
EDITORIAL

Structural imaging in the clinical diagnosis of Alzheimer’s
disease: problems and tools

The techniques of CT and MRI are the most commonly
used instrumental aids in the diagnosis of dementia and
Alzheimer’s disease. Their use is often uncritical or subop-
timal as to when the examination should be prescribed,
which of the two techniques should be used, how much
information can be obtained, and how often the infor-
mation gives significant help in the diVerential diagnostic
process. This claim is supported by the discrepancy
between clinical practice—where imaging is generously
used—and evidence based guidelines advising that imaging
is not needed except in a few particularly uncertain cases.1

New imaging tools are emerging2 that might significantly
change the way we presently use structural CT and MRI,
but full mastery of current standard techniques is manda-
tory for the clinical neurologist and psychiatrist for at least
two reasons. Firstly, the new tools might not be available
for routine clinical work for years to come, and the
challenges of improved diVerential and preclinical diagno-
sis will for the time being need to be met with traditional
tools. Secondly, when new expensive technology will be
available, physicians will need to place it in the proper
clinical context of cost-eVectiveness. The increasing gap
between reduced financial resources on the one hand and
the increasing availability of expensive diagnostic options
on the other3 will make harder the task of estimating in
each patient whether the large additional cost of new tech-
nology might be justified by the expected additional clini-
cal information. In doing this, cost-eVectiveness studies
will probably not be available as supports,4 and decisions
will rely only on the physician’s own clinical skill and
expertise.

Lastly, the increasing interest in the preclinical stages of
dementia—be it Alzheimer’s disease5 or vascular
dementia6 7—will probably make imaging even more
relevant in the near future. In these cases, the clinical find-
ings are less clearcut than in overt dementia and objective
disease markers might have greater weight in the diagnos-
tic and prognostic judgement.

The aim of this editorial is to discuss the rationale and
evidence behind present imaging practices in the diagnosis
of Alzheimer’s disease, highlight the cogent clinical
questions that imaging might help to answer, review the
available tools that could be used to extract more useful
information from imaging examinations, and suggest
avenues for future research. Particular attention is devoted
to the key factors for such tools to be implemented in the
clinical routine—that is, feasibility, added diagnostic value,
and detection of early cases.

Epidemiology of imaging practices for Alzheimer’s
disease
On the basis of incidence data of dementia,8 in the
European Union (population of about 380 million)
between 5.5 and 8.9 million persons each year are eligible
for structural imaging. If cases of incident mild cognitive
impairment are also considered, the figure might be three
times as high.9 Estimating the proportion of these patients

who actually undergo structural imaging in Europe is a
diYcult task. A European agency directing the use of tech-
nology in medicine has been advocated but it is not yet
active,10 and epidemiological data have never been
collected on this issue. However, it is likely that the practice
reflects what was suggested in 1994 by Rossor—that is, that
“in elderly demented patients routine neuroimaging (with
CT or MR) is the ideal that should be sought”.11 This view
is implicitly endorsed by some European national health
systems, which refund the cost of one structural imaging
examination during the course of a dementing disorder.12

Likewise, there are no data on which is more often car-
ried out—CT or MRI—although the cost varies about
threefold in most countries. It is my opinion that MRI is
more often used in northern and central Europe, and CT
in the Mediterranean countries. Which is preferred is often
due more to local practical factors (availability, accessibil-
ity, etc) rather than to clinical and scientific considerations.

Although the agreement among diVerent raters is known
to be poor,13–15 in routine clinical settings the traditional
reading technique of unstandardised subjective visual
assessment by an expert rater is used. In the diVerential
diagnosis of dementing disorders, this has three main aims:
detecting reversible or treatable intracranial causes of cog-
nitive impairment, detecting cerebrovascular disease, and
detecting atrophic changes.

Reversible or treatable intracranial causes of
cognitive impairment: is imaging necessary?
Chronic subdural haematoma, tumour, and normal
pressure hydrocephalus are known to cause cognitive
impairment that can be mistaken for Alzheimer’s disease or
other primary dementias and can be easily demonstrated
by CT and MR. Such conditions are severely disabling and
fatal if untreated, but reversible after appropriate treat-
ment. The possibility of missing some of these cases prob-
ably plays a part in the decision of physicians to scan most
patients with cognitive impairment; this is also the case in
other conditions that are, albeit infrequently, associated
with fatal outcomes, such as minor head injury.16 Because
some signs and symptoms often accompany reversible or
treatable intracranial conditions, the question arises as to
whether these can be used to identify patients eligible for
scanning, thus saving a huge number of scanning
procedures.16

Chui and Zhang estimated the yield of examinations
used for the diVerential diagnosis of dementia in an
Alzheimer’s disease referral centre in the United States and
found that the use of four clinical indicators (symptom
onset before 60 years, non-insidious course, focal signs or
symptoms, and gait disturbance) would have reduced the
frequency of imaging studies by 33%, missing information
that would have significanly changed management in only
one (false negative) case.17 In this patient, the finding of
ventricular enlargement disproportionate to the degree of
sulcal enlargement changed the diagnosis from “probable
Alzheimer’s disease” to “possible Alzheimer’s disease or
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possible normal pressure hydrocephalus”. However, it
should be noted that the relatively high sensitivity of the
clinical indicators found in the study of Chui and Zhang
(95%) might be inflated by the peculiar characteristics of
their patients. As well as being relatively young (70 (SD 8)
years), it is known that patients coming for observation at
specialist centres may not be representative of the general
population of patients with dementia and Alzheimer’s dis-
ease, in that they are more educated, and have higher
socioeconomic status18 and better physical health. The
prevalence of at least three of the four clinical indicators
(non-insidious course, focal signs or symptoms, and gait
disturbance) might be more frequent in a less selected
population of older patients due to higher frequency of
cerebrovascular and other physical diseases such as
musculoskeletal and urinary tract disorders.18 In such a
population, the specificity of the clinical indicators would
be reduced as well as their power of sparing unnecessary
imaging.

GiVord et al have recently reviewed studies on the ability
of rules for clinical prediction to lead to the suspicion of
reversible causes of dementia and to determine who should
undergo CT or MRI.1 The authors, as well as others,19

found that the most accurate prediction rule was that of
Dietch,20 requiring imaging in patients with recent onset
(less than 1 month) of cognitive symptoms, fluctuations or
acute changes (within 48 hours) of cognitive function, focal
signs or symptoms, papilloedema or visual field deficits,
headache, history of recent head trauma or malignant
tumour, seizures, history of stroke, urinary incontinence,
or gait ataxia or apraxia. However, even Dietch’s rule could
not attain 100% sensitivity1—the benchmark figure that
most clinical neurologists and psychiatrists consider
acceptable in the detection of reversible causes.16 The bot-
tom line is that, although the vast majority of scans carried
out in patients with cognitive deterioration are negative, no
combination of first line (clinical and laboratory) signs can
identify cases of reversible or treatable causes with 100%
sensitivity and reasonably high specificity.17 21 22

The role of imaging is emphasised also by the recently
available antidementia drugs (the cholinesterase inhibitors
donpezil, rivastigmine, and galantamine). These have rela-
tively specific eVects and indications in the diVerent forms
of dementia, being very eVective in dementia with Lewy
bodies,23 moderately eVective in Alzheimer’s disease,24

definitely uneVective in the cognitive symptoms of
progressive supranuclear palsy,25 and of unknown eVective-
ness in frontotemporal and vascular dementia. As struc-
tural imaging might help in the deVerential diagnosis of
these diseases (see later), suggesting that the routine use of
CT and MRI might be indicated irrespective of their abil-
ity to rule out forms of reversible dementia.

Whether CT or MRI should be preferred is an issue that
can hardly be solved for the lack of appropriately designed
studies. Apart from the obvious practical considerations of
cost and accessibility, some features favour CT whereas
others favour MRI. On the one hand, CT seems suYcient
to rule out reversible causes of dementia19 and is more spe-
cific in the detection of cerebrovascular disease,26 whereas
MRI might be more helpful in the diVerential diagnosis of
the forms of degenerative dementia27–31 and more sensitive
to early or preclinical cases of Alzheimer’s disease (see
later).32 However, direct CT-MR comparisons have not
been carried out.

Lastly, rescanning with MRI after CT has led to the
diagnosis might be indicated in cases of chronic subdural
haematoma eligible for surgical treatment. Tsutsumi et al
have shown that the presence of a non-high intensity lesion
on T1 weighted MR is a predictor of rebleeding independ-
ently of the surgical technique.33

Detecting cerebrovascular disease
LARGE AND SMALL VESSEL CEREBROVASCULAR DISEASE

Detecting cerebrovascular disease is relevant in that
cerebrovascular lesions occur in more than 30% of patients
with Alzheimer’s disease34 and might be responsible for a
large share of all the cases of cognitive impairment at the
population level.6 35 Cerebrovascular disease can be due to
large or small vessel disease, giving diVerent clinical and
imaging pictures. The most frequent vascular cause of cog-
nitive deterioration is subcortical damage (lacunes and dif-
fuse white matter lesions) due to lesions of the microvessels
due to hypertension and diabetes.34 36 Both CT and MR are
known to be sensitive to cerebrovascular disease as with
these techniques it has been possible to detect occult (with
no signs or symptoms) cerebrovascular disease in mildly
impaired as well as cognitively unimpaired patients in some
epidemiological and clinical studies.37–39 Brain MRI is more
sensitive than CT, particularly to white matter lesions.40

Diagnosing multi-infarct dementia—in patients with
large vessel disease—is usually straightforward for the high
frequency of a history of multiple strokes and the presence
of obvious focal signs on neurological examination. In
these cases, CT or MRI are usually confirmatory and do
not add much information to history and clinical findings.
Subcortical vascular disease is diVerent because clinical
findings are more uncertain. This disease is characterised
by a variable combination of cognitive impairment with
mainly frontal and dysexecutive features and mild memory
disturbances, depression, gait disturbances with mild
parkinsonian features, incontinence, falls, and minor
neurological signs such as mildly increased and asymmet-
ric deep tendon reflexes and mild Babinski’s sign.41 The
early stages of the disorder are not disabling enough to be
categorised as dementia6 and are suYciently mild to
significantly overlap with highly prevalent diseases and
conditions of older age of a non-cerebrovascular origin
such that the clinical picture is often poorly specific. The
demonstration of subcortical cerebrovascular disease by
CT or MRI can be the key diagnostic information.

In some cases, subcortical cerebrovascular disease gives
predominantly depressive or parkinsonian symptoms—so-
called “vascular depression” and “vascular
parkinsonism”.42–44 However, to what extent the syndromes
of subcortical vascular cognitive impairment, vascular
depression, and vascular parkinsonism overlap with each
other is unclear as well as the presence of imaging
correlates specific to each condition.

THE VASCULAR BURDEN IN ALZHEIMER’S DISEASE

Vascular changes are often present in Alzheimer’s disease
and seem to contribute to determine cognitive impairment
in an additive fashion.45–47 Because it has been suggested
that the response of patients with Alzheimer’s disease to
acetylcholinesterase inhibitors might diVer according to
the magnitude of the cerebovascular contribution,48

estimating the vascular burden in such patients might also
help understand part of the variability of the response to
drug treatment of Alzheimer’s disease.

For isolated subcortical cerebrovascular disease, its
association with Alzheimer’s disease is not characterised by

Take home messages
x No combination of clinical and laboratory signs can

identify cases of reversible or treatable causes with
100% sensitivity

x CT without contrast is necessary (and suYcient) to
rule out surgical causes of dementia
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a particular clinical picture, and the potential added diag-
nostic value of imaging is again huge. As the typical
changes of Alzheimer’s disease—regional atrophy in the
medial temporal lobe—are not specific, being present also
in vascular dementia,7 27 31 the judgement of causality in a
given patient should ideally involve firstly the estimate of
the contribution of the vascular changes to cognitive
impairment (“is the whole clinical picture attributable to
vascular changes?”) and, if the answer is negative, that of
atrophy net of the eVect of vascular changes (“if not, how
large is the contribution of degenerative disease?”).49

Although such quantitative estimates have been attempted
on postmortem material where ischaemic changes and
Alzheimer’s disease specific lesions can be directly
measured,45–47 attempts in the living patient have given only
qualitative indications of the presence or absence of degen-
eration with vascular changes,50 51 thus failing to capture
the range of the diVerent degrees of the mixture of vascular
and degenerative lesions.

CRITICAL ISSUES TO MEASURE CEREBROVASCULAR DISEASE

WITH CT AND MRI

Some critical gaps in knowledge prevent a satisfactory
answer being given to the issue of the contribution of sub-
cortical cerebrovascular disease to cognitive impairment
alone or in addition to Alzheimer’s disease. Notably, the
relations of number, size, site, and type of lesions with cog-
nitive impairment are unclear. Although pathological stud-
ies have shown a relation of number of ischaemic lesions,
total volume of ischaemic tissue, and left side and bilateral
involvement with cognitive performance, the amount of
explained variance is low.40 In analogy with the case of
multiple sclerosis,52 this might be due to normally appear-
ing white matter bearing tiny but widespread lesions.

A recent finding supporting this hypothesis is that of
Yamauchi et al who have shown that corpus callosum
atrophy—a proxy of global axonal loss—is strongly associ-
ated with cognitive impairment independently of the eVect
of white matter lesions that can be appreciated on T2
weighted MR images.53 Moreover, lacunes and other white
matter changes might have diVerent powers to cause
cognitive impairment, as the first consist of complete inter-
ruption of axonal fibres on pathology, whereas the second
incomplete infarction and demyelination.36 54 However, in a
necropsy study of demented patients without Alzheimer
changes, Esiri unexpectedly found that dementia was asso-
ciated with the presence of microvascular deep white mat-
ter changes but not with macroscopic infarctions.55 Similar
pathological findings had been reported 10 years earlier by
del Ser et al,56 and more recent in vivo MRI based data also
support this view.7

Lastly, not all white matter changes detected by imaging
techniques are alike. Patchy areas of attenuation in the
white matter on CT and irregular and confluent white
matter hyperintensities on MRI have been suggested to be
due to ischaemia, whereas other types of hyperintensities
seem to be more often related to non-ischaemic
changes.54 57 Punctate lesions can be an early stage of con-
fluent lesions, but sometimes there seems to be no patho-
logical substrate.54 DiVuse and homogeneous periventricu-
lar hypodensity of the white matter on CT and smooth
periventricular hyperintensities on MRI are due to
increased water content, demyelination, and subependimal
gliosis caused by non-ischaemic alterations of the periven-
tricular fluid dynamics.54 57 58

THE TOOLS: RATING SCALES ON CT AND MR

Some visual rating scales to quantify cerebrovascular
changes in the white matter have been developed, based on
both CT and MR.59 Most record number, size, and site of

the lesions, but none gives diVerent weights to the diVerent
types of lesions and none incorporates information on
qualitative features. A review on rating scales of changes in
white matter has led a European Task Force to conclude
that “the ideal rating scale does not yet exist”.59 Although
this problem is certainly not unique to the assessment of
the cerebrovascular burden in dementia, research groups
world wide are trying to devise rating scales based on CT
or MRI that can be both accurate and closely related to
cognitive performance.36 40 60 The inclusion of qualitative
features of changes in white matter (for example, homoge-
neous periventricular versus patchy rarefaction on CT or
punctate versus confluent hyperintensities on MRI) as well
as weighting diVerently diVerent types of lesions (for
example, lacunes versus non-lacunar lesions) might prove
useful.

Lastly, whether CT or MRI should be used to detect
cerebrovascular disease is unclear. Criteria for subcortical
vascular dementia have been recently developed including
indications on number, size, site, and type of lesions on
both CT and MRI.46 because of the greater specificity of
CT, some authors have suggested that this should be pre-
ferred to MRI to detect subcortical vascular changes asso-
ciated with dementia.26 However, the earliest stages of sub-
cortical vascular dementia (called vascular cognitive
impairment-no dementia)6 might need greater sensitivity
and MRI might be more accurate. Future work will need to
compare the validity of CT and MRI based criteria versus
clinical and pathological findings in cognitive impairment
with and without dementia due to subcortical cerebrovas-
cular disease.

Until the ideal rating scale for subcortical cerebrovascu-
lar disease is devised, it is useful if clinicians choose one of
the available rating scales and use it routinely in each
patient with cognitive impairment. This will allow us to
build a common clinical unity that will make adoption of a
common instrument easier when it becomes available.
Scheltens et al59 have supported the use of the scales of
Tarvonen-Schröder et al61 and Rezek et al62 to rate
cerebrovascular disease on CT and those of Scheltens et al63

and Fazekas et al on MRI.64 65

Detecting brain atrophy
DIFFERENTIATING ALZHEIMER’S DISEASE AND MILD COGNITIVE

IMPAIRMENT FROM NORMAL WITH CT AND MRI

Brain atrophy is present in Alzheimer’s disease and other
degenerative dementias. Indeed, the NINCDS-ADRDA
criteria indicate that the diagnosis of probable Alzheimer’s
disease is supported by evidence of brain atrophy on CT.66

However, subjective visual assessment of global
atrophy—at least when carried out in an unstandardised
fashion—is poorly reliable for the very low intrarater and
interrater agreement,14 15 such that it usually does not add
significant diagnostic information. Quantitative methods
to rate atrophy, based on standardised protocols and

Take home messages
x CT or MRI are necessary to recognise cognitive

impairment due to subcortical vascular disease
x As well as infarcts and lacunes, patchy lesions on CT

and irregular and confluent white matter hyperintensi-
ties on MRI are indicative of cerebrovascular disease
whereas smooth periventricular hyperintensities are
not

x Visual rating scales should be used to quantify the
cerebrovascular burden in patients with cognitive
impairment
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focused in the medial temporal lobe region—known to be
involved early in Alzheimer’s disease—have been devel-
oped based on CT and MRI (table 1).

A review by DeCarli et al dating back to 199067 about the
ability of CT to help in the discrimination of patients with
Alzheimer’s disease from non-demented elderly persons
showed that, on average, sensitivity and specificity figures
of simple (subjective visual or linear measures) ratings of
global atrophy were rather low (32% to 68% and 81% to
90%, respectively). When more complex methods such two
dimensional or three dimensional measurements were
made, the accuracy increased (63% to 88% sensitivity and
90% specificity). It should be noted that these figures are
not higher than those reported for the accuracy of the
clinical versus the pathological diagnosis of Alzheimer’s
disease,68–70 arguing against a high added diagnostic value,
at least in research settings.

Starting from the early 1990s, researchers’ attention has
focused on MRI due to its greater flexibility and image
accuracy, and studies on CT have become progressively
rarer. Few studies have been published in the past decade
on the usefulness of CT in the diagnosis of dementia and
Alzheimer’s disease. Nevertheless, the technological ad-
vances on CT machines (greater number of detectors,
larger field of view, thinner slices, more detailed matrix,
and lower scan time and less movement artifacts) have
improved image quality and tissue/CSF contrast. This
leads to greater accuracy with simple indicators of atrophy
directed to measure changes in the medial temporal lobe,
where the pathological lesions of Alzheimer’s disease first
develop. Indeed, most studies have used linear measures of
mesial temporal lobe thickness, temporal horn width, and
hippocampal fissure width often taken directly on the CT
film.71–76 Image acquisition was usually on a specifically
angulated plane (−20° on the orbitomeatal line) that allows
the better appreciation of the medial temporal lobe struc-
ture. The sensitivity of the measures to separate patients
with Alzheimer’s disease from non-demented elderly con-
trols ranged in the diVerent studies between 70% and 92%,
and specificity between 80% and 95%. Computing average
sensitivity and specificity figures by weighting for the
number of subjects included in each study gives figures of
84% and 92%, respectively. It should be noted that most
studies were on patients with Alzheimer’s disease of mod-
erate severity. More complex analytical tools (volumetrics
of the lateral and third ventricle) did not contribute to
greatly enhance accuracy (sensitivity 70% to 74% and spe-
cificity 83% to 95%).77 78

Brain MRI has advantages over CT, among which are
the lack of bone hardening artifacts—particularly disturb-
ing in the medial temporal lobe regions—the possibility of
obtaining oblique and transverse cuts, and discriminating
the white from the grey matter of the medial temporal lobe
structures. Brain MRI has allowed us to get closer to the
pathological basis of Alzheimer’s disease by directly meas-
uring tissue loss in the medial temporal lobe regions (hip-
pocampus, amygdala, and enorhinal cortex). Protocols
have been developed, most requiring that a trained person
familiar with the minute anatomy of the nervous system

traces the boundaries of the structure of interest on a com-
puter screen with a pointing device (mouse, trackball, or
optical pen) on each of the slices where the structure can be
appreciated. Before measurement, it is sometimes neces-
sary to transfer the digital image to a workstation external
to the MRI machine and use specifically designed tracing
software. This approach has shown an enormous research
potential, allowing the definition of the the factors aVecting
brain structure in health and disease.79–81

The studies addressing the discriminative power of MRI
to separate patients with Alzheimer’s disease from
non-demented elderly people have recently been reviewed
by Bosscher and Scheltens.82 The authors found 13 studies
published from 1992 to 1999 measuring hippocampal and
medial temporal structures volumes and totalling 425
patients with Alzheimer’s disease and 409 non-demented
controls. Sensitivity ranged between 80% and 94%
(weighted average 85%) and specificity between 60% and
100% (weighted average 88%). They also reviewed 10
studies that used standardised visual ratings or linear
measures published between the years 1992 and 2000 and
totalling 450 patients with Alzheimer’s disease and 515
controls. The accuracy figures were similar to those of the
more complex analysis, sensitivity ranging between 41%
and 100% (weighted average 86%) and specificity between
66% and 96% (weighted average 85%). The disease sever-
ity of patients with Alzheimer’s disease in the MRI studies
was generally in the mild to moderate range. It is interest-
ing to note that the accuracy figures of the above reviewed
CT studies—employing less complex techniques on
relatively more advanced patients—were of similar magni-
tude (84% and 92%). Thus, in experimental settings, both
simple and complex tools based on CT and MRI have been
able to separate patients with Alzheimer’s disease from
non-demented controls, with reasonably high accuracy.

Hippocampal volumetrics with MRI has been tested to
diagnose very early Alzheimer’s disease, when symptoms
are limited to memory and disability has not yet developed
(mild cognitive impairment).5 Petersen et al have measured
hippocampal volumes with MRI in 80 patients with mild
cognitive impairment and found that, although the values
were in the low end of the age, sex, and head size specific
distribution of cognitively unimpaired controls, the over-
lapping was substantial (sensitivity of 37% for specificity of
95%).32 Although greater atrophy was associated with
greater risk of conversion to Alzheimer’s disease, only the
greatest degrees of atrophy were suYciently predictive, all
of the 13 patients with hippocampal volumes 2.5 SD or
more below average developing Alzheimer’s disease within
4 years versus only one of the 13 with hippocampal
volumes above average. The usefulness of CT in the recog-
nition of those with mild cognitive impairment who will
convert to Alzheimer’s disease has not yet been tested.

It should be underlined that predicting and recognising
mild cognitive impairment is an area where imaging tech-
niques might yield the greatest added value. In fact, half of
those with mild cognitive impairment do not convert to
Alzheimer’s disease within the reasonably long period of
time of 5 years, consistent with the possibility that present

Table 1 Measurements of regional brain atrophy by diVerent protocols

Acquisition: specific
plane and slice thickness

Preprocessing
of image

Can be taken from
radiological films

Specific hardware
/software

Expertise of
rater/tracer

CT:
Linear measures Yes No Yes No Average

MRI:
Visual ratings Yes No Yes No High
Linear measures Yes No Yes No Average
Surface/volume measures Yes Yes No Yes High
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clinical criteria to recognise the condition might be poorly
specific. Atrophy markers might help increasing specificity.
A promising technique for this has been developed by Fox
et al, requiring repeated MR scans over time and dedicated
postprocessing of the digital images. The technique is sen-
sitive in detecting brain tissue losses as small as 0.5% of the
total brain volume.83 Recent improvements in this
technique allow the detection of regional instead of global
atrophy.84

DiVerentiating Alzheimer’s disease from other
forms of degenerative dementia
Some infrequent types of dementia have a relatively
specific imaging pattern and, with the contribution of the
clinical findings, can be easily distinguished from
Alzheimer’s disease. The atrophy pattern perhaps most
specific is that of extremely severe frontopolar and tempo-
ropolar atrophy of the cortical layer and white matter asso-
ciated with often asymmetric (left greater than right) dila-
tation of the frontal (ballooning) and temporal horns.85

These patients usually have a cognitive behavioural
syndrome consistent with frontotemporal dementia or
progressive aphasia85 86 and on postmortem examination
show Pick’s changes.85 However, some rare patients with
Pick’s disease show severe but more posterior atrophy in
the parietal lobes with a syndrome that can suggest
corticobasal degeneration.87 88 Posterior cortical atrophy
involving mainly the occipital lobes can be due to
Alzheimer’s disease89 90 or Creutzfeldt-Jakob disease.90 91 In
about 70% of cases of sporadic Creutzfeldt-Jakob disease,
T2 weighted MRI shows marked hyperintensities in the
basal ganglia (caudate and putamen) and mild hyperinten-
sities in the thalamus.92 93 By contrast, in the new variant
Creutzfeldt-Jakob disease hyperintensities in the basal
ganglia are mild and those in the thalamus are marked
(“pulvinar sign”) and constitute a moderately sensitive
(80%) but highly specific (100%) indicator.94 95

However, the vast majority of patients with degenerative
dementia show changes less striking than those described,
and CT and MR findings are, unfortunately, poorly
specific. In this area, virtually all research work has been
done with MRI and has considered the diVerentiation of
Alzheimer’s disease from non-Pick’s frontotemporal de-
mentia, Levy body dementia, and parkinsonian dementia.
Generally, studies using a single region to diVerentiate the
groups have found remarkable overlap among groups, and
the accuracy of the separation was lower than that of
Alzheimer’s disease with non-demented controls. Some
research groups have shown that the hippocampal volume
of parkinsonian dementia, Lewy body, and frontotemporal
dementia was intermediate between that of Alzheimer’s
disease of similar severity and non-demented con-
trols.27 30 31 Sensitivity figures for the detection of the non-
Alzheimer’s disease dementias were low, ranging—with
specificity set at 90%—between 30% and 67%. Moreover,
to be transferable to the diVerential diagnostic process of
an individual patient in clinical practice, the single region
approach should define severity specific atrophy measures,
a process requiring large group sizes.

A diVerent approach tries to identify patterns of atrophy,
where atrophy in a given region is judged compared with
that of another region within the same diagnostic group or
person. Studies based on MRI and pathology of extrapy-
ramidal diseases have shown variable atrophic changes in
some brain structures96 97 and supported the view that the
combination of information on atrophy in two or more
structure is a more accurate discriminator than atrophy in
only one structure. Schulz et al have shown that idiopathic
Parkinson’s disease, multiple system atrophy, and progres-
sive supranuclear palsy can be diVerentiated from each

other with MRI based volumetric measurements of
caudate nucleus, putamen, brainstem, and cerebellum.97

Patterns of atrophy diVerent from Alzheimer’s disease
have been identified in vivo for patients with frontotempo-
ral dementia (table 2).30 98 99 Whereas patients with
Alzheimer’s disease show moderate to severe atrophy of the
hippocampal and amygdalar structures and mild atrophy of
the frontal lobes, patients with frontotemporal dementia
show severe frontal and temporal atrophy and much milder
atrophy in the medial temporal lobe structures. In a previ-
ous study with linear measures of medial temporal and
frontal atrophy, we found that the separation of patients
with frontotemporal dementia from patients with
Alzheimer’s disease in a multivariable discriminant model
was relatively low (sensitivity and specificity of 79% and
61%). The pattern approach has recently been applied to
Lewy body dementia by British and Japanese research
groups, but the contrasting findings do not allow the
recognition of a pattern significantly diVerent from that of
patients with Alzheimer’s disease (table 2).28 31 However, if
applied to the individual patient rather than on a group
basis—which still has to be done—the pattern approach
should be more independent of disease severity than the
single region approach. Highly technological variations are
being developed that allow the outlining of patterns of
atrophy within a given structure (for example, the hippoc-
ampus) and might provide a more accurate marker of
Alzheimer’s disease to be used in the diVerential diagnosis
from other degenerative dementias and in the estimate of
the interrelation between coexistent vascular and degen-
erative changes.100 101

THE TOOLS: BALANCING ACCURACY AND FEASIBILITY

The projected increasing prevalence of Alzheimer’s disease
that will occur in the next decades102 and the increasing
therapeutic options will require that diagnostic skills of the
highest possible level be spread at the population level. The

Table 2 Qualitative patterns of atrophy in some frequent forms of
degenerative dementia

AD FTD DLB PDD

Frontal lobes ± +++ − ±
Frontal horns of lateral ventricles ± ++++
Temporal lobes + +++ ±
Temporal horns of lateral ventricles +++ ++++
Amygdala ++ ++
Entorhinal cortex ++ +
Hippocampus +++ + ++ ++++

Based on volumetric studies 27–31 and personal unpublished data on FTD.
AD=Alzheimer’s disease; FTD=frontotemporal dementia; DLB=dementia with
Lewy bodies; PDD=Parkinson’s disease with dementia.
Marks denote volumetric loss (or ventricular enlargement) between 0 and −1
SD from the control distribution (±) −1 and −1.5 (+); −1.5 and −2 (++); −2 and
−2.5 (+++); <−2.5 (++++). When this information was not available, ± denoted
a loss between 0% and 10% of a control group; + between 10% and 20%; ++
between 20% and 30%; +++ between 30% and 40%; ++++ over 40%. In the
case of ventricles, % enlargement was computed with the formula (1-1/%
enlargement) to preserve comparability with tissue structures. The -sign denotes
no atrophy (or ventricular enlargement).

Take home messages
x In the absence of relevant cerebrovascular disease,

CT and MRI appropriately performed and rated
allow medial temporal lobe atrophy in Alzheimer’s
disease to be quantified

x The added diagnostic value of atrophy ratings might
be significant in routine clinical settings

x The role of atrophy ratings in mild cognitive impair-
ment is uncertain
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works reviewed above show that accurate atrophy measure-
ment tools are available for both CT and MRI, which dif-
fer as to practical technical requirements. In routine prac-
tice, the need is that of achieving the greatest added
diagnostic value in the most feasible way.

Studies explicitly considering the added value of
diVerent methods of analysis of structural images are few.
Wahlund et al have compared standardised visual ratings of
the medial temporal lobe with hippocampal volumetrics on
MRI. They found that the first provided additional
information in the separation of patients with Alzheimer’s
disease from controls when considered in conjunction with
the mini mental state examination (MMSE) (sensitivity
increased from 81% with the MMSE alone to 93% and
specificity from 95% to 98%) and that the increase of
information was greater than that provided by hippocam-
pal volumetrics (from 81% to 88% and from 95% to
96%).103 These results need to be tested in routine clinical
settings by other research groups. Comparisons between
even more feasible tools—such as linear measures
developed as indirect markers of hippocampal atrophy on
CT104 and hippocampal volumetrics on MRI—have not
been performed.

It should be highlighted that the added diagnostic values
of imaging techniques in routine settings might be higher
than indicated by studies carried out in experimental
settings. Indeed, the selection of the diagnostic groups in
the experimental settings follows an extensive investigation
including detailed history taking, assessment of physical
health through clinical, laboratory, and instrumental
examinationss, and neuropsychological testing. For this
reason, when, for example, Alzheimer’s disease is suspected
before CT or MR, the likelihood that the patient indeed
has Alzheimer’s disease in such centres is relatively high.
This view is also supported by the high accuracy (87% to
100%) of the pathologically confirmed clinical diagnosis of
probable Alzheimer’s disease in some research centres105 106

and by the increase of specificity over time in expert
centres.107 In these centres, CT and MRI can obviously
provide little or no additional information, due to a ceiling
eVect. However, in Europe as well as in the United States
most patients with dementia are not diagnosed in expert
research centres but in first or second level clinical referral
centres, where the amount of time, personnel, and
accessory evaluations are lower, and the prior probability is
likewise lower. In this setting, the availability of CT or MRI
based disease markers might be of greater added value. A
further potentially useful application of these markers is in
multicentre clinical trials, where they might enhance the
homogeneity of the diagnostic accuracy throughout
centres.

The issue of where and who should perform the ratings is
also a relevant issue. At the present time, the general rule in
European countries is that CT and MR images are printed
on film, and read by a radiologist who seldom has a specific
interest or training in dementia. Table 1 shows that linear
measures on CT and visual ratings and linear measures on
MRI do not need to be preprocessed and can be taken on
conventional films. Either the radiologist or the clinician
(neurologist or psychiatrist) can take the measures. On the
contrary, surface and volume measures do require post-
processing of images as well as specific hardware and
software. Presently, such measures are taken in research
centres by neurologists or psychiatrists where images can be
swiftly transferred in digital format from the MR scanner of
the radiology department to a microcomputer or worksta-
tion where the image is postprocessed. Measurements need
to be done with specific software (some of which are freely
available—see for example, NIH Image available on
http://rsb.info.nih.gov/nih-image/ and others listed in http://

www.neuroguide.com/neurosoft_1.html#programs/) and
sometimes with specific hardware platforms such as SUN
workstations (DeCarli’s QUANTA108 or Mayo Clinic’s
ANALYZE at http://www.mayo.edu/bir/). These merely
practical issues are none the less a huge barrier to the use of
such methods in routine clinical practice. Despite the
present limitations, the shift of the management of
radiological images from analog to fully digital systems such
as the Picture Archive and Communications System (for
example, that on http://www.cemaxicon.com/) will in the
future make the transfer of digital images from the site of
acquisition to peripheral sites much easier and postprocess-
ing more feasible.

Future developments and conclusions
Some novel imaging techniques are being developed that
might in the future significantly alter the clinical practices.
The development of tools such as probabilistic atlases
based on traditional MR images might help identify subtle
structural changes by comparing the scan of a patient with
a large database of normal controls on a voxel by voxel
basis, thus obtaining probabilistic maps localising where
the atrophic changes have taken place (Mazziotta Neu-
roimage 1995). Alternatively, disease specific atlases might
help in the diVerentiation of the diVerent dementia
forms.109 Other MRI based techniques such as diVusion
weighted imaging, magnetisation transfer, and spectros-
copy110; imaging tools based on SPET and PET that allow
the visualisation of the accumulation of â-amyloid in
vivo111–113; and new functional MR imaging protocols114

might allow the better estimation of the frequency and
severity of Alzheimer’s changes alone or associated with
cerebrovascular disease, and improve the diVerential diag-
nosis of dementia and the prognosis of the conversion of
mild cognitive impairment into Alzheimer’s disease.

However, while these exciting technological options get
suYciently advanced to be used in routine clinical settings,
less technological and perhaps less exciting—but none the
less useful—tools are already available that allow us to
extract more and more useful information from conven-
tional CT and MR images. Some are suYciently feasible
and accurate to be used in routine clinical settings.
Clinicians should choose one tool to rate the cerebrovascu-
lar burden and one to rate medial temporal lobe atrophy
and use them routinely on patients with memory or other
cognitive disturbances or suspected Alzheimer’s disease.
According to local conditions, CT or MRI based tools
might be preferred as well as the level of technical
complexity of atrophy measurement tools.

It should be noted that the rapidly changing clinical
behaviours of physicians brought about by the availability

Take home messages
x Patients with sporadic Creutzfeldt-Jakob disease

show hyperintensities in the striatum on T2 weighted
MRI and those with new variant Creutzfeldt-Jakob
disease show hyperintensities in the posterior thala-
mus (pulvinar sign)

x Patients with Pick’s disease show severe and markedly
asymmetric anterior frontal and/or temporal atrophy
of the cortex and white matter with severe enlarge-
ment of the ventricular horns

x Patients with Alzheimer’s disease, frontotemporal
dementia, Lewy body dementia, and dementia of
Parkinson’s disease have diVerent patterns of regional
atrophy; these are subtle, but can be detected with
specific postprocessing of MRI, and their diagnostic
yield needs to be elucidated
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of new drugs with diVerent indications and diVerent
eYcacy profiles24 will increase the relative value of early
diagnosis and of the diVerential diagnosis among diVerent
dementia forms and, consequently, of imaging markers.
Cost-eVectiveness studies are long and elaborate, and it is
likely that when these become available, the clinical frame-
work where they were conceived will be no longer applica-
ble to the new reality. This is, for example, the case of a
cost-eVectiveness review of studies in the 1980s and early
1990s on the use of CT as a rule out diagnostic tool.115 As
the studies on which the review is based were carried out
before cholinesterase inhibitors were available and these
drugs that have been shown to increase quality adjusted
life-years,116 the review does not allow us to address the fall
out of CT on correct diagnosis of Alzheimer’s disease,
treatment, and quality of life.

Lastly, it should be kept in mind that the reliance on
technology does not itself enhance the quality of medical
care.117 Indeed, one of the most important implications of
any technological innovation is an increase in relative value
among clinical diagnostic skills of history taking and men-
tal status examination, which will remain largely beyond
the reach of technology.118 It is from the careful blend of
these exquisitely clinical abilities with technological—
diagnostic and therapeutical—aids that the physician can
understand the patient in his personal, social, and medical
dimensions and provide optimal treatment.
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Take home message
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