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Past Glory and Future Promise: Maximizing and
Improving Understanding of Atrophy Patterns in the Diagnosis of

Degenerative Dementias

Bruce L. Miller, MD, Professor of Neurology, University of California at San Francisco School of Medicine

In this issue of the AJNR, Hanyu and colleagues
(page ?) present an elegant quantitative study that
compares the thickness of the substantia innominata
in patients with Alzheimer’s disease (AD) to that in
elderly non-AD subjects with dementia and elderly
non-AD subjects without dementia. This work follows
the seminal investigation of Whitehouse et al (1) that
reported findings of diminished concentration of cho-
linergic neurons in the nucleus basalis of Meynert
within the region of the ventral globus pallidus (the
substantia innominata) in AD patients. These subcor-
tical cholinergic neurons supply the cortex with most
of its acetylcholine. It is remarkable and surprising
that more than 20 years have passed between the time
that novel work linked this area to AD and the com-
pletion of a quantitative imaging study in which the
size of this region in the presence of AD has been
determined. Hanyu and colleagues report a statisti-
cally significant loss of tissue in AD patients com-
pared with that in age-matched control subjects with-
out dementia but note no difference in this region
between AD patients and control subjects with de-
mentia. Additionally, the authors show that the per-
formance on a cognitive task, the Mini-Mental-State
Examination, strongly correlates with the severity of
atrophy in the substantia innominata in AD patients
but not in the cohort of non-AD subjects with demen-
tia. Therefore, this fine study adds to our evolving
knowledge regarding the structural brain changes that
occur in AD but fails as a novel diagnostic test for AD
or for other dementias.

Understanding of dementia has matured markedly
since the early 1980s when the first quantitative im-
aging studies of AD were performed (2). In particu-
lar, understanding of the molecular underpinnings of
AD and the other major non-AD dementias including
frontotemporal dementia, dementia with Lewy bod-
ies, Jakob-Creutzfeldt disease, progressive su-
pranuclear palsy, and corticobasal degeneration
continues to advance at a rapid rate. Importantly,
unraveling molecular mechanisms associated with
dementia is leading to potential new treatments
that offer far more promise, yet far more potential
toxicity, than that of current treatments for AD (vi-

tamin E and anticholinesterase compounds). Immu-
nization against amyloid (A�42) as a therapy for AD
(3) and the planned treatment trial with the antima-
larial compound quinacrine for Jakob-Creutzfeldt
disease (4) represent two such examples of high-risk
but potentially high-impact therapies. These studies
and others yet to follow will place even greater pres-
sure on internists, neurologists, psychiatrists, and ra-
diologists to make better diagnoses in their patient
populations so that individuals are not wrongly sub-
jected to potentially toxic therapies, but the individ-
uals who will truly benefit are.

In the clinic, neuroimaging still remains a corner-
stone for diagnosis. AD and the other degenerative
dementias progress in an orderly and predictable
manner, all showing somewhat distinctive regional
patterns of neuronal dysfunction and degeneration
(5). The diagnostic utility of this regional vulnerability
has been extensively studied with structural, spectro-
scopic, and functional neuroimaging. Another fruitful
approach has been to correlate patterns of atrophy
with cognitive or behavioral performance in order to
infer the function of these brain regions or to stage
the illness (6). Hanyu et al’s investigation exemplifies
such strategies by exploring the value of substantia
innominata atrophy as a diagnostic marker and a
staging measure for AD. The use of substantia in-
nominata atrophy as a treatment marker is one po-
tential application of this investigation and not yet
explored by the authors.

With the appearance of CT in the late 1970s, var-
ious investigators started to compare AD patients
with cognitively normal control subjects with simple
measures of brain atrophy (2). In more recent years,
this approach was pursued vigorously in AD by focus-
ing on measures of medial temporal atrophy, partic-
ularly atrophy in the hippocampus. Qualitative and
quantitative neuroimaging techniques show that this
region is significantly smaller in AD patients com-
pared with that in control subjects. Similarly, patients
with mild cognitive impairment, often a precursor to
AD, show greater atrophy in the hippocampal com-
plex than do control subjects (7). Proton spectroscopy
depicts loss of the neuronal marker N-acetylaspartate
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in the hippocampal complex in AD compared with
that in cognitively normal control subjects (8). Func-
tional imaging, particularly single-photon emission CT
(SPECT) and positron emission tomography (PET),
has been applied to the diagnosis of AD and to the
differential diagnosis of dementia. With SPECT and
PET, the cortex is where the most dramatic differences
have been found between AD patients and healthy con-
trol subjects (9, 10). Recent work suggests that abnor-
mal activation patterns on functional MR images may
help to separate AD patients from healthy control sub-
jects (11). Not surprisingly, all of these techniques have
their advocates, but clinical overlap between these
methodologies is significant and abnormalities in struc-
ture, neurochemistry, and metabolism tend to develop
in parallel. Indeed, even after decades of study it is still
difficult to say which of these techniques is the most
powerful diagnostic tool.

Additionally, structural, spectroscopic, and func-
tional imaging have been used to differentiate pa-
tients with other degenerative disorders, particularly
frontotemporal dementia from AD and normal aging
(12). Anterior frontal atrophy or temporal atrophy or
both, neuronal loss, and hypometabolism remain the
key features of frontotemporal dementia (13). With
corticobasal ganglionic degeneration, these changes
are localized to the posterior parietal regions or fron-
tal regions or both, whereas with PSP the midbrain
and frontal lobes represent the major sites of atrophy
(14). For all of the neurodegenerative conditions, pre-
dicting neuropathology on the basis of atrophy, neuro-
chemistry, or function alone is still fraught with error
because of overlap between all of these disorders.

Despite these caveats, as a clinician who has ben-
efited from both MR imaging and SPECT to help
with the differential diagnosis of dementia I suspect
that the visual estimation of patterns of atrophy or
hypometabolism are greatly underestimated as diag-
nostic tools in most clinical settings. In our own clinics
at the University of California at San Francisco, we
routinely consider the atrophy patterns found on MR
images to help differentiate patients with AD, fron-
totemporal dementia, dementia with Lewy bodies,
corticobasal ganglionic degeneration, and progressive
supranuclear palsy. Similarly, in my clinics at Univer-
sity of California at Los Angeles, the cortical pattern
of perfusion seen with SPECT served as an important
guide for diagnosis. Neuroradiologists need to learn
these patterns in order to be maximally supportive to
their clinical colleagues.

For dementia diagnosis, the specificity and sensi-
tivity of neuroimaging methods need to be improved.
In the next decade, it will be important for these
techniques to move beyond atrophy and imaging ap-
proaches that can capture differences between the
dementias that truly reflect pathologic abnormalities
of the brain. For example, in a patient with dementia
caused by vascular disease, MR imaging evidence of
lesions from multiple strokes is highly supportive of
the diagnosis of multi-infarct dementia (15). MR im-
aging evidence of stroke is highly predictive of neu-
ropathologic sequelae, although in such patients it is

not possible to know whether AD is also present (16).
A technique that allowed imaging of the neuropatho-
logic substrate of AD, brain amyloid, would allow in
vivo diagnosis (17). Similarly, the basal ganglia and
cortical necroses that are evident on diffusion-
weighted images are highly characteristic of Jakob-
Creutzfeldt disease and are not seen in other degen-
erative dementias (18, 19).

In summary, a clearer picture of the neuroimaging
correlates of dementia has emerged over the past two
decades. Patterns of atrophy remain at the center of
our diagnostic armamentarium and allow the differ-
entiation of most patients with degenerative or vas-
cular dementias. As better therapies emerge for all of
these disorders, earlier and more precise diagnoses
will be required. Neuroimaging should continue to
meet these diagnostic challenges.

References

1. Whitehouse PJ, Price DL, Struble RG, Clark AW, Coyle JT, Delon
MR. Alzheimer’s disease and senile dementia: loss of neurons in
the basal forebrain. Science 1982;215:1237–1239

2. De Leon MJ, Ferris SH, George AE, Reisberg B, Kricheff II,
Gershon S. Computed tomography evaluations of brain-behavior
relationships in senile dementia of the Alzheimer’s type. Neurobiol
Aging 1980;1:69–79

3. Schenk D, Barbour R, Dunn W, et al. Immunization with amyloid-
beta attenuates Alzheimer-disease-like pathology in the PDAPP
mouse. Nature 1999;400:173–177

4. Korth C, May BC, Cohen FE, Prusiner SB. Acridine and phenothi-
azine derivatives as pharmacotherapeutics for prion disease. Proc
Natl Acad Sci USA 2001;98:9836–9841

5. Braak H, Braak E. Evolution of neuronal changes in the course of
Alzheimer’s disease. J Neural Transm 1998;53[Suppl]:S127–S140

6. Jack CR Jr, Petersen RC, Xu Y, et al. Rates of hippocampal
atrophy correlate with change in clinical status in aging and AD.
Neurology 2000;55:484–489

7. Du AT, Schuff N, Amend D, et al. Magnetic resonance imaging of the
entorhinal cortex and hippocampus in mild cognitive impairment and
Alzheimer’s disease. J Neurol Neurosurg Psychiatry 2001;71:441–447

8. Miller BL, Moats R, Shonk T, Ernst T, Wooley S, Ross BD.
Abnormalities of cerebral myo-inositol in patients with early Alz-
heimer disease. Radiology 1993;187:334–339

9. Small GW, Mazziotta JC, Collins MT, et al. Apolipoprotein E type
4 allele and cerebral glucose metabolism in relatives at risk for
familial Alzheimer disease. JAMA 1995;273:942–947

10. Reiman EM, Caselli RJ, Yun LS. Preclinical evidence of alzhei-
mer’s disease in persons homozygous for the epsilon 4 allele for
apolipoprotein E. N Eng J Med 1996;334:752–758

11. Bookheimer SY, Strojwas MH, Cohen MS, et al. Patterns of brain
activation in people at risk for Alzheimer’s disease. N Engl J Med
2000;343:450–456

12. Neary D, Snowden JS, Shields RA. Single photon emission tomog-
raphy using 99mTc-HM-PAO in the investigation of dementia.
J Neurol Neurosurg Psychiatry 1987;50:1101–1109

13. Galton CJ, Patterson K, Graham K, et al. Differing patterns of
temporal atrophy in Alzheimer’s disease and semantic dementia.
Neurology 2001;57:216–225

14. Miller BL, Boone K, Geschwind D, Wilhelmsen K. Pick’s Disease
and Frontotemporal dementias: emerging clinical and molecular
concepts. The Neurologist 1999;5205–5212

15. Vinters HV, Ellis WG, Zarow C, et al. Neuropathologic substrates of
ischemic vascular dementia. J Neuropathol Exp Neurol 2000;59:931–945

16. Galasko D, Hansen LA, Katzman R, et al. Clinical-neuropatholog-
ical correlations in Alzheimer’s disease and related dementias.
Arch Neurol 1994;51:888–895

17. Bacskai BJ, Kajdasz ST, Christie RH, et al. Imaging of amyloid-beta
deposits in brains of living mice permits direct observation of clear-
ance of plaques with immunotherapy. Nat Med 2001;7:369–372

18. Demaerel P, Heiner L, Robberecht W, et al. Diffusion-weighted MRI
in sporadic Creutzfeldt-Jakob disease. Neurology 1999;52:205–208

19. Will RG, Zeidler M, Stewart GE, et al. Diagnosis of new variant
Creutzfeldt-Jakob disease. Ann Neurol 2000;47:575–582

34 MILLER AJNR: 23, January 2002


