses (Brown
et el, 1996).Some studies have demonstrated a degree of heterogeneity in the
cortical sites of hypoperfusion and hypometabolism (Stein, 1998).
The combined pathological and imaging data suggest relative preservation of the
frontal lobes in Alzheimer’s disease (Figure 1.3).

Therefore, it is somewhat

surprising that Alzheimer’s disease produces a marked impairment in attentional and
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Positron Emission Tomography (PET) Patterns and Occurrence of rogressive
Disease in 284 Patients Undegoing Evaluation for Dimentia

Figure 1.3 Positron Emission Tomography (PET).
Patterns and occurrence of progressive disease in 284 patients undergoing
evaluation for dementia (Silverman & Small, 2001).
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executive functions that have been linked with frontal lobe functions before deficits in
language and visuospatial function occur (Reid, 1996).
However, to link attentional dysfunction in Alzheimer’s disease to disease pathology
in circumscribed brain regions may be an oversimplification, and the pathological
processes of Alzheimer’s disease may cause attentional deficits in other ways.
Specifically, Hirono et al (1998) showed that hypofunction in the posterior cingulate
gyrus correlates with disorientation for time and place in Alzheimer’s disease.
Minoshima et al. (1997) evaluated the regional cerebral metabolism in very early AD,
before a clinical diagnosis of probable AD is possible, using [18F]-FDG PET.
Prediction and analysis of actual patients consistently indicated marked metabolic
reduction in the posterior cingulate cortex and cinguloparietal transitional area in
patients with early AD. Mean metabolic reduction in the posterior cingulate cortex
was significantly greater than that in the lateral neocortices or parahippocampal
cortex. The results suggest a functional importance for the posterior cingulate cortex
in impairment of learning and memory, which is a feature of very early Alzheimer's
disease.
In addition to attentional and memory deficits the failure to know or appreciate the
existence of a primary motor or sensory impairment (anosognosia) is a frequent
feature of mild Alzheimer’s disease.

Anosognosia is usually manifested as

unawareness of memory and other cognitive deficits in Alzheimer’s patients. The
term anosognosia was first used in 1914 by “the father of neurology”, Dr. Babinski.
Babinski who is considered one of the founders of neurology, used it to describe a
patient's apparent inability to perceive a significant paralysis of the left side of his
body.
However, while Babinski provided the term, he was not the first to describe the
phenomenon. Bisiach and Geminiani (1986) found that over 2000 years ago Seneca,
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in a letter he had written to his friend Lucilius, reported that his wife's female
companion, Harpastes, had lost her sight but that, incredible as it may seem, "She
does not know she is blind".

As is common with her more recent counterparts,

Harpastes complained that her surroundings were simply too dark. These type of
disorders involve patients who have suffered some form of neurological impairment,
which has interfered either with vision, hearing, movement, speech, memory or
attentional control.

It is surprising that many individuals, thus afflicted, seem

unaware that they have sustained a loss of function. These issues have important
implications for our understanding of the human mind and what it means to know
about ourselves with respect to our internal experience of reality as well as to our
relationship to the physical and social environment.
While there are many theoretical models attempting to explain the phenomenon of
anosognosia, Mesulam's model of neurophysiological function incorporates the drives
and arousal that are usually mediated by the limbic system. Mesulam provided us
with the “action network”, which considers the importance of subcortical regions in
intentional actions. The “action network” considers the importance of both cortical
and sub-cortical components (Mesulam, 1998). The most important part of the subcortical components that have direct input to the frontal areas are the basal ganglia.
They are two-layer systems activated unidirectionally from the cortex, the upper
layer being the striatum (from its appearance): caudate and putamen.

Beneath

these, and close to the relevant part of thalamus (the mediodorsal nucleus) is the
globus pallidus. Mesulam proposes a unidirectional flow of information: cortex ->
striatum (STR) -> globus pallidus (internal) (GPi) -> thalamus (TH) -> cortex, which
is activated in attention mechanisms.
This is not present at all in the cognitive models described by Schacter, Johnson,
Kihistrom and Tobias (1993), or Posner (1992), probably for good reason.

13

While

memory for affective associations has been studied by Johnson, the study of affect,
arousal, or drive states rarely make its way into the cool and orderly study of
scientific inquire of cognition. However, clinicians are much less able to ignore this
factor. Even though unawareness of the explicit cognitive deficits has often been
reported in patients with probable AD the mechanism of anosognosia in AD still
remains unknown. Several studies show that patients with AD with anosognosia had
significantly more severe deficits on “frontal lobe” related neuropsychological tests
(such as set alteration tasks) compared with non-anosognosic patients with AD
(Lopez et al, 1993; Michon et al, 1994), but other studies could not replicate these
studies (Magliorelli, 1995; Reed, 1993).

One of the possibilities is that anosognosia

for cognitive deficits and anosognosia for behavioral problems have different
neuroanatomical substrates.

The investigation of the affective component of the

anterior cingulate cortex and its possible role in anosognosia mechanism has not
been investigated to date.
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Chapter 2: Alzheimer’s disease
2.1 Epidemiology of Alzheimer’s disease
Several figures on the prevalence of dementias and AD have been published, but
direct comparison of these figures is difficult due to methodological differences.
Some conclusions can be drawn though: AD is the leading cause of dementia, being
responsible for more than over half of all dementias in old age. The prevalence and
incidence of AD are age-dependent, and the number of AD patients is expected to
grow due to increasing proportion of elderly people (Sulkava et al. 1985; 1986;
Fratiglioni et al. 1991; Rocca et al. 1991 a; Juva et al. 1993; Skoog et al. 1993;
Wernicke and Reischies 1994). Prevalence of AD specifically for the United States
are given in Figure 2.1 and Figure 2.2.
It has been proposed that dementia might be an inevitable phenomenon in each and
every life, should one live long enough (Drachman 1994). Yet, many studies have

Figure 2.1 Prevalence of AD in the United States.
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Figure 2.2 The coming epidemic of AD.

proposed dementia as not being inevitable, but rather "age-related" than "agingrelated" (Hyman et al. 1995; Ritchie and Kildea 1995; Sobel et al. 1995).
The cure for AD and other dementias, not to mention accurate diagnostic methods,
are urgently needed.
2.2 Clinical Alzheimer’s disease
2.2.1 Non-Alzheimer dementias
Although AD is, by far, the leading cause of dementia in the United States, other
illnesses may account for a substantial proportion of dementias elsewhere. Using a
combination of clinical assessment and brain imaging, Auchus et al. (2001) found
that vascular dementia (particularly the subtype caused by subcortical ischemic
lesions) was the most common cause of dementia in Singapore and accounted for
49% of cases vs 29% for AD. Vascular dementia (25%) and AD (20%) also were the
most common causes of dementia in South India, but other dementing conditions
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Figure 2.3 Prevalence of different types of dementias.

there included nervous system infections and nutritional deficiencies (Figure 2.3).
Even in the United States, it is increasingly recognized that other disorders can
mimic the clinical presentation of AD. In 1 clinicopathologic series, hippocampal
sclerosis was present in 9% of 355 cases (Duara et al., 2001); although it occurred
occasionally in "pure" form (ie, was the sole pathologic correlate of dementia), more
often it occurred concomitantly with AD, vascular dementia, or frontotemporal
dementia. There were no distinctive clinical features that predicted the presence of
hippocampal sclerosis.
2.2.2 Dementia with Lewy bodies
Dementia

with

characterized

by

Lewy

bodies

progressive

(DLB)

is

dementia,

another

common

fluctuation

in

dementing

consciousness,

illness,
visual

hallucinations, and parkinsonism. A new feature that may be diagnostic of DLB is
REM Sleep Behavioral Disorder (Boeve et al., 2001). When associated with dementia
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or

parkinsonism,

this

disorder

was

highly

suggestive

of

an

underlying

synucleinopathy (alpha-synuclein being the major protein building block of Lewy
bodies). Other distinguishing features of DLB may be the early widespread loss of
cholinergic activity and the presence of left hippocampal atrophy in patients with
Parkinson's disease and dementia.
2.2.3 Frontotemporal Dementias (FTDs)
The clinical presentation of frontotemporal dementias (FTD) typically is divided into 3
syndromes based on defined core features of behavior (classic frontotemporal
dementia) or language (semantic dementia and progressive nonfluent aphasia). In a
clinicopathologic analysis by Davis et al. (2001), however, only two thirds of patients
previously diagnosed with FTD met criteria for 1 of these syndromes. This group
proposes new subtypes to capture those patients with executive dysfunction and
mixed aphasias that fall outside the current clinical criteria. The use of the modified
criteria yielded a 91% interrater reliability. The rate of decline appears to be greater
in FTD than in AD on measures of attention, initiation, and conceptualization,
although AD patients performed more poorly in areas of memory and construction
(Rascovsky, 2002).
2.2.4 Dementia of Alzheimer’s Type or Alzheimer’s dementia (AD)
The NINCDS-ADRDA criteria define dementia as "a condition in which there is decline
of memory and other cognitive functions in comparison with patient's previous level
of function as determined by a history of decline in performance and by
abnormalities noted from clinical examination and neuropsychological tests", and
continue: "confirmation of dementia syndrome by neuropsychological tests should be
based on measurable abnormalities in two or more aspects of cognition" (McKhann et
al. 1984).
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2.2.5 Risk Factors
Increasing age remains the primary risk factor for AD. However, whether age and AD
are continuous or categorical processes is unknown. Clinicopathologic findings from
the Nun Study investigators (Mortimer et al., 2001) indicate that the prevalence of
dementia rises dramatically with age, from 24% of those 75-79 years old to 75% in
those 95 and older, and that apolipoprotein E epsilon4 (APOE4) remains a potent risk
factor for AD even at advanced ages. At least some very elderly nuns, however,
remain nondemented and without neuropathologic evidence of AD even into their
second century of life.

A longitudinal cognitive study (Tang et al., 2000) of older

adults in Beijing suggests that the majority of community-living elderly individuals
maintain good cognition; only 10% developed obvious cognitive decline (measured
by the Mini-Mental State Examination) over 5 years. Thus, at least for some
individuals, age need not be accompanied by cognitive impairment. When cognitive
decline was observed in the Beijing study, low education and new onset of
cerebrovascular disease as well as old age were associated factors (Figure 2.4).
Similar risk factors for cognitive decline were reported for a community
sample of elders in California (Barnes et al., 2002). This study also found that poor
overall health status and impaired physical activity were associated with cognitive
deterioration. Significantly increased rates of dementia were found in the Group
Health Cooperative study sample (Wang et al., 2001) for several comorbid medical
conditions (notably coronary disease and cerebrovascular disease), whereas exercise
and moderate alcohol use were associated with better outcomes. The emergence of
lifestyle factors, including engagement in social and leisure activities, as possible
modifiers of risk for dementia, is an important new area of study in AD. These factors
may relate to the independent influence of these behaviors on disease expression or
may reflect early neural developmental factors that predict both lifestyle and health
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Figure 2.4 Risk factor for AD.

outcomes.
2.2.6 Cardiovascular Risk Factors
Several studies suggested an important contributing role for cardiovascular factors in
the development of AD (Mehta et al., 2000; Prins et al., 2001). Elevated levels of
plasma homocysteine (a risk factor for cardiovascular disease) appear to be an
independent risk factor for AD and for cognitive decline in nondemented older adults.
Elevated serum cholesterol levels and elevated blood pressure in midlife also appear
to be associated with cognitive impairment in late life.

A generalized estimating

equation (GEE) analysis of smoking status revealed an increased risk for cognitive
decline among long-term smokers (Mehta et al., 2001), thus calling into question
previous studies that had suggested smoking was a protective factor for AD. The
value of these investigations is that they point to modifiable factors for which
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detection and intervention in middle adulthood potentially could affect later
development of dementia.
2.2.7 Diagnosis of AD
No definite early test or marker for AD exists. Various clinical, neuropsychological,
biochemical, pharmacological, and genetic factors have been evaluated as tools for
early diagnosis, but none of them has turned out to be unabridged. So far the
diagnosis of definite AD can be confirmed only by pathological examination of brain
tissue obtained by biopsy or at autopsy. Thus, in clinical practice, the diagnosis is
based on typical features of the disease (gradual progression of intellectual and
functional decline without other distinguishing features), and exclusion of other
conditions causing dementia or cognitive dysfunction (Figure 2.5). Usually an AD
diagnosis requires a follow-up of at least six months.
2.2.8 Clinical Prodrome in AD?
Hall et al. (2001) report that accelerated decline in memory precedes the clinical
diagnosis of dementia by several years. In models of cognitive performance on
several

psychometric

batteries,

there

was

an

apparent

inflection

point

in

performance that preceded the clinical diagnosis of dementia by as much as 5 years.
They suggest that these individuals likely have AD pathology (i.e., preclinical AD).
Rentz and coworkers (2001) address how the threshold of detection of cognitive
impairment might be improved for individuals with high premorbid IQs.

Because

these individuals function at a high level, their cognitive abilities would have to
decline markedly before changes in their performance on standard mental statusscreening tools would be apparent. The researchers adjusted cognitive performance
scores to take into account the high intelligence of these individuals. Using naming
and recall measures, the IQ-adjusted norms helped to identify those at risk for mild
cognitive impairment (MCI) up to 4 years earlier than methods based on published
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Figure 2.5 Diagnosis of AD.

normative data.
By far, short-term memory loss is the earliest sign of AD. Besides memory loss, AD
may present other neuropsychologic symptoms, such as impairment of judgment,
language, learning, abstract thinking, visuo-spatial skills, and praxis. AD may further
present changes in personality, disorientation, sleep disturbances and hallucinations.
At the onset of disease some motor symptoms may be present, including rigidity or
myoclonus, snout reflex or increased jaw jerk (McKhann et al. 1984; Friedland et al.
1988; Friedland 1993). Rare cases considered as AD with focal onset, such as
hemiparesis or visual disturbances, have also been reported (Jagust et al. 1990;
Levine et al. 1993). On the other hand, all of these symptoms may be encountered
in nondemented elderly people and in various non-AD dementias as well (McKhann
et al. 1984; Gibb et al. 1985; Mayeux et al. 1985; Neary et al. 1988; Friedland
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1993; Kritchevsky and Squire 1993; Mendez et al. 1993; Duffy and O'Carrol 1994).
Based on clinical heterogeneity, some subgroups of AD, such as typical, early- and
late-onset

(presenile/senile),

benign

(slow

progression),

rapid

progression,

behavioral, myoclonic, extrapyramidal, sporadic, familial, and AD in trisomy 21, have
been proposed (McKhann et al. 1984; Mayeux et al. 1985; Friedland et al. 1988).
The existence of these subtypes is somewhat unclear and controversial with most
acclaimed evidence on behalf of true subtypes being genetic. Yet, identification of a
true AD subtype might have an impact on the evaluation of the patients' prognosis
(Mayeux et al. 1985; Friedland et al. 1988) and response to various treatment
strategies (Blass 1993; Byrne and Arie 1994).
2.3 Pathogenesis of AD
The background, pathophysiology and pathology of AD do not constitute a single
universally accepted concept either. The clinical heterogeneity of AD described above
is a result of variation in the distribution, quality and severity of pathological changes
in the brain. This diversity has even led to the assumption that AD might be
considered as a convergent syndrome rather than a single disease (Blass 1993). In
brief, currently AD is considered to be a multifactorial disease, with a combination of
aging, genetic aberrations and/or environmental factors triggering the pathological
cascade: accumulation of hallmarks of AD pathology, preceding, followed or
accompanied by cytoskeletal and mitochondrial abnormalities, loss of neurons and
synaptic connections, impaired cellular homeostasis, inflammatory reaction, and
gliosis, which eventually lead to the clinical presentation of the disease to take place.
The classic pathological changes considered as hallmarks of AD, in a yet unknown
order of importance, are amyloid deposits and neurofibrillary changes.
Amyloid is a generic term used to describe a group of biochemically heterogenous
proteins found in a number of diseases and tissues, which share the common
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properties of Congo red staining and resistance to proteolysis. An amyloid protein,
Aß, is a major component of senile plaques (SP). The neuritic or classical SP consist
of a fibrillar amyloid core surrounded by dystrophic neurites and reactive microglia.
In diffuse plaques, the Aß is not fibrillar nor compacted in the core, and does not
associate with dystrophic neurites or glia. Further, amyloid may be found in
neocortical blood vessels (Glenner and Wong 1984).
The neurofibrillary changes may present as neurofibrillary tangles (NFT), and
neuropil threads (Braak and Braak 1991). The NFTs develop within the soma of the
neuron, and after degeneration of the parent cell convert into extraneuronal
structures, and are finally engulfed and degraded by astrocytes (Braak and Braak
1991). The NFTs are composed of paired helical filaments, which have a microtubule
associated protein tau as their major subunit (Goedert et al. 1991). The neuropil
threads are abnormal neurites and are closely correlated with the distribution of
NFTs (Perry et al. 1991).
Recently, ApoE polymorphism and its connection to AD has been intensively studied.
ApoE is a plasma protein that binds to low-density lipoprotein receptor and is
involved in the transport of cholesterol and other lipids in various cells of the body
(Mahley 1988). ApoE is involved in the growth and regeneration of both peripheral
and central nervous tissues during development and following an injury. In the
central nervous system (CNS) ApoE is synthesized by astrocytes, in which injury
provokes a considerable increase of ApoE mRNA. This has been also shown to take
place in rat hippocampus (Poirier et al. 1991; 1993). The gene for ApoE is located on
the proximal arm of chromosome 19, in fact, in the very same region where a gene
for late-onset familial AD is located (Pericak-Vance et al. 1991).
ApoE phenotype is determined by three different alleles, epsilon 2, 3, and 4. These
alleles determine ApoE polymorphism, resulting in six possible phenotypes epsilon
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2/2, 2/3, 2/4, 3/3, 3/4, and 4/4. ApoE epsilon 4 allele is recognized as a risk factor
for late-onset familial (Strittmatter et al. 1993) and sporadic (Saunders et al. 1993;
Kuusisto et al. 1994; Lehtovirta et al. 1995 a; Polvikoski et al. 1995) AD in a dosedependent manner, that is, the risk increases with an increasing number of epsilon 4
alleles (Corder et al. 1993; Frisoni et al. 1995). In contrast, epsilon 2 allele appears
to have a protective effect for AD (Benjamin et al. 1994; Corder et al. 1994; Royston
et al. 1995). The risk associated with epsilon 4 may lose its significance after a
certain age and may no longer be a risk among the oldest old (Hyman et al. 1995;
Sobel et al. 1995).
The exact role of ApoE in the pathogenesis of AD is unknown, but isoform-specific
differences have been identified in the binding of ApoE to ß-protein, and to Aß. It is
supposed that ApoE epsilon 2 and 3 stabilize the structures, whereas epsilon 4 is a
susceptibility factor leading to increased vulnerability or a cause of pathologic
alterations (Strittmatter and Roses 1995). Besides AD, subjects carrying the epsilon
4 allele also have higher levels of total and low-density-lipoprotein cholesterol
(Utermann et al. 1984), a higher risk for myocardial infarct and coronary heart
disease (Menzel et al. 1983; Stengård et al. 1995) and VaD (Frisoni et al. 1994 a.),
but not for PD or PDD (Hardy et al. 1994; Marder et al. 1994; Koller et al. 1995).
2.3.1 Neuropathological diagnosis of Alzheimer’s disease
Apart from the typical clinical picture, a histopathological confirmation is required for
the

diagnosis

of

definite

AD.

Two

histopathological

criteria,

based

on

semiquantitative assessment of SPs, have been commonly in use, the earlier
National Institute of Aging (or Khachaturian) criteria (Khachaturian 1985), and the
later criteria proposed by the Neuropathology Task Force of the Consortium to
Establish a Registry for Alzheimer’s Disease (CERAD) (Mirra et al. 1991). Even
though certain guidelines for the diagnosis exist, they may be highly questionable.
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First of all, the central event or events of AD are unknown. The primary dispute in
this area mainly concerns the importance and role of amyloid versus neurofibrillary
changes in the pathogenetic process (Roses 1994; Selkoe 1994).
Second, the criteria are based on the assessment of number and quality of
SPs and do not include assessment of NFTs. Of all AD hallmarks, however, NFTs
seem to display most characteristic, hierarchical distribution pattern and to best
correlate with pathological staging (Braak and Braak 1991; Jellinger et al. 1991;
Price et al. 1991; Hyman et al. 1995) and clinical severity in AD (Chrystal et al.
1988; Braak and Braak 1991; Arriagada et al. 1992 a.; Berg et al. 1993; Bierer et al.
1995; Hyman et al. 1995). In the initial stages of AD, the NFTs are first observed to
appear in medial temporal lobe, or more specifically, in the entorhinal cortex
(transentorhinal pre-alpha/layer II) and/or in the hippocampus (CA1/subiculum)
(Figure 2.6). At the end-stage, these regions are most severely affected (Hyman et
al. 1984; 1990; 1995; Ball et al. 1985; Braak and Braak 1991). The adjacent
amygdala appears to be affected later (Braak and Braak 1991) and the pattern of
pathological hallmarks in it seems less characteristic (Hyman et al. 1990). These
structures are strongly interrelated by multiple reciprocal connections (Hyman et al.
1990). The pathology of AD is thought to disconnect input, output and intrinsic
connections of these structures (Hyman et al. 1984; 1990) At later stages, these
hallmarks are more widespread and can be detected in all cortical areas, leading to
gradual worsening of memory impairment along the progression of the disease. The
pattern of amyloid deposits is different from that of the NFTs, with the deposition
beginning from the basal isocortex rather than the temporal pole (Braak and Braak
1991).
Third, the pathological hallmarks of AD may be observed in nondemented individuals
as well (Khachaturian 1985; Ulrich 1985; Crystal et al. 1988; Mirra et al. 1991;
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Figure 2.6 First characteristic pathological changes in AD are seen in the
entorhinal cortex.

Arriagada et al. 1992 b.; Bouras et al. 1993; Langui et al. 1995). The pattern of
these changes seems to resemble that of AD and may thus represent preclinical AD.
It might also suggest that the distinction between AD and aging is merely
quantitative. Recent studies have, however, contradicted this theory of accelerated
aging by suggesting different patterns of hippocampal neuronal loss in aging and in
AD (West et al. 1994; Bobinski et al. 1995).
Fourth, the interrater agreement for neuropathological findings required for the
diagnosis of definite AD has been reported to reach only moderate to substantial
(Smith et al., 2000).
2.4 Neuropsychology of interest
The NINCDS-ADRDA criteria propose decline in several areas of cognition in AD, and
at least two are required for a diagnosis of dementia. The criteria do not take any
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PREFRONTAL CORTEX
Figure 2.7 Anatomical structures involved in memory impairments.

further stand on behalf of any particular test that would best measure cognitive
function, or be the most sensitive or specific to AD or even to dementia (McKhann et
al. 1984).
It is clear that memory functioning is not merely based on the integrity of the
hippocampus (Figure 2.7). However, in this context memory function, considered to
be mediated by or related to the hippocampus, is of special interest and focused on.
Also, of interest are those subtypes of cognition that are considered to remain
particularly unaffected by aging, and conversely, are considered to be affected early
in dementia, or more specifically in AD.
Selective lesions or isolation of the hippocampus are known to produce memory
storage deficits, while preserving immediate and remote recall as well as general
intelligence. By contrast, an isolated lesion of the amygdala (Squire and Zola-Morgan
1991) or entorhinal cortex (Hodges and Patterson 1995) alone is not considered
sufficient enough to impair memory. Recent concept of the amygdala and memory
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suggests that the amygdala has a role in understanding, and perhaps storage of the
emotional significance of events, as well as arousal and attention, but the amygdala
is not considered directly to mediate nonemotional memory (Gallagher and Holland
1994; Clark 1995).
For the purpose of this study, it does seem that of all the neuropsychological tests
those assessing (visual or verbal) delayed recall emerge above all.

First, they

remain particularly intact in cognitively normal aging. Second, impaired performance
in these tests is a sensitive and early feature of dementia, or lesions of the
hippocampus and the adjacent cortical areas (Helkala et al. 1988; Morris et al. 1989;
Petersen et al. 1992; 1994; Welsh et al. 1992; Howieson et al. 1993 a.; Golomb et
al. 1994 a.; Hodges and Patterson 1995). It would therefore be tempting to assume
that poor performance in tests assessing delayed recall would in fact reflect a
memory storage deficit, and therefore hippocampal damage. In addition, in some
MRI studies hippocampal volume has also been shown to correlate with delayed
recall performance (Scheltens et al. 1992; Golomb et al. 1994 a.; Deweer et al.
1995) as well as with clinical severity as assessed by MMSE (Kesslak et al. 1991,
Scheltens et al. 1992; Golomb et al. 1994 b.; Lehéricy et al. 1994; Deweer et al.
1995). The right hippocampus has been considered particularly important for visual,
and the left for verbal memory (Miller et al. 1993). Some impaired performance in
delayed recall has also been reported in PD (Levin et al. 1989; Mahler and Cummings
1990), though with the performance exceeding that of AD patients (Helkala et al.
1988).
2.5 Normal Aging
Many research investigations have suggested that aging does not inevitably
associate with memory loss (Rowe and Kahn 1987; Rapp and Amaral 1992).
Conversely, a deficit in memory or cognition is definitely not equivalent to early
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dementia. Several possible factors other than dementia may contribute to a decline
in memory function, such as medication, motivation, co-operation, depression, or
age-associated memory impairment (AAMI). Memory complaints are common
findings also among nondemented elderly, and the performance of aged individuals
has been reported to decline in several subtypes of cognition (Craik 1990; Petersen
et al. 1992). Of special interest in this context are those subtypes of cognition that
are considered to remain particularly unaffected by aging and are affected early in
dementia.
Coarse epidemiological approximations of the prevalence of normal aging can be
derived from studies that assess prevalence of both mild cognitive impairment (MCI)
(defined as mild recent memory loss without dementia or significant impairment of
other cognitive functions) and dementia. After exclusion of both these conditions, the
remainder gives an estimate of the proportion of cognitively normal aging. Thus
determined, the prevalence of cognitively normal aging in a recent study, which
included elderly in the US, was 37.5 % in the age-group 60-78 was 37.5 % (Small et
al. 2000). Similarly, in the study of Finnish elderly Ebly et al. (1995) found that the
prevalence was 32 %. Surprisingly enough, a recent study reported a prevalence of
44 % of cognitively intact elderly among Finnish centenarians (Sobel et al. 2001).
These figures may be slightly too high including subjects who suffer from cognitive
deficits caused by other conditions such as depression or side-effects of medication.
2.6 Mild Cognitive Impairment (MCI) Concept
Mild Cognitive Impairment (MCI) is a condition characterized by mild recent memory
loss without dementia or significant impairment of other cognitive functions to an
extent that is beyond that expected for age or educational background. R.C.
Petersen assigns the following criteria to MCI: memory complaint; normal activities
of daily living; normal general cognitive functioning; abnormal memory for age; not
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demented.
2.6.1 Evaluation of Mild Cognitive Impairment
Diagnostically oriented scales such as the Short Portable Mental Status Questionnaire
(SPMSQ), the Folstein Mini-Mental Status Examination (MMSE), the Clinical Dementia
Rating scale (CDR), or the Self Test (ST) usually identify cognitive impairment. The
MMSE includes assessments of orientation, memory, attention and calculation,
language, ability to follow commands, reading comprehension, ability to write a
sentence and ability to copy a drawing. Education, occupation and cultural and
background factors can strongly influence MMSE scores. The CDR was designed to
characterize subjects from normal function through various stages of dementia. (The
problem with this scale is that a rating of 0.5 may indicate either MCI or probable
AD). The ST is a new, brief cognitive assessment tool, which is still under evaluation,
but seems to be sensitive and specific in its ability to discriminate between patients
with probable AD and normal control subjects. Furthermore, the ST does not appear
to be sensitive to age or level of education, and requires minimal nonprofessional
supervision, or may even be administered by a family member or a caregiver.
The scores on these questionnaires do not convey any information on the etiology of
the diagnosis. They are used in conjunction with a psychosocial history that includes
educational, occupational, social, cultural and medical history and neuropsychological
assessments to determine the existence of dementia.
In general, presence of cognitive impairment is high in elderly population. A
prospective cohort study, in the primary care setting, reported that 15.7% of the
subjects demonstrated evidence of MCI on the Short Portable Mental Status
Questionnaire (SPMSQ). The SPMSQ is a series of ten questions aimed at probing
memory, computational ability and present orientation.
Despite the diagnostic predicament described above, the diagnosis of cognitive
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dysfunction can be facilitated by imaging methods that today are an integral part of
the diagnostic work-up of patients with suspected dementia. Recent development of
MRI has offered new insights and possibilities in the field of neuroimaging. In this
field, MRI shows superior anatomic accuracy compared to computed tomography
(CT) or perfusion imaging methods (positron emission tomography, PET; single
photon emission computed tomography, SPECT). MRI non-invasively provides both
quantitative and qualitative data of in vivo tissue. Properties of MRI also enable
multiplanar evaluation of diminutive, irregularly shaped brain structures, such as the
hippocampus. Though in its earliest stages of evaluation, the functional MRI stands
an even better chance yet to provide us with quantitative evaluations of earliest
cognitive changes when AD clinical symptoms are not yet clearly apparent.
2.7 Alzheimer’s disease and attention
Attention encompasses several different capacities or processes that are related to
aspects of how the organism becomes receptive to stimuli.Recent investigations have
shown that attentional deficits may predate the mnemonic impairments in
Alzheimer’s disease, even though the initial deficit in Alzheimer’s disease is often
thought to be an amnestic syndrome progressing gradually for several years before
impairments in other cognitive domains such as language, semantic memory,
visuospatial function occur. Since memory is not a unified concept different subtypes
may be differentially impaired in different disease stages: likewise different types of
attention my be impaired differentially dependent on the stage of Alzheimer’s
disease. Furthermore, it has been shown that dysfunction of the anterior cingulate
cognitive division, a region vitally important to the proper and efficient functioning of
frontostriatal attentional networks is impaired in Attention Deficit Hyperactivity
Disorder, characterized by developmentally inappropriate symptoms of inattention,
impulsivity, and motor restlessness (Bush et al, 1999).
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Attention subsystems, like memory, may be divided into performing separate but
interrelated functions, which interact with other domain-specific systems.

One

cognitive area, which overlaps with attention, is the so-called “executive function” this is the mental activity that is involved in planning, initiation, and regulation of
behavior (Lezak, 1983).

There is growing evidence that executive functioning is

impaired in early Alzheimer’s disease and may relate particularly to some of the
problems patients experience in activities of daily living. Many tasks that claim to
test executive functions are also interchangeably used to test attention. In fact, it is
sometimes extremely difficult if not impossible to separate attentional and executive
function tasks.
The primary and most obviously manifested initial deficit in Alzheimer’s disease (AD)
is short-term memory loss (STM). STM first manifests itself in episodic memory loss
while long-term memory as well as semantic memory remain fairly intact.

Since

memory is not a unified concept, different types may be differentially impaired in
different disease stages.

In a similar manner attentional systems can be divided

performing separate but interrelated functions which interact with other domainspecific systems.

Anatomic and functional separability shows that attention is

carried out by a network of anatomical areas; therefore attention is not a property of
the brain as a whole.
An endless debate ensues among AD researchers and clinicians whether the current
characterization of the neuropsychological profile of early/mild AD as a pure amnesia
is an accurate one, or are the memory deficits invariably accompanied by
impairments in attention? If this is true, what is the relation of attentional deficits to
other cognitive domains such as language, semantic and episodic memory and
visuospatial functions? Furthermore, it might be interesting to know if all types of
attention are affected in early AD, or are some types preserved until later in the
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disease while others are profoundly disrupted early on?

Identification of the

particular deficits in attention might tell us about the neural substrates that are
affected by the disease process.
Clinical observations show that early Alzheimer’s disease patients have great
difficulty in performing everyday tasks when formal testing of non-memory functions
such as language, praxis, and visuospatial abilities show little deficit (Cummings,
1994).

Clinicians and caregivers report that these patients are unable to

concentrate, they become easily distractible, they easily get into a muddle when
confronted by tasks that were previously easily performed.

Many researchers

speculate that early AD patients may have attentional deficits which underlie these
difficulties with daily activities (early feature of the disease) (Petersen et al., 1994).
Posner and Petersen (1990) developed a comprehensive neurological model of
attention.

They defined sustained (focused) attention, selective attention and

attention vigilance, and divided attention. This theoretical model has become well
accepted, however, thus far no wholly and satisfactory model of attention exists,
other models are normally considered and employed.

Further fractioning of

attentional processes into orienting responses, shifting attention, response selection,
divided attention, and attention vigilance has enabled a more detailed investigation
of attention in AD in a more systematic fashion. Namely, a heterogeneous cognitive
operation can be separated into its component parts.

One cognitive area which

overlaps with attention is the so called “executive function” which is defined as
mental activity involved in planning, initiation, and regulation of behavior (Lezak,
1983). There is growing evidence that executive functioning is impaired in early AD
and may relate particularly to some of the problems patients experience in activities
of daily living (Robbins, 1996). Many tests that claim to test executive functions are
also interchangeably used to test attention.
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Sometimes it becomes extremely

difficult if not impossible to separate attentional and executive function tasks during
the clinical evaluation of early dementia patients.
2.7.1 Impairments in selective attention
Selective attention is a person’s ability to screen out irrelevant stimuli.

Michael

Posner (1983) developed a theoretical model consisting of the anterior and posterior
attentional system involved in selective attention.
Posterior attentional system controls three separate component processes:
1. Disengaging attention from a spatial location controlled by the posterior
parietal lobe. The most common spatial cueing tasks used to investigate
the disengagement of attention from a target stimulus to be detected
appears either to the left or the right of a central fixation point, the
stimulus is preceded by a cue which may be valid (on the same side of the
target) or invalid (contra lateral to the target) or neutral (located
centrally).

Reaction time (measure) of the disengagement of attention

from an invalid cue to a target can be calculated as reaction time costs
(reaction time to target after an invalid cue – reaction time to target after
a neutral cue) or as reaction time costs plus benefits (reaction time to
target after an invalid cue – reaction time to target after a valid cue).
The role of posterior parietal lobes is indicated in disengaging of attention
in studies of primates and humans with parietal lesions, which have shown
slower responses when attention is disengaged from an invalid cue
ipsilateral to the lesion to a contra lateral target than when the cue is valid
or when the target is ipsilateral to the lesion (Posner and Cohen, 1984).
Paramasuran et al. (1992) showed that AD patients could use a valid cue
to shift visuospatial attention to an unexpected location as effectively as
controls, i.e. attentional focusing, or engaging of attention by spatial
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location, appeared to be intact.

Responses to invalid cues, however,

showed higher costs and costs plus benefits.
Studies using target detection rather than discrimination have failed to
show this deficit in disengagement (Caffara et al., 1997) suggesting that a
specific impairment in disengaging attention in mild to moderate AD is
dependent on the nature or degree of the engagement required.
Studies using inhibition of return paradigms on subjects with superior
colliculus lesions, including subjects with progressive supranuclear palsy,
known to affect the midbrain and superior colliculus, have suggested a
role for this brain area in the shifting of visual attention (Sprague, 1991).
Adaptation of the standard cue tasks have been used where the second
cue appears between the first cue and the target. Normal subjects are
slower to respond to targets at the originally cued site than to targets
appearing at the novel location = inhibition of return. This is thought to
be an adaptation which prevents the repeated searching of already
searched locations. Subjects with lesions in the superior colliculi show no
inhibition of return (Posner et al., 1985), but Faust and Balota (1997)
have shown that both AD Ss and normal elderly Ss perform normally on
such tasks, suggesting normal inhibition of return.
2. Shifting attention to a target at a new spatial location dependent on the
superior colliculus: mechanism by which attention moves over the visual
field is subject to controversy (Paramasuran 1999).

Evidence from a

combined space and object search paradigm suggests that left parietal
lobe lesions may cause problems in disengaging from and shifting
attention between objects, in contrast to the spatial shifting deficits found
with right parietal lobe damage.

36

Support for hemispheric dissociation of object- and spatial-based attention
comes from an AD study (Buck et al., 1997): MMSE~20.6 (24), DRS=111;
demonstrated reaction time costs plus benefits for both the shifting of
attention between spatial locations and between objects.

A subgroup

underwent Single Positron Emission Computed Tomography (SPECT)
scanning: significant relationship between left spatial reaction time costs
and right superior parietal hypoperfusion, and between right object
reaction time costs and left inferior parietal lobe hypoperfusion were found
(Buck et al., 1997).
Evidence

from

bilateral

parietal

damage

patients

shows

that

simultanagnosia as a pair of triad known as Balint’s syndrome (ocular
apraxia, optic ataxia) may occur: patients have a difficulty in identifying
more than one object simultaneously, therefore they usually get visually
stuck on local features and are unable to synthesize a coherent whole
from segments of a visual scene (Coslett, 1995).
AD also causes problems with tests involving the identification of
overlapping line drawings such as Gottschaldt’s Hidden Figures Test
(Gottschaldt et al., 1977).
Moreover, Filoteo et al. (1992) used global-local stimuli to investigate the
shifting of attention across levels of perceptual organization within the
same stimulus (attentional shift from one aspect of the stimulus to
another).

One stimulus would consist of large number 1 composed of

small 4’s, the next stimulus would consist of small 2s made into the shape
of large number 3. They found that AD subjects (mean DRS=116) had
particular difficulty when they had to shift the focus of attention between
global-local levels. On a less experimental, but more clinical basis, timed
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tasks of selective cancellation of digits, letters, or pattern have been used
as clinical tasks for selective attention. Filoteo et al. (1992) developed a
timed digit cancellation test, which discriminates between controls and AD
subjects. Their error analysis led them to postulate that the deficit in AD
subjects was one of defective “passive” scanning in which subjects were
“looking but not seeing”, and of slowness in making a discrimination
decision. Unfortunately, there was not analysis of performance in terms
of dementia severity. Another cancellation test study suggested that the
quantity of distracters in an array was of more critical importance than
their variety (Foldi, 2000).
3. Engagement of attention on a new target dependent on the thalamus:
The evidence supporting the role of the thalamus in the engagement of
attention or filtering of spatial attention would seem to be inconclusive
from experimental data. Unilateral lesions and deactivation of the pulvinar
nucleus produce slowed reaction time to targets in the contra lateral field,
especially if paired with a distracter (Robinson and Petersen, 1992).
Hypothesis that thalamus acts as a gating mechanism to filter out
unwanted target locations, following a PET study demonstrating increased
activation in the pulvinar contra lateral to a visual field containing only a
single target (La Berge and Buchsbaum, 1990). It is presently unclear
whether the thalamus acts as a spatial filtering gate for inputs between
the parietal and extrastriate cortices, or is acting to modulate or relay the
attentional bias given to targets and distracters in opposite visual fields.
However, these studies lack external validity. These tasks do not account
for the more everyday occurrence when a visual target must be selected
on the basis of feature or location, or a combination of both, from multiple
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distracters in the same field of view.
Early visual search experiments show that the time taken to detect a
target with a unique feature, such as a red shape in an array of blue
distracters, producing the phenomenon of “pop out”, is independent of the
number of non-targets, and was thought to proceed in parallel. If target
identification is based upon a conjunction of features, known as
conjunction search, then the time taken increases linearly with the
number of distracters.
This led researchers to distinguish between parallel search and serial
models of visual search (Treisman et al., 1980), where an “attentional
spotlight” was moved in a serial and rapid fashion from item to item until
a target was found.

Given that there is some evidence for early

involvement of the parietal cortex in AD, it might be expected that AD
subjects would show disproportionately greater deficits on conjunction
search than feature search, especially after Corbetta et al (1995)
demonstrated activation of the right posterior parietal cortex during
conjunction search but not feature search.
Evidence suggests that single-feature search appears to be intact in early
AD, as well as conjunction search producing a similar increase in reaction
times with number of distracters, as seen in healthy young and old adults.
The other attentional network identified by Posner (1983) is the anterior attentional
network.

It is composed of the basal ganglia and anterior cingulate gyrus:

attentional mechanisms controlled by these anatomical areas aid in detection and
discrimination of multiple targets; by selection of appropriate responses these
regions are able to modulate the more posterior parietal lobe systems which orient
to, disengage from, and shift to stimuli (Posner and Driver, 1992).
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Recent Positron Emission Tomography (PET) studies using the Stroop Test Paradigm
suggest that the anterior cingulate gyrus is consistently activated and may be
implicated as a critical substrate for the processes of response selection and
response inhibition (Bench et al., 1993).

Response inhibition (reading vs. color

selection on the Stroop test) is an example of a cognitive process played by the
“supervisory

attentional

system”

(Normal

and

Shallice,

1986)

as

a

neuropsychological model for attention. In this hierarchical model, the first or lower
level allows the running of well-rehearsed, automatic programs of thought and
action. These can be supervised by the higher-level device, which can, by effortful
intervention, change or stop ongoing, more automatic activities allowing greater
cognitive flexibility and the ability to perform novel activities. The Stroop Test would
be sensitive to minimally demented AD subjects, however, at this time it is unclear
whether the difficulty that AD subjects have with this paradigm reflects the
complexity and inherent difficulty of the task, or a specific defect in either response
selection or response inhibition [one aspect of my dissertation research specifically
addresses this question – preliminary data suggest that mild AD patients are unable
to inhibit their responses once launched (de Leonni-Stanonik, 2001).To reach any
decisive conclusions regarding the staging of selective attentional deficits in AD
requires comparisons across different studies using different tasks. Unfortunately,
many studies fail to subdivide AD subjects into groups of different disease severity,
or they fail to use standard severity rating scales.
2.7.2 Impairments in sustained attention and vigilance
Both sustained attention and vigilance are also affected in AD. Sustained attention is
defined as the ability to focus attention on a task over unbroken periods of time,
most frequently measured by the speed and accuracy of detecting infrequent and
unpredictable targets among more frequent non-targets. Furthermore, arousal and
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alertness are two concepts that define attention vigilance.

Arousal is the state

needed to remain vigilant as measured by how the conductance responses change
according to whether a subject is performing a task or not. Alertness is the degree
of receptivity to external stimuli; fluctuation in alertness is usually classified as
phasic (occur rapidly and are under voluntary control) or tonic (occur slowly and are
involuntary, most often associated with long periods of performing a repetitive task)
(Golden 1993). In normal subjects, sensitivity which refers to the subjects’ ability
to distinguish between targets and non-targets declines over time, and this can be
manipulated in tests by degrading the stimuli (Parasuraman, 1985).

PET and

functional Magnetic Resonance Imaging (fMRI) studies suggest predominantly rightsided frontoparietal network for sustained attention, functionally and anatomically
separate from that involved in selective attention, and activation of the prefrontal
cortex has been shown in vigilance tasks using visual, somatosensory, and auditory
tasks (Cohen, Pardo, Coull, Lewin, 1996).
Clinical observations suggest that there are problems in maintaining attention while
performing a task fairly early in AD; therefore one would expect deficits in tasks that
measure sustained attention.

The Continuous Performance Test (or variations

thereof) are usually used to measure sustained attention. In these tasks the targets
used are letters appearing infrequently and randomly in a series of non-target
letters. Most of earlier studies on AD tended to show unimpaired sustained attention
in subjects with milder forms of AD. Problems with sustained attention tasks that
researchers have had to overcome include ceiling effects in normal control subjects,
confounding effects of the memory components of the tests, short duration of
testing, and measurement of vigilance change over time on the test.

Longer

duration studies by Nebes and Brady (1993), and Brazzelli (2000), which included
analysis of the vigilance decrement over time, show conflicting results: Nebes at al.
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showed that both AD subjects and normal controls took longer to respond towards
the end of an 18-minute test; patients examined by Brazzelli on a 45-minute high
event-rate “Jump Clock Test” showed similar trend for reaction time, but there was
evidence the AD subjects had more difficulty in accurately discriminating targets
from non-targets (sensitivity decrement) as time on the task increased.

In

conclusion, sustained attention has not been heavily investigated. There is a lack of
comparison of subgroups of AD subjects with differing degrees of dementia severity
in order to assess when the deficits in sustained attention occur, in relation to
memory, non-memory domains, and other aspects of attentional functioning.
2.7.3 Impairments in divided attention
Divided attention tasks take two main forms; in one type, more than one feature of a
stimulus, or multiple stimuli, must be attended to: normal subjects show that when
several stimuli must be identified at once, costs in performance are reflected in
decreased accuracy, or by increased reaction time (Posner, 1978).

The second,

more common, dual-task paradigm requires the subjects to perform two tasks
separately before performing both tasks simultaneously.

Normal subjects show

deterioration in performance on task A or B when they are performed together
compared with when they are performed on their own.

This deterioration in

performance deterioration is defined as dual-task decrement. Baddeley et al. (1986)
studied divided-attention in early AD patients. Task A, the primary tracking task was
to use a light-sensitive pen in order to follow a white square as it moves randomly
about the screen. Performance was measured as the proportion of testing time that
the light was kept in the square, and the speed of movement of the square was
adjusted to an individual’s subject performance.

Task B was to repeat strings of

digits at each subject’s own digit span. Both tasks were attempted on their own for
two minutes before being performed together for two minutes. Although calculations
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of dual-task decrements have differed in their methods, the results showed that AD
patients perform as well as controls when the two tasks are attempted separately
but show a disproportionate decline in performance when the tasks are performed
concurrently. The deficit in performing two tasks simultaneously has usually been
ascribed to specific dysfunction of the “central executive system” in AD (Morris,
1994), but may also be seen as a deficit in the ability to divide or share attention
when the demand is high for attentional focusing in more than one place at a specific
time.

The stage at which AD subjects become impaired on dual-task paradigms

remains controversial: all of moderate stage AD (MMSE less than 17) show marked
impairment.

Greene (1995) found that patients in very early amnestic stages

(minimal dementia) performed normally on two different dual-task paradigms.
Ideally, the two tasks employed in dual-task paradigms should use different
modalities that do not compete for the specific resources of one modality.

For

instance, a dual-task decrement on two verbal tasks may indicate only that there is
insufficiency

in

linguistic

processing

rather

than

Central

Executive

System

dysfunction. Further studies need to examine the pattern of dual-task decrements
arising from tasks within and across modalities apart from visual, verbal, and
auditory tests commonly used. (tactile sensitivity, or postural control, etc.).

The

concept of “specific interference” vs. general factor “Central Executive System” (CSE)
deficit has also been assessed in the literature. In specific interference, different
pairs of tasks interfere for different reasons, such as modality of input (as in two
verbal tasks), or interference is produced by two tasks requiring the same stage of
processing (response selection) at the same time producing a response bottleneck
where the processing of one task is delayed. Studies have usually supported the
notion of the Central Executive System, but the issue is controversial. In addition,
hemispheric functional asymmetry may influence the interference effect of one task
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upon another.

Kinsbourne’s functional cerebral distance model predicts that

cognitive tasks dependent primarily of one hemisphere, such as language and
calculation, will disrupt concurrent right-hand performance more than left-hand
performance (Kinsbourne, 1983).

An fMRI study (D’Esposito, 1995) showed

activation in the prefrontal cortex and anterior cingulate gyrus when two nonworking memory single tasks were performed together, but not when they were
performed separately. The results were interpreted in support of CES functioning,
although dual-task decrement was small (0%-11%), suggesting that there may have
been little stress on the CES.
Grady (1989) tested auditory divided attention by using a dichotic listening test
called the Staggered Spondaic Test. In this test attention must be divided between
different words that are presented, in pairs, to each ear simultaneously. AD subjects
performed significantly worse on this test compared to normal subjects.

They

compared this test with degraded stimuli consisting of either time-compressed
speech or filtered speech presented to one ear at a time. AD subjects were impaired
to the same degree on both monotic tasks, but were disproportionately poor on the
dichotic test. This was interpreted as showing susceptibility in AD to the interference
effects of competing tasks rather than as a dual-task decrement per se.

Other

studies also show that the time course of interference produced by attending to one
stimulus affects the effective processing of the subsequent stimulus.

Moreover,

practical investigations of divided attention have documented disproportionate
slowing of walking speed in AD subjects when performing a simultaneous verbal test
(Camicioli, 1997). In everyday situations AD patients have difficulty following
conversations involving more than one other person, and this difficulty is
exaggerated in groups to the extent that many AD patients avoid complex social
interactions altogether.

Camicioli had AD patients watch videos of conversations
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involving increasing numbers of characters and then answering the question “who
said what”.

While controls performed nearly perfectly, AD patients showed a

tendency for performance to deteriorate as the number of speakers increased. One
implication stemming from this study is the question of suitability of group therapy
for AD patients.

In sum, impairment of divided attention occurs early in AD and

follows the deficit in episodic memory. However, it is controversial as to how early
this impairment appears relative to other aspects of attentional and executive
functioning.
In sum, currently accepted pattern of early AD cognitive function decline includes a
progressive amnestic stage, which may be the only cognitive deficit for several
years.

From the above reviewed research it can be implied that attentional

mechanisms also become affected in the mildest stages of the disease, perhaps even
before the memory impairments become evident. However, not all sub-mechanisms
of attention are affected equally.

The most prominent deficit is seen in selective

attention where attentional focusing stays preserved while disengagement and
shifting of attention are differentially affected depending on whether the shift is by
location of a stimulus or across features within the same stimulus. AD patients have
difficulties performing novel tasks or old tasks in a novel way, they fail to inhibit
automatic processes which is reflected in tendency to read words instead of naming
colors on the Stroop test. Response inhibition, response tendencies, habituation and
response to novelty constitute further experimental investigations.

In divided

attention, dual-task paradigms that reflect a higher level of attentional performance
where attention must be shared become most severely affected. In addition, the
majority of studies show relative preservation of sustained attention in AD, at least
in mild AD, however few studies have examined the theoretical aspects of sustained
attention by examining sensitivity decrements across tests lasting more than 30
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minutes.
2.8 Alzheimer’s disease and anosognosia
In addition to attentional and memory deficits, the failure to know or appreciate the
existence of cognitive or sensory impairments (defined as anosognosia) is a frequent
feature of early Alzheimer’s disease. Specifically, anosognosia is usually manifested
as unawareness of memory deficits in Alzheimer’s patients. Babinski first used the
term anosognosia in 1914. Babinski, considered one of the founders of neurology,
used it to describe a patient's apparent inability to perceive a significant paralysis of
the left side of his body.
However, while Babinski provided the term, he was not the first to describe the
phenomenon.

Bisiach and Geminiani (1987) report that over 2000 years ago

Seneca, in a letter he had written to his friend Lucilius, reported that his wife's
female companion, Harpastes, had lost her sight but that, incredible as it may seem,
"She does not know she is blind". As is common with her more recent counterparts,
Harpastes complained that her surroundings were simply too dark. These type of
disorders involve patients who have suffered some form of neurological impairment,
which has interfered either with vision, hearing, movement, speech, memory or
attentional control (Figure 2.8). It is surprising that many individuals, thus afflicted,
seem unaware that they have sustained a loss of function.

These issues have

important implications for our understanding of the human mind as well as what it
really means to know about ourselves with respect to our internal experience of
reality and our relationship to physical and social environment.
While there are many theoretical models attempting to explain the phenomenon of
anosognosia, Mesulam's (1994) model of neurophysiological function incorporates
the drives and arousal that are usually mediated by the limbic system. This is not
present at all in the cognitive models described by Schacter, Johnson, Kihistrom and
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Figure 2.8 Characteristics of anosognosia in AD patients.

Tobias (1993) and probably for good reason. While memory for affective associations
has been studied by Johnson, the study of affect, arousal, or drive states rarely
make its way into the cool and orderly study of scientific inquire of cognition.

A

refreshing novelty has recently come from the work of Joseph R. LeDoux (1996,
2002) and Antonio Damasio (1996, 1998). Their research systematically shows the
critical role of affective mechanisms in perception, cognition, awareness, and selfawareness.
However, clinicians are much less able to ignore the importance of emotional factors
in AD patients. Even though unawareness of explicit cognitive deficits and/or apathy
has sometimes been reported in patients with probable AD the, the mechanism of
anosognosia in AD remains a mystery to date.
Several studies show that patients with AD who also presented with anosognosia had
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significantly more severe deficits on “frontal lobe” related neuropsychological tests
(such as set alteration tasks) compared with non-anosognosic patients with AD
(Lopez et al, 1993; Michon et al, 1994), but other studies could not replicate these
findings (Magliorelli, 1995; Reed, 1999). One of the possibilities is that anosognosia
for cognitive deficits and anosognosia for behavioral problems have related but
different neuroanatomical substrates. In addition, several research studies have also
shown that the degree of anosognosia does not correlate with the severity of
dementia (Peterson, 2000).
Since anosognosia presents impairment in perception and evaluation of one’s own
concept and/or state of Self, we propose that anosognosia may be a deficit in the
ability of focusing selective attention on one Self. The empirical investigations of
neurobiological substrates of anosognosia have been minimal so far; most of the
theoretical speculation has arisen from anecdotal evidence in patients with specific
focal abnormalities. Specifically, the contributions of the anterior cingulate cortex
and its role in anosognosia mechanism have not been investigated to date.
2.9 AD and depression
The assessments of depression in AD have resulted in varied reports.
In general, depression is seen more frequently and is more severe in patients with
dementing disorders that affect subcortical structures such as Lewy body disease and
Parkinson's disease (Alexopoulos, 2002). The frontal lobe dementias are associated
with anxiety, disinhibition, social withdrawal, and irritability.

Familial and

constitutional factors increase the chances of affective disorders in AD.

Several

studies have shown that family history of mood disorders is a risk factor for
developing major depression in patients with AD.

There is also evidence that a

history of depression is a risk factor for AD. Depression occurring 10 years before the
onset of dementia increases the risk of AD. In an autopsy study, 72% of AD patients
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had experienced depression or suicidal tendencies more than 2 years prior to AD
diagnosis (Rosen et al., 1995). In elderly community residents, depressed mood is
associated with an increased risk for dementia on follow up after a mean of 2.5 years
(Giradi, 1998). The syndrome of pseudodementia in the elderly is a syndrome of
severe depression; the mild dementia recovers after antidepressant treatment.
Patients with depression associated pseudodementia are at very high risk of
developing dementia.
Early evidence suggests that ApoE-4 genotype increases the risk of development of
depression and psychosis in patients with AD compared to those with APO-E3 and
normal controls (Brodnick, 2000).
Some researchers report that depression in mild AD patients is generally severe,
with a mixture of behavioral symptoms including anxiety, agitation, and irritability.
This depression may not go away, and severely compromises the behavior and
functional capacity of the patient.

Assessing depression is difficult, since many of

the symptoms are also those of AD, for example diminished concentration.
Depressed elderly patients do not respond to low blood levels of antidepressants and
require levels comparable to those of young adults (Salzman, 1998). There is some
evidence for efficacy of placebo, tricyclics, and selective serotonin reuptake inhibitors
(SSRIs) in these patients, but early relapses are frequent in placebo responders
(Smith et al., 1999).

Clinicians report anecdotal evidence for strong SSRI’

effectiveness at least in the mild to moderate stages of AD.
2.10 Imaging of Alzheimer’s disease
2.10.1 Imaging of the aging brain
Imaging of the aging brain is an important issue, because knowledge of normal
changes is essential before interpreting a finding as abnormal. Briefly, the brain
remains moderately constant until 50 years of age, followed by highly variable
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physiological atrophy with increasing age. Focal abnormalities of white matter are
seen in 30-80 % of elderly subjects without neurological deficits. After 50 years of
age, only 50 % of brains are free of atherosclerotic changes (Nagata et al. 1987;
Drayer 1988 a.; DeCarli et al. 1990). By contrast, the volume of the hippocampus
seems to remain remarkably unaffected by normal aging (Jack et al. 1989; Bhatia et
al. 1993; DeCarli et al. 1994; Zipursky et al. 1994; Sullivan et al. 1995). In
nondemented individuals carrying an ApoE epsilon 4 allele, a slightly diminished
asymmetry of hippocampal volumes has been reported (Soininen et al. 1999).
2.10.2 The dawn of Alzheimer imaging
In the beginning, approaches to AD imaging were faced with major obstacles in all
the essentials of creditable study: sensitivity, specificity, and reproducibility. These
earliest studies on AD imaging that based on pneumoencephalography, and even
later studies with CT or MRI, focused mainly on two different approaches. One was to
evaluate conventional brain atrophy, the other to evaluate changes in the white
matter.
2.10.3 Computed tomography and evaluation of brain atrophy
Previous CT studies, and even some more recent MR studies, have focused on the
evaluation of gross brain atrophy in AD. These studies are foremost based on
assessing the dilatation of various ventricular and subarachnoidal spaces, and the
enlargement of sulci, using linear measurements and indices, planimetry, or
volumetry (LeMay et al. 1986; Nagata et al. 1987; Drayer 1988 a; b; DeCarli et al.
1990; 1992; Shear et al. 1995). In fact, few studies applying CT have been able to
classify up to 90 % of AD patients and control subjects correctly. In these studies,
the best results have been obtained by longitudinal follow-up, demonstrating an
accelerated rate of volumetric atrophy (DeCarli et al. 1990; 1992; Shear et al.
1995).
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The face value of these measurements, however, must be criticized as somewhat
questionable, because gross brain atrophy may occur in normal elderly without any
neurological or other deficits whatsoever, and may therefore be regarded as
"physiological atrophy" (Nagata et al. 1987; Drayer 1988 a; DeCarli et al. 1990;
1992). Physiological differences in ventricular volumes, for example, may reach 200
% or more (DeCarli et al. 1990). Therefore, in early AD most CTs appear normal, or
close to normal, and do not differentiate AD from normal aging or other
neurodegenerative or neuropsychiatric disorders that might clinically resemble AD
(DeCarli et al. 1990; 1992). Also, the qualitative interpretation of these findings has
often lacked reproducibility (DeCarli et al. 1990; Davis et al. 1992). Moreover,
detailed imaging of the temporal lobes in conventional axial CT images is virtually
impossible due to beam hardening artifacts (DeCarli et al. 1990).

These findings

gathered strongly restrict the use of CT as a true and reliable diagnostic tool for AD.
Until the use of MRI becomes a standard procedure in dementia examination
protocol, the value of CT should, however, not be underestimated, since it
nonetheless is relatively inexpensive and useful in detecting vascular and some
treatable causes of dementia.
2.10.4 Volumetric measurements obtained by MRI
With the ascent of MRI era, many recent studies on AD have focused on various
approaches to imaging of the temporal lobe structures. Considering imaging in AD,
the hippocampus is the logical region of interest (ROI) for several reasons. It is a
part of the mesial temporal lobe memory system (Squire and Zola-Morgan 1991) and
known to be affected early in the course of AD, if not being the primary site (Hyman
et al. 1984; Ball et al. 1985; Braak and Braak, 1991; Hyman et al. 1995).

Petersen

et al. (2002) report findings of longitudinal volumetric MRI in evaluating hippocampal
atrophy and predicting the onset of dementia. Volume loss in the head of the
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hippocampus tends to be greater than that seen in the body of the hippocampus in
individuals with MCI compared with controls. Volume loss in the body and tail of the
hippocampus increases as cognitive performance declines and individuals progress
from MCI to AD.

Other investigators also report that volumetric measurements

demonstrated significantly greater rates of hippocampal atrophy in the MCI group
compared with elderly controls. Cortical atrophy was greater in subjects with
dementia vs elderly controls. The single most sensitive indicator of cognitive decline
reported (Weiner et al., 2001) was the volume of the entorhinal cortex.

The

presence of an APOE epsilon4 allele increases the risk of hippocampal and amygdala
atrophy in nondemented elderly (den Heijer, 2002). Data from studies such as these
may someday provide clues to developing biomarkers for the early detection of
dementia. Histopathological studies have demonstrated that the amygdala is also
severely damaged in AD, with pathological changes occurring in the nuclei that
receive or give raise to hippocampal or entorhinal projections (Kromer-Vogt et al.
1990; Scott et al. 1991; Mann 1992), however atrophy of the amydala seems to
appear only in later stages of the disease (Braak and Braak 1991).
2.10.5 Imaging of white matter pathology
There is also a myriad of studies that have focused on imaging of white matter
pathology. Changes in the white matter have for example been referred to as leukoaraiosis in CT studies (Hachinski et al. 1987), and high signal foci (HSF) or
"unidentified bright objects" (UBO) in MRI studies. These HSF have generally been
classified as either periventricular or deep white matter HSF, and they refer to
nonspecific changes.

Imaging of white matter pathology has confronted similar

obstacles as studies of common atrophy - studies have reported these changes to be
a normal phenomenon throughout life span (Autti et al. 1994) and appear in normal
(at least nonsymptomatic) aging in 30-80 % of elderly individuals. Numerous well-
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controlled studies have also failed to find differences in HSF between normal subjects
and AD patients (Fazekas et al. 1987; Drayer 1988 a.; b.; Kozachuk et al. 1990;
Leys et al. 1990; Harrel et al. 1991; Kumar et al. 1992; Yetkin et al. 1992;
Erkinjuntti et al. 1994; Wahlund et al. 1994). Their interpretation has been reported
to suffer from poor intra- and interrater agreement, and they can be mixed with
normal structures, such as Virchow-Robin spaces or deep gyri (Drayer 1988 a; Leys
et al. 1990; Davis et al. 1992; Yetkin et al. 1992).
HSF have been associated with a spectrum of histological changes, but their origin is
thought to be most likely vascular (Drayer 1988 a; Englund et al. 1988; Bowen et al.
1990; Fazekas et al. 1993; Erkinjuntti et al. 1994). Yet a recent study with 1H-MR
spectroscopy failed to find in vivo evidence for ischemic process underlying HSF
(Rosenberg 1995). Another recent study could not link these findings to
arteriolopathy but instead linked these changes to loss of myelinated axons
(Scheltens et al. 1995). Briefly, atrophic changes and incidental HSF may be found
in the elderly, whether symptomatic or not. Gross atrophy or large, confluent HSF
may represent a more profound pathologic process but no reliable linkage of these
incidental findings to support the diagnosis of AD, or any particular disease for that
matter, have been confirmed. In 1992, CERAD published a report according to which,
in spite of immense effort, no consensus has been achieved in finding uniformity or
interrater agreement for methodology and interpretation of the MRI findings in AD
(Davis et al. 1992). However, many investigators continue to regard the question of
the effects of white matter abnormalities and the role they play in cognitive decline
as important. Kaye et al. (2001) suggest that, although white matter lesions are
common in the healthy aging population, even in the absence of cerebrovascular
disease, significantly less white matter lesion volume is found in the nondemented
groups than in the demented groups of subjects. The net effect of white matter
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lesions in the frontal lobe may be to impair psychomotor processing speed,
suggesting that the frontal lobe and its subcortical white matter tracts may play a
role in complex cognitive tasks (Stebbins, 2001).
2.10.6 Functional imaging of AD: Positron Emission Tomography and
functional MRI
As previously stated, pathological findings tend to follow the correlates of cognitive
impairments in Alzheimer’s disease (Posner, 1998). The earliestpathological changes
occur in the transentorhinal region, entorhinal cortex, and hippocampus.This pattern
is in keeping with the first major neuropsychological deficit: short-term and episodic
memory loss. When the neurodegeneration progresses to parietal regions, patients
experience visuospatial impairments as well. Furthermore, semantic memory loss is
evidenced in the presence of temporal neocortical damage. The majority of resting
measurements of rCBF and glucose metabolism by Single Photon Emission Computed
Tomography or [18F]-fluorodeoxyglucose Positron Emission Tomography (18-FDG
PET) have also shown early temporal and parietal perfusion deficits, with frontal
changes occurring as the disease progresses (Brown et el, 1996).Some studies have
demonstrated a degree of heterogeneity in the cortical sites of hypoperfusion and
hypometabolism (Stein, 1998).The combined pathological and imaging data suggest
relative preservation of the frontal lobes in Alzheimer’s disease.

Therefore, it is

somewhat surprising that Alzheimer’s disease produces a marked impairment in
attentional and executive functions that have been linked with frontal lobe functions
before deficits in language and visuospatial function occur (Reid, 1996).However, to
link attentional dysfunction in Alzheimer’s disease to disease pathology in
circumscribed brain regions may be an oversimplification, and the pathological
processes of Alzheimer’s disease may cause attentional deficits in other ways.
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Figure 2.9 Functional images (PET) of AD patients, FTD patients, and normal
aged controls.

Specifically, Hirono et al (1998) showed that hypofunction in the posterior
cingulate gyrus correlates with disorientation for time and place in Alzheimer’s
disease. Minoshima et al (1997) evaluated the regional cerebral metabolism in very
early Alzheimer's disease, before a clinical diagnosis of probable Alzheimer's disease
is possible, using [18F]-fluorodeoxyglucose (18-FDG) Positron Emission Tomography
(PET).

Prediction and analysis of actual patients consistently indicated marked

metabolic reduction in the posterior cingulate cortex and cinguloparietal transitional
area in patients with very early Alzheimer’s disease. Mean metabolic reduction in the
posterior cingulate cortex was significantly greater than that in the lateral
neocortices or parahippocampal cortex (Figure 2.9). The result suggests a functional
importance for the posterior cingulate cortex in impairment of learning and memory,
which is a feature of very early Alzheimer's disease.
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The development and use of functional Magnetic Resonance Imaging techniques in
order to evaluate cognitive deficits in MCI and in the early stages of AD have not
been reported to date.
2.11 Current research controversies and link to AD
The research literature suggests that many patients with MCI progress to AD. While
figures vary as to the number of individuals with MCI who go on to develop AD, the
percentage frequently seen in the literature is up to 40% in three years with a
diagnosis of Mild Cognitive Impairment. Thus, treatment of MCI is of great interest to
clinicians in that it may prevent, delay or even reverse disease-associated brain
deterioration. Interestingly, memory complaint, the most common symptom of
individuals carrying a diagnosis of MCI, was not predictive of conversion to AD. Other
specific symptoms, such as disorientation and the total number of symptoms were
associated with subsequent conversion to AD.
The assumption of a relationship between MCI and AD is based on physiological
similarities. Many MCI patients present with significant medical temporal lobe
atrophy, while others have high cerebrospinal fluid and/or low CSF-ß amyloid (Aß) 42
concentrations, factors that are associated with the senile plaques common to AD.
There are also genetic similarities between the conditions. The strongest physiologic
predictor of familial AD, for example, may be the presence of apolipoprotein E gene
(ApoE), and the E4 allele is over represented in both AD and MCI patients. These
characteristics, in combination with the fact that the onset of AD is insidious and has
a course that is gradually progressive, suggest that neuropathologies exist many
years before any symptoms occur. From this scientists deduce that in many cases
MCI is an early sign of AD. This boundary line is becoming the focus of much
research with stress on preventative techniques for the development of AD.
According to Petersen, writing an editorial in Archives of Neurology (May 2000):
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"This research is predicated on the notion that distinction between the cognitive
changes of aging and very early AD is well delineated". There are still a lot of
questions about this in the professional literature. Some question the use of the
various scales to measure Mild Cognitive Impairment, which are also used to
measure AD.

Nevertheless, The National Institute of Aging (NIA) is sponsoring a

three-year study involving about 30 academic institutions and 40 clinical centers. It
will include 720 individuals, aged 55 to 90, who have Mild Cognitive Impairment.
These individuals will be divided into three groups: One group will receive high doses
of Vitamin E, the second will receive a standard dose of Donepezil (Aricept) and the
third will receive a placebo. The rational for the study stated in the NIH News
Release of March 15, 1999 is "Accurate and early evaluation and treatment of MCI
individuals might prevent further cognitive decline, including development of
Alzheimer’s disease."
Because of the implied relationships, traditional treatment strategies for MCI thus far
are based on those for AD. However, there is no treatment at this time for vulnerable
genes such as ApoE. The FDA recommends acetylcholinesterase inhibitors (AChEI’s),
that focus on cognitive symptomatology rather than the pathology of dementia as a
treatment for AD and the treatment for MCI.
The full pathological process is not fully understood at this time. What follows is the
result of much research in this area. It is not the full picture of the disease. The
temporal lobe contains the hippocampus that plays significant role in learning and
memory and contains a nucleus responsible for acetylcholine, a factor that has been
highly correlated with intellectual impairment. AChEI may slow the enzyme lysis
(rupture of the cell’s plasma membrane, leading to the release of cytoplasm and the
death of the cell) of acetylcholine to help ameliorate the cognitive impairment
brought on by the condition. Braak and Braak suggested that there are 6 histological
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stages in AD. The preclinical phase includes stages I and II and occurs in the
transentorhinal cortex. MCI involves stages III and IV in the hippocampus and limbic
cortex and fully developed AD stages V & VI occur in the isocortical areas. However,
all groups, including healthy controls, demonstrate some age-appropriate atrophy in
the cerebral cortex.
Monty de Leon and his group (2002) have demonstrated that dilation of the
perihippocampal fissure can predict the diagnosis of AD with over 90% accuracy. He
also showed that visual ratings of hippocampal atrophy indicated 70% of people with
mild cognitive impairment were affected, rising to 96% in those with moderate or
severe dementia compared to 29% in normal controls.
While figures vary, the average conversion rate from MCI to AD is 12% per year. In
contrast, the conversion rate to MCI or AD in healthy elderly control subjects is
approximately 1-2% per year. In elderly subjects (60-64 years), from a community
sample, the prevalence rate was 13.5% for a diagnosis of AAMI, but was 23.5% for
aging-associated cognitive decline (AACD), a category related to AAMI, but differing
in that it is manifested as gradual cognitive decline without dementia rather than
non-progressive cognitive impairment. Obtaining an "undiluted" sampling of any of
these categories and would seem like a conjurers feat of magic. It would prove
helpful if specific biologically markers existed that distinguished pure situations of
each disorder.
Petersen et al. (2001) in a National Institute on Aging (NIA) funded study,
characterize MCI as a condition of measurable memory loss without dementia that is
abnormal for age and educational background. It is distinguished from ageassociated memory impairment (AAMI), which consists of a mild decline in memory
that is non-progressive, some deterioration in learning, attention and concentration,
thinking, use of language and is consistent with age-associated norms of cognitive
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performance. This type of decline in memory has also been called Benign Senescent
Forgetfulness, Age-Consistent Memory Decline, Cognitive Decline (Age Related),
Forgetfulness (Benign Senescent), Memory Decline (Age-Consistent), and Mild
Neurocognitive Disorder. Risk factors for these impairments include advancing age,
prior heart attack, heart failure and female gender.
Patients with MCI have been distinguished from healthy subjects on memory tests,
such as delayed recall tasks of verbal and nonverbal stimuli. On these tests, patients
with MCI performed similarly to those with AD; however, the AD patients were
impaired on a variety of other cognitive measures. In contrast, patients with MCI
demonstrated comparable performance to healthy subjects on global measures of
cognitive function, including the Mini Mental State Exam, Dementia Rating Scale
(DRS), and the Self Test (ST). Many of these studies will have to be duplicated in
larger population samplings to be useful to the practitioner in their individual office.
The neuropathologic correlates of MCI are still not known. The memory deficit
suggests that structures within the temporal lobe (nonlimbic and limbic) are prime
suspects for involvement due to their cognitive responsibilities such as learning and
memory.
There is no question that cognitive dysfunction represents one of the greatest health
problems affecting the elderly. There is a pressing need to develop accurate staging
and classification of cognitive impairments before researchers proceed to open the
gates to a treatment that may have questionable value as to the existence of that
disorder. This could be a gold mine for all kinds of pharmaceutical/drug companies,
but may not live up to the expectations of the user, and would raise hopes in one of
the most vulnerable populations in our society.
The precise causes of cognitive disorders remain a mystery. A proper understanding
of the disorder would be more effective in developing a treatment. There is no
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question that patients are only interested in "what will make them better" and just
want a quick cure. The treatments available today do not eliminate the cause.
Memory loss, cognitive slowing, and frequent poor awareness of these symptoms are
persistent phenomena during aging. Removing some of the symptoms may provide
palliative care, but what is really needed is a cure for a totally disabling disorder of
the elderly.
The future will tell us if the answer is there.
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Chapter 3: Frontal and cingulate cortices
in attention
3.1 Introduction
The human nervous system is dominated by the telencephalon and particularly by its
cerebral hemispheres, which form the cerebrum. About 90 percent of the human
cerebrum is composed of the recently evolved neocortex or cerebral cortex.
Geometrically, the cerebral cortex may be viewed as a vast sheet of neurons in
which many types of interconnections and interactions are possible. Traditionally,
anatomists divide the cerebral cortex into four regions: frontal, temporal, parietal,
and occipital lobes. The frontal lobe is by far the largest lobe of the cerebral cortex
comprising nearly 2/3rds of the total surface of the cortex. The frontal lobe
represents the highest level of neural evolution and is larger in humans than in any
other primate. The frontal lobe is concerned with personality, emotional coloring,
foresight, complex decision-making, voluntary movement and the motor-speech
control area.
Other, more refined mappings of the regions in the cerebral cortex have also been
devised. These finer divisions are based on the cytoarchitectonic variations in the
structure of the cortex. Cytoarchitecture refers to patterns of cellular construction or
arrangement: in the cerebral cortex, the cytoarchitectonic maps primarily reflect the
relative sizes of the six cortical layers. The most generally accepted maps are those
proposed by Korbinian Brodmann in 1908.

His 47 cytoarchitectonic regions have

proved to be a useful and widely accepted system for specifying smaller anatomically
distinct regions of the cerebral cortex. (Beatty, 2000). Figure 3.1 and 3.2 shows
Brodmann’s classical mapping of the human cerebral cortex and is referred to
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Figure 3.1 Original Brodmann Map - Colorized.
Brodmann areas of the cortical cytoarchitectonic organization.
(Source: Prof. Dubin-U. of Colorado;
http://spot.colorado.edu/~dubin/talks/brodmann/brodmann.html)
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Figure 3.2 Outlines - with Functional Attribution.
Brodmann areas of the cortical cytoarchitectonic organization.
(Source: Prof. Dubin-U. of Colorado;
http://spot.colorado.edu/~dubin/talks/brodmann/brodmann.html)
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throughout the review of the information in this chapter.
The first part of this chapter is dedicated to the careful review of the frontal and
prefrontal lobes of the cerebral cortex.
The region of the cerebrum that is not composed of the neocortex consists of the
evolutionarily more ancient tissue – the allocortex. The allocortex does not posses
the characteristic six-layered appearance of the neocortex; instead, its laminations
are simpler or absent altogether. Since this tissue is very old, it is not surprising to
find the allocortex located at the base of the cerebrum adjacent to the brain stem
structures. The cingulate cortex is the part of the telencephalon, which is composed
of the allocortex (Figure 3.3).

The second part of this chapters focuses on the

thorough examination of the anatomy and function of the cingulate cortex.
3.1.1 Anatomy of the prefrontal cortex

Figure 3.3 Principal allocortical structures in the limbic system.
(Source: Kandel R: Principles of Neuroscience. Chapter 17 (4th ed.), 1996)
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Barbas & Pandya (1991) present a neatly ordered view of the intrinsic organization
and cortical connections of the frontal and prefrontal regions. The foundation of their
analysis is the progressive increase in number of cell layers, architectonic
differentiation, and myelination as one progresses from the most caudal basomedial
areas, first rostrally to the frontal pole (over the basal and medial surfaces for the
lateral dorsal trends respectively) and then dorsally (from the basaledge) or
ventrolaterally (from the medial edge) in the direction of Brodmann area 8, which
has the highest degree of organization (Figure 3.2). Areas 8 and 46 have separate
dorsal trend and ventral trend components, separated by the principal sulcus. At
area 8, there is no clear architectonic basis for dividing prefrontal cortex categorically
from area 6 and then area 4, each of which has likewise a dorsal and ventral
component).

Although this goes against the conventional distinction between

prefrontal and motor cortices, it is useful to treat the progressively less differentiated
prefrontal areas as representing a functional progression, which is lowest in area 4
and becomes progressively higher through areas 6, then 8, then 9/46, the 46, etc.
(Figure 3.2)
The architectonic progression in frontal cortex is most easily understood by
imagining the convolutions of the frontal cortical mantle unfolded into a flat sheet
(which is attached only at the most rostral point of the subcortex and which is only
resting, like a sheet on a bed, on more caudal subcortex). If the most caudal edge
of this sheet is pulled off the subcortex (as you would pull the top sheet off a bed,
leaving it attached at the foot) - so that it is effectively rotated 180 degrees rostrally
about its point of rostral subcortical attachment - this whole sheet would now flow
forward from the most rostral subcortical areas.

The least differentiated areas of

prefrontal cortex would now be seen to be closest to the subcortex with progressively
more rostral strips becoming progressively more differentiated. Thus, much of the
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apparent topographic complexity of prefrontal cortex is the result of the folding of
part of the cortical sheet over the remainder of the brain, the tucking-in (like the
edge of the sheet on a bed) of the medial surface, and the general wrinkling of the
sheet.
The progressive delineation of layers in prefrontal areas is reflected in their intrinsic
connections.

A given area projects to and receives input from cortices in two

directions and more architectonically differentiated areas, on the one hand, and
regions with lesser laminar definition, on the other. The intrinsic connections have
several other consistent features. For example, a low degree of laminar organization
is associated with widespread intrinsic connections, whereas a high degree of laminar
organization is associated with restricted connections to closely adjacent areas. The
widespread connections are not randomly distributed. They seem rather to respect
the observed architectonic progression, projecting to several architectonic stages,
but avoiding areas exhibiting a high degree of laminar organization.

(Barbas &

Pandya 1991).
This general pattern is, often, subject to local detailed variations (Carmichael & Price,
1996) and the projections of small parts of a field may show discontinuous rather
than diffuse innervation patterns (Pucak et al. 1996). However, considered as such
they can be taken as reasonably accurate for the present purpose of analysis.
Unimodal sensory cortical areas are also connected to the prefrontal cortex in an
‘architectonotopic’ manner.

For example, the limbic orbitofrontal and medial

prefrontal cortices receive the majority of their auditory projections from the rostral
auditory cortex, which has the least architectonically differentiated laminar pattern
within the cortical auditory system (Barbas & Pandya 1991).

Progressively more

posterior auditory cortex projects to progressively more postero-dorsal prefrontal
cortex.

This pattern is also true ‘for the premotor to prefrontal, and for the
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somatosensory to prefrontal projections’ (Barbas and Pandya 1991).
A final important architectonic organizing principle of cortical connections is that the
relatively undifferentiated areas receive polymodal input, both from the convergence
of unimodal inputs and from input from polymodal areas, while highly differentiated
areas are largely unimodal.
Cutting across this basic cytoarchitectonic and connectional organization is a division
into two aspects of cortex, which are distinguished by an ‘olfactory’ and
‘hippocampal’

origin,

respectively.

Thus,

one

can

see

an

evolutionary,

cytoarchitectural, connectional, and functional ‘dorsal trend’ (Pandya & Barnes,
1987; Barbas & Pandya, 1991; also referred to as ‘medial’, Goldberg, 1987)
originating in hippocampal allocortex and progressing frontally through pyramidal
regions until it reaches Brodmann area 8.

This dorsal trend is mirrored by an

equivalent ‘ventral trend’ (Pandya & Barnes 1987; ‘lateral’ according to Goldberg,
1987) originating in olfactory allocortex and progressing frontally through granular
regions until it, too, reaches Brodmann area 8.
The basoventral and mediodorsal aspects of the prefrontal cortex each conform,
separately, to the architectonic description described thus far. However, the origin
of projections directed to basoventral and mediodorsal cortices differs.

Thus,

basoventral prefrontal regions are connected with other prefrontal, premotor,
somatosensory, and visual areas situated on the ventrolateral surface of the cerebral
hemisphere, whereas mediodorsal prefrontal cortices are connected with premotor,
somatosensory and visual cortices situated on the dorsolateral and dorsomedial
aspects (Barbas & Pandya, 1991). There are dorsal and ventral prefrontal trends,
which are innervated primarily by the dorsal and ventral trends within each primary
sensory system. For example, the ventral visual trend can be viewed as running
lateral geniculate nucleus-V1-V2-V4-inferotemporal, whereas the dorsal visual trend
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can be viewed as running superior colliculus-V1-V2-V3-posterior parietal.
It is believed that two essentially parallel systems, which mirror each other’s
subdivisions can be related by intrinsic connections and organizing principles,
including topographic mapping. These parallel structures receive slightly different
qualities of each type of, for example, sensory information. Therefore, the dorsal
trend (in posterior as well as frontal cortex) can be thought of as dealing with
‘where’ some stimulus feature is, whereas the ventral trend can be thought of as
dealing with ‘what’ it is.

It should be noted that conventional ‘mesial’,

‘dorsolateral’, and ‘orbitofrontal’ lesions cut across both the mediodorsalbasoventral boundary and the boundaries of architectonic differentiation and hence
produce quite mixed effects with respect to the above mentioned distinctions.

It

should also be emphasized that in neither frontal nor posterior cortex are the trends
completely independent. There are extensive interconnections between the trends,
usually at the same level. Thus, in frontal cortex, for example, mesial area 9 and
orbital area 12 are interconnected. This type of interconnection (orthogonal to the
nominal flow of information away from the center) occurs at virtually every level of
both sensory and frontal cortex.

Finally, it should be stressed that there can be

direct convergence of dorsal and ventral trend afferents and efferents, as shown by
the case of the frontal eye fields (Schall et al., 1995; Stanton et al., 1995).
The topography of the interconnections of the frontal cortex with the
thalamus also appears to be determined by the previously mentioned divisions
(Goldman-Rakic & Friedman, 1991).

For both the anterior thalamus and the

mediodorsal thalamus, two lines of nuclei can be discerned — one with connections
to the dorsal trend and one to the ventral trend of the frontal cortex. Within each
line, successive nuclei are connected to progressively more differentiated frontal
cortex (Goldman-Rakic & Porrino, 1985).
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3.1.2 The prefrontal cortex and motor control
If we trace the motor system retrogradely, starting at the periphery, the
pathways take us to the primary motor cortex.

The central sulcus between the

primary motor cortex and the primary somatosensory cortex divides the posterior,
perception part of the cortical mantle from the anterior, action part. Away from the
central sulcus, first rostrally and then gradually ventrally over adjacent areas, we
find that the primary motor cortex (which can be loosely thought of as moving
specific parts of the body) is connected to2 the premotor area (which can be thought
of as organizing actions), and this is in turn connected to the dorsolateral prefrontal
cortex.
Given this connectivity (and the anatomical considerations discussed above), the
examination of the prefrontal cortex proper can be treated as involving a steady
progressive elaboration of the functions present in area 4 and area 6. Area 4 (the
primary motor cortex) contains cells, which are involved in the control of specific
limb movements with the cells being organized in a somatopic map (Figure 3.4).
Area 6 (supplementary motor area and premotor cortex), which can be viewed as a
parallel strip providing input to area 4, also contains a somatotopic map. This is of a
slightly more complex kind and can be viewed as more sensory then motor. Cells in
area 6 have both somatosensory and visual receptive fields. The visual fields are of
particular interest in that they move when the body part containing the
somatosensory field is moved. Thus, if the somatosensory field is on the arm and
the arm is moved to the left, then the visual receptive field also moves to the left.
Cells with this type of receptive field are also found in the parietal cortex (area 7b),
which projects to area 6, in area 6 itself, and in the putamen, which receives input
from area 6 (Graziano & Gross 1993, 1994 a,b). ‘These cells appear to measure the
location of the stimulus with respect to the arm. This type of arm-centred coordinate
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Figure 3.4 Homunculus of the human motor cortex.

system would be useful for hand-eye coordination, such as guiding the arm toward
or away from visual targets … Ventral premotor cortex … the putamen … [and] area
7b … appear to form a system for the coding of near extrapersonal space and for
guidance of movement in that space’ (Graziano et al., 1994, p. 1056). While cells in
this system can be categorized as having bimodal somatosensory-visual perceptual
fields, functionally they must be seen as providing the basis for specific planned
movements (thus blurring the distinction between perception and action, or at least
requiring that motor programs be phrased in terms of goals rather than responses.
Compared to the primary motor area, at least one critical aspect of the functions of
the supplementary motor area is a greater involvement in motor output in memoryguided tasks (Tanji, 1994), including saccadic eye movements (Anderson et al.,
1994). Similarly, the supplementary eye fields show more mnemonic activity than
do the frontal eye fields (Chen & Wise, 1995), although even the latter show clear
learned target selectivity (Bichot et al., 1996).
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Adjacent lies area 8, which is strongly associated with the frontal eye fields.
Again, area 8 can be viewed to some extent as a strip parallel to area 6 and
projecting to it. Stimulation of this area can produce eye movement, and it appears
to be involved in the conscious as opposed to reflexive control of eye movements. It
should be stressed that control of eye movements implies the control of the center of
gaze and therefore control of what aspects of the visual world can be attended to.
Thus, in the same way that area 6 can be viewed as encoding the aspects of current
visual space, which are necessary for the planning of specific movements, (they can
also be encoded in area 4), area 8 can be viewed as encoding the direction of gaze,
which will be necessary in advance of any somatosensory-visual analysis by area 6.
It is now thought that:
a)

First, the eye field as described using unit recording and electrical
stimulation in behaving monkeys trained to fixate visual targets is
much larger than the 4 mm2 area originally described.

b)

Second, the eye field and forelimb field share a similar neural space
within

the

dorsomedial

frontal

cortex

(DMFC);

thus

the

electrophysiological studies that have been conducted on visually
guided and sensory-triggered forelimb movements must be reevaluated, since none of these studies controlled eye movement and
eye position independently.
c)

Third, a topographic map representing eye position in orbit has been
discovered in the DMFC; it is proposed that this topographic map
records the order of positions of the eyes and forelimbs during the
acquisition of visually guided movement processes (Tehovnik, 1995;
Lee & Tehovnik, 1995).

Recently, it has been shown that cells in the frontal eye fields respond to the
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requirement to attend to a visual stimulus even when eye movement is not in fact
required (Kodaka et al., 1997). Similarly, stimulation or area 8 b can produce ear as
well as eye movements implying that the ‘frontal eye fields’ have a much more
general, attentional function (Bon & Lucchetti, 1994). So, when focusing on ever
higher levels of the frontal cortex, motor control in area 4 is observed first, then premotor control (the preplanning of movement) in area 6, then pre-pre-motor control
in the shape of the directing of attention (i.e. target detection rather than orienting
or vigilance; Jackson et al., 1994) in area 8. Next, in the prefrontal cortex proper in
the case of area 46 can be viewed as a strip parallel to area 8 and projecting to it (as
well as to area 6). By inference from the transitions between areas 4-6-8, one would
expect area 46 to be involved in pre-pre-pre-motor control or pre-attention, and in a
sense it is. Indeed, there are many ways, in which frontal cortex as a whole can be
viewed as being an attentional control system (Knight et al., 1995; see Ishiai et al.,
1994, for evidence that frontal neglect is attentional rather than hypokinetic). But,
in the same way that it was simplest to label ‘pre-pre-motor control’ as ‘attention’, it
is better to label ‘pre-pre-attention’ and the like with different cognitive function
labels.

Considerable recent work has implicated prefrontal cortex in general (e.g.

Pascual-Leone & Hallett, 1998), and area 46 in particular, in the control of working
memory.
3.1.3 The frontal cortex and working memory
A particularly accessible review of the role of the prefrontal cortex in working
memory (Baddeley, 1986) is presented by Goldman-Rakic (1992) (Goldman-Rakic
1995b; Petrides 1989, 1994). Her conclusions can be summarized as follows:
In is the view of Goldman-Rakic that at least some part of the prefrontal cortex is the
neural substrate of working memory.

Working memory complements associative

memory by providing for the short-term activation and storage of symbolic
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information, as well as by permitting the manipulation of that information … Working
memory in humans is considered fundamental to language comprehension, to
learning and to reason (Goldman-Rakic 1992). Working memory is presumed to be
most extensive in human beings, but to be present also in other species. It is to
subserve this function that the prefrontal cortex receives the direct projections from
many primary and secondary perceptual areas already described, but it is in these
latter areas that perception and long-term memory reside.

Goldman-Rakic also

suggests that ‘the prefrontal cortex is divided into multiple memory domains, each
specialized for encoding a different kind of information, such as the location of
objects, the features of objects (color, size, shape) and, additionally, in humans,
semantic and mathematical knowledge’ (Goldman-Rakic 1992, p. 77; see GoldmanRakic 1995b, pp. 482-23).

While the anatomy (Schoenbaum and Eichenbaum,

1995; Sawaguchi, 1996) suggests that there are discrete patches for different types
of sensory information within the working memory part of prefrontal cortex, these
are most likely situated relatively close together, and even complex semantic
information appears to be dealt with in much the same general areas (45,46,47,10)
as other types of information (Kapur et al., 1994). Major divisions between frontal
cortical areas may then reflect, not the sensory modality or even complexity of
information, but rather its attributes (Dias et al., 1996; Kesner et al. 1996; see
McCarthy et al., 1996, for some suggestive evidence from human beings).
‘Working memory’ may seem to be just another type of memory — by implication a
very perceptual or cognitive function.

However, the fact that working memory is

required, by definition, during the performance of tasks means that the main effect
of activity in the working memory portion of the prefrontal cortex is to alter the
operation of the motor system. Goldman-Rakic emphasizes that projections exist to
other areas beyond the cortex, including to the caudate nucleus and putamen (which
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regulates a variety of motor activities) and the superior colliculus (which specifically
processes visual motor functions) (Goldman-Rakic 1992). In this context it should
be noted that, while ‘prefrontostriatal and prefrontothalamic connections in rhesus
monkeys have been shown to be organized in a topographic manner and arise from
similar topographic regions, their laminar origins are distinctive and originate from
separate neuronal populations.

The differential laminar distribution of neurons

projecting to the head of the caudate nucleus and the mediodorsal nucleus suggest
that these structures may receive independent types of information from the
prefrontal cortex (Yeterian & Pandya, 1994). For instance, output from area 46 to
the basal ganglia matches the output from area 6, while the output to the superior
colliculus matches the output from the frontal eye fields.

As an example of

prefrontal operation involving the superior colliculus, consider the following
experiment described by Goldman-Rakic (1992). A monkey is trained to perform the
following delayed response task. First, a target appears at a particular position on a
computer screen while the monkey fixates the center of the screen. Next, the target
disappears and still the monkey must fixate the center of the screen. Finally, at the
end of the delay, the monkey must move its eye to fixate the point on the screen, at
which the target originally appeared. During this delay pyramidal neurons in layer V
of the prefrontal cortex fire throughout the delay period and further increase their
rate when the eye movement must be made. These changes in rate produce, or at
least contribute to, the various increases and decreases in rate in the pathway from
the prefrontal cortex through the striatum and then the substantia nigra to the
superior colliculus, which finally elicits the eye movement.

Feedback from the

substantia nigra, via the mediodorsal thalamus to the prefrontal cortex, indicates
completion of the motor response and signals the prefrontal neuron to return to a
baseline level of activity (Goldman-Rakic, 1992).
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Goldman-Rakic (1992, p. 78) also points out that ‘the prefrontal cortex probably
cannot independently trigger motor responses. Nevertheless, it may regulate motor
behavior by initiating, programming, facilitating and canceling commands to brain
structures that are more immediately involved in direct muscular movement.
It has been previously emphasized (McNaughton, 1989) that the strong relation
between the ethological idea of innate releasing mechanisms and the idea that
inhibition of inhibition (disinhibition) is a fundamental motor control mechanism
(Roberts, 1984 a,b). This leads naturally to the idea of a ‘state-dependent reflex’
(Goddard, personal communication, 2001). That is a conventional reflex, or higher
order motor program, which is normally checked by inhibition and which is released
by disinhibition when a particular state occurs, provided also that an adequate
stimulus is present. An important feature of such organization is the high degree of
conditionality, which is possible, since disinhibition permits a program to control
behavior, but does not compel it to do so.

Hence, disinhibition will not result in

motor output if the disinhibited node is neither intrinsically nor extrinsically
activated. Similarly, two separate inputs may inhibit the same node. Here the node
will not be fully disinhibited until both of two quite separate conditions are
concurrently met.
The motor circuit described previously has just such a disinhibitory organization
(Carpenter, 1994). It seems likely, therefore, that the firing of the prefrontal neuron
disinhibits a specific small pool of nigral neurons, coding for the correct position of
the target. However, during the delay there is no observable effect on the nigra as it
is being inhibited from elsewhere.

Finally, the cure for the end of the interval

disinhibits (or excites) the nigral cells also, with the resultant motor cascade
producing the appropriate eye movement.
Here, the neural facts seem to remain indistinguishable between working memory
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Source: Dept. of Psychology, Carnegie Mellon
University, Dept. of Psychiatry, University of
Pittsburgh
Figure 3.5 Active brain areas during word task.
Certain frontal and parietal brain areas (white spots) stay active when
subjects hold a series of letters in working memory. Functional MRI data is
embedded in a structural MRI model (shown in blue and yellow).

and motor command. Certainly, the prefrontal neurons fire during the delay code for
position.

In that sense they perform the ‘cognitive’ function of working memory

(Figure 3.5), the neurons that code for the end of the interval are, in this same
sense, purely sensory. The ultimate precise motor command, then, resides in the
conjoint activity of these two types of neurons and, of the two, the prefrontal delay
neurons have probably a much better claim to be the ones defining and controlling
the appropriate action than the neurons, which initiate the action. The prefrontal
cortex, on this view, sets the goal while other inputs determine the actual timing of
the goal-directed action. In this sense the function of area 46 can be seen
as being essentially similar to that of area 8 and area 6 — but with each of areas 6,
8, and 46, respectively, removed further from area 4, both, in logical space and in
time before the planned action. It also appears that the prefrontal region is required
particularly with large stimulus sets (Petrides, 1995).
In this view, a specific pattern of activity in area 46 of the prefrontal cortex provides
at one and the same time both working memory and motor command — and should
not be thought of as unconditionally triggering motor responses. Equally, sufficient
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excitation of motor centers by some other input could clearly generate identical
motor output while bypassing the prefrontal cortex entirely.
Thus, while fully accepting the importance of the prefrontal cortex (particularly in the
region of the principal sulcus) for working memory, this nominally mnemonic
function can also be viewed as part and parcel of the control of specific motor
performances. This is entirely consistent with the ‘alternative’ view of frontal cortical
function, with which the working memory was initially contrasted — that of motor
control.

It is also consistent with the fact that ‘pure’ short-term memory in the

perceptual sense appears to be more a function of the posterior than the prefrontal
cortex (General Discussion in Philosophical Transaction of the Royal society of
London, Series B, 1996, 351, 1481-2).
Furthermore, the ventrolateral frontal cortical area, including the sulcus principalis of
the dorsolateral frontal cortex, are the initial recipients of information from posterior
association areas and are the locus of the initial interaction of executive processing
with short-term memory for modality-specific and multimodal information. However,
the dorsolateral frontal cortex that lies above the principal sulcus, constitutes a
second-level interaction with short-term memory when planning and organization —
that is, monitoring within working memory — are required (Petrides, 1994, 1996;
Goldman-Rakic, 1995a, 1996; Baddeley, 1986; Robbins, 1996). Thus, dorsolateral
prefrontal cortex also appears to be involved in implicit procedural learning (PascualLeone et al., 1996).
A second point, which considers the role of the septo-hippocampal system in
memory, is that the memory component of ‘working memory’ may be equally
distributed. That is, the firing of cells in the principal sulcus region may well act to
maintain information in working memory, but it is likely, given the multiple reciprocal
connections between prefrontal and sensory cortices, that the specific memory, so
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maintained, is supplied by the specific pattern of activity in the relevant sensory
cortex. In this sense, working memory, as a psychological function, would simply be
a form of directed attention. In the same way, then, that area 8 (in particular the
frontal eye fields) can maintain actual or ‘attentional’ (Kodaka et al., 1997) gaze on a
specific object in the visual field holding it in the real eye — area 46 can maintain
gaze on a specific object in the visual memory field holding it in the ‘mind’s eye’.
The mechanism for this would be recursive refreshing (similar to verbal rehearsal) of
the activity in sensory areas by input from the prefrontal cortex. Consistent with
this, many studies have provided evidence that the delay-period activity recorded in
inferotemporal cells during memory tasks may reflect afferent input from the
prefrontal areas (Goldman-Rakic, 1995b). It should be noted that while it is often
easiest to think of working memory tasks in visual terms, one can assume that
virtually all sensory systems are represented in the same way; for example, there is
evidence of impairment in haptic delayed matching-to-sample with prefrontal
dysfunction (Shindy et al., 1994).
3.1.4 The prefrontal cortex and cognition
Even (or perhaps particularly) in relation to its working memory functions, the
prefrontal cortex can be viewed as the highest level of the motor system. As one
moves from area 46 to, for example, area 10, then 14, then 25, it seems likely to
encounter ever more anticipatory levels of the goal-oriented system. Thus, in the
same way as, in the previous section, the ‘working memory’ as a form of ‘preattention’ to a goal, which must not yet be responded to, the various activities of the
deeper levels of the prefrontal cortex can be regarded as pre-working memory, prepre-working memory, and so on.

Here, the psychological vocabulary becomes

insufficient because of the complexity of function, however it is not unreasonable to
lump all of the different processes into the broad term ‘anticipation’ and to dignify
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the result with the term ‘plan’ (Miller et al., 1960).
Moving away from the primary motor areas, progressively higher levels of the motor
system are encountered. These areas receive their input from progressively higher
levels of the unimodal sensory cortices.

Area 8 receives its input largely from

primary sensory association cortex, while area 14 receives its input primarily from
tertiary sensory association cortex. Furthermore, in the higher levels of the system
the convergence of unimodal inputs to produce multimodal fields is even greater.
This suggests a general hierarchical organization for the entire system.

Direct

primary sensory to primary motor links produce immediate, relatively simple
responses.

Next there is the area surrounding the principal sulcus, which it is

normally categorized as dealing with ‘working memory’. In essence, this detects the
requirements of the simple delay task and substitutes a more conditional, delayed
response for the more immediate (in this case incorrect) response, which would
otherwise have occurred.

The deeper levels of the system code for yet more

complex, conditional or delayed, goals (superseding the coding of a simple delayed
goal), and this function is based on their input from the higher levels of the sensory
systems. In all of this, the neural coding in the frontal cortex must be regarded as
representing, simultaneously, both predictions about forthcoming events and the
generation of the programs (‘plans’), which will result in appropriate responding to
those events.
In order to produce these predictions/plans/goals, the dorsal and ventral trends
provide, respectively, the ‘where’ and the ‘what’ information required to cope with
events.

The heavy reciprocal interconnections of one level of one trend with the

equivalent level of the next trend (e.g. dorsal area 8 with ventral area 8, or orbital
area 12 with mesial area 9) are necessary because, especially in terms of
formulating a motor program, ‘what’ and ‘where’ are closely related.
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Thus, the

dorsal and ventral systems should not be viewed as operating independently, and
over half of the cells in some prefrontal areas may code both (Rao et al. 1997).
•

For example, when this type of dorsa/ventral scheme was applied to the,
inherently simpler, visual system by Ungerleider and Mishkin (1995), it
was sometimes simplified to the point of caricature by others and
therefore several caveats should be kept in mind, most of which were
explicit or implicit in their original or subsequent formulations.

•

First both the dorsal and ventral systems are interconnected along their
entire course and must continually interact (i.e. be ‘bound’ to each other
just as objects are to their locations).

•

Second, each is undoubtedly subdivided. For example, there is evidence
for two streams within the dorsal system, one specialized for space and
proceeding to posterior parietal cortex and one specialized for analysis of
stimulus movement.

•

Third, even within a stream or substream, the processing is probably
parallel as well as serial. (Gross, 1994).

Therefore, both the complexity and the order within the frontal cortex may well be a
simple reflection of the organization of each of the sensory systems, which project to
it, coupled with the requirement for both separation and overlap of the input from
the different sensory modalities to frontal areas.
Considering its intricate interconnections, the main function of the prefrontal cortex
is to maintain what could loosely be called attention (e.g. gaze directed at a point in
visual space by area 8, working memory directed at a pointing, for example, visual
cortex by area 46); and this, at the higher levels of abstraction, is a matter of
maintaining information about current goals and plans.

However, it should be

emphasized that this area operates in parallel with other brain systems (such as the
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visual cortex—amygdala system), which can control behavior when the contingencies
are simple.

Thus, as emphasized by Petrides (1991, pp. 269-70), ‘patients with

frontal cortical excisions exhibit severe impairments in the performance of
conditional associative tasks.

These patients can learn and perform without any

difficulty the various responses [used in these tasks] and can readily discriminate
between the different stimuli that are used as cues for the production of these
responses. They are, however, severely impaired when they have to retrieve from
the set of alternative responses those that must be performed in the presence of
various cues.

Furthermore, these patients have well-documented difficulties in

decision-making and problem-solving in real-world, open-ended situations, often
despite average or even excellent performance on neuropsychological test batteries
(Eslinger and Damasio, 1985; Goldstein et al., 1993; Shallice and Burgess, 1991;
Stuss and Benson, 1986). It is becoming increasingly clear that neuropsychological
test batteries are failing to capture some crucial aspects of cognitive and social
functioning in the world (Bechara et al., 1994; Shallice and Burgess, 1991). There
are a range of opinions and intuitions as to the correct characterization of what is
missing from neuropsychological tests, and the implications of this for a theory of
frontal lobe functions (Damasio, 1994; Goldman-Rakic, 1987; Grafman, 1989;
Levine et al., 1998; Shallice, 1988; Shallice and Burgess, 1996; Sirigu et al., 1995).
In sum, the main functions of the frontal lobe are the anticipatory/avoidance
tendencies.
As noted by Petrides (1989, p. 86) ‘the specialized contributions of different regions
of the lateral frontal cortex to learning and memory must not be viewed in isolation
from its more general role in the organization of complex behavior. The capacity to
monitor the performance of a series of events is probably an essential component of
a neural system, which contributes significantly to the development of plans of action
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and to the execution of such plans.’ Indeed, we can suggest that the various types
of working memory are not primarily information-holding devices but rather highly
anticipatory response programming devices albeit ones that are coding responses in
terms of ‘goals’ rather than patterns of muscular movement.
When monkeys were trained on a delayed sequential reaching task, two main types
of delay neurons were found. There were those, which coded a goal position on all
trials, and those, which coded goal position only when that goal was the first in
sequence (Funahashi et al., 1993). If we assume that the second type of cell has
priority in accessing response releasing mechanisms, we can see that the response
sequence is effectively held in memory by the fact that ‘first goal’ cells will control
behavior initially (since they have priority) and, once that goal is reached, they will
become silent and thus allow the cells coding the second location to take over. Thus,
for both the first and second goals, there is delay activity bridging the necessary
intervals, and the specific order of goals is coded by the lack of delay activity in cells
that would code (in a different version of the task) with high priority for what is in
this case the second goal. This proposition does not fit with the coding suggested in
the computer model of Guigon et al. (1995), but it may be more neurally realistic.
Recording from several neurons concurrently also suggests that networks of neurons
make ‘transitions among distinct states that may reflect discrete steps in the
monkey’s mental processes’ (Seidemann et al., 1996, p. 752), which are not obvious
from simple post-stimulus time histograms of the activity of any individual cell.
3.1.5 The prefrontal cortex, inhibition, and emotion
The orbitofrontal cortex, in contrast to the motor and premotor area, must be viewed
as being generally inhibitory of action tendencies. After removal of the prefrontal
cortex, monkeys can learn to make a response but suffer not only from the loss of
conditional discrimination described by Petrides (1989) but also from a failure of
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behavioral inhibition similar to that seen in septo-hippocampal-lesioned animals. It
is possible, however, that this is the result of the loss of ‘somatic markers’ which
would secondarily result in inhibition rather than a loss of inhibition per se (Damasio,
1999).

It has also been suggested that the difference between dorsolateral and

orbital cortex is that the former is involved in inhibitory attentional control and the
latter in inhibitory affective control (Dias et al., 1997)
The similarity in the effect of orbitofrontal lesions in monkeys to septo-hippocampal
lesions in rats extends to increased resistance to extinction (butter 1969), impaired
reversal learning (McEnaney & Butter 1969; Deuel & Mishkin 1977), and impaired
single alternation (Iversen and Mishkin 1970; Butters et al., 1973), although these
deficits do not all follow from the same lesions within the general orbitofrontal area
(Rosenkilde, 1979). Lesion of the rat homologue of prefrontal cortex has also been
reported to reduce the response suppressant effects of punishment (Lipska et al.
1998). A final parallel which may be significant is that the hippocampal formation,
like the orbital frontal cortex, projects to the dorsolateral frontal cortex. The orbital
frontal cortex appears to be distinct from the hippocampus in not affecting
conditioned inhibition of fear-potentiated startle or the extinction of freezing (Gewirtz
et al., 1997).
Lhermitte (1998) recently made use of a less structured setting than is customarily
used for neuropsychological assessment in order to show that patients with inferior
prefrontal lesions display a remarkable tendency to imitate the examiner’s gestures
and behaviors even when no instructions have been given to do so and even when
thin imitation entails considerable personal embarrassment. Furthermore, the mere
sight of an object may elicit the compulsion to use it, although the patient has not
been asked to do so and the context is inappropriate.

Likewise a certain setting

elicits stereotyped responses that fit the setting but ignore the incongruity of the
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context. Lhermitte suggests that these behaviors stem from an excessive control of
behavior by external stimuli at the expense of behavior autonomy.

Perhaps this

means that the prefrontal cortex underlies function that are much less ‘hard-wired’
than other areas, and that it acts predominantly as an orchestrator for integrating
other cortical areas and for calling up behavior programs that are appropriate for
context (Mesulam, 1986).

In monkeys there appears to be an especially close

involvement with emotional behavior in the orbitofrontal cortex that is the segments
which Rosenkilde (1979) terms the inferior prefrontal convexity and the medial
orbital cortex. Stimulation of the medial orbital cortex produces a variety of changes
in vegetative and autonomic responses, including slowing or arrest of respiration,
changes in blood pressure, inhibition of peristalsis, pupillary dilation, salivation,
changes in body temperature, increased plasma cortisol, and decreased levels of
circulating eosinophils (Rosenkilde, 1979). These changes are generally consistent
with a stress reaction. In humans, ventromedial prefrontal damage does not affect
autonomic responses to penalties and rewards but does block anticipatory autonomic
responses during response selection (Bechara et al., 1996).
Both the therapeutic effects of prefrontal lesions on anxiety in human beings and the
loss of behavioral inhibition in monkeys with orbitofrontal lesions are consistent with
an involvement not only in stress but more particularly in anxiety. The specificity to
anxiety is sharpened by the fact that prefrontal cortex lesions increase the response
to fear when this is engendered by a doll, a model snake, a human stare (Butter et
al., 1968, 1970; Butter & Snyder 1972), or even by another monkey (Deets et al.,
1970). As can be deduced from their respective functional requirements, anxiety
and fear often involve opposite reactions.

Hence, the orbital prefrontal cortex is

firmly linked with anxiety in it responds to potential threat in the context of conflict
rather than few or panic or defensive reactions in general.
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The antagonism between potential and present threat present in the animal data
appears to be reflected also in the human data. Thus, there are cases of intractable
pain, which appear to be helped by prefrontal lesions. Patients treated in this way
report that the pain of which they formerly complained is still present, but no longer
bothers them. At the same time, the threshold for detection of externally imposed
pain is actually lowered (Chapman et al. 1948). The same may be true of cingulate
cortex lesions (Vogt, 1985). In contrast to cingulate lesions (Powell, 1979) and to
hippocampal lesions, one of the major side-effects seen after prefrontal leucotomy is
apathy and inertia. However, this may be particularly associated with the mesial and
dorsolateral areas rather than the orbitofrontal. Given its close anatomical relation
to the ‘pure’ motor areas, this suggests that the dorsal trend in the prefrontal cortex
takes an active part in the initiation of motor programs. In this context, it should be
noted that the main cortical area which is activated during human orgasm is area 10,
which is largely dorsolateral (Tiihonen et al. 1994). And the lateral prefrontal cortex
appears to influence cardiovascular function by a direct input to the posterolateral
hypothalamus, which in turn projects to the rostral ventrolateral medulla (Hardy,
1994). The inputs from the homologous areas of the ventral trend, which we have
already mentioned, could well have a net inhibitory effect on such initiation. Thus,
hippocampal formation, posterior cingulate, and the ventral trend of the frontal
cortex could all maintain inhibitory control of the dorsal trend of the frontal cortex.
As noted earlier, the location of frontal lesions is difficult to relate simply to the
anatomical subdivisions. However, taken together, the effects of these lesions are
consistent with the view that progressively higher levels of the frontal cortex contain
progressively more anticipatory motor systems which are of two basic types.
The ventral/lateral trend of the frontal cortex (following on from the ‘what’ analysis
carried out by the ventral sensory trends to which it is connected): controls action
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that is environmentally based (i.e. data driven). It is normally used when action
must be generated in a ‘responsive’ mode rather than a predictive one.

In this

operational mode, action follows directly in response to external information
indicating, or ‘triggering,’ the action.

This control mode would normally be used

when (1) there is no inherent temporal structure in the sensory information which
would allow predictive control to be utilized, or (2) the situation in which action is
occurring takes place in a novel context and/or there is no prior knowledge available
that would permit predictive control. This lateral system must be involved in the
registration, recognition, and assignment of affective value to an external stimulus,
which then triggers a responsive, environmentally driven action. (Goldberg, 1987)
The ventral trend also has major links with the cerebellum rather than the basal
ganglia, has its evolutionary origin in the olfactory cortex rather than the
hippocampus; and has insular rather than cingulate pro-isocortex.
The dorsal/medial trend (following on from the ‘where’ analysis of the dorsal sensory
trends with which it is connected), is probably significantly more developed in human
than in primate brain and is used to control action when temporal structure is
present and memory (i.e. some form of internal model) can be used in conjunction
with the selective perception of such temporally ordered information to allow
prospective control of behavior the organism is engaged in a continual process of
actively extracting consistent temporal structure from its interactions with the
environment. This information is, in turn, used to synthesize a ‘model of the future,’
which, through the operation of the putative medial frontal pre-motor system,
supports the capacity to prospectively control behavior and successfully achieve
desired outcomes (Goldberg, 1987).
The dorsal trend is also memory driven, prospective, intentional, and anticipatory.
As emphasized by Goldberg, these functions are linked to the hippocampal origins of
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this trend.

This link reflects two facts:

(1) the proisocortical component of the

dorsal trend can be viewed as being essentially cingulate cortex (though area 25 is
normally treated as being prefrontal proisocortex and as distinct from cingulate
cortex proper); and (2) its subcortical projections are to the basal ganglia.

The

functions of the dorsal trend are not only anticipatory but, according to Goldberg,
largely designed to produce withdrawal behavior by the inhibition of approach
tendencies organized by the parietal cortex.

Thus, frontal and parietal cortical

interactions may maintain a balance between approach and avoidance.
the inhibition may be more complex than this.

However,

In rats, at least, lesions of the

prelimbic cortex (which may have encroached on anterior cingulate areas) increase
fear reactivity during conditioning of a few response in contrast to the loss of
avoidance usually seen with cingulate lesions. ‘One possible scenario is that, while
the amygdala determines the emotional significance of threatening stimuli, medial
prefrontal cortex uses this information to monitor and give feedback about the
internal state of the animal and to update appropriate response outputs dependent
on this internal state. Without the internal feedback as to the level of threat posed
by the stimulus at any given time, the animal might, for adaptive purposes, remain
in the defensive response state longer than necessary’ (Morgan and Le Doux 1996,
p. 687).
As a result, prefrontal lesions could promote not only an excessive approach to the
environment, but perhaps also an excessive distance from the intrapsychic processes
necessary for insight, foresight and abstraction. In contrast, lesions of the parietal
network could promote an avoidance of the extrapersonal world and perhaps an
excessive reliance on intrapsychic data, even when those are in conflict with external
reality’ (Mesulam 1986, cited by Goldberg 1987, p. 287). It is likely in the same way
that the operation of working memory is an analogue in the memory domain to the
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operations of gaze control in the visual domain (or to ‘attention’ in any of the
sensory domains), ‘insight, foresight, and abstraction’ are related analogues at
higher levels of abstraction. Thus, the changes observed would not simply be a shift
in an approach-avoidance dimension but rather, as demonstrated in the fearconditioning case, a general loss of anticipatory mechanisms, which would give the
appearance of an approach-avoidance shift only in some tasks.
It might be though that reviewing the ‘what’ and ‘where’ systems, one would
have all the ingredients required to formulate a plan of action.

However, we the

‘why’ system is still missing — the critical affective component which determines
many of the plans from mice to men. While it is true that the thalamic inputs to the
ventral trend in prefrontal cortex carry some information relayed from the
hypothalamus, this is relatively modest and discretely organized. By contrast, the
thalamic input to cingulate cortex is predominantly of hypothalamic origin and this
hypothalamic information is distributed widely in the cingulate cortex. The cingulate,
in turn, projects not only to the higher (i.e. less laminated and less myelinated)
levels of the ventral trend (where it overlaps with hypothalamic input relayed by the
thalamus), but also to all levels of the dorsal trend. Therefore, it can be argued that
the cingulate cortex can be viewed as an approximately parallel system, which
supplies the missing ‘why’ to the ‘where’ and ‘what’ of the parallel dorsal and ventral
trends in the prefrontal cortex.
3.2 The cingulate cortex (CC)
It

has

long

been

known

that

cingulate

cortex

(CC)

is

cytoarchitecturally

heterogeneous, that anterior and posterior cingulate cortices (ACC, PCC respectively)
have differing thalamic and cortical connections, and that ACC is equally connected
with the amygdala whereas posterior CC is not. These observations have led several
authors (Vogt et al, 1979; Baleydier and Mauguiere, 1980) to propose a functional
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dichotomy between anterior and posterior cingulate cortices (Figure 3.6).
The CC, together with the hypothalamus and hippocampus, was proposed by Papez
as a neural basis for affect (Papez 1937). It is traditionally viewed as one of the
principal limbic structures because it is a major component of Broca’s “grand limbic
lobe.”

It also has a prominent place in Papez’s conception of circuitry critical for

emotional experiences, and it is pivotal to MacLean’s view of the limbic system and
its contributions for family and social interactions (MacLean, 1989, 1993).

In

addition,
the CC plays a major role in Damasio’s view of emotional requirements of core
consciousness because it is conceptualized as on of the main second-order structures
capable of exerting an influence on first-order maps, so that enhancement and
coherence of object images can occur (Damasio, 1999). It receives major input from
the mammillary bodies of the hypothalamus via the anterior thalamic nuclei and so
‘may be looked on as the receptive region for the experiencing of emotion as a result
of impulses coming from the hypothalamic region, in the same way as the area
striata is considered the receptive cortex for photic excitations coming from the
retina’ (Arnold 1968). Given the input from the anterior thalamus, the CC should be
viewed as being more similar to the frontal than the simple sensory receptive cortex,
since major input from the anterior and mediodorsal thalamus is one of the features
which conventionally distinguishes the frontal cortex from the parietal cortex. The
CC can, in particular, be related to the ventral trend of the prefrontal cortex to which
the thalamus relays hypothalamic information.
The anatomical limbic system however consists of diverse components that
contribute not only to emotional but also to nonemotional behaviors.

The

hippocampus, for instance, which has relatively simple cytoarchitectural organization
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Figure 3.6 Anatomy and functions of the Cingulate Cortex.

(Source: J. Beatty, Principles of Behavioral Neuroscience; Brown Press:1996)
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and is an integral part of the anatomical limbic system, subserves primarily
mnemonic and spatial rather than affective functions (Zola-Morgan et al, 1986).
Zola-Morgan et al (1991) in a combined study of emotion and memory found that
lesions

of

the

hippocampus

altered

memory

as

assessed

in

the

delayed

nonmatching-to-sample task, whereas lesions of the amygdala altered emotional
behavior, including responses to objects with affective significance.
A relation to the prefrontal cortex is particularly obvious with anterior aspects of the
cingulate, which are contiguous with motor, premotor, and frontal cortex proper.
Emotional perception has a much tighter relationship to action than perception of the
external world (Damasio, 1999). As a result of this, despite its links with the frontal
and particularly the motor cortex, the cingulate can still be viewed as the receptive
region for the experiencing of emotion.

This view is also consistent with the

contiguity of posterior aspects of the CC to the somatosensory cortex.
As stated previously, the CC should be viewed as consisting of two fundamentally
distinct (but reciprocally connected) sections. The CC posterior to the central sulcus
is related to (but not part of) the posterior cortex (with its thalamic input playing
something of the role of, for example, the geniculate and collicular input to the
striate cortex). The CC anterior to the central sulcus is related to (but no part of)
the frontal (motor/premotor) cortex (with its thalamic input playing an equivalent
part to the anterior and dorsomedial thalamic input to the frontal cortex). However,
the thalamic nuclei, which provide input to the posterior cingulate, include ones
which project to the frontal cortex; and, at least with input from the pain pathways,
the ACC acts as the primary sensory cortex (Rainville et al. 1997). So, both anterior
and posterior cingulate combine, in their different way, features from both frontal
‘action’ systems and posterior ‘perception’ systems. In this sense the CC is quite
distinct from both the frontal and posterior cortex, and together with the septo-
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hippocampal system presents the third major, the mesial division of the cortical
mantle. In this view, the posterior and anterior CC are not differentiated by relations
to the posterior and anterior cortex respectively, but by the division of the mesial
cortex into parallel ‘dorsal’ and ‘ventral’ trends via the frontal and posterior cortex
(Rosen, 1995).
Consequently, while the CC as a whole receives input, relayed by the thalamus, from
the mammillary bodies, and while the posterior cingulate receives direct input from
the lateral hypothalamus and the ventral tegmental area (VTA), there are many
reasons that the cingulate can be treated neither as a homogeneous area nor solely
as primary receiving cortex for hypothalamic information (Vogt 1985).
3.2.1 Anatomy of the cingulate cortex
The least laminated, and the most posterior and ventral, of the divisions of the
cingulate is the peri-allocortex of areas 29a and b (Vogt, 1985). Areas 29a and b lie
alongside the allocortex of the subiculum and receive unidirectional input from it.
Next, and effectively transitional between the peri-allocortex and the pro-isocortex,
are area 29c in the posterior cingulate and area 24a in the anterior cingulate. These
can be viewed, cytoarchitectonically, as a continuous strip parallel to the corpus
callosum. Furthermore, there is the pro-isocortex of areas 29d (posterior) and 24b
(frontal) and finally, in monkeys but probably not rats, there lies the true isocortex of
area 23 (posterior). Area 24a and area 24b are normally treated as one unit since
the literature refers simply to area 24.

However, if there is parallelism with the

organization of the frontal cortex, then area 24a projects more diffusely and to less
laminated areas of the frontal cortex compared to area 24b.

The information

received by areas 24a and 24b differs at least in respect to their inputs from areas
29a-c and 29d, respectively—which in turn differ in that areas 29a—c receive input
from the subiculum, whereas areas 29d does not. Since there is a high degree of
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differentiation of area 24, this might account for the rather wide spreads of its
afferent connections to the prefrontal cortex (Pandya, 1997).

Some researchers

speculate that the individual architectonic smaller areas of area 24 each have distinct
connections to the prefrontal cortex, which follow the rules for frontal—frontal
connections (Barbas and Pandya 1991) better than does area 24 as a whole.
Since area 24 is reciprocally connected to all of the subdivisions of the posterior CC,
and since areas 23 and 24 have partially overlapping efferents to the defense
system, the anterior and posterior cingulate can be represented as two parallel,
interconnected, related components. As noted above, this parallelism matches that
of the dorsal and ventral trends of the prefrontal cortex. However, unlike the frontal
cortex, the two components of the cingulate are not distinguishable by connections
to the dorsal and ventral trends of the unimodal sensory cortex, respectively.
Rather, any dorsal/ventral distinction is derived by analogy to the functional
differentiation of external sensory information by the classic sensory cortices.
Vogt (1987) argues that area 25 should be classified as cingulate rather than
prefrontal cortex because of its extensive connection with the cingulate, however
recently other researchers have treated area 25 as prefrontal (McCarthy, 1999).
3.2.2 Anterior cingulate cortex [ACC] (Brodmann area 24)
Papez’s ‘sensory’ view of the CC, which takes into account the relationship of the CC
to the hypothalamus and the thalamus, is appropriate if it were the primary
emotional receiving cortex and the hypothalamus were the source of emotional
information (Figure 3.7).
The ACC receives relatively less topographically organized thalamic input than the
posterior cingulate, with input from the anteromedial thalamic nucleus (which it
shares with the posterior cingulate) and from the mediodorsal thalamic nucleus
(which it shares with the prefrontal cortex but not the posterior cingulate). In order
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Figure 3.7 General functions of the ACC.

to best evaluate cingulate function, it is critical to consider that the anterior cingulate
receives direct input from the ‘affective’ (medial, diffuse, non-localized) pain system
and sends direct output to the periaqueductal grey (PAG) and the amygdala. As a
result, stimulation of the anterior cingulate generates a wide variety of autonomic
and somatic responses (affecting blood pressure, heart rate, respiration, pupils,
piloerection, vocalization). Likewise, “behavioral deficits which result from anterior
cingulate cortex ablation may be interpreted in the light of the role of cingulate
cortex in producing affective responses to noxious stimuli. Numerous studies have
shown that ablations of cingulate cortex produced deficiencies in active, shock
avoidance learning without sensory (visual or auditory) or motor deficits and neurons
in area 24 … develop differential responsiveness to positive and negative conditioned
stimuli before neurons in posterior cingulate cortex” (Vogt, 1985; Morgan & Le Doux,
1995).
Similarly, anterior and posterior cingulate cortex can be doubly dissociated, with
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disruption of the anterior cingulate impairing serial reversal learning and classically
conditioned bradycardia but not spatial learning in the water maze, conditional visual
discrimination of passive avoidance, and disruption of the posterior cingulate
impairing spatial learning in the water maze and the later stages of conditional visual
discrimination but not any of the tasks affected by anterior cingulate lesions
(Riekkinen et al. 1995; Bussey et al. 1998).
Therefore, the ACC appears to be the major cortical motor component of the active
defense system for which the amygdala is the major subcortical component. As such
the anterior cingulate-amygdala links can be seen as equivalent to frontal-basal
ganglia links, but dealing with a range of relatively phylogenetically fixed, primary
affective effector programs including skeletal, autonomic, and hormonal systems
(Mason 1975; McNaughton 1989) as opposed to the more flexible motor programs
controlled by the fontal-basal ganglia system.
From this point of view, CC as a whole appears much more like an emotional motor
programming area than simply ‘the receptive region for the experiencing of emotion’
of Papez’s view. First, a large number of the output areas are cortical or subcortical
motor control areas. Second, the pattern of connection with the prefrontal cortex
does not match that of the true sensory cortices: in these, the most laminar sensory
cortex projects to the most laminar areas of the prefrontal cortex, and the least
laminar sensory cortex projects to the least laminar areas of the prefrontal cortex.
Cingulate projections appear to show no such laminar relation and to be much more
widespread (stretching all the way from area 32 through to area 6) even then those
of other frontal areas.

Third, the ACC is continuous with areas 4 and 6, and is

closely connected to them.

Indeed, area 24c (which contains somatotopic motor

maps) might by some be considered to be cingulate cortex.
However, given their different cytoarchitectonic structures, the anterior cingulate
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cannot represent an internal “visceral” extension of the external ‘motor homunculus’
any more than the posterior cingulate could represent the internal visceral extension
of the “somatosensory homunculus”.

Rather, as with the increasing depth of

processing associated with the less laminar areas of the dorsal (where) and ventral
(what) trends in the frontal cortex, it seems likely that the progressive lamination of
the cingulate provides increased depth of processing in relation to “why”. It should
be noted that some types of basic emotional information might not require the same
degree of sophisticated analysis as visual, auditory, and somatosensory data. Pain,
hunger, thirst, and lust are all fairly elemental and probably need no complicated
machinery either to assess their quality or construe their presence from varied
scraps of environmental evidence.

The ACC may best be viewed then as both

primary emotional receiving cortex and primary emotional motor cortex — with no
logical distinction possible between these nominally different functions. The main
function of the ACC in emotional events is “to mix perception with action” (MacKey,
1987).

In order to perceive pain in the affective as opposed to simple sensory

meaning of the word is to generate a motor command to escape it. It’s been shown
that a cingulotomy can alleviate a patient’s affective responses to painful stimuli
without interrupting his or her ability to localize a noxious stimulus (Lesak et al.,
1984).

However, frontal cortex shares many of the pharmacological and

connectional characteristics ascribed to the cingulate cortex, therefore it is not likely
that the cingulate region is the only cortex involved in ‘pain-related’ functions’ (Vogt,
1985).
The cortical connections of area 24 are of particular interest: this region connects
reciprocally and topographically with all of the subareas of the posterior cingulate,
each of which has their own distinctive thalamic input. Area 24 also has extensive
and reciprocal connections with most of the dorsal part (and much of the ventral
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part) of the prefrontal cortex.

Finally, its distinctive thalamic input is from the

anteromedial nucleus (which innervates all of the subdivisions of the posterior
cingulate except area 23) and from the mediodorsal nucleus (which innervates all of
the subdivisions of the prefrontal cortex, but none of the posterior cingulate). Since
the input from the mediodorsal nucleus to the prefrontal cortex is topographically
organized with respect to architectonic subdivisions, it seems likely that there is
similar, if not identical, topographic organization of its input to area 24, but this has
not yet been demonstrated to date (Hannah, 2001).

In this view, the same

information is likely sent to the prefrontal cortex from the mediodorsal thalamus
both directly and via matching topographic subfields of area 24. Area 24 may also
receive information from most of the subdivisions of the posterior cingulate (areas
29a—d, 23) each with its distinct thalamic, sensory cortical, and temporal influences,
as well as from the anteromedial nucleus of the thalamus both directly and via the
different subdivisions of the posterior cingulate.
By analogy with the frontal cortex, the anterior cingulate parallels the ventral trend
of the prefrontal cortex in being ‘responsive’ rather than “anticipatory” with
connections to many levels of the dorsal trend of the prefrontal cortex, and in
dealing with the “what” (e.g. a non-localized pain signal) rather than the “where” of
things. It may be no accident that it is relatively smaller than the posterior cingulate
in the same way as the ventral trend in the frontal cortex is relatively smaller than
the dorsal (Vogt, 1986). The extensive reciprocal connections of the cingulate with
the prefrontal cortex and the connections of the cingulate with the motor cortex are
accounted for by the necessity to coordinate the control of behavior by two separate
areas which control motor programs: a cingulate area (more affectively dominated
and concerned with more innate motor plans) and a frontal area (more cognitively
dominated and concerned with less innate and more flexible motor plans).
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Area 24 also has major reciprocated input from the entorhinal cortex, peri-rhinal
cortex, parahippocampal cortex, and prosubiculum (Arikuni et al. 1994) (implications
in early AD). Both, the anterior and posterior cingulate receive fairly similar thalamic
input and both send fairly similar direct output to the defense system. They differ in
that the anterior cingulate is the primary target of the ‘affective’ pain system, while
the posterior cingulate is the primary target of posterior cortical input much of which
is very highly processed. Despite their reciprocal interconnections, stimulation of the
posterior cingulate produces none of the autonomic reactions of the anterior
cingulate and must, therefore, be presumed to be largely inhibitory (Kentar, 1997).
Functionally, the ACC (“executive region”) is heavily involved in control of executive
functions, emotion, pain, maternal behavior, visceromotor functions, skeletomotor
functions, and attention to action (Vogt et al, 1992).

In regards to attention, in

studies that employ Positron Emission Tomography (PET), it has been demonstrated
that ACC exhibits differentially high metabolic activity in subjects performing
cognitively demanding stimulus-response tasks (Petersen et al, 1998).

Cognitive

processes such as attention may occur without concurrent motor activities and are
clearly separable from emotion.

If cognitive processes are to be converted into

behavior, however, it is difficult to conceive of them as independent of motivation.
For instance, there is a strong motivational component in any activity involving
highly focused attention or difficult discriminations.

ACC may provide a meeting

place for interactions between cognitive and motivational processes, particularly in
relation to the generation of motor output.

Functions served by ACC include

visceromotor and skeletomotor control, responses to noxious stimuli, and attention.
3.2.3 Posterior cingulate cortex [PCC] (Brodmann areas 29, 30, 23)
The posterior cingulate, like the ACC, receives major input from the thalamus. The
anteromedial nucleus of the thalamus projects to all of the subdivisions of the
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cingulate (anterior and posterior) except area 23.

However, the other thalamic

nuclei are more localized in their terminations and can be used to differentiate the
subdivisions of the PCC.

The anterodorsal nucleus of the thalamus projects

predominantly to area 29 a/b and the anteroventral nucleus projects to area 29c,
while area 29d receives input from the lateroposterior and laterodorsal nuclei (some
authors suggest it should therefore be classified as ‘anterior thalamus’).

The

projections from the anterodorsal and anteroventral nuclei are topographically
organized with caudal aspects of the nuclei projecting to rostral aspects of the
posterior cingulate and rostral aspects projecting to the caudal cingulate (Van Groen
and Wyss 1995). No report has been found in the literature to show whether or not
area 23 receives thalamic input. On the other hand, area 23 receives input from a
variety of tertiary sensory association cortices in apparent distinction to the other
parts of the posterior cingulate: from auditory association cortex (Yukie 1995) and
from the polymodal parahippocampal cortex. Furthermore, areas 29ab and 29d also
receive input from the primary visual cortex.
Of particular interest is the input from hippocampal regions, which may have
implications in early AD. The parahippocampal isocortex projects to the isocortical
area 23, while the relatively undifferentiated, allocortical subiculum projects to the
relatively undifferentiated peri-allocortical and transitional areas 29a-c.

This

matching of cytoarchitectonics between sending and receiving areas is also seen in
the

connections

between

sensory

cortex

and

frontal

cortex

and

in

the

interconnections of the dorsal and ventral parts of the ACC. The subicular input is of
especial interest because it is one of the few major inputs to the cingulate and
prefrontal cortex which is not reciprocated. This fact poses a further reason to see
the PCC, which receives the subicular input, as distinct from the anterior cingulate,
perhaps responsible for functional linking of the posterior cingulate with the
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hippocampal dysfunction (Rosen and Van Hoesen, 1997).
This organization of the PCC suggests a hierarchical parallel system with a general
flow of information from the parahippocampal area to area 23 of the CC proceeding
at a number of levels of processing.

Considering the fate of the information

originating in the parahippocampal cortex, it can be noted that this information is
sent directly to the most laminated part of the cingulate cortex in general (area 23),
and it is also relayed, after passage through the entire hippocampal formation, to the
least laminated part of the cingulate cortex (area 29a-c).

This model may fit a

general flow of information within the PCC: from relatively undifferentiated and less
myelinated cortex to more differentiated and more myelinated where the slower,
more complex processing (parahippocampal-hippocampal-29-23) ultimately exerts
control over the faster, simpler processing (parahippocampal-23). Similarly as with
the connections of the prefrontal cortex, the ‘lower’ levels, informationally speaking,
have the most differentiated cortex and most myelinated, fastest operating neurons.
In this context, it would be particularly interesting to know the precise connectivity
and main direction of flow of information between the different levels of the PCC.
Furthermore, the PCC also has return projections to the presubiculum, subiculum,
entorhinal, perirhinal, and parahippocampal cortices, which show some signs of a
mapping on the basis of the degree of differentiation of the areas concerned (Wyss &
Van Groen, 1992).
The reviewed data all suggest that the cingulate cortex stands in the same relation
to the hippocampal and parahippocampal areas as the frontal cortex stands to the
unimodal sensory cortices.

Since the hippocampal formation itself has a largely

unidirectional flow of information within it (unlike most connections within with the
frontal or posterior cortex), and since the subiculum (as the main output station of
the hippocampal formation) has a largely unidirectional connection with the PCC, it
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appears that the hippocampal formation and the posterior cingulate are very closely
related (Shibata 1994).

Certainly, the subiculum receives essentially the same

thalamic inputs as does area 29 of the PCC. If one considers the PCC as analogous
to the frontal cortex, then this would argue that the hippocampal formation is
analogous to the unimodal association cortex.

Thus, if the parahippocampal and

peri-rhinal cortices can be viewed as the ‘dorsal’ and ‘ventral’ components,
respectively, of the “primary” polysensory cortex (and hence, like the primary
unimodal cortex, as the most laminated part of the system), then the subicular
allocortex could be viewed as the tertiary polymodal association cortex.
While the subiculum projects directly and unidirectionally to area 29c, it can also
influence are 29c via the anteroventral thalamus (AVT) through both a direct
reciprocal projection to the AVT and a relay to the AVT in the medial mammillary
bodies.

It also projects directly to and influences area 29 a/b via the AMT and a

relay to the AMT from the mammillary bodies.

The subiculum can influence the

remainder of the cingulate as well as some areas of the prefrontal cortex indirectly
via the anteromedial thalamic nucleus to which it projects both directly and via the
medial mammillary bodies.
As previously stated, the dorsolateral prefrontal cortex and the orbital frontal cortex
project to both area 24 (ACC) and, to a lesser extent, area 23 (PCC).

The

dorsolateral prefrontal cortex is also reciprocally connected to the parahippocampal
area (Goldman-Rakic & Friedman, 1991) and can influence information traveling
from the parahippocampal area to area 23 (PCC), not only directly at its origin and
its termination, but also indirectly via its influence on area 24 (ACC) which projects
to area 23. It should be noted that, like the dorsolateral prefrontal cortex’ projection
to the cingulate cortex, the subicular projection to the dorsolateral prefrontal cortex
is unidirectional (Goldman-Rakic et al. 1984).
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Finally, area 24 (ACC) has a specific role in that it provides a “major source of
cortical afferents to the posterior cingulate cortex” (Vogt 1985). Area 24 as a whole
is connected with each of 29ab, 29c, 29d, and 23. However, there is some indication
that these connections may be topographically and architectonically mapped. Thus,
area 24a connects to area 29c, while area 24b connects to area 29d. All of these
connections appear to be reciprocal, as would be expected from the reciprocal
connections between similar architectonic levels of the dorsal and ventral trends in
the prefrontal cortex.

Area 24 (ACC), like areas 29a-d, receives input from the

anteromedial nucleus of the thalamus. It is distinguished from them by receiving
input also from the mediodorsal nucleus of the thalamus.
All of these anatomical data are consistent with the view of the posterior cingulate as
coding the ‘”here” of affectively significant information to match the “what” of the
anterior cingulate (Posner, 1995). However, they leave open the precise significance
of ‘where’ in this context.

Both, its outputs and some recent detailed theoretical

views need to be considered in order to fully understand the functions of the PCC.
In sum, the PCC (also termed as the “evaluative region”) is predominantly involved
in the control of eye movements, vision, somatic functions, spatial orientation, and
memory.

Cingulohippocampal interactions with the posterior cingulate cortex are

involved in memory beyond those underlying spatial orientation (Valenstein et al,
1987).

The empirical evidence, thus, implies that posterior cingulate cortex is

involved in orientation within and interpretation of the environment. The functions of
the posterior cingulate cortex include monitoring of visual events and eye
movements, spatial orientation, and memory. This region appears to be devoid of
functions related to motivation and affect. In contrast, ACC is involved in a variety
of effector functions, many of which posses an emotional dimension.
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3.2.4 Outputs from the cingulate cortices
So far, the cingulate cortex has been discussed as though the flow of information is
solely in one direction: from the thalamus, the temporal cortex, or the frontal cortex
to the cingulate cortex.

However, there are reciprocal connections in virtually all

these cases. The exceptions are the subiculum and anterodorsal thalamus, which
send input to the cingulate, and the postsubiculum, which in turn receives output
from the cingulate cortex. These reciprocal connections have so far purposefully not
been mentioned since they appear to carry feedback, while the other connections
have the general properties of feed-forward links (they terminate in layer I of the
cingulate, are generally heavier, and are more discretely organized) (Arikuni et al.
1994). Thus, there appears to be considerable recursive processing capacity in this
system, but the general flow of information appears to be in the direction described.
The non-feedback outputs of the cingulate cortex are as follows: The rostral portion
of the cingulate gyrus (ACC or area 24) projects to the premotor cortex (areas 8 and
6), the supplementary motor region (MII), and the orbitofrontal cortex (area 12).
The posterior part of the cingulate gyrus (PCC or area 23) projects to the lateral
prefrontal (area 46) and orbitofrontal (area 11) regions. Most of these connections
are reciprocal (Pandya & Barnes 1987). In addition, both areas 23 and 24 (like the
dorsolateral frontal cortex) project to the inferotemporal cortex (area 7).

The

anterior cingulate is connected subcortically to the basolateral amygdala, the
periaqueductal grey (PAG) and pontine grey. The posterior cingulate is connected to
the periaqueductal grey (PAG), the superior colliculus, and crucially for recent
theoretical views, to the caudate nucleus.

These subcortical connections of the

cingulate cortex show a very precise topography of brainstem connections, which
may underlie the visceral and somatic motor functions of the cingulate cortex, as
well as the ability of the cingulate cortex to modulate sensory information of and
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emotional behavior (Wyss and Sripanidkulchai, 1999).
It is also particularly important, as pointed out by Swanson (1978), that access to
the cingulate cortex allows the septo-hippocampal system to influence, albeit
sometimes remove altogether, activity in the striato-thalamo-motor cortical system,
the prefrontal cortex, and the cerebellum as well as, more directly, the cingulatebasal ganglia-thalamus-cingulate loop.

Also, in relation to the ascent of the

hierarchical ‘threat’ system, it is important to stress that the ACC is directly
connected to both the PAG and the amygdala. Thus, the hippocampus receives a
motor input from the amygdala, and can reciprocally affect the amygdala and lower
levels of the threat system via the posterior and thence the anterior cingulate.
However, it is important to note that it is the ACC rather than the hippocampus,
which receives direct pain input. Thus, the hippocampal system must be seen as
being in a position to modulate action, which would otherwise be taken by the ACC.
In drawing parallels between the frontal and the cingulate cortex, it’s been suggested
that the ACC represents the equivalent of the ventral trend in the frontal cortex in
that it is largely responsive and dealing with immediate emotional expression. For
this purpose, it receives direct input from the pain system and has, as one of its
major outputs, the amygdala. Thus the ACC and the amygdala are both involved in
the control of active avoidance behavior, and the ACC can be viewed as an
alternative motor programming area to the ventral trend of the prefrontal cortex: the
cingulate being in control when output needs to go via areas such as the amygdala,
and the ventral trend of the prefrontal cortex being in control when output needs to
go through areas such as the basal ganglia. In this view, the PCC should represent
the equivalent of the dorsal trend in the prefrontal cortex and should, therefore, be
largely memory driven and prospective with an emphasis on the anticipation of
events rather than reaction to them. For this purpose, it receives highly processed
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information that has originated not only in the polymodal cortex but also in the
amygdala, and which has then been further processed by the various layers of the
hippocampal formation (in its guise of polymodal association cortex). The PCC has,
as major outputs, the superior colliculus and the basal ganglia, which may afford it
similar ‘attentional’ and ‘motor’ control to the prefrontal cortex. If the distinction
between the anterior cingulate and the prefrontal cortex is seen as a major
involvement of the ACC in programs or plans of affective nature, then it could be
predicted that the PCC should be involved in anticipatory and motor programs or
plans.
3.2.5 Conclusion
An overview of the data on the prefrontal cortex, cingulate cortex, and the
relationship between them indicates that both areas are hierarchically organized,
with ‘higher’ anatomical layers dealing with higher levels of anticipation of action. If
one views the frontal and cingulate cortex, as a whole, as being organized into three
parallel “trends”’:

dorsal, ventral, and mesial - these sections correspond to the

processing of the “where”, “what”, and “why” aspects of action respectively.
Importantly, the prefrontal and cingulate cortex tend to aid in resolving (i.e.
ordering) conflicts between successive subgoals in a task, thus differing from the
hippocampus in that the latter resolves concurrent goal-goal conflicts.

This

distinction is additional to the traditional distinctions between the hippocampal role
and the role of the defense system and other motor systems in resolving motor
program conflicts without goal conflict. Where there is concurrent goal conflict within
a task, which also involves conflict between successive goals, then both the septohippocampal system, the anterior cingulate and the prefrontal cortex are normally
involved.
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Chapter 4: Imaging of brain function
4.1 Introduction to Neuroimaging
The idea of localization of function within the brain has only been accepted for the
last century and a half.

In the early 19th century Gall and Spurzheim, were

ostracized by the scientific community for their so-called science of phrenology (Gall
& Spurzheim, 1810). They suggested that there were twenty-seven separate organs
in the brain, governing various moral, sexual and intellectual traits. The importance
of each to the individual was determined by feeling the bumps on their skull. The
science behind this may have been flawed, but it first introduced the idea of
functional localization within the brain, which was developed from the mid 1800's
onwards by clinicians such as Jackson (Jackson, 1931) and Broca (Broca, 1861).
Most of the information available on the human brain came from subjects who had
sustained major head wounds, or who suffered from various mental disorders
(Penfield & Rasmussen, 1952). By determining the extent of brain damage, and the
nature of the loss of function, it was possible to infer which regions of the brain were
responsible for which function.
Patients with severe neurological disorders were sometimes treated by removing
regions of their brain.

For example, an effective treatment for a severe form of

epilepsy involved severing the corpus callosum, the bundle of nerve fibers which
connect left and right cerebral hemispheres.

Following the surgery patients were

tested, using stimuli presented only to the left hemisphere or to the right hemisphere
(Sperry, 1968). If the object was in the right visual field, therefore stimulating the
left hemisphere, then the subject was able to say what they saw. However if the
object was in the left visual field, stimulating the right hemisphere, then the subject
could not say what they saw but they could select an appropriate object to associate
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with that image.

This suggested that only the left hemisphere was capable of

speech.
With the development of the imaging techniques of computerized tomography (CT)
and magnetic resonance imaging it was possible to be more specific as to the
location of damage in brain injured patients.

The measurement of the electrical

signals on the scalp, arising from the synchronous firing of the neurons in response
to a stimulus, known as electroencephalography (EEG), opened up new possibilities
in studying brain function in normal subjects.

However it was the advent of the

functional imaging modalities of positron emission tomography (PET), single photon
emission computed tomography (SPECT), functional magnetic resonance imaging
(fMRI), and magnetoencephalography (MEG) that led to a new era in the study of
brain function.
In this chapter the mechanisms of the fMRI and PET techniques mentioned above are
outlined, together with an assessment of their strengths and weaknesses. Then an
introduction to the physical and structural anatomy of the brain is given, and some
of the terminology used in neurology is introduced.

This is followed by a more

detailed explanation of functional MRI and how such experiments are performed.
4.1.1 PET
The imaging modality positron emission tomography (PET) involves the use of
radioactive nuclides either from natural or synthetic sources. Its strength is in the
fact that, since the radioactivity is introduced, they can be used in tracer studies
where a radiopharmaceutical is selectively absorbed in a region of the brain.
Positron emission tomography (Fox et. al., 1984) has two advantages compared to
SPECT imaging, namely better spatial resolution and greater sensitivity. This comes
from using positron emitters such as O-15 and F-18 as the radionuclide. When such
nuclei decay they emit a positron, that is a particle with the same rest mass as an
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electron but with charge +1. Once the positron is emitted it travels a short distance
before colliding with an electron. The annihilation of the two particles creates two
photons each with energy 511 keV.

In order to conserve momentum, the two

photons are emitted at virtually 180 degrees to each other, and it is these photons
that are detected in a ring of scintillators and photomultiplier tubes surrounding the
head (Figure 4.1).
Opposite pairs of detectors are linked so as to register only coincident photons, thus
defining a set of coincidence lines.

Reconstruction of these lines by filtered back

projection gives an image of the source of the annihilation. Since the detectors only
record the site of the annihilation, resolution in a PET scanner is limited by the
distance traveled by the positron through the tissue before it meets an electron.
This fundamentally restricts the resolution of the scanner to 2 - 3 mm at best.
The positron emitters used in PET have short half-lives, of the order of 2 - 100
minutes.

This means that the isotopes must usually be made at the site of the

scanner, using an expensive cyclotron.

However, this short half-life means that

dynamic studies of brain function can be carried out using the technique.
Functional imaging studies using PET first appeared in 1984 with a study using C15O2.
Usually two cognitive states are imaged, one active and one resting, and by
subtracting these two states a map of the regions of the brain responsible for that
task made.

PET is widely used as a tool for cognitive function, and much of the

literature on brain function published in the last 10 years has used the technique.
Positron emitting neurotransmitters such as F-18 labeled DOPA, mean that dopamine
function can be followed in patients with Parkinson's disease. The main drawback of
PET is its use of radioisotopes, and its very high cost, however its neurotransmitter
mapping ability means that it will retain a role in the face of the less invasive, and
more available fMRI.
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Figure 4.1 Schematic diagram of a PET scanner.
A positron is emitted from a radioisotope in the brain. The positron
annihilates with an electron, producing two photons emitted at 180 degrees
to each other (Jacobson, 1988).
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4.1.2 Functional MRI
Since functional magnetic resonance imaging (fMRI) was the main modality used in
this thesis, little will be said in this section as to the mechanisms and applications of
the technique, as this is covered later in the chapter. The purpose of this section is
to compare fMRI to PET, the other modality used in the research experiment.
During an fMRI experiment, the brain of the subject is scanned repeatedly, usually
using the fast imaging technique of echo planar imaging (EPI).

The subject is

required to carry out some task consisting of periods of activity and periods of rest.
During the activity, the MR signal from the region of the brain involved in the task
normally increases due to the flow of oxygenated blood into that region.

Signal

processing is then used to reveal these regions. The main advantage of MRI over its
closest counterpart, PET, is that it requires no radiopharmaceutical to be
administered, and so is considerably safer.

In addition, high quality anatomical

images can be obtained in the same session as the functional studies, giving greater
confidence as to the source of the activation. However, the function that is mapped
is based on blood flow, and it is not yet possible to directly map neuroreceptors as
PET can.

The technique is relatively expensive, although comparable with PET,

however since many hospitals now have an MRI scanner the availability of the
technique is more widespread.

FMRI is limited to activation studies, which it

performs with good spatial resolution.
4.1.3 Comparison of the Functional Brain Imaging Modalities
The brain imaging techniques used measure slightly different properties of the brain
as it carries out cognitive tasks. Because of this the techniques should be seen as
complementary rather than competitive. Both of them have the potential to reveal
much about the function of the brain and they will no doubt develop in clinical
usefulness as more about the underlying mechanisms of each are understood, and
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Table 4.1 Comparison of modalities for studying brain function.
Technique

Resolution

Advantages

Disadvantages

Sensitive
Good
PET

7 - 15 mm

resolution

Metabolic

studies

Invasive
Very expensive

Receptor mapping

Excellent resolution
fMRI

3 - 10 mm

Non-invasive

Expensive
Limited to
activation studies

the improved hardware becomes available.

A summary of the strengths and

weaknesses of the techniques is presented in Table 4.1.
4.2 The Structure of the Brain
Since much of this thesis makes references to brain anatomy and function, this
section deals with the terminology used in the discipline of neurology. There are four
sections covering brain anatomy, brain cellular structure and brain function. Further
reference can be obtained from the many good books on brain biochemistry and
neuroanatomy (Bachelard, 1981; Kandel et al., 1991; Martin, 1996).
4.2.1 Principal Axes and Planes of the Central Nervous System
In order to describe the position of structures relative to each other in the brain,
neurology has a number of terms of direction, many of which are derived from
Latin or Greek. There are two axes, which describe the organization of the central
nervous system (CNS). These are most easily understood in animals with the spinal
cord running horizontally rather than vertically. In this case the rostral-caudal axis
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Figure 4.2 The axes of the central nervous system.
[Kandel R: Principles of Neural Science. Chapter 17 (4th ed.) 1996]

runs from nose to tail, and the dorsal-ventral axis runs perpendicularly. Now using
this system in the human spinal cord, 'top to bottom' is 'caudal to rostral', and 'back
to front' is 'dorsal to ventral'. In the human brain however these axes turn through
90 degrees, so the front of the brain is rostral, top is dorsal, and base is ventral
(Figure 4.2).
In addition to these labels, there is another perpendicular set of axes, which is the
same for spinal cord and brain, that is anterior=front, posterior=back, superior=top,
inferior=bottom.
The midline runs down the center of the brain, separating left from right. If two
structures are on the same side of the midline, they are said to be ipsilateral,
whereas they are contralateral if they are on opposite sides. When comparing two
structures, the one closest to the midline is medial, as opposed to the other which is
lateral.

When viewing sections through the brain, three mutually perpendicular

planes are commonly considered, as shown in Figure 4.3. These are horizontal (or
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Figure 4.3 Three planes of section in the brain.
(AD patient PET from current study)
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axial) coronal, and sagittal.
4.2.2 Cellular Structure of the Brain
The neuron is the basic functional unit of the nervous system. The brain consists of
several hundred billion neurons, communicating by billions of interconnections. All
neurons consist of four distinct parts: cell body, dendrites, axons and axon terminals
(Figure 4.4).
The cell body (or soma) contains the nucleus of the cell, as well as the essential
cellular organelles, such as the energy generating mitochondria. The cell body has
many branches, called dendrites, which receive signals from other cells, and are
often covered in dendritic spines. Extending from the cell body in one direction is an
axon.

The length of axons can be several centimeters or longer. Axons carry

information from one neuron to another, and are terminated at the synaptic knob,

Figure 4.4 Diagram of a single motor neuron.
[Kandel R: Principles of Neural Science. Chapter 17 (4th ed.), 1996]
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which is attached to the dendrites or cell body of another neuron. Signals are
transferred across the synapse by means of a chemical neurotransmitter.
Signals travel along the axon by generating and propagating an action potential.
This is produced by letting the delicate balance of sodium, potassium and chloride
ions across the cell membrane be altered, thus generating an electrical signal that
flows along the axon.

If the axon is coated in a fatty sheath, called myelin, the

signal travels at higher speeds of anything up to 120 ms-1. When the signal reaches
the synapse, the synaptic knob emits a neurotransmitter, which acts either to
encourage the next neuron to 'fire' (excitatory) or discourage the neuron to fire
(inhibitory).
The CNS contains a number of different types of neurons, which are tailored to the
job they perform.

Signals from sensory receptors over the body feed along the

spinal cord to the brain, and signals are sent from the brain to make muscles
contract. Many medical conditions are caused by the failure of the CNS to function
correctly, for example in Parkinson's disease there is a deficiency of the
neurotransmitter dopamine.
For every neuron in the CNS there are also ten glial cells.

These cells provide

support for neurons, for example the microglia that perform a scavenger role, and
oligodendrocytes which form the myelin sheath around the axons.
4.2.3 Brain Anatomy
The central nervous system consists of the spinal cord and the brain. The brain is
then further divided into the forebrain, midbrain, and hindbrain (Figure 4.5).
The largest region is the forebrain, which contains the cerebral hemispheres, the
corpus callosum, thalamus, hypothalamus, and hippocampus. The hindbrain consists
of the cerebellum, pons, and medulla. The structure of each of these is described
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Figure 4.5 Midsagittal view of the human brain.
Showing the cerebrum, cerebellum, midbrain and spinal cord.
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below.
The cerebrum is divided into two hemispheres, the left and the right, separated by
the longitudinal fissure. Anatomically these are identical in form, each being split
into four lobes; the frontal lobe, the parietal lobe on the top, the temporal lobe on
the side, and the occipital lobe at the back (Figure 4.6). The frontal and parietal
lobes are separated by the central sulcus, and the temporal lobe separated by the
Sylvian (lateral) fissure. The corpus callosum joins left and right hemispheres.
The outer surfaces of the hemispheres contain neurons with unmyelinated axons,
whereas the more central regions contain myelinated axons. The presence of the
myelin sheath gives these regions of the brain a white appearance, and is termed
white matter, as opposed to the grey matter of the outer surface. The grey matter is
folded forming many fissures and sulci (grooves) and gyri (elevations). The whole
brain is surrounded with a watery fluid that acts as a cushion from physical shocks,
called cerebrospinal fluid (CSF). There are also four cavities within the brain, which
contain CSF, two lateral ventricles, one in each hemisphere, and two lower in the

Figure 4.6 The four lobes of the cerebrum.
Frontal, temporal, parietal and occipital.
[Kandel R: Principles of Neuroscience. Chapter 17 (4th ed.) 1996]
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Figure 4.7 T2* Weighted image of an axial slice through the lateral
ventricles.

brain. The lateral ventricles show up very clearly on MR images since CSF has a long
T2 (Figure 4.7).
Under the surface of the cerebral hemispheres are bundles of fibers, the basal
ganglia, connecting together many regions of the cerebral cortex.

The thalamus,

hypothalamus and hippocampus are located at the center of the forebrain, just
above the midbrain (Figure 4.8). At the rear of the brain is a more tightly folded
structure called the cerebellum, which is connected to the pons, the medulla, and
finally the spinal cord.
4.2.4 Functional Organization of the Brain
The functional organization of much of the brain is poorly understood. However many
of the regions involved in sensory and motor function have been identified.

The primary visual cortex is located in the occipital lobe, which deals with the
reception and interpretation of vision. The right visual field is mapped on to the left
cerebral hemisphere, and the left visual field on to the right hemisphere (Figure 4.9).
The signals from the retina travel along the optic tracts, which cross over at the optic
chiasm.
Just as visual stimuli are interpreted by an area on the opposite side of the brain to
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Figure 4.8 Coronal section through the brain.
Showing the thalamus and hypothalamus.
(Gazzanaga, Ivry, & Mangun. Cognitive Neuroscience. Chapter 3,1999)

Figure 4.9 Mapping of the visual field.
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the eyes, auditory stimuli are interpreted on the opposite side of the brain to the
ears. The primary auditory cortex is located in the temporal lobe, with the right ear
mapping on to the left hemisphere, and vice-versa. Similarly signals from the many
touch receptors over the body end up in the somatosensory cortex, which is located
in the parietal lobe, just behind the central sulcus. The sensations of taste and smell
are mediated by the gustatory and olfactory systems.
The olfactory bulb is located on the inferior surface of the frontal lobe, whereas the
gustatory cortex is in the temporal lobe. The cortical regions associated with the five
primary sensory areas are highlighted in Figure 4.10.
The organization of the somatosensory cortex shows similarity to a map of the
surface of the body (Penfield & Rasmussen, 1952).

This is illustrated in what is

known as the sensory homunculus (Figure 4.11). A much greater part of the
somatosensory cortex is associated with the hand and face, compared to regions not
so important in tactile tasks such as the leg. Similarly there is a motor homunculus
which illustrates the layout of the motor cortex. The hand is given much more

Figure 4.10 Five primary sensory areas and the primary motor cortex.
Approximate locations.
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Figure 4.11 Sensory and Motor Sequences.
(a) A cross section through the brain, illustrating the sensory and motor
sequences. (b) The motor homunculus, drawn such that the relative size of
the organs represents the area of the corresponding cortex.
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cortical surface in the motor cortex than in the somatosensory cortex, representing
the highly sophisticated tasks that the hands perform.
All the regions mentioned so far are primary cortices because they are most closely
involved with the brain's input and output. Much of the rest of the brain is given
over to integrating these stimuli, and interpreting how to respond.

The regions

responsible for these more abstract tasks are termed secondary (Figure 4.12). For
example, the secondary motor regions, which are more anterior in the frontal lobes
to the primary motor cortex, are responsible for planning and initiating motion, and
the secondary visual area, close to the primary visual cortex is involved in
interpreting colors and movement in the visual information. The tertiary areas, or
association cortices, are responsible for the higher brain functions such as
interpretation and memory.
Some specific regions of interest are those responsible for speech, which are located
in the left hemisphere of most people. Broca's area is in the lower part of the frontal
lobe (Figure 4.13), and is involved in the formation of sentences, and Wernicke's
area, located in the temporal lobe is involved in the comprehension of speech.

The cerebellum has a number of poorly understood functions, but is involved in the
regulation of movement. Patients with damage to the cerebellum can still move, but
the movements become more erratic and less controlled.

The cerebellum is also

involved in the 'automatic response' that is experienced when a new skill has been
learnt. For example, when learning to play a piece on the piano, at first the cerebral
cortex is required to control the fingers, but upon learning, the cerebellum takes
over. The region at the center of the brain, the thalamus acts as an intermediary in
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Figure 4.12 Primary, secondary and tertiary sensory and motor cortices.
Approximate locations.

Figure 4.13 Broca's area and Wernicke's area.
Approximate locations.
Broca's area involved in the formation of sentences and Wernicke's area,
involved in the comprehension of speech.
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transferring information to the cerebral hemispheres.

The hippocampus plays an

important role in long term memory storage, and the hypothalamus mediates
emotions, also being involved in the control of hormonal release.

The lower

structures in the brain, the reticular formation, medulla and pons, regulate alertness
and participate in blood pressure and respiratory regulatory mechanisms.
This is just a brief sketch of brain function as it is understood at present.

New

literature is appearing at a rapid pace, confirming and evolving the models.
4.3 Functional neuroimaging of attentional mechanisms
4.3.1 Magnetic Resonance Imaging (MRI)
4.3.1.1 Physical principles of MRI
MRI uses the radio frequency (RF) electromagnetic waves emitted by the nuclei of
hydrogen atoms with single-proton nuclei to construct detailed images of the brain
and other organs.

In an MRI scanner the magnetic dipoles of individual protons

become aligned with the strong magnetic field of the scanner. The direction of the
magnetic dipoles is penetrated by an RF pulse generated by gradient coils in the
scanner. After the penetration, the protons wobble, or precess, back to their original
alignment.

The precession has a frequency, called the Larmor or resonance

frequency that is specific to the type of nucleus, in this case single protons, and for
the strength of the magnetic field. For example, single protons in a 1.5 Ta magnetic
field, a strength typical of most scanners used for fMRI, has a resonance frequency
of 63.84 MHz (Elster, 1993). A detectable radio signal at the resonance frequency is
generated by protons that are precessing in phase with each other. The receiving
coils in the scanner detect the radio signal emitted by the tiny senders.

Spatial

information about the location of the protons is afforded by slightly altering the
strength of the magnetic field over the volume being imaged, and thereby altering
the frequency and phase of signals emitted by protons at different locations (Haacke
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et al., 1999).
4.3.1.2 Metabolism and Blood Flow in the Brain
The biochemical reactions that transmit neural information via action potentials and
neurotransmitters, all require energy. This energy is provided in the form of ATP,
which in turn is produced from glucose by oxidative phosphorylation and the Kreb's
cycle (Figure 4.14).
As ATP is hydrolyzed to ADP, energy is given up, which can be used to drive
biochemical reactions that require free energy. The production of ATP from ADP by
oxidative phosphorylation is governed by demand, so that the energy reserves are
kept constant. That is to say, the rate of this reaction depends mainly on the level of
ADP present.

This means that the rate of oxygen consumption by oxidative

phosphorylation is a good measure of the rate of use of energy in that area.

Figure 4.14 Aerobic metabolism of glucose to ATP.
(Peselk, 1997)
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The oxygen required by metabolism is supplied in the blood. Since oxygen is not
very soluble in water, the blood contains a protein that oxygen can bind to, called
hemoglobin. The important part of the hemoglobin molecule is an iron atom, bound
in an organic structure, and it is this iron atom which gives blood it's color. When an
oxygen molecule binds to hemoglobin, it is said to be oxyhemoglobin, and when no
oxygen is bound it is called deoxyhemoglobin.
To keep up with the high energy demand of the brain, oxygen delivery and blood
flow to this organ is quite large.

Although the brain's weight is only 2% of the

body's, its oxygen consumption rate is 20% of the body's, and blood flow 15%. The
blood flow to the grey matter, which is a synapse rich area, is about 10 times that to
the white matter per unit volume. Regulation of the regional blood flow is poorly
understood, but it is known that localized neural activity results in a rapid selective
increase in blood flow to that area.
4.3.1.3 Blood Oxygen Level Dependent fMRI
Broadly defined, fMRI refers to numerous methods for obtaining information about
hemodynamic processes (Elster, 1993). For the purposes of this review, I will focus
on those methods that are currently used for most fMRI studies of human cognition.
They rely on blood oxygenation level dependent (BOLD) changes in the intensity of
the magnetic resonance (MR) signal. MR imaging of BOLD changes is based on a
difference in the magnetic property of oxygenated versus deoxygenated hemoglobin
(Pauling & Coryell, 1936; Thulborn, Waterton, Matthews, and Radda, 1982).
Whereas oxyhemoglobin is dimagnetic, or essentially nonmagnetic, deoxyhemoglobin
is paramagnetic, meaning that it acquires a magnetic field of its own when placed in
a magnetic field.

In the magnetic field of a MRI scanner, deoxyhemoglobin

molecules become magnetic. The presence of these small magnetic fields produces
local inhomogeneities in the magnetic field that cause protons to precess out of
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phase with each other. The result is a decrease in the T2* component of the MR
signal. A second, physiological phenomenon makes the change in MR signal useful
for cognitive neuroscience studies. It’s the changes in local neural activity that cause
a change in local blood flow (Roy & Sherrington, 1890) (Figure 4.15).
The change in blood flow is greater than the change in oxygen consumption (Fox and
Raichle, 1986).

The reason for the mismatch between blood flow and oxygen

extraction changes is quite controversial.

Whatever the physiological basis, the

result is an increase in the level of blood oxygenation when blood flow increases,
and, surprisingly, a decrease in blood oxygenation when blood flow decreases (Clark
et al., 1996). The BOLD changes can be detected with T2*-weighted MRI methods,
affording indices of local hemodynamic changes that are induced by changes in
neural activity (Kwong et al., 1992; Ogawa et al., 1992; Turner, LeBihan, Jezzard,
Despres, &Taylor, 1992). A brightening of the image reflects an increase in blood
oxygenation and indicates an increase in neural activity. A darkening of the image
reflects and decrease in blood oxygenation and indicates a decrease in neural
activity.
At the present time, those changes in image intensity cannot be translated into
precise measures of the magnitude of change in blood oxygenation. Moreover, other
hemodynamic factors, such as blood volume, also affect image intensity.
include cardiac pulsation, respiration and general subject movement.

These

All these

Figure 4.15 Optimal value of TE for the maximum percentage signal change
with the BOLD effect.
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problems can be dealt with in two ways, either at the time of scanning or in image
post processing. Cardiac or respiratory gating, that is triggering the scanner at one
part of the cardiac cycle can be used, although this introduces artifact due to
changes in the spin saturation. Post-processing strategies have been proposed and
are probably the best way to deal with this problem (Le & Hu, 1996).

Subject

movement can also reduce contrast to noise in fMRI images, and introduce artifact in
the activation maps if the movement is stimulus correlated. This problem is often
solved both by restraining the head of the subject and by using a post-processing
registration algorithm.
Another source of artifact in fMRI is the signal coming from draining veins. Since
gradient echo images are sensitive to vessels of diameters from micrometers to
millimeters, it can be difficult to distinguish between signals from the tissue and that
from the veins, which could be some distance away from the activation site (Gao et.
al., 1996). There is also the problem that blood flowing into the imaging slice may
be stimulus correlated. One way to reduce the signal from large vessels would be to
use a spin echo sequence. This is sensitive to T2 effects only and eliminates the
dephasing effects from the large vessels (Fisel et. al., 1991, Hykin et. al., 1994).
Using a spin echo sequence will result in some reduction in genuine tissue BOLD
signal, so often it is better to acquire a separate set of images which are sensitive to
large vessels, and use this to decide whether to reject the signal. The choice of the
optimum parameters for fMRI is always a compromise, and often depends more on
what is available than what is desirable.
The uncertainties about the physiological basis of the relationship between blood
oxygenation, blood flow, and neural activity, about the physiological basis of MR
signal changes, and potential artifacts are a matter of concern to all of us who use
fMRI to elucidate cognitive, affective, motor, or other neural mechanisms.
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Nevertheless, these uncertainties need to be addressed but should not preclude
cognitive neuroscience research using fMRI, because a strong link between the fMRI
signal and changes in neural activity is beyond doubt, whatever its basis.
4.3.1.4 Fast imaging methods
The final advance in MRI physics that made modern fMRI possible was the
development of fast imaging techniques (Turner & Jezzard, 1995). The most widely
used fast imaging method is echo-planar imaging (EPI), which allows the acquisition
of a complete cross-sectional image from one excitation pulse.

A second rapid

imaging method, spiral imaging, uses a more efficient search of frequency space
than EPI and will probably be used more with improvements in gradient coil design,
which are necessary to take full advantage of it. With those fast imaging methods
and current standard echo-speed gradients, it is possible to obtain multiple crosssectional images every second.

A volume of cross-sectional images that contains

most or all of the brain can be obtained every 2 to 6 seconds, depending on the
spatial resolution of the images, the method being used, and the performance
characteristics of the scanner system (Brown & Semelka, 1999).
As was mentioned at the beginning of this section, other MRI methods are available
that detect hemodynamic changes. Most promising among those are methods that
directly measure blood flow, rather than the more indirect BOLD changes. However,
these blood flow measurement methods do not allow the rapid acquisition of volume
images and are, therefore, not as useful for cognitive neuroscience studies.
The hemodynamic response function: The signal change seen with fMRI typically lags
behind the onset of stimulation of motor activity.

The offset between sensory

stimulation or motor activity and the associated change in neural activity is
presumably on the order of tens or hundreds of milliseconds.

The hemodynamic

change measured by fMRI, on the other hand, does not reach its maximum for 4 to 8
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seconds (Raichle, 1997).

The function relating a change in neural activity to a

hemodynamic change is called the hemodynamic response function (Boynton, Engel,
Glover, & Heeger, 1996; Friston, Jezzard, and Turner, 1994).

Most attempts to

describe the transfer function have been a theoretical searches for mathematical
functions that best fit the observed change in MR signal intensity.

Those

mathematical descriptions generally assume that the change in neural activity is a
square wave, representing an essentially instantaneous change in neural activity to a
new steady state that is coincident with the sensory, cognitive, or motor change.
The delayed and smoothed hemodynamic change elicited by the change in neural
activity has been modeled as a linear ramp or as a nonlinear curve with the shape of
a half of a poisson or a Gaussian distribution (Friston, 1994). A mathematical model
of the hemodynamic response function is necessary for the analysis of fMRI data sets
because it provides the basis for deriving the predicted fMRI time series so that the
fit of the predicted response to the obtained response can be tested.
4.3.1.4 Advantage of fMRI over the nuclear medicine procedures
Compared to PET or other nuclear medicine procedures for measuring cerebral blood
flow and glucose metabolism, the main advantage of the fMRI is allowing greater
freedom in experimental design paradigms.

Unlike nuclear medicine procedures,

which integrate activity over durations measured in tens of seconds, fMRI measures
are virtually instantaneous, making the hemodynamic response the only factor that
limits temporal resolution. A second advantage is the ability to obtain a virtually
unlimited number of measures because fMRI is not limited by radiation dose
restrictions.

Consequently, enough data from one individual can be collected to

perform massive signal averaging, increasing sensitivity and precision sufficiently to
obtain detailed maps of responses in an individual brain. Removing the limit on data
set size also allows to test more experimental conditions in an individual subject and
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to test changes in neural response that occur over days, weeks, or months with
various forms of learning.
4.3.1.4 Fundamentals of experimental design in fMRI
An fMRI experiment consists of a series of images obtained over a period of time that
can last from one to 30 minutes. One such series of images is referred to as an
“fMRI time series” (Ogawa, 1992). The length of the time series can be limited by
scanner

performance

characteristics

and

scanner

system

memory

capacity.

Additional time series can be obtained, without removing the subject from the
scanner, if one wishes to increase the data set size or increase the signal-to-noise
ratio. For every doubling of data set size, the standard error of the noise is reduced
by the square root of 2 (Friston & Ashburner, 1996). Therefore, obtaining four time
series instead of one doubles the sensitivity of the experiment as well as affords
detection of signal changes that are one half the magnitude of change detected with
a single series.

Likewise, obtaining eight time series affords detection of signal

changes that are 35% (1/square root of 8) the size of changes detected with a single
series (Friston & Ashburner, 1996).

Contrasts between conditions are best made

within time series to minimize the confounding of BOLD changes with intensity
changes due to head movement.

Head movement is a major source of data

degradation in fMRI experiments (personal experiential knowledge). A small head
movement can cause a large change in signal intensity in an image volume element
that is unrelated to blood oxygenation and neural activity.

This signal intensity

change is due to the change in the type of tissue or substance (gray matter, white
matter, or cerebrospinal fluid) contained in that volume element. Signal intensities
for those tissue types can vary more than the differences caused by changes in blood
oxygenation. Misalignment of scans caused by between-scan head movements can
and need to be partially corrected with performing the realignment procedure during
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post-processing steps, but such corrections can be inadequate for correcting large
movements.
As important as choosing the imaging parameters for a good experiment is designing
the stimulus paradigm. A lot of experience has come from EEG and PET, but since
fMRI has a temporal resolution somewhere between these two techniques new
approaches can be taken. There are many issues in paradigm design, so only an
overview is presented here. The earliest fMRI experiments were much in the form of
PET studies, that is to say a set of resting images were acquired and then a set of
activation images, and one set subtracted from the other. However since the BOLD
contrast is relatively rapid in its onset and decay (of the order of a few seconds) it is
possible to follow time courses for much shorter events occurring more frequently.
The most common stimulus presentation pattern is that of regular epochs of stimulus
and rest, usually labeled 'on' and 'off'. The duration of these epochs needs to be
long enough to accommodate the hemodynamic response, and so a value of at least
8 seconds, or more commonly 16 seconds is chosen. These epochs are repeated for
as long as is necessary to gain enough contrast to noise to detect the activation
response. The total experimental duration however must be a balance between how
long the subject can comfortably lie still without moving, and the number of data
points required to obtain enough contrast to noise. There are often some technical
limitations to the experimental duration, and there is the possibility of the subject
habituating to the stimulus causing the BOLD contrast to reduce with time.
Instead of epochs of stimuli, it is possible to use single events as a stimulus. Again
due to the homodynamic response, these must be separated by a much longer
period of time, but this type of stimulus presentation has the major advantage of
being able to separate out the relative timings of activations in different areas of the
brain.

One of the major disadvantages of single event paradigms is that the
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experiments need to be much longer than their epoch based counterparts, in order
to gain the necessary contrast to noise. The choice of stimulus is very critical. For
example, to activate the primary visual cortex is straightforward, but to determine
the regions responsible for discrimination of attentional mechanisms is more difficult.
Ideally it is necessary to design the 'on' and 'off' epoch such that there is only one
well defined difference between them, which will only activate those brain regions
responsible for the single task. This is not always possible and so a hierarchy of
experiments often need to be performed.

For example to identify the regions

responsible for task A, an experiment can be performed which involves task A and
task B, and then one which only involves task B. The regions responsible for task A
would presumably be those activated in the first experiment but not the second.
This assumes that the system is a linear one, which may not be the case, or there
could be some unaccounted for differences in the two paradigms, which could affect
the result.
Another problem particularly when dealing with cognitive events such as attention, is
that some stimulus must be presented, usually visually, and a subject response
given, usually involving motor action.

These must either be compensated for by

being included in the 'off' period as well, or another experiment must be performed
later which involves similar stimulus and response, but not the cognitive task
performed in the original experiment. Alternatively the stimulus may be presented
in a different way, aurally for example, and response given orally, and those regions
common to both stimulus presentation types can be assumed to be responsible for
the cognitive task of interest.
There are a few stimuli, which are difficult to present in an fMRI experiment. One
obvious one is an auditory stimulus. The rapid imaging scanners are very noisy in
their operation, especially if EPI is used. Although aural cues can usually be heard,
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they are not as easily detected as visually presented cues, and detecting activations
in the primary auditory cortex is very difficult since there is always a large amount of
ambient sound throughout both 'on' and 'off' periods.

Requiring the subject to

respond orally is also problematic since this almost always results in head
movement, which would be concurrent with the stimulus. All response movements
required need to be small to reduce head motion during the scanning. The subject
needs to have good instructions, and be reminded to lie still, and to concentrate.
Many stimuli give better activation if a response is required to be made. There is
much more that could be said on good paradigm design, and much is still being
learnt, however care must always be taken and much thought be given for any new
experiment.
4.3.1.5 Between-task contrasts: subtraction and parametric design
Most functional brain-imaging research is based on the assumption that the pattern
of activity measured during the performance of a task reflects all of the sensory,
cognitive, and motor components of that task. The functional image is seen as a
measure of the total integrated neural activity associated with the complete task
(Raichle & Fox, 1988). That assumption makes sense for nuclear medicine
procedures for measuring hemodynamic responses, which integrate activity over
periods measured in tens of seconds. However, this is not a necessary assumption
of the fMRI. If operating under this assumption, the isolation of the activity related
to a single cognitive component of a task requires the comparison of tasks that are
matched on all other components except the one of interest. If the comparison is
between a pair of tasks, then the comparison is a subtraction. If the comparison is
across a series of tasks that systematically vary the component of interest in a
graded fashion, then the comparison is a correlation (Ashburner et al., 1997). Task
subtraction is by far the most common experimental design in fMRI. In studies of
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attention, tasks can be contrasted that involve attention to different stimulus
locations (e.g., right or left field) or attributes (e.g., motion or color). Although used
to a lesser extent, parametric variation is a potentially more powerful experimental
design because it has the potential to reveal the quantitative relationship between a
cognitive parameter, such as attention or difficulty, and neural activity (Raichle,
1998). In a typical fMRI experiment using between-task contrasts, multiple scans
are obtained over a period of 10 to 60 seconds while a subject performs each task.
Each task block, therefore, has to consist of a homogeneous set of trials.
4.3.1.6 Within-task contrasts in neural activation
Unfortunately, experimental designs that contrast components between tasks do not
allow manipulations that can be critical for studies of attentional mechanisms. For
example, if attention shifts between locations in a block of trials, then activity related
to a specific location of attribute cannot be isolated. Sustained attention to an
attribute can be studied, but any processes that are unique to transient focusing of
attention cannot. Effects related to differences in expectation are also difficult or
impossible to study with homogeneous blocks of trials. Responses to unexpected,
infrequent, or sporadic events cannot be isolated.

Moreover, with homogeneous

blocks of trials, participants’ ability to anticipate each successive trial can affect the
nature of the cognitive and neural processes that are invoked. This is one of the
most important limitations of the fMRI design used in this study.

The temporal

resolution of fMRI, which is limited only by the hemodynamic response function,
makes it possible to use a different kind of experimental design that examines
changes in activity that occur within a task (Courtney, Ungerleider, Keil, and Haxby,
1997). These changes can be between trial in a block or within a trial. The temporal
blurring imposed by the hemodynamic response function necessarily imposes limits
on the shortness of events that can be isolated in this type of experimental design,
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but the duration of those limits has not been clearly established (Maggio et al.,
1999). In an early demonstration of the power of looking at within-task changes in
activity, Engel et al. (1994) showed that moving a visual stimulus slowly over the
visual field resulted in an observable movement of the peak of neural activity over
retinotopically organized visual cortex, a result that made it possible to map the
retinotopic organization and a real boundaries of early visual areas.

Since then,

Buckner et al. (1996) showed that the neural response to a single trial in a word
generation task resulted in an observable increase in BOLD signal during a long
resting interval that followed each trial.

Moreover, working memory and visual

recognition studies demonstrate that within-task contrast designs can be devised,
which are more conducive for answering some cognitive questions (Courtney et al.,
1997). Particularly in studies of visual working memory, trials lasted 14-18 s and
could be decomposed into epochs that reflected different cognitive processes
(Senzori, 1999).

Each trial consisted of the presentation of stimuli to be held in

memory, a delay interval, and the presentation of stimuli to test recognition
memory. By analyzing the response to each epoch separately, responses related to
perceptual encoding, working memory maintenance, and recognition could be
distinguished. In these experiments, responses to events as short 3 s we able to be
distinguished from responses to events that immediately preceded or followed (Clark
et al., 1999). It is reasonable to postulate that the temporal resolution of fMRI will
probably never by adequate to distinguish responses separated by tens or hundreds
of milliseconds.

Investigation into the timing of neural events at that scale will

probably always require different procedures, such as electrophysiological methods.
Nonetheless, fMRI can be used to decompose tasks into events as brief as a couple
of seconds (such as perception, attention, or working memory) and can be used to
examine responses to trials that differ from others in a block (MacGowan, 2001).
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4.3.1.7 fMRI Data Analysis
The statistical analysis of fMRI data is the subject of the next chapter (Methods) of
this thesis, and covered in much more detail there. However to complete this section
on functional MRI, a few of the common analysis strategies are given here.
The analysis of fMRI data falls into two parts. Firstly the raw data must be analyzed
to produce an image showing the regions of activation and secondly, some level of
significance must be calculated so that the probability of any of producing such a
result purely by chance is suitably low (Bandettini et. al., 1993).
The data in an fMRI experiment consist of a series of scans. Each scan provides a
single number, the MRI intensity, for each of a large number of locations in the
brain, defined by each picture element (pixel) or volume element (voxel). Those MRI
intensities mostly reflect brain anatomy, but the brightness is modulated over a
small range, usually 0.5-5% at 1.5 T, by hemodynamic changes.

Data analysis,

therefore, is the analysis of the time series for each voxel or for groups of voxels
defined as regions of interest (ROI).
The most straightforward way to analyze the data is to subtract the mean 'off' image
from the mean 'on' image. This has the disadvantage that any small movement of
the head can drastically change the pixel intensity at the boundaries of the image.
This can give rise to a ring of apparent activation near the brain boundaries.

To

reduce this effect, and to give a statistic of known distribution, a student's t-test can
be used. This biases the result against pixels in either 'on' or 'off' set with very large
variability, and so can reduce movement artifact.

An image where each pixel is

assigned a value based on the output of a statistical test is commonly called a
statistical parametric map.
Another commonly used technique is that of correlation coefficient mapping. Here
the time response of the activation to the stimulus is predicted, usually with some
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knowledge of the hemodynamic response, and the correlation coefficient between
each pixel time course and this reference function is calculated.
Other methods that have been used include Fourier transformation, which identifies
pixels with a high Fourier component at the frequency of stimulus presentation.
Fourier analysis has also been used to detect changes with frequencies that match
the frequency of experimental condition changes.

Because the hemodynamic

response blurs the transition from one condition to the next over a 4-8 s period,
statistics that test categorical contrasts must either discard data collected during that
transition, resulting in a loss of sensitivity, or else must partition variance due to the
slow change in BOLD signal to error variance, which also degrades sensitivity.
Fourier analysis is also a sub-optimal model of fMRI time series analysis because it
assumes that the BOLD changes between conditions will have the shape of a sine
wave.

Any deviation from a sine wave, due to the shape of the hemodynamic

response and to sustained levels of BOLD signal over longer task intervals, will result
in a proportion of the signal being apportioned to other frequencies and a loss of
power at the experimental frequency. Fourier analysis also requires that activations
have a regular period, precluding the use of experimental designs with irregular time
periods.
Other techniques include principal component analysis, which locates regions in the
brain, which show synchronous activity using eigenfunctions; clustering techniques,
which again look for synchrony using iterative methods; and various non-parametric
tests, which do not require the assumption of normality in the signal distribution. All
these have their various strengths and weaknesses, and no doubt new methods or
variants will be developed in the near future. The main criteria for any technique
however are simplicity, speed, statistical validity, and sensitivity (Friston, 1993).
Having obtained a statistical map it is necessary to display the regions of activation,
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together with some estimate as to the reliability of the result. If the distribution of
the statistic, under the null hypothesis of no activation present, is known, then
statistical tables can be used to threshold the image, showing only those pixels which
show strong stimulus correlation. When displaying the results as an image usually of
several thousand pixels, it is necessary to account for multiple comparisons, since
the probability of any one pixel in the image being falsely labeled as active is much
greater than the probability of a lone pixel being falsely labeled. There are several
ways to account for this, for example the Bonferroni correction or the theory of
Gaussian random fields (Worsley, 1992).
Time series analysis tests whether MRI intensities change significantly with changes
in experimental conditions. Any parametric or non-parametric statistic that tests for
differences between pairs or groups of conditions can be used.
Regression analysis provides a method for testing the fit between an obtained and
predicted time series that can incorporate a better model of the hemodynamic
response, and therefore, optimize sensitivity to experimentally induced changes in
MRI signal. For regression analysis, the predicted changes in neural activity, usually
modeled as a square wave, are convolved with a model of the hemodynamic
response function to incorporate the delay and dispersion of the hemodynamic
change into the prediction, affording a better prediction of MRI intensities during the
transition from one experimental condition to another (Brett, 1996).

The use of

regression analysis for fMRI data was first proposed by Bandettini, Jesmanowicz,
Wong, and Hyde, (1993), and was later refined by Friston, Jezzard, and Turner,
(1994), to incorporate a better model of the hemodynamic response and to correct
calculated probabilities for temporal autocorrelations.

Because the hemodynamic

response spreads out in time the change associated with a neural event, adjacent
time points are influenced by the same neural events, resulting in temporal
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autocorrelations. Consequently, adjacent scans are not independent observations,
and the degrees of freedom must be adjusted accordingly for all statistical tests.
The sophistication of regression analyses of fMRI data varies greatly. More complete
models that use multiple regression can optimize sensitivity by factoring out variance
related to factors of no interest (Friston et al., 1995) and by modeling more complex
sets of between-task and within-task contrasts (Courtney et al., in 1997). Factors of
no interest that can cause substantial changes in MRI intensities include shifts
between repeated time series, which may be due to small head movements, and
low-frequency changes within time series. Multiple regressors of interest can also be
derived that test contrasts between several tasks or that test contrasts between
different components of tasks.
4.3.1.7 fMRI Signal changes associated with attention
FMRI has a the capability to detect changes in neural activity over intervals as brief
as a few seconds in brain structures that are only a few millimeters across. Within
those constraints, fMRI can be used to investigate a diverse array of neural effects
related to attention, and, thereby, can shed light on the mechanisms by which
attention can affect perceptual, cognitive, or affective processing.
Attention-related changes in neural activity can be divided in to two broad classes,
one reflecting the modulatory effects of attention on information processing and the
other reflecting the control systems that invoke and regulate those modulatory
effects.

Modulatory effects refer to attention-driven changes in information

processing, such as the amplification of attended information and the suppression of
unattended information. Such effects have been amply demonstrated by single-cell
recordings (e.g., Moran and Desimone, 1985), by event-related potentials (e.g.,
Mangun, Hillyard, and Luck, 1993) and by PET (Corbetta, Miezin, Dobmeyer,
Shulman, and Petersen, 1991; Corbetta, Miezin, Shulman, and Petersen, 1993;
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Courtney, Ungerleider, Keil, and Haxby, 1996; Haxby et al., 1994; Kawashima, OSullivan, and Roland, 1995).

FMRI can add to our understanding of modulatory

effects by specifying the stages in information processing systems at which attention
can exert influence, by demonstrating the circumstances under which that influence
is enabled, and by elucidating the ways in which attention alter information
processing.
Control systems, on the other hand, are a more elusive and hypothetical construct
than are the modulatory effects they putatively invoke and regulate (Parasuraman,
1998). Mechanisms must exist that cause the modulatory effect of attention, that
translate the intention to attend to the act of attending. It is not clear, however,
whether those systems have significant components that are purely supervisory with
no direct role in the processing of attended and unattended information, or whether
the information processing systems themselves also embody the mechanisms that
control the influence of attention on their own activity (Posner, 1999). Studies that
can discriminate between the modulatory effects of attention and the source of cause
of the modulation have not yet been reported.
a) Modulatory effects of attention: changes in response amplitude
All attention-related effects in functional brain-imaging studies are alterations in the
amplitude of hemodynamic changes, but the characteristics of an amplitude change
and the conditions under which it occurs can imply different mechanisms of
attention-driven modulation. The activity in a region that responds to a particular
stimulus attribute can be altered depending on the focus of selective attention. Such
an activity change implies that attention influences information processing by
altering the firing rate of neurons that are sensitive to that attribute. For example,
in a study of selective attention to the identity or the color of color-washed grayscale pictures of faces, Clark, Parasuraman, et al. (1997) found that an area in the
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collateral sulcus, which has been found in PET-rCBF studies to respond to color
during a passive viewing task showed a larger change in MRI signal when attention
was directed to the color of the stimuli than when attention was directed to face
identity. Similarly, selective attention to moving stimuli modulated activity in the
motion-sensitive extrastriate region, which has been found in both PET-rCBF and
fMRI studies to respond to visual motion in passive viewing tasks (Tootell et al.,
1995; Watson et al., 1993; Zeki et al., 1991). Attending selectively to moving dots
that are interspersed with stationary dots further increased the amplitude of the
response (O-Craven et al., 1995). Similarly, directing spatial attention to the sector
of an array of dots in which the dots are moving increases the amplitude of the
response, even if attention is directed there in order to process a different attribute
of the moving dots, namely color (Beauchamp et al., 1995). Directing both spatial
attention and feature attention to the sector of moving dots, this time to detect
changes in velocity, further increased the amplitude of response, demonstrating that
both spatial and feature attention can modulate the activity.
Selective attention can also modulate activity in multiple areas that comprise a
processing pathway. Directing attention to the identity or to the location of faces
selectively activated several regions in ventral and dorsal extrastriate cortex,
respectively, demonstrating a dissociation between the ventral object vision pathway
and the dorsal spatial vision pathway (Courtney et al., 1996a,b; 1997).
Activation of cortical areas associated with one sensory modality is also associated
with diminished activity in cortical areas associated with other sensory modalities,
presumably reflecting suppression of processing of irrelevant and potentially
distracting information from those modalities (Courtney, Ungerleider, et al., 1996;
Haxby et al., 1994; Kawashima et al., 1995). In fMRI, those reductions of activity
have been demonstrated as reduced BOLD signal (Clark et al., 1996), suggesting
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that reductions in blood flow are greater than the associated reductions in oxygen
extraction.
b) Modulatory effects of attention: changes in functional connections
Another way in which attention may modulate the activity of cortical regions that
process attended and unattended information is to alter interactions between regions
(Galbright, 1983).

In functional brain-imaging studies, changes in correlations

between regions may indicate such alterations of functional connectivity (Friston et
al., 1993; Horwitz, Grady, et al., 1992; Horwitz, Soncrant, and Haxby, 1992;
McIntosh et al., 1994).

Interregional covariance can be analyzed in a variety of

ways, and the extent to which the different types of analysis reflect the same
underlying connectivities is not clear. On the other hand, patterns of interregional
correlations have been extensively investigated in PET-rCBF studies. Because of the
limited number of scans that can be obtained in an individual subject with PET,
analysis of interregional correlations are performed on group data.

Two quite

different types of group data analysis have been used. In the first, covariances in
rCBF during a single task condition are examined (Horwitz, Grady, et al., 1992;
Horwitz, Soncrant, and Haxby, 1992; McIntosh et al., 1994).

These analyses

examine the extent to which pairs of regions have higher or lower activity rates, in
tandem, relative to whole brain activity. A positive correlation between two regions
indicates that an individual subject with high rCBF in one region, relative to whole
brain CBF, also has high rCBF in the other region, whereas another subject with
relatively low rCBF in one region also has low rCBF in one region also has low rCBF in
the other. Therefore, these methods provide a very indirect index of whether the
activity in one region has greater or lesser influence over the activity in another
because no within-individual variation in regional activity is examined. Nonetheless,
analyses of this type have indicated that selective attention increases the
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correlations between regions in distributed neural systems that process the attended
information.

For example, selective attention to face identity augmented

interregional correlations in the ventral object vision pathway, whereas selective
attention to the spatial location of faces augmented interregional correlations in the
dorsal object vision pathway (McIntosh et al., 1994).
In the second type of covariance analysis used with PET-rCBF data, correlations
between the extents to which regions change activity level between task conditions
are analyzed (Friston et al., 1993).

A positive correlation between two regions

indicates that an individual subject who demonstrated a large activity increase in one
region, comparing an activation and a baseline condition, also demonstrated a large
increase in the second region, whereas a subject with a small activation in one
region also had a small activation in the. Thus, this method provides a somewhat
more direct index of the extent to which two regions influence each other, but the
index is still quite ambiguous.

Two regions may be activated by different and

relatively independent components of the task but nonetheless show greater or
lesser activation in tandem because of interindividual variation in the extent to which
subjects are engaged in the task or struggle with the task.
Because fMRI allows hundreds of scans to be obtained in one individual, potentially
more powerful and convincing demonstrations of functional connectivity may be
possible. FMRI methods examine the extent to which fluctuations in regional activity
are correlated in an individual subject during a single task condition, or, better yet,
during a component of a task. The fluctuations can be spontaneous and not under
experimental control.

Biswal et al. (1995) demonstrated that fMRI intensities in

regions with known anatomical connections co varied during the resting state. In
other words, when one region showed a spontaneous increase in BOLD signal, a
connected region showed a similar increase. The fluctuations they examined had a
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temporal frequency that could not be explained by other physiological variables, such
as the cardiac or respiratory cycles. Such correlated fluctuations suggest that an
increase in the neural activity in one region causes an increase in regions with which
it is anatomically connected. The extent to which that index of the strength of a
functional connection may change during the performance of a cognitive task has not
been examine yet. Such an analysis, however, could determine whether and under
what conditions attention can alter the efficacy of synaptic connections between
regions.
In conclusion, fMRI imaging refers to a diverse set of methods for obtaining
measures of physiological parameters.

This review has focused only a subset of

these methods; namely, fMRI methods that measure changes in blood oxygenation
and that use those changes as indices of changes in integrated regional neural
activity.

BOLD fMRI afford an unprecedented window onto function in the intact

human brain, but a clear understanding of its capabilities and limitations is necessary
to design fMRI experiments that can make the best use of this research tool. BOLD
fMRI has a temporal resolution that is limited by the hemodynamic response, a
transfer function that expresses the temporal course of a hemodynamic change
elicited by a change in neural activity. Consequently, fMRI is capable of resolving
events that are separated in time by a few seconds, and under some conditions, can
resolve events that are separated by less than a second.
millisecond

time

scale,

however,

requires

other

Resolving events on a

methods,

for

example

electrophysiology. With current scanning technology, the spatial resolution of BOLD
fMRI is a few millimeters for most studies but can be pushed to sub millimeter
resolution.

That level of resolution is sufficient for identifying functional cortical

areas, for describing the functional topology within a cortical area and for delineating
the borders between functional cortical areas.
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Within these constraints, fMRI can detect a diverse array of neural events that reflect
attentional processes.

These effects include a variety of types of modulation of

information processing, such as augmentation and suppression of processing,
recruitment of additional cortical areas, and altered functional connectivity between
regions. At this stage of attentional mechanism research using fMRI, only some of
these effects have been demonstrated.
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Chapter 5: Methods
5.1 Study subjects and procedures
5.1.1 Introduction
Methodology for determining differences in oxygenation levels (by fMRI) and glucose
metabolism (by FDG-PET) between the mild AD patients and normal control subjects
are compared in this chapter. Furthermore, the methods of assessing the level of
patient awareness of cognitive impairments are discussed and compared to levels of
functional activations in specific areas of the brain.

5.1.2 Study Participants
This study included 23 subjects; 10 probable AD patients (based on the
NINCDS/ADRDA criteria, McKhann et al., 1984) and 13 age-matched normal control
subjects with no history of head trauma, stroke, prior mental illness, mental
retardation, life-threatening illness, psychiatric or neurological disorders were
included in this study. All of the participants were administered 2 short cognitive
tests prior to inclusion in the study. AD patients were classified as mild AD stage if
they scored between 20 and 24 (total possible score is 30/30) on the Mini Mental
State Exam (MMSE; Folstein et al., 1975), and between 13 and 17 (total possible
score is 20/20) on the Self Test (ST; de Leonni & Dougherty, 2002). Only those
normal subjects without any history of cognitive impairment who were willing to
participate, and scored in the normal range on both, the MMSE (25 – 30) and the ST
(18 – 20) participated in the study.
The subjects came from Knoxville and surrounding communities of East Tennessee.
The

normal

subjects

were

recruited

from

healthy

spouses,

friends,

and

acquaintances of the probable AD patients. All participants gave informed consent
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as specified by the Institutional Review Board (IRB) at the University of Tennessee
Medical Center (UTMCK) (Appendix A).

The cohort of 10 mild AD patients were

consecutive referrals to the Cole Neuroscience Center Alzheimer’s Center at the
UTMCK).

These patients met the diagnostic criteria of the National Institute of

Neurological and Communicative Disorders and Stroke/Alzheimer’s Disease and
Related Disorders Association for probable AD.

Each subject was administered a

short neurological exam by a neurologist to determine the neurological status. This
examination consisted of a brief personal history, evaluation of cranial nerve status,
overall motor and sensory systems. All control subjects were determined to have a
normal neurological examination.

The mild AD patients’ personal history on any

psychological or neurological diagnosis (including past diagnosis on AD), age, sex,
current prescription medication usage, past cognitive rehabilitation and medical
therapy information was collected from their medical charts. The patients also had
to adhere to the following exclusion criteria: no acetylcholinesterase inhibitor
medications; if patient was taking such medication, the patient had to be off the
medication (specifically Aricept or Exelon) for two weeks before participation in the
study was allowed; no antidepressant or antipsychotic medications, and

all illicit

drugs excluded subjects from the study.
Participants of this study did not receive any financial compensation for their
participation.
5.1.3 Setting
The baseline and the subsequent assessments of the normal subjects as well as AD
patients were performed either at the Cole Neuroscience Center (informed consent,
neurological exam, and cognitive assessment) or at the Department of Radiology,
Sections for MRI and Nuclear Medicine, at UTMCK (MRI and FDG-PET exams).
Neurological exams and cognitive assessments were obtained during the initial visit.
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The study consisted of two other visits; one to perform the MRI (fMRI) study and
another (separate occasion) to perform the FDG-PET scan. Patients and controls
were seen over a 4-month period at approximately one-month intervals.
5.1.4 Procedure of obtaining the informed consent
Participants and their caregivers arrived to the Cole Neuroscience Center where the
research study was explained to them in detail.

They were encouraged to ask

questions about the project. If they agreed to participate the subjects were asked to
read and sign indicating their consent. In instances where the subjects were not
able to give a complete informed consent, the primary caregivers (most often the
spouse) signed the informed consent, as well. The participants were administered all
of the cognitive assessments by the primary investigator of the study or her research
assistant, Mr. Alan Stuckey.
5.1.5 Cognitive Assessments
Mini Mental Status Examination (MMSE) (Folstein et al, 1973) is the most
widely used screening tool for dementia symptoms. The MMSE tests aspects of a
patient’s memory, as well as orientation, and visuospatial skills.

The tester

(psychiatric resident, nurse, psychologist, neurologist) is first instructed to make the
patient comfortable, to establish rapport, to praise success, and to avoid pressing on
the items which the patients finds difficult. In this setting most patients cooperate
and negative reactions are avoided. Thee MMSE is divided into two sections, the first
of which requires vocal responses only and covers orientation, memory, and
attention: the maximum score is 21. The second part tests ability to name, follow
verbal and written commands, write a sentence spontaneously, and copy a complex
polygon similar to Bender-Gestalt Figure; the maximum score is 9.

Because of

reading and writing involved in Part II, patients with severely impaired vision may
have some extra difficulty that can usually be eased by large writing and allowed for
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in the scoring. Maximum total score is 30. The test is not timed.
The Self Test (ST) (Dougherty & de Leonni-Stanonik, 2001) has been
recently developed by the principal investigators as a simple screening test for
Alzheimer’s disease. ST is more comprehensive (complicated visuospatial, short-term
memory, verbal fluency, orientation, and executive function tasks), and easier to
administer screening test compared to the MMSE. It consists of four items and a
total score of 20 can be obtained. The ST has good temporal test-retest reliability in
all four cognitive domains as well as high construct validity (overall r=. 86). Results
show that the ST scores correlate strongly with cognitive severity (r=0.71 vs.
MMSE). The ST items discriminated between patients with AD and elderly controls
(85.6% of cases correctly classified, p< 0.0001).

Reliability analysis showed .19

mean inter-item correlations for AD subjects, and .34 mean inter-item correlation for
normal subjects.

(á = .48). In addition compared to the MMSE, the Self Test

requires minimal involvement of professional personnel.
Anosognosia Questionnaire (CASAD) (Licata & Dougherty, 2002) was
completed by patients and their caretakers.

This questionnaire consists of 39

questions divided in to 3 sections: memory, executive functioning, and behavior.
The first section assesses the intellectual functioning (for example, “Do you have
problems remembering lists of items?”). The second section examines changes in
executive functioning (“Do you recognize yourself in the mirror?”). The third section
assesses patients awareness of daily activities (for example, “Can you drive your
car?”.

This questionnaire was also given to the caregivers which have the same

items as the self-report questionnaire, however the items are modified to ask the
taker to report on the patient (Licata et al., 2002).
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Example:
Self-Report Survey: “I can drive a car safely.”
Informant Survey: “The subject can drive a car safely.”
Each item on the Anosognosia Score has a score range of 1 to 5 (never to always).
The scores from the patient and informant questionnaire are compared to determine
if the patient views his or her symptoms differently compared to the caregiver.

The

patient’s caregiver blind to the patient’s answers responds to this questionnaire. The
final score is obtained by subtracting the patient’s score from the caregiver’s score.
A positive score indicates that the caregiver rated the patient as more impaired than
the patient’s own evaluation (that is, the patient is less aware of his or her cognitive
and emotional deficits), which in turn signals a presence of anosognosia.
Beck Depression Inventory (BDI) (Beck et al., 1980). The Beck Scale has been
developed and validated to assist in making focused and reliable patient evaluations.
Test results can be the first step in recognizing and appropriately treating an
affective disorder. It can help identify those patients with depressive, anxious, or
suicidal tendencies - even in populations with overlapping physical and/or medical
problems. The scale is easily administered and scored; it may be self-administered
or administered by trained staff. It takes just 5 minutes to complete.
A new version of the inventory, called the BDI-II, has recently been released (Beck,
1999). The BDI-II is also used extensively to monitor therapeutic progress. Twentyone items assess the intensity of depression in clinical and normal individuals. New
items bring the BDI-II in compliance with DSM-IV criteria, and the age range has
been expanded to 13-80 years of age. The new BDI-II is even more effective than its
predecessor as a measure of the severity of depression in outpatients and short-term
inpatients.

The BDI-II was administered to the participants of this study and
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includes twenty questions. Answers are scored on 0 to 3 scale (minimal: 0, severe:
3). Questions cover topics such as sadness, hopelessness, past failure, anhedonia,
guilt, punishment, self-dislike, self-blame, suicidal thoughts, crying, agitation, loss of
interest in activities, indecisiveness, worthlessness, loss of energy, insomnia,
irritability, decreased appetite, diminished concentration, fatigue, lack of interest in
sex. Score interpretation is the following: Score <15: Mild Depression, Score 15-30:
Moderate Depression, Score >30: Severe Depression.
The Color Word Stroop Test (CWST) comes in many different variations, and
each of them focuses on performance of a basic task, such as color or picture
naming, versus performance of the same task in the presence of conflicting or
incongruous stimuli. For the Color-Word Stroop test (CWST), for example, the basic
task is to name the ink color of rows of XXXs, and performance in this condition is
compared with performance on naming the ink-color of color words under conditions
where word meanings and ink colors mismatch or are incongruent (e.g., the word
red printed in green ink) (Figure 5.1).
A recent review of research with Stroop tests by MacLeod (1999) gives a
comprehensive picture of the variety of tests that have been used (Figure 5.1). The
review also underscores the fact that the most commonly used index of Stroop test
performance is an interference score, defined on the CWST as the difference in the
amount of time required for ink-color naming in the incongruous stimulus condition
versus in the basic Color-naming condition. The CWST poses a processing challenge,
namely, to attend and respond to one stimulus dimension (e.g., ink colors) while
ignoring and suppressing responses to a set of highly familiar visual stimuli, printed
color words (e.g., red, blue, green).

Consequently, it is considered to specifically

test an individual’s selective attention. Stroop test interference is often viewed as a
general index of cognitive flexibility and control, of the "ease with which a person can
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Figure 5.1 Color word stroop test.
Test for selective attention.

shift his or her perceptual set to conform to changing demands and suppress a
habitual response in favor of an unusual one" (Spreen & Strauss, 1991, p. 52).
Consistent with this analysis of the requirements of Stroop tests, performance is
assumed to depend directly on access to attentional capacity or task appropriate
processing resources.

For this reason, Stroop test interference scores have been

used to track the availability of attentional capacity across different experimental
conditions, as well as to speculate how processing resources are influenced by such
factors as age and dementia.

In a study by Graf, Uttl, & Tuokko (1995), they

investigated the relationship between age and CWST performance in older adults.
The results showed that word reading times differed only by a small amount between
the youngest (mean = 68 years) and oldest (mean = 86 years) group, whereas color
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naming increased more noticeably across the same age groups, and naming colors in
the incongruent condition changed even more substantially.
An age-increase in Stroop interference is also consistent with the view that
processing resources decline in old age (Craik, 1986; Hasher & Zacks, 1979; Jorm,
1986; Kausler, 1991; Salthouse, 1988). The focus of previous investigations so far
has been on the nature of the processing resources that are assumed to be required
for the Stroop tests, and these are thought to decline with age. However, a question
remains first, if age differences in Stroop interference reflect primarily a quantitative
performance difference between a difficult and more time-consuming task versus an
easy and less time-consuming task, and second, if the age differences in Stroop
interference reflect mainly a qualitatively different type of processing than that
indexed by such basic tasks as color naming and word reading.

This question

remains unresolved among experts.
5.1.6 Activation paradigm for functional imaging
Presentation of the Counting Stroop Test activation stimuli: A test to probe
the mechanisms of selective attention called the Counting Stroop Test was used in
this study.

In the classic Color Word Stroop Test, naming the color of an

incompatible color word (e.g. the word RED printed in green ink; say, ‘green’) is
much slower and more error-prone than is naming the color of a control item (e.g.
XXX or CAT printed in green; say ‘green’). This seemingly simple interference
phenomenon has long provided a fertile testing ground for theories of cognitive and
neural components of selective attention.
A newly developed “Counting” Stroop test has been constructed to identify the
mediating neural substrate of cognitive interference (Bush et al., 1998). This variant
of the Stroop Test allows on-line response time measurements while obviating
speech.

It is used because speaking produces head movements that can exceed
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those tolerated by fMRI or PET preventing the collection of vital performance data
and image artifacts. During this task, the subjects report by squeezing the blood
pressure bulb/pump as soon as they can count how many words they see on the
screen in front of them, regardless of word meaning.

Interference trials contain

number words that are incongruent with the correct response (e.g., “two” written
three times), while neutral trials contain single semantic category common animals
(e.g., “bird”). (Figure 5.2; Bush et al., 1998).
a) FMRI: The stimuli were presented in column of words for duration of
the MRI scan which lasted 2 minutes and 72 seconds with a 12 second
delay of data acquisition (to allow the imaging system to reach steadystate) at the beginning and at the end of each scanning session. The 8

Figure 5.2 The Counting Stroop Test.
(Bush, 1998)
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18-second blocks consisted either of neutral or incongruent stimuli
(Figure 5.2). The first scan started with a neutral block followed by an
incongruent block, … and so on, till four neutral and four incongruent
blocks were presented.

The second scan was the counterbalanced

version of the first scan, i.e. it started with the incongruent word
block. Each subject underwent two fMRI scans (Figure 5.3).
b) FDG-PET: The Counting Stroop Task was used with slightly amended
timing of presentation. The main difference occurred in regards to
timing.

The stimuli were presented 25 min before the subject underwent the
FDG-PET scan for a total of 20 min to allow adequate FDG uptake. The
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Figure 5.3 Protocol for stimulus presentation during an fMRI scan.
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Table 5.1 Protocol for stimulus presentation before the FDG-PET scan.
1. 10 min rest period in a darkened room
2. Stimulus lasted presentation for 20 min starting at the end of rest period.
3. Stimuli consisted of combination of INCONGRUENT AND EMOTIONALLY
INCONGRUENT words.
Example:
Incongruent stimulus:
THREE
THREE
THREE
THREE
0-10 min
10-20 min

Emotionally Incongruent stimulus:
MURDER
MURDER
MURDER
MURDER
Incongruent blocks
Emotionally incongruent blocks

subjects were undergoing the ‘Incongruent’ blocks of stimuli during the
first 10 min. At the end of 10 min, the presentation switched to the
Emotional block stimuli, which included words that provoked emotional
incongruence effects in addition to the cognitive interference effects,
produced by the ‘Incongruent’ word blocks (Table 5.1).

After the

conclusion of the stimulus presentation, the subject was positioned on
the scanner bed in a supine position with the head fastened to the
table in order to prevent movement artifacts. The same equipment
and set up were used for the FDG-PET stimulus presentation as for the
fMRI stimulus presentation (see Section 5.6).
5.1.7 Experimental setup
Functional MRI
The set up for the activation paradigm included: a Proxima Desktop Projector 9250+
(Proxima Corporation, The Netherlands, 1998) donated by UTMC Hospital Auxiliary,
connected to a Compaq PII 400 MHz Presario 1273 (Compaq, 2000) laptop computer
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with a MicroSoft Power Point presentation of the stimuli (block of words), a black
computer stand 3 feet tall x 2 feet x 1.5 feet, a screen made of white linen cloth
placed on a PVC stand inside the MRI room, the MRI machine (1.5T GE Signa),
headphones that were provided by the MRI machine, a plastic hose attached to a
rubber blood pressure bulb (which the subjects held in their hand), a receiver
attached with a USB port to the Compaq laptop computer which was activated by a
puff of air produced by squeezing the blood pressure bulb that was also attached to
the receiver (Appendix E). The block of words on the screen did not advance until
the receiver was activated by a subject squeezing the blood pressure bulb.
The Proxima Desktop Projector 9250+ was placed on top of the black stand, which
was located 3.5 feet high and approximately 2 feet from the left wall facing the MRI
machine. The projector was elevated to give a clear picture on the screen, which
was located inside the MRI room. The computer stand was positioned 6 feet from
the window outside the MRI room. The screen, which was placed on the PVC stand
in front of the MRI scanner in the MRI room, was 5.5 feet wide and 7 feet high. The
screen stood 12 feet away from the MRI tube; the words on the screen were seen by
study participants via a small mirror inside a standard head coil placed over their
head.
The words, which were projected onto the screen were 5 inches high – this allowed
for normal viewing of the words even for those participants who had to remove their
eye glasses. The plastic hose ran from the MRI scanner, where the patient was lying
on the table and holding the blood pressure bulb, taped to the floor, under the door,
and to the receiver which relayed the puffs of air created by squeezing rubber bulb.
The puffs of air which hit sensors inside the receiver was relayed through a port into
the computer which advanced the screen for a different column of words.

The

headphones were placed on participants’ ears to decrease the amount of noise made
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by the MRI magnet. This experiment equipment for stimulation was designed and
manufactured in the Image Processing Laboratory (Department of Radiology,
UTMCK) by my fellow graduate student and husband, Charles A. Licata).
5.2 Neuroimaging techniques
All of the procedures implemented in this study have been devised by the committee
members and myself at the University of Tennessee Medical Center Knoxville
(UTMCK). They include anatomical MRI scans in order to evaluate the integrity of
brain structure of the participants, as well as two functional imaging techniques, fMRI
and PET.

As discussed in the previous chapters, fMRI and PET are based on

physiological responses of neurons. In addition, coregistration of fMRI and PET to
the anatomical MRI images affords precise regional localization and delineation of
significantly activated or deactivated brain regions.
5.2.1. MRI and fMRI
The theory basis for MRI as well as the physical principles for fMRI have been
addressed extensively in Chapters Four and Five. In this section, specific MRI and
fMRI procedures implemented in the study are explained in detail.
5.2.1.1 fMRI procedures
Protocol for procedural details during MRI are listed in Table 5.2.
Participants were fitted with an EEG cap (devoid of electrodes), which did contain
fiducial markers that can be seen on MRI images allowing for specific anatomical
reference during the post-processing steps of the functional images.
During the fMRI sequence of scans, the activation paradigm (Counting Stroop Test)
was administered in 8 scanning blocks consisting of four neutral stimulus sessions,
four incongruent stimulus blocks, and a rest block at the beginning and at the end of
the scan included due to the physiological response function.

The number of stimuli

presented depended on the participants’ speed of identifying how many words they

159

Table 5.2 Temporal protocol for fMRI.
Function:

Time
(min)

0
10

Ss fit with the EEG cap

no

Ss positioned in the

no

MR scanner

*

15

Start of anatomic scans

20

Start of DWI

25

Start of fMRI

40

End of 2 fMRI scans

no
yes

3-4 min break between fMR scans in order to
allow for image reconstruction

** Ss = subjects

could see on the screen and squeezing the blood pressure bulb.

Each subject

underwent 2 such EPI (fMRI) scans. Neutral and Incongruent blocks of words were
alternated in the second scan. This design helped prevent confounding effects such
as order of presentation or scanner drift. Participants received standard instructions
to respond both quickly and accurately.
5.2.1.2 Image acquisition:
The MR image acquisition sequence is listed in Table 5.3. All of the MRI scans were
conducted using the General Electric 1.5 T EchoSpeed MRI scanner (Version 8.3).
Briefly, the sagittal scout images were acquired first followed by the high-resolution
anatomical images and functional Echo Planar images (EPI). Each subject underwent
two functional MRI scans in order to counterbalance the effects of the stimulus
presentation (see Section 5.1.6). The time acquisition and the image parameters for
each MR series are listed in Table 5.3.
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Table 5.3 Image acquisition protocol with parameters.
Image Acquisition Order & Image
parameters
Sagittal T2 Fast Spin Echo:
TR (repetition time)=3000, TE (echo
time)=90
Field of View=24x24cm
Matrix=256x160
Axial T1 3D SPGR (“Spoiled Gradient-Recalled
Acquisition in the Steady State”):
TR=9.1, TE=1.9, flip angle=20 degrees
Slice thickness/gap=1.4/0.7mm
Field of View=25x18cm
Matrix=256x192
Echo Planar Images - Axial 2D Gradient Echo:
TR=3000, TE=60, flip angle=90 degrees
EPI=5 slices per phase, 1 phase=3 ms
54 phases per scan,
1 scan=2.42 min
Field of View = 40x40cm
Matrix = 128x128

Description
Sagittal Scout

High resolution anatomical
images

-Functional BOLD MR images
-1 fMR scan = 8 18sec blocks
+ 2 12 sec delay blocks at
the beginning and end

5.2.1.3 Image post-processing
The raw fMRI data had to be further processed in order to correct for any movement
artifacts during acquisition (realignment) (Figure 5.3), determine the activated
voxels, and to normalize the significant activations to a standard 3-D space atlas. All
of the MRI data from this study were normalized using Talairach-Tourneaux
stereotactic atlas (1996). The key image processing steps are portrayed in Figure
5.4.
The activation experiments were designed to produce a response in the occipital,
frontal, temporal, and parietal areas of the anterior and posterior attentional
networks (Posner, 1997).

Only areas between the midbrain and the top of the

cingulate cortex (not the whole brain) were imaged, in 5 slices, every 3 seconds.
The analysis of the data was carried out using the techniques in the Statistical
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Figure 5.4 fMRI post processing steps.

Parametric Mapping (SPM99) software (Wellcome Department of Neurology, London
College, 1999). Statistical evaluation of activated areas was based on a leastsquares estimation using the general linear model (e.g., Friston, 1994) (Figure 5.5).
Contrasts between conditions were calculated using the t-statistic, subsequently
transformed to z scores. Individual functional datasets were all aligned to the same
stereotactic reference space and a group analysis of the fMRI data was performed by
averaging individual z maps (Bosch, 2000).
Following image formation, the EPI data were normalized and spatially filtered with a
3D Gaussian kernel with FWHM of 6 mm. These activation data were analyzed using
a t-test comparison between the mean of the selective attention (activation) images
and those images that did not require any attentional efforts, forming one statistical
parametric map (image) for each phase (figure 5.6). The correlation coefficients and
t-scores were transformed to z-scores and thresholded to the same p-value (p <
.05) using both peak height and spatial extent of the SPM.

For each phase, the

mean percentage change between activation and neutral state was calculated, for all
the voxels (voxel size = 3.12 x 3.12 x10 mm) in the active regions.
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The activated voxels were mapped into the anatomical images subjects’ own
anatomical images as well as into a standard brain volume model for group
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Figure 5.5 Schematic representation of pre-processing steps in SPM99.

Figure 5.6 Statistical analysis model for a single subject analysis with
SPM99.
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comparisons (Figure 5.7).
Specific associations between Anosognosia scores and the presence/absence of
significant activations in the Anterior Cingulate Cortex (ACC) were performed in the
following fashion: using the Volume of Interest Tool in SPM99 spherical VOI’s were
defined for each patient using Talairach-Tourneaux stereotactic x,y,z coordinate
origin of 0,32,30 with radius r=6mm.

This coordinate origin is considered to be

located in the middle of the ACC (Brown et al., 1994).

The radius of 6mm was

decided upon in order to cover the main areas of the ACC. The mild AD patients
were divided into two groups: group 1 included patients with one or more significant
blood oxygen level dependent (BOLD) increased signals in the ACC; group 2 included
patients with no significant BOLD increased signals in the ACC as determined by
fMRI. An independent t-test was performed to assess the significant difference in

Figure 5.7 Schematic model for between group comparisons of significantly
activated areas in SPM99.
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anosognosia scores between groups 1 and 2.
A neuroradiologist reviewed and recorded the impressions for the anatomical MR
images.
5.2.2 [F-18]Fluoro-2-deoxy-glucose (FDG) PET
PET is an imaging method that measures physiological activity in a specific location
of the body. Different radiotracers are used which can be injected intravenously or
administered by inhalation to patients. They are distributed in the body according to
their biochemical or physiological properties.
“The radioisotopes used in PET are produced in a cyclotron. In this device an extra
positive charge is added to a stable element by bombarding the nucleus with protons
or deuterons (a composite of a proton and neutron having a positive charge).
This excess positive charge is emitted from the nucleus in the form of a positron
(positive electron) (Jacobson, 1988).

In the body, when positrons are emitted

during the radioisotope decay, they quickly combine with electrons. This causes an
annihilation reaction to occur, during which both the positron and electron are
converted into energy. As a result, two 0.511 MeV photons emerge at 180 degree
angles from each other. These annihilation photons are then recorded by detectors
arrayed around the head in a circular fashion. Simultaneous measurements of more
than one tomographic slice may be obtained from several rings of detectors. When
two photons are recorded simultaneously, the conclusion is made that the
annihilation reaction occurred somewhere along the line connecting the detectors.
These events are recorded from different angles (sinogram), the distribution (activity
image) is calculated by tomographic reconstruction procedures” (Tucker, 1992),
(Budinger, Derenzo, Huesman, Jagust, & Valk, 1989; Jacobson, 1988; Raichle, 1987;
G. Smith & K Hubner, personal communication, 1997-1998, 2000-2002). The raw
PET images consist of a grid or matrix of picture elements, or pixels. Each pixel can
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be located by x,y coordinates and has a pixel value representing the quantity of
activity (or amount of energy emitted by a particular piece of tissue) associated with
that pixel (Sorenson & Phelps, 1987). The values for the particular PET scanner are
represented as ECAT counts per pixel per second referred to as ECAT counts. These
pixel values can be represented by different color codes on the images according the
amount of activity in the pixel. The “Hot Iron” color coding scheme was used for the
display of PET images in this study. Two 18-FDG PET scans were performed on each
patient participating in this study.

PET images were obtained by computerized

reconstruction of events occurring within the brain from the decay of the positron
emitting radioisotope. The PET studies were performed on a Siemens ECAT EXACT
Scanner, Series 921 (CTI, Knoxville, TN) at the Department of Radiology, UTMCK.
5.2.2.1 Physiologic principles of FDG PET
Briefly, FDG, or 2-fluoro-2-deoxyglucose, a glucose analogue, is one of the most
commonly used tracers.

This compound labeled with Fluorine-18 allows for a

simulated glucose accumulation to be recorded as a function of the positron emitter
(to measure positron emission as a reflection of “glucose accumulation”). Normally,
once glucose enters a cell (via a transporter enzyme) it is phosphorylated by
hexokinase and then enters either the glycolytic or glycogenic pathway.

[F-

18]Fluoro-2-deoxy-glucose (FDG) is used in PET to study glucose metabolism. After
an intravenous (IV) injection, FDG enters the tissue and is phosphorylated into FDG6-phosphate (FDG-6-P). Because of the missing oxygen at the second carbon
position (“deoxy”), FDG-6-P cannot be further metabolized in the glycolytic pathway,
and is essentially trapped in the cell as FDG-phosphate (Figure 5.8). The enzyme
glucose-6-phosphatase will dephosphorylate in due time both glucose-6-phosphate
and FDG-6-phosphate allowing glucose and/or FDG to escape from the cell.
Different human tissues have different amounts of hexokinase and glucose-6-
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Figure 5.8 Model of FDG metabolism.

phosphatase, resulting in different patterns of intracellular FDG accumulation. For
example the ratio of the concentration of hexokinase to glucose-6-phosphatase is
higher in the brain and heart than in other tissues, so that the FDG accumulation in
these tissues is predictably higher than in others. During an FDG PET study (after a
patient has fasted for several hours) the endogenous glucose level is relatively
constant. At the beginning of an FDG PET study, FDG is absent in both blood and
tissue. Following a bolus injection FDG, FDG initially peaks in the blood and then
accumulates in the tissue.
Radiotracer Production: 2-F-18-FDG was synthesized using the method of Mamacher
et al. (1982). Each patient was injected with 10mCi of F-18 FDG (150 uCi/kg FDG).
5.2.2.2 PET procedures
Table 5.4 shows the timeline of the procedural events which patients had to undergo
during the FDG PET scans. FDG PET scans were performed on probable
AD patients only, not on normal controls. The UTMCK’s Institutional Review Board
did not approve the participation of normal subjects in the PET section of this study
for dose radiation considerations.

Each patient received two FDG PET scans on

separate days: the first one was a baseline scan, the second scan included the
Counting Stroop and the Emotional Counting Stroop activation paradigms as
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Table 5.4 Protocol for activation and baseline FDG PET scans.
Time
(min)

0

FDG PET baseline scan
1. Establish IV access

10

Patient rests in a darkened room
with earplugs and eyes covered
with facemask.
Injection of 10mCi of F-18 FDG

20

Rest in a quiet, darkened room.

30

Rest in a quiet, darkened room.

30

Patient positioned supine on the
PET scanner table.
Patient’s head secured using the
neck brace and a strap across the
forehead.
Blinders put over patient’s eyes.
Start of static FDG PET brain
imaging
End of static FDG PET brain
imaging

40
60 to 65
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FDG PET activation scan
1. Establish IV access
2. Instructions and
demonstration of the
activation task presentation
Patient rests in a darkened room
with earplugs and eyes covered
with facemask.
Injection of 10mCi of F-18 FDG
Simultaneously
Start of activation task
presentation
* Counting Stroop Test*
Switch to the *Emotional
Counting Stroop Test*
presentation (see Section 6.1.6
b)
End of activation task
presentation
Patient positioned supine on the
PET scanner table.
Patient’s head secured using the
neck brace and a strap across the
forehead.
Blinders put over patient’s eyes.
Start of static FDG PET brain
imaging
End of static FDG PET brain
imaging

described in Section 6.1.6b.

Scanning of the brain was initiated using the ECAT

EXACT Scanner (CTI, Siemens, Knoxville, TN) with a spatial resolution of 8 mm in
the plane of section and a 12 mm slice thickness 30 minutes after the FDG injection.
A head holder minimized head movement during scanning.

To confirm true axial

positioning, 2 rectilinear images (anteroposterior and lateral views) were obtained
prior to generating a standard set of 12 tomographic images parallel to the
canthomeatal line (See appendix C for the detailed protocol for Static PET Brain
Imaging at the Department of Radiology, Section for Nuclear Medicine, the UTMCK,
Knoxville).
5.2.2.3 PET image acquisition
A 47-slice ECAT EXACT with resolutions of 10 mm FWHM in the x-y-z axes were
used. The Field of View (FOV) was 16.2 cm with matrix dimensions of 128x128x47.
Transmission data for attenuation correction were acquired using a 300 MBq 68Germanium source. The images were corrected for scatter and random coincidences
and reconstructed with filtered back-projection, a zoom factor of 2 using an
optimized 0.35 Hanning filter.
5.2.2.4 Qualitative Image Interpretation
Both FDG PET scans of each patient were interpreted by two Nuclear Medicine
physicians in a blind fashion without any knowledge of histological or MRI findings.
PET images were analyzed using the “ECAT volume Tool” display mode for visual
interpretation of axial, coronal, and sagittal images.

In addition, semiqualitative

color display (Bronson scale) and activity distribution profile curve analyses were
used to detect significant changes and/or differences in the metabolic rate of
glucose.
5.2.2.5 Quantitative statistical analyses of PET images
The quantitative analyses of FDG PET images were performed using the Statistical
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Parametric Mapping (SPM99) software (Wellcome Department of Neurology, London
College, 1999). Similar to the fMRI images, the raw PET images were first realigned
to correct for any head motion, which may have occurred during the scan.

Next, all

PET data from this study were normalized using Talairach-Tourneaux stereotactic
atlas (1996). Finally, the PET and anatomical images of each participant were
corregistered using SPM99 (Figure 5.9) for more accurate location specification of
functional information (Friston, 1996).
One of the simplest methods for obtaining results from a two state PET experiment is
to perform a simple subtraction. This is carried out by averaging together all the
images acquired during the activation scan and subtracting the average of all the
images acquired during the baseline scan. The disadvantage of such a technique is
that it is extremely sensitive to head motion, potentially leading to large amounts of
artifact in the image. Such a method does not yield a statistic that can be tested
against the null hypothesis, so instead of straight subtraction it is more common to
use a Student's t-test. This weights the difference in means, by the standard
deviation in 'active' or 'on' values, giving high t-scores to large differences with small
standard deviations, and low t-scores to small differences with large standard
deviations. The t-score is calculated on a voxel by voxel basis, for a time series X,
using the formulas:

where

and

is the pooled variance
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Figure 5.9 Summary of pre-processing steps for intramodal corregistration
of FDG PET and MRI images.
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The suffix '1' refers to the n1 images acquired during the activation scan, and '2'
refers to the n2 images acquired during the baseline.
In more detail, the steps we would like to carry out are as follows:
1. PET images were realigned, normalized, and smoothed.
2. The variance and standard deviation associated with each voxel of
the average image was obtained.
3. The realigned, normalized and smoothed PET images of the
baseline scan were then subtracted from the activation scan. The
result was a "difference image" - positive or negative.
4. Next, it was examined if the difference image exceeds, for
example, 3 standard deviations for that voxel in the baseline
image.
5. The threshold for each voxel was set and a multiple of the standard
deviation associated with that voxel in the difference image
obtained in step (3). This threshold for each of the voxels would
then define the "threshold image".
6. Finally, the difference images of these thresholded images were
statistically analyzed to locate and identify areas of hypo/hyper
activations.
7. In the SPM99 model for image subtraction, the Anosognosia
Questionnaire score was included as one of the covariates.

The

results from this model will provide the information regarding,
which specific brain areas of significant hyper- or hypoactivations

173

Figure 5.10 Subtraction method of FDG-PET images.

are associated with significant Anosognosia scores in each patient
(Figure 5.10 and 5.11).
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Figure 5.11 Statistical model for PET image subtraction.
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Chapter 6: Results & Discussion
6.1 Results
6.1.1 Demographics
Twenty-three subjects from two groups: 10 with mild AD [MMSE=20-24, ST=14-18]
and 13 age-matched control subjects with no history of head trauma, stroke, prior
mental illness, mental retardation, life-threatening illness, psychiatric or neurological
disorders were included in this study. The subjects were recruited from Knoxville
and surrounding communities of East Tennessee. The normal subjects came from
healthy spouses, friends, and acquaintances of the mild AD patients.
The study included 10 male and 13 female participants: of these, 4 out of 10 mild AD
patients (NINCDS/ADRDA criteria, McKhann et al., 1984) were males, and 6 out of 7
normal control subjects were males (Table 6.1).

Table 6.1 Summary of demographics and cognitive test results.
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The mean age of the probable AD group was 75.5 years (SD=±4.3years); the mean
age of the normal subjects was 72.6 years (SD=±5.9years).

The study sample

included Caucasians only. The average highest educational level achieved was 11.9
years (SD=1.9 years) for the mild AD group, and 13.8 years (SD=2.1) for the
normal participant group (Table 6.1).
All participants gave informed consent as specified by the Institutional Review Board
at the University of Tennessee Medical Center. The sample of 10 mild AD patients
was consecutive referrals to the Cole Neuroscience Center Alzheimer’s Center
(UTMCK).

These patients met the diagnostic criteria of the National Institute of

Neurological and Communicative Disorders and Stroke/Alzheimer’s Disease and
Related Disorders Association for probable AD.

The normal control subjects were

selected based on the normal score obtained on the MMSE (normal range 24-30,
Folstein et al., 1975;) and the ST (normal range: 18-20, Dougherty & de Leonni
Stanonik, 2002) as well as the absence of any history of cognitive impairment.
The study included 19 right-handed and 5 left-handed participants.
6.1.2 Cognitive Tests
The following cognitive tests were administered during the study: as disclosed in
Section 6.1.1, the results of the MMSE and ST were used as screening criteria for
inclusion in the present study. Three other cognitive evaluations were also given to
the subjects: the Stroop test, Anosognosia Questionnaire (AQ), and Beck Depression
Inventory (BDI). The mean score on the paper version of the Stroop test in the mild
AD group was 23±8 words in a 45-second period; the normal control subjects on
average obtained 75±12 words in a 45-second period (p<.001).

The two groups

clearly differed most significantly on the Stroop test, which is thought to measure
selective attention and interference. Furthermore, in the mild AD group the mean
AQ score 1.21±.98 compared to the mean score of 0.34±0.078 in the normal control
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Table 6.2 Anosognosia Questionnaire scores by patients.

group (p<.001) where any score above 1 is thought to denote anosognosia, i.e. lack
of awareness of one’s symptoms (Table 6.1).

The AQ is a recently developed

questionnaire at the Cole Neuroscience Center, UTMCK. The results of the inter-item
reliability assessment of the mild AD patients’ compared to the normal control
subjects’ AQ scores in this study indicated the cut-off point of 1 between significant
levels of awareness to unawareness of cognitive symptoms. Table 6.2 indicates the
cognitive distribution of the anosognosia scores according to different domains of
cognition.

The evaluation of all of the three domains (memory, executive

functioning, and behavior) contributes to the patients’ overall anosognosia score.
Six out of ten mild AD patients exhibited anosognosia specifically for memory
functions, six out of ten mild AD patients showed anosognosia for executive
functioning, and eight out of ten mild AD patients demonstrated anosognosia for
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traits in their behavior.

Overall, six mild AD patients were determined to exhibit

significant symptoms of anosognosia (Table 6.2). The depression assessments as
determined by BDI did not significantly differ between mild AD patients and normal
age-matched control subjects in this study.
Both groups of participants showed highly significant correlation between the written
Stroop Test scores and the Counting Stroop Test scores exemplifying high degree of
reliability of the newly developed Counting Stroop Task, which was used as the
activation paradigm for selective attention.
Confusion has been reported with sudden discontinuation of acetylcholine esterase
inhibitor medications (Carter et al., 2001; Smerka et al., 2000). Contrary to these
reports, the mild AD patients included in this study who were discontinued from
Aricept (Donepezil HCl) or Exelon (Rivastigmine tartrate) for a week did not appear
or report to become acutely confused nor agitated as a result of a discontinuing of
any of their medications.
6.1.3 Neuroimaging
The qualitative impressions and quantitative results obtained on fMRI as well as FDG
PET studies are described in the subsequent sections.
6.1.3.1 Results of MRI
Results of qualitative analyses:
The anatomical MRI scans were obtained for all but one participant: one patient
could not undergo an MRI procedure because of a pacemaker. Table 6.3 lists the
anatomical evaluations of the brain structure integrity in mild AD patients.
The MRI findings did not show any significant focal lobar atrophy changes in mild AD
patients. Half of the mild AD patients had completely normal MRI readings (Table
6.3).

The most common MRI findings included: mild or moderate diffuse cortical

atrophy and periventricular chronic white matter ischemic changes. Two patients
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Table 6.3 List of anatomical MRI evaluations for mild AD patients.
PATIENT
1

2
3
4
5
6
7
8
9

10

MRI of the Brain – mild AD patients
Anterior subinsular and bilateral putamen focal white matter ischemic changes
Mild scattered subcortical chronic white matter ischemic changes
Mild to moderate cortical atrophy
Mild periventricular white matter chronic ischemic changes
Mild diffuse cortical atrophy
Normal
Mild diffuse cerebral age- appropriate atrophy
Normal
No MRI performed
Periventricular white matter chronic ischemic changes
No significant atrophy
Normal
Normal
Lacunar infarcts: right thalamus (4 & 6 mm) and posterior right putamen
4 focal cystic changes in the hippocampi
Probable right frontal developmental venous anomaly
Mild atrophy
Normal

exhibited subcortical chronic white matter ischemic changes, and one mild AD patient
showed lacunar changes in the thalamus and cystic changes in the hippocampi
(Table, 6.3).

The absence of significant bilateral temporal and parietal cortical

atrophy was noted in the mild AD patient group.
In contrast, the MRI evaluations of the normal control group show that only three
participants obtained a normal reading on the anatomical MRI scan (Table 6.4).
Similar to the mild AD patient group, the most common findings in this group also
included periventricular white matter chronic ischemic changes, subcortical white
matter ischemic changes, and mild to moderate degree of cortical atrophy. It is of
interest that on average more findings of significant cortical atrophy, which is not
age-appropriate, were found in the normal control group. Other findings include:
lacunar infarcts in the caudate, putamen, and thalamus; calcification of the globus
pallidus, and significant atrophy bilaterally in the posterior parietal regions.

One

control participant was found to have a 5 mm cyst superior to the anterior right body
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Table 6.4 List of MRI evaluations for normal control subjects.
NORMAL
CONTROL

MRI of the brain – Control subjects

1

Posterior left and right frontal white matter ischemic changes
No significant atrophy

2

Moderate biparietal atrophy
1 lacunar infarct in posterior left putamen (5mm)

3

Normal

4

Periventricular and subcortical scattered white matter chronic ischemic
changes
Mild diffuse atrophy in frontal and parietal lobes bilaterally
Lacunar infarct in anterior left thalamus

5

Moderate diffuse chronic ischemic white matter changes
Calcifications in globus pallidus
Pontine chronic ischemic white matter changes

6

Mild biparietal atrophy
Left cingulate gyrus white matter chronic ischemic change (3 cm)
posterior to the anterior margin of the Corpus Callosum

7

5 mm cyst superior to the anterior right body of the hippocampus:
possible choroid plexus cyst.
No atrophy

8

Left inferior cerebellar lacunar infarct
No significant atrophy

9

Mild chronic white matter ischemic changes
No atrophy

10

Moderate periventricular chronic white matter ischemic changes
small bilateral basal ganglia lacunar infarcts in caudate, putamen, and
thalamus

11

Minimal biparietal atrophy

12

Normal

13

Normal
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of the hippocampus, a possible choroid plexus cyst.
6.1.3.2 Individual fMRI analyses
Individual analyses of significantly activated areas on fMRI were performed for each
study participant.

An example of the activation images produced as well as the

corresponding table of x,y,z Tailarach coordinates and calculated t-scores is shown in
Figure 6.1. The colors in the active regions refer to the level of percentage change in
blood oxygenation levels of each region.

The levels of significance to obtain the

activations (p value), was set at p<.001. The activated voxels were mapped into
each participant own brain volume rendering. This is illustrated by the images of the
shown in Figure 6.1 for one of the mild AD patients.
Next, Figure 6.2 shows the resulting activation images from a normal control subject.

Figure 6.1 Individual analysis of mild AD patient #3.
(p<.05 Bonferroni correction for multiple comparisons)
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Figure 6.2 Individual analysis of a normal control subject (#3).
(p<.05 Bonferroni correction for multiple comparisons)

Areas of significant activations in the anterior cingulate cortex, the posterior parietal
areas, and dorsolateral prefrontal areas are noted. Much individual variation exists
within the individual fMRI analyses of mild AD patients as well as the normal
controls.
6.1.3.2 Group fMRI analyses
Comparing the responses to selective attention in the mild AD group and normal
control subjects revealed interesting results. Whilst significant individual differences
exist as noted previously, the mild AD group consistently showed significantly
decreased the ACC activation areas while undergoing the Counting Stroop Test as
shown by the fMRI scans.

Direct comparisons showed that the areas of the ACC

activity were significantly higher in the control group (Figures 6.3, 6.4, 6.5).
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In the posterior cerebral cortex blood level oxygen dependent (BOLD) increases were
noted bilaterally in the medial and inferior occipital lobes and in the right posterior
parietal lobe.

Moreover, significant activations were also found in the subcortical

regions, specifically in the left caudate nucleus and the right thalamus. In the frontal
areas, significant BOLD responses were determined bilaterally in the inferior and
medial frontal lobe as well as the insular cortex bilaterally (Figure 6.3).
The areas of significant BOLD activated responses indicate that, as a group, the mild
AD group did activate the frontostriatal-insular network, thus the absence of the ACC
activation could not have been caused by poor global neuronal functioning.
In contrast to the mild AD patients, the normal group showed significantly increased
BOLD activity in the following areas (Figure 6.4): in the frontal lobe, there were
increases in the superior and caudal portions of the ACC bilaterally, the right
dorsolateral prefrontal cortex, and the inferior orbital cortex.

Furthermore,

significant BOLD activations were also observed in the superior parietal lobule, the
inferior parietal lobule, as well as the middle and inferior occipital lobes.
Conspicuous by their pronounced absence were significantly elevated BOLD
responses in the temporal lobes bilaterally. This was true for both, the mild AD and
the normal control groups. Figure 6.4 lists the areas of significant activations in the
normal control group.
Additionally, the normal control subjects exhibited patterns of symmetric or bilateral
activated areas compared to the mild AD patients.
When the two groups were assessed together, they demonstrated pronounced
differences in the following areas: the left dorsolateral prefrontal area, the ACC
bilaterally, and posterior parietal areas bilaterally (Figure 6.5).
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Figure 6.3 AD group – significantly activated areas.
(p<.05 Bonferroni correction for multiple comparisons)
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Figure 6.4 Normal control group – significantly activated areas.
(p<.05 Bonferroni correction for multiple comparisons)
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Figure 6.5 Group comparison between AD and normal controls.
(p<.05 Bonferroni correction for multiple comparisons)
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6.1.3.3 Anosognosia and significant activations in the ACC
In the post hoc analyses of fMRI activations, the anosognosia scores of the mild AD
patients were associated with either the presence or the absence of significant BOLD
activated areas in the ACC.

A correlation between the number of significant

activations and anosognosia scores was performed. Figure 6.6 shows that mild AD
patient #3 had three significantly activated areas in the ACC in addition to obtaining
a score of 1.28 on the Anosognosia Questionnaire. Individual correlations for the
other mild AD patients are listed in Appendix E.
In an additional post hoc analysis, the mild AD subjects were divided into 2 groups in
order to determine if significantly higher anosognosia scores existed in those mild AD
patients with no significant activations in the ACC compared to those mild AD
subjects with one or more significant activations in the ACC. The results of an

Figure 6.6 Correlation between the anosognosia scores and significant fMRI
activations in the ACC.
(p<.05 Bonferroni correction for multiple comparisons)
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independent t-test are displayed in Figure 6.7. One mild AD patient was excluded for
the purposes of this analysis because the warping artifact on the fMRI scans which
could not provide accurate significant activation data. The Levene’s test indicated
equality of variance; therefore the parametric t-test could be performed. The t test
showed that there is significant difference in anosognosia scores in those mild AD
patients with no significant activations in the ACC compared to those mild AD
subjects with at least one significant activation in the ACC (Table 6.7).
6.1.4 PET
6.1.4.1 Qualitative analyses
The qualitative analyses of FDG-PET images showed decreased utilization of glucose
in the tempoparietal and frontal lobes in the mild AD group. This is a typical pattern
of probable AD in the moderate to late stages as seen on FDG-PET without using an
activation task. The same pattern was quantitatively determined using the Counting

Figure 6.7 Association between anosognosia and ACC.
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Stroop Test as the activation paradigm in the mild AD group.
Table 6.5 lists the impressions of the activation and baseline FDG PET scans as
reviewed by two independent Nuclear Medicine physicians.

The findings of the

anatomical MRI images are also added for comparative reasons.

The FDG PET

images are found in Appendix D.
6.1.4.2 Coregistration of FDG PET and MRI
The coregistration of functional images (FDG-PET) combined with subjects’ own
anatomical MRI images was performed to design improved, more efficient method of
accurate specification of significant glucose hyper- or hypo-activated areas (Figure
6.8).

Figure 6.8 Intramodal corregistration.
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Table 6.5 Qualitative analysis results of FDG PET activation and baseline
scans.
(Images displayed in Appendix D)
FDG PET analyses for

Pt
1

mild AD patients

Physician 1
FDG-PET

Physician 2
FDG-PET

Physician 3
MRI

Baseline (S2):
Slight asymmetry of glucose
metabolism in the frontal lobes and
also in the posterior parietal lobes.
Decreased glucose uptake in the
right frontal lobe.
Mild abnormal glucose utilization
pattern with asymmetries suggestive
of multiple infarcts.
Activation S(1):
Slight decrease glucose utilization in
both, the right and left frontal lobes,
and also in the posterior parietal
lobes bilaterally, especially on the
left. There are also large photopenic
areas in the medial anterior frontal
lobe regions on both sides, especially
on the right.
Slight decrease and asymmetric
glucose uptake pattern somewhat
suggestive of multiple infarcts.

Focal decrease left mid frontal lobe
activity at falx on both scans. This
may represent accentuated cortical
folding, however a focal infarct is
also possible. CT or MRI
correlation would be helpful. There
is slight decrease in FDG globally
on the activation scan, which
appears better on the baseline
scan, this may be related to
injection technique differences
between the two scans.

Anterior subinsular
and bilateral putamen
focal ischemic
changes

IMPRESSION: Essentially normal
FDG brain scans. Question of focal
infarct in the mid left frontal lobe
as described no other focal
abnormality is identified.

191

Mild scattered
subcortical chronic
ischemic changes
Mild to moderate
cortical atrophy

Table 6.5 (Continued).
FDG PET analyses for

Pt
2

mild AD patients

Physician 1
FDG-PET

Physician 2
FDG-PET

Physician 3
MRI

Baseline (S2):
The scan demonstrates decreased
uptake of the radiopharmaceutical in
the parietal lobes bilaterally
posteriorly, worse in the right
hemisphere than the left. Decreased
uptake is also noted in the temporal
lobes bilaterally, again right
temporal worse than left. This
decreased uptake is somewhat more
prominent when compared to the
previous study. Decreased uptake is
also noted in the frontal lobes
bilaterally, again right worse than
the left.
Bitemporal, biparietal
hypometabolism of FDG with right
worse than left. These changes
appear to be progressive when
compared to the previous study
suggesting progressive Alzheimer’s
type of dementia. Bilateral
hypometabolism with right worse
than left.
Activation (S1):
The scan demonstrates decreased
uptake of FDG in the parietal lobes
bilaterally posteriorly with the right
worse than left. Uptake in the basal
ganglia and cerebellum is within
normal limits.
Bitemporal and biparietal
hypometabolism with (right>left).
These changes are consistent with
Alzheimer’s type of dementia.

Marked increase lateral ventricle
activity bilaterally. There is
increase striatum activity
compared with the cortex. This
finding is non-specific. There is
decreased bilateral posterior
parietal activity with the right
posterior parietal hypo-metabolism
more discernible than the left. This
right hypo-metabolism extends
into the right frontal lobe and
inferior temporal lobe. There is
mild crossed cerebellar diaschesis
with left cerebellar activity slighty
more hypo-metabolic than the
right cerebellar activity. There is
no difference between the two PET
scans. The finding of multiple
areas of hypo-metabolism raises
question of multi infarct disease,
however findings are compatible
with diagnosis of Alzheimers
Disease.

Mild periventricular
white matter chronic
ischemic changes

IMPRESSION: Findings
compatiable with diagnosis of
Alzheimers Disease. Consider
possiblity of multi-infarct process.
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Mild diffuse cerebral
atrophy

Table 6.5 (Continued).
FDG PET analyses for

Pt
3

4

mild AD patients

Physician 1
FDG-PET

Physician 2
FDG-PET

Baseline (S2):
The images show minimal
differences in glucose utilization
involving the posterior regions of the
temporal lobes with decreased
(within 10%) in FDG uptake in the
left lobe. The other cortical gray
matter regions are unremarkable. In
particular there is no asymmetry in
glucose utilization in the temporal
lobes as seen on a previous FDG
study. The basal ganglia and
cerebellum show a normal uptake
pattern. The frontal gray matter to
thalamus ratio is approximately 1.0.
Essentially normal cerebral
metabolism.
Activation S(1):
Static images of the brain obtained
after IV administration of F18-FDG
show a relative decrease (~10%) of
gray matter FDG utilization in the left
parietal lobe. A more evident
difference is seen involving the
activity concentration in the anterior
portions of the temporal lobes with
approximately 10% less activity in
the left temporal lobe as compared
to the right. Frontal lobe activity,
the basal ganglia, and the visual
cortex FDG utilization are
unremarkable. No abnormalities are
seen in the cerebellum.
Mild asymmetries of FDG uptake in
the parietal lobes and temporal
lobes. Asymmetric glucose
metabolism involving these areas of
the brain could be associated with an
early stage of Alzheimer’s dementia.

Mild decreased bilateral posterior
parietal activity with relative
increased activity in the striatum
compared with the cortex.
Otherwise there are no other
abnormalities identified. Similar
activity distribution is identified on
both scans.

Activation S(1):
The images show multiple large
areas of decreased glucose uptake in
the posterior parietal regions
bilaterally and also in both temporal
lobes. In addition, there is a mild
hypofrontality involving the frontal
lobes. The uptake in the basal
ganglia and the visual cortex is
normal.

Relative increase activity in the
striatum compared with the
cortex. This is non-specific. There
is mild bilateral posterior parietal
activity with left hypo-metabolism
significantly more discernible than
right hypo-metabolism. This does
not appear to extend into the
temporal cortex.

Metabolic glucose pattern of the
brain suggesting Alzheimer’s
dementia.

Physician 3
MRI
Normal

IMPRESSION: Mild bilaterial
posterior parietal activity is
compatiable with a diagnosis of
Alzheimers disease.

IMPRESSION: Findings compatible
with diagnosis of Alzheimers
Disease.
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Mild diffuse cerebral
atrophy (normal)

Table 6.5 (Continued).
FDG PET analyses for

Pt
5

mild AD patients

Physician 1
FDG-PET

Physician 2
FDG-PET

Physician 3
MRI

Baseline (S2):
The scan demonstrates decreased
uptake of the radiopharmaceutical in
the posterior parietal lobes
bilaterally, left worse than right.
Decreased uptake is also seen in the
temporal lobes bilaterally, again left
worse than right. The uptake in the
cerebellum and basal ganglia is
within normal limits.
Bitemporal and biparietal
hypometabolism of F18-FDG.

Marked enlargement of the lateral
ventricle bilaterally. There is mild
increased striatum activity
compared with the cortex. This is
non-specific. There is diffuse
decreased posterior parietal
activity with marked left
temporparietal hypo-metabolism
extending into left temporal lobe.
The left temporal lobe activity
inferiorly and medially is
esscentially absent. The finding
are the same on both activation
and baseline scans.

No MRI performed
Due to pacemaker

Activation (S1):
The scan demonstrates decreased
uptake of the radiopharmaceutical in
the posterior parietal lobes
bilaterally, left worse than right.
Decreased uptake is also noted in
the temporal lobes bilaterally, again
left worse than right. Compared to a
previous study, changes are more
pronounced.
Bitemporal and biparietal
hypometabolism of F18-FDG
consistent with Alzheimer’s type of
dementia. When compared to the
previous study, the hypometabolism
is more marked and suggests
progress of disease.

IMPRESSION: Findings compatible
with severe Alzheimers Disease.
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Table 6.5 (Continued).
FDG PET analyses for

Pt
6

mild AD patients

Physician 1
FDG-PET

Physician 2
FDG-PET

Baseline (S2):
The scab demonstrates decreased
FDG uptake in the parietal and
temporal lobes bilaterally.
Decreased uptake is also noted in
the frontal lobes bilaterally, left
worse than right. This pattern was
described in advanced Alzheimer’s
disease. The uptake in the basal
ganglia, thalami, and cerebellum is
within normal limits.
Decreased FDG metabolism in the
biparietal and bitemporal regions
suggestive of Alzheimer’s disease.
Decreased uptake in the frontal lobes
bilaterally, left worse than right.
Activation (S1):
The images show bilateral temporal
hypometabolism. There is also
decreased glucose utilization in the
posterior parietal lobes bilaterally,
but particularly in the left
hemisphere. There is also mild
decrease of FDG uptake in the
frontal lobes.
Glucose utilization pattern most
suggestive of Alzheimer’s dementia.

Images show mild symmetric
decrease bilateral posterior
parietal activity with enlargement
of the lateral ventricle bilaterally.
These findings are similar on both
the activation and baseline scans.
IMPRESSION: Findings are
compatible with diagnosis of
Alzheimers Disease.
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Physician 3
MRI
Periventricular white
matter chronic
ischemic changes
No significant atrophy

Table 6.5 (Continued).
FDG PET analyses for

Pt
7

mild AD patients

Physician 1
FDG-PET

Physician 2
FDG-PET

Physician 3
MRI

Baseline (S2):
The study shows a slight relative
difference in glucose utilization in the
temporal lobes with somewhat
decreased FDG activity in the left
temporal lobe. The pattern of
decreased FDG is less striking than
on the previous examination. The
uptake pattern seen in the left
parietal lobes and left occipital lobes.
FDG PET findings suggesting
distribution pattern consistent with
Alzheimer’s disease. The changed
uptake pattern involving the activity
in the left temporal lobe is
unexplained at this time.
Activation (S1):
The images reviewed in coronal,
transaxial, and sagittal orientation
show decrease of FDG utilization in
the left temporal lobe and also in the
left parietal/occipital region. The
FDG concentration in the
corresponding gray matter of the
contralateral hemisphere also show a
decrease FDG uptake when
compared to the FDG uptake in the
right temporal and frontal lobe.
Activity in the visual cortex and the
basal ganglia is preserved. The
uptake of FDG in the cerebellar
hemispheres is isointense with no
clear asymmetries. Hypometabolism
in temporal lobe and
parietal/occipital regions.

Mild decreased bilateral posterior
parietal activity with left hypometabolism more desernible than
right. There is mild increased
striatum activity compared with
the cortex. This is non-specific.
There is slight worsening of the
left posteroparietal hypometabolism on the activation scan
compared with the baseline scan.
This appears to extend to the
posterior left temporal lobe on the
activation scan which was not
clearly seen on baseline scan.

Normal
No significant atrophy

IMPRESSION: Findings compatible
with Alzheimers Disease and
possible progression in hypometabolism of temporal lobes
bilaterally.
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Table 6.5 (Continued).
FDG PET analyses for

Pt
8

mild AD patients

Physician 1
FDG-PET

Physician 2
FDG-PET

Physician 3
MRI

Baseline (S2):
The scan demonstrates decreased
uptake of the radiopharmaceutical in
the parietal lobes bilaterally. The
left side is worse than the right.
Excess uptake is also seen in the
temporal lobes bilaterally.
Compared to the previous study
decreased metabolism is more
prominent.
Bitemporal and biparietal
hypometabolism with left worse than
right, consistent with Alzheimer’s
type of dementia.

Bilaterial posterior parietal hypometabolism left more dicernible
than right. There is slight increase
in striatum activity compared with
the surrounding cortex. There is
no change between the June and
the October scans.

Normal

IMPRESSION: Findings compatible
with diagnosis of Alzheimers
Disease.

Activation (S1):
The scan demonstrates decreased
uptake of the radiopharmaceutical in
the parietal lobes bilaterally with left
worse than right. Decreased uptake
is also seen in the temporal lobes
bilaterally, again left worse than
right. The uptake in the rest of the
cerebral cortex, cerebellum, and
basal ganglia is within normal limits.
Bitemporal and biparietal
hypometabolism (left worse than
right). Consistent with Alzheimer’s
type of dementia.
9

Baseline (S2):
The scan demonstrates decreased
uptake of the radiopharmaceutical
bilaterally in the posterior parietal
regions. Minimal decreased uptake is
also noted in the temporal regions
bilaterally. The rest of the cerebral
cortex, basal ganglia, and cerebellum
demonstrates normal FDG uptake.
Decreased FDG uptake in the
posterior parietal regions bilaterally.
Minimally decreased uptake in the
temporal lobe bilaterally.
Activation (S1):
The scan demonstrates mild
decrease of FDG uptake in the
temporal regions bilaterally. The
rest of the cerebral cortex, basal
ganglia, and cerebellum demonstrate
normal uptake of FDG.
Mild decreased FDG metabolism in
the posterior parietal regions
bilaterally and minimal decrease in
the temporal regions bilaterally.

Activation scan shows diffuse
blurring of the images probably
related to the reconstruction filter
used in the image processing. The
retrospectively reconstructed data
appears slightly better which is
comparable with the baseline scan
and is used for comparison. There
is slight right decreased right
thalamic activity compared with
the left thalamus on both scans.
There is mild increased activity in
the striatum compared with the
cortex. This is non-specific. There
is activation of this visual cortex
on the baseline scan which is not
as prominent on the activation
scan.
IMPRESSION: Assymetric thalamic
activity with decreased right
thalamic activity compared with
the left. This is not a typical
finding for Alzheimers disease.
Clinical correlation is necessary.
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Lacunar infarcts in
the right thalamus (4
and 6 mm), posterior
right putamen
4 focal cystic changes
in the hippocampi
Probable right frontal
developmental
venous anomaly
Mild atrophy

Table 6.5 (Continued).
FDG PET analyses for

Pt
10

mild AD patients

Physician 1
FDG-PET

Physician 2
FDG-PET

Physician 3
MRI

Baseline (S2):
The scan demonstrates decreased
uptake of FDG in the temporal and
parietal lobes bilaterally, but more
pronounced on the left side.
Decreased bitemporal and biparietal
FDG metabolism more pronounced
on the left side. These changes could
be secondary to Alzheimer’s type of
dementia.

Marked increase in the size of the
lateral ventricles bilaterally. The
striatum activity is increased
compared with the cortex. This is
non-specific. There is bilateral
posterior parietal hypo-metabolism
the left more discernible than the
right with extention into the
temporal lobes and bilateral frontal
lobes again the left hypometabolism in both temporal and
frontal lobes is more discernible
than the right. A consideration
should be given to multiple infarct
pattern, however this may simply
represent extention of hypometabolism due to Alzheimers
disease. There is no significant
difference between the two scans.
With bilateral frontal lobe hypometabolism, a diagnosis of Pick’s
disease should be considered
however the overall findings are
compatible with Alzheimers
disease and less so with multiinfract dementia or Pick’s disease.

Mild atrophy

IMPRESSION: Findings most
compatible with Alzheimers
disease as described.
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Enlarged ventricles

6.1.4.3 Quantitative group analyses
After activation FDG-PET activation images were subtracted from the baseline FDGPET images, the following focal areas of decreased glucose metabolism were
determined quantitatively: the thalamus, the superior ACC, the superior colliculi, and
the right dorsolateral prefrontal cortex (Figure 6.9).

The results of statistical

subtractions, the corresponding z-maps, Tailarch coordinates are presented in
Appendix F.
6.1.4.4 Anosognosia and PET
In addition to associations found between the elevated anosognosia scores and the
absence of significant BOLD increases on fMRI scans, PET scans were evaluated to
determine if a potential assoc existed between elevated anosognosia scores and the
increased or decreased areas of glucose uptake on PET.

A significant loss of the

Figure 6.9 Areas of differences in glucose utilization between the activation
and baseline FDG PET scans.
(p<.05 Bonferroni correction for multiple comparisons)
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superior ACC glucose uptake was found in five of the six anosognosic mild AD
patients (p< .01). The magnitude of the glucose uptake loss correlated positively
with the mild AD patients’ Anosognosia Questionnaire scores (Figure 6.10). Hence,
functional hypoactivity of the ACC was indicative of anosognosia deficits in mild AD
patients as determined on the FDG PET images as well.

Any criticism of not

including normals for FDG-PET controls may be refuted somewhat by this PET result:
instead of having a very wide range (down to zero for the controls) of Anosognosia
Questionnaire scores, this analysis instead uses a narrower range of scores, but
nevertheless is acceptably making a comparison among the mild AD patients.
Therefore, even without the FDG PET normal controls similar results for the
association between anosognosia and the ACC were nevertheless obtained.
6.3 Discussion
Recent advances in the development of cholinergic medications for Alzheimer's
disease have highlighted the importance of understanding the role of impairments in
attention and the relationship between attention and memory in the earliest stages
of the disease.

In the present study, selective attention was evaluated

morphologically and functionally using fMRI and FDG PET in mild AD patients. The
most important premise of the study is based on the hypothesis that mechanisms for
attention as well as working memory may become deficient before marked
impairments in episodic memory are observed in MCI and/or mild AD patients. In
addition, these early deficits in selective attention may produce one of the most
devastating clinical syndromes manifested in early AD: the lack of awareness of
patients’ own cognitive symptoms, or anosognosia.
6.3.1. Anatomical MRI and probable AD
Symptoms in AD may be more closely coupled to neurochemical and functional
rather than structural changes in the temporal and posterior biparietal areas. The
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Figure 6.10 Significantly decrease areas of glucose activation associated
with anosognosia scores.
(p<.05 Bonferroni correction for multiple comparisons)
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qualitative analyses of anatomical MRI images in our study did not discriminate
between patients with mild AD and normal age-matched control subjects. Current
empirical reports in the literature seem to support this finding. This is in contrast to
some recent research studies (Chen et al., 2001; Verzotti et al., 2001), which
reported on different types of dementias, and showed increased rates of brain
atrophy.

In addition, patients with mild AD were determined to have a relatively

restricted spread of atrophy rates compared to the greater spread of atrophy rates
observed in the patients with Fronto-temporal dementia (FTD) or Lewy Body
dementia patients. Similar to the results of our study, increased rates of whole-brain
atrophy did not discriminate mild AD patients from normal controls.

However, in

other studies volumetric analyses of regional atrophy rates revealed marked
differences between the subject groups.

Goncharova (2001) reported on a new

quantitative protocol for measuring the volume of the entorhinal cortex (EC) from
MRI by utilizing oblique coronal sections from the volumetric studies of the studies.
In this study, two researchers measured the EC twice for 78 subjects (healthy aged
individuals, mild AD patients, and elderly patients with MCI who did not meet criteria
for dementia) to study intra- and inter-rater reproducibility and reliability of
measurements. They showed that the levels of accuracy achieved were extremely
high: coefficients of reproducibility of 1.40-3.86% and intraclass correlation
coefficients of 0.959-0.997 (reliability of measurements).

If easily reproducible and

automated, this method could provide a feasible tool for measuring the volume of
the EC in vivo.
6.3.2 Selective attention impairments evaluated with fMRI
Recent emergence of cognitive as well as affective neuroscience has opened up
remarkable new possibilities for gaining insights into how neural interactions lead to
human experience and behavior. In our study, making use of tools such as fMRI or
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PET, and making comparisons to the neuropsychiatric test results of mild AD patients
with cognitive or affective impairments to normal control subjects permitted direct
visualization and quantitative analyses of brain activity associated with human
cognition, emotion, as well as neural plasticity induced by the Stroop task activation
paradigm.
Attention is viewed as the selective aspect of perception (Mesulam, 1998). This
selective process is represented as a choice, often but not always constrained by the
initial possibilities, motivation and adaptive aims.

Moreover, choices of what is

relevant (selective attention) for the adaptive organization of response reflect a
concerted effort within a network of heteromodal cortices based on the basic
mechanisms for sorting information arising out of the brainstem (Mesulam, 1999).
fMRI of brain regions activated in the normal control subjects during attentional
processing show that there are 'epicentres' of attentional function superimposed on
variable diffusely distributed activity patterns (Mesulam, 1999).

Frontal regions

exert an executive role, facilitated by anterior cingulate activity in conflict and errorcontrol, and assigning valence for importance. Parietal loci on the left and right
register temporal and spatial identification, respectively, of events whose relevance
can be assessed by comparative mechanisms in the temporal lobe. Posner (1997),
who compared fMRI and PET activations during selective attentional tasks in normal
subjects, reports results similar to those stemming from this study. Namely, normal
control subjects presented significant activations in the superior and caudal portions
of the ACC bilaterally, the right dorsolateral prefrontal cortex, and the inferior orbital
cortex. Furthermore, significant BOLD activations were also observed in the superior
parietal lobule, the inferior parietal lobule, as well as the middle and inferior occipital
lobes.
Compared to the normal control subjects mild AD patients differed in that they
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showed decreased blood level oxygen dependent (BOLD) signals in the right
posterior parietal lobe, the left dorsolateral prefrontal areas, and the ACC on both
sides. Additionally, mild AD patients, not normal control subjects, also showed two
areas of subcortical activations: the left caudate nucleus and the right dorsal
thalamus.

Since this is the first study evaluating selective attention in mild AD

patients utilizing fMRI, these results could not be directly compared or evaluated to
studies examining the same clinical patient population samples or activation
paradigms. The dorsal nuclei of the thalamus are not clearly understood, but are
likely involved in the synthesis of higher-order sensory perceptions and motivation
mechanisms (Vogt, 1993).

It is somewhat puzzling that subcortical fMRI BOLD

increases were formed in the mild AD patients, but not in the normal age-matched
control subjects, especially since the dorsal thalamus projects directly to the ACC
and superior parietal lobes (Figure 6.11).

Figure 6.11 Schema of dorsal thalamic nuclei.
(Source: Beatty J: Principles of Behavioral Neuroscience, Brown &
Benchmark: Chicago (1995))
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Since increased BOLD activity was detected in the normal control subjects, but not in
the mild AD patients, one would have expected significant BOLD activations in the
dorsal thalamus of the control subjects and not mild AD patients.
The most striking differences in fMRI activations between the two groups were seen
in the cingulate cortex (especially the ACC) as well as the posterior parietal lobes.
The cingulate acts as the interface between the simpler cognitive processing carried
out by sub-cortical structures and the cortex (Goldman-Rakic, 1995). Since the
cingulate is involved in figuring out the best response to something once one’s
attention is focused on it, it is fairly equal in its importance to both motor behavior
and attention. It is the interface between these two systems. The importance of the
cingulate to attention has been seen previously in both PET and fMRI studies
(Raichle, 1997; Bush, 1998, 2000). The cingulate shows activation anytime one
needs to choose between different possible responses (i.e. selectively attend to a
stimulus). Nevertheless, anatomical (volumetric) and functional imaging studies
have not always given agreeing results about brain areas showing atrophy and
reduced blood flow or glucose metabolism in AD, especially early AD. In addition to
our experiment, a study by Matsuda et al. (2002) is the only one to date, which tried
to determine the initial abnormality and changes in both morphologic and functional
measurements for the same mild AD patients. Using MRI and SPECT, Matsuda and
colleagues observed considerable discordance between areas of regional atrophy and
areas of decreased regional cerebral blood flow (rCBF). This study showed that the
medial temporal areas underwent a faster and more extensive loss of gray matter
volume than of rCBF in patients with mild AD. However, compared to initial values,
the rCBF in the posterior cingulate cortex bilaterally, precuneus, and the associative
parietal cortex was extensively decreased.

On the other hand, the extent of

significant decrease of the gray matter volume in this area continued to be much
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smaller than for rCBF. The only areas, which showed a progressive reduction in both
rCBF and gray matter volume (i.e., they underwent a similar morphologic as well as
functional decrease), were the frontal areas, especially the ACC and the orbitofrontal
areas. The results of Matsuda’ study appear to be equivalent to our own findings.
Based on combined results one might conclude that functional changes may be
caused partly by remote effects from the morphologically involved areas with
decreased connectivity, and partly by a compensatory response afforded by neuronal
plasticity of the brain in early AD.
Using fMRI, ACC dysfunction was revealed by Bush et al. (1999) in the attentiondeficit/hyperactivity disorder (ADHD).

The ADHD group that included young adults,

in contrast to control subjects, failed to activate the ACC during the Counting Stroop
paradigm. Direct comparisons showed that the ACC activity was significantly higher
in the control group. Furthermore, Peterson et al. (2002) employed the Counting
Stroop and Simon tasks in an fMRI study of normal subjects. They report that
significant BOLD activations during the Stroop task were similar to those observed
during the Simon task, and included ACC, visual association, inferior temporal,
inferior parietal, inferior frontal, and dorsolateral prefrontal cortices, as well as the
caudate nuclei.

In an interesting study of deception, Langleben et al. (2002)

determined BOLD fMRI contrasts between deceptive and truthful responses.
Presumably, a type of controlled selective attention is needed for “successful”
deception. They report that increased activity in the ACC, the superior frontal gyrus
(SFG), and the left premotor, motor, and anterior parietal cortex was specifically
associated with the deceptive responses. These results indicate that choice of the
truthful response may be a basic component of intentional deception (selective
attention) where ACC and SFG present as the most important components of the
basic neural circuitry for deception.
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Moreover, selective attention has been assessed by functional neuroimaging methods
in some other clinical populations besides ADHD and AD. For instance, employing
PET imaging, Yucel et al. (2001) assessed the ACC hypoperfusion during an
attentional task (Stroop task) in schizophrenia and examined whether the ACC
activation is associated with underlying morphology. Their findings indicate that in
healthy subjects activation was present in both limbic and paralimbic ACC regions.
On the other hand, schizophrenic patients showed only paralimbic activations. This
leads to the conclusion that limbic-anterior cingulate hypoperfusion may be
responsible for selective attention impairments in patients with schizophrenia.
In addition to the ACC, mild AD patients and age-matched normal subjects differed
in significant BOLD increases in parietal lobes.

Mild AD patients presented either

asymmetric or no BOLD activations in the parietal lobes. It’s been widely reported
that the parietal lobes are involved in the allocation of spatial attention and
intactness of working memory.

Klinberg et al. (2002) identified changes in brain

activity with the increase in working memory capacity that occurs in childhood and
early adulthood.

Using a visuospatial working memory activation paradigm, they

showed that the older children (18 years) showed higher BOLD activation of cortex in
the superior frontal and intraparietal cortex compared to the younger children (9
years). Furthermore, a second analysis found that working memory capacity was
significantly correlated with brain activity in the same regions. These frontal and
parietal areas are known to be involved in the control of attention and spatial
working memory, therefore, development of the functionality in these areas may
play an important role in cognitive development during childhood. Conversely, focal
mild atrophy and absence of BOLD activations on fMRI in the posterior parietal lobes
(as determined in our study) might be responsible for impairments in visual selective
attention and working memory of mild AD patients. In addition, Gurd et al. (2002)
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investigated whether posterior parietal cortex controls attentional switching when the
tasks involve neither spatial nor visual cognition in normal volunteers. The results
support the hypothesis that superior posterior parietal cortex is a supramodal area
implicated in task switching, even when no visual or spatial component is implicated
in the tasks.

Task switching, frequently used to examine 'frontal' executive

functions, may also be clinically relevant to the assessment of patients with superior
posterior parietal lesions, in addition to mild AD patients.
Even with the advances in functional neuroimaging techniques it nonetheless
remains unclear whether all of the structures found to have decreased functional
activity in mild AD patients are involved in processing of attention, or whether each
has a separate, unique part of the attentional process (such as maintaining vigilance,
for example). Moreover, one wonders if these structures are a part of an extensive,
interactive network, so that they each perform many different tasks, or if they work
together to carry out the different tasks that make up attention.

According to

Mesulam (1992), the attentional system is a big interactive network. In contrast, a
unique functional model has been proposed by Posner and colleagues, who argue
that each area has a specific function (1996). The separate functional model is
based on the idea that the successful implementation of selective attention requires
three steps: disengagement of attention, which involves the parietal lobes,
movement tracking, which involves the superior colliculi, and shifting of attention,
which involves the thalamus. Based on the results from our fMRI study of mild AD
patients, some support for functional anatomy has been afforded to Mesulam’s
metaphor for selective attention.
6.3.3 Anosognosia as an impairment in self directed selective attention
Posner (1992) indicated that a conscious/voluntary control component is necessary
in tasks, which evaluate selective attention. He implicated that “effortful attention”
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has its neural basis in parts of the frontal cortex, including the anterior cingulate,
which seems to "light up" in all tasks that require aware effort in selection of the
important stimuli. One of the hypotheses of this study included the comparison of
those patients who were well aware of their cognitive shortcomings and those, which
were unaware of this fact. Since anosognosia is a frequent symptom of early AD, we
evaluated the mild AD patients by assessing their awareness for memory problems,
executive dysfunction, and decrease in performance of daily living activities. Six of
the mild AD patients were determined to be anosognosic (AQ score > 1) compared to
4 who did not exhibit lack of awareness in regards to their disease process.

Next,

we attempted to determine if there were any significant differences in BOLD
increased activations between the two groups on fMRI. The results show that those
mild AD patients who were determined by the AQ to have anosognosia, did not
possess any significant activations in the ACC. In contrast, all those mild AD patients
without anosognosia, presented at least with one or more significant BOLD
activations in the ACC (mean difference in AQ scores = .81, p<.02). Since the mild
AD group, as a group, did activate the frontostriatal-insular network, the absence of
the ACC activations in some patients could not be attributed to poor global neuronal
functioning in general. In addition, the quantitative analysis of the FDG PET images
determined that upon subtraction of the baseline from the activation scan, areas of
decreased glucose utilization existed in the frontal lobes, the temporal lobes, the
parietal lobes, the thalamus, the amygdala, and the cerebellum. Upon coregistration
with patients’ own MRI scans, associations between the anosognosia scores of the
mild AD patients were investigated in order to precisely determine decreased or
increased focal regions of glucose metabolism. This analysis indicated that several
regions were associated with the presence of anosognosia: inferior ACC bilaterally,
lateral and medial thalamus, superior colliculi, and right dorsolateral prefrontal areas.
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Moreover, the results demonstrated that the most prominent hypoactivity was found
in the inferior part of the ACC bilaterally as compared to the other focal areas (this is
considered to be the ‘limbic’ part of the ACC). If one postulates anosognosia to be a
deficit in one’s ability to direct selective attention to one Self, then the FDG PET
results of this study implicated that those regions of the brain with decrease glucose
uptake may be involved in mechanisms for the body’s construction of SELF. Even
though there are a number of theoretical mechanisms, by which the brain constructs
awareness of one SELF or awareness of the environment (consciousness), hardly any
empirical data exist to date, which would identify the physiological substrates of
affective awareness, let alone consciousness.
Sigmund Freud was the first to implicate the existence of "awareness" neurons in
theory (1893); he called them “granny neurons”. When considering this question of
a possible "seat of awareness" Mesulam (1989), for example, looked to the inner
cortical layers and subcortical structures, especially the thalamus, which he describes
as the gateway to the cortex.

Jaak Panksepp (personal communication, 2002)

explained his view of the interactions of basic emotional circuits and primal
representations of the body, which may provide a primordial body image that
presents the foundation not only for self-awareness, affective consciousness, but
also higher forms of perceptual and ideational consciousness. He suggests that the
empirical evaluation of such propositions depends heavily on the identification of the
neural substrates for basic affective processes, which provide the existence for
primal SELF-organizing neural networks in posterior thalamic, deep tectal and
underlying periaqueductal (PAG) regions of the mesencephalon.

Gerald Edelman

(1991) argued that the cortical appendages, which include the basal ganglia, the
cerebellum, and the hippocampus, allow the individual to select priorities by enabling
reentrant connections with the cortex. In this way, he claimed the nervous system is
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able then to select, order and organize its global mappings. According to him the
basal ganglia modulate intercortical relationships, ensuring that knowledge of the
external world is related to the needs and motivations of the observer. In addition,
contemporary research has also indicated the influence of psychodynamic processes
on immune function (Griffin, 1987; Baxter, 1995).

More recently areas near the

deep nuclei, referred to as neuro-immuno-modulation areas, appear to be the
transduction areas influencing self-awareness (Reifenberger, 1999). Furthermore,
subjective emotional experience also seems to be a major determinant of this
process. Thus, there is a neurological pathway emerging, which would support the
arguments of the effects of integrational content and emotional "tagging" both upon
self-awareness as well as upon immune function responses. This appears to be
mediated by the areas in the prefrontal lobe and the deep nuclei. In patients with
affective disorders, Prigatano (1997) described their struggle to maintain conscious
control over their drive states and their struggle to understand and appreciate their
own altered sense of Self in complex social interactions.
One recent study of the relaxation response in meditation provides an example of a
human

brain

mapping

for

mechanisms

involved

in

conscious

processing.

Meditation is a conscious mental process that induces a set of integrated physiologic
changes termed the relaxation response.

Lazar (2002) used fMRI to identify and

characterize the brain regions that are active during a simple form of meditation. He
found that significant BOLD signal increases were observed in the group-averaged
data of normal volunteers in the dorsolateral prefrontal and biparietal cortices,
hippocampus/parahippocampus, temporal lobe, pre-genual ACC, striatum, and preand post-central gyri during meditation. He also noted global fMRI signal decreases,
although these were likely secondary to changes in cardiorespiratory functions, which
are often associated with meditation. The results indicate that the practice of
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meditation activates neural structures involved in selective attention (especially
those with extensive interconnections with the limbic allocortex), as well as those
that control the autonomic nervous system. These data offer some support to the
idea put forth in our study; namely that lack of awareness of one’s deficits or
symptoms is associated with the impairments in the ability to selectively direct one’s
attention to one Self.

Both our fMRI and FDG PET functional data would suggest

that the rostral ACC, specifically the inferior ACC that is innervated with limbic
interconnections, is an important biological/neural substrate involved in proper
functioning of selective attention as well as self-awareness.
Carter et al. (2001) has also recently proposed a theory of cognitive aging, in which
healthy older adults are hypothesized to suffer from disturbances in the processing of
context that impair cognitive control function across multiple domains, including
attention, inhibition, and working memory.

These cognitive disturbances are

postulated to be directly related to age-related decline in the function of the
dopamine (DA) system in the prefrontal cortex (PFC). A connectionist computational
model has been widely described and accepted (Richter, 1990) that implements
specific mechanisms for the role of DA and PFC in context processing.

The

behavioral predictions of the model were tested in a large sample of older (N = 81)
and young (N = 175) adults performing variants of a simple cognitive control task
that placed differential demands on context processing (conscious visual and
conscious auditory-phonemic imagery were used as activation tasks). The results of
this experiment showed that older adults exhibited both performance decrements
and, counter intuitively, performance improvements that are in close agreement with
model predictions.

They also implemented the ACC as the region with most

significant BOLD activations during these tasks.

Both auditory and visual

consciousness can be activated internally as well as externally. Inner speech is a

212

particularly important source of conscious auditory-phonemic events, and visual
imagery is useful for spatial problems. They are often taken as the two basic
components of cognitive working memory, and they are now known to use
corresponding

sensory

cortex

(Goldman-Rakic,

1999).

Internally

generated

somatosensory imagery may reflect emotional and motivational processes, including
feelings of pain, pleasure, hope, fear, sadness, etc.
It should be also pointed out that one important function of the ACC is the
experience and anticipation of pain. Anticipation of pain is a complex state that may
influence the perception of subsequent stimuli.

Porro et al. (2002) correlated

significant BOLD increases in the contralateral somatosensory cortex and bilaterally
in the ACC, anterior insula, and medial prefrontal cortex. Decreases in BOLD signals
were found in the antero-ventral cingulate bilaterally. It is interesting to note that in
all of these areas, changes in BOLD signal during anticipation were of the same sign
(either positive or negative) as those observed during pain but less intense
(approximately 30-40% as large as peak changes during actual painful stimulation).
These results would lend some support to top-down mechanisms, triggered by
anticipation,

modulating

cortical systems involved in sensory and affective

components of pain even in the absence of actual painful input. Even more, they
seem to suggest that the activity of cortical nociceptive networks may be under
conscious control by different cognitive factors. In another recent study, the rostral
ACC and the brainstem were found to exhibit significant activity in rCBF in opioid
analgesia as well as in placebo analgesia.

Petrovic et al. (2002) observed

covariation between the activity in the inferior ACC and the brainstem during both
opioid and placebo analgesia, but not during the pain-only condition. These findings
indicate a related neural mechanism that involves both higher order cognitive and
affective networks in addition to endogenous opioid systems in placebo and opioid
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analgesia.
6.3.4 Impairments of selective attention shown by PET
As described thus far, research into the neural mechanisms of attention has revealed
a complex network of brain regions that are involved in the execution of attentiondemanding tasks. The variation of the tasks used to examine aspects of attention,
and the disease severity, between studies makes it difficult to determine, which
aspects of attention are affected earliest in AD, as well as how attentional
impairment is related to other cognitive modules.

Hopfinger et al. (2001) using

H2O15 attempted to assess sustained, divided, and selective attention. In addition,
they included neuropsychiatric tests of episodic memory, semantic memory,
visuoperceptual and visuospatial function, and verbal short-term memory in
minimally impaired patients (MMSE=24-30), and mild AD (MMSE=18-23).

Even

though the mild AD group was impaired on all attentional tests, the minimally
impaired group showed a preserved ability to sustain attention, and to divide
attention based on a dual-task paradigm.

Additionally, mild AD patients had

particular problems with response inhibition and speed of attentional switching.
Examination of the relationship between attention and other cognitive domains
showed impaired episodic memory in all patients.

Therefore, deficits in selective

attention were more prevalent than deficits in semantic memory suggesting that
they occur at an earlier stage and the two were partially independent. Impairment
in visuoperceptual and visuospatial functions and verbal short-term memory were
the least common. Although selective attention was impaired in mild AD, 40% of
patients showed deficits in episodic memory alone, suggesting that amnesia may be
the only cognitive deficit in the earliest stages of sporadic AD. The results of this
study imply multiple-levels of selective attention processing, which was also found in
our study, but contradict our results in regards to memory. Namely, none of the
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mild AD patients with short-term memory deficits was found to have preserved
selective attention in our study.

In normal subjects using FDG PET, the neural

correlates of selective attention in humans have been delineated (Perry, 2000). The
effects of attending to one side of space versus another (spatial selection) and to one
sensory modality versus another (intermodal selection) during bilateral, bimodal
stimulation of vision and touch were investigated. In normal adult humans, attention
toward one side resulted in greater activity in several contralateral areas.

In

somatosensory cortex, these spatial attentional modulations were found only when
touch was relevant.

In the intraparietal sulcus, spatial attentional effects were

multimodal, independent of the modality attended.

In occipital areas, spatial

modulations were also found during both visual and tactile attention, indicating that
tactile attention can affect activity in visual cortex; but occipital areas also showed
more activity overall during visual attention.

It can be concluded that in normal

subjects attentional selection is extremely complex and operates at multiple levels,
with attention to locations and attention to modalities showing distinct effects. These
jointly contribute to boost processing of stimuli at the attended location in the
relevant modality.
6.4 Limitations of this study
6.4.1 Stimulus adequacy
The Counting Stroop task was developed by Bush (1998) for functional neuroimaging
of normal adult subjects. During the course of our study it became obvious that the
selection of one of four buttons on a computer keyboard according to the answer
demanded from the screen was too difficult for the mild AD patients.

Upon pilot

testing, the Counting Stroop task was simplified in the following manner: instead of a
computer keyboard we attached a blood pressure bulb to the equipment and asked
the subjects to press the blood pressure bulb only once as soon as they knew the
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correct answer.

We did not independently confirm whether or not a participant

provided a correct answer because the focus and importance were put on the effort
to obtain the correct answer. This simplification of the task to just squeezing the
blood pressure bulb may have not evoked the highest levels of selective attention
possible from the participants compared to the original evaluation of correct
responses.

However, a strong correlation of the Counting Stroop response times

with the scores on the paper version of the Stroop test provided us with an indirect
objective verification of the fact that the amended experimental set up did stimulate
the selective attention mechanism of the study participants.
6.5.2 Participants
One important limitation of this study is its sample population of only Caucasian
Americans, which makes it difficult to apply the results to the general population.
Moreover, a small study sample of 23 participants may contribute to the decreased
power of statistical analyses performed on the results.
Furthermore, the study was interrupted for four months because the imaging
equipment complications and protocol problems ensued.

In some of the mild AD

patients, natural progression of the disease may partially account for the differences
between the baseline and activation FDG PET assessments. In addition, the UTMCK’s
Internal Review Board did not approve the inclusion of normal control subjects in the
FDG PET portion of this study, hence no comparisons between the mild AD patient
and normal control subject PET images could be assessed.
6.5.3 Habituation
The habituation effects to the activation paradigm may be of particular concern,
especially during the FDG PET portion of this study. The mild AD patients had to
perform the activation task for an extended period of time (20 minutes) before the
FDG PET scans were performed. They were allowed to use either one of their hands,
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or change the hands for responding during the task. Some of the mild AD patients
reported “fatigue” at the end of the presentation however, we don’t believe that
“habituation” explanation is the most reasonable explanation or could fully account
for small differences between the activation and the baseline FDG PET scans in the
mild AD patient group.

The differences in response times over the 10-minute

Counting Stroop epoch of the session varied somewhat with the patients' age. Thus,
some habituation of attention to the stimuli over the extended viewing situation of
the test sessions may be responsible for decreased activation of the attentional
networks.

In contrast, no differences were found in response times during the

Emotional Counting Stroop epoch between the mild AD patients of different age
groups. Observation of the participants confirms that they were able to maintain
their vigilance regarding the response selection until the end of the second portion of
the 10-minute testing period. The lack of habituation effects during the Emotional
Counting Stroop task leads to conclude that it may present a better activation
paradigm for the mild AD patients because it contains a strong affective component
for attention: patients do not loose the “motivation” for responding. The differences
in habituation effects between the two paradigms therefore may be due to the
affective stimulus characteristics, which accounted for better arousal and did not lead
to habituation effects or even forgetting the rules for adequate task performance.

6.5.5 Effects of Error
Significant advancements in fMRI data acquisition and data processing have recently
improved the quality of the functional images. These new advances have led to a
greater understanding of cognitive function, however several errors still need to be
considered and evaluated before accurate conclusions may be drawn or comparisons
assessed.
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6.5.5.1 MRI: image acquisition
The basic assumption of MRI is that the frequency of precession of a spin is only
dependent on the magnitude of the applied magnetic field gradient at that point.
There are two reasons why this may not be true, which could contribute to error in
MRI image acquisition.

First, there is the chemical shift.

This has the effect of

shifting the apparent position in the image of one set of spins relative to another,
even if they originate from the same part. The chemical shift artifact is commonly
noticed where fat and other tissues border, where the fat around the skull forms a
shifted 'halo'. The artifact can be removed by spin suppression, such that a selective
pulse excites only the protons in the fat (Haase, 1985). When the image excitation
pulse is subsequently applied, the fat spins are already saturated, and do not
contribute to the image. Second, the static magnetic field (B0) may not be perfectly
homogeneous.

Even if the magnet is well built, the differences in magnetic

susceptibility between bone, tissue and air in the body, means that the local field is
unlikely to be homogeneous. If the susceptibility differences are large, such that the
local magnetic field across one voxel varies by a large amount, then the value of T2*
is short and there is little or no signal from such voxels.
Furthermore, EPI also suffers from a sampling artifact known as the Nyquist, or N/2
ghost. This is because, in EPI adjacent lines in k-space are sampled under opposite
read gradients (Comon, 1994). This type of artifact is specific to EPI and is caused
by inconsistencies in timing between the image acquisition and the gradient
switching. The associated time course is of high frequency with additional confounds
caused by head motion. Finally, since in EPI to switch the sign of the gradients so
rapidly is difficult, the waveform of the switched gradient will not be square. In fact
it is common to use a sinusoidal gradient waveform. If simple linear sampling of the
signal is used with a sinusoidal gradient a complex ripple artifact in the switched
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direction is formed. To correct for this, the signal is usually over-sampled and then
the points re-gridded to account for the sinusoidal nature of the gradients.
Alternatively the sampling points can be distributed sinusoidally (Howseman et. al.,
1988).
Signal to Noise Ratio (SNR): Several different types of noise contribute to the SNR in
the MRI image. The types of noise that can be measured within a brain image are
the background noise outside the brain, the background noise within the brain, and
the noise in the brain itself. Each region contains different components of the noise
signal. The BOLD signal changes induced by brain activations are small (~1-2%) at
1.5T.

Therefore, SNR of the time series used to calculate the functional maps is

critical (Lowe, 1997). The SNR is typically used to compare imaging hardware or
acquisition methods. The concept of generating the SNR is simple: the mean signal
is divided by the standard deviation of the noise (Devore, 1982). However, it is the
choice and treatment of the noise measurement that is critical to the SNR value.
Often in the literature, the type of noise or the region of interest of the noise
measurement is not discussed. Furthermore, the origin of the SNR measurement,
either from a static image or time series data is not normally disclosed. This lack of
information makes it difficult to compare SNR values across research groups or to
replicate studies. It is important to note that it is the SNR of the time series data,
stability of the signal, which is central to fMRI. It is known that EPI images with high
SNR is required to detect activation-related signal changes, which are on the order of
one to five percent (McKeown, 1998). In practical MR imaging, signal and noise are
given properties of the patient (any movements), imaging coil, and acquisition time
is restricted by practical throughput considerations. In this study the realignment
procedure was performed in SPM which is thought to minimize image artifact
resulting from the patient movements.
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In addition, the following tasks were

performed to increase the SNR of EPIs: we repeated the Incongruent stimulus over
and over many times, therefore increasing the number of averages, a standard brain
coil was used, and an appropriate model for the analysis was utilized based on our
knowledge of the blood flow mechanisms for attentional processes.
6.5.5.2 Error inherent in PET
Mazziota & Koslow (1987) identified many factors, which contribute to confounding
of PET data. Approximately 5% of variation in spatial resolution is inherent in PET as
reported by Phelps (1987), but it remains fixed for a given PET device. In addition,
two main factors may be the major sources of error in PET images in the current
study. These are partial volume correction and background noise.
The accuracy of PET is limited by the relatively poor resolution compared to imaging
modalities such as MRI or Computerized Tomography (CT). Resolution effects are
usually referred to as Partial Volume Effects (PVE's). Partial volume correction is the
solution of the problem of PVEs. If PVEs are increased, for example in the case of
atrophy, leading to underestimation of the true tissue tracer concentration (Labbé et
al., 1996).

Since the FDG PET scans in this study were used to determine the

amount of glucose hypoactivation in mild AD patients, most of which were found to
have mild to moderate atrophy on MRI scans, there is a potential the true
concentration of FDG uptake may have been under-estimated.

However, since a

subtraction technique in addition to qualitative interpretation were used in PET
analyses for this study, it is believed that the PVE are neglectible.
Background noise is another factor which can introduce error into the PET images: it
is normally compared to the amount of signal and therefore expressed as signal to
noise ratio (S/N) (Sorenson, 1987).

The noise can stem from radioactive decay

scatter, choice of reconstruction, half-live of the radiotracer (110 min for 18-FDG) as
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well as the statistical fluctuations of the activity. Radiotracers with longer half-lives
have a better image S/N ratio and better image contrast.

FDG PET images are

thought to have poor signal to noise ratios (Sayeed, 2002).
6.5.5.3 Error inherent in statistical parametric analysis of fMRI and
PET images
A typical SPM analysis of a set of brain images is reduced to three essentially
independent steps: normalization, statistical analysis, and significance assessment.
There are errors inherent in each of these steps.

In image normalization, which

allows for comparisons between subjects, each individual scan is first warped to the
standard stereotactic space (Talairach space).

Different normalization techniques

exist, however the major consideration in the application of image warping is the
potential for removing differences that are investigated between the images. This is
becomes particularly troublesome where large distortions of brain are expected, or if
minute areas of the brain are compared.
The SPM maps represent significant differences at the pixel level. The final step in
SPM assesses significance of closely related suprathreshold pixels called clusters
correcting for the effects of multiple comparisons using the Theory of Gaussian fields
(Friston, 1995; McIntosh, 1996).

When large numbers of patients’ images are

assessed in this manner, SPM has a great advantage since it can perform
assessments of multiple repetitions of task and baseline states. This accounts for
high statistical significance of the observed activations.

However, if less then 40

statistical degrees of freedom are used in the statistical model, many of the
assumptions underlying the assessment of significance start to break down (Friston,
1997). Below this limit, the statistic images are noisy and the results from SPM may
become

over-conservative,

possibly

giving

false

negative

results.

Recent

developments and implementation of non-parametric algorithms in SPM (called
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snSPM; Wellcome Department of Neurology, London College, 2001), which make
fewer assumptions regarding the type of data, may allow for more accurate
assessments of significant activations in statistical maps of regional BOLD increases
or decreases.
6.5.5.4 Error inherent in procedural tasks
Administration of procedures contains varies therefore putting the collected data into
question. First, noise made by the MRI magnet presents significant disturbance of
concentration and attention. Even though subjects did wear suitable ear protection
during scanning to reduce the noise to an acceptable level, the effects of the MRI
magnet noise were reported by the majority of the participants after the study.
Since the ability to attend to stimuli is decreased in mild AD patients even in calm
environments, the MRI magnet noise possibly contributed to decreased performance
of the selective attention task while in the MR scanner.

Second, the depression

scores from the Beck Depression Inventory were not subsequently analyzed because
several subjects failed to stop the temporary use of the antidepressant medications.
Therefore the association between anosognosia and depression in mild AD patients
could not be assessed in this study. Third, image warping during the normalization
procedure might have contributed to the error in precise locations of the activations
in the ACC because we explored areas smaller than 10 mm in diameter.

Fourth,

even though the same activation paradigms were used in fMRI and PET, the timing of
the presentation differed. The patients performed the Counting Stroop task for 20
min just before the PET scan.

Extraneous mental activity, distraction, loss of

interest, and habituation could ensue during such a timely task.
6.3 Conclusion
The standard test of selective attention, the paper Stroop Test, determined that all of
the mild AD patients in this study were profoundly impaired in selective attention
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compared to the normal age-matched control subjects.
Additionally, the neuroimaging results appear to suggest morphological and
functional discordance of impairments in the earliest stages of AD.

In mild AD

patients, findings on fMRI show an increase in significant BOLD responses in the
medial and inferior occipital lobes, the right posterior parietal lobe, the left caudate
nucleus, the right thalamus, the inferior and medial frontal lobe bilaterally as well as
the insular cortex bilaterally. FMRI results showed marked absence of activity in the
ACC as well as dorsolateral prefrontal cortex.

Qualitative impression of FDG PET

scans indicated a general pattern of temporal and biparietal decrease in glucose
uptake in most of the mild AD patients.

Furthermore, using subtraction of the

baseline from the activation FDG-PET images, focal decrease in glucose metabolism
was determined in the following areas: superior ACC bilaterally, lateral and medial
thalamus, superior colliculi, the right dorsolateral prefrontal areas, and superior
posterior parietal cortices bilaterally. This pattern in glucose reduction is similar to
the qualitative impressions of the FDG PET scans.
When the activity in the ACC was compared between those mild AD patients with and
without anosognosia, both quantitative fMRI and FDG PET analyses showed
decreased functional responses in the ACC in those patients who were generally not
aware of their cognitive deficiencies. In addition, the functional hypoactivity of the
ACC of those mild AD patients with anosognosia indicated that anosognosia appears
to represent a defect in the ACC, and may thus denote specific cognitive abnormality
of selective attention in mild AD patients.
6.6 Further study directions
The evidence from this study suggests that mild AD patients are profoundly impaired
on tasks of selective attention compared to normal age-matched control subjects.
Moreover, approximately half of the mild AD patients are also not aware of their
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cognitive problems. Since morphological and functional disagreement was found by
neuroimaging assessment of the mild AD patients, future research approaches may
benefit from inclusion of larger number of subjects and investigation of the regional
connectivity/integrity (lack thereof) between areas known to be affected early in the
disease progression.

Furthermore, one of the most compelling challenges for AD

investigators lies in the development of accurate cognitive/affective measures as well
as behavioral assessments, which could better represent the underlying pathological
mechanisms of AD.
Ultimately, awareness of cognitive change without explicit knowledge of the nature
of patients’ cognitive change in mild AD patients may deserve further exploration. In
my opinion, the lack of awareness of our “impairments” in behavior presents one of
the major challenges for all neuroscientific research in the third millennium.

A

common confound between the theoretical principles of consciousness and attention
makes it difficult to design sound empirical studies in order to obtain significant
advances in the understanding of the brain.
We further suggest that our study provides implications for investigation of the
interaction between affect and pure cognition in attentional and awareness
mechanisms.

Only a handful of studies to date (Lane, 1998; Bush, 1999) have

differentially addressed the brain areas associated with the perception, attention,
experience, or expression of emotion. They found that individual differences may at
least in part be a function of the degree to which the ACC participates in the
experiential processing and response to attentional or emotional cues in the ability to
accurately detect emotional signals interoceptively or exteroceptively. The results of
our study would suggest that one of the functions of the ACC may involve attention
and response selection, in addition to conscious awareness for the state of Self. This
finding is to some extent consistent with those of Lane and Bush in that for the first
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time it implements the ACC also as the neural correlate for conscious experience of
awareness in determination of presence or absence of one’s cognitive symptoms,
and subsequently adequate behavior. Additional studies should be conducted in mild
AD patients to explore significant associations between degrees of anosognosia and
posterior parietal areas bilaterally in addition to the examined association between
anosognosia and the ACC.
Likewise, future inquiries should be performed to dissociate the experience of lack of
awareness (which may be termed consciousness) and selective processes (currently
called attention).

Posner (1994) put forth theoretical postulations for attentional

selection and maintenance, and speculated they might be mediated by superior
colliculi, thalamus, prefrontal cortex, and the ACC.

According to Posner, higher-

order awareness tends to be associated with the "what" stream of visual attention
mechanisms in the ventral temporal lobe as well as the ACC.

Studies employing

clarity of conceptual thought may provide better evidence for differentiation of
mechanisms in attention and awareness in the future.

225

References

226

Abragam, A. (1961) `Principles of Nuclear Magnetism'. Clarendon Press, Oxford.
Acton, P. D., Pilowsky, L. S., Suckling, J., Brammer, M. J., & Ell, P. J. (1997).
Registration of dynamic dopamine D2 receptor images using principal
component analysis. Eur J Nucl Med, 24(11), 1405-1412.
Adair, J. C., Gilmore, R. L., Fennell, E. B., Gold, M., & Heilman, K. M. (1995).
Anosognosia during intracarotid barbiturate anesthesia: unawareness or
amnesia for weakness. Neurology, 45(2), 241-243.
Adair, J. C., Na, D. L., Schwartz, R. L., Fennell, E. M., Gilmore, R. L., & Heilman, K.
M. (1995). Anosognosia for hemiplegia: test of the personal neglect
hypothesis. Neurology, 45(12), 2195-2199.
Adair, J. C., Schwartz, R. L., Na, D. L., Fennell, E., Gilmore, R. L., & Heilman, K. M.
(1997). Anosognosia: examining the disconnection hypothesis. J Neurol
Neurosurg Psychiatry, 63(6), 798-800.
Agust Nieto, S., Grau, R., & Beas, M. (2001). Burnout en mujeres: Un estudio
comparativo entre contextos de trabajo y no trabajo. / Burnout in women: A
comparative study between working and non -working contexts. Ansiedad y
Estres, 7(1), 79-88.
Aiken, L. H., & Patrician, P. A. (2000). Measuring organizational traits of hospitals:
The Revised Nursing Work Index. Nursing Research, 49(3), 146-153.
Ailles, L., Kisilevsky, R., & Young, I. D. (1993). Induction of perlecan gene
expression precedes amyloid formation during experimental murine AA
amyloidogenesis. Lab Invest, 69(4), 443-448.
Ainslie, N. K., & Murden, R. A. (1993). Effect of education on the clock-drawing
dementia screen in non-demented elderly persons. J Am Geriatr Soc, 41(3),
249-252.

227

Albers, G. W., Amarenco, P., Easton, J. D., Sacco, R. L., & Teal, P. (2001).
Antithrombotic and thrombolytic therapy for ischemic stroke. Chest, 119(1
Suppl), 300S-320S.
Albert, M. S., & Drachman, D. A. (2000). Alzheimer's disease: what is it, how many
people have it, and why do we need to know? Neurology, 55(2), 166-168.
Alpert, N. M., Bradshaw, J. F., Kennedy, D., & Correia, J. A. (1990). The principal
axes transformation--a method for image registration. J Nucl Med, 31(10),
1717-1722.
Amador, X. F., & Paul-Odouard, R. (2000). Defending the unabomber: anosognosia
in schizophrenia. Psychiatr Q, 71(4), 363-371.
Analyze. Biomedical Imaging Resource, Mayo Foundation.
Andersson, J. L., Sundin, A., & Valind, S. (1995). A method for coregistration of PET
and MR brain images. J Nucl Med, 36(7), 1307-1315.
Aprile, C., Marinone, G., Saponaro, R., Bonino, C., & Merlini, G. (1995). Cardiac and
pleuropulmonary AL amyloid imaging with technetium-99m labelled aprotinin.
Eur J Nucl Med, 22(12), 1393-1401.
Ardekani, B. A., Braun, M., Hutton, B. F., Kanno, I., & Iida, H. (1995). A fully
automatic multimodality image registration algorithm. J Comput Assist
Tomogr, 19(4), 615-623.
Asthana, S., Craft, S., Baker, L. D., Raskind, M. A., Birnbaum, R. S., Lofgreen, C. P.,
Veith, R. C., & Plymate, S. R. (1999). Cognitive and neuroendocrine response
to transdermal estrogen in postmenopausal women with Alzheimer's disease:
results

of

a

placebo-controlled,

Psychoneuroendocrinology, 24(6), 657-677.
Atkinson, D. a. H., D. In M. d. L. Stanonik (Ed.).
Atkinson, D. and Hill, D. Private communication.

228

double-blind,

pilot

study.

Auchus AP, Chen CPL, Han V, Thong M. Cortical and subcortical dementia in
Singapore. Program and abstracts of the 53rd Annual Meeting of the
American

Academy

of

Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania. Neurology. 2001;56(suppl 3):A173. Abstract P03.033.
Auchus, A. P., Woodard, J. L., Goldstein, F. C., Green, J., & Green, R. C. (1996).
Anosognosia in Alzheimer's disease. Arch Neurol, 53(1), 10.
Babenkova, S. V. (1969). [Features and local diagnostic significance of anosognosia
in the acute period of a stroke]. Zh Nevropatol Psikhiatr Im S S Korsakova,
69(12), 1788-1794.
Backfrieder, W., Baumgartner, R., Sámal, M., Moser, E. and Bergmann, H. (1996).
Quantification of Intensity Variations in Functional MR Images Using Rotated
Principal Components. Phys. Med. Biol., 41, 1425-1438.
Bacskai, B. J., Kajdasz, S. T., Christie, R. H., Carter, C., Games, D., Seubert, P.,
Schenk, D., & Hyman, B. T. (2001). Imaging of amyloid-beta deposits in
brains of living mice permits direct observation of clearance of plaques with
immunotherapy. Nat Med, 7(3), 369-372.
Badgaiyan, R. D., & Posner, M. I. (1998). Mapping the cingulate cortex in response
selection and monitoring. Neuroimage, 7(3), 255-260.
Bakchine, S., Crassard, I., & Seilhan, D. (1997). Anosognosia for hemiplegia after a
brainstem haematoma: a pathological case. J Neurol Neurosurg Psychiatry,
63(5), 686-687.
Balfour JL, Masaki K, White L, Launer LJ. The effect of social engagement and
productive activity on incident dementia: The Honolulu Asia Aging Study.
Program and abstracts of the 53rd Annual Meeting of the American Academy
of Neurology; May 5-11, 2001; Philadelphia, Pennsylvania. Neurology.
2001;56(suppl 3):A239. Abstract S34.001.

229

Bandettini, P. A, Jesmanowicz, A., Wong, E. C. and Hyde, J. S. (1993) Processing
Strategies for Time-Course Data Sets in Functional MRI of the Human Brain.
Magn. Reson. Med. 30,161-173.
Bandettini, P. A., Wong, E. C., Hinks, R. S., Tikofsky, R. S. and Hyde, J. S. (1992).
Time Course EPI of Human Brain Function During Task Activation. Magn.
Reson. Med., 25, 390-397.
Banich, M. T., Milham, M. P., Atchley, R., Cohen, N. J., Webb, A., Wszalek, T.,
Kramer, A. F., Liang, Z. P., Wright, A., Shenker, J., & Magin, R. (2000). fMri
studies of Stroop tasks reveal unique roles of anterior and posterior brain
systems in attentional selection. J Cogn Neurosci, 12(6), 988-1000.
Barker, W. W., Yoshii, F., Loewenstein, D. A., Chang, J. Y., Apicella, A., Pascal, S.,
Boothe, T. E., Ginsberg, M. D., & Duara, R. (1991). Cerebrocerebellar
relationship during behavioral activation: a PET study. J Cereb Blood Flow
Metab, 11(1), 48-54.
Barnes D, Yaffe K, Kramer J, et al. Multidimensional aspects of self-reported health
and function as predictors of cognitive decline in a community-based sample
of older adults. Program and abstracts of the 53rd Annual Meeting of the
American

Academy

of

Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania. Neurology. 2001;56(suppl 3):A185. Abstract P03.065.
Baur, A., Stabler, A., Lamerz, R., Bartl, R., & Reiser, M. (1998). Light chain
deposition disease in multiple myeloma: MR imaging features correlated with
histopathological findings. Skeletal Radiol, 27(3), 173-176.
Belliveau, J. W., Kennedy, D. N., McKinstry, R. C., Buchbinder, B. R., Weisskoff, R.
M., Cohen, M. S., Vevea, J. M., Brady, T. J. and Rosen, B. R. (1991).
Functional Mapping of the Human Visual Cortex by Magnetic Resonance
Imaging. Science, 254, 716-719.

230

Bennett-Clarke, C. A., Lane, R. D., & Rhoades, R. W. (1995). Fenfluramine depletes
serotonin from the developing cortex and alters thalamocortical organization.
Brain Res, 702(1-2), 255-260.
Berg, G., Grady, C. L., Sundaram, M., Haxby, J. V., Moore, A. M., White, J., Heston,
L., Rapoport, S. I., & Avioli, L. V. (1986). Positron emission tomography in
dementia of the Alzheimer type. A brief review with a case study. Arch Intern
Med, 146(10), 2045-2049.
Berti, A., Ladavas, E., & Della Corte, M. (1996). Anosognosia for hemiplegia, neglect
dyslexia, and drawing neglect: clinical findings and theoretical considerations.
J Int Neuropsychol Soc, 2(5), 426-440.
Bertram, L., Blacker, D., Mullin, K., Keeney, D., Jones, J., Basu, S., Yhu, S., McInnis,
M. G., Go, R. C., Vekrellis, K., Selkoe, D. J., Saunders, A. J., & Tanzi, R. E.
(2000). Evidence for genetic linkage of Alzheimer's disease to chromosome
10q. Science, 290(5500), 2302-2303.
Bird, T. D., Nochlin, D., Poorkaj, P., Cherrier, M., Kaye, J., Payami, H., Peskind, E.,
Lampe, T. H., Nemens, E., Boyer, P. J., & Schellenberg, G. D. (1999). A
clinical pathological comparison of three families with frontotemporal
dementia and identical mutations in the tau gene (P301L). Brain, 122(Pt 4),
741-756.
Bisiach, E., Vallar, G., Perani, D., Papagno, C., & Berti, A. (1986). Unawareness of
disease following lesions of the right hemisphere: anosognosia for hemiplegia
and anosognosia for hemianopia. Neuropsychologia, 24(4), 471-482.
Black, K. J. (1996). Anosognosia for depressive signs. Am J Psychiatry, 153(2), 298.
Bloch, F., Hansen, W. W. and Packard, M. (1946) Nuclear Induction. Phys. Rev.
69,127.

231

Board, N. R. P. (1983). Revised Guidance on Acceptable Limits of Exposure during
Nuclear Magnetic Resonance Clinical Imaging. Br. J. Radiol., 56, 974-977.
Boccardi M, Laasko MP, Geroldi C, Beltramello A, Soininen H, Frisoni GB. The pattern
of frontal and temporal brain atrophy in frontotemporal dementia. Program
and abstracts of the 53rd Annual Meeting of the American Academy of
Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania.

Neurology.

2001;56(suppl 3):A145. Abstract S18.004.
Boeve

BF,

Silber

MH,

Parisi

JE,

Dickson

DW,

Ferman

TJ,

Petersen

RC.

Neuropathologic findings in patients with REM sleep behavioral disorder and a
neurodegenerative disorder. Program and abstracts of the 53rd Annual
Meeting

of

the

American

Academy

of

Neurology;

May

5-11,

2001;

Philadelphia, Pennsylvania. Neurology. 2001;56(suppl 3):A299. Abstract
S36.001.
Bookheimer, S. Y., Strojwas, M. H., Cohen, M. S., Saunders, A. M., Pericak-Vance,
M. A., Mazziotta, J. C., & Small, G. W. (2000). Patterns of brain activation in
people at risk for Alzheimer's disease. N Engl J Med, 343(7), 450-456.
Bowie, P., Branton, T., & Holmes, J. (1999). Should the Mini Mental State
Examination be used to monitor dementia treatments? Lancet, 354(9189),
1527-1528.
Braun,

J.

(2000).

Computational

neuroscience.

Intimate

attention.

Nature,

408(6809), 154-155.
Breier, J. I., Adair, J. C., Gold, M., Fennell, E. B., Gilmore, R. L., & Heilman, K. M.
(1995). Dissociation of anosognosia for hemiplegia and aphasia during lefthemisphere anesthesia. Neurology, 45(1), 65-67.
Brian J. Backai, S. T. K., Richard H. Christie, Cordelie Carter, Dora Games, Peter
Seubert, Dale Schenk & Bradley T. Hyman. (2001). Imaging of amyloid-B

232

deposits in brains of living mice permits direct observation of clearance of
plaques with immunotherapy. Nature Medicine, 7(3), 369-372.
Brooke, P., & Bullock, R. (1999). Validation of a 6 item cognitive impairment test
with a view to primary care usage. Int J Geriatr Psychiatry, 14(11), 936-940.
Brown LG, M. G., Noz ME. (1993). Landmark-Based 3D fusion of SPECT and CT
images. Proceedings of the International Society for Optical Engineering,
2059, 166-174.
Buschke, H., Kuslansky, G., Katz, M., Stewart, W. F., Sliwinski, M. J., Eckholdt, H.
M., & Lipton, R. B. (1999). Screening for dementia with the memory
impairment screen. Neurology, 52(2), 231-238.
Bush, G., Frazier, J. A., Rauch, S. L., Seidman, L. J., Whalen, P. J., Jenike, M. A.,
Rosen, B. R., & Biederman, J. (1999). Anterior cingulate cortex dysfunction in
attention-deficit/hyperactivity disorder revealed by fMRI and the Counting
Stroop. Biol Psychiatry, 45(12), 1542-1552.
Bush, G., Luu, P., & Posner, M. I. (2000). Cognitive and emotional influences in
anterior cingulate cortex. Trends Cogn Sci, 4(6), 215-222.
Bussey, T. J., Everitt, B. J., & Robbins, T. W. (1997). Dissociable effects of cingulate
and medial frontal cortex lesions on stimulus-reward learning using a novel
Pavlovian autoshaping procedure for the rat: implications for the neurobiology
of emotion. Behav Neurosci, 111(5), 908-919.
Butts, K., Riederer, S. J., Ehman, R. L., Thompson, R. M. and Jack, C. R. (1994)
Interleaved Echo Planar Imaging on a Standard MRI System. Magn. Reson.
Med. 31,67-72.
Buunk, B. P., Ybema, J. F., Gibbons, F. X., & Ipenburg, M. (2001). The affective
consequences of social comparison as related to professional burnout and

233

social comparison orientation. European Journal of Social Psychology, 31(4),
337-351.
Byravan, A., & Ramanaiah, N. V. (1995). Structure of the 16 PF fifth edition from the
perspective of the five -factor model. Psychological Reports, 76(2), 555-560.
Cabeza, R., & Nyberg, L. (2000). Imaging cognition II: An empirical review of 275
PET and fMRI studies. J Cogn Neurosci, 12(1), 1-47.
Callaghan, P. T. (1991) `Principles of Nuclear Magnetic Resonance Microscopy',
Clarendon Press, Oxford.
Camicioli RM, Moore MM, Kinney A, Corbridge E, Kaye JA. Parkinson's with dementia
is a hippocampal disease. Program and abstracts of the 53rd Annual Meeting
of the American Academy of Neurology; May 5-11, 2001; Philadelphia,
Pennsylvania. Neurology. 2001;56(suppl 3):A299. Abstract S36.002.
Cappa, S., Sterzi, R., Vallar, G., & Bisiach, E. (1987). Remission of hemineglect and
anosognosia during vestibular stimulation. Neuropsychologia, 25(5), 775-782.
Carney, R. M., Freedland, K. E., Sheline, Y. I., & Weiss, E. S. (1997). Depression and
coronary heart disease: a review for cardiologists. Clin Cardiol, 20(3), 196200.
Carter, C. S., Braver, T. S., Barch, D. M., Botvinick, M. M., Noll, D., & Cohen, J. D.
(1998). Anterior cingulate cortex, error detection, and the online monitoring
of performance. Science, 280(5364), 747-749.
Casey, B. J., Trainor, R., Giedd, J., Vauss, Y., Vaituzis, C. K., Hamburger, S., Kozuch,
P., & Rapoport, J. L. (1997). The role of the anterior cingulate in automatic
and controlled processes: a developmental neuroanatomical study. Dev
Psychobiol, 30(1), 61-69.
Castaigne, P., Cambier, J., Escourolle, R., Masson, M., & Lechevalier, B. (1967).
[Anosognosia of blindness caused by optic atrophy during Korsakoff's

234

syndrome due to bilateral necrosis of the hippocampus]. Rev Neurol (Paris),
117(4), 576-585.
Celesia, G. G., Brigell, M. G., & Vaphiades, M. S. (1997). Hemianopic anosognosia.
Neurology, 49(1), 88-97.
Chabriat, H., Pappata, S., Poupon, C., Clark, C. A., Vahedi, K., Poupon, F., Mangin, J.
F., Pachot-Clouard, M., Jobert, A., Le Bihan, D., & Bousser, M. G. (1999).
Clinical severity in CADASIL related to ultrastructural damage in white
matter: in vivo study with diffusion tensor MRI. Stroke, 30(12), 2637-2643.
Chen, P., Ratcliff, G., Belle, S. H., Cauley, J. A., DeKosky, S. T., & Ganguli, M.
(2000). Cognitive tests that best discriminate between presymptomatic AD
and those who remain nondemented. Neurology, 55(12), 1847-1853.
Cheng Wang, P. J., Hogue RE. (1994). A method for co-registering three-dimensional
multi-modality brain images. Computational Methods for Programs in
Biomedicine, 44, 131-140.
Chmielowska J, M. J., Hallett M. (1997). Analysis of single subject data sets with a
low number of PET scans. Human Brain Mapping, 5, 445-453.
Chong, R. K., Horak, F. B., Frank, J., & Kaye, J. (1999). Sensory organization for
balance: specific deficits in Alzheimer's but not in Parkinson's disease. J
Gerontol A Biol Sci Med Sci, 54(3), M122-128.
Christensen, H., Kopelman, M. D., Stanhope, N., Lorentz, L., & Owen, P. (1998).
Rates of forgetting in Alzheimer dementia. Neuropsychologia, 36(6), 547-557.
Chronopoulos, S., Lembo, P., Alizadeh-Khiavi, K., & Ali-Khan, Z. (1992). Ubiquitin:
its potential significance in murine AA amyloidogenesis. J Pathol, 167(2), 249259.

235

Chugani, H. T., Phelps, M. E., & Mazziotta, J. C. (1987). Positron emission
tomography study of human brain functional development. Ann Neurol, 22(4),
487-497.
Clark, C. M., Sheppard, L., Fillenbaum, G. G., Galasko, D., Morris, J. C., Koss, E.,
Mohs, R., & Heyman, A. (1999). Variability in annual Mini-Mental State
Examination score in patients with probable Alzheimer disease: a clinical
perspective of data from the Consortium to Establish a Registry for
Alzheimer's Disease. Arch Neurol, 56(7), 857-862.
Clarke, E. a. D., K. (1972). 'An Illustrated History of Brain Function'. Oxford:
Sandford Publications.
Claus, J. J., Dubois, E. A., Booij, J., Habraken, J., de Munck, J. C., van Herk, M.,
Verbeeten, B., Jr., & van Royen, E. A. (1997). Demonstration of a reduction in
muscarinic receptor binding in early Alzheimer's disease using iodine-123
dexetimide single-photon emission tomography. Eur J Nucl Med, 24(6), 602608.
Code, C. (1986). Catastrophic reaction and anosognosia in anterior-posterior and
left-right models of the cerebral control of emotion. Psychol Res, 48(1), 5355.
Cohen, M. S. a. B., S. Y. (1994). Localization of Brain Function using Magnetic
Resonance Imaging. Trends in Neuroscience, 17, 268-277.
Cohen, M. S., Weisskoff, R. M., Rzedzian, R. R. and Kantor, H. L. (1990) Sensory
Stimulation by Time-Varying Fields. Magn. Reson. Med. 14,409-414.
Cohen, M. S., Weisskoff, R. M., Rzedzian, R. R. and Kantor, H. L. (1990). Sensory
Stimulation by Time-Varying Fields. Magn. Reson. Med., 14, 409-414.
Colby, C. L. (1991). The neuroanatomy and neurophysiology of attention. J Child
Neurol, 6(Suppl), S90-118.

236

Collie, A., & Maruff, P. (2000). The neuropsychology of preclinical Alzheimer's
disease and mild cognitive impairment. Neurosci Biobehav Rev, 24(3), 365374.
Collignon A, V. D., Suetens P, Marchal G. (1995). 3D multi-modality medical image
registration using feature space clustering. Proceeding of the 5th International
Conference on Computer Vision, Virtual Reality and Robotics in Medicine, 195204.
Collins DL, P. T., Evans AC. (1994). An automated 3D non-linear image deformation
precedure for determination of gross morphometric variability in human bran.
Proceedings of visualisation in biomedical computing, 180-190.
Collins, D. L., Neelin, P., Peters, T. M. and Evans, A. C. (1994). Automatic 3D
Intersubject Registration of MR Volumetric Data in Standardized Talairach
Space. J. Comput. Assist. Tomogr., 18, 192-205.
Costa, D. C., Tannock, C., & Brostoff, J. (1995). Brainstem perfusion is impaired in
chronic fatigue syndrome. Qjm, 88(11), 767-773.
Cox, D. R. and Miller, H. D. (1990) `The Theory of Stochastic Processes', Chapman
and Hall.
Crawford, T. J., Puri, B. K., Nijran, K. S., Jones, B., Kennard, C., & Lewis, S. W.
(1996). Abnormal saccadic distractibility in patients with schizophrenia: a
99mTc-HMPAO SPET study. Psychol Med, 26(2), 265-277.
Cutting, J. (1978). Study of anosognosia. J Neurol Neurosurg Psychiatry, 41(6), 548555.
Dagher, A., Owen, A. M., Boecker, H., & Brooks, D. J. (1999). Mapping the network
for planning: a correlational PET activation study with the Tower of London
task. Brain, 122(Pt 10), 1973-1987.

237

Dalla Barba, G., Parlato, V., Iavarone, A., & Boller, F. (1995). Anosognosia,
intrusions and 'frontal' functions in Alzheimer's disease and depression.
Neuropsychologia, 33(2), 247-259.
Dalton, R. (2000). Researchers caught in dispute over transgenic mice patents.
Nature, 404(6776), 319-320.
Daly, E., Zaitchik, D., Copeland, M., Schmahmann, J., Gunther, J., & Albert, M.
(2000). Predicting conversion to Alzheimer disease using standardized clinical
information. Arch Neurol, 57(5), 675-680.
Damadian, R., Goldsmith, M. and Minkoff, L. (1977) FONAR Image of the Live
Human Body. Physiol. Chem. & Phys. 9,97-100.
Damasio, A. R., Descartes' Error: Emotion, Reason, and the Human Brain. Avon
Books: New York, 1994
Damasio, A. R., The Feeling of What Happens: Body and Emotion in the making of
Conciousness. Harcourt Brace & Company: New York, 1999.
Danel, T., Leys, D., Destee, A., Goudemand, M., & Parquet, J. (1991). Anosognosia
and depression. Neurology, 41(6), 951.
Davis KL, Price CC, Moore P, Campea S, Grossman M. Evaluation of the clinical
diagnosis of frontotemporal lobar degeneration: A reevaluation of Neary et al
1998. Program and abstracts of the 53rd Annual Meeting of the American
Academy

of

Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania.

Neurology. 2001;56(suppl 3):A144. Abstract S18.003.
Davis, K. D., Hutchison, W. D., Lozano, A. M., Tasker, R. R., & Dostrovsky, J. O.
(2000). Human anterior cingulate cortex neurons modulated by attentiondemanding tasks. J Neurophysiol, 83(6), 3575-3577.

238

Davis, K. D., Taylor, S. J., Crawley, A. P., Wood, M. L., & Mikulis, D. J. (1997).
Functional MRI of pain- and attention-related activations in the human
cingulate cortex. J Neurophysiol, 77(6), 3370-3380.
De Leon, M. J., George, A. E., Golomb, J., Tarshish, C., Convit, A., Kluger, A., De
Santi, S., McRae, T., Ferris, S. H., Reisberg, B., Ince, C., Rusinek, H.,
Bobinski, M., Quinn, B., Miller, D. C., & Wisniewski, H. M. (1997). Frequency
of hippocampal formation atrophy in normal aging and Alzheimer's disease.
Neurobiol Aging, 18(1), 1-11.
Decety, J., Sjoholm, H., Ryding, E., Stenberg, G., & Ingvar, D. H. (1990). The
cerebellum participates in mental activity: tomographic measurements of
regional cerebral blood flow. Brain Res, 535(2), 313-317.
den Heijer T, Oudkerk M, van Duijn CM, Launer LJ, Hofman A, Breteler MMB.
Hippocampal, amygdalar, and global brain atrophy in non-demented elderly
with different ApoE genotypes. Program and abstracts of the 53rd Annual
Meeting

of

the

American

Academy

of

Neurology;

May

5-11,

2001;

Philadelphia, Pennsylvania. Neurology. 2001;56 (suppl 3):A372. Abstract
S45.003.
Derbyshire, S. W. (1999). Meta-Analysis of Thirty-Four Independent Samples
Studied Using PET Reveals a Significantly Attenuated Central Response to
Noxious Stimulation in Clinical Pain Patients. Curr Rev Pain, 3(4), 265-280.
Derry, F. A., Dinsmore, W. W., Fraser, M., Gardner, B. P., Glass, C. A., Maytom, M.
C., & Smith, M. D. (1998). Efficacy and safety of oral sildenafil (Viagra) in
men with erectile dysfunction caused by spinal cord injury. Neurology, 51(6),
1629-1633.

239

Desmond, D. W., Moroney, J. T., Bagiella, E., Sano, M., & Stern, Y. (1998).
Dementia as a predictor of adverse outcomes following stroke: an evaluation
of diagnostic methods. Stroke, 29(1), 69-74.
desRosiers, G., Hodges, J. R., & Berrios, G. (1995). The neuropsychological
differentiation of patients with very mild Alzheimer's disease and/or major
depression. J Am Geriatr Soc, 43(11), 1256-1263.
Devanand, D. P., Folz, M., Gorlyn, M., Moeller, J. R., & Stern, Y. (1997).
Questionable dementia: clinical course and predictors of outcome. J Am
Geriatr Soc, 45(3), 321-328.
Diener, H. C., Cunha, L., Forbes, C., Sivenius, J., Smets, P., & Lowenthal, A. (1996).
European Stroke Prevention Study. 2. Dipyridamole and acetylsalicylic acid in
the secondary prevention of stroke. J Neurol Sci, 143(1-2), 1-13.
Dollinger, S. J., & Orf, L. A. (1991). Personality and performance in "personality":
Conscientiousness and openness. Journal of Research in Personality, 25(3),
276-284.
Doraiswamy, P. M., Steffens, D. C., Pitchumoni, S., & Tabrizi, S. (1998). Early
recognition of Alzheimer's disease: what is consensual? What is controversial?
What is practical? J Clin Psychiatry, 59(Suppl 13), 6-18.
Doris A, O. C. R., Steele JD, Ebmeier KP. (1995). Single photon emission computed
tomography in a patient with unilateraal auditory hallucinations. Behavioral
Neurology, 8, 145-148.
Drevets, W. C., & Rubin, E. H. (1989). Psychotic symptoms and the longitudinal
course of senile dementia of the Alzheimer type. Biol Psychiatry, 25(1), 3948.
Driver, J., & Spence, C. (1998). Crossmodal attention. Curr Opin Neurobiol, 8(2),
245-253.

240

Duara R, Dickson DW, Kashuba A, et al. Clinical and neuropathological associations
with hippocampal sclerosis. Program and abstracts of the 53rd Annual
Meeting

of

the

American

Academy

of

Neurology;

May

5-11,

2001;

Philadelphia, Pennsylvania. Neurology. 2001;56(suppl 3):A181. Abstract
P03.054.
Durkin, M. W., Meador, K. J., Nichols, M. E., Lee, G. P., & Loring, D. W. (1994).
Anosognosia and the intracarotid amobarbital procedure (Wada test).
Neurology, 44(5), 978-979.
Dywan, C. A., McGlone, J., & Fox, A. (1995). Do intracarotid barbiturate injections
offer a way to investigate hemispheric models of anosognosia? J Clin Exp
Neuropsychol, 17(3), 431-438.
Ebmeier, K. P., Cavanagh, J. T., Moffoot, A. P., Glabus, M. F., O'Carroll, R. E., &
Goodwin, G. M. (1997). Cerebral perfusion correlates of depressed mood. Br J
Psychiatry, 170, 77-81.
Ebmeier, K. P., Steele, J. D., MacKenzie, D. M., O'Carroll, R. E., Kydd, R. R., Glabus,
M. F., Blackwood, D. H., Rugg, M. D., & Goodwin, G. M. (1995). Cognitive
brain potentials and regional cerebral blood flow equivalents during two- and
three-sound auditory "oddball tasks". Electroencephalogr Clin Neurophysiol,
95(6), 434-443.
Edelstein, W. A., Hutchison, J. M. S., Johnson, G. and Redpath, T. (1980) Spin warp
NMR Imaging and Applications to Human Whole-Body Imaging. Phys. Med.
Biol. 25,751-756.
Ehman, R. L. and Felmlee, J. P. (1989) Adaptive Technique for High-Definition MR
Imaging of Moving Structures. Radiology 173,255-263.
Ellajosyula R, Mustare V, Pal PK, Dindagur N, Peruvamba JN, Karnataka B. Causes
and problems in diagnosis of dementia: a study in a hospital-based population

241

from South India. Program and abstracts of the 53rd Annual Meeting of the
American

Academy

of

Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania. Neurology. 2001;56(suppl 3):A173. Abstract P03.038.
Elster, A. D. 1997. Questions and Answers in Magnetic Resonance Imaging. Boston:
Mosby.
Elster, J. 1985. The Multiple Self. New York: Cambridge University Press.
Erkinjuntti T, Lilienfeld S. Galantamine shows efficacy in patients with Alzheimer's
disease with cerebrovascular components of probable vascular dementia.
Program and abstracts of the 53rd Annual Meeting of the American Academy
of Neurology; May 5-11, 2001; Philadelphia, Pennsylvania. Neurology.
2001;56(suppl 3):A340. Abstract P05.063.
Ernst, R. R. and Anderson, W. A. (1966) Application of Fourier Transform
Spectroscopy to Magnetic Resonance. Rev. Sci. Instr. 37,93-102.
Ernst, T. a. H., J. (1994). Observation of a Fast Response in Functional MR. Magn.
Reson. Med, 32, 146-149.
Esiri, M. M., Nagy, Z., Smith, M. Z., Barnetson, L., & Smith, A. D. (1999).
Cerebrovascular disease and threshold for dementia in the early stages of
Alzheimer's disease. Lancet, 354(9182), 919-920.
Esposito, G., Kirkby, B. S., Van Horn, J. D., Ellmore, T. M., & Berman, K. F. (1999).
Context-dependent, neural system-specific neurophysiological concomitants
of ageing: mapping PET correlates during cognitive activation. Brain, 122(Pt
5), 963-979.
Evans, A. C., Marrett, S., Torrescorzo, J., Ku, S., & Collins, L. (1991). MRI-PET
correlation in three dimensions using a volume-of-interest (VOI) atlas. J
Cereb Blood Flow Metab, 11(2), A69-78.

242

Evyapan, D., & Kumral, E. (1999). Pontine anosognosia for hemiplegia. Neurology,
53(3), 647-649.
Feinberg, D. A. and Oshio, K. (1994) Phase Errors in Multi-Shot Echo Planar Imaging.
Magn. Reson. Med. 32,535-539.
Feinberg, T. E., Roane, D. M., & Ali, J. (2000). Illusory limb movements in
anosognosia for hemiplegia. J Neurol Neurosurg Psychiatry, 68(4), 511-513.
Feinberg, T. E., Roane, D. M., Kwan, P. C., Schindler, R. J., & Haber, L. D. (1994).
Anosognosia and visuoverbal confabulation. Arch Neurol, 51(5), 468-473.
Ferman, T. J., Ivnik, R. J., & Lucas, J. A. (1998). Boston naming test discontinuation
rule: rigorous versus lenient interpretations. Assessment, 5(1), 13-18.
Ferrucci, L., Cecchi, F., Guralnik, J. M., Giampaoli, S., Lo Noce, C., Salani, B.,
Bandinelli, S., & Baroni, A. (1996). Does the Clock Drawing Test predict
cognitive decline in older persons independent of the Mini-Mental State
Examination? The FINE Study Group. Finland, Italy, The Netherlands Elderly. J
Am Geriatr Soc, 44(11), 1326-1331.
Filippi, M., Horsfield, M. A., Morrissey, S. P., MacManus, D. G., Rudge, P., McDonald,
W. I., & Miller, D. H. (1994). Quantitative brain MRI lesion load predicts the
course of clinically isolated syndromes suggestive of multiple sclerosis.
Neurology, 44(4), 635-641.
Fisel, C. R., Ackerman, J. L., Buxton, R. B., Garrido, L., Belliveau, J. W., Rosen, B. R.
and Brady, T. J. (1991). MR Contrast Due to Microscopically Heterogeneous
Magnetic Susceptibility: Numerical Simulations and Applications to Cerebral
Physiology. Magn. Reson. Med, 17, 366-347.
Fisher,

C.

M.

(1989).

Neurologic

fragments.

II.

Remarks

on

anosognosia,

confabulation, memory, and other topics; and an appendix on selfobservation. Neurology, 39(1), 127-132.

243

Fisher, N. J., Rourke, B. P., & Bieliauskas, L. A. (1999). Neuropsychological
subgroups of patients with Alzheimer's disease: an examination of the first 10
years of CERAD data. J Clin Exp Neuropsychol, 21(4), 488-518.
Fitch, W. T. (2000). The evolution of speech: a comparative review. Trends Cogn Sci,
4(7), 258-267.
FL, B. (1989). Principal warps:

thin-plate splines and the decomposition of

deformations. IEEE Trans Patt Anal Mach Intel, 11, 567-585.
Flicker, C., Ferris, S. H., & Reisberg, B. (1993). A longitudinal study of cognitive
function in elderly persons with subjective memory complaints. J Am Geriatr
Soc, 41(10), 1029-1032.
Forman, S. D, Cohen, J. D., Fitzgerald, M., Eddy, W. F., Mintun, M. A. and Noll, D. C.
(1995) Improved Assessment of Significant Activation in Functional Magnetic
Resonance Imaging (fMRI): Use of a Cluster-Size Threshold. Magn. Reson.
Med. 33,636-647.
four1() from Press, W. H., Teukolsky, S. A., Vetterling, W. T. and Flannery B. P.
(1992) `Numerical Recipes in C', Cambridge University Press.
Fox, P. T., & Mintun, M. A. (1989). Noninvasive functional brain mapping by changedistribution analysis of averaged PET images of H215O tissue activity. J Nucl
Med, 30(2), 141-149.
Fox, P. T., Mintun, M. A., Reiman, E. M., & Raichle, M. E. (1988). Enhanced detection
of focal brain responses using intersubject averaging and change-distribution
analysis of subtracted PET images. J Cereb Blood Flow Metab, 8(5), 642-653.
Fox, P. T., Raichle, M. E., Mintun, M. A. and Dence, C. (1988). Nonoxidative Glucose
Consumption During Physiologic Neural Activity. Science, 241, 462-464.
Frackowiak RSJ, F. K., Frith CD, Dolan R, Mazziotta JC. (1997). Human Brain
Mapping.

244

Frahm, J., Merboldt, K.-D. and Hänicke, W. (1993) Functional MRI of Human Brain
Activation at High Spatial Resolution. Magn. Reson. Med. 29,139-144.
Frahm, J., Merboldt, K.-D. and Hänicke, W. (1993) Functional MRI of Human Brain
Activation at High Spatial Resolution. Magn. Reson. Med. 29,139-144.
Frankenburg, F. R. (1989). A variation of Capgras syndrome with anosognosia in
Huntington's disease: a case report. Hillside J Clin Psychiatry, 11(2), 121-126.
Freud, S. 1915. The Standard Edition of the Complete Psychological Works of
Sigmund Freud. London: Hogarth.
Freud, S. 1938. The Interpretation of Dreams. In The Basic Writings of Sigmund
Freud, edited by A. A. Brill. New York: Modern Library.
Frey, K. A., Minoshima, S., & Kuhl, D. E. (1998). Neurochemical imaging of
Alzheimer's disease and other degenerative dementias. Q J Nucl Med, 42(3),
166-178.
Frijda, N. H. 1993. The place of appraisal in emotion. Cogn Emot 7:357-87.
Friedland, R. P., & Bodis-Wollner, I. (1977). Absence of somatosensory evoked
potentials in patients with anosognosia. Neurology, 27(7), 695-697.
Friedland, R. P., Majocha, R. E., Reno, J. M., Lyle, L. R., & Marotta, C. A. (1994).
Development of an anti-A beta monoclonal antibody for in vivo imaging of
amyloid angiopathy in Alzheimer's disease. Mol Neurobiol, 9(1-3), 107-113.
Friedlander, W. J. (1967). Special review. Anosognosia and perception. Am J Phys
Med, 46(5), 1394-1408.
Frisoni, G. B., Rozzini, R., Bianchetti, A., & Trabucchi M. (1993). Principal lifetime
occupation and MMSE score in elderly persons. Journal of Gerontology: Social
Sciences, 48, S310-S314.
Friston KJ, A. J., Frith CD, Poline JB, Heather JD, Frackowiak RSJ. (1995). Spatial
registration and normalisation of images. Human Brain Mapping, 2, 165-189.

245

Friston KJ, H. A., Worsley KJ, Poline JP, Frith CD, Frackowiak RSJ. (1995). Statistical
parametric maps in functional imaging: a general linear approach. Human
Brain Mapping, 2, 189-210.
Friston KJ, W. K., Frackowiak RSJ, Mazziotta JC, Evans AC. (1994). Assessing the
significance of focal activations using their spatial extent. Human Brain
Mapping, 1, 214-220.
Friston, K. J., Frith, C. D., Liddle, P. F. and Frackowiak, R. S. J. (1991). Comparing
functional (PET) images: The assessment of significant change. J. Cereb.
Blood Flow Metab., 11, 690-699.
Friston, K. J., Frith, C. D., Liddle, P. F., & Frackowiak, R. S. (1991). Plastic
transformation of PET images. J Comput Assist Tomogr, 15(4), 634-639.
Friston, K. J., Frith, C. D., Liddle, P. F., & Frackowiak, R. S. (1991). Comparing
functional (PET) images: the assessment of significant change. J Cereb Blood
Flow Metab, 11(4), 690-699.
Friston, K. J., Frith, C. D., Liddle, P. F., Dolan, R. J., Lammertsma, A. A., &
Frackowiak, R. S. (1990). The relationship between global and local changes
in PET scans. J Cereb Blood Flow Metab, 10(4), 458-466.
Friston, K. J., Holmes, A. P., Poline, J.-B., Grasby, P. J., Williams, S. C. R.,
Frackowiak, R. S. J. and Turner, R. (1995) Analysis of fMRI Time-Series
Revisited. Neuroimage 2,45-53.
Friston, K. J., Holmes, A. P., Worsley, K. J., Poline, J.-B., Frith, C. D. and Frackowiak,
R. S. J. (1995). Statistical Parametric Maps in Functional Imaging - A General
Linear Approach. Human Brain Mapping, 2, 189-210.
Friston, K. J., Jezzard, P. and Turner, R. (1994) Analysis of Functional MRI TimeSeries. Human Brain Mapping 1,153-171.

246

Friston, K. J., Williams, S., Howard, R., Frackowiak, R. S. J and Turner, R. (1996).
Movement-Related Effects in fMRI Time-Series. Magn. Reson. Med., 35, 346355.
Friston, K. J., Worsley, K. J., Frackowiak, R. S. J., Mazziotta, J. C. and Evans, A. C.
(1994). Assessing the Significance of Focal Activations Using their Spatial
Extent. Human Brain Mapping, 1, 214-220.
Friston, K. J., Worsley, K. J., Frackowiak, R. S. J., Mazziotta, J. C. and Evans, A. C.
(1994) Assessing the Significance of Focal Activations Using their Spatial
Extent Human Brain Mapping 1,214-220.
Frith, D., & Gibson, A. (2000). Sildenafil citrate on nitrergic transmission in
anococcygeus muscles from the urogenital system of male and female mice.
Eur J Pharmacol, 400(2-3), 305-312.
Fuller RH, Kendall DL, Nadeau SE, Spevack AA, Heiman KM, Gonzalez-Rothi LJ.
Cognitive-cholinergic therapy of anomia in Alzheimer's disease. Program and
abstracts of the 53rd Annual Meeting of the American Academy of Neurology;
May 5-11, 2001; Philadelphia, Pennsylvania. Neurology. 2001;56(suppl
3):A57. Abstract P01.109.
Furey, M. L., Pietrini, P., & Haxby, J. V. (2000). Cholinergic enhancement and
increased selectivity of perceptual processing during working memory.
Science, 290(5500), 2315-2319.
Gaboev, V. N. (1989). [Alcoholic anosognosia in chronic alcoholism]. Zh Nevropatol
Psikhiatr Im S S Korsakova, 89(2), 98-101.
Gabriel, M., Vogt, B. A., Kubota, Y., Poremba, A., & Kang, E. (1991). Training-stage
related neuronal plasticity in limbic thalamus and cingulate cortex during
learning: a possible key to mnemonic retrieval. Behav Brain Res, 46(2), 175185.

247

Gainotti, G., Marra, C., Villa, G., Parlato, V., & Chiarotti, F. (1998). Sensitivity and
specificity of some neuropsychological markers of Alzheimer dementia.
Alzheimer Dis Assoc Disord, 12(3), 152-162.
Gao, J. H., Miller, I., Lai, S., Xiong, J. and Fox, P. T. (1996). Quantitative
Assessment of Blood Inflow Effects in Functional MRI Signals. Magn. Reson.
Med., 36, 314-319.
Geerlings MI, Launer LJ, de Jong FH, et al. Program and abstracts of the 53rd Annual
Meeting

of

the

American

Academy

of

Neurology;

May

5-11,

2001;

Philadelphia, Pennsylvania. Neurology. 2001;56 (suppl 3):A252. Abstract
S34.008.
Geerlings, M. I., Jonker, C., Bouter, L. M., Ader, H. J., & Schmand, B. (1999).
Association between memory complaints and incident Alzheimer's disease in
elderly people with normal baseline cognition. Am J Psychiatry, 156(4), 531537.
Geoffrey r. Norman, D. l. S. (1997). PDQ Statistics ( second ed.): Mosby-Yeaar Book
Inc.
Gerra, G., Fertomani, G., Zaimovic, A., Caccavari, R., Reali, N., Maestri, D., Avanzini,
P., Monica, C., Delsignore, R., & Brambilla, F. (1996). Neuroendocrine
responses to emotional arousal in normal women. Neuropsychobiology, 33(4),
173-181.
Geula, C., & Mesulam, M. M. (1996). Systematic regional variations in the loss of
cortical cholinergic fibers in Alzheimer's disease. Cereb Cortex, 6(2), 165-177.
Gifford, D. R., & Cummings, J. L. (1999). Evaluating dementia screening tests:
methodologic standards to rate their performance. Neurology, 52(2), 224227.

248

Gilmore, R. L., Heilman, K. M., Schmidt, R. P., Fennell, E. M., & Quisling, R. (1992).
Anosognosia during Wada testing. Neurology, 42(4), 925-927.
Gold, M., Adair, J. C., Jacobs, D. H., & Heilman, K. M. (1994). Anosognosia for
hemiplegia:

an

electrophysiologic

investigation

of

the

feed-forward

hypothesis. Neurology, 44(10), 1804-1808.
Goldenberg, G. (1982). [Pathogenesis of anosognosia: a case report (author's
transl)]. Nervenarzt, 53(6), 344-347.
Goldenberg, G., Mullbacher, W., & Nowak, A. (1995). Imagery without perception--a
case study of anosognosia for cortical blindness. Neuropsychologia, 33(11),
1373-1382.
Gonnerman, W. A., Elliott-Bryant, R., Carreras, I., Sipe, J. D., & Cathcart, E. S.
(1995). Linkage of protection against amyloid fibril formation in the mouse to
a single, autosomal dominant gene. J Exp Med, 181(6), 2249-2252.
Gorter, R. C., Eijkman, M. A. J., & Hoogstraten, J. (2001). A career counseling
program for dentists: Effects on burnout. Patient Education and Counseling,
43(1), 23-30.
Goto, K., Sato, K., Ienaga, H., Mori, H., Hirose, Y., Shirai, T., Takubo, H., Danbara,
T., & Mizuno, Y. (1997). [A 36-year-old woman with acute onset left
hemiplegia and anosognosia]. No To Shinkei, 49(3), 291-300.
Gowland, P. a. M., P. (1993). Accurate Measurement of T1 in vivo in Less Than 3
Seconds Using Echo-Planar Imaging. Magn. Reson. Med., 30, 351-354.
Gowland, P. and Mansfield, P. (1993) Accurate Measurement of T1 in vivo in Less
Than 3 Seconds Using Echo-Planar Imaging. Magn. Reson. Med. 30,351-354.
Gowland, P. and Mansfield, P. (1993) Accurate Measurement of T1 in vivo in Less
Than 3 Seconds Using Echo-Planar Imaging. Magn. Reson. Med. 30,351-354.

249

Grand'Maison, F., Reiher, J., Lebel, M. L., & Rivest, J. (1989). Transient anosognosia
for episodic hemiparesis: a singular manifestation of TIAs and epileptic
seizures. Can J Neurol Sci, 16(2), 203-205.
Green, J. B., & Hamilton, W. J. (1976). Anosognosia for hemiplegia: somatosensory
evoked potential studies. Neurology, 26(12), 1141-1144.
Grigoletto, F., Zappala, G., Anderson, D. W., & Lebowitz, B. D. (1999). Norms for the
Mini-Mental State Examination in a healthy population. Neurology, 53(2),
315-320.
Guenther, W. C. (1964) `Analysis of Variance'. Prentice-Hall.
Haan, M. N., Shemanski, L., Jagust, W. J., Manolio, T. A., & Kuller, L. (1999). The
role of APOE epsilon4 in modulating effects of other risk factors for cognitive
decline in elderly persons. Jama, 282(1), 40-46.
Haase, A., Frahm, J., Hänicke, W. and Matthaei, D. (1985) 1H NMR Chemical Shift
Selective (CHESS) Imaging. Phys. Med. Biol. 30,341-344.
Haase, A., Frahm, J., Matthaei, D., Hänicke, W. and Merboldt, K.-D. (1986). FLASH
Imaging. Rapid NMR Imaging Using Low Flip-Angle Pulses. J. Magn. Reson.,
67, 258-266.
Haass, C., & Kahle, P. J. (2000). Parkinson's pathology in a fly. Nature, 404(6776),
341, 343.
Halber M, H. K., Minoshima S, Heiss WD. (1996). Correction for global metabolism in
FDG PET brain images using linear regression and anatomic standardization
by nonlinear warping. Quantification of brain function using PET, 209-213.
Hall CB, Martin S, Katz M, Bischke H, Lipton RB. Accelerated decline in memory
preceded accelerated decline in speeded tasks in preclinical Alzheimer's
disease. Program and abstracts of the 53rd Annual Meeting of the American

250

Academy

of

Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania.

Neurology. 2001;56(suppl 3):A71. Abstract S09.003.
Ham, D., Caouras, V., Radzioch, D., & Gervais, F. (1997). Degradation of amyloid A
precursor protein SAA by macrophage cell lines obtained from amyloid
resistant and susceptible strains of mice. Scand J Immunol, 45(4), 354-360.
Hanninen, T., Hallikainen, M., Koivisto, K., Helkala, E. L., Reinikainen, K. J.,
Soininen, H., Mykkanen, L., Laakso, M., Pyorala, K., & Riekkinen, P. J., Sr.
(1995).

A

follow-up

study

of

age-associated

memory

impairment:

neuropsychological predictors of dementia. J Am Geriatr Soc, 43(9), 10071015.
Hanyu, H., Shindo, H., Kakizaki, D., Abe, K., Iwamoto, T., & Takasaki, M. (1997).
Increased water diffusion in cerebral white matter in Alzheimer's disease.
Gerontology, 43(6), 343-351.
Harasty, J. A., Halliday, G. M., Kril, J. J., & Code, C. (1999). Specific temporoparietal
gyral atrophy reflects the pattern of language dissolution in Alzheimer's
disease. Brain, 122(Pt 4), 675-686.
Haroutunian, V., Serby, M., Purohit, D. P., Perl, D. P., Marin, D., Lantz, M., Mohs, R.
C., & Davis, K. L. (2000). Contribution of Lewy body inclusions to dementia in
patients with and without Alzheimer disease neuropathological conditions.
Arch Neurol, 57(8), 1145-1150.
Harrison, P. J. (1999). The neuropathology of schizophrenia. A critical review of the
data and their interpretation. Brain, 122(Pt 4), 593-624.
Harwood, D. G., Ownby, R. L., Barker, W. W., & Duara, R. (1998). The behavioral
pathology in Alzheimer's Disease Scale (BEHAVE-AD): factor structure among
community-dwelling Alzheimer's disease patients. Int J Geriatr Psychiatry,
13(11), 793-800.

251

Hasegawa, M., Bando, M., Iwata, M., Mannen, T., & Kaga, K. (1989). [A case of
auditory agnosia with the lesion of bilateral auditory radiation]. Rinsho
Shinkeigaku, 29(2), 180-185.
Hatano, T., Miwa, H., Furuya, T., Miyashita, N., Tanaka, S., & Mizuno, Y. (2000).
[Anosognosia for hemiplegia in a patient with pontine infarction]. No To
Shinkei, 52(12), 1117-1120.
Hawkins, P. N., Aprile, C., Capri, G., Vigano, L., Munzone, E., Gianni, L., Pepys, M.
B., & Merlini, G. (1998). Scintigraphic imaging and turnover studies with
iodine-131 labelled serum amyloid P component in systemic amyloidosis. Eur
J Nucl Med, 25(7), 701-708.
Hayes, C. E., Edelstein, W. A., Schenck, J. F., Mueller, O. M. and Eash M. (1985). An
Efficient, Highly Homogeneous Radiofrequency Coil for Whole-Body NMR
Imaging at 1.5 T. J. Magn. Reson., 63, 622-628.
Heilman, K. M., Barrett, A. M., & Adair, J. C. (1998). Possible mechanisms of
anosognosia: a defect in self-awareness. Philos Trans R Soc Lond B Biol Sci,
353(1377), 1903-1909.
Hennel, F. a. N., J.-F. (1995). Interleaved Asymmetric Echo-Planar Imaging. Magn.
Reson. Med., 34, 520-524.
Hennel, F. and Nédélec, J.-F. (1995) Interleaved Asymmetric Echo-Planar Imaging.
Magn. Reson. Med. 34,520-524.
Hennel, F. and Nédélec, J.-F. (1995) Interleaved Asymmetric Echo-Planar Imaging.
Magn. Reson. Med. 34,520-524.
Henson, R. N., Shallice, T., & Dolan, R. J. (1999). Right prefrontal cortex and
episodic memory retrieval: a functional MRI test of the monitoring hypothesis.
Brain, 122(Pt 7), 1367-1381.

252

Hickok, G., & Poeppel, D. (2000). Towards a functional neuroanatomy of speech
perception. Trends Cogn Sci, 4(4), 131-138.
Hildebrandt, H., & Zieger, A. (1995). Unconscious activation of motor responses in a
hemiplegic patient with anosognosia and neglect. Eur Arch Psychiatry Clin
Neurosci, 246(1), 53-59.
Hill D, S. C., Hawkes D. (1994). Voxel similarity measurements for automated image
registration. Proceedings of visualisation in biomedical computing, 205-216.
Hirono, N., Mori, E., Ishii, K., Ikejiri, Y., Imamura, T., Shimomura, T., Hashimoto,
M., Yamashita, H., & Sasaki, M. (1998). Hypofunction in the posterior
cingulate gyrus correlates with disorientation for time and place in Alzheimer's
disease. J Neurol Neurosurg Psychiatry, 64(4), 552-554.
Hoffman, J. M., Welsh-Bohmer, K. A., Hanson, M., Crain, B., Hulette, C., Earl, N., &
Coleman, R. E. (2000). FDG PET imaging in patients with pathologically
verified dementia. J Nucl Med, 41(11), 1920-1928.
Hoh, C. K., Dahlbom, M., Harris, G., Choi, Y., Hawkins, R. A., Phelps, M. E., &
Maddahi, J. (1993). Automated iterative three-dimensional registration of
positron emission tomography images. J Nucl Med, 34(11), 2009-2018.
Holmes, A. P., Blair, R. C., Watson, J. D. G. and Ford, I. (1996). Nonparametric
Analysis of Statistic Images from Functional Mapping Experiments. J. Cereb.
Blood Flow Metab., 16, 7-22.
Hon, J., Huppert, F. A., Holland, A. J., & Watson, P. (1999). Neuropsychological
assessment of older adults with Down's syndrome: an epidemiological study
using the Cambridge Cognitive Examination (CAMCOG). Br J Clin Psychol,
38(Pt 2), 155-165.
Honig LS, Chambliss DD. Dementia with Lewy bodies (DLB) symptoms may relate to
diffusely increased alpha-synuclein expression rather than Lewy inclusions.

253

Program and abstracts of the 53rd Annual Meeting of the American Academy
of Neurology; May 5-11, 2001; Philadelphia, Pennsylvania. Neurology.
2001;56(suppl 3):A176. Abstract P03.043.
Hoshii, Y., Kawano, H., Gondo, T., Takahashi, M., Ishihara, T., Higuchi, K., &
Horiuchi, S. (1996). Immunohistochemical study with anti-advanced glycation
end-products antibody in murine amyloidosis. Pathol Int, 46(10), 738-742.
Hounsfield, G. N. (1973) Computerized Transverse Axial Scanning (Tomography). Br.
J. Radiol. 46,1016-1022.
Howseman, A. M., Stehling, M. K., Chapman, B., Coxon, R., Turner, R., Ordidge, R.
J., Cawley, M. G., Glover, P., Mansfield, P. and Coupland, R. E. (1988).
Improvements in Snap-Shot Nuclear Magnetic Resonance Imaging. Br. J.
Radiol., 61, 822-828.
Hsu, H. C., Zhou, T., Yang, P. A., Herrera, G. A., & Mountz, J. D. (1997). Increased
acute-phase response and renal amyloidosis in aged CD2-fas-transgenic mice.
J Immunol, 158(12), 5988-5996.
Hu, X. and Kim, S.-G. (1994) Reduction of Signal Fluctuation in Functional MRI Using
Navigator Echoes. Magn. Reson. Med. 31,495-503.
Hu, X., Le, T. H., Parrish, T. and Erhard, P. (1995) Retrospective Estimation and
Correction of Physiological Fluctuation in Functional MRI. Magn. Reson. Med.
34,201-212.
Hunter, R., McLuskie, R., Wyper, D., Patterson, J., Christie, J. E., Brooks, D. N.,
McCulloch, J., Fink, G., & Goodwin, G. M. (1989). The pattern of functionrelated regional cerebral blood flow investigated by single photon emission
tomography with 99mTc-HMPAO in patients with presenile Alzheimer's
disease and Korsakoff's psychosis. Psychol Med, 19(4), 847-855.

254

Hykin, J., Bowtell, R., Mansfield, P., Glover, P., Coxon, R., Worthington, B. and
Blumhardt, L. (1994). Functional Brain Imaging using EPI at 3T. Magma, 2,
347-349.
Hykin, J., Clare, S., Bowtell, R. Humberstone, M., Coxon, R., Worthington, B.,
Blumhardt, L. D. and Morris, P. A Non-directed Method in the Analysis of
Functional Magnetic Resonance Imaging (fMRI) and it's Application to Studies
of Short Term Memory in Book of Abstracts, 13th Annual Meeting, European
Society of Magnetic Resonance in Medicine and Biology 366.
Ihl, R., Grass-Kapanke, B., Janner, M., & Weyer, G. (1999). Neuropsychometric tests
in cross sectional and longitudinal studies - a regression analysis of ADAS cog, SKT and MMSE. Pharmacopsychiatry, 32(6), 248-254.
Inoue, S., & Kisilevsky, R. (1996). A high resolution ultrastructural study of
experimental murine AA amyloid. Lab Invest, 74(3), 670-683.
Interferon beta-1b is effective in relapsing-remitting multiple sclerosis. I. Clinical
results of a multicenter, randomized, double-blind, placebo-controlled trial.
The IFNB Multiple Sclerosis Study Group. (1993). Neurology, 43(4), 655-661.
Ishii, K., Sasaki, M., Yamaji, S., Sakamoto, S., Kitagaki, H., & Mori, E. (1997).
Demonstration of decreased posterior cingulate perfusion in mild Alzheimer's
disease by means of H215O positron emission tomography. Eur J Nucl Med,
24(6), 670-673.
Ivancevic, V., Alavi, A., Souder, E., Mozley, P. D., Gur, R. E., Benard, F., & Munz, D.
L. (2000). Regional cerebral glucose metabolism in healthy volunteers
determined by fluordeoxyglucose positron emission tomography: appearance
and variance in the transaxial, coronal, and sagittal planes. Clin Nucl Med,
25(8), 596-602.

255

Jack, C. R., Jr., Petersen, R. C., Xu, Y., O'Brien, P. C., Smith, G. E., Ivnik, R. J.,
Boeve, B. F., Tangalos, E. G., & Kokmen, E. (2000). Rates of hippocampal
atrophy correlate with change in clinical status in aging and AD. Neurology,
55(4), 484-489.
Jacobs, D. M., Albert, S. M., Sano, M., del Castillo-Castaneda, C., Paik, M. C.,
Marder, K., Bell, K., Brandt, J., Albert, M. S., & Stern, Y. (1999). Assessment
of cognition in advanced AD: the test for severe impairment. Neurology,
52(8), 1689-1691.
Jacome, D. E. (1986). Subcortical prosopagnosia and anosognosia. Am J Med Sci,
292(6), 386-388.
Jager, P. L., Hazenberg, B. P., Franssen, E. J., Limburg, P. C., van Rijswijk, M. H., &
Piers, D. A. (1998). Kinetic studies with iodine-123-labeled serum amyloid P
component in patients with systemic AA and AL amyloidosis and assessment
of clinical value. J Nucl Med, 39(4), 699-706.
JC, M. (1993). The clinical dementia rating (CDR); current version and scoring rules.
Neurology, 43, 2412-2414.
Jehkonen, M., Ahonen, J. P., Dastidar, P., Laippala, P., & Vilkki, J. (2000).
Unawareness of deficits after right hemisphere stroke: double-dissociations of
anosognosias. Acta Neurol Scand, 102(6), 378-384.
Jezzard, P., Heinemann, F., Taylor, J., DesPres, D., Wen, H., Balaban, R.S., and
Turner, R. (1994). Comparison of EPI Gradient-Echo Contrast Changes in Cat
Brain Caused by Respiratory Challenges with Direct Simultaneous Evaluation
of Cerebral Oxygenation via a Cranial Window. NMR in Biomed, 7, 35-44.
Jiang H, R. R., Holton KS. (1992). New approach to 3-D registration of multimodality
medical images by surface matching. Visualisation in biomedical computing,
1808, 196-213.

256

Johan, K., Westermark, G., Engstrom, U., Gustavsson, A., Hultman, P., &
Westermark, P. (1998). Acceleration of amyloid protein A amyloidosis by
amyloid-like synthetic fibrils. Proc Natl Acad Sci U S A, 95(5), 2558-2563.
Johnson, G., Hutchison, J. M. S., Redpath, T. W. and Eastwood, L. M. (1983).
Improvements in Performance Time for Simultaneous Three-Dimensional NMR
Imaging. J. Magn. Reson., 54, 374-384.
Jones, D. K., Lythgoe, D., Horsfield, M. A., Simmons, A., Williams, S. C., & Markus,
H. S. (1999). Characterization of white matter damage in ischemic
leukoaraiosis with diffusion tensor MRI. Stroke, 30(2), 393-397.
Kapouleas, I., Alavi, A., Alves, W. M., Gur, R. E., & Weiss, D. W. (1991). Registration
of three-dimensional MR and PET images of the human brain without
markers. Radiology, 181(3), 731-739.
Kapur, S., Tulving, E., Cabeza, R., McIntosh, A. R., Houle, S., & Craik, F. I. (1996).
The neural correlates of intentional learning of verbal materials: a PET study
in humans. Brain Res Cogn Brain Res, 4(4), 243-249.
Kawabata, K., Tachibana, H., Sugita, M., & Fukuchi, M. (1993). A comparative I-123
IMP SPECT study in Binswanger's disease and Alzheimer's disease. Clin Nucl
Med, 18(4), 329-336.
Kawashima, R., Sugiura, M., Kato, T., Nakamura, A., Hatano, K., Ito, K., Fukuda, H.,
Kojima, S., & Nakamura, K. (1999). The human amygdala plays an important
role in gaze monitoring. A PET study. Brain, 122(Pt 4), 779-783.
Kay, I. and Henkelman, R. M. (1991) Practical Implementation and Optimisation of
One-Shot T1 Imaging. Magn. Reson. Med. 22,414-424.
Kaye J, Swihart T, Moore M, et al. Impact on cognitive status of accumulating white
matter hyperintensities in healthy elderly. Program and abstracts of the 53rd
Annual Meeting of the American Academy of Neurology; May 5-11, 2001;

257

Philadelphia, Pennsylvania. Neurology. 2001;56(suppl 3):A374. Abstract
S45.006.
Kazui, H., Hashimoto, M., Hirono, N., Imamura, T., Tanimukai, S., Hanihara, T.,
Ikeda, M., Komori, K., Ikejiri, Y., & Mori, E. (2000). A study of remote
memory impairment in Alzheimer's disease by using the family line test.
Dement Geriatr Cogn Disord, 11(1), 53-58.
Keri, S., Kalman, J., Rapcsak, S. Z., Antal, A., Benedek, G., & Janka, Z. (1999).
Classification learning in Alzheimer's disease. Brain, 122(Pt 6), 1063-1068.
Kernighan, B. W. a. R., D. M. (1978). `The C Programming Language'.: PrenticeHall.
Kernighan, B. W. and Ritchie, D. M. (1978) `The C Programming Language',
Prentice-Hall.
Killiany, R. J., Gomez-Isla, T., Moss, M., Kikinis, R., Sandor, T., Jolesz, F., Tanzi, R.,
Jones, K., Hyman, B. T., & Albert, M. S. (2000). Use of structural magnetic
resonance imaging to predict who will get Alzheimer's disease. Ann Neurol,
47(4), 430-439.
Kim, S. G., Hu, X., Adriany, G. and Ugurbil., K. (1996) Fast Interleaved Echo-Planar
Imaging with Navigator: High Resolution Anatomic and Functional Images at
4 Tesla. Magn. Reson. Med. 35,895-902.
Kindy, M. S., & Rader, D. J. (1998). Reduction in amyloid A amyloid formation in
apolipoprotein-E-deficient mice. Am J Pathol, 152(5), 1387-1395.
Kindy, M. S., King, A. R., Perry, G., de Beer, M. C., & de Beer, F. C. (1995).
Association of apolipoprotein E with murine amyloid A protein amyloid. Lab
Invest, 73(4), 469-475.
Kirschner, D. A., Elliott-Bryant, R., Szumowski, K. E., Gonnerman, W. A., Kindy, M.
S., Sipe, J. D., & Cathcart, E. S. (1998). In vitro amyloid fibril formation by

258

synthetic peptides corresponding to the amino terminus of apoSAA isoforms
from amyloid-susceptible and amyloid-resistant mice. J Struct Biol, 124(1),
88-98.
Kirshner, H. S., Hughes, T., Fakhoury, T., & Abou-Khalil, B. (1995). Aphasia
secondary to partial status epilepticus of the basal temporal language area.
Neurology, 45(8), 1616-1618.
Kivipelto M, Helkala E-L, Hanninen T, et al. Midlife vascular risk factors and late-life
mild cognitive impairment. a longitudinal, population-based study. Program
and abstracts of the 53rd Annual Meeting of the American Academy of
Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania.

Neurology.

2001;56(suppl 3):A241. Abstract S34.006.
KJ, W. (1994). Local maxima and the expected Euler characteristic of excursion sets
of x^2, F and t fields. Advanced Applications of Problems, 26, 13-42.
Kloszewska, I. (1998). Incidence and relationship between behavioural and
psychological symptoms in Alzheimer's disease. Int J Geriatr Psychiatry,
13(11), 785-792.
Kluger, A., Ferris, S. H., Golomb, J., Mittelman, M. S., & Reisberg, B. (1999).
Neuropsychological prediction of decline to dementia in nondemented elderly.
J Geriatr Psychiatry Neurol, 12(4), 168-179.
Kluve-Beckerman, B., Liepnieks, J. J., Wang, L., & Benson, M. D. (1999). A cell
culture system for the study of amyloid pathogenesis. Amyloid formation by
peritoneal macrophages cultured with recombinant serum amyloid A. Am J
Pathol, 155(1), 123-133.
Koenig PL, Smith EE, Rhee J, Moore PN, Petock L, Grossman M. Categorization of
novel animals in Alzheimer's disease. Program and abstracts of the 53rd
Annual Meeting of the American Academy of Neurology; May 5-11, 2001;

259

Philadelphia, Pennsylvania. Neurology. 2001;56(suppl 3):A56. Abstract
P01.107.
Kollack-Walker, S., Watson, S. J., & Akil, H. (1997). Social stress in hamsters: defeat
activates specific neurocircuits within the brain. J Neurosci, 17(22), 88428855.
Konishi, S., Nakajima, K., Uchida, I., Kikyo, H., Kameyama, M., & Miyashita, Y.
(1999). Common inhibitory mechanism in human inferior prefrontal cortex
revealed by event-related functional MRI. Brain, 122(Pt 5), 981-991.
Koridze, M. G., & Oniani, T. N. (1972). Effects of cingulate cortex lesions on
emotional behavior and delayed responses in cats. Acta Neurobiol Exp
(Warsz), 32(1), 9-18.
Kotler-Cope, S., & Camp, C. J. (1995). Anosognosia in Alzheimer disease. Alzheimer
Dis Assoc Disord, 9(1), 52-56.
Kuller, L. H., Shemanski, L., Manolio, T., Haan, M., Fried, L., Bryan, N., Burke, G. L.,
Tracy, R., & Bhadelia, R. (1998). Relationship between ApoE, MRI findings,
and cognitive function in the Cardiovascular Health Study. Stroke, 29(2),
388-398.
Kumar, A., Welti, D. and Ernst, R. R. (1975) NMR Fourier Zeugmatography. J. Magn.
Reson. 18,69-83.
Kwong, K. K. (1995). Functional Magnetic Resonance Imaging with Echo Planar
Imaging. Magnetic Resonance Quarterly, 11, 1-20.
Kwong, K. K., Belliveau, J. W., Chesler, D. A., Goldberg, I. E., Weisskoff, R. M.,
Poncelet, B. P, Kennedy, D. N., Hoppel, B. E., Cohen, M. S., Turner, R.,
Cheng, H. M., Brady, T. J. and Rosen, B. R. (1992). Dynamic Magnetic
Resonance Imaging of Human Brain Activity During Primary Sensory
Stimulation. Proc. Natl. Acad. Sci. USA, 89, 5675-5679.

260

LaBaw, W. L. (1969). Denial inside out: subjective experience with anosognosia in
closed head injury. Psychiatry, 32(2), 174-188.
Laiacona, M., Barbarotto, R., & Capitani, E. (1998). Semantic category dissociations
in naming: is there a gender effect in Alzheimer's disease? Neuropsychologia,
36(5), 407-419.
Laine, E., Delahousse, J., Christiaens, J. L., & Fontan, M. (1969). [From anosognosia
to fabulation concerning a paralysed hemibody in a patient with left
hemiplegia]. Ann Med Psychol (Paris), 2(5), 672-680.
Lane, R. D. (1990). Successful fluoxetine treatment of pathologic jealousy. J Clin
Psychiatry, 51(8), 345-346.
Lane, R. D., & Schwartz, G. E. (1990). The neuropsychophysiology of emotion. Funct
Neurol, 5(3), 263-266.
Lane, R. D., Ahern, G. L., Schwartz, G. E., & Kaszniak, A. W. (1997). Is alexithymia
the emotional equivalent of blindsight? Biol Psychiatry, 42(9), 834-844.
Lane, R. D., Kivley, L. S., Du Bois, M. A., Shamasundara, P., & Schwartz, G. E.
(1995). Levels of emotional awareness and the degree of right hemispheric
dominance in the perception of facial emotion. Neuropsychologia, 33(5), 525538.
Lane, R. D., Quinlan, D. M., Schwartz, G. E., Walker, P. A., & Zeitlin, S. B. (1990).
The Levels of Emotional Awareness Scale: a cognitive-developmental measure
of emotion. J Pers Assess, 55(1-2), 124-134.
Lane, R. D., Reiman, E. M., Axelrod, B., Yun, L. S., Holmes, A., & Schwartz, G. E.
(1998). Neural correlates of levels of emotional awareness. Evidence of an
interaction between emotion and attention in the anterior cingulate cortex. J
Cogn Neurosci, 10(4), 525-535.

261

Lane, R. D., Reiman, E. M., Bradley, M. M., Lang, P. J., Ahern, G. L., Davidson, R. J.,
& Schwartz, G. E. (1997). Neuroanatomical correlates of pleasant and
unpleasant emotion. Neuropsychologia, 35(11), 1437-1444.
Lane, R. D., Sechrest, L., & Riedel, R. (1998). Sociodemographic correlates of
alexithymia. Compr Psychiatry, 39(6), 377-385.
Lange, N. and Zeger, S. L. (1997) Non-linear Fourier Time Series Analysis for Human
Brain Mapping by Functional Magnetic Resonance Imaging. Applied Statist.
46,1-29.
Larrea, F. A., Fisk, J. D., Graham, J. E., & Stadnyk, K. (2000). Prevalence of
cognitive impairment and dementia as defined by neuropsychological test
performance. Neuroepidemiology, 19(3), 121-129.
Lauterbur, P. C. (1973) Image Formation by Induced Local Interactions: Examples
Employing Nuclear Magnetic Resonance. Nature 242,190-191.
Lauterbur, P. C. (1973). Image Formation by Induced Local Interactions: Examples
Employing Nuclear Magnetic Resonance. Nature, 242, 190-191.
Lazzarino, L. G., & Nicolai, A. (1991). Hemichorea-hemiballism and anosognosia
following a contralateral infarction of the caudate nucleus and anterior limb of
the internal capsule. Riv Neurol, 61(1), 9-11.
Le, T. H. a. H., X. (1996). Retrospective Estimation and Correction of Physiological
Artifacts in fMRI by Direct Extraction of Physiological Activity from MR Data.
Magn. Reson. Med, 35, 290-298.
Lebert, F., Pasquier, F., Souliez, L., & Petit, H. (1998). Frontotemporal behavioral
scale. Alzheimer Dis Assoc Disord, 12(4), 335-339.
Lebrun, Y. (1987). Anosognosia in aphasics. Cortex, 23(2), 251-263.
Lebrun, Y., & Leleux, C. (1982). [Anosognosia and aphasia]. Schweiz Arch Neurol
Neurochir Psychiatr, 130(1), 25-38.

262

LeDoux, J. E. 1996. The Emotional Brain. New York: Simon and Schuster.
LeDoux, J. E. 1998. Nature vs. nurture: the pendulum still swings with plenty of
momentum. In Chronicle of Higher Education 45(16) December 11, 1998.
LeDoux, J. E. 2000. Emotion circuits in the brain. Annu Rev Neurosci 23:155-84.
Leibson, E. (2000). Anosognosia and mania associated with right thalamic
haemorrhage. J Neurol Neurosurg Psychiatry, 68(1), 107-108.
Leopold, N. A., & Borson, A. J. (1997). An alphabetical 'WORLD'. A new version of an
old test. Neurology, 49(6), 1521-1524.
Levey, A. I. (2000). Immunization for Alzheimer's disease: a shot in the arm or a
whiff? Ann Neurol, 48(4), 553-555.
Levine, D. N., Calvanio, R., & Rinn, W. E. (1991). The pathogenesis of anosognosia
for hemiplegia. Neurology, 41(11), 1770-1781.
Lin K-P, I. H., Kanno I, Huang S-C. (1996). An elastic image transformation method
for 3-D intersubject brain image mapping. Quantification of brain function
using PET, 404-409.
Lin, K. P., Huang, S. C., Yu, D. C., Melega, W., Barrio, J. R., & Phelps, M. E. (1996).
Automated image registration for FDOPA PET studies. Phys Med Biol, 41(12),
2775-2788.
Lingford-Hughes, A. R., Acton, P. D., Gacinovic, S., Suckling, J., Busatto, G. F.,
Boddington, S. J., Bullmore, E., Woodruff, P. W., Costa, D. C., Pilowsky, L. S.,
Ell, P. J., Marshall, E. J., & Kerwin, R. W. (1998). Reduced levels of GABAbenzodiazepine receptor in alcohol dependency in the absence of grey matter
atrophy. Br J Psychiatry, 173, 116-122.
Lippa CF, Schmidt ML, Lee VMY, Trojanowski JQ. Lewy bodies in familial Alzheimer's
disease: alpha-synuclein epitope mapping parallels dementia with Lewy
bodies and Parkinson's disease but differs from multiple systems atrophy.

263

Program and abstracts of the 53rd Annual Meeting of the American Academy
of Neurology; May 5-11, 2001; Philadelphia, Pennsylvania. Neurology.
2001;56(suppl 3):A299. Abstract S36.003.
Liu, X., Erikson, C., & Brun, A. (1996). Cortical synaptic changes and gliosis in
normal aging, Alzheimer's disease and frontal lobe degeneration. Dementia,
7(3), 128-134.
Ljunggren, S. (1983) A Simple Graphical Representation of Fourier-Based Imaging
Methods. J. Magn. Reson. 54,338-343.
Locher, P. R. (1980). Computer Simulation of Selective Excitation in NMR Imaging.
Phil. Trans. R. Soc. Lond, B 289, 537-542.
Looi, J. C., & Sachdev, P. S. (1999). Differentiation of vascular dementia from AD on
neuropsychological tests. Neurology, 53(4), 670-678.
Lopez, O. L., Becker, J. T., Somsak, D., Dew, M. A., & DeKosky, S. T. (1994).
Awareness of cognitive deficits and anosognosia in probable Alzheimer's
disease. Eur Neurol, 34(5), 277-282.
Lord Rayleigh (1879) Investigations in Optics with special reference to the
Spectroscope. Phil. Mag. 8,261-274.
Lu, L. H., Barrett, A. M., Cibula, J. E., Gilmore, R. L., Fennell, E. B., & Heilman, K. M.
(2000). Dissociation of anosognosia and phantom movement during the Wada
test. J Neurol Neurosurg Psychiatry, 69(6), 820-823.
Lu, L. H., Barrett, A. M., Schwartz, R. L., Cibula, J. E., Gilmore, R. L., Uthman, B. M.,
& Heilman, K. M. (1997). Anosognosia and confabulation during the Wada
test. Neurology, 49(5), 1316-1322.
Luu, P., Collins, P., & Tucker, D. M. (2000). Mood, personality, and self-monitoring:
negative affect and emotionality in relation to frontal lobe mechanisms of
error monitoring. J Exp Psychol Gen, 129(1), 43-60.

264

Lynn, P. A. (1989) `An Introduction to the Analysis and Processing of Signals'.
Macmillan.
MacDermid, S. M., Hertzog, J. L., Kensinger, K. B., & Zipp, J. F. (2001). The role of
organizational size and industry in job quality and work-family relationships.
Journal of Family and Economic Issues, 22(2), 191-216.
MacDonald, A. W., 3rd, Cohen, J. D., Stenger, V. A., & Carter, C. S. (2000).
Dissociating the role of the dorsolateral prefrontal and anterior cingulate
cortex in cognitive control. Science, 288(5472), 1835-1838.
Mack, J. L., Patterson, M. B., & Tariot, P. N. (1999). Behavior Rating Scale for
Dementia: development of test scales and presentation of data for 555
individuals with Alzheimer's disease. J Geriatr Psychiatry Neurol, 12(4), 211223.
MacLeod, C. M., & MacDonald, P. A. (2000). Interdimensional interference in the
Stroop effect: uncovering the cognitive and neural anatomy of attention.
Trends Cogn Sci, 4(10), 383-391.
Maddock, R. J., & Buonocore, M. H. (1997). Activation of left posterior cingulate
gyrus by the auditory presentation of threat-related words: an fMRI study.
Psychiatry Res, 75(1), 1-14.
Maeshima, S., Dohi, N., Funahashi, K., Nakai, K., Itakura, T., & Komai, N. (1997).
Rehabilitation of patients with anosognosia for hemiplegia due to intracerebral
haemorrhage. Brain Inj, 11(9), 691-697.
Majocha, R. E., Reno, J. M., Friedland, R. P., VanHaight, C., Lyle, L. R., & Marotta, C.
A. (1992). Development of a monoclonal antibody specific for beta/A4
amyloid in Alzheimer's disease brain for application to in vivo imaging of
amyloid angiopathy. J Nucl Med, 33(12), 2184-2189.

265

Mansfield, P. (1977) Multi-Planar Image Formation using NMR Spin Echoes. J. Phys.
C 10,L55-L58.
Mansfield, P. (1988) Imaging by Nuclear Magnetic Resonance. J. Phys. E: Sci.
Instrum. 21,18-30.
Mansfield, P. a. G., P. K. (1973). NMR `diffraction' in solids? J. Phys., C6, L422-L426.
Mansfield, P. a. G., P. K. (1977). Multi-Planar Image Formation using NMR Spin
Echoes. J. Phys., C10, L55-L58.
Mansfield, P. a. G., P. K. (1988). Imaging by Nuclear Magnetic Resonance. J. Phys.
E: Sci. Instrum, 21, 18-30.
Mansfield, P. a. M., P. G. (1982). `NMR Imaging in Biomedicine', in Advances in
Magnetic Resonance. New York: Academic Press.
Mansfield, P. a. P., I. L. (1978). Biological and Medical Imaging by NMR. J. Magn.
Reson., 29, 355-373.
Mansfield, P. and Grannell, P. K. (1973) NMR `diffraction' in solids? J. Phys. C 6,
L422-L426.
Mansfield, P. and Morris, P. G. (1982). `NMR Imaging in Biomedicine', in Advances in
Magnetic Resonance, Academic Press, New York.
Mansfield, P. and Pykett, I. L. (1978) Biological and Medical Imaging by NMR. J.
Magn. Reson. 29,355-373.
Mansfield, P., Howseman, A. M., and Ordidge, R. J. (1989) Volumar Imaging using
NMR Spin Echoes: Echo-Volumar Imaging (EVI) at 0.1 T. J. Phys. E: Sci.
Instrum. 22,324-330.
Mansfield, P., Ordidge, R. J. and Coxon, R. (1988) Zonally magnified EPI in real time
by NMR. J. Phys. E: Sci. Instrum. 21,275-280.
Mark, V. W. (1998). Lesion laterality, neglect, and anosognosia. Neurology, 51(3),
920-921.

266

Marson, D. C., Annis, S. M., McInturff, B., Bartolucci, A., & Harrell, L. E. (1999).
Error behaviors associated with loss of competency in Alzheimer's disease.
Neurology, 53(9), 1983-1992.
Martin, J. B. (1999). Molecular basis of the neurodegenerative disorders. N Engl J
Med, 340(25), 1970-1980.
MATLAB. The Math Works, Inc.
Matsumine, H., Shimizu, T., Sato, K., & Mizuno, Y. (1995). [Anosognosia,
2)anosodiaphoria]. No To Shinkei, 47(12), 1196-1197.
Maudsley, A. A., Hilal, S. K., Perman, W. H. and Simon, H. E. (1983). Spatially
Resolved High Resolution Spectroscopy by "Four-Dimensional" NMR. J. Magn.
Reson., 51, 147-152.
Mauguiere, F., Brechard, S., Pernier, J., Courjon, J., & Schott, B. (1982).
Anosognosia with hemiplegia: auditory evoked potential studies. Adv Neurol,
32, 271-278.
Mazziotta, J. C., Toga, A. W., Evans, A., Fox, P. and Lancaster, J. (1995). A
Probabilistic Atlas of the Human Brain: Theory and Rationale for its
Development. Neuroimage, 2, 89-101.
McAdam, K. P., & Sipe, J. D. (1976). Murine model for human secondary
amyloidosis: genetic variability of the acute-phase serum protein SAA
response to endotoxins and casein. J Exp Med, 144(4), 1121-1127.
McColl, J. H., Holmes, A. P., & Ford, I. (1994). Statistical methods in neuroimaging
with particular application to emission tomography. Stat Methods Med Res,
3(1), 63-86.
McCrory, S. J., & Ford, I. (1991). Multivariate analysis of spect images with
illustrations in Alzheimer's disease. Stat Med, 10(11), 1711-1718.

267

McIntosh AR, G. C., Hazby JV, Maisog JM, Horwitz B, Clork CM. (1996). Withinsubject transformations of PET regional cerebral blood flow data: ANCOVA,
ratio, and Z-score adjustments on empirical data. Human Brain Mapping, 4,
93-102.
McKinnon, G. C. (1993) Ultrafast Interleaved Gradient-Echo-Planar Imaging on a
Standard Scanner. Magn. Reson. Med. 30,609-616.
McKinnon, G. C. (1993) Ultrafast Interleaved Gradient-Echo-Planar Imaging on a
Standard Scanner. Magn. Reson. Med. 30,609-616.
McKinnon, G. C., Eichenberger, A. C., von Weymarn, C. A. and von Schulthess, G. K.
(1992). Ultra-Fast Imaging Using an Interleaved Gradient Echo Planar
Sequence. Society of Magnetic Resonance in Medicine, 11th Annual Meeting,
106.
McLendon, B. M., & Doraiswamy, P. M. (1999). Defining meaningful change in
Alzheimer's disease trials: the donepezil experience. J Geriatr Psychiatry
Neurol, 12(1), 39-48.
Meador, K. J., Loring, D. W., Feinberg, T. E., Lee, G. P., & Nichols, M. E. (2000).
Anosognosia and asomatognosia during intracarotid amobarbital inactivation.
Neurology, 55(6), 816-820.
Meguro, K., Blaizot, X., Kondoh, Y., Le Mestric, C., Baron, J. C., & Chavoix, C.
(1999). Neocortical and hippocampal glucose hypometabolism following
neurotoxic lesions of the entorhinal and perirhinal cortices in the non-human
primate as shown by PET. Implications for Alzheimer's disease. Brain, 122(Pt
8), 1519-1531.
Mehta KM, Eaton W, Liang K-Y, Lyketsos CG. Smoking and cognitive decline: results
from the Baltimore Epidemiologic Catchment Area. Program and abstracts of
the 53rd Annual Meeting of the American Academy of Neurology; May 5-11,

268

2001;

Philadelphia,

Pennsylvania.

Neurology.

2001;56(suppl

3):A241.

Abstract S34.007.
Mendez, M. F., Ala, T., & Underwood, K. L. (1992). Development of scoring criteria
for the clock drawing task in Alzheimer's disease. J Am Geriatr Soc, 40(11),
1095-1099.
Michon, A., Deweer, B., Pillon, B., Agid, Y., & Dubois, B. (1994). Relation of
anosognosia to frontal lobe dysfunction in Alzheimer's disease. J Neurol
Neurosurg Psychiatry, 57(7), 805-809.
Migliorelli, R., Teson, A., Sabe, L., Petracca, G., Petracchi, M., Leiguarda, R., &
Starkstein, S. E. (1995). Anosognosia in Alzheimer's disease: a study of
associated factors. J Neuropsychiatry Clin Neurosci, 7(3), 338-344.
Miller BL, Mychack P, Seeley WW, Rosen HJ, Boone K. Neuroanatomy of the self:
evidence from patients with frontotemporal dementia. Program and abstracts
of the 53rd Annual Meeting of the American Academy of Neurology; May 511, 2001; Philadelphia, Pennsylvania. Neurology. 2001;56(suppl 3):A144.
Abstract S18.001.
Miller, D. H., Molyneux, P. D., Barker, G. J., MacManus, D. G., Moseley, I. F., &
Wagner, K. (1999). Effect of interferon-beta1b on magnetic resonance
imaging outcomes in secondary progressive multiple sclerosis: results of a
European multicenter, randomized, double-blind, placebo-controlled trial.
European Study Group on Interferon-beta1b in secondary progressive
multiple sclerosis. Ann Neurol, 46(6), 850-859.
Miller, I. and Freund, J. E. (1977) `Probability and Statistics for Engineers', PrenticeHall.

269

Minoshima, S., Frey, K. A., Foster, N. L., & Kuhl, D. E. (1995). Preserved pontine
glucose metabolism in Alzheimer disease: a reference region for functional
brain image (PET) analysis. J Comput Assist Tomogr, 19(4), 541-547.
Minoshima, S., Frey, K. A., Koeppe, R. A., Foster, N. L., & Kuhl, D. E. (1995). A
diagnostic

approach

in

Alzheimer's

disease

using

three-dimensional

stereotactic surface projections of fluorine-18-FDG PET. J Nucl Med, 36(7),
1238-1248.
Minoshima, S., Giordani, B., Berent, S., Frey, K. A., Foster, N. L., & Kuhl, D. E.
(1997). Metabolic reduction in the posterior cingulate cortex in very early
Alzheimer's disease. Ann Neurol, 42(1), 85-94.
Minoshima, S., Koeppe, R. A., Frey, K. A., & Kuhl, D. E. (1994). Anatomic
standardization: linear scaling and nonlinear warping of functional brain
images. J Nucl Med, 35(9), 1528-1537.
Mintun, M. A., Raichle, M. E., Martin, W. R., & Herscovitch, P. (1984). Brain oxygen
utilization

measured

with

O-15

radiotracers

and

positron

emission

tomography. J Nucl Med, 25(2), 177-187.
Mixcoatl-Zecuatl, T., Aguirre-Banuelos, P., & Granados-Soto, V. (2000). Sildenafil
produces antinociception and increases morphine antinociception in the
formalin test. Eur J Pharmacol, 400(1), 81-87.
Moeller, J. R., & Strother, S. C. (1991). A regional covariance approach to the
analysis of functional patterns in positron emission tomographic data. J Cereb
Blood Flow Metab, 11(2), A121-135.
Moeller, J. R., Strother, S. C., Sidtis, J. J., & Rottenberg, D. A. (1987). Scaled
subprofile model: a statistical approach to the analysis of functional patterns
in positron emission tomographic data. J Cereb Blood Flow Metab, 7(5), 649658.

270

Montaldi, D., Brooks, D. N., McColl, J. H., Wyper, D., Patterson, J., Barron, E., &
McCulloch, J. (1990). Measurements of regional cerebral blood flow and
cognitive performance in Alzheimer's disease. J Neurol Neurosurg Psychiatry,
53(1), 33-38.
Mood, A. M. and Graybill, F. A. (1963) `Introduction to the Theory of Statistics'.
McGraw-Hill, Second Edition p232.
Moore PN, Rhee J, Petock L, McMillan CT, Grossman M. Category specificity in
patients with frontotemporal degeneration and Alzheimer's disease. Program
and abstracts of the 53rd Annual Meeting of the American Academy of
Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania.

Neurology.

2001;56(suppl 3):A56. Abstract P01.105.
Moreno Jimenez, B., Rodriguez Carvajal, R., & Escobar Redonda, E. (2001). La
evaluacion del burnout profesional. Factorializacion del MBI-GS. Un analisis
preliminar. / The assessment of burnout in work settings: MBI-GS factor
preliminary analysis. Ansiedad y Estres, 7(1), 69-77.
Moreno-Cantu, J. J., Thompson, C. J., Meyer, E., Fiset, P., Zatorre, R. J., Klein, D., &
Reutens, D. C. (2000). Enhancement of the signal-to-noise ratio in H2(15)O
bolus PET activation images: a combined cold-bolus, switched protocol. J Nucl
Med, 41(5), 926-933.
Mori, E. (1982). [Anosognosia and hemiasomatognosia in stroke patients with righthemisphere damage]. Rinsho Shinkeigaku, 22(10), 881-890.
Morley, J. B., & Cox, F. N. (1974). Cortical blindness with anosognosia subsequent
simultaneous agnosia and persistent gross recent memory defect. Proc Aust
Assoc Neurol, 11, 41-47.
Morris, J. C. (1994). Differential diagnosis of Alzheimer's disease. Clin Geriatr Med,
10(2), 257-276.

271

Morris, P. G., McIntyre, D. J. O. and Rourke, D. E. (1989) Rational Approaches to the
Design of NMR Selective Pulses. NMR in Biomed. 2,257-266.
Mortimer JA, Snowdon DA, Markesbery WR. Pathological correlates of dementia at
advanced ages: Findings from the Nun Study. Program and abstracts of the
53rd Annual Meeting of the American Academy of Neurology; May 5-11,
2001;

Philadelphia,

Pennsylvania.

Neurology.

2001;56(suppl

3):A181.

Abstract P03.056.
Moulene, C., Montin-Landes, J., & Larmande, A. M. (1981). [Lateral homonymous
hemianopsia

with

anosognosia

and

spatial

disorientation

following

coronariography]. Bull Soc Ophtalmol Fr, 81(6-7), 721-723.
Mugler III, J. P. and Brookeman, J. R. (1996) Off-Resonance Image Artefacts in
Interleaved-EPI and GRASE Pulse Sequences. Magn. Reson. Med. 36,306-313.
Musgrave Marquart, D., Bromley, S. P., & Dalley, M. B. (1997). Personality,
academic

attribution,

and

substance

use

as

predictors

of

academic

achievement in college students. Journal of Social Behavior and Personality,
12(2), 501-511.
Myslobodsky, M. S. (1986). Anosognosia in tardive dyskinesia: "tardive dysmentia"
or "tardive dementia"? Schizophr Bull, 12(1), 1-6.
Nash, J. M. (2000). The new science of Alzheimer's. Racing against time--and one
another--researchers close in on the aging brain's most heartbreaking
disorder. Time, 156(3), 50-57.
National Radiological Protection Board (1983) Revised Guidance on Acceptable Limits
of Exposure during Nuclear Magnetic Resonance Clinical Imaging. Br. J.
Radiol. 56, 974-977.
Nimchinsky, E. A., Vogt, B. A., Morrison, J. H., & Hof, P. R. (1995). Spindle neurons
of the human anterior cingulate cortex. J Comp Neurol, 355(1), 27-37.

272

Ogawa, S., Lee, T. M., Kay, A. R. and Tank, D. W. (1990). Brain Magnetic Resonance
Imaging with Contrast dependent on Blood Oxygenation. Proc. Natl. Acad.
Sci. USA, 87, 9868-9872.
Ogawa, S., Tank, D. W., Menon, R., Ellermann, J. M., Kim S. G., Merkle, H. and
Ugurbil,

K.

(1992).

Intrinsic

Signal

Changes

Accompanying

Sensory

Stimulation: Functional Brain Mapping with Magnetic Resonance Imaging.
Proc. Natl. Acad. Sci. USA, 89, 5951-5955.
Ohyama, M., Senda, M., Mishina, M., Kitamura, S., Tanizaki, N., Ishii, K., &
Katayama, Y. (2000). Semi-automatic ROI placement system for analysis of
brain PET images based on elastic model: application to diagnosis of
Alzheimer's disease. Keio J Med, 49(Suppl 1), A105-106.
Okasha, A. (1997). The future of medical education and teaching: a psychiatric
perspective. Am J Psychiatry, 154(6 Suppl), 77-85.
Oken, B. S., Kishiyama, S. S., Kaye, J. A., & Howieson, D. B. (1994). Attention
deficit

in

Alzheimer's

disease

is

not

simulated

by

an

anticholinergic/antihistaminergic drug and is distinct from deficits in healthy
aging. Neurology, 44(4), 657-662.
Oppenheim, A. V. (1978). `Applications of Digital Signal Processing'.: Prentice Hall.
Pajevic, S., & Pierpaoli, C. (2000). Color schemes to represent the orientation of
anisotropic tissues from diffusion tensor data: application to white matter
fiber tract mapping in the human brain. Magn Reson Med, 43(6), 921.
Pakkenberg, B. 1987. Post-mortem study of chronic schizophrenic brains. Br J
Psychiatry 151:744-52.
Pandya, D. N. and B. Seltzer. 1982. Intrinsic connections and architectonics of
posterior parietal cortex in the rhesus monkey. J Comp Neurol 204:196-210.

273

Pandya, D. N. and E. H. Yeterian. 1996. Morphological correlations of human and
monkey frontal lobe. In Neurobiology of Decision-Making, edited by A. R.
Damasio, H. Damasio and Y. Christen. Berlin: Springer-Verlag.
Panksepp, J. 1982. Toward a general psychobiological theory of emotions. Behav
Brain Sci 5:407-67.
Panksepp, J. 1998. Affective Neuroscience. New York: Oxford University Press.
Papez, J. W. 1937. A proposed mechanism of emotion. Arch Neurol Psychiatry
79:217-24.
Pare, M. and R. H. Wurtz. 1997. Monkey posterior parietal cortex neurons
antidromically activated from superior colliculus. J Neurophysiol 78:3493-7.
Pandey, R. E. (1973). A comparative study of dropout at an integrated university:
The 16 Personality Factor Test. Journal of Negro Education, 42(4), 447-451.
Panksepp, J. (2000, 2001, 2002). Personal Communication.
Pantano, P., Caramia, F., & Pierallini, A. (1999). The role of MRI in dementia. Ital J
Neurol Sci, 20(5 Suppl), S250-253.
Parvizi, J., Van Hoesen, G. W., & Damasio, A. (2000). Selective pathological changes
of the periaqueductal gray matter in Alzheimer's disease. Ann Neurol, 48(3),
344-353.
Paulig, M., Weber, M., & Garbelotto, S. (2000). [Somatoparaphrenia. A positive
variant of anosognosia for hemiplegia]. Nervenarzt, 71(2), 123-129.
Paulus, M. J., Gleason, S. S., Easterly, M. E., & Foltz, C. J. (2001). A review of highresolution X-ray computed tomography and other imaging modalities for
small animal research. Lab Anim (NY), 30(3), 36-45.
Paus, T., Koski, L., Caramanos, Z., & Westbury, C. (1998). Regional differences in
the effects of task difficulty and motor output on blood flow response in the

274

human anterior cingulate cortex: a review of 107 PET activation studies.
Neuroreport, 9(9), R37-47.
Pawlik G, T. A. (1996). Transformations to normality and independence for
parametric significance testing of data from multiple dependent volumes of
interest. Quantification of brain function using PET, 349-352.
Pearlson, G. D. (2000). Neurobiology of schizophrenia. Ann Neurol, 48(4), 556-566.
Peavy, G. M., Salmon, D. P., Rice, V. A., Galasko, D., Samuel, W., Taylor, K. I.,
Ernesto, C., Butters, N., & Thal, L. (1996). Neuropsychological assessment of
severely demeted elderly: the severe cognitive impairment profile. Arch
Neurol, 53(4), 367-372.
Pelizzari, C. A., Chen, G. T., Spelbring, D. R., Weichselbaum, R. R., & Chen, C. T.
(1989). Accurate three-dimensional registration of CT, PET, and/or MR images
of the brain. J Comput Assist Tomogr, 13(1), 20-26.
Perry, R. J., & Hodges, J. R. (2000). Differentiating frontal and temporal variant
frontotemporal dementia from Alzheimer's disease. Neurology, 54(12), 22772284.
Petersen RC, Jack Jr CR, Xu YC, Smith GE, Boeve BF. Segmental hippocampal
atrophy parallels disease progression in Alzheimer's disease. Program and
abstracts of the 53rd Annual Meeting of the American Academy of Neurology;
May 5-11, 2001; Philadelphia, Pennsylvania. Neurology. 2001;56(suppl
3):A72. Abstract S09.006.
Petersen, R. C. (2000). Mild cognitive impairment or questionable dementia? Arch
Neurol, 57(5), 643-644.
Petersen, R. C., Smith, G. E., Waring, S. C., Ivnik, R. J., Tangalos, E. G., & Kokmen,
E. (1999). Mild cognitive impairment: clinical characterization and outcome.
Arch Neurol, 56(3), 303-308.

275

Pietrzyk, U., Herholz, K., & Heiss, W. D. (1990). Three-dimensional alignment of
functional and morphological tomograms. J Comput Assist Tomogr, 14(1), 5159.
Pihlajamaki, M., Tanila, H., Hanninen, T., Kononen, M., Laakso, M., Partanen, K.,
Soininen, H., & Aronen, H. J. (2000). Verbal fluency activates the left medial
temporal lobe: a functional magnetic resonance imaging study. Ann Neurol,
47(4), 470-476.
Poline, J. B., & Mazoyer, B. M. (1993). Analysis of individual positron emission
tomography activation maps by detection of high signal-to-noise-ratio pixel
clusters. J Cereb Blood Flow Metab, 13(3), 425-437.
Poline, J. B., Worsley, K. J., Evans, A. C., & Friston, K. J. (1997). Combining spatial
extent and peak intensity to test for activations in functional imaging.
Neuroimage, 5(2), 83-96.
Poline, J. B., Worsley, K. J., Holmes, A. P., Frackowiak, R. S., & Friston, K. J. (1995).
Estimating smoothness in statistical parametric maps: variability of p values.
J Comput Assist Tomogr, 19(5), 788-796.
Popescu A, Lippa CF. Lewy bodies in the amygdala: alpha-synuclein expression is
increased in specific neurodegenerative diseases. Program and abstracts of
the 53rd Annual Meeting of the American Academy of Neurology; May 5-11,
2001;

Philadelphia,

Pennsylvania.

Neurology.

2001;56(suppl

3):A177.

Abstract P03.045.
Porro, C. A., Cettolo, V., Francescato, M. P., & Baraldi, P. (1998). Temporal and
intensity coding of pain in human cortex. J Neurophysiol, 80(6), 3312-3320.
Porter, R. J., Lunn, B. S., Walker, L. L., Gray, J. M., Ballard, C. G., & O'Brien, J. T.
(2000). Cognitive deficit induced by acute tryptophan depletion in patients
with Alzheimer's disease. Am J Psychiatry, 157(4), 638-640.

276

Price CC, Davis KL, Moore PN, Campea S, Grossman M. Clinical diagnosis of
frontotemporal dementia (FTD). Program and abstracts of the 53rd Annual
Meeting

of

the

American

Academy

of

Neurology; May 5-11,

2001;

Philadelphia, Pennsylvania. Neurology. 2001;56 (suppl 3):A176. Abstract
P03.042.
Prins ND, Vermeer SE, Clarke R, et al. Homocysteine and cognitive function in the
elderly: The Rotterdam Scan Study. Program and abstracts of the 53rd
Annual Meeting of the American Academy of Neurology; May 5-11, 2001;
Philadelphia, Pennsylvania. Neurology. 2001;56(suppl 3):A240. Abstract
S34.004.
Proline JB, M. B. (1994). Cluster analysis in individual functional brain images: some
new techniques to enhance the sensitivity of activation detection methods.
Human Brain Mapping, 2, 103-111.
PT, F. (1991). Physiological ROI definition by image subtraction. Journal of Cerebral
Blood Flow Metabolism, 11, A79-A82.
Purcell, E. M., Torrey, H. C. and Pound, R. V. (1946) Resonance Absorption by
Nuclear Magnetic Moments in a Solid. Phys. Rev. 69,37-38.
Pykett, I. L. (1982.). NMR Imaging in Medicine. Scientific American.
Raichle, M. E. (1994). Visualizing the Mind. Scientific American.
Rainville, P., G. H. Duncan, D. D. Price, B. Carrier and M. C. Bushnell. 1997. Pain
affect encoded in human anterior cingulate but not somatosensory cortex.
Science
277:968-71.
Rakic, P. 1977. Prenatal development of the visual system in rhesus monkey. Philos
Trans R Soc Lond B Biol Sci 278:245-60.

277

Rakic, P., J. P. Bourgeois, M. F. Eckenhoff, N. Zecevic and P. S. Goldman-Rakic.
1986. Concurrent overproduction of synapses in diverse regions of the
primate

cerebral

cortex. Science 232:232-5.
Rakic, P. 1992. Dividing up the neocortex. Science 258:1421-2.
Rakic, P. 1995. A small step for the cell, a giant leap for mankind: A hypothesis of
neocortical expansion during evolution. Trends Neurosci 18:383-8.
Ramachandran, V. S. and S. Blakeslee. 1998. Phantoms in the Brain: Probing the
Mysteries of the Human Mind. New York: William Morrow.
Ramachandran, V. S. (1995). Anosognosia in parietal lobe syndrome. Conscious
Cogn, 4(1), 22-51.
Ramachandran, V. S. (1996). The evolutionary biology of self-deception, laughter,
dreaming and depression: some clues from anosognosia. Med Hypotheses,
47(5), 347-362.
Ramachandran, V. S. (1996). What neurological syndromes can tell us about human
nature:

some

lessons

from

phantom

limbs,

capgras

syndrome,

and

anosognosia. Cold Spring Harb Symp Quant Biol, 61, 115-134.
Ramachandran, V. S., & Rogers-Ramachandran, D. (1996). Denial of disabilities in
anosognosia. Nature, 382(6591), 501.
Ramón y Cajal, S. 1909-1911. Histologie du systeme nerveux de l'homme et des
vertebres. Paris: A. Maloine.
Ranck, J. B., Jr. 1973. Studies on single neurons in dorsal hippocampal formation
and septum in unrestrained rats. I. Behavioral correlates and firing
repertoires. Exp Neurol 41:461-531.

278

Randic, M., M. C. Jiang and R. Cerne. 1993. Long-term potentiation and long-term
depression of primary afferent neurotransmission in the rat spinal cord. J
Neurosci 13:5228-41.
Rascovsky K, Salmon DP, Ho GJ, Galasko D, Hansen LA, Thal LJ. Rate of cognitive
decline differs in Alzheimer's disease and frontotemporal dementia. Program
and abstracts of the 53rd Annual Meeting of the American Academy of
Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania.

Neurology.

2001;56(suppl 3):A145. Abstract S18.005.
Raskind, M. A., Peskind, E. R., Wessel, T., & Yuan, W. (2000). Galantamine in AD: A
6-month randomized, placebo-controlled trial with a 6-month extension. The
Galantamine USA-1 Study Group. Neurology, 54(12), 2261-2268.
Rayleigh, L. (1879). Investigations in Optics with special reference to the
Spectroscope. Phil. Mag., 8, 261-274.
Reed, B. R., Jagust, W. J., & Coulter, L. (1993). Anosognosia in Alzheimer's disease:
relationships to depression, cognitive function, and cerebral perfusion. J Clin
Exp Neuropsychol, 15(2), 231-244.
Reiss, A. L., Eliez, S., Schmitt, J. E., Straus, E., Lai, Z., Jones, W., & Bellugi, U.
(2000). IV. Neuroanatomy of Williams syndrome: a high-resolution MRI
study. J Cogn Neurosci, 12(Suppl 1), 65-73.
Rentz DM, Michalska K, Faust RR, et al. Predicting mild cognitive impairment in highfunctioning elders. Program and abstracts of the 53rd Annual Meeting of the
American

Academy

of

Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania. Neurology. 2001;56(suppl 3):A71. Abstract S09.005.
RJ, A. (1981). The geometry of random fields.

279

Robson, M. D., Anderson, A. W. and Gore, J. C. (1997) Diffusion-Weighted Multiple
Shot Echo Planar Imaging of Humans without Navigation. Magn. Reson. Med.
38,82-88.
Roeltgen D, Williamsport PA, Ross J. Role of estrogen deficiency in cognitive function
of women with premature ovarian failure. Program and abstracts of the 53rd
Annual Meeting of the American Academy of Neurology; May 5-11, 2001;
Philadelphia, Pennsylvania. Neurology. 2001;56(suppl 3):A52. Abstract
P01.094.
Rose, S. E., Chen, F., Chalk, J. B., Zelaya, F. O., Strugnell, W. E., Benson, M.,
Semple, J., & Doddrell, D. M. (2000). Loss of connectivity in Alzheimer's
disease: an evaluation of white matter tract integrity with colour coded MR
diffusion tensor imaging. J Neurol Neurosurg Psychiatry, 69(4), 528-530.
Rosenberg, R. N. (2000). The molecular and genetic basis of AD: the end of the
beginning: the 2000 Wartenberg lecture. Neurology, 54(11), 2045-2054.
Ross, G. W., Petrovitch, H., White, L. R., Masaki, K. H., Li, C. Y., Curb, J. D., Yano,
K., Rodriguez, B. L., Foley, D. J., Blanchette, P. L., & Havlik, R. (1999).
Characterization of risk factors for vascular dementia: the Honolulu-Asia
Aging Study. Neurology, 53(2), 337-343.
Roweis, S. T., & Saul, L. K. (2000). Nonlinear dimensionality reduction by locally
linear embedding. Science, 290(5500), 2323-2326.
Royall, D. R., Cordes, J. A., & Polk, M. (1998). CLOX: an executive clock drawing
task. J Neurol Neurosurg Psychiatry, 64(5), 588-594.
Royall, D. R., Mulroy, A. R., Chiodo, L. K., & Polk, M. J. (1999). Clock drawing is
sensitive to executive control: a comparison of six methods. J Gerontol B
Psychol Sci Soc Sci, 54(5), 328-333.

280

Rydh, A., Suhr, O., Hietala, S. O., Ahlstrom, K. R., Pepys, M. B., & Hawkins, P. N.
(1998). Serum amyloid P component scintigraphy in familial amyloid
polyneuropathy: regression of visceral amyloid following liver transplantation.
Eur J Nucl Med, 25(7), 709-713.
Salmon, E., Meulemans, T., van der Linden, M., Degueldre, C., & Franck, G. (1996).
Anterior cingulate dysfunction in presenile dementia due to progressive
supranuclear palsy. Acta Neurol Belg, 96(3), 247-253.
Salthouse, T. A., & Becker, J. T. (1998). Independent effects of Alzheimer's disease
on neuropsychological functioning. Neuropsychology, 12(2), 242-252.
Sandson, T. A., Felician, O., Edelman, R. R., & Warach, S. (1999). Diffusionweighted magnetic resonance imaging in Alzheimer's disease. Dement Geriatr
Cogn Disord, 10(2), 166-171.
Saring,

W.,

Prosiegel,

M.,

&

von

Cramon,

D.

(1988).

[Anosognosia

and

anosodiaphoria in brain-damaged patients]. Nervenarzt, 59(3), 129-137.
Saykin, A. J., Johnson, S. C., Flashman, L. A., McAllister, T. W., Sparling, M., Darcey,
T. M., Moritz, C. H., Guerin, S. J., Weaver, J., & Mamourian, A. (1999).
Functional differentiation of medial temporal and frontal regions involved in
processing novel and familiar words: an fMRI study. Brain, 122(Pt 10), 19631971.
Scarmeas N, Levy G, Tang M-X, Manly J, Stern Y. Influence of leisure activity on the
incidence of Alzheimer's disease. Program and abstracts of the 53rd Annual
Meeting

of

the

American

Academy of Neurology; May 5-11,

2001;

Philadelphia, Pennsylvania. Neurology. 2001;56(suppl 3):A179. Abstract
P03.049.
Schacter, D. L. (1990). Toward a cognitive neuropsychology of awareness: implicit
knowledge and anosognosia. J Clin Exp Neuropsychol, 12(1), 155-178.

281

Schiff, N. D., & Plum, F. (2000). The role of arousal and "gating" systems in the
neurology of impaired consciousness. J Clin Neurophysiol, 17(5), 438-452.
Schultz, S. (2000). When sex pales, women may need more than Viagra. US News
World Rep, 128(25), 64-65.
Schultz, W. W., van Andel, P., Sabelis, I., & Mooyaart, E. (1999). Magnetic
resonance imaging of male and female genitals during coitus and female
sexual arousal. Bmj, 319(7225), 1596-1600.
Selkoe, D. J. (2000). Imaging Alzheimer's amyloid. Nat Biotechnol, 18(8), 823-824.
Seshadri S, Wolf PA, Beiser A, Selhub J, D'Agostino RB, Wilson PWF. Elevated plasma
homocysteine level is a risk factor for Alzheimer's disease: The Framingham
Study. Program and abstracts of the 53rd Annual Meeting of the American
Academy

of

Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania.

Neurology. 2001;56(suppl 3):A240. Abstract S34.003.
Shandurina, A. N. (1969). Clinical and EEG analysis of the role of subcortical
structures in the mechanisms of aphasia and anosognosia. Electroencephalogr
Clin Neurophysiol, 26(5), 541-542.
Shewmon, D. A. (2000). Coma prognosis in children. Part I: definitional and
methodological challenges. J Clin Neurophysiol, 17(5), 457-466.
Shewmon, D. A. (2000). Coma prognosis in children. Part II: clinical application. J
Clin Neurophysiol, 17(5), 467-472.
Shimomitsu, T., & Theorell, T. (1996). Intraindividual relationships between blood
pressure level and emotional state. Psychother Psychosom, 65(3), 137-144.
Shimomura, T., Mori, E., Yamashita, H., Imamura, T., Hirono, N., Hashimoto, M.,
Tanimukai, S., Kazui, H., & Hanihara, T. (1998). Cognitive loss in dementia
with Lewy bodies and Alzheimer disease. Arch Neurol, 55(12), 1547-1552.

282

Short RA, Graff-Radford NR, Adamson J, Baker M, Hutton M. Frontotemporal lobar
degeneration is genetically heterogeneous. Program and abstracts of the 53rd
Annual Meeting of the American Academy of Neurology; May 5-11, 2001;
Philadelphia, Pennsylvania. Neurology. 2001;56(suppl 3):A144. Abstract
S18.002.
Shua-Haim, J., Koppuzha, G., & Gross, J. (1996). A simple scoring system for clock
drawing in patients with Alzheimer's disease. J Am Geriatr Soc, 44(3), 335.
Shukla, S. S., Honeyman, J. C., Crosson, B., Williams, C. M., & Nadeau, S. E.
(1992). Method for registering brain SPECT and MR images. J Comput Assist
Tomogr, 16(6), 966-970.
Shuren, J. E., Hammond, C. S., Maher, L. M., Rothi, L. J., & Heilman, K. M. (1995).
Attention and anosognosia: the case of a jargonaphasic patient with
unawareness of language deficit. Neurology, 45(2), 376-378.
Silverman, D. H., G. W. Small, et al. (2001). "Positron emission tomography in
evaluation of dementia: Regional brain metabolism and long-term outcome.".
JAMA, 286(17), 2120-2127.
Silverman, D. H., Small, G. W., Chang, C. Y., Lu, C. S., Kung De Aburto, M. A.,
Chen, W., Czernin, J., Rapoport, S. I., Pietrini, P., Alexander, G. E., Schapiro,
M. B., Jagust, W. J., Hoffman, J. M., Welsh-Bohmer, K. A., Alavi, A., Clark, C.
M., Salmon, E., de Leon, M. J., Mielke, R., Cummings, J. L., Kowell, A. P.,
Gambhir, S. S., Hoh, C. K., & Phelps, M. E. (2001). Positron emission
tomography in evaluation of dementia: Regional brain metabolism and longterm outcome. Jama, 286(17), 2120-2127.
Simard, M., & van Reekum, R. (1999). Memory assessment in studies of cognitionenhancing drugs for Alzheimer's disease. Drugs Aging, 14(3), 197-230.

283

Sipski, M. L., Rosen, R. C., Alexander, C. J., & Hamer, R. M. (2000). Sildenafil effects
on sexual and cardiovascular responses in women with spinal cord injury.
Urology, 55(6), 812-815.
Skinner, M., Shirahama, T., Benson, M. D., & Cohen, A. S. (1977). Murine amyloid
protein AA in casein-induced experimental amyloidosis. Lab Invest, 36(4),
420-427.
Skoog, I. (2000). Detection of preclinical Alzheimer's disease. N Engl J Med, 343(7),
502-503.
Small, B. J., Graves, A. B., McEvoy, C. L., Crawford, F. C., Mullan, M., & Mortimer, J.
A. (2000). Is APOE--epsilon4 a risk factor for cognitive impairment in normal
aging? Neurology, 54(11), 2082-2088.
Small, G. W. (1998). Differential diagnosis and early detection of dementia. Am J
Geriatr Psychiatry, 6(2 Suppl 1), S26-33.
Smith, C. A., Henderson, V. W., McCleary, C. A., Murdock, G. A., & Buckwalter, J. G.
(2000). Anosognosia and Alzheimer's disease: the role of depressive
symptoms in mediating impaired insight. J Clin Exp Neuropsychol, 22(4), 437444.
Snow,

A.

D.,

&

Kisilevsky,

R.

(1985).

Temporal

relationship

between

glycosaminoglycan accumulation and amyloid deposition during experimental
amyloidosis. A histochemical study. Lab Invest, 53(1), 37-44.
Solomon, A., Weiss, D. T., Schell, M., Hrncic, R., Murphy, C. L., Wall, J., McGavin, M.
D., Pan, H. J., Kabalka, G. W., & Paulus, M. J. (1999). Transgenic mouse
model of AA amyloidosis. Am J Pathol, 154(4), 1267-1272.
Solomon, P. R., & Pendlebury, W. W. (1998). Recognition of Alzheimer's disease: the
7 Minute Screen. Fam Med, 30(4), 265-271.

284

Solomon, P. R., Hirschoff, A., Kelly, B., Relin, M., Brush, M., DeVeaux, R. D., &
Pendlebury, W. W. (1998). A 7 minute neurocognitive screening battery
highly sensitive to Alzheimer's disease. Arch Neurol, 55(3), 349-355.
Spatt, J., & Mamoli, B. (2000). Ictal visual hallucinations and post-ictal hemianopia
with anosognosia. Seizure, 9(7), 502-504.
SPM

from

the

Wellcome

Department

of

Cognitive

Neurology

http://www.fil.ion.ucl.ac.uk/SPM.
Starkstein, S. E., Berthier, M. L., Fedoroff, P., Price, T. R., & Robinson, R. G. (1990).
Anosognosia and major depression in 2 patients with cerebrovascular lesions.
Neurology, 40(9), 1380-1382.
Starkstein, S. E., Chemerinski, E., Sabe, L., Kuzis, G., Petracca, G., Teson, A., &
Leiguarda, R. (1997). Prospective longitudinal study of depression and
anosognosia in Alzheimer's disease. Br J Psychiatry, 171, 47-52.
Starkstein, S. E., Fedoroff, J. P., Price, T. R., Leiguarda, R., & Robinson, R. G.
(1992). Anosognosia in patients with cerebrovascular lesions. A study of
causative factors. Stroke, 23(10), 1446-1453.
Starkstein, S. E., Sabe, L., Chemerinski, E., Jason, L., & Leiguarda, R. (1996). Two
domains

of

anosognosia

in

Alzheimer's disease. J Neurol Neurosurg

Psychiatry, 61(5), 485-490.
Starkstein, S. E., Sabe, L., Cuerva, A. G., Kuzis, G., & Leiguarda, R. (1997).
Anosognosia and procedural learning in Alzheimer's disease. Neuropsychiatry
Neuropsychol Behav Neurol, 10(2), 96-101.
Starkstein, S. E., Vazquez, S., Migliorelli, R., Teson, A., Sabe, L., & Leiguarda, R.
(1995).

A

single-photon

emission

computed

tomographic

anosognosia in Alzheimer's disease. Arch Neurol, 52(4), 415-420.

285

study

of

Stebbins GT, Poldrack RA, Klingberg T, et al. Aging effects on white matter integrity
and processing speed: A diffusion tensor imaging study. Program and
abstracts of the 53rd Annual Meeting of the American Academy of Neurology;
May 5-11, 2001; Philadelphia, Pennsylvania. Neurology. 2001;56(suppl
3):A374. Abstract S45.008.
Stern, O. and Gerlach, W. (1924) Uber die Richtungsquantelung im Magnetfeld. Ann.
Phys. Leipzig. 74,673.
Stewart, S. M., Bond, M. H., Deeds, O., Westrick, J., & Wong, C. M. (1999).
Predictors of high school achievement in a Hong Kong international school.
International Journal of Psychology, 34(3), 163-174.
Stromswold, K., Caplan, D., Alpert, N., & Rauch, S. (1996). Localization of syntactic
comprehension by positron emission tomography. Brain Lang, 52(3), 452473.
Strother, S. C., Anderson, J. R., Schaper, K. A., Sidtis, J. J., Liow, J. S., Woods, R.
P., & Rottenberg, D. A. (1995). Principal component analysis and the scaled
subprofile

model

compared

to

intersubject

averaging

and

statistical

parametric mapping: I. "Functional connectivity" of the human motor system
studied with [15O]water PET. J Cereb Blood Flow Metab, 15(5), 738-753.
Strother, S. C., Kanno, I., & Rottenberg, D. A. (1995). Commentary and opinion: I.
Principal

component

analysis,

variance

partitioning,

and

"functional

connectivity". J Cereb Blood Flow Metab, 15(3), 353-360.
Strother, S. C., Liow, J. S., Moeller, J. R., Sidtis, J. J., Dhawan, V. J., & Rottenberg,
D. A. (1991). Absolute quantitation in neurological PET: do we need it? J
Cereb Blood Flow Metab, 11(2), A3-16.

286

Sumanaweera, T. S., Glover, G. H., Binford, T. O. and Adler, J. R. (1993). MR
Susceptibility Misregistration Correction. I.E.E.E. Trans. Med. Imaging, 12,
251-259.
Sunderland, T., Hill, J. L., Mellow, A. M., Lawlor, B. A., Gundersheimer, J.,
Newhouse, P. A., & Grafman, J. H. (1989). Clock drawing in Alzheimer's
disease. A novel measure of dementia severity. J Am Geriatr Soc, 37(8), 725729.
Swan, G. E., DeCarli, C., Miller, B. L., Reed, T., Wolf, P. A., & Carmelli, D. (2000).
Biobehavioral characteristics of nondemented older adults with subclinical
brain atrophy. Neurology, 54(11), 2108-2114.
Syed, G. M., Eagger, S., Toone, B. K., Levy, R., & Barrett, J. J. (1992). Quantification
of regional cerebral blood flow (rCBF) using 99Tcm-HMPAO and SPECT: choice
of the reference region. Nucl Med Commun, 13(11), 811-816.
Talairach, J. and Tournoux, P. (1988) `Co-planar Stereotaxic Atlas of the Human
Brain', Thieme.
Tan, S. G., Wong, E. C., Li, S.-J., Song, A. W. and Hyde, J. S. (1995) Interleaved
Echo Volumar Imaging in Book of Abstracts, 3rd Annual Meeting, Society of
Magnetic Resonance p.620.
Tanaka, F., Kachi, T., Yamada, T., & Sobue, G. (1998). Auditory and visual eventrelated potentials and flash visual evoked potentials in Alzheimer's disease:
correlations with Mini-Mental State Examination and Raven's Coloured
Progressive Matrices. J Neurol Sci, 156(1), 83-88.
Tang Z, Meng C, Chan P. Longitudinal observation on cognitive function in elderly:
Beijing Longitudinal Study on Aging (BLSA). Program and abstracts of the
53rd Annual Meeting of the American Academy of Neurology; May 5-11,

287

2001;

Philadelphia,

Pennsylvania.

Neurology.

2001;56(suppl

3):A183.

Abstract P03.062.
Tariot, P. N., Solomon, P. R., Morris, J. C., Kershaw, P., Lilienfeld, S., & Ding, C.
(2000). A 5-month, randomized, placebo-controlled trial of galantamine in
AD. The Galantamine USA-10 Study Group. Neurology, 54(12), 2269-2276.
Taris, T. W., Peeters, M. C. W., Le Blanc, P. M., Schreurs, P. J. G., & Schaufeli, W. B.
(2001). From inequity to burnout: The role of job stress. Journal of
Occupational Health Psychology, 6(4), 303-323.
Tashiro, M., Kubota, K., Itoh, M., Yoshioka, T., Yoshida, M., Nakagawa, Y., Bereczki,
D., & Sasaki, H. (1999). Hypometabolism in the limbic system of cancer
patients observed by positron emission tomography. Psychooncology, 8(4),
283-286.
Tegner, R. (1991). Displacement of disease in anosognosia. Acta Neurol Scand,
83(4), 262.
Tei, H. (2000). Right ipsilateral hypersensation in a case of anosognosia for
hemiplegia and personal neglect with the patient's subjective experience. J
Neurol Neurosurg Psychiatry, 69(2), 274-275.
Tenforde, T. S. (1979) `Magnetic Field Effects on Biological Systems', Plenum Press,
New York.
Ter-Pogossian, M. M., Raichle, M. E. and Sobel, B. E. (1980). Positron Emission
Tomography. Scientific American.
Thomas M. Wengenack, G. L. C., And Joseph F. Poduslo. (2000). Targeting Alzheimer
amyloid plaques in vivo. Nature Biotechnology, 18, 868-872.
Thorpe, G. L., Righthand, S., & Kubik, E. K. (2001). Brief report: Dimensions of
burnout in professionals working with sex offenders. Sexual Abuse: Journal of
Research and Treatment, 13(3), 197 -203.

288

Thulborn, K. R., Voyvodic, J., Chang, S. Y., Song, D., Blankenberg, F., Davis, D. and
Zeki, S. (1997) High Spatial Resolution, Echo-Planar fMRI at 3.0 Tesla
Resolves Specialized Functions of the Human Visual Cortex in Book of
Abstracts, 5th Annual Meeting, International Society of Magnetic Resonance in
Medicine p.7.
Tiraboschi P, Hansen LA, Alford M, et al. Early and widespread cholinergic losses
differentiate dementia with Lewy bodies from Alzheimer's disease. Program
and abstracts of the 53rd Annual Meeting of the American Academy of
Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania.

Neurology.

2001;56(suppl 3):A300. Abstract S36.004.
Trudeau, L. S., Russell, D. W., de la Mora, A., & Schmitz, M. F. (2001). Comparisons
of marriage and family therapists, psychologists, psychiatrists, and social
workers in job-related measures and reactions to managed care in Iowa.
Journal of Marital and Family Therapy, 27(4), 501-507.
Tuokko, H., Hadjistavropoulos, T., Miller, J. A., & Beattie, B. L. (1992). The Clock
Test: a sensitive measure to differentiate normal elderly from those with
Alzheimer disease. J Am Geriatr Soc, 40(6), 579-584.
Turner, R., Jezzard, P., Wen, H., Kwong, K. K., Le Bihan, D., Zeffiro, T. and Balaban,
R. S. (1993). Functional Mapping of the Human Visual Cortex at 4 and 1.5
Tesla Using Deoxygenation Contrast EPI. Magn. Reson. Med., 29, 277-279.
Turner, R., Le Bihan, D., Moonen, C. T. W., Despres, D. and Frank, J. (1991). EchoPlanar Time Course MRI of Cat Brain Oxygenation Changes. Magn. Reson.
Med, 22, 159-166.
Unser M, T. P., chulhee L, Ruttimann UE. (1995). Registration and statistical analysis
of PET images using the wavelet transform. IEEE Eng Med Biol, 14, 603-611.

289

Van den Elsen P, P. E., Sumanawaeera T, Hemler P, Napel S, Adler J. (1994). Grey
value correlation techniques used for automatic matching of CT and MR brain
and spine images. Proceedings of visualisation in biomedical computing, 227237.
van Gorp, W. G., Marcotte, T. D., Sultzer, D., Hinkin, C., Mahler, M., & Cummings, J.
L. (1999). Screening for dementia: comparison of three commonly used
instruments. J Clin Exp Neuropsychol, 21(1), 29-38.
Villringer, A., Planck, J., Hock, C., Schleinkofer, L. and Dirnagl, U. (1993). Near
Infrared Spectroscopy (NIRS): A New Tool to Study Hemodynamic Changes
During Activation of Brain Function in Human Adults. Neurosci. Lett, 154,
101-104.
Viola P, W. W. (1995). Alignment by maximisation of mutual information. Proceeding
of the 5th International Conference on Computer Vision, 15-23.
Vogt, B. A., Finch, D. M., & Olson, C. R. (1992). Functional heterogeneity in cingulate
cortex: the anterior executive and posterior evaluative regions. Cereb Cortex,
2(6), 435-443.
Vogt, B. A., Vogt, L. J., Vrana, K. E., Gioia, L., Meadows, R. S., Challa, V. R., Hof, P.
R., & Van Hoesen, G. W. (1998). Multivariate analysis of laminar patterns of
neurodegeneration in posterior cingulate cortex in Alzheimer's disease. Exp
Neurol, 153(1), 8-22.
Walker, M. P., Ayre, G. A., Cummings, J. L., Wesnes, K., McKeith, I. G., O'Brien, J.
T., & Ballard, C. G. (2000). Quantifying fluctuation in dementia with Lewy
bodies, Alzheimer's disease, and vascular dementia. Neurology, 54(8), 16161625.
Wall, L. and Schwartz, R. L. `Programming Perl', O'Reilly & Associates.

290

Wang L, van Belle G, Kukull WA, Larson EB. Predictors of functional change: a
longitudinal study of nondemented elderly aged 65 years and older. Program
and abstracts of the 53rd Annual Meeting of the American Academy of
Neurology;

May

5-11,

2001;

Philadelphia,

Pennsylvania.

Neurology.

2001;56(suppl 3):A111. Abstract P02.060.
Watson, Y. I., Arfken, C. L., & Birge, S. J. (1993). Clock completion: an objective
screening test for dementia. J Am Geriatr Soc, 41(11), 1235-1240.
Weiner MW, Cardenas VA, Du A, et al. Quantifying longitudinal change in dementia:
A comparison of methods. Program and abstracts of the 53rd Annual Meeting
of the American Academy of Neurology; May 5-11, 2001; Philadelphia,
Pennsylvania. Neurology. 2001;56(suppl 3):A372. Abstract S45.001.
Weiner, H. L., Lemere, C. A., Maron, R., Spooner, E. T., Grenfell, T. J., Mori, C.,
Issazadeh, S., Hancock, W. W., & Selkoe, D. J. (2000). Nasal administration
of amyloid-beta peptide decreases cerebral amyloid burden in a mouse model
of Alzheimer's disease. Ann Neurol, 48(4), 567-579.
Weiner, W. J., Minagar, A., & Shulman, L. M. (2000). Quetiapine for l-dopa-induced
psychosis in PD. Neurology, 54(7), 1538.
Welman, A. J. (1969). Right-sided unilateral visual spatial agnosia, asomatognosia
and anosognosia with left hemisphere lesions. Brain, 92(3), 571-580.
Weng, J., McClelland, J., Pentland, A., Sporns, O., Stockman, I., Sur, M., & Thelen,
E. (2001). Artificial intelligence. Autonomous mental development by robots
and animals. Science, 291(5504), 599-600.
Wengenack, T. M., Curran, G. L., & Poduslo, J. F. (2000). Targeting alzheimer
amyloid plaques in vivo. Nat Biotechnol, 18(8), 868-872.
Westermark, P. (1998). The pathogenesis of amyloidosis: understanding general
principles. Am J Pathol, 152(5), 1125-1127.

291

Wetter, S., & Murphy, C. (1999). Individuals with Down's syndrome demonstrate
abnormal olfactory event-related potentials. Clin Neurophysiol, 110(9), 15631569.
Willis, S. L., Allen-Burge, R., Dolan, M. M., Bertrand, R. M., Yesavage, J., & Taylor, J.
L. (1998). Everyday problem solving among individuals with Alzheimer's
disease. Gerontologist, 38(5), 569-577.
Wolf-Klein, G. P., Silverstone, F. A., Levy, A. P., & Brod, M. S. (1989). Screening for
Alzheimer's disease by clock drawing. J Am Geriatr Soc, 37(8), 730-734.
Woodrow, S. I., Stewart, R. J., Kisilevsky, R., Gore, J., & Young, I. D. (1999).
Experimental AA amyloidogenesis is associated with differential expression of
extracellular matrix genes. Amyloid, 6(1), 22-30.
Woods, R. P., Cherry, S. R., & Mazziotta, J. C. (1992). Rapid automated algorithm
for aligning and reslicing PET images. J Comput Assist Tomogr, 16(4), 620633.
Woods, R. P., Mazziotta, J. C., & Cherry, S. R. (1993). MRI-PET registration with
automated algorithm. J Comput Assist Tomogr, 17(4), 536-546.
Worsley KJ, M. S., Neelin P, Vandal AC, Friston KJ, Evans AC. (1996). A unified
statistical approach for determining significant signals in images of cerebral
activation. Human Brain Mapping, 4, 58-73.
Worsley, K. J. and Friston, K. J. (1995) Analysis of fMRI Time-Series Revisited Again Neuroimage 2,173-181.
Worsley, K. J., Evans, A. C., Marrett, S., & Neelin, P. (1992). A three-dimensional
statistical analysis for CBF activation studies in human brain. J Cereb Blood
Flow Metab, 12(6), 900-918.
Wozniak, D. F., Dikranian, K., Ishimaru, M. J., Nardi, A., Corso, T. D., Tenkova, T.,
Olney, J. W., & Fix, A. S. (1998). Disseminated corticolimbic neuronal

292

degeneration induced in rat brain by MK-801: potential relevance to
Alzheimer's disease. Neurobiol Dis, 5(5), 305-322.
Xing, J., & Andersen, R. A. (2000). Models of the posterior parietal cortex which
perform multimodal integration and represent space in several coordinate
frames. J Cogn Neurosci, 12(4), 601-614.
Xu, X., Shi, Y., Wu, X., Gambetti, P., Sui, D., & Cui, M. Z. (1999). Identification of a
novel PSD-95/Dlg/ZO-1 (PDZ)-like protein interacting with the C terminus of
presenilin-1. J Biol Chem, 274(46), 32543-32546.
Yaffe K, Barrett-Connor E, Lin F, Grady D. Serum lipoprotein levels, statin use, and
cognitive function in older women. Program and abstracts of the 53rd Annual
Meeting

of

the

American

Academy

of

Neurology;

May

5-11,

2001;

Philadelphia, Pennsylvania. Neurology. 2001;56(suppl 3):A178. Abstract
P03.048.
Yiu, C., Au, W. T., & Tang, C. S. k. (2001). Burnout and duration of service among
Chinese voluntary workers. Asian Journal of Social Psychology, 4(2), 103-111.
Young, G. B. (2000). Ethics in the intensive care unit with emphasis on medical
futility in comatose survivors of cardiac arrest. J Clin Neurophysiol, 17(5),
453-456.
Young, G. B. (2000). The EEG in coma. J Clin Neurophysiol, 17(5), 473-485.
Young, M. P. and S. Yamane. 1992. Sparse population coding of faces in the
inferotemporal cortex. Science 256:1327-31.
Young, P. T. 1961. Motivation and Emotion. New York: Wiley.
Zajonc, R. B. 1968. Cognitive theories in social psychology. In Handbook of Social
Psychology, edited by G. Lindzey and E. Aronson. Reading, MA: Addison
Wesley.

293

Zajonc, R. B. 1980. Feeling and thinking: preferences need no inferences. Am
Psychol 35:151-75.
Zajonc, R. B. 1984. On the primacy of affect. Am Psychol 39:117-23.
Zakzanis,

K.

K.

(1998).

Quantitative

evidence

for

neuroanatomic

and

neuropsychological markers in dementia of the Alzheimer's type. J Clin Exp
Neuropsychol, 20(2), 259-269.
Zandbergen, E. G., de Haan, R. J., Koelman, J. H., & Hijdra, A. (2000). Prediction of
poor outcome in anoxic-ischemic coma. J Clin Neurophysiol, 17(5), 498-501.
Zar, J. H. (1996) `Biostatistical Analysis', Prentice-Hall. p.211.
Zeki, S. 1993. The visual association cortex. Curr Opin Neurobiol 3:155-9.
Zeki, S. and A. Bartels. 1999. Toward a theory of visual consciousness. Conscious
Cogn 8:225-59.
Zigmond, M. J., F. E. Bloom, S. C. Landis, J. L. Roberts and L. R. Squire. 1999.
Fundamental Neuroscience. San Diego: Academic Press.
Zoccolotti, P., Guariglia, C., Pizzamiglio, L., Judica, A., Razzano, C., & Pantano, P.
(1992). Good recovery in visual scanning in a patient with persistent
anosognosia. Int J Neurosci, 63(1-2), 93-104.
Zohary, E., M. N. Shadlen and W. T. Newsome. 1994. Correlated neuronal discharge
rate and its implications for psychophysical performance. Nature 370:140-3.
Zola-Morgan, S. and L. R. Squire. 1993. Neuroanatomy of memory. Annu Rev
Neurosci 16:547-63.
Zoll, J. G. (1969). Transient anosognosia associated with thalamotomy: is it caused
by proprioceptive loss? Confin Neurol, 31(1), 48-55.
Zuckerman,

M.

1991.

Psychobiology

of

University Press.

294

Personality.

Cambridge:

Cambridge

Zunzunegui, M. V., Gutierrez Cuadra, P., Beland, F., Del Ser, T., & Wolfson, C.
(2000). Development of simple cognitive function measures in a community
dwelling population of elderly in Spain. Int J Geriatr Psychiatry, 15(2), 130140.

295

Appendices

296

Appendix A: Informed Consent Forms

297

STATEMENT OF INFORMED CONSENT (normal control subject)
The University of Tennessee Medical Center at Knoxville
Title: Investigation of cognitive impairments due to pathological changes in the
Human Cingulate Cortex and their contribution to the attentional, anosognosic
as well mnemonic mechanisms in patients with mild Alzheimer’s disease.
I understand that I will take three cognitive tests and two questionnaires and
undergo a Magnetic Resonance scan of the brain. I understand that this test is part
of a research project in neuroimaging for evaluation of patients with memory loss.
The nature and purpose of the tests in this study, the risks involved, and the
possibilities of complication have been explained to me as follows:
1. The purpose of the cognitive tests questionnaires is to accurately assess the
cognitive status of each participant.
2. I understand that I will be administered four cognitive tests: The Mini Mental
Status Examination, The Self Test, the Anosognosia Questionnaire-Dementia,
and the Dementia Rating Scale prior to undergoing any neuroimaging scans.
3. The purpose of the MRI scan is to get the anatomical/structural information
about the brain regions. Furthermore, functional MRI will be used in order to
examine the blood flow to various sections of the brain.
4. I will undergo magnetic resonance imaging (MRI). Providing that care is
taken to avoid exposing ferromagnetic materials to the magnet by removing
metal objects such as watches and rings, MRI poses no risk. MRI involves
being in a confined space for approximately 40 minutes, which has been
known to cause discomfort to some individuals. I am free to stop the
procedure at any time.
5. I will take the Stroop Test to evaluate my attention while undergoing the MRI
scan.
6. Every effort will be made to keep all medical records confidential. The data
about the study will be stored in the ECAT 7 online database (supplied by the
CTI Corporation, Oakridge, TN) on the Radiology Network in the Image
Processing Laboratory, at the University of Tennessee Medical Center, and in
a locked file cabinet in room No. 4 at the Cole Neuroscience Center (UTMCK).
In any report or publication of the results of this study, I will be referred to
only by subject number and any possible identifying information will be
disguised or omitted. There may be, however, occasions when my identity
must be made known to state or federal agencies, such as the Food and Drug
Administration, which regulates medical research, including this study, and to
the sponsor of this study when they require such disclosure for audit
purposes. However, agencies and sponsors are also required to keep
information regarding participant identity confidential.
Otherwise, access to my records will be limited to principal investigators (Ms.
Mattea de Leonni Stanonik, Dr. John Dougherty) and co-investigators (Dr.
Gary T Smith, Dr. Kent Hutson, and Dr. Joel F. Lubar), or their assistants,
such as those individuals in the Department of Radiology who configure the
computer data in preparation of the PET and MR images and
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Title: Investigation of cognitive impairments due to pathological changes in the
Human Cingulate Cortex, and their contribution to the attentional,
anosognosic as well as mnemonic mechanisms in patients with mild
Alzheimer’s disease.

names will be provided to the UTMCK Internal Review Board at a later time
when those people who will help with the study are specified.
7. I understand that the total time requirement for participation in this study will
be approximately 2 hours per visit, including the time for the cognitive testing
and neuroimaging scan. Cognitive testing and MRI scan will be performed on
the same day.
8. If I wish to discuss any concerns regarding the MRI scan, I may contact Dr.
John H. Dougherty, Department of Medicine, University of Tennessee Medical
Center (865-212-5293), Dr. Gary T. Smith, Department of Radiology,
University of Tennessee Medical Center, Knoxville (965-544-9818); Mattea de
Leonni Stanonik, Department of Radiology, University of Tennessee Medical
Center, Knoxville (865-544-9693), or Dr. Kent Hutson, Department of
Radiology, University of Tennessee Medical Center, Knoxville (865-544-8649).
I may contact the IRB Chairman at (865) 544-9781 if I have any questions
about my rights as a participant in this study or my rights as a research
subject.
9. I understand that the examiner may terminate the study at any time and that
I am free to refuse participation at any time without prejudice to current or
future medical care at the University of Tennessee Medical Center, Knoxville.
10. I have read and understand that in the event of injury resulting from the
research procedures, financial compensation is not available and medical
treatment is not provided free of charge.
11. I understand that I am not waiving any legal rights or releasing the University
of Tennessee or its agents from liability or negligence. I understand that, in
the event of physical injury resulting from research procedures, the University
of Tennessee does not have funds budgeted for compensation either for lost
wages or for medical treatment. Therefore, the University does not provide
for treatment or reimbursement for such injuries.
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Title: Investigation of cognitive impairments due to pathological changes in the
Human Cingulate Cortex, and their contribution to the attentional,
anosognosic as well as mnemonic mechanisms in patients with mild
Alzheimer’s disease.

___________________________________
Signature of Volunteer

___________
Time & Date

___________________________________
Signature of Investigator

___________
Time & Date

___________________________________
Signature of Witness

___________
Time & Date

___________________________________
Signature of Legal Guardian

___________
Time & Date
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STATEMENT OF INFORMED CONSENT (patient)
The University of Tennessee Medical Center at Knoxville
Title: Investigation of cognitive impairments due to pathological changes in the
Human Cingulate Cortex, and their contribution to the attentional,
anosognosic as well as mnemonic mechanisms in patients with mild
Alzheimer’s disease.

I understand that I will take three cognitive tests and two questionnaires; I will
undergo a Magnetic Resonance scan and a Positron Emission Tomography (PET) scan
of the brain. I understand that this test is part of a research project in neuroimaging
for evaluation of patients with memory loss. The nature and purpose of the tests in
this study, the risks involved, and the possibilities of complication have been
explained to me as follows:
1. The purpose of the cognitive tests questionnaires is to accurately assess the
cognitive status of each participant.
2. I understand that I will be administered four cognitive tests: The Mini Mental
Status Examination, The Self Test, the Anosognosia Questionnaire-Dementia,
and the Dementia Rating Scale prior to undergoing any neuroimaging scans.
3. The purpose of the MRI scan is to get the anatomical/structural information
about the brain regions. Furthermore, functional MRI will be used in order to
examine the blood flow to various sections of the brain.
4. I will undergo magnetic resonance imaging (MRI). Providing that care is
taken to avoid exposing ferromagnetic materials to the magnet by removing
metal objects such as watches and rings, MRI poses no risk. MRI involves
being in a confined space for approximately 40 minutes, which has been
known to cause discomfort to some individuals. I am free to stop the
procedure at any time.
5. On another visit, I will undergo an 18-F FDG PET scan.
6. The purpose of the 18-F FDG PET scan is to get biochemical information
concerning the metabolic rate of glucose utilization by brain areas which is a
measure of the brain’s activity.
7. 18-F FDG is radioactively labeled glucose used to examine the metabolic rate
of glucose utilization in various tissues.
8. I will undergo 18-FDG dynamic PET scan after taking a test for attention
called the counting Stroop Test for approximately 20 min.
9. Scans will be made with an ECAT scanner. I understand that this examination
will require 22 min for completion during which time I will lie quietly on a
comfortable bed in a relaxed position.
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Title: Investigation of cognitive impairments due to pathological changes in the
Human Cingulate Cortex, and their contribution to the attentional,
anosognosicas well as mnemonic mechanisms in patients with mild
Alzheimer’s disease.

10. Side effects and/or toxic effects such as discomfort from the injection or a
febrile reaction (development of fever) are remotely possible. The chance of
such a reaction is extremely small. A physician and nurse will be present to
assist if necessary. I will be familiarized with the PET procedure prior to the
scheduled scan. I will be asked to avoid coffee, tea, cigarettes, alcohol, or
other medications for 4 hours before the scan. I will be asked to report about
5 h before the scan, will eat breakfast, but will not eat thereafter so as to
minimize hyperglycaemia during scanning. Ten minutes prior to the injection
of 18FDG, I will lie down on the bed of the ECAT II Positron Tomograph in a
darkened room. My eyes will be covered with a mask but ears will be
unplugged. The data acquisition will begin immediately after the injection of
18
FDG. The PET scan lasts approximately 30 minutes.
11. Because 18-FDG is radioactive, I will receive a radiation dose. The estimated
effective dose from 18-F FDG radiation exposure will be 740 mrem to the
whole body (ref: European Journal Nuclear Medicine, p 933 ff, 1992). This is
the absorbed dose, and consequent risk that someone in the US receives in
2.5 years (2.5 years x 300 mrem/year = 750 mrem) from natural background
sources. The FDA RDRC annual whole-body average limit is 5000 mrem. The
radiation dose is well within the limits permitted by the National Council of
Radiation Protection (NCRP) and has been approved by the Isotope
Committee of the University of Tennessee Medical Center.
12. 18FDG is lost mainly by renal excretion, and the bladder is a major organ at
risk for radiation (Phelps et al., 1979). The risk of radiation will be minimized
by have the subject urinate 45 min after 18FDG will be injected, and following
PET scanning.
13. Every effort will be made to keep all medical records confidential. The data
about the study will be stored in the ECAT 7 online database (supplied by the
CTI Corporation, Oakridge, TN) on the Radiology Network in the Image
Processing Laboratory, at the University of Tennessee Medical Center, and in
a locked file cabinet in room No. 4 at the Cole Neuroscience Center (UTMCK).
In any report or publication of the results of this study, I will be referred to
only by subject number and any possible identifying information will be
disguised or omitted. There may be, however, occasions when my identity
must be made known to state or federal agencies, such as the Food and Drug
Administration, which regulates medical research, including this study, and to
the sponsor of this study when they require such disclosure for audit
purposes. However, agencies and sponsors are also required to keep
information regarding participant identity confidential.
Otherwise, access to my records will be limited to principal investigators (Ms.
Mattea de Leonni Stanonik, Dr. John Dougherty) and co-investigators
(Dr. Gary T Smith, Dr. Kent Hutson, and Dr. Joel F. Lubar), or their

302
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assistants, such as those individuals in the Department of Radiology who
configure the computer data in preparation of the PET and MR images and
assist the investigators in running the computer programs during data
analysis. Names will be provided to the UTMCK Internal Review Board at a
later time when those people who will help with the study are specified.
14. I understand that the total time requirement for participation in this study will
be approximately 2 hours per visit, including the time for the cognitive testing
and neuroimaging scans. Cognitive testing and MRI scans will be performed
on the same day.
15. If I wish to discuss any concerns regarding the MRI scan, I may contact Dr.
John H. Dougherty, Department of Medicine, University of Tennessee Medical
Center (865-212-5293), Dr. Gary T. Smith, Department of Radiology,
University of Tennessee Medical Center, Knoxville (965-544-9818); Mattea de
Leonni Stanonik, Department of Radiology, University of Tennessee Medical
Center, Knoxville (865-544-9693), or Dr. Kent Hutson, Department of
Radiology, University of Tennessee Medical Center, Knoxville (865-544-8649).
I may contact the IRB Chairman at (865) 544-9781 if I have any questions
about my rights as a participant in this study or my rights as a research
subject.
16. I understand that the examiner may terminate the study at any time and that
I am free to refuse participation at any time without prejudice to current or
future medical care at the University of Tennessee Medical Center, Knoxville.
17. I have read and understand that in the event of injury resulting from the
research procedures, financial compensation is not available and medical
treatment is not provided free of charge.
18. I understand that I am not waiving any legal rights or releasing the University
of Tennessee or its agents from liability or negligence. I understand that, in
the event of physical injury resulting from research procedures, the University
of Tennessee does not have funds budgeted for compensation either for lost
wages or for medical treatment. Therefore, the University does not provide
for treatment or reimbursement for such injuries.
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___________________________________
Signature of Volunteer

___________
Time & Date

___________________________________
Signature of Investigator

___________
Time & Date

___________________________________
Signature of Witness

___________
Time & Date

___________________________________
Signature of Legal Guardian

___________
Time & Date
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Appendix B: Cognitive Tests
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The Self Test

Name : ______________

SIDE 2

Date : ______________

SIDE 1

4)

Write down the name of TEN animals.

10
pts

DOG

You may get help with instructions
ONLY.
INSTRUCTIONS:
1)

In the space below, please
draw the face of a clock and
put the numbers in the
correct positions.

4
pts

5)

What are the three words you were
asked to remember?

3pts

Now, draw in the hands at
ten minutes after eleven.

2)

Remember these words:

6)

(take a few minutes to commit
them to memory)

What is the year?

Telephone
Police
River

3)

What is the month?
What is the day of the
week?

Turn page over and keep
it on Side 2.

Thanks, you are finished!
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3
pts

Mini Mental State Exam
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Color Word Stroop Test (CSWT)

GREEN

GREEN

RED

BLUE

GREEN

BLUE

RED

BLUE

GREEN

RED

GREEN

BLUE

RED

RED

BLUE

RED

RED

GREEN

BLUE

GREEN

BLUE

GREEN

BLUE

GREEN

RED

RED

BLUE

GREEN

BLUE

GREEN

BLUE

GREEN

RED

GREEN

RED

GREEN

RED

BLUE

RED

BLUE

BLUE

GREEN

GREEN

BLUE

GREEN

GREEN

RED

BLUE

RED

RED

RED

BLUE

RED

GREEN

BLUE

GREEN

RED

BLUE

RED

GREEN

BLUE

BLUE

RED

GREEN

RED
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XXXX

XXXX
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XXXX
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RED

BLUE

GREEN

RED

BLUE

GREEN

GREEN

RED

BLUE

GREEN

BLUE

RED

BLUE

GREEN

RED

GREEN

BLUE

RED

RED

BLUE

RED

RED

GREEN

BLUE

GREEN

BLUE

GREEN

BLUE

GREEN

RED

RED

BLUE

GREEN

BLUE

GREEN

BLUE

GREEN

RED

GREEN

RED

GREEN

RED

BLUE

RED

BLUE

BLUE

GREEN

GREEN

BLUE

GREEN

GREEN

RED

BLUE

RED

RED

RED

BLUE

RED

GREEN

BLUE

GREEN

RED

BLUE

RED

GREEN

BLUE

BLUE

RED

GREEN

RED

RED

GREEN

GREEN

BLUE

BLUE
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Anosognosia Questionnaire (Patient)
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Anosognosia Questionnaire (Caregiver)
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Appendix C: Protocol for FDG PET scan acquisition & analysis (UTMCK)
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Department of Radiology
Section for Nuclear Medicine
The University of Tennessee Medical Center, Knoxville.
Section Head: Gary T. Smith, M.D.
[18F]FDG PET Imaging Methods
Principle:
An emission scan of the brain is acquired, and reconstructed using a calculated
attenuation correction matrix. The automated brain attenuation correction program
(auto brain) searches the sinogram for the edges of the skull. The edge is detected
a percentage of the maximum value in the sinogram. Once the skull outline is
determined, attenuation matrices are calculated assuming a constant attenuation
coefficient for a given skull thickness and a constant attenuation coefficient for brain
matter. Any attenuation caused by the head holder used during imaging can be
measured with a transmission scan of the head holder. The head holder attenuation
file can be used in combination with the automated attenuation file when
reconstructing the final images.
Subject preparation: NPO at least one hour prior to the FDG injection
Radiopharmaceutical dose: 10mCi FDG F-18 Fluorodeoxyglucose (150 uCi/kg FDG)
Fludeoxyglucose F-18 (2-deoxy-2-[18F] fluoro-D-glucose), Injection is an
intravenous, diagnostic radiopharmaceutical for Positron Emission Tomography
(PET). Fludeoxyglucose F-18 Injection is supplied in isotonic saline as a sterile, nonpyrogenic, clear colorless solution. The pH of Fludeoxyglucose F-18 Injection is 4.5 –
8.5 and its osmolality at 37C is 300 mOsmol/kg water.
[18F]FDG is supplied in a multiple-dose, 30 ml, vial. Each vial contains at the end of
bombarbement (EOB) 263+/- 114 mCi of 2-deoxy-2-[18F] fluoro-D-glucose with a
specific activity of no less than 1.9 x 104 Ci/mmol in 30 ml of isotonic saline.
Each ml of [18F]FDG contains at EOB 4.25 – 15.1 mCi (157-559 MBq) of 2-deoxy-2[18F] fluoro-D-glucose and 9 mg of sodium chloride (NaCl). [18F]FDG is produced in
an automated radiochemical synthesis unit from cyclotron produced [18F]Fluoride.
[18F]Fluoride is produced by proton bombardment of enriched [18O]water and is
bound to 1,3,4,6-tetra-O-acetyl-2-O-trifluoromethanesulfonyl-â-D-mannopyranose
(mannose triflate) under stereo specific SN2 reaction conditions. This renders no
carrier added [18F]FDG. The pH is adjusted by passage through an ion retardation
resin.
Absorbed radiation doses from [18F] FDG injections and the corresponding FDA RDRC
limit for human research:
Organ

Project mrad per
injection

FDA RDRC limit
per injection

FDA RDRC
annual limit

Bladder wall
Heart
Whole-body
Average

6300
2400
1000

5000
5000
3000

15000
15000
5000

Radiation Dosimetry: The estimated radiation doses to an average human adult (70
kg) from intravenous injection of 185 MBq (5 mCi) and 370 MBq (10 mCi) of
[18F]FDG are shown in table below. These estimates are calculated based on human
data and using the data published by the International Commission on Radiological
Protection for [18F]FDG.
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Jones SC, Alavi A, Christman D, et al. The radiation dosimetry of 2-deoxy-2-[18F]
fluoro-D-glucose in man. J Nucl Med 23:613-617;1982.
ICRP Publication 53, Volume 18, No. 1-4, 1987, page 76.
Pharmacokinetics: in 4 normal volunteers, after an IV dose given over 30 seconds,
the arterial blood level profile for [18F]FDG can be described by a triexponential
decay curve. The half-lives for the different distribution and elimination phases are
0.2 – 0.2 minutes, 10 – 13 minutes (mean +/- s.d.: 11.6 +/-1.1min), and 80-95
minutes (88+/-4min). Within 33 minutes, a mean of 3.9% of the injected dose can
be measured in the urine. Bladder activity two hours after injection indicates that a
mean of 20.6% of the injected dose is present.
Metabolism: [18F]FDG is taken up by cells and phosphorylated to [18F]FDG-6phosphate at a rate proportional to the rate of glucose utilization within a given
tissue. [18F]FDG-6-phosphate is presumably metabolized to 2-deoxy-2-[18F]-fluoro6-phospho-D-mannose ([18F]FDM-6-phosphate). [18F]FDG and related compounds
are cleared from non-cardiac tissues within 3-24 hours after administration;
clearance from the heart may require more than 96 hours. [18F]FDG that is not
involved in glucose metabolism is excreted unchanged in the urine.
Pharmacodynamics: [18F]FDG is a glucose analogue which concentrates in cells that
rely upon glucose as a primary energy course. Once in the cell it is phosphorylated
and can not exit until dephosphorylation has occurred. Regions of “increased
[18F]FDG uptake” correlate with increased glucose metabolism.
Regions of
decreased/absent uptake reflect the absence of glucose metabolism. Background
activity reflects uptake by normal cells. [18F]FDG uptake in inflammatory cells is
inconsistent and may be increased, normal, or decreased. Whether or not [18F]FDG
or its metabolites can inhibit glucose metabolism is not known.
Preparing of a subject for scanning:
1. Subject education and IRB consent form
2. Subject medical history to confirm imaging protocol.
3. IV access established with a 22g or larger needle and normal saline.
4. During the uptake period the patient is kept in a darkened, quiet room.
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5. Inject FDG. There is a 30-60 minute uptake period in a subdued, quiet
environment
Image Acuisition:
1. Obtain blank scan ( 20 min). This is routinely accomplished at the time of
morning qc. It is a requirement for attenuation correction.
2. Previous PET images should be available for comparison. The database must
be restored before initiating the current scan.
3. For efficient scanner use, the demographic data, dose information and
protocol should be entered prior to the patient being in the scanner room.
Quick acquisition
Load patient
Open protocol
Start protocol
Enter radiopharmaceutical
Dose injected (MBq)
Injection time
Patient weight (kg)
Continue
Select radiopharmaceutical
Patient position (Head first supine)
At this point the acquisition parameters are established, the continue button will
start the image acquisition.
4. Position subject supine on table. Secure the subject’s head using the neck
brace and a strap across the forehead. Put blinders over subject’s eyes.
5. Position the head with the canthomeatal line parallel to the bottom slice of the
field of view.
6. Position the head with the top slice at the top of the skull, the bottom slice
should be at or below the canthomeatal line.
7. Start the 2D brain image.
Brain, 2D, FDG, w/ab protocol
-20 minute emission acquisition
-reconstruction of non-attenuation corrected images
-Calculated brain attenuation using ellipses generated by edge
detection
-Reconstruction of 2 zoom calculated attenuation corrected
images.
Image Reconstruction:
Image reconstruction should occur online. This generates a 1 zoom, no attenuation
corrected image and a 2 zoom attenuation corrected image. If there is a problem
with attenuation corrected reconstruction online, use
Quick acquisition
Load patient
Open protocol:_Autobrain region
Start
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Image Analysis:
Use the App Launcher to visually inspect images. The following list is meant to be a
guide in evaluating image quality and gross anatomical changes. It is not intended
to be used as comprehensive guide to image interpretation.
Quality control survey:
1. statistical quality: signal to noise ratio, appropriate filtering
2. artifacts: missing planes, backprojection streaks
3. attenuation correction applied correctly
4. subject positioning: head rotated, tilted
Cerebral Cortex:
1. symmetry
2. heterogeneities
3. focal changes
Subcortical regions:
1. symmetry
2. heterogeneities
3. focal changes
Posterior fossa:
1. symmetry
2. heterogeneities
3. focal changes
Other
1.
2.
3.
4.
5.

cranial structures:
scalp
skull
eye muscle
pharyngeal muscles
temporalis/masseter muscles
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Appendix D: AD patients’ FDG-PET scans
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Patient #1: baseline

339

Patient #1: activation

340

Patient #2: baseline

341

Patient #2: activation

342

Patient #3: baseline

343

Patient #3: activation

344

Patient #4: activation

345

Patient #5: baseline

346

Patient #5: activation
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Patient #6: baseline

348

Patient #6: activation

349

Patient #7: baseline

350

Patient #7: activation
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Patient #8: baseline

352

Patient #8: activation

353

Patient #9: baseline

354

Patient #9: activation

355

Patient #10: baseline

356

Patient #10: activation
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Appendix E: Equipment setup
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Patient in MRI scanner
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Activation Task Setup – A
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Activation Task Setup – B
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Appendix F: Statistical results of PET image subtraction
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