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Abstract

MEMORY DYSFUNCTION IN ALZHEIMER'S DISEASE AND ITS RELATIONSHIP 
TO BRAIN METABOLISM AS MEASURED BY 

POSITRON EMISSION TOMOGRAPHY 
by

Jeffrey Miller 

Advisor: Professor Max Pollack

Elderly controls and probable Alzheimer's disease (AD) patients 
underwent serial positron emission tomography (PET) studies during a 
baseline condition and while performing a verbal recognition memory 
task. A differential metabolic response specific to the temporal lobes 
was found. In all seven AD patients a greater proportion of the total 
temporal lobe activity favored the right during the memory condition 
when compared to baseline. Five out of seven controls showed the 
opposite effect; a task-related lateral asymmetry of activity that 
favored the left. Baseline regional metabolic rates were less useful 
than the memory challenge metabolic rates in differentiating patients 
from controls. These results suggest that the observed memory proces­
sing deficit in AD is related to a temporal lobe metabolic abnormality.
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INTRODUCTION

Generalized Symptoms and Deficits in Alzheimer's Disease

Alzhemimer's disease (AD) remains a clinically and neuropatho- 
logically defined disease (American Psychiatric Association, 1980) 
whose definitive diagnosis can still only be made at autopsy. The 
associated clinical symptoms generally begin insidiously and follow a 
pattern of progressive cognitive deterioration that affects recent and 
remote memory, concentration, language, visuospatial skills, Judgement, 
orientation, personality, and intellect. Eventually, in the most 
severe cases, the patient is left unable to speak, ambulate, or manage 
even the simplest of self-care functions (Cummings & Benson, 1983). In 
an attempt to increase the accuracy of a positive clinicdl diagnosis 
(Reisberg & Ferris, 1982; Shuttleworth, 1982) and better understand the 
course of the disease, efforts have been made to describe the distin­
guishing clinical stages of decline (Cummings & Benson, 1983). The 
earliest and most prominent complaint of AD is memory loss (Reisberg & 
Ferris, 1982). In fact, if memory impairment is not one of the 
earliest symptoms, the diagnosis is in doubt (Cummings & Benson, 1983).

As the behavioral hallmark of AD, memory deficit has been consis­
tently associated with marked neuropathology in the temporal lobes 
(Hyman, Van Hoesen, Damasio, & Barnes, 1984) and with a cholinergic 
system deficiency (Coyle, Price, & De Long, 1983). The general 

reduction in cerebral blood flow (Ingvar, Risberg, & Schwartz, 1975) 
and in glucose metabolic rates (Ferris, de Leon, et al., 1980) in AD 
patients relative to controls during baseline studies appears to be 

most prominent in the temporal and parietal lobes (Chase, Foster, &
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Mansi, 1983; Friedland, Brun, & Budinger, 1985; Simard, Olasen,
Paulsen, Lassen, & SkinhoJ, 1971). Furthermore, Chese reductions in 
cerebral blood flow (CBF) and metabolism have been found to be asso­
ciated with measures of memory deficit determined at times other than 
during scanning procedures (de Leon, Ferris, George, Christman, et al., 
1983; Hagberg & Ingvar, 1976). Until now, the effects of cognitive 
activity on regional glucose metabolism during positron emission 
tomography (PET) tracer uptake in AD patients has not been reported.
The current study was the first to investigate the relationship between 
memory processing in clinically diagnosed AD patients and brain 
metabolism. The goal was to extend the findings of previous baseline 
studies and further examine the pathophysiological basis of memory 
dysfunction in Alzheimer’s disease by measuring regional glucose 
metabolic rates during participation in a memory task. Such a non- 
invasive observation of whole-brain functioning should aid in the 
localization of the abnormal metabolic activity that is associated with 
memory deficit.

Deficits in Recall and Recognition Memory 
Memory Deficits in Normal Aging 

Normal aging is associated with impairment in both recall and 
recognition memory (Botwinick, 1984; Craik, 1977; Schonfield, 1965). 

Early studies using subjects of varying ages found that while recall 
scores decreased linearly with age, there was not a significant 
age-related deterioration in recognition memory scores (Craik, 1971; 
Schonfield & Robertson, 1966). More recent reports, however, have 
consistently shown that while recognition memory is typically superior
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Co recall, there le a significant decline in recognition with aging. 
This impairment of recognition has been demonstrated with various 
verbal and nonverbal materials (Burke & Light, 1981) using several 
paradigms (Erber, 1974; Ferris, Crook, Clark, McCarthy, & Rae, 1980; 
Harkins, Chapman, & Eisdorfer, 1979; Poon & Fozard, 1980; Rankin & 
Kausler, 1979; Vhlte & Cunningham, 1982). In contrast to the rela­
tively selective impairment of recall associated with normal aging, 
Alzheimer's disease patients suffer marked impairments in recognition 
as well as recall.

Alzheimer's Disease Memory Impairment
Clinical descriptions of the usual progression of symptoms in 

Alzheimer patients refer to an early deficit in recalling names, 
trouble locating objects, and an impaired recall of recent personal 
history. As the disease progresses, there is an increasingly severe 
loss of memory for remote as well as recent events (Cummings & Benson,
1983). Psychometric testing of AD patients reveals a severe deficit in 
both recall (Branconnier, Cole, Spera, & DeVitt, 1982; Harris & Dowson, 

1982; McCarthy, Ferris, Clark, & Crook, 1981; Miller, 1975; Miller, 
1971) and recognition memory (Branconnier et al., 1982; Hart, Smith, & 
Swash, 1985; Miller, 1975; Miller & Lewis, 1977; Vilson, Bacon, Fox, 
Kramer, & Kasznlak, 1983; Wilson, Kaszniak, Bacon, Fox, & Kelly, 1982).

To summarize, normal aging has a primary effect on recall memory 

and a lesser effect on recognition memory. Alzheimer's disease, 
however, is associated with both recognition and recall deficits.
Thus, while both recall and recognition tests of memory are capable of 
discriminating between the loss of memory associated with normal aging 
and Alzheimer disease memory dysfunction, recognition tests have been
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considered by sone investigators (Branconnier, Cole, Spera, & DeVitt, 
1982) to be the preferred diagnostic screening instrument.

To nore fully understand memory dysfunction in Alzheimer's 
disease, the clinical symptoms and psychological constructs of memory 
impairment (Miller, 1971; Wilson et al., 1983) need to be related to 
the anatomic and physiologic changes found in both post-mortem and in 
vivo studies. As will be seen from the following reviews of AD 
neuropathology and neurochemistry, temporal lobe pathology and neuro- 
chemical deficits are among the brain changes seen in AD that are most 
consistently implicated in the associated memory impairment. Though 
the degree to which these changes directly contribute to memory 
dysfunction is unknown, these findings, in conjunction with human 
lesion studies, strongly suggest that a metabolic abnormality during 
memory processing should be observed to be preferentially located in 
the temporal lobes.

Neuropathology of Aging and AD
The neuroanatomical and neuropathological changes associated with 

normal aging and pathologically defined Alzheimer's disease have been 
thoroughly reviewed by Brun (1985), Kemper (1984), and Lauter (1985). 
Their work is the primary source of this summary. It is important to 
keep in mind that in neither aged nor Alzheimer brains do the. described 

alterations exist in all regions, proceed at the same pace, or produce 
changes that are specific to one condition and not present in the 
other. Even though some of the described AD changes overlap con­
siderably with the changes in normal aging, AD is usually viewed as a 
specific disease and not as accentuated aging (Kemper, 1984).
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Brain weight loss and ventricular dilation occur in nornal aging, 
but are nore pronounced in AD. Gyral atrophy, alao observed in both 
processes, is particularly narked in the tenporoparietal area and 
frontal lobes of AD patients. Alzheiner brains have significantly 
fewer cells in the sane regions also preferentially affected by aging 
and denonstrate a sinllar pattern of involvenent; higher-order "asso­
ciation" cortex is nore heavily affected than prinary sensorinotor 
cortex. In the frontal and tenporal lobes, and hlppocanpal foraatlon, 
cell loss can approach 50%. In contrast to other regions, cell losses 
in the anygdala occur in all subdivisions in addition to those affected 
by nornal aging.

Neurofibrillary tangles (NFT), senile plaques, and granulovacuolar 
degeneration also occur in specific topographic patterns. Of the 
three, neurofibrillary tangle abundance is the nost reliable neuro- 
pathologic indicator of denentia (Cunnings & Benson, 1983). During 
nornal aging, neurofibrillary tangles are United predoninantly to 
specific areas of the hlppocanpal foraation. In AD they are nore 
widely distributed and follow a progression of increasing density fron 

the prinary sensorinotor cortex, which is relatively spared, to the 
nultlnodal tertiary zone of the tenporoparieto-occipital junction. The 
llnbic systen, hlppocanpal fornation and anygdala, and posterior 
cingulate are also heavily affected.

Aging produces a distribution of senile plaques sinilar to that of 
the NFT. However, the distribution is wider and there is a predi­

lection for the neocortex. In AD, the density is higher and the 
distribution of plaques is nore extensive than in nornal aging, but the 
relationship to disease is not as clear as with the NFT. Plaque counts



6

have, however, been found to correlate with dementia scores (Blessed, 
Tomlinson, & Roth, 1968). Plaque counts appear to be highest in the 
higher-order "association" areas of the frontal, temporal, parietal, 
and occipital lobes and lowest in primary sensorimotor cortex. Though 
the temporal lobe "association" cortex is thel most heavily affected 
region of the neocortex, the amygdala has the highest concentration of 
plaques of any area studied in the brain (Jamada & Mahraein, 1968).

Granulovacuolar degeneration is rare before age 60. In normal 
aging there is a predilection for Sommer's sector of the hippocampus, 
yet even in this region it appears in only about 9 percent of the cells 
(Tomlinson & Kitchener, 1972; Uoodard, 1962). In Alzheimer's disease, 
there is a dramatic increase in concentration in this region with a 
spread to other hippocampal areas. Granulovacuolar degeneration is 
rare in other parts of the brain in either condition.

To summarize, neurofibrillary tangles and senile plaques follow a 
similar pattern of neocortical involvement in AD affecting "associa­

tion" areas the most and primary sensorimotor cortices the least. 
Granulovacuolar degeneration is primarily restricted to the hippo­

campus. The NFT is the most reliable marker for AD. Its concentration 
is most dense in the highly interconnected hippocampus-amygdala• 
limbic-neocortical "association" areas complex, a system reliably 

involved in memory function.

Lesion Studies of Memory
Uhile memory impairment is the most evident behavioral symptom of 

AD, plaques and tangles are its neuropathological markers. Though it 
is unlikely memory is localized in a particular region of the brain,
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most investigators who use lesions to model memory dysfunction focus on 
the same anatomical areas most heavily affected by AD neuropathology: 
the hippocampus, amygdala and adjacent temporal lobe structures. It 
should be noted, however, that although there are memory dysfunction 
parallels between AD patients and patients with amnesia due to lesions, 
the memory deficits in AD do not exist as isolated symptoms and are 
accompanied by broader cognitive and personality changes.

Bilateral BMdlal temporal lobe resections in man result in a 
persistent anterograde and limited retrograde amnesia that affects both 
recognition and recall memory (Scoville & Milner, 1957). The critical 
structures involved appear to be the hippocampal formation and amygdala 
(Scoville & Milner, 1957; Zola-Morgan, Squire, & Mishkin, 1982). 
Patients who have undergone unilateral temporal lobectomies do not 
suffer from the severe amnestic symptoms that are common to patients 
who have had bilateral operations, though they do have significant 
memory deficits. Left temporal lesions primarily affect memory of 
verbal material, while right-sided damage affects memory of visual and 
spatial material. Furthermore, the degree of memory impairment 
correlates with the amount of left and/or right temporal lobe damage 

(Kolb & Vlshaw, 1985; Mishkin, 1978; Saunders, Murray, & Mishkin,
1984).

Parietal and frontal lobe lesions may also result in memory 
impairments. Lesions of the parietal lobe correlate primarily with 
short-term memory deficits and are associated with an asymmetry of 
function (Kolb & Vishaw, 1985; Shallice & Warrington, 1970; Warrington, 

Logue & Pratt, 1971). The right parietal lobe appears to be involved 
in both verbal and patterned visual information processing, while the
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left is nonspecific to modality of presentation but devoted primarily 
to verbal material (Butters, Samuels, Goodglass, & Brody, 1970).
Frontal lobe lesions have been associated with a disturbance in 
remembering the short*term temporal ordering of events and an increased 
susceptibility to Interference (Kolb & Hishav, 1985; Walsh, 1978). It 
has been suggested that these observed deficits may be the result of 
increased distractibility and decreased arousal (Heilman & Valenstein, 
1979, Walsh, 1978).

In conclusion, lesion studies indicate that temporal lobe damage 
results in more extensive memory impairment than does parietal or 
frontal lobe insult. They also suggest, in conjunction with AD 
neuropathology reports, that the temporal lobes are the areas most 
likely to show an abnormal physiological response during memory 
processing in AD subjects.

Neurochemistry of Memory Impairment
Acetylcholine (ACh) is the neurotransmitter most often implicated 

in the memory dysfunction associated with AD (Coyle, Price, & DeLong, 
1983; Perry & Perry, 1985; Perry et al., 1978). This is due to several 
findings: (1) ACh muscarinic receptor blocking agents produce a

temporary memory impairment similar to that observed in AD, (2) regions 
of the brain that are critical to memory processing show reductions in 
AD in the enzyme that catalyzes the synthesis of ACh, and (3) cells 
that are the primary source of cortical cholinergic innervation are 
markedly reduced in number in AD brains (Cooper, Bloom, & Roth, 1986).

Drachman and Leavitt (1974) were the first to report that the 
administration of scopolamine, a muscarinic blocking agent and
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cholinergic antagonise, produced a pattern of scores in young normals 
on the Wechsler Adult Intelligence Scale similar to that normally seen 
in elderly individuals. Performance scores were lowered, while verbal 
scores remained largely unaffected. Studies in monkeys have produced 
similar results. Young monkeys injected with scopolamine consistently 
demonstrated performance deficits on memory tasks that remarkably 
resembled deficits seen in normal aged monkeys (Bartus & Johnson,
1976). Drachman (1977) later reported that a transient early 
dementia-like memory deficit could be induced in normal subjects by 
scopolamine and reversed by the cholinergic enhancer physostigmine. 
These initial studies, then, suggested that a scopolamine-induced 
memory deficit might be used as a model for the memory dysfunction 

associated with AD.
Three sets of investigators (Davies & Maloney, 1976; Perry, Perry, 

Blessed, & Tomlinson, 1977; Spillane et al., 1977) independently showed 
around the same time that the enzyme responsible for ACh synthesis, 
choline acetyltransferase (CAT), is significantly decreased in the 
cerebral cortex of AD patients versus age-matched controls by as much 

as 90 percent. The areas most heavily effected were the frontal and 
temporal cortex, and the hippocampus. It has been hypothesized that 
the marked loss of cell bodies in the nucleus basalis of Meynert 
(Whitehouse, Price, et al., 1981), which provides the primary choliner­
gic innervation to the neocortex and amygdala (Mesulam & Van Hoessan, 
1976) and the medial septal nucleus, which projects to the hippocampus 

(Nakano & Hirano, 1982), is responsible for the decreased cortical 
cholinergic innervation (Bartus, Dean, Beer, & Lippa, 1982; tfilcock, 

Esirl, Bowen, & Smith, 1983). These and other studies (Bowen et al.,
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1979; Salth & Swash, 1978) Indicate that the preferential and selective 
disruption of the cholinergic system, particularly in the temporal 
lobes, is intrinsically associated with AD aeaory impairment.

Summary of Neuroanatoalc and Neurocheaical Studies
The neuropathological and neurocheaical changes observed in the 

teaporal lobe structures of AD patients are consistently and clearly 
iaplicated in the associated aeaory dysfunction. The hippocaapus aay 
be essentially disconnected froa its neuronal input and output cir­
cuitry (Hyman, Van Hoesen, Daaasio, & Barnes, 1984) and, along with the 
amygdala, deprived of normal cholinergic innervation (Coyle, Price, & 
DeLong, 1983). Both structures are also heavily affected by the 
neuropathology of the disease (Anderson & Hubbard, 1985; Ball et al., 
1985; Collerton & Fairbaim, 1985; Reaper, 1984). Nevertheless, 
anatomic and biochealcal approaches to studying the brain/behavior 
relationships in AD have drawbacks. Neuropathology and neurocheaistry 

studies that correlate either histologic or pathologic changes with 
behavior make inferences froa postmortem cases. Thus no direct linkage 
to inpaired behavior can be observed. Though huaan lesion studies were 
performed on live patients, the problems associated with inferring the 
function of a structure froa postoperative behavioral changes are well 
known (Kolb & Uishaw, 1985).

Recently developed nonlnvaslve techniques that take advantage of 
the direct relationship between neuronal activity and cell metabolism 
provide regional physiological measures of the intact brain and offer 

the unique opportunity to exaaine local cerebral functioning during 
resting states and during behavioral performance. Measuring cerebral
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blood flow with the *^Xe inhalation technique and brain glucose 
metabolism with positron emission tomography (PET) are two such 
procedures. The following is a review of previous CBF and PET studies 
that are relevant to memory function, aging, and AD.

Cerebral Blood Flow 
Normal Aging Basalina Studies 

Cerebral blood flow (CBF) decreases with age (Melamed, Lavy, 
Bentin, Cooper, & Rinot, 1980; Meyer & Shaw, 1984; Naritomi, Meyer, 
Sakai, Yamaguchl, & Shaw, 1979) and demonstrates regional specificity 
(Shaw et al., 1984). Frontal (Meyer & Shaw, 1984), temporo-sylvian 
(Varren, Butler, Katholi, & Halsey, 1985), and parieto-occipltal 
(Pantano et al., 1984) areas are preferentially affected, while 
sensorimotor cortex shows the least prominent diminution (Pantano et 
al., 1984). Furthermore, there is evidence to suggest the decline is 
not symmetrical. Left hemisphere flow may decrease faster than right, 
and anterior regions show more marked decreases than posterior regions 

(Melamed et al., 1980; Meyer & Shaw, 1984). Cell degeneration and 
loss, aloiig with associated diminished activity, is the most likely 
explanation for the perfusion change with age (Pantano et al., 1984; 
Shaw et al., ]984).

AD Baseline Studies 

Cerebral blood flow studies in patients with Alzheimer's disease 
have reported diffuse flow decreases relative to age-suitched controls 

(Lavy, Melamed, Bentin, Cooper, & Rinot, 1978; Obrlst, Chivian, 
Cronqvist & Ingvar, 1970; Risberg, 1980; Simard, Olesen, Paulson, 
Lassen, & Sklnhoj, 1971). In addition to the generalized, bilateral
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CBF changes in AD (Yawaguchi, Meyer, Yamamoto, Sakai, & Shaw, 1980), 
there are also intrahemispheric regional differences. Frontal, 
tenporal, and occlpito-parieto-temporal samples show maximal flow 
diminutions (Ingvar, Rlsberg, & Schwartz, 1975; Simard et al., 1971), 
while there is a relative sparing of the sensorimotor cortex (Hachinski 
et al., 1975). Furthermore, posterior flow values are usually lower 
than anterior values in AD patients relative to controls (Ingvar, 
Rlsberg, & Schwartz, 1975; Rlsberg, 1980).

Several authors have reported correlations between CBF and 
dementia severity (Hagberg & Ingvar, 1976; Rlsberg, 1980; Simard, et 
al., 1971), though others have not found such associations (Hachinski 
et al., 1975). At least one author has examined the relationship 
between memory deficits and resting CBF. Hagberg and Ingvar (1976) 
studied 49 AD patients under the age of 56 (mean age - 55,
SD - 5 years). The total sample was divided into two groups; one with 
symptoms limited to only memory dysfunctions and a second with global 
impairments. The group with memory impairment demonstrated a focal 
temporal flow decrease, while the more severely impaired group had 

additional parieto-temporo-occipital diminutions. Because the intra- 
arterial ^^Xenon injection technique was used, regional CBF 

measurements, could only be made on one side. In all but two patients 

the dominant, or left, hemisphere was monitored.
Though resting CBF studies show regional blood flow is associated 

with behavioral deficits in AD measured at times other than during a 
CBF monitoring procedure, they do not offer much insight into CBF 
changes that may take place during active memory processing. More
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accurate estimates of flow changes that occur during memory function 
can be made if memory tasks are performed while CBF is being measured.

Memory Activation Studies in Normals 
Cerebral blood flow studies during memory processing have not been 

reported in AD. Studies in normals do exist, though subjects were 
usually drawn from hospital populations. An early study that inves­
tigated recent memory processing with a palred-associates task reported 
significant mean hemispheric flow increases of 7% in the left hemi­
sphere relative to baseline. Significant frontal, occipital, and 
occipito-parietal regional flow Increases of 2%, 4%, and 9%, 
respectively, were also found. Unfortunately, because the 
intra-carotid injection technique was used, only flows on the left side 

were measured (Maximilian, Prohovnik, Rlsberg, Hakansson, 1978).
Digit-span-backward (Rlsberg & Ingvar, 1973) and recognition memory 
(Vood, Taylor, Penny, & Stump, 1980) paradigms have also produced 
regional increases of between 4% and 15%. Of the regions that 
responded during these studies, the temporal lobes most consistently 
showed significant Increases. Again, only one hemisphere was monitored 
in the digit-span study, so no information could be obtained on 
possible lateral asymmetries of activation. However, bilateral 

measurements during the recognition task suggested that accuracy of 
performance corresponded to a specific left medial temporal lobe 
activation. In summary, CBF evidence suggests the temporal lobes 
differentially respond to the functional demands of memory processing 
and that this activation, at least during verbal recognition tasks, may 
be specific to the left hemisphere.
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Meaorv Activation Studies In Amtitlci 
Changes in regional CBF In amnesties during memory task partici­

pation has also been investigated. Two case studies by tfood and his 
colleagues (Vood, Armentrout, Toole, McHenry, & Stump, 1980; Vood, 
McHenry, Roman-Campos, & Poser, 1980) showed that participation in a 
recognition memory task produced Increased right, rather than left, 
hemisphere flows. This pattern was opposite to that shown by young 
normal subjects (Vood, Taylor, Penny, & Stump, 1980). One patient had 
retrograde amnesia and, upon distraction, could not remember events 
that occurred even seconds earlier. Neuropsychological testing 
demonstrated no other focal deficits. The amnesia was believed to be 
secondary to bilateral medial thalamic infarction (Vood, Armentrout, et 
al., 1980). The second patient had normal memory for events following 
her hospitalization, but persistent retrograde amnesia. She had 
initially presented with confusion and acute memory loss. The cause of 
the memory impairment was unknown, though EEG and neuropsychological 
testing suggested residual left medial temporal lobe damage (Vood, 
McHenry, et al., 1980). In the patient with remitted amnesia, right 
medial temporal lobe CBF correlated with memory task accuracy, but left 
temporal flow did not. Interestingly, the subject with the more severe 

memory deficits performed only at a chance level, yet still showed a 
right hemispheric activation. Flows in the right angular gyrus area 
were higher than those in the left. These results suggest that right 
hemisphere regions continue to function during recognition memory tasks 

despite left-sided damage. Furthermore, this abnormal asymmetry of 
activity appears to be independent of memory performance.
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Behavioral Activation Studies In AD
There have been two CBF behavioral stimulation studies in AD 

subjects (Ingvar, Rlsberg, & Schwartz 1975; Yaaaguchl et al. (1980). 
Both used a variety of tasks during the same session - Raven’s 
matrices, naming, digit-span, counting, or listening to nusical tape - 
yet behavioral activation failed to produce significant flow increases 
in any of the sampled regions. In some instances, flow actually 
decreased. Age-matched controls, in contrast, demonstrated signif­
icantly augmented mean regional flows of about 10%. It was suggested 
the abnormal response pattern of AD subjects was due to either cortical 
neuronal degeneration or a generalized lack of arousal (Ingvar,
Rlsberg, & Schwartz 1975; Yaaaguchl et al. (1980).

These behavioral studies suggest that demented subjects do not 
demonstrate the same task-dependent pattern of CBF Increases seen in 
age-matched normal controls. The AD patients failed to show a cerebro­
vascular response to the tasks, rather than differential patterns of 
change in flow relative to the pattern seen in controls. In view of 
the topographic patterns of neuropathological and neurochemical changes 
in Alzheimer’s disease, task-dependent regional CBF changes in AD sub­

jects, compared to controls, would be expected.
A limitation of the two AD studies reviewed above was that a wide 

variety of different tasks were used during CBF measurement. Perhaps a 

better way to analyze brain activity during cognitive processing in AD 

patients would be to use a single, specific task and to analyze 
patterns of regional lateral asynmetries rather than mean flow or 
metabolic rates. Such a method might aid in the identification of more 
subtle patterns of activity in response to specific behavioral activa-
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tion and provide valuable inalght Into Che physiologic nature of' Che 
memory dysfunction.

Like the CBF technique, positron emission tomography is also 
capable of serial same-day studies on the same sybject, but can produce 
cross-sectional tomographic Images of high spatial resolution as well. 
This is in contrast to CBF measurement procedures which are non- 
tomographlc and cannot generate physiologic images of Internal, 
subcortical structures. Another major advantage of PET is that by 
using labeled glucose analogs to measure the glycolytic rate, a much 
more direct assessment of cellular function is possible (Phelps, 1981). 
PET, therefore, has a greater potential to localize specific regional 
metabolic responses to behavioral tasks with a much higher degree of 
accuracy than do measures of cerebral blood flow.

Positron Emission Tomography 
Overview

Glucose is the only significant source of energy in the brain 

under normal circumstances (Sokoloff, 1981). By measuring tissue 
uptake rate of a glucose molecule analogue labeled with a 
positron-emitting radionuclide, PET provides a three-dimensional map of 
cerebral functioning (Phelps, Mazzlotta, & Huang, 1982; Ralchle, 1983). 
One advantage of PET over CBF is its superior spatial resolution; 8 to 
12 mm versus 25 to 40 mm for CBF. This type of resolution, however, 
comes at the expense of a much lower temporal resolution; 30 minutes or 

more for PET versus 3 to 4 minutes in CBF (Wood, 1983). Because 
cerebral tissue is involved in self-sustaining activities and 
task-related functions simultaneously, in vivo metabolic measures are
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nonspecific for the type of activity taking place within a particular 
brain area at a given tine. Therefore, a specific task may produce 
only very subtle overall changes in glucose metabolic rates (Phelps, 
1981). Nevertheless, because the effects of behavioral stimulation and 
of disease can produce functional anatomical changes and those changes 
can be revealed in PET metabolic images, valuable Insights into 
brain/behavior relationships can be investigated (Phelps, Mazziotta, & 
Huang, 1982; Ralchle, 1983).

Normal Aging Baseline Studies 
The majority of PET baseline studies in normal aging have not 

demonstrated a significant age effect on regional glucose metabolic 
rates (rGMR), metabolic lateral asymmetries, or correlations between 
Intellectual changes and metabolic rates (de Leon, et al., 1985; de 
Leon, Ferris, George, Christman, et al., 1983; de Leon, George, 
Tomanelli, et al., 1986; Duara et al., 1984; Hawkins, Mazziotta,
Phelps, Kuhl, & Reige, 1983; Rapoport, Duara, & Haxby, 1984). An 
earlier study by Kuhl, Metter, Reige, & Phelps (1982) did, however, 
report an age-associated nonsignificant trend toward decreased glucose 
metabolic rates and a decreased frontal-to-parietal ratio with advan­
cing age. de Leon, George, Tomanelli; et al. (1986) also examined the 
relationship between frontal and parietal metabolic rates as a function 
of age and found a significant decrease in the frontal-to-parietal 
ratio, or an Increased hypofrontality, in the elderly compared to young 
normal subjects. These results suggest that despite the lack of 
generalized metabolic reductions due to aging, there may be alterations 

in relative metabolic rates between regions.
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AD Baseline Studies 

In contrast to normal aging, patients with AD suffer both marked 
structural (de Leon & George, 1983) and metabolic changes. Reported 
mean glucose metabolic diminutions in AD patients relative to controls 
range between 20% and 49% (Benson, et al., 1983; Chase, Foster, &
Mansi, 1983; Cutler et al., 1985; de Leon, Ferris, George, Christman, 
et al.,1983; de Leon, Ferris, George, Reisberg, et al., 1983; Frled- 
land, Brun, & Budinger, 1985), with an approximate modal diminution 
across studies of 22%. Regional studies have piroduced more variable 
results. Of six reports that used age-matched controls, one showed the 
lowest regional glucose metabolic rates to be in the frontal and 
temporal lobes (Ferris, de Leon, et al., 1980), in two studies the 
lowest rates were in the thalamic sample (Benson et al., 1983; de Leon, 
George, et al., 1983) and in three studies the lowest rates were in the 
parietal lobes (Chase, Foster, & Mansi, 1983; de Leon, Ferris, George, 
Christman, et al., 1983; Cutler et al., 1985). Primary sensory and 
motor cortices were generally determined to be the least affected 
(Benson et al., 1983; Chase, Foster & Mansi, 1983; Cutler et al.,
1985). These results, however, should be regarded as tentative. No 

inter-region statistical analyses were performed by the authors and 

there were technical differences among studies. For Instance, temporal 
lobe samples were measured in both de Leon studies (de Leon, Ferris, 
George, Christman, et al., 1983; de Leon, George, et al., 1983), but 
parietal lobe samples were not. This makes comparisons of inter­
regional differences across studies difficult. The problem of identi­
fying regional anatomy on the PET scan can also add to the complexity 
of comparing results across studies. Only the one study by Ferris et
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al. (1980) and cha two studias by da Leon (da Leon, Ferris, George, 
Christiaan, et al., 1983; de Leon, George, et al., 1983) used subjects' 
CT scans to nap structural outlines onto the netabollc inage. Never* 
theless, this summary suggests that the teatporal and parietal lobes 
probably suffer the largest netabollc dinlnutlons in AO patients 
relative to controls.

In contrast to the reviewed AD structural and CBF studies, PET 
baseline studies have not singled out the tenporal lobes as having 
particularly decreased netabollc rates relative to other regions. 
Tenporal lobe netabollc rates are, however, significantly lower than 
those of age-matched controls. Though tenporal lobe glucose utiliza­
tion has been found to be significantly correlated with nenory deficit 
in sone baseline studies (de Leon, Ferris, George, Christnan, et al, 
1983; Ferris, de Leon, et al., 1980; Foster et al., 1983), others have 
not found slnilar associations (Cutler et al., 1985; Rapoport, Duara, & 
Haxby, 1984). Even in the studies where there were significant 
correlations between nenory test scores and resting tenporal lobe 

netabollc rates, the correlation coefficients were slnilar to those 
associated with other regions.

Though the temporal lobes and related structures are nost consis­
tently affected by AD neuropathologlcal changes, netabolically they are 
not markedly different than other affected regions. Behavioral 
activation studies and neasures of lateral asynnetry, as opposed to 
resting studies, nay enhance regional differences in glucose netabollc 
rates between noraal elderly controls and AD subjects and provide a 

deeper understanding of the underlying pathophysiologic changes 
associated with the AD nenory deficit.
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Metabolic Asymmetries 
Asymmetry Indexes are advantageous In netabollc studies where the 

primary Interest is inter-regional relationships versus differences in 
absolute metabolic rates. Because factors such as machine drift and 
global metabolic rates should act as constants within a given scanning 
session, results across different days, machines, and experimental 
conditions are more easily interpreted.

Recent evidence suggests that for resting baseline studies, AD 
patients demonstrate significantly greater lateral metabolic asym­
metries in the frontal, parietal, and temporal lobes than do 
age-matched controls (Duara et al., 1986; Friedland, Budinger, Koss, & 
Ober, 1985; Haxby et al., 1986; McGeer et al., 1986). However, there 
does not appear to be a directional preference for this regional 
asymmetry of glucose utilization (Benson et al., 1983; Chase, Foster, & 
Mansi, 1983; Foster et al., 1984; Friedland et al., 1983). It is of 
interest that the increased metabolic asymmetry is not associated with 
a significant asymmetry of structural atrophy as measured by CT (Duara, 
et al., 1986; McGeer, et al., 1986). These results are consistent with 

the suggestion of de Leon, Ferris, George, Reisberg, et al. (1983) that 
in Alzheimer's disease the metabolic changes are more salient than the 
structural changes.

PET Behavioral Studies 
Behavioral studies using PET have been much less frequently 

performed than behavioral activation studies using the ^^Xenon 
inhalation technique to measure CBF. PET studies are more expensive 
and isotopes with short enough half-lifes to perform serial same-day 
studies have not been used extensively. When more than one behavioral
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condition has been used with PET, subjects were usually tested either 
on separate days, or different subject groups were used for different 
conditions. Nevertheless, cognitive activation studies in nonsals have 
produced the expected netabollc asyanetries in response to different 
behavioral paradigns; verbal tasks have resulted in significant 
regional activations in the left henlsphere, while netabollc rates 
measured during visuospatial tasks favored the right (Gur, Gur et al., 
1983; Mazziotta, Phelps, Carson, & Kuhl, 1982).

Several studies have reported significant correlation coefficients 
between previously obtained neasures of behavioral deficit in AD and 
regional glucose netabollc rates during a resting state (Cutler et al., 
1985; de Leon, Ferris, George, Reisberg, et al., 1983; Ferris, de Leon, 
et al., 1980; Foster, et al., 1983; Friedland et al., 1983; Koss, 
Friedland, Ober & Jagust, 1985; Rapoport, Duara, & Haxby, 1984), but 
none have examined netabollc alterations during cognitive activation. 
The current study is the first to exanine the relationship between 
nenory processing and simultaneous neasures of regional glucose 
utilization in AD patients and nornal age-matched controls. By 

examining the effects of a nenory activation condition on regional 
metabolic rates during the PET tracer uptake period, group differences 
in regional netabolisn will be enhanced and the underlying netabollc 
abnormalities associated with the AD nenory dysfunction will be able to 
be studied in greater detail than possible with baseline studies alone. 
It is hoped this study will also demonstrate the feasibility of using 
PET to exanine the regional pathophysiology that is associated with 
other AD cognitive deficits and that behavioral paradigns, used in
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conjunction with PET, night prove to be sensitive diagnostic Indicators 
of disease.

Task Choice
The previously reviewed lesion, neuropathologlcal, neurochenlcal, 

and netabollc studies In Alzhelner patients and controls show that the 
tenporal lobes are the regions of the brain nost consistently asso­
ciated with nenory processing. It is here, then, that netabollc probes
into the nenory dysfunction of Alzhelner patients should be focused. 
Because of the 30 ninute tracer uptake period of ^C-2-deoxy-D-glucose 
and the cognitive inpairaent of AD patients, task choice is critical. 
The task nust be sufficiently understandable to both groups, keep 
subjects engaged with nininal experinenter intervention, and allow for 
sone level of appropriate perfornance.

The principal effect of nornal aging on nenory is the inpalment 
of recall with a less narked reduction in recognition nenory perfor­
nance. In contrast, AD is characterized by both recall and recognition 
nenory failure. A recognition nenory task, then, should provide a

larger perfornance difference between AD and nornal groups. In
addition to the above theoretical consideration, a recognition task is 
preferred over a recall task because both nomals and denented subjects 
find these tasks easier to perfora (Nohs & Davis, 1982; Schonfield, 
1965). For exanple, the response is cued and consists of a sinple yes 
or no (Brinkaan & Gershon, 1983; Hart, Snlth, & Swash, 1985; Mohs & 
Davis, 1982).

A continuous recognition task is particularly advantageous for use 
with nenory studies that last for extended periods of tine for several
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reasons: (1) it can be used Co analyze the pattern of forgetting over
brief intervals of time that are measured and manipulated in small 
controlled units of distraction (Brinkman & Gershon, 1983; Ferris, 
Crook, et al., 1980; Shepard & Teghtsoonian, 1961), (2) it is amenable 
to signal detection analysis which allows for independent estimates of 
memory sensitivity and response bias (Swets, 1973) and (3) it allows 
for continuous involvement and vigilance in a task that requires no 
other instructions once the task has begun. Therefore a continuous 
verbal recognition memory task will be used in this PET study to 
further examine memory dysfunction in AO.

Rationale and Hypotheses
I. Behavioral assessment - Because recognition memory impairment is 

greater in AD patients than in age-matched controls, the clini­
cally diagnosed AO patients in the present study should perform 
significantly more poorly on the behavioral task than age-matched 
elderly normal controls.

II. Baseline metabolic rates - Neuropathological studies indicate that 
thi parietal and temporal lobes are preferentially affected in AD. 

Therefore these areas, but not sensorimotor samples, should 
demonstrate significant diminutions in glucose metabolic rates in 
AO when compared to age-matched, controls. Furthermore, it is 
expected that the diminutions in glucose metabolic rates in the AD 
patients relative to controls using will be comparable to the
results of past PET studies that used as the tracer Isotope.
PET studies in AO using ^-C have not yet been reported.
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III. Memory condition netabollc rates • Participation In a memory task 
during the Isotope uptake period should result In altered metabo­
lic rates in both groups and exaggerate group differences. A 
lateral asymmetry index of metabolic activity should be a more 
sensitive indicator of abnormal regional activity during the 
memory condition than regional metabolic rates alone. CBF reports 
of cognitive activation in AD patients have been disappointing 
probably because activation was defined by increased flow rates. 
Asymmetry measures have the advantage of eliminating confounds due 
to variation in global metabolic rates and possible machine 
calibration drift.

A. Motor skills and sensorimotor cortex are relatively 
spared in AD. Therefore, significant group differences 
in lateral asymmetries for the sensorimotor cortex 

sample are not expected during the memory condition.
B. The recognition memory deficit in AD and marked neuro­

pathology of the temporal lobes is expected to be 
reflected in altered metabolic rates, from baseline to 
activation, that are restricted to the temporal lobes.

1. Lesion studies indicate that left temporal lobe
damage results in verbal memory deficits. CBF 
measurements during verbal memory processing in 
normals demonstrate greater left temporal lobe 

activation than right. Therefore, for the controls 
it is expected that a greater proportion of glucose 
metabolic activity will favor the left temporal
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lobe during the aeaory condition compared to 
beeellne.

2. Behavioral, neuropathologlcal, neurochemical, and 
netabollc studies indicate AD patients suffer fron 
a significant aeaory deficit that aay be related to 
preferentially iapaired, or daaaged, teaporal lobe 
structures. The AD group, then, should not show a 
lateral asyaaetry favoring the left teaporal lobe.

IV. Meaorv task nerforaance and aetabollc aavaaetrles - Reductions in 
AD aetabollc rates have been found to be associated with aeaory 
deficit aeasures obtained either before or after PET scanning. 
Previous studies, then, have not directly assessed the relation­
ship between aeaory task perforaance and aetabollsa. A discrini- 
nation index of aeaory task perforaance during the uptake period 
should correlate with teaporal lobe lateral asyaaetry differences 
for the aeaory condition coapared to baseline. Nornal aeaory 
function is expected to increase the aetabollc denand of the left 
teaporal lobe. As aeaory processing becones less efficient and 
perforaance scores drop, indices of aetabollc activity should 
favor the left teaporal lobe to a lesser degree.
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METHODS

Subjects

All potential subjects received extensive medical, neurologic, 
psychiatric, neuropsychologic, neurorediologic, and clinical laboratory 
examinations to rule out clinically significant nodical and neurologic 
conditions and to establish by exclusion the clinical diagnosis of AD 
for patients with deaentia. Subjects with histories or physical 
evidence of stroke, psychiatric illness, head trauna, alcohol or drug 
abuse were also excluded. Furthermore, no individuals requiring 
medication other than diuretics were accepted nor were individuals 
accepted whose examinations revealed significant and unstable cardio­
vascular disease, diabetes (not controlled by diet alone), thyroid or 
other metabolic dysfunctions. All subjects were right handed.

The 7-point global deterioration scale (CDS) (Relsberg, Ferris, de 
Leon, & Crook, 1982) was used to characterize overall cognitive 

impairment. Subjects with a GDS score of 1 had no subjective or 
objective memory complaints. Subjects with a GDS score of 2 may have 
had subjective memory complaints, but did not have objective evidence 
of cognitive impairment on clinical interview. Both groups of subjects 
were classified as controls (mean age - 67 years, SD - 7.6 years; range 
- 54 to 76 years; H - 7). Subjects whose GDS score was between 3 and 6 

were classified as mild to moderately severe AD (mean age - 68 years,
2D - 5.6 years; range - 59 to 74 years; H - 7). The majority of normal 
subjects were spouses, relatives, or friends of the patients. All 
subjects were paid $100 to participate in the study and all subjects
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(as well as the primary caretakers of the AO patients) signed written 
Informed consent forms.

The 14 selected subjects also received the Guild Memory Test 
(Gilbert, Levee, & Catalano, 1968). A combined average score was 
calculated to give equal weight to each subtest. Subtests Included 
paragraphs Immediate and delayed, paired associates Immediate and 
delayed, designs, and digits-forward and backward. The mean combined 
Guild score for the controls was 2.29 (££ - .43). The mean Guild score 
for the clinically diagnosed Alzheimer patients was .49 (SD - .21).
The range of scores for the two subject groups did not overlap. When 
compared to Guild scores derived from a larger population of AD 
subjects (H - 69) and age-matched controls (H - 58) drawn from the 
Geriatric Study and Treatment Program of Millhauser Labs at New York 
University Medical Center, the Guild scores of all 7 subjects clas­
sified as controls fell within 1.5 g-scores of the larger age-matched 
control comparison group mean (H - 2.06, ££ - .45). Similarly, none of 
the Guild scores of the 7 selected AD patients were more than 1.5 
g-scores from the AD comparison group mean (H - .81, SD - .47). The 
correlation between the Guild score and GDS was -.85 for the 14 
subjects of the current study and -.87 for the larger (fi - 128) sample 
(Miller & de Leon, 1986). The subjects selected for study, then, were 

typical of a larger AD and age-matched control population.

Apparatus
Within 6 months of the PET study, clinical computed tomography 

(CT) studies were performed on either a General Electric 8800 or 9800 
scanner using standard kilovoltage and milliamperage settings and a
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■canning time of 9.6 seconds. One scanning protocol was used for all 
subjects. No contrast agents were used. Ten CT Inages 10 on thick 
were taken beginning 20 an above, and parallel to, the canthoaeatal 
plane. One slice through the basal ganglia and one through the centrum 
■eniovale level were selected as matches for the translation of the 
structural anatomy of the CT onto the comparably aligned PET image.

Serial positron emission tonography studies were performed at 
Brookhaven National Laboratories using the PET VI scanner (TerPogos- 
slan, Fllcke, Hood, Yamamoto, & Mullani, 1982) and ^C-2-deoxy-D-- 
glucose (H-C-2DG) (t 1/2 [^C] - 20.4 min) as the physiologic tracer 
for glucose metabolism (MacGregor, Fowler, Shiue, Lade, & Van, 1981). 
The PET VI scanner has a full-width-half-maximum spatial resolution of
1.3 cm by 1.3 cm on the x, y plane and 1.4 cm on the z axis at low 
resolution (D. Christman, personal communication, May 23, 1986).
Glucose metabolic rates (/jn/100g/min) were calculated using the Brooks 
and Gershon (1982) version of the Sokoloff model equation (Sokoloff et 
al., 1977). Rate constants and the measured lumped constant for 
11-C-2DG as determined by Relvich et al. (1982) were used. The use of 
the PET technique to study glucose metabolic rates has been described 
in detail elsewhere (Hoffman, Huang, Plummer, & Phelps, 1982; Phelps, 
1981; Raichle, 1985).

Twelve subjects were run first during the baseline condition and 
again while performing the verbal memory task with an intervening time 
period of 2 hours. Two of the 14 subjects, both AD subjects, partici­
pated in the memory study first followed by the baseline condition. An 
intravenous bolus of 6-8 mCi of H-C-2DG was given 35 minutes before 
■canning and 2 minutes after initiation of the memory task. Blood
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activity tine curves were derived using arterialized venous blood. Two 
sets of 7 scans each were taken for each condition; one at 35 minutes 
and one at 45 minutes after isotope injection. To summarize, 2 minutes 
after the memory task was initiated, the isotope was injected. The 
task continued for approximately another 26 minutes. Scan 1 was 
started 35 minutes after the injection and continued for 9 minutes.
Scan 2 started 45 minutes after injection and continued for 12 minutes.

Both sets of horizontal scans were taken parallel to the cantho- 
meatal line and were 14 mm thick for a total of 14 interleaving PET 
scans associated with each condition. The first scan set began 10 mm 
above the canthomeatal plane. The second set was taken 7 mm superior 
to the first set while retaining the same head position.

Procedure
During the baseline study subjects rested quietly under dim 

lighting with their eyes open and ears unplugged. The memory condition 
consisted of a continuous verbal memory recognition task that involved 
the presentation of grocery items (eg. apple, sugar, chicken, tomato), 
one word at a time every five seconds, on a computer screen. Each word 
was displayed 4 seconds and was followed by a 1 second interval before 
the next word was presented. During the continuous word sequence, 

approximately half the items were displayed a second time following 

either aO, .5, 1, 2, 4, or 8 minute delay. All six delay intervals 
were approximately equally sampled. A total of 336 words were dis­
played during the 28 minute task. Because it took 8 minutes to reach a 
steady-state condition where each delay interval could be equally 
sampled, responses to the 240 items displayed during the last 20
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minutes of the teak were recorded. Of theae 240 lteas, there were 127 
poaaible correct hlta, or yea reaponaea, and 113 poaaible correct no 
reaponaea. Each aubject waa inatructed to preaa one of two buttona 
with either the right index finger or right middle finger to indicate 
if the item had (a "yea" reaponae) or had not (a "no” reaponae) 
appeared on the acreen previoualy. A ahort practice trial waa given 
prior to injection. An IBM PC conputer waa programed in BASIC to 
preaent the aequence of worda and to record the nuaber of correct yea 
reaponaea for each delay interval, the total nuaber of erroneoua yea 
reaponaea (falae alaraa), total correct no reaponaea, and erroneoua no 
reaponaea (aiaaea) for each delay interval. The taak lasted approxi- 
aately 28 ainutes.

Response accuracy during the aeaory task was estiaated by calcu­
lating a discriaination index (DI) that corrects for false alaraa 
according to the foraula: DI - Proportion of hits - Proportion of
false alaraa (Snodgrass, 1986). This discriaination index has been 
shorn in a preliminary study (J. G. Snodgrass, personal comnunlcation, 
June 4, 1986) to be an estimate of aeaory sensitivity that is indepen­

dent of bias in a population of clinically diagnosed Alzheimer's 
patients. Because AD patients aay actively participate in the task but 

score poorly in terms of accuracy, a second index waa calculated baaed 
solely on the subject's response rate (RR), regardless of whether the 
response* was correct or not, according to: RR - Total nuaber of 

responses / Total nuaber of items presented.
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Brain Region Analysis
Two PET slices, one Chat best represented the basal ganglia (BC) 

level and one that was judged to best represent the centrum semiovale 
(CS) level, were selected for analysis from both the baseline and 
isenory conditions for a total of 4 slices per subject (see Figure 1).
CT scans from each subject were chosen that matched the selected PET 
sections. A Data General Eclipse computer linked to a Grinnell color 
graphics system was used to translate the outline of the CT image 
anatomy onto the PET image and interactively sample brain region 
metabolic rates (jyn/lOOg/min) using the CT anatomy. The PET and 
matching CT image were displayed side by side on the graphics display 
console and comparably aligned using a semiautomated program that used 
the outline of the CT skull outertable and the PET gallium attenuation 
transmission scan skull outertable to make the appropriate adjustments. 
Following the initial alignment, finer adjustments were made as 
necessary using familiar anatomical landmarks such as changes in the 
shape of the skull, ventricle outlines, and midline features of 
subcortlcal grey and white matter. This procedure and additional 
programs allowed the accurate outlining of anatomic regions of interest 
(ROIs) on the CT image. Subsequently this outline was automatically 
and interactively translated, size-corrected, onto the PET scan. 
Descriptive statistics were then obtained for each ROI on the PET 

image.
Bilateral frontal, temporal, and thalamic ROIs were taken from the 

PET basal ganglia section. The wedged-shaped frontal samples Included 
most of the frontal lobe anterior to the frontal horns of the lateral 
ventricles. Temporal ROIs were erescent-shaped, included a small



32

Figure 1. Schematic of the approximate level of the basal ganglia and 
centrum semiovale horizontal PET metabolic images.
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portion of the superior tenporal gyrus, and continued posteriorly to 
Include the inferior tenporal gyrus. Medially this ROI excluded the 
atrlun of the lateral ventricles. Right and left sensorinotor cortex 
and posterior parietal lobe samples were taken fron the CS section.
The sensorioK>tor sanple extended approximately 1.5 cn anterior and 1.5 
cm posterior to the central sulcus and was approximately 1.2 cn wide. 
The parietal lobe sample was approximately 2.0 cm long by 1.2 cm wide 
and was taken in the area of the angular gyrus. Right and left 
hemispheric ROIs, both corrected for ventricle, were obtained from the 
BG slice to be consistent with earlier studies. Figure 2 shows a 
schematic drawing of ROI placement for both levels.

In addition to sampled metabolic rates, lateral asymmetries (LA) 
were examined according to the formula: LA - ([(R * L) / (R + L)]
X 100) where R stands for the glucose metabolic rate for the right side 
and L stands for the homologous left side rate. This index indicated 
whether a larger proportion of the total activity for a region occurred 
on the right or left side during either the baseline or memory condi­
tion. A positive value meant a larger proportion of activity was 
present on the right; a negative value meant a larger proportion of the 
total activity for two homologous regions occurred on the left. To 
determine if there was a difference in the distribution of metabolic 
activity across right and left homologous regions during the memory 
condition compared to baseline, a lateral asymmetry difference (LAD) 
was calculated for each subject according to the following formula:
LAD - (LA for memory) - (LA for baseline). A positive LAD index 
Indicated a larger proportion of activity occurred on the right side 
during the memory condition than during the baseline condition, and a
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Figure 2. Placement of basal ganglia and centrum semlovale level 
regions of Interest. (Hemispheric samples taken from basal 
ganglia slice.)
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negative LAD Index indicated a larger proportion of aetabolic activity 
vaa preaent on the left during the aeaory condition coapared to the 
resting condition.

Statistical Analysis
I. Behavioral data - The effect of disease on the dlscriaination 

index (DI) for the six delay intervals was tested using a aixed 
repeated-aeasures analysis of variance (ANOVA) with one 
between-subjects group factor and one within-subjects delay 
interval factor. A one-way ANOVA was used to exaalne group 
differences in response rate.

II. Metabolic data • analyses of the aetabolic rates for the two 
conditions and two groups:
A. To test if baseline glucose aetabolic rates for the 6 

regional saaples were significantly decreased in the deaented 
subjects relative to controls, a one-way nultivariate 
analysis of variance (MANOVA) and post-hoc univariate one-way 
F-tests were used. A MANOVA approach was required because 
the aetabolic rates of one region are not independent of the 
aetabolic rates of other regions. Regional percent dininu- 
tions were also calculated as an estinate of the extent to 
which each region was affected by AD.

B. To deteraine if the presence or absence of disease affected 
regional aetabolic rates during the 2 conditions differently, 
a aixed repeated-aeasures MANOVA for the coaposlte set of 6 
regional saaples was perforaed. Follow-up univariate aixed
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repeated-aeasures ANOVAs ware used to test which of the 
individual regions contributed to the significance.

C. A mixed repeated-aeasures MANOVA was also used to determine 
if the baseline and aeaory conditions differentially affected 
the control and AD group lateral asymmetries for the set of 6 
hoaologous ROIs. Again, univariate repeated-aeasures 
factorial ANOVAs were used for post-hoc testing.

D. The effect of the presence or absence of Alzhelaer’s disease 
on the redistribution of aetabolic activity during the aeaory 
condition relative to baseline for the set of 6 LA 
differences (LAD) was tested using a one-way MANOVA and 
post-hoc one-way ANOVAs.

C. 2 X 2  Fisher's Exact tests (group by lateral asymmetry) were 
used to exaaine the distribution of left and right LAs for 
subjects in the 2 groups. Separate tests were run for both 
the baseline and aeaory conditions on all 6 saaples.
Subjects with a LA greater than 0 were classified as showing 
a lateral asymmetry of metabolic activity that favored the 

right, while those with a LA index of less than 0 were 
classified as showing a lateral asymmetry of aetabolic 
activity that favored the left. Separate 2 by 2 Fisher's 
tests (group by LAD) were also used to exaaine the 
distribution of subjects for the two groups according to 
glucose netabolisn lateral asyaaetry differences (LAD) for 
the two conditions. Again, subjects with a positive LAD 
index were classified as showing a LAD that favored the right 
hoaologous region during the aeaory condition relative to
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baseline, while a negative LAO meant a left LAD classifica­
tion.

III. Behavioral and metabolic correlations - The relationships between 
the behavioral measures - the discrimination indax (01), the 
response rate (RR), and global daterloratlon scale (CDS) - and LAD 
of metabolic activity were determined with Pearson correlations.
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RESULTS 

Behavioral Assessment

Recognition memory In the Alzheimer subjects was significantly 
Impaired. The mean discrimination indexes (DI) for the elderly normal 
and AD subject groups at the 6 time-delay intervals during the memory 
condition are plotted in Figure 3. A computer technical problem 
prohibited the recording of one moderately impaired AD subject's (CDS - 
5) behavioral responses, therefore neither a DI or response rate (RR) 
could be calculated. The mean DI for the 7 controls (M - .73,
SB - .12; range - .55 to .88) was significantly higher than the DI of 

the 6 AD subjects (H - -.01, SC ” >02; range -> -.04 to 0), £(1, 11) - 
205.9, a " < .001. Controls also demonstrated a decrement in the mean 
DI over the 6 time interval delays; AD subjects did not. This inter­
action between the presence or absence of disease and delay interval 
was significant, £(5, 55) - 5.45, a < .001. The AD subjects, with a 
mean DI of approximately 0, demonstrated a floor effect.

All subjects responded during the memory task, though the response 

rate for controls (M - 99.3, SC “ 1-5; range - 96 to 100; fi - 7) was 
significantly higher than the response rate for the AD group (M - 72.2, 

SB - 16.5; range - 53 to 97; fi - 6), £(1, 11) - 19.0, p “ 001- The AD 
subjects, then, responded to most trials but were unable to recognize 
repeated items above a chance level.

Metabolic Rate Assessment
Baseline metabolic rates were analyzed primarily as a resting 

condition against which to compare the memory condition. They were
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Figure 3. Discrimination of old items from new iceas for elderly 
normal eubJecCa (fi - 7) end AD patience (fl - 6) as a function of 
the delay, in ainutes, between the first and second presentation 
of each repeated word. (Discrimination Index - Proportion of 
correctly recognized itens • Proportion of false alarms.)
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also examined Co determine if: (1) Che Alzheimer subjects of the 
presenc scudy were comparable metabolically Co Chose of previous PET 
studies, (2) if the use of ^C-2-DG produces results similar chose 
found with *®F-2-deoxy-2-fluoro-D-glucose and, (3) if the regions of 
Che brain most severely affecced by Che neuropathology of AD will be 
Che regions which show che largest diminutions in metabolic rates 
compared Co normal values. Group differences in regional metabolic 
rates during che memory study compared to baseline should provide 
insight into which regions are differentially affected by the task and 
disease.

Table 1 lists the mean glucose metabolic rates (^ga/100g/min) of 
the 6 averaged right and left homologous brain areas sampled for the 
normal and demented subject groups during the baseline and memory 
conditions. Also included are percent diminutions for the AD group 
relative to controls.

Baseline Condition Group Comparisons
The results for the baseline condition Indicated that the demented 

subjects, as a group, had significantly lower glucose metabolic rates 
than controls for the set of 6 averaged samples when tested using a 
one-way MANOVA, £(6, 7) - 4.05, g < .05. Post-hoc univariate £-tests 
showed that the individual regions affected significantly (g < .05). 
were the averaged right and left hemispheres, and the averaged frontal, 
averaged parietal, and averaged temporal lobes. The thalamic and, as 
predicted, sensorimotor cortex group differences were not significant, 
though activity tended to be lower in the AD group. The areas of the 
brain most affected by the neuropathological changes associated with 
Alzheimer's disease, the temporal and parietal lobes, demonstrated the

%
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TABLE 1

Regional Glucose Metabolic Rates in Horil Elderly and AD 
Sublecta Purina Baaellne and Memory Conditions

Region Group
Baseline

rGMR

Memorv

% Decrease

Vhole N 35.5 35.1
Slice -18.6 * -22.2 **

AD 28.9 27.3
Frontal N 34.4 35.3

-21.8 * -28.6 **
AD 26.9 25.2

Thalamus N 34.7 35.0
-6.6 -11.4

AD 32.4 31.0
Temporal N 35.4 34.6

-27.1 ** -28.6 ***
AD 25.8 24.7

Sensori­ N 37.1 38.1
motor -16.7 -20.5 *

AD 30.9 30.3
Parietal N 37.5 37.6

-27.2 ** -33.0 ***
AD 27.3 25.2

Note. The whole allce corrected for ventricle, frontal, thalamus, and 
temporal regions were sampled at the level of the basal ganglia. 
Sensorimotor and parietal lobe samples were taken at the centrum 
semiovale level. Percent decrease refers to rGMR of AD subjects 
relative to elderly controls.

rGMR - Regional glucose metabolic rates (^/100g/min).
* a < .05, 2-tailed F-tests
** p < .01, 2-tailed F-tests
*** p < .001, 2-tailed F-tests



45

■oat narked decreases In aecabollc rates (approxiaately 27%). Thalaaic 
aetabolic rates for the 2 groups at baseline were the least divergent.

Meaorv Condition Group Coaparlaona 
The pattern of dlainutlons for AD subjects coapared to controls 

was siailar for the aeaory condition. Though the overall betveen-group 
differences in aaan aetabolic rates were not significant for the 6- 
region coaposlte when tested using a one-way MANOVA (£(6, 7) - 3.45,
2 - .065), the aetabolic rates of the deaented subject group were 
significantly lower than controls (g < .02) for all regions but the 
thalaaus when tested with univariate £-tests (Table 1). The lack of a 
significant MANOVA £ value, however, increases the probability of the 
overall Type 1 error.

Meaorv Condition Coaoared to Baseline 
An inspection of Table 1 also indicates a differential effect of 

the two conditions on regional aetabolic rates for the two groups. In 
4 out of 6 regions the aean aetabolic rate increased during the aeaory 
condition for the controls and all 6 regional aetabolic rates decreased 
during the aeaory condition to values below baseline for the AD group. 
However, this apparent group difference in the effect of the aeaory 
activation was not significant. When tested using a 2 by 2 aixed 
repeated-aeasures MANOVA (groups by condition), the aultivariate inter­
action for the set of 6 regions' aetabolic rates was not significant, 
£(6, 7) - .42, 2 “ -84. Though a significant MANOVA condition effect 
was found (£(6, 7) - 4.12, g “ -04), none of the regional post-hoc 
aixed repeated-aeasures £•tests were significant. The MANOVA group 
effect was not significant, g > .05. The baseline and aeaory condi-
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ciona, then, did noc effect che Been regional aetabolic rates of the 
control and patient groups differently.

T w o ril Labt fltfbo llc  Rat«»
Though the group by condition interaction analysis on regional 

aetabolic rates reported in the previous section, "Meaory Condition 
Coapared to Baseline”, did not produce statistically significant 
results, the specific Interest in the teaporal lobe proapted a further 
analysis. An inspection of the range of right and left teaporal lobe 
aetabolic rates for the 2 groups did suggest the groups were affected 
differently, by the task. Table 2 shows the percentage of patients and
controls whose glucose aetabolic rates did not overlap for both
behavioral conditions and for the right and left teaporal lobes. Table 
2 also Includes the nuaber of false positives (controls whose aetabolic 
rates fell within the range of the patients) and false negatives 
(patients whose aetabolic rates fell within the range for controls). 
There was a coaplete group separation only for the left teaporal lobe 
during the aeaory condition. For the right teaporal lobe under the 
aeaory condition and both the right and left teaporal lobes during the 
baseline condition, only about 50% of the cases were nonoverlapping. 

Though the distribution of non-overlapping cases for the right and left 
teaporal lobes for the 2 conditions did not differ significantly
(X^(l) - 1.49, p > .05), these preliainary results suggest an iaproved
diagnostic utility of the aeaory condition.

Regional Lateral Asyaaetrles
The aost iaportant finding of the study was that clinically diag­

nosed AO subjects, when coapared to controls, exhibited abnoraal
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TABLE 2

Percentage of Sub1act« in the Control and Alzheimer Groups Whose 
Metabolic Rit«» In the Right and Left Ttmoral Lobes do not 

Overlap with Value* Obtained for the Other Group.

Non-overlapping
Cases

False
Positives*

False
Negatives1*

Baseline
Left 50% 4 3

Right 57% 5 1

Memory
Left 100% 0 0

Right 50% 5 2

Note. Control Group (N - 7)
Alzheimer Group (N - 7)
•Number of controls whose metabolic rate falls within the range 
of the patients.
^Number of patients whose metabolic rate falls within the range 
of the controls.
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lateral asyaaetries in aetabolic activity during the aeaory condition 
relative to baseline. Table 3 lists the aean regional aetabolic 
lateral asyaaetries (LA) for the control and AD groups during the , 
baseline and aeaory conditions. The differences in aetabolic lateral 
asynaetry Indexes for the aeaory condition coapared to baseline (LAD), 
are also included. Mean group LADs for each region are graphically 
depicted in Figure 4. It is notable that group separation is largest 
for the teaporal lobes.

Baseline Group Coaparlsons 
One-way MANOVAS were used to test if there were group differences 

in the magnitude of regional lateral asyaaetries and directional 
preference for glucose aetabolisa. The group difference for the set of 
regional lateral asynaetry absolute values at baseline was not signifi­
cant, £(6, 7) - 1.47, b  > .03. This neans the nagnitude of asyn- 
aetries, regardless of side preference, for the coaposite set of values 
was not different between groups. Multiple univariate one-way F-tests, 
however, suggested a group difference in the degree of asynaetry for 
the frontal lobes, £(1, 12) - 6.18, p < .03. A second MANOVA for 
directional preference of glucose aetabolisa also indicated the lack of 
a statistically significant group difference, £(6, 7) - 1.51, p > .05. 
These results suggest that while there was a tendency for AD patients 
to show a greater degree of asynoetrical glucose aetabolisa in the 
frontal lobes, one side was not consistently favored over the other.

Meaorv Condition Relative to Baseline 

A aixed repeated-aeasures MANOVA was used to determine if the baseline 
and memory conditions differentially affected the control and AD group 
LAs for the set of 6 hoaologous ROIs. A significant group by condition
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TABLE 3

Regional Lateral Asyaaetries and Changes in Asyaaetries for Normal 
and Deaented Sublecta During Baseline and Meaorv Conditions

Region Group
Baseline

LA

Meaorv

LA LAD

Heai- N -0.33 -0.44 -0.10
spheres

AD +0.45 +0.17 -0.27
Frontal N -0.86 -1.01 -0.15

AD +2.12 +0.46 -1.66
Thalamus N -0.47 •1.98 -1.52

AD -0.32 +1.23 +1.55
Teaporal N +1.24 +0.87 -0.37

AD -2.82 +2.37 +5.19

Sensori- N +1.25 0.00 -1.25
aotor

AD -0.24 -1.31 -1.06
Parietal N -0.23 -0.54 -0.31

AD -0.67 +0.21 +0.88

Note. LA - lateral asymmetry index. Lateral asyauetry was calculated
fron Che right (R) and left (L) hoaologous region aetabolic rates 
<yV100g/ain) according to: [(R - L) / (R + L)] X 100.
LAD - lateral asymmetry difference index. The difference in lateral 
asyaaetries during the aeaory condition coopered to baseline was 
calculated according to: (LA for aenory - LA for baseline).
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Figure 4 . Mean lateral asynaetry dlfferencea (LAO) for elderly 
normal subjects (fi ** 7) and AD subjects (M - 7) by region.
Hea - Heaisphere; SM - Sensorimotor; Tea - Teaporal; Fro - Frontal; 
Thai - Thalamus; Par - Parietal. Bars represent aean value,
+/- 1 standard deviation.
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interaction was found (£(6, 7) - 5.62, a - .02) and, as expected, only 
the temporal lobe demonstrated a significant Interaction effect when 
all samples were tested Individually using post-hoc univariate mixed 
repeated-measures F-tests, £(1, 12) - 12.46, a - .004. As seen in 
Figure 5, the controls, on the average, favored the right temporal lobe 
during both conditions, but were less disposed toward the right during 

the memory condition (mean LA - 1.24, Si) - 2.9, for baseline and mean 
LA - .87, Sfi - 3.4, for memory). For the AD group, the mean LA favored 
the left temporal lobe during the baseline condition (mean LA - -2.82, 
SD - 7.8) and the right during the memory condition (mean LA - 2.37,
SD - 8.5). Figure 5 also displays the nonsignificant, but dlrec- 
tionally comparable, condition by group interaction for the thalamus. 
The hemispheric LAs (Figure 5) showed a parallel nonsignificant trend 
to the left from baseline to memory which indicated the temporal lobe 
effect cannot be accounted for by a generalized hemispheric activation. 
Similarly, the sensorimotor samples demonstrated the expected, though 
nonsignificant, trend toward a left lateral asymmetry during the memory 
condition relative to baseline (Figure 5). The multivariate group 
effect on the LA for the set of regional samples was not significant, 
£(6, 7) - .76, a > .05, although a significant condition effect was 

found, £(6, 7) - 3.87, a " 05. Again, follow-up univariate F-tests 
indicated that only the temporal lobe reached significance,

£(1, 12) - 9.35, a - .01.
A one-way MANOVA was used to test if the mean LAD for the memory 

condition compared to baseline was different for the AD subjects 
compared to controls for the 6-ROI composite (see Figure 4). A 
significant group difference was found (£(6, 7) - 5.62, a “ -02) and,
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Figure 5. Regional lateral asyaaetries of glucose aetabolisa 
(^ga/lOOg/ain) as a function of condition for elderly noraals 
(H ” 7) and AD patients (H - 7).
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again, only cha taaporal loba LAD for tha AD group (U - 5.19, 5D - 3.8) 
differed from controls (U - -.37, SD - 1.61) upon follow-up univarlata 
F-tests, £(1, 12) - 12.46, g - .004. These results indicate that for 
tha AD subjects, on tha average, a greater proportion of the total 
temporal lobe activity favored the right during the meiaory condition 
coispared to the baseline condition. Controls, however, shoved the 
expected redistribution of activity to the left. A greater proportion 
of the total temporal lobe activity occurred on the left side during 

the memory condition relative to baseline.
The relative frequency of normal and AD subjects that showed 

either a left (L) or right (R) lateral asymmetry (LA) for any of the 6 
individual regions during either the baseline or memory condition did 
not differ when tested using serial 2 by 2 Fisher's Exact tests, 
p > .05. In other words, the group by left or right LA Interaction was 
tested separately for each region during each condition, for a total 
series of 12 crosstables, and the distribution of L and R lateral 
asymmetries did not differ between the 2 groups.

As hypothesized, the relative frequency of normal and AD subjects 
that demonstrated a different metabolic asymmetry across the homologous 
R and L temporal lobe samples during the memory condition relative to 
baseline was significantly different, Fisher's Exact, g < .025. A 
negative LAD index meant a subject was classified as demonstrating a 
left LAD; a positive value meant a right LAD. All 7 AD subjects 
demonstrated a LAD that favored the right during the memory condition 
compared to baseline and 5 out of 7 controls showed a LAD that favored 
the left. It is possible, however, this outcome may have been due to 
chance since 7 different Fisher's tests were performed. The hemi­
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spheric, frontal, parietal, sensorlnotor, and thalaaic aetabolic 
responses did not show any evidence of this redistribution of activity 
during the aeaory challenge relative to baseline. That is, there were 
no significant group differences in lateral asynaetry differences for 
the two conditions.

As described in the Methods section, two AD subjects participated 
in the aeaory task before the baseline condition. The other 12 
subjects participated in the baseline condition first. LAD indexes 
were exaained to deteraine if the order of conditions had a differen­
tial effect on the two subjects who received the aeaory condition 
first. The LAD indexes for both subjects were within 1.5 standard 
deviations of the aean heaispheric and teaporal LAD indexes for the AD 
group. Rankings of the two subjects' LAD indexes for the heaispheric, 
sensoriaotor, teaporal, and frontal saaples were also exaained. No 

consistent pattern was found. In other words, neither of the two 
subjects had consistently high or low LAD index when coapared to the 
other AD subjects.

Behavioral/Metabolic Asynaetry Correlations
The nagnitude of the LAD for the teaporal lobe correlated signif­

icantly with accuracy of itea recognition as estiaated by DI (p - -.79, 
P - .002, H - 13; see Figure 6), with response rate (p - -.71, p - .01, 
H - 13; see Figure 7), and the CDS rating of global cognitive impair- 
sent (p - .66, p - .02, fi - 14; see Figure 8). The high correlation 
between the DI and LAD should be interpreted with caution, however. As 
Figure 6 shows, it is primarily due to the closely clustered points of
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the two groups at opposite ends of the graph. No other significant 
correlations between LAD and DI, RR, or CDS were found.



Figure 6. Teaporal lobe lateral asynaetry difference (LAD) as 
a function of discrimination index (DI) for elderly normal 
subjects (H - 7) and AD subjects (H - 6).
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Flyura 7. Teaporal lobe lateral asynaetry difference (LAD) as 
a function of response rate (RR) for elderly noraal subjects 
(H - 7) and AD subjects (H - 6).
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Figure 8. Temporal lobe lateral asymmetry difference (LAD) as
a function of global cognitive Impairment (CDS) for elderly normal 
subjects (H - 7) and AD subjects (M - 7).
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DISCUSSION 

Behavioral Performance

The results of the present study are consistent with previous 
reports that a recognition task will differentiate elderly controls 
from Alzheimer patients (Branconnier at al., 1982, Hiller & Lewis,
1977). The performance of Alzheimer patients on the recognition memory 
task was significantly poorer than normal elderly controls. Though 
Alzheimer subjects did, on the average, respond to a majority of items, 

they responded to significantly fewer trials than did controls and were 
unable to discriminate old items from new above a chance level.

The floor effect for the AD patients explains the seemingly 
contradictory forgetting curves seen in Figure 3. These curves suggest 
that while controls recognized fewer items with increasing delay 
intervals, AD patients did not forget. The reduction in discrimination 
accuracy as a function of delay Interval in elderly normals using a 
verbal continuous recognition paradigm is consistent with previous 
studies (Harker & Reige, 1985; Poon & Fozard, 1980). The lack of a 
negative slope in the forgetting curve of AD patients occurred because 
they were unable to recognize even those items that were immediately 
redisplayed on the monitor..

This inability of AD subjects to recognize repeated items above a 
chance level suggests that the task may have been too hard for them and 
raises the question of whether or not they were, in fact, participating 
in the memory task. Other results of the study suggest that the 
demented patients were performing under the constraints of the memory 
task: (1) they responded to the majority of trials, (2) the abnormal
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metabolic brain response was restricted specifically to the temporal 
lobes, and (3) all 7 AO subjects demonstrated a differential metabolic 
response to the memory task relative to baseline that favored the right 
temporal lobe, while 5 out of 7 controls, as expected, favored the 

left.
Poor performance also does not necessarily preclude mental effort. 

An individual might understand a task and try to perform accurately, 
yet fail to execute the task efficiently. Vood, Armentrout, et al. 
(1980), in a CBF case study, instructed a subject with retrograde and 
anterograde amnesia to try his best to recognize words in a second word 

list that he had seen previously displayed in a first list. Though the 
subject gave 16 out of 40 "yes" responses, his performance accuracy was 
at a chance level. The authors stated that the patient understood the 
task and did appear to be trying to recognize the words. Interestingly, 
he too showed a specific right posterior brain activation during the 
memory task which was opposite to an observed left-sided response in 
normals (Wood, Taylor, Penny, & Stump, 1980). The AD patients in the 
present study also may have been trying to perform the task accurately, 
but were unsuccessful because it was too difficult.

Regional Metabolic Rates for Baseline and Memory 
Baseline Condition

The significant decrement in basal ganglia whole slice, frontal, 
temporal, and parietal regional glucose metabolic rates, using H-C-2DG, 
in the AD group compared to age-matched controls is consistent with 
earlier studies using both PET with ^®F-2-deoxy-2-fluoro-D-glucose (de 
Leon, Ferris, George, Christman, et al., 1983; de Leon, George, Ferris,
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•C al., 1983; Chase, Foster, & Mansi, 1983; Cutler, et al., 1985; 
Friedland, Brun, & Budinger, 1985) and CBF (Siaard et al., 1971; Yama- 
guchi et al, 1980). However, the nonsignificant thalamic decreases in 
the present study were much less than in our previous studies; -7% 
versus 20% (de Leon, George, Ferris, Christman, et al., 1983). This 
discrepancy is probably due to the improved spatial resolution of the 
PET VI scanner, compared to PET III, and the Improved method of mapping 
structural CT anatomy onto PET scans. Though CT anatomy was also used 
to outline metabolic anatomy in PET III images, the process has been 
refined for use with PET VI Images. Vlth PET VI, more sharply defined 
ROI placement is possible and artifact from partial volumlng is 
minimized (Mazziotta, Phelps, Plummer, & Kuhl, 1981). Although 
sensorimotor samples were not taken in our previous studies, other PET 
(Benson et al., 1983, Cutler et al., 1985) and CBF (Hachlnskl et al, 
1975) reports have also indicated a relative sparing of the primary 
sensorimotor cortex.

These results support the hypothesis that the higher-order 
"association" areas most heavily affected by the neuropathologlcal and 
neurochemical changes in AD also show the largest metabolic diminu­
tions: the temporal and parietal lobe samples were 27% lower than
those of age-matched controls. As expected, AD sensorimotor and 
thalamic metabolic rates were not significantly decreased relative to 

controls, though they did tend to be lower. Sensorimotor samples were 
17% less than controls; thalamic samples, 7%. One interpretation of 
this hypometabollsm in AD is that it reflects hypofunction. Partial 
degeneration, deafferention, or a loss of intrinsic cortical neurons 
(Foster et al., 1984) all may contribute.



67

These results suggest thst while AD Is « global disease, it does 
not affect all brain regions uniformly. This nonuniforalty is consis­
tent with the clinical features of the disease. Memory, language, 
vlsuospatial skills, and orientation are markedly Impaired, while 
sensorimotor deficits are relatively preserved until the later stages.

The similar diminution in the frontal, temporal, and parietal 
regional metabolic rates found in this and previous reports (Benson et 
al., 1983; de Leon, Ferris, George, Christman, et al., 1983; de Leon, 
George, Ferris, et al., 1983) is in disagreement with the more marked 
decreases found in the parieto-temporal area relative to frontal lobe 
samples reported by other investigators (Chase, Foster, & Mansi, 1983; 
Duara, et al., 1986; Foster et al., 1984; Friedland et al., 1983)..
This discrepancy may be due to differences in patient severity of 
cognitive deficits. It is possible, for example, that our AD subjects 
were relatively more demented than patients used by Friedland et al. 
(1983). That study included six mildly impaired and four moderately 
impaired patients, while our group consisted of two mildly impaired and 
five moderately to severely impaired patients. Other between-study 
differences include dissimilar procedures for Identifying metabolic 
anatomy. Some groups have used standardized atlases or the PET scan 
alone to define regional activity. Such procedures, in the absence of 
specific anatomic information from individual patients, would lead to 
inconsistent ROI samples.

As mentioned before, interpretation of study results across groups 
has been further complicated by different ways of reporting results.
For example, ratio data been reported by some groups (Friedland, Brun,
& Budinger, 1985), whereas mean metabolic rates have been reported by
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others (Chase, Foster, & Mansi, 1983; da Laon, Farris, Gaorge, 
Christiaan, at al., 1983). It should ba pointad out that in studies 
that report metabolic rates, the pattern of diminutions described is a 
qualitative one. Tests of significance comparing regions are usually 
not reported. Also, some studies report a relative sparing of the 
frontal lobe compared to the temporal and parietal regions. The use of 

"relative” can be misleading. For example, in two such studies the 
frontal diminutions were substantial; 21% (Chase, Foster, & Mansi,
1983) and 24% (Foster et al., 1984). These metabolic decreases for the 
frontal lobe are similar to that found in the present study (22%). 
Nevertheless, neuropathological, neurochemical, CBF, and PET studies 
demonstrate that the temporoparietal areas are relatively more affected 
by AD than the frontal area and suggest that these changes are probably 
responsible for many of the cognitive impairments associated with the 
observed dementia.

tfagpry Condition; Normal Subjects
It was expected that the memory condition would result in signi­

ficantly increased metabolic rates for the normal group relative to 
baseline, especially for the temporal lobe. Cerebral blood flow tasks 
that have measured brain activity in response to verbal memory pro­

cessing in normals have reported left hemisphere regional CBF increases 
that range from 4% during episodic memory tasks (Wood, Taylor, Penny, & 
Stump, 1980), to 7% during the learning and recall of paired associates 
(Maximilian, Prohovnik, Risberg, & Hakansson, 1978), to as high as 15% 
in a digit-span-backward task (Risberg & Ingvar, 1973). It is unclear 
why the paradigm used in the present study did not produce significant 
increases in temporal lobe mean metabolic rate. Though tfood, Taylor et
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al. (1980) reported snail flow Increases of 4% during recognition 
nenory processing, the largest regional Increases in the present study 
were less than 2%.

One possible reason for this discrepancy nay be the definition and 
use of "baseline” or "resting” conditions. Cerebral blood flow 
studies, in contrast to the present study, frequently conpare the 
behavioral activation condition with a narkedly reduced sensory 
stinulatlon baseline. Subjects often lay quietly with their eyes 
closed (Ingvar, Risberg, & Schwartz, 1975) and ears plugged (Meyer, 
Funlhiko, Narltoni, & Grant, 1978) in a dark roon (Yanaguchl et al., 
1980). We chose to have the resting envlronnent as sinilar as possible 
to the testing envlronnent. Subjects sat quietly, but their eyes were 
open and their ears were unplugged in a lit roon. Therefore, our 
baseline condition provided nore sensory stinulatlon than did the CBF 
studies and nay have resulted in a higher baseline activity level 
against which the nenory condition netabolic rates were conpared.

It has been suggested that sinple cognitive tasks do not require a 
great deal of nental effort and therefore do not produce significant 
brain responses (Maxinilian et al., 1978). It is possible, then, that 
the lack of significant increases in tenporal lobe netabolic rates in 
the noraals was because the task was too easy. However, the average 
discrinination index (proportion of hits - proportion of false alarms) 
for nornals in the present study was 0.73. This does not appear to 
reflect a celling effect.

Another possible factor nay be the poorer tenporal resolution of 
PET relative to CBF. PET netabolic rates represent an average of what 
takes place during the 30 ninute uptake period. CBF studies are



generally shorter; the behavioral task may only need to take place for 
3 to 4 minutes (Wood, 1983). As Blrkett (1977) and Levy (1983) have 
suggested, brain function Is dynamic. The functional coupetency of a 
given region, or hemisphere, Is not fixed but varies during task execu­
tion as a function of several factors such as focusing of attention, 
momentary distraction, or psychological set at a given moment. As a 
result, the "average" metabolic response specific to memory processing 
over a period of 30 minutes may be small compared to that generated by 
the overhead of dynamic tasksvltching and basic background activity 

needed to maintain function. In a sense, there is a tradeoff; the 
coarser temporal resolution of PET compared to CBF in exchange for the 
3-dimensional tomographic image and much increased spatial resolution 
of PET which is not possible with CBF.

Memory Condition:__AD fltltnti
The lack of significantly increased metabolic rates in the AD 

patients during memory processing compared to baseline was not 
unexpected. These patients have marked neuropathological and neuro­
chemical changes in temporal lobe structures which have been implicated 
in memory processing; the hippocampal formation and amygdala as well as 
neocortex. Also, of the few CBF studies that presented several types 
of cognitive tasks to AD subjects and controls, AD patients did not 
demonstrate the marked cerebrovascular responses seen in the normals. 

Neither problem solving (Ingvar, Risberg, & Schwartz, 197S), or 
counting, listening to music, or speech (Yamaguchl et al., 1980) 
resulted in increased regional gray matter flow. It has been suggested 
that the lack of activation during problem solving in AD patients may 
be explained by cortical neuronal degeneration in the higher-order
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"association” areas which are specifically involved in the cognitive 
task (Ingvar, Risberg, & Schwartz, 1975), a lower level of general 
activity (Ingvar, Risberg, & Schwartz, 1975; Risberg & Ingvar, 1973; 
Yamaguchl et al., 1980), or by the patients not understanding the task 
(Ingvar, Risberg, & Schwartz, 1975). For example, the patients may not 
have realized that the test Involved problem solving. So while the 
task may induce greater activation in primary and secondary sensori­
motor areas which are less affected by the disease, little activation 
occurs in the "association" areas expected to be activated during 
problem solving (Risberg & Ingvar, 1973). This explanation, however, 
does not take into account that the demented subjects of Ingvar, 
Risberg, and Schwartz (1975) also failed to demonstrate significantly 
augmented grey matter flows in the sensorimotor cortex.

The cognitive activation procedures of the Ingvar, Risberg, and 
Schwartz (1975) and Yamaguchl et al. (1980) studies makes a comparison 
of their results and those of the current study quite tentative. The 
CBF studies did not use memory tasks, did not give the control and 
demented groups identical tasks, and did not present the behavioral 
tasks in k controlled manner. Also, neither CBF study analyzed lateral 
asymmetries during the behavioral activation condition relative to 

baseline.
Memory Condition:__Group Comparisons

It was of interest that during the memory condition the brain 
regions of the AD patients and controls tended to respond metabolically 
to the functional demands of the task in opposite directions. For the 
controls, four of the six regions, on the average, tended to demon­
strate an increase in metabolic rates during the memory task, while all
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six regions for Chs AD group dscrssssd. Though chs diffsroncs botvoon 
condicions was minimal and nonsignificant, a siailar paradoxical affect 
has bean reported using CBF aeasureaents (Ingvar, Risberg, & Schwartz, 
1975). During tasting with Raven's matrices, 7 of 11 AD patients 
demonstrated decreased flows in pre- and postcentral regions, parti­
cularly in the parietal lobe. This effect did not occur in psycho- 
metrically normal controls. Ingvar and his colleagues described the 
phenomenon as "intellectual steal". The hypothesis is that a region 
with low flows during resting is an Ischemic region that cannot respond 
to the functional demands that occur during behavioral activation. 
Surrounding areas vasodialate and the flow in the affected region 
decreases further. The results of Yamaguchl et al. (1980), however, 
are not consistent with this hypothesis. In their behavioral activa­
tion study with demented subjects, no significant increases in regional 
CBF accompanied the regional CBF reductions that occurred during 
activation. Similarly, the demented subjects in the present study did 
not show any regional metabolic increases during the task relative to 
baseline. Though the hypothesis proposed by Ingvar, Risberg, and 
Schwartz is intriguing, further research is needed to test the theory.

SniMjrv

Although the baseline and memory conditions did not show the 
expected differential effect on group mean metabolic rates, a com­
parison of ranges for the AD and control metabolic rates did imply that 
the temporal lobes do not function normally in AD patients during 
attempted memory processing. The distributions of metabolic rates for 
the left temporal lobe alone, during the memory condition, did not 
overlap for the groups (see Table 2). An examination of Individual
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netabolic values showed ChaC tha laft Caaporal loba of Cha patients was 
always lower than that of tha controls. These results suggest that the 
left tenporal lobe of the AO patients nay be selectively inpaired and 
■Ight have a reduced ability to respond to the functional denands of 
aeaory processing. They also suggest, as have CBF studies In psychi­
atric populations (Gur, Skolnlck, et al., 1983; Gur et al., 1984), that 
cognitive activation studies nay provide a nore sensitive diagnostic 
probe for Alzheimer'■ disease than do resting baseline studies.

Metabolic Lateral Asynoetries 
Overview

Although the baseline and nenory conditions did not differentially 
affect the netabolic rates of the two groups, there were significant 
lateral asynnetry group differences. Asynnetry ratios are advantageous 
because confounding between-study factors such as nachine drift, 
different calibrations across nachines, and global netabolic rates 
should act as constants and not affect regional conparlsons derived 
fron a particular scanning session. It follows that a greater sensi­
tivity to detecting netabolic differences due to cognitive or sensor!- 

notor processing can be achieved by using ratios. The rate of netabo- 
lisn necessary to keep a particular region at a physiologic baseline 
level would also be a constant. The difference in activity above this 
level of functioning nay be assuned to be due to task processing. 
Therefore, if subtle netabolic asynoetries exist due to behavioral 
activation, ratios will be more likely to detect those differences than 
will netabolic rate conparlsons. If, however, netabolic rates increase 
bilaterally by the sane amount, lateral asynnetry indexes would not
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detect en ectlvetlon effect. In the current study, the leterel 
asynnetry index did prove to be a nore sensitive neasure of changes in 
regional activity that occurred during the nenory condition conpared to 
baseline. The results shoved a non-significant group by condition 
interaction for nean netabolic rates, but a significant group by 
condition interaction using nean lateral asynnetrles.

Groun Differences at Baseline
Though significant group differences in nean regional lateral 

asynnetrles at baseline were not found, differences in the absolute 
value of lateral asynnetrles for the two groups were detected in the 
frontal lobe. This indicates that there are differences between AD 
patients and controls in the nagnitude of netabolic asynnetrles, but no 
predonlnant direction of asynnetry. These results are consistent with 
previous PET studies that have analyzed netabolic lateral asynnetrles 
in AD patients and age-natched controls, although tenporal and parietal 
lobe asynnetrles have also been reported (Benson et al., 1983; Chase, 
Foster, & Mansi, 1983; de Leon, Miller, & Klinger, 1986; Duara et al., 
1986; Foster et al., 1984; Friedland, Budinger, et al., 1985; Friedland 
et al., 1983; Haxby et al., 1986; McGeer et al., 1986).

Though energlng evidence suggests that AD patients have a greater 
degree of lateral netabolic asynnetry than do controls, the reason for 
this is unclear. Most neuropathological and neurochenical studies do 

not report lateralized differences in cell counts or norphological 
changes, or in transnltters and their associated enzynes. Unfor­
tunately, sanples are taken fron either the right or left side or both 
sides, and, in nany cases, the nethods section does not nention fron 
which henisphere the sections were taken. One recent abstract suggests
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chat In AD there are post-mortem right-left varlationa In aorphologlc 
and chollnargic aarkars, but doas not spaclfy tha natura of tha asyn- 
aatrlas (Moosay, Hanin, Hartinaz, & Rao, 1985). CT studias also althar 
fall to raport haaispharlc dlffarancas or hava raportad spacifically 
that regional atrophy is syaaatrlcal (Duara at al., 1986; NcCaar at 
al., 1986). However, tha increased variability of aatabolic asym- 
aatrias and lack of a right*left preference is consistent with the 
variety of clinical symptoms and may be another clue to tha hetero* 
genelty of Alzheimer's disease (da Leon, at al., 1986; Mayeux, Stern, & 
Spanton, 1985).

T ask -D ep en d an t- A « v iT i - J a «

The impaired verbal recognition memory of the AD patients appears 
to be directly linked to an abnormal asymmetry of glucose utilization 
in the temporal lobe. More specifically, the memory task and the 
baseline condition differentially affected the mean temporal lobe 
lateral asymmetries of the clinically diagnosed AD subjects and control 
groups. In all seven AD patients a greater proportion of metabolic 
activity favored the right temporal lobe during the memory condition 
compared to baseline. The opposite effect occurred in the controls; in 
five out of seven subjects, more activity was focused on the left 
during the memory condition relative to baseline. Though neuropatho- 

logical and neurochemical studies predict that AD memory impairment is 
primarily related to bilateral temporal lobe disease, these results are 
unique because they suggest a preferential left temporal lobe impair­
ment. Apparently, there is no current structural or neurochemical 
evidence to indicate that Alzheimer's disease has a predilection for 
the left temporal lobe.
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This abnormal metabolic response of Che demented patients during 
the memory task was specific to the temporal lobes, not the result of a 
generalized right-hemispheric response. Like the elderly normal 
subjects, AD patients demonstrated a change in metabolic lateral 
asymmetries during the memory condition relative to baseline that 
tended toward the left hemisphere. The favoring of the right temporal 
lobe in AD subjects also cannot be attributed to the sensorimotor 
stimulation that occurred from pressing the response buttons with the 
fingers of the right hand. Right hand movements have been shown to 
cause a preferential activation of the contralateral primary sensori­
motor cortex (Olesen, 1971). Consistent with this finding, both groups 
in the present study showed higher metabolic rates in the left, 
compared to right, sensorimotor cortex during the memory task relative 
to baseline. It appears, then, that the cognitive, and not the 
sensorimotor, component of the memory task specifically induced the 
task-dependent change in temporal lobe metabolic lateral asymmetries.

The relationships between the indexes of on-line task performance 
(discrimination index and response rate) and magnitude of change in 
temporal lobe lateral asymmetries further supports the specificity of 
the temporal lobe metabolic findings to the cognitive components of the 
behavioral task. There were no significant correlations for other 
brain regions between change in lateral asymmetries during the memory 
condition compared to baseline and behavioral performance measures. 
Vhlle it is clear that the abnormal metabolic response of the AD 
subjects during the memory task is related to both their "on-line” 
performance and to their more general clinical memory impairment, it is
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not clear why a graatar proportion of tha teaporal loba activity should 
favor tha right sida during tha aenory task conparad to baaelina.

Spaculationa on tha Matabolic Raaponaa to Memory Task Participation 
As hypothasizad, aaaory task participation and tha resting 

basalina condition affactad tha distribution of taaporal loba aatabolic 
activity in eldarly noraal subjects and AD patients differently. 
Controls favored the left; AD patients tha right. Furtheraore, task 
parforaance and overall cognitive iapairaant correlated significantly 
with tha aagnitude of asynnetry change for the two conditions. The 
poorer the parforaance or greater tha cognitive deterioration, the aore 
netabolic rates favored the right tenporal lobe. This abnoraal 
response nay have been due to several factors: (1) noncoapliance due to 
left tenporal lobe neuropathology, (2) inefficient aenory processing 
due to a decreased general arousal, or (3) the right tenporal lobe 
assuaing an active role in the aenory task despite an unresponsive left 
tenporal lobe.

Noncoapliance and Left 

The poor recognition aenory perfornance and siaultaneous failure 
of the left tenporal lobe to show evidence of activation in the AD 
subjects nay have been due to preferential left tenporal lobe neuro­
pathology. Neuropathological (Ball et al., 1985; Hyaan, Van Hoesen, 
Daaasio, & Barnes, 1984) and neurochenlcal (Coyle, Price, & DeLong,
1983) studies indicate that the tenporal lobes are aarkedly impaired in 
AD. Lesion studies show that left tenporal lobe structures, priaarily 
the hlppocaapal formation and anygdala, are intimately involved in 
verbal aenory processing (Kolb & tfishaw, 1985). Finally, CBF studies
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suggest chat compromised brain regions do not react normally to mental 
activation (Ingvar, Risberg, & Schwartz, 1975). Thus it is possible 
that the poor memory performance of the AD subjects may have been due 
to an inability of the left temporal lobe to respond appropriately, or 
at all, to the functional demands of the memory task. A likely 
conclusion to follow is that AD patients were simply responding in some 
fashion to a series of geometric shapes appearing on the display 
console and that the right temporal lobe was responding to nonverbal 
vlsuospatlal stimulation.

If the change in lateral asymmetries toward the right in the AD 
group was due to simply to the vlsuospatlal stimulation qualities of 
the letters, without a concordant lexical component, cerebral blood 
flow studies suggest that the parietal-occipital junction would be the 
region to show the expected activation (Risberg, Halsey, Wills, & 
Wilson, 1975). Though the right parietal lobe of the demented subjects 
was marginally favored in this study during the memory condition 
compared to baseline, the alteration was minimal and nonsignificant. 
Furthermore, normal subjects received the same visual stimulation, yet 
tended to favor the left parietal lobe.

Two CBF case studies in amnestic patients (Wood, Armentrout, et 
al., 1980; Wood, McHenry, et al., 1980) provide additional evidence 
against the possibility that the abnormal metabolic response in the AD 
patients was simply due to not understanding the task demands. Both 
subjects participated in a verbal recognition memory task, both had 
left-sided damage either in the temporal lobes or thalamus, and both 
demonstrated an Increase in right hemisphere flows. One patient had 
remitted retrograde amnesia and performed well on the task, yet right,
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not left, medial temporal lob* activity corralatad with task accuracy 
(Wood, McHenry, at al., 1980). Tha othar amnestic aubjact understood 
tha task and indicated h* was trying to remember the words, but like 
the demented subjects of tha present study, recognized new items only 
at a chance level. He too showed higher activity levels in the right 
hemisphere (Vood, Armentrout, et al., 1980). These results indicate 
that left-side brain damage can result in a preferential right hemi­
sphere response to recognition memory task participation. They also 
suggest that this abnormal activation is independent of how accurately 
the subject performed.

Decreased Arousal in AD 
Lower levels of cerebral activity and the lack, or diminution, of 

a general arousal response have been used to explain the failure of 
hemispheric CBF Increases in AD patients during behavioral activation 
paradigms (Ingvar, Risberg, & Schwartz, 1975; Yamaguchl et al., 1980). 
An abnormal general arousal response has also been used by Talland 
(1965) to explain the amnestic component of Korsakoff's syndrome. 
According to Talland, memory impairment in Karsakoff's may be caused by 
Incomplete, rather than nonexistent, memory processing. The hypothesis 
is that recognition marks the closing of search cycle; ie. the finding 
of a match or close fit. This match can occur immediately or, as is 
usually the case, may be sustained over repeated attempts. Because of 
an abnormal general arousal and a premature closing of function, or 
search, the amnestic is unable to sustain the searching operations in 
the same way as normal Individuals. It is of interest that this 
failure to complete goal-oriented responses, or to sustain excitatory
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activity In tha brain, haa baan tiad to lapairad hippocaapal function 
(Adal, cltad in Talland, 1965).

Tha lapairad aaaory parforaanca of tha AD subjects, carrying 
Talland*s hypothesis further, nay ba due not to a lack of aaaory 
processing, but to Inefficient aaaory processing. Generalized lower 
cerebral netabolic rates In AD nay ba associated with a dlnlnlshed 
arousal. Tenporal loba neuropathology probably coaproaisas verbal 

recognition aaaory. Together, these two lnpaiments could severely 
Halt aenory processing in AD patients.

Right Taaooral Loba Activation 
The possible conpronised function of tha left tenporal lobe does 

not exclude tha possibility that tha right lobe renains active in AD 
patients during aaaory processing. The baseline and aenory conditions 
did -affect the lateral asyanstrles of the two groups significantly 
differently and the effect was particularly narked for the AD group.
It aay be that the distinctive neuroanatoalcal organization of the 
right and left heaispheres is a contributing factor to the abnornal 
right*sided netabolic response observed in the AD patients.

Goldberg and Costa (1981) have argued that the right heaisphere is 
prlnarlly organized for inter-regional integration, while left heai­
sphere organization suggests a predominant focus on intra-regional 

integration. According to the authors, this difference in organization 
aay result in fundamental distinctions in cognitive processing:

... the right heaisphere has a greater ability to perfora inter- 
aodal integration and to process novel stlauli; the left heai­
sphere is aore capable of unimodal and aotor processing as well as 
the storage of compact codes. In the process of acquisition of a
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new descriptive systea, the right heaisphere plays e critical role 
in initial stages of acquisition, whereas the left heaisphere is 
superior at utilizing well-routlnized codes. This leads to a 
rlght-to-left shift of heaisphere superiority as a function of 
increased coapetence with respect to a particular type of proces­
sing (Goldberg & Costa, 1981, p.144).

The cognitive consequences of this hypothesis also predict that during 
the early stages of acquisition, the right heaisphere should deaon- 
strate a preferential superiority in perforaance, while the perfornance 
of the left heaisphere should gain superiority as the skills needed for 
task execution are acquired and routlnized.

For the noraal subjects in the present study, this hypothesis 
suggests a possible sequence of events that could have taken place 
during the nenory task. First, the concept of the recognition task nay 
have been very faalliar to then in which case the left heaisphere would 
have taken the predonlnate role fron the beginning. Or, secondly, as 
the task becaae quickly nastered, a shift in activity froa the right to 
left heaisphere would have occurred. In either case, the left heai­
sphere would play the donlnate role throughout nost of the task and 
this is what the results suggest.

More Interestingly, the Goldberg and Costa hypothesis also 
suggests a plausible explanation for the aarked AD change in lateral 
asynnetrles toward the right. Because of left tenporal lobe daaage and 

associated recognition aenory iapalraent, perhaps the denented indivi­
duals continuously responded to the itea presentations as if they were 
novel. If so, the AD patients would have renained in the early stages 
of acquisition throughout the task. As a result, they would have been
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unable to routinize Che task and its execution. The normal right-to- 
left shift in hemispheric performance and metabolic activity would not 
have occurred and the right hemisphere would have predominated through­
out the task.

To fully Investigate the merits of this hypothesis, however, the 
change in hemispheric activity would need to be analyzed over the 
changes in psychometric performance. One would also expect that if the 
right hemisphere is organized for inter-regional integration, other 
areas of the right hemisphere in AD subjects would have shown a task- 
dependent, right-.sided superiority. This was not the case. The 
results were highly specific to the temporal lobe. Even within these 
limitations, however, the Goldberg and Costa hypothesis remains an 
intriguing speculation.

Conclusions
Previous PET studies have reported relationships between cognitive 

Impairment in AD and glucose metabolic rates (de Leon, Ferris, George, 
et al., 1983; Ferris, de Leon, et al., 1980; Foster et al., 1984; 

McGeer, et al., 1986; Rapoport, Duara, et al., 1984), but have corre­
lated their measures with neuropsychological scores obtained at times 
other than during the PET procedure. The abnormal task-dependent 
change in temporal lobe asymmetry to the right is the first direct 
evidence of a relationship between memory performance in AD patients 
and simultaneous alterations in temporal lobe activity. More specifi­
cally, the results of the current study suggest that the poor AD 
performance may have been due to preferential left temporal lobe damage 
and that the right hemisphere may have responded to functional demands
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of Cho task that it ia more adapt at parfonaing. Furthermore, tha 
diffarantial metabolic altarationa alao daaonatrata tha faaslblllty of 
ualng PET to axaaina tha regional pathophysiology that ia aaaociated 
with other AD cognitive deficits and that behavioral paradigms, used in 
conjunction with PET, might prove to be sensitive diagnostic indicators 
of disease.

Future Research
This initial meisory processing study demonstrates the feasibility 

of correlating memory task participation and performance with simul­
taneous measures of glucose metabolic rates in normal elderly and AD 
subjects. It also, however, points out the need to develop tasks with 
wider ranges of difficulty that would permit a more accurate and 
meaningful psychometric performance in both demented subjects and 
controls. An experimental design that incorporates a memory task 
paradigm with two or three levels of difficulty matched across three 
subject groups - young, elderly normals, and AD patients - would allow 
a comparison of groups that are matched in performance, or differ in 
performance, but are performing similar tasks. Such a design would aid 
in determining if: (1) metabolic rates differ for the three groups 

under conditions of equated cognitive activation, (2) if different 
levels of cognitive activation have different effects on regional 
metabolic rates and (3) if different levels of behavioral activation 
have differential conjoint effects on regional metabolic rates of the 
three groups. This design may also aid in the identification of a 
potential metabolic response as pathological. Such an experiment is 
needed to add to our understanding of the underlying pathophysiology of
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tha aaaory iapairaant associatad with Alzhalaar's dlseaaa and noraal 
aging.
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