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In 1907, Alois Alzheimer first described the neuropathological
changes in the brain of a 51-yr-old woman with a progressive
neurodegenerative illness that produced loss of intellectual and
cognitive functions and eventually death (/). Initially consid-
ered to be a single entity, mounting evidence supports that
Alzheimer’s disease (AD) is an etiologically heterogeneous
form of brain failure with common clinical and pathological
features. These include progressive memory loss, behavioral
changes, cognitive impairment, neocortical neurofibrillary tan-
gles (NFTs), extracellular neuritic plaques and neuronal death.
The pathological cascade(s) responsible for hyperphosphoryla-
tion of the microtubule-associated protein tau result in the
formation of NFTs and the abnormal processing of the amyloid
precursor protein, which eventually leads to the extracellular
deposition of beta-amyloid and the formation of neuritic
plaques have yet to be clearly delineated (2,3). Over the past 10
yr, genetic mutations have been identified on chromosomes 21,
14 and 31 that are capable of producing the clinical and
pathological features of AD (4—6). In addition, the presence on
chromosome 19 of the &, allele for the apolipoprotein E gene is
known to increase the risk for AD (7). This latter finding
suggests that the presence of certain otherwise normal alleles
may, when present in critical combination, effectively function
as disease-modifying (or perhaps disease-causing) genes.
Clearly, AD is etiologically and pathologically a complex
neurodegenerative disorder, and no biochemical basis for this
disorder has been established.

An analogous situation exists with regard to the potential
contribution of comorbid conditions such as cerebrovascular
ischemia to the clinical and pathological expression of AD.
Although there is no evidence that cerebrovascular disease can
produce NFTs or neuritic plaques, multiple infarctions or a
single infarction in a critical area can cause dementia. What has
remained difficult to determine is whether small-vessel isch-
emia, such as that often felt to be responsible for the subcortical
high T2 signal intensity on MRI, contributes in a clinically
meaningful way to the severity of the symptoms or rate of
dementia progression in patients with probable AD.

In the U.S., approximately as many as 10% of individuals
over age 65 suffer from some degree of dementia and the
prevalence increases to approximately 40% by age 85 (8). The
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major causes of dementia in this group include AD (50%),
multiple infarctions (5%) and a combination of AD and cere-
brovascular disease (15%) (9).

The introduction of PET to determine regional cerebral blood
flow and metabolism has improved substantially our under-
standing of the underlying pathophysiological mechanisms that
are associated with many disorders of the brain, including
cerebrovascular diseases (/0). Using modern high-resolution
instruments and appropriate positron-emitting tracers, local
cerebral hemodynamic and metabolic function can be deter-
mined in detail. Current well-validated techniques allow non-
invasive and quantitative measurement of cerebral blood flow
(CBF), cerebral metabolic rate for oxygen (CMR O,), oxygen
extraction fraction (OEF), cerebral blood volume (CBV) and
cerebral metabolic rate for glucose. Of great interest is deter-
mining the balance among these physiological and metabolic
parameters in different phases of cerebrovascular disorders
(I1).

Several carefully designed studies have clearly demonstrated
that after reduction in cerebral perfusion pressure, CBV increases
as a result of dilation of arterial vessels (/2). This in turn decreases
vascular resistance and subsequently maintains CBF within normal
limits. As maximal vascular dilation is achieved, further decline in
perfusion pressure is followed by a proportionate decline in CBF.
However, because of an increase in OEF in the affected brain
tissue, CMR O, is maintained within normal ranges. It is well
established that the OEF correlates with the ratio between CBF and
CBV. Thus, CBF-to-CBV ratio represents a perfusion reserve,
which may forecast the risk for future infarction. As perfusion
pressure decreases further and all compensational mechanisms
(vasodilatation and increased OEF) are exhausted, tissue infarction
ensues. Ischemia (significant reduction in CBF and CMR O,
without infarction) is considered a transient state and potentially
can be reversed by initiating appropriate interventions. Therefore,
detection of ischemia may have significant implications in the
management of central nervous system (CNS) disorders, including
those for which alterations in CBF are not considered the primary
pathological process. AD, along with other neurodegenerative
dementias, is only one example.

Research by Frackowiak et al. (/3) demonstrated that both
CBF and CMR O, were decreased in patients with AD and
multi-infarct dementia (MID), and there was no evidence of
increased OEF to indicate ongoing ischemia in either disease.
This was a surprising finding because it was thought that
ischemia may be a contributing factor to the clinical presenta-
tion of the disorder in patients with MID. Similar results were
reported by Yao et al. (/4), who also reported no evidence of
ischemia in the involved white matter in patients with clinical
and neuroradiological evidence of Binswanger’s dementia.
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Nevertheless, significant cortical dysfunction was detected in
the population examined. However, Meguro et al. (/5), in a
relatively larger sample of patients with periventricular hyper-
intensity and cerebrovascular risk factors, were able to demon-
strate increased OEF and a decreased CBF-to-CBYV ratio, which
was pronounced in patients with severe lesions or in those who
had evidence of Binswanger’s dementia (/5). The difference
between the latter report and the results described by the other
investigators can be attributed to some extent to the methodol-
ogies used and, in particular, to the resolution of the PET
instruments used to conduct the investigation.

Histological examination of normally aging brain and pa-
tients with some CNS disorders has revealed various degrees of
pathologic alterations in the white matter (/6). However, the
introduction of modern MRI techniques has provided unprece-
dented sensitivity for detecting white matter hyperintensity
(WMH) in the otherwise normal brain and in various neurolog-
ical diseases (/7). Fazekas et al. (/8) have characterized these
lesions as punctate, early confluent and large confluent deep
white matter abnormalities. Periventricular high signal intensity
abnormalities were categorized as caps, smooth (halo) or
irregular extending into deep white matter. A later work by
Fazekas et al. (/9) also revealed that in asymptomatic normally
aging subjects, the presence and extent of white matter lesions
correlated with the degree of cerebrovascular risk factors.

AD is a degenerative process that primarily affects the gray
matter and associated cellular elements. Cerebral atrophy is
secondary to neuronal degeneration and cell loss that is clearly
detected on MRI. In contrast, MID predominantly affects the
white matter, and adjacent and distant cortical dysfunction is
caused by axonal deafferentation. In contrast to AD, which is
considered a progressive and incurable disease, it may be
possible to alter the course of dementias caused by cerebrovas-
cular disorders by diet or medical or surgical interventions.
Therefore, the coincidental diagnosis of ischemic abnormalities
in patients with AD may provide a basis for therapeutic
strategies. The incidence of such occurrences is not clearly
established, but because the cerebrovascular risk factors are
common among patients with AD, the possibility of this
association should be explored because of its significant impli-
cations.

Yamaji et al. (20) attempted to provide further insight into
the mechanisms responsible for WMHs in AD and the clinical
consequences of such changes. Using PET and the '*O-steady-
state method, these investigators found CBF to be significantly
lower in patients with WMHs whereas OEF was significantly
increased. There was no significant difference in the pattern of
these alterations nor in oxygen metabolism or CBV between
patients with or without white matter signal intensity abnormal-
ities. Based on these findings and a correlation of WMH
severity with the mean OEF of cortical and white matter
regions, the authors of this article conclude that these lesions are
a consequence of latent ischemia. Preservation of oxygen
metabolism suggests the absence of clinical correlates.

At first, these findings seem to fit well into current concepts
of white matter damage in AD. As has been found in asymp-
tomatic subjects, the frequency of signal hyperintensities in the
deep and subcortical white matter of patients with AD is related
to age and the presence of cerebrovascular risk factors (/9).
Histopathologic data support an ischemic cause of deep WMHs,
and these lesions have been associated with only minimal
neuropsychological consequences at a severity commonly
found in AD (2/). However, the WMH group of Yamaji et al.
did not focus solely on AD patients who had more pronounced
signal intensity abnormalities in the deep and subcortical white

matter (20). Nine of their 16 patients were included because of
a smooth band of periventricular hyperintensity. There is strong
evidence for a nonischemic origin of this type of abnormality.
Hyperintense periventricular bands have been observed more
frequently in AD patients than in control subjects, even when
correcting for possible effects of age and cerebrovascular risk
factors (22). Histopathologic studies of brains in AD patients
found no evidence for arteriolosclerosis in association with
periventricular white matter changes (23). It should be also
noted that a previous study of AD patients using SPECT and the
133Xe inhalation technique found no correlation between CBF
and periventricular hyperintensity. However, CBF of the central
white matter and of the hippocampal region correlated signifi-
cantly with the volume of deep WMHs (24).

The findings of Yamaji et al. (20) have demonstrated the
potential of PET investigation by combining the assessment of
CBF, CBV, OEF and oxygen metabolism for tackling complex
pathophysiologic issues of subtle morphologic abnormalities.
Also, they clarified that the contribution of WMHs to the
severity of AD seems negligible. However, it is possible that
these lesions affect the rate of cognitive decline, modify
behavioral and other noncognitive symptoms and alter the
response to antidementia drugs. Thus, future PET studies need
to address the probable heterogeneity of WMHs. It also will be
imperative to consider the effects of brain atrophy. PET studies
of glucose metabolism in AD have demonstrated the crucial
role of brain volume in the interpretation of functional data
(25). Based on the reported association of periventricular
hyperintensity with ventricular enlargement (22), the brains of
the patients with WMH in the study of Yamaji et al. may have
been significantly more atrophic, distorting CBF estimates to
artificially low values. The finding of a somewhat reduced CBV
in these patients instead of a compensatory increase would seem
to support this assumption.

From a clinical perspective, the potential for effective thera-
peutic interventions to reduce cerebral ischemia raises the need
for further studies. If white matter changes in patients with a
coexisting neurodegenerative process such as AD adds to the
burden of cognitive, behavioral or functional impairment, it
would be reasonable to identify at-risk individuals and initiate
appropriate diet or medication at the earliest possible point.
Settling these issues will require careful studies in a well-
characterized patient population with AD and the use of
functional imaging tools such as high-resolution PET imaging
techniques. It is only in this setting that we will be able to
identify those patients who might benefit from specific patho-
logically targeted treatment strategies.

REFERENCES

1. Alzheimer A. Uber eine eigenartige Erkrankung der Himrinde. Allgemeine Zeits.
Psychiat. Psychisch-Gerichtlich Med 1907,64:146-148.

2. Yanker BA. Mechanisms of neuronal degeneration in Alzheimer’s disease. Neuron
1996;16:921-932.

3. Selkoe DJ. Amyloid B-protein and the g
1996;271:18295-18298.

4. Goate AM, Carie-Christine C-H, Mullan M, et al. Segregation of a missense mutation
in the amyloid precursor protein gene with familial Alzheimer's disease. Nature
1991;349:704.

5. Levy-Lahad E, Wijsman M, Nemens E, et al. A f
chromosome 1. Science 1995;269:970-973.

6. Sherrington GD, Rogaev El, Liang Y, et al. Cloning of a gene bearing missense
mutation in early-onset familial Alzheimer's disease. Nature 1995;375:754-760.

7. Sauder AM, Strittmatter WJ, Schmechel D, et al. Association of apolipoprotein E allele
€4 with late-onset familial and sporadic Alzheimer's disease. Neurology 1993:43:
1467-1472.

8. Evans DA, Taylor JO, Hennekens CH, et al. Prevalence of Alzheimer’s disease in a
community population of older persons. Higher than previously reported. JAMA
1989;262:2551-2556.

9. Mendez MF, Mastric AR, Sung JH, et al. Clinically diagnosed Alzheimer’s disease:
neuropathologic findings in 650 cases. Alzheimer Dis Assoc Disord 1992;6:35-42.

10. Alavi A, Hirsch LJ. Studies of central nervous system disorders with single photon

of Alzheimer's di J Biol Chem

ilial Alzheimer's di locus on

1364  THEe JOURNAL OF NUCLEAR MEDICINE « Vol. 39 « No. 8 « August 1998



emission computed tomography and p over the

past 2 decades. Semin Nucl Med 1991;21:58-81.

Iy
graphy: evi

normal individuals: correlation with carotid ultrasonography, cerebral blood flow
measurements, and cerebrovascular risk factors. Stroke 1988;19:1285-1288.

. Broich K, Alavi A, Kushner M. Positron emission tomography in cerebrovascular  20. Yamaji S, Ishii K, Sasaki M, et al. Changes in cerebral blood flow and oxygen
disorders. Semin Nucl Med 1992,22:224-232. metabolism related to magnetic resonance imaging white matter hyperintensity in
. G!bbs ) Wise R, Leenderg K. et al. Evaluation of cerebral perfusion reserve in patients Alzheimer's disease. J Nucl Med 1997:38:1471-1474.
with carqud-arlery °<{°|}ISIOD. Lancet I984;l:310—.3l4. 21. Schmidt R, Fazekas F, Offenbacher H, et al. Neuropsychologic correlates of MRI
- Frackowiak R, Pozzilli C, Legg N, et al. Regional cerebral oxygen supply and white matter hyperintensities: a study of 150 normal volunteers. Neurology 1993;43:
utilization in dementia: a clinical and physiological study with oxygen-15 and positron 2490-2494
emission tomography. Brain 1981;104:753-778. | : .
. Yao H, Sadoshima S, Kuwabara Y. et al. Cercbral blood flow and oxygen metabolism 22. F:zekals’ Fl, Kapclle.r P, Schmidt R ()lf:"cnbagher l-!.vPayerAl-;. :a_zeka‘s z}: The rjl;t/lon
in patients with vascular dementia of the Binswanger type. Stroke 1990;21:1694~1699. e l";g;‘:’f;f;';l“’fz";““ signal hyperintensities to Alzheimer's disease. J Neu-
. Merguo K, Hatazawa J, Itoh M, et al. Cerebral circulation and oxygen metabolism ro’ St P A e . .
associated with subclinical periventricular hyperintensity as shown by magnetic 2. Sch_eltens PH, Barkhof F, Leys D. Wolters EC. Rz.w:d R, ll(am;zhor.m W. Histopatho-
resonance imaging. Ann Neurol 1990;28:378-383. Ioglc correlates of white matter changes on MRI in Alzheimer’s disease and normal
. Brun A, Englund E. White matter disorder in dementia of the Alzheimer type: a aging. Neurology 1995,45:883-888. . .
pathoanatomical study. Ann Neurol 1986;19:253-262. 24. Waldemar G, Christiansen P, Larson HBW, et al. White matter magnetic resonance
. Brant-Zawadzki M, Fein G, Van Dyke C, Kieman R, Davenport L, de Groot J. MR hyperintensities in dementia of the Alzheimer type: morphological and regional
imaging of the aging brain: patchy white-matter lesions and dementia. AJNR cerebral blood flow correlates. J Neurol Neurosurg Psychiatry 1994,57:1458 -1465.
1985:6:675—682. 25. Alavi A, Newberg AB, Souder E, Berlin JA. Quantitative analysis of PET and MRI

. Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA. MR signal abnormalities data in normal aging and Alzheimer’s disease: atrophy weighted total brain metabo-
at 1.5 T in Alzheimer's dementia and normal aging. AJNR 1987;8:421-426. lism and absolute brain bolism as reliable discriminators. J Nucl Med 1993;34:
. Fazekas F, Niederkom K, Schmidt R, et al. White matter signal abnormalities in 1681-1687.

Notice to Authors Submitting Materials
to The Journal of Nuclear Medicine

As of July 1, 1998, the address for articles submitted to JNM has
changed. Please mail all manuscripts to the following address:

Editor
JNM Office
Society of Nuclear Medicine
1850 Samuel Morse Drive
Reston, VA 20190-5316
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Authors,” which will be appearing this summer in the “Publications”
section of the SNM web site (www.snm.org) and in JNM.
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