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MR Imaging of the Aging
Brain: Patchy White-Matter Lesions
and Dementia

Magnetic resonance (MR) imaging studies of the brain in five elderly patients with
non-Alzheimer dementia were compared with those in two groups of nondemented
control subjects. Group 1 included five subjects aged 59-66; group 2 included nine
subjects aged 74-81. In all of the demented patients and in three of the subjects in the
older control group, MR showed diffuse, patchy white-matter lesions. A rating scale was
used to grade the severity of the changes. The resuits suggest a higher incidence of
white-matter lesions in elderly patients with non-Alzheimer dementia and in cognitively
normal elderly with advancing age.

The unprecedented sensitivity of magnetic resonance (MR) imaging in detecting
pathologic alterations of the central nervous system [1-5] has yielded disquieting
results when applied to the aging brain. For instance, 20%-30% of patients over
the age of 65 demonstrate patchy, deep white-matter foci of abnormal signal
intensity when examined by MR [6]. Because these foci appear unrelated to the
clinical indication for the MR study, they present a diagnostic dilemma. Since these
foci are virtually absent in normal individuals under age 50, they are clearly related
to the aging process. One possibility is that they are of little or no clinical
significance. Another alternative is that the foci are both pathologic and clinically
significant, since they match the distribution of periventricular lucencies seen less
often with computed tomography (CT) in aged patients with atrophic changes [7]
and in patients with multiinfarct dementia [8-11]. If these deep white-matter foci
are pathologic, it is possible that they represent edema and/or demyelination
secondary to ischemia.

There is a known association of subcortical arteriosclerotic encephalopathy (SAE)
as well as multiple foci of infarction with aging and dementia [7, 9, 10, 12, 13]. The
foci of abnormal signal intensity in the elderly discussed above resemble those
seen in known cerebral infarction on MR [14]. The high incidence of patchy white-
matter lesions (PWMLs) in the aging brain may be due to ischemia. The possibility
that these lesions are an MR marker of cognitive change is the subject of this
analysis.

It is currently estimated that of the more than 24 million elderly Americans, 5%
have severe dementia and 10% have mild to moderate dementia [15-17]. It is
likely that the number of elderly with dementia will increase in the near future as
the median age of our population increases. Dementia can be defined as a
dysfunction in more than one of the four major cognitive ability areas: language,
memory, reasoning, and construction. It must be differentiated from the subtle
decrements in cognitive abilities of normal aging. Diagnostic imaging methods,
including CT, have generated controversy regarding their ability to image specific
parenchymal changes due to normal senescence [18-21]. Likewise, the correlation
between those changes observed with CT (e.g., enlarged ventricles) and detectable
loss of cognitive function has been unconvincing [22-27].

It is currently believed that 50% of senile dementias are of Alzheimer type
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TABLE 1: Summary of Patients in MRI of Aging Brain Study

Study Group:
Case No. Risk Factors MRI Score Anatomic Findings
(age, gender)
Dementia patients:
1(66,M) ... .. — 4 CSO, OR, TEMP
2(75F). ... .. ? Previous
SAH 4 CSO, OR, V
3(79M) ... .. HBP 3 CSO, OR
4(65M) .. ... PVD, CBVD,
HBP,
COPD 4 CSO, OR, BG, V
5(70,F). ... .. CVD 2 —
Group 1 controls (59-66 years old):
6 (63,M) ... .. Mild MI 0 o
7(B9F)...... - 1 -
861.M) ... .. — 1 =
9(63,M) ... .. - 0 =
10 (66,M) . . ... - 0 =
Group 2 controls (74-81 years old):
11 (74,F). ... .. Mild HBP 3 CSO, vV
CSO, OR, EC, IC,
12(79F). ... .. - 4 BG
CSO, OR, EC, IC,
13(B0F)ic 5z 2 - 4 BG
14 (78M) ... .. - 0 =
18(75F). . ... ... — 0 -
16 (76,F). . . . .. = 0 =
17 (74M) ... .. = 1 -
18 (81,F). ... .. = 1 -
19(75F). ... .. — 2 =

Note.—SAH = subarachnoid hemorrhage; HBP = high blood pressure; PVD = peripheral
vascular disease; CBVD = cerebrovasular disease; COPD = chronic obstructive pulmonary
disease; CVD = cardiovascular disease; Ml = myocardial infarct; CSO = centrum semiovale;
OR = optic radiations; TEMP = temporal white matter; V = borderline ventricular enlarge-
ment; BG = basal ganglia; EC = external capsule; IC = internal capsule.

(SDAT), 20% result from cerebral arteriosclerosis, and an-
other 20% are combinations of both these conditions [11,
28-30]. There is no method to prevent or arrest the progres-
sion of SDAT. In contrast, dementia of vascular etiology can
potentially be prevented or arrested. Such a potential makes
early diagnosis of vascular dementia essential. Our initial
assessment of the relation between PWMLs on MR imaging
and cognitive function in elderly individuals is the subject of
this report. The purpose of this ongoing investigation is to
determine the functional significance of these lesions in the
aged. We plan to address the association of both PWMLs
and cognitive changes with cerebral vascular disorders.

Subjects and Methods
Subjects

In this initial study we compared five patients with non-
Alzheimer dementia with 14 nondemented, elderly controls.
Of the patients with dementia, two aged 64 and 74 were
scanned by MR for suspected central nervous system dis-
ease. Their scans evidenced moderate to severe PWMLs,
and they were referred for neuropsychologic assessment.
Three patients aged 66-79, in whom neuropsychologic test-
ing had indicated dementia, were referred for MR imaging.

The cognitive and imaging studies of these five patients
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were compared with those of two control groups. Group 1
consisted of five nonretired professionals aged 59-66, who
had been prescreened to include only those in excellent health
and whose test performance showed no evidence of cognitive
deficit. (A sixth candidate for this group, who had met the
medical criteria, was excluded on the basis of subtle signs of
cognitive loss.) Group 2 consisted of nine retired professionals
aged 74-81. Subjects in this group were in good health, with
no medical conditions associated with cognitive loss. The
single exception was a woman whose mild hypertension was
well controlled with thiazide diuretics. (These medications do
not affect cognition.) The age, gender, and medical conditions
of these subjects are listed in table 1.

MR Methodology

The MR imager used was a Diasonics MT/S system oper-
ating at 0.35 T. The spin-echo technique of image acquisition
was used, with repetition time (TR) settings of 2.0 sec and
echo time (TE) settings of 28 and 56 msec. This technique is
the most sensitive for the detection of cerebral tissue abnor-
mality [1]. Slice thickness was 7 mm, with 2.6 mm gap
between adjacent sections; in-plane pixel resolution was 1.7
mm. Twenty consecutive axial sections through the brain
were obtained in a single image acquisition lasting 17 min.
Other technical aspects of the instrument have been de-
scribed [31].

The MRI studies were graded for the extent and severity
of PWMLs on a 0-4 scale. A score of zero was assigned
when no such lesions were evident. A score of 1 indicated
punctate foci of high signal intensity in the white matter
immediately at the tip of the frontal horns of the lateral
ventricles. A score of 2 was assigned when the white-matter
lesions were seen elsewhere but remained confined to the
immediate subependymal region of the ventricles. A score of
3 indicated periventricular as well as separate, discrete, deep
white-matter foci of signal abnormality. A score of 4 was
reserved for those cases in which the discrete white-matter
foci had become large and coalescent. In addition to grading
the extent and severity of the PWMLs, we categorized their
anatomic locations: centrum semiovale, optic radiations, ex-
ternal capsule, internal capsule, basal ganglia. Finally, we
judged the size of the ventricles as either normal, possibly
enlarged, or definitely enlarged. The detection, grading, and
anatomic localization of the PWMLs and the assessment of
ventricular size were performed by two experienced observ-
ers (M. B-Z., J. dG.).

Psychometric Testing

Four of the five patients with dementia and all of the control
subjects were given a battery of psychometric tests chosen
for their sensitivity to the cognitive impairments of dementia.
The other patient was so evidently impaired that he was given
adementia screening test, the Neurobehavioral Mental Status
Examination [32], to avoid subjecting him to the demands of
the more extensive battery.

The standard battery consisted of the following tests:
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Wechsler Adult Intelligence Scale, revised (WAIS-R) [33]:
vocabulary, comprehension, digit span, block design, and
object assembly subtests; Wechsler Memory Scale [34], Rus-
sell adaptation [35]: logical memory and visual reproduction
subtests, including a half-hour delayed recall; Knox cubes
from point scale of performance tests [36]; selective remind-
ing tests [37]; and the controlled word association test from
the Benton Multilingual Aphasia Examination [38].

Results

Four of our five patients with documented dementia had
diffuse PWMLs (score 3 or 4) (table 1, figs. 1 and 2). The
other patient showed only subependymal PWMLs (score 2).

In the younger controls, group 1, scores were all 1 or 0. In
the older controls, group 2, three of nine subjects exhibited
PWMLs with scores of 3 or 4 (fig. 3). None of the three
showed evidence of dementia on the battery of cognitive
tests. One of them did score substantially below the other
controls on picture arrangement; however, the other two
subjects achieved average or better scores on all tests.
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Fig. 1.—Case 1, dementia patient. Uneventful
medical dementia on cognitive testing. A and B, CT
scans at level of lateral ventricles and centrum
semiovale. Vague low density in right hemispheric
white matter. C, 28, and D, 56 msec TE images at
same level as A. Marked, coalescent foci of abnor-
mal signal intensity in white matter. E, 56 msec TE
image at higher section (compared with B) shows
similar abnormalities.

Another control subject with a rating of zero scored in the
range of the demented patients in both subtests of the
Wechsler Memory Scale and in block design. His scores on
the rest of the tests were comparable to the other controls,
however, and he was successfully operating a postretirement
real estate business.

The distribution of PWMLs (table 1) indicates that the deep
white matter of the centrum semiovale and that of the optic
radiations was most commonly affected in subjects whose
lesions were separate from the immediate subependymal
regions (scores of 3 or 4). In these subjects, the basal ganglia
were involved in three cases. Since ventricular dilatation was
not a specific focus of the current analysis, traditional indices
such as the Evans index were not used. Rather, two experi-
enced observers judged the ventricular volume as possibly
enlarged in three. All three of these subjects had MRI scores
of 3 or 4, and two were in the demented group.

Of interest in the subjects with MRI scores of 2 or less, the
most common focus of abnormality was the discrete region
of the white matter immediately adjacent to the tips of the
frontal horns of the lateral ventricles (fig. 4). In fact, this
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particular focus showed a relatively high signal intensity (when
compared with other white matter) in most patients studied
in all age groups. The autopsy experience of our neuropa-
thologists indicates that ependymal breakdown, granulation
tissue, and/or focal demyelination occurs at this site in most
brain specimens from infancy through old age. The basis for
these changes in unknown.

Four of the five demented subjects had cardiovascular risk
factors and one (case 4, fig. 2) had a previous cerebral infarct.
However, cardiovascular risk factors were present in only two
of the 14 control subjects.

Discussion

Our initial results suggest an association among advancing
age, severity of PWMLs, cerebrovascular risk factors, and
cognitive loss. A larger number of patients would be needed
to demonstrate a statistically significant association. Clearly,
grade 3 or 4 PWMLs are not pathognomonic for dementia.
For example, one of our demented patients had a score of
only 2, while three of our nondemented subjects had scores
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Fig. 2.—Case 4, dementia patient. Severe dementia on psychometric testing. A, CT scan at level of
lateral ventricles. Subtle low density in white matter, most notable in right occipital region. B, 28, and C,
56 msec TE images at level of lateral ventricles. Coalescent foci of high signal intensity in white matter
best seen on late echo sampling (arrowheads). D, 56 msec TE image of next consecutive section. Similar
findings. Borderline venticulomegaly.

of 3 or 4. Patients with Alzheimer dementia were excluded
from our study; in our experience [39] (fig. 5) and that of
others [14], they do not exhibit PWMLs.

The high incidence of PWMLs in our subjects reflects both
the unique sensitivity of MR imaging and the extent of path-
ophysiologic changes in the aging brain. The superior sensi-
tivity of MR over CT in the detection of most focal lesions in
the brain is becoming an accepted observation [1-5]. This
sensitivity is especially pronounced when the insult being
evaluated results in an increase in water content [40]. The
consequent increase in resonant proton density and the pro-
longation of proton T2 relaxation times result in an obvious
increase in signal intensity from such lesions relative to normal
brain using the spin-echo technique with long TR settings.
Not surprisingly, disease etiologies as varied as neoplasm,
multiple sclerosis, infection, or infarction (all of which cause
increased brain water) may yield a similar appearance with
MR imaging. The clinical setting together with lesion mor-
phology is crucial to the formulation of a concise differential
diagnosis.

The PWMLs observed often in the elderly with MR imaging



AJNR:6, Sept/Oct 1985

Fig. 3.—Case 12, control patient. Uneventful
medical history. A, 28, and B, 56 msec TE images
at two consecutive sections. Diffuse, coalescent
periventicular and isolated areas of high signal in-
tensity.

probably reflect the so-called periventricular low-density foci
variably noted on CT scans in this population [7-9, 14]. This
finding on CT has been variously ascribed to pathologic
entities such as hydrocephalus (when seen in conjunction
with ventriculomegaly), the lacunar state, Binswanger dis-
ease, SAE, and white-matter atrophy. Previous reports have
also documented a progressive decrease in Hounsfield num-
ber values in the white matter with advancing age in normal
subjects [18].

MR adds to the weight of pathologic, physiologic, and
neurochemical data suggesting that PWMLs are due to foci
of increased water content in the aging brain, most likely on
an ischemic basis. Autopsy studies reflect a high incidence
(20%-50%) of deep, focal regions of brain softening consist-
ent with punctate infarction in elderly subjects [11, 41-43].
Radionuclide studies of regional cerebral blood flow (rCBF)
consistently indicate progressive decrease in cerebral perfu-
sion with advancing age and with dementia [44-48]. This loss
of rCBF is aggravated by the well known risk factors of
hypertension, smoking, diabetes, and hyperlipidemia [45].
These observations have led to the following speculation:

MR OF THE AGING BRAIN 679

Because the white matter lies in the border zones and end
zones of arterial perfusion, it experiences a lower regional
perfusion than does cortical gray matter. This white matter
may be more vulnerable to the effects of a global decrease in
cerebral perfusion with advancing age. In the presence of
arteriosclerotic changes with n ial hypertrophy of deep
perforating arteries supplying the periventricular regions, as
seen with SAE, the white matter is especially at risk for
ischemia. Such low perfusion of the white matter may ad-
versely affect the maintenance of myelin, as evidenced by the
increased evidence of myelin degradation products seen in
elderly patients [41, 49]. Of course, generalized decrease in
cerebral perfusion lowers the threshold for frank infarction
that may occur during hypotensive periods or with emboli.
Both senescent demyelination and multiple foci of infarction
could explain the observations that the water content of the
brain progressively increases with advancing age [41].

This scenario presumes an ischemic basis for the high
incidence of PWMLs on MR imaging of elderly subjects. The
relation of such lesions to cognitive loss and frank dementia
in the elderly is less direct, as evidenced by the presence of
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Fig. 4.—Case 18, 81-year-old woman, control
subject, MRI score = 1. Spin-echo sequence, 2000
msec TR. A, 28, and B, 56 msec TE images at level
of frontal horns and lateral ventricles. Punctate
focus of high signal intensity in white matter imme-
diately at tip of frontal horns (arrowheads). C, 28,
and B, 56 msec TE images at level of centrum
semiovale and body of caudate nucleus. No abnor-
malities in white matter. Caudate nucleus, being
gray matter, shows relatively higher signal intensity
than white matter.

Fig. 5.—64-year-old man with known Alzheimer disease. A, CT scan. Ventriculomegaly; no focal lesion. B, 28, and C, 56 msec TR, 2000 msec TE images. No
abnormality of white matter; ventriculomegaly is again evident.
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PWMLs in three of our nondemented controls. Certainly, given
sufficient progressive insult to the associational white-matter
tracts, dementia can occur, as evidenced by those patients
studied who have multiinfarct dementia or SAE [7, 9, 12—
14]. Given a sufficient severity in the number and perhaps
distribution of PWMLs in any patient, the likelihood of demen-
tia may be increased. Clearly, a larger study is needed. Further
investigation is also suggested in correlating the MR fre-
quency of PWMLs and dementia in patients with diffuse white-
matter disease (e.g., multiple sclerosis) and in patients with
other causes of small vessel disease (e.g., diabetes).
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