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Brain MR: Pathologic Correlation 
with Gross and Histopathology. 
2. Hyperintense White-Matter Foci in the 
Elderly 

629 

MR was performed on 23 formalin-fixed brain specimens of patients 60 years old or 
older at the time of death. In two of these subjects MR had also been performed in vivo 
prior to death. Fifteen hyperintense white-matter foci were found on long TR MR images 
in seven brains. These lesions were correlated with gross and microscopic pathology. 
Six lesions were infarctions, two were small foci of gliosis or noncavitated infarcts, two 
were plaques of demyelination, one was a minute brain cyst, and one was a congenital 
diverticulum of the lateral ventricle; in three foci the abnormality was not found. We 
identified no MR criteria to distinguish noncystic infarction from either gliosis or demye­
lination. However, MR was able to distinguish all these lesions from fluid-containing 
spaces-including cystic infarction, brain cyst, and ventricular diverticulum-since the 
lesions in the latter group may be isointense relative to CSF in vivo or to fluid in the 
subarachnoid space in the postmortem fixed state on all pulse sequences. The relation­
ship of a ventricular diverticulum and a brain cyst to the ventricle or subarachnoid space 
serves as an additional differentiating feature on MR. In cases in which CT was also 
performed, it revealed corresponding hypodensities in two infarctions, but failed to 
reveal the foci of gliosis (or non cavital infarction), demyelination, or brain cyst. 

These data suggest that subtle changes of gliosis and demyelination, presumably 
from chronic vascular insufficiency, and/or frank infarction account for the majority of 
hyperintense white-matter lesions seen in MR in elderly patients. Distinguishing among 
the various lesions is difficult, but subtle differences are present when MR is correlated 
with histopathology. 

Confluent periventricular and punctate hemispheric foci of abnormal high signal 
intensity are commonly seen in elderly patients on MR images with long TR 
sequences. The reported frequency in patients older than 60 years of age is 30% 
[1-3] . The collective work of several investigators has resulted in a gamut of 
physiologic and pathologic entities that may result in confluent peri ventricular 
hyperintensityon MR. Sze et al. [4] described a decrease of myelin and ependymitis 
granularis (a localized breakdown.of ependyma) in pathologically normal brain 
specimens anterior to the frontal horns. Zimmerman et al. [5] observed this finding 
on MR not only in patients with hydrocephalus, demyelinating diseases, or other 
pathologies, but also in otherwise normal subjects . A physiologic explanation for 
the finding in the latter group is the normal flow of interstitial water into the lateral 
ventricles from the extracellular space. Marshall et al. [6] performed MR studies 
on postmortem brain specimens and found infarction, gliosis , and nonspecific 
protein deposition corresponding to this finding . 

Similar reports have described different entities that may account for the punctate 
hemispheric foci of abnormal high signal intensity seen on MR. Brant-Zawadzki 
and Kucharczyk [7] reported that most of these are likely small , clinically silent 
infarcts, or perhaps diffuse ischemic changes. Holland [8] stated they are probably 
regions of white-matter gliosis. Kirkpatrick and Hayman [9] observed that perivas­
cular white-matter gliosis with shrinkage and atrophy ofaxons and myelin are the 
most common white-matter lesions in normal elderly subjects. Our study is the first 
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we are aware of that correlates MR features of variable 
punctate foci of high signal intensity on long TR sequences 
with the gross and microscopic pathology of these abnor­
malities. 

Materials and Methods 

Of the cases described in our companion article [10], 24 were 60 
years old or older. MR scans were obtained in 23 brain specimens, 
21 after formalin fixation and two both before and after death and 
subsequent formalin fixation. One patient was only investigated 10 
weeks before death. Our companion article provides more detailed 
information on the methods used in this study. 

CT scans were obtained in 15 of these 24 subjects before death. 
MR and CT examinations were correlated in all available cases . 

Results 

Six lesions in three subjects (cases 5, 6, and 10) were 
white-matter infarctions with varying amounts of cavitation 
(Table 1). Five were confined to the white matter of the 
centrum semiovale, and the sixth (case 10) extended from 
the white-matter into the gray matter. On MR, the lacunar 
infarct in case 5 was slitlike (Fig . 1), the four lacunae in case 
6 were ovoid , and the infarct that extended to the cortical 
medullary junction in case 10 was ovoid with irregular margins 
(Figs. 2A-2D). These lesions were hyperintense relative to 
brain parenchyma on both long TR sequences (short and long 
TEs), slightly hyperintense relative to water mixed with dilute 
formalin on the long TR/short TE sequence, and approxi­
mately isointense relative to this fluid on long TR/long TE 
sequences. CT was performed in cases 5 and 10 and revealed 

TABLE 1: Supratentorial White-Matter Lesions 

Cardiovascular Status 
Case Gender 

both lesions. In case 5 it demonstrated a linear hypodensity. 
CT examination in case 10 revealed an ovoid hypodensity 
(Fig. 2G). On gross pathologic examination, the lesion in case 
5 was a slitlike cavity, the lesion in case 10 an irregular cavity 
with tan brown softening (Fig. 2H), and no gross abnormality 
was noted in case 6. Histopathology confirmed the diagnosis 
of infarction in these cases (Fig. 21). The confluent high signal 
intensity surrounding the slitlike infarction on MR in case 5 
was gliosis. 

A lesion in case 6 and one lesion in case 11 were either 
small foci of white-matter gliosis or minute infarctions. On MR 
(Fig . 3) the lesion in case 11 was round, hyperintense relative 
to CSF on the long TR/short TE sequence, approximately 
isointense relative to CSF on the long TR/long TE sequence, 
and hyperintense relative to brain parenchyma on both these 
sequences. CT was performed in this patient before death 
and failed to disclose this abnormality. The lesion in case 6 
was irregular on MR, and demonstrated intensities identical 
to those seen in infarction in the postmortem fixed state. On 
gross pathologic evaluation the lesions were small, pale foci. 
These lesions were described microscopically as foci of either 
gliosis or infarction. Caplan and Schoene [11] described a 
spectrum of changes in the white matter, from diffuse loss of 
nerve fibers with delicate fibrillary necrosis to cavitated in­
farcts with dense gliosis. A state that is intermediate between 
the two extremes may be difficult to categorize, even histo­
pathologically. 

Two lesions in one brain (case 12) were plaques of demye­
lination. In this case, no neurologic symptoms were known to 
have existed during life. The foci probably were caused by 
incidental (benign) multiple sclerosis (see Discussion). On MR 
(Figs. 4A and 4B), one lesion was rounded and one was 

MR and Pathologic Features 

No. 
Age Systemic 

HTN Other 
Atherosclerosis 

Site Morphology Size (mm) Histopathology 

5 78 F Yes MI Severe R centrum semiovale Slitlike 4 x 2 Infarct 
(P+C) 

6 70 F Yes MI, Severe (1) L occipital WM Irregular, rounded 10 x 10 Gliosis vs infarct 
(P+C) A (2) Bifrontal WM Ovoid 2 x 2 (all) Infarcts 

(four sites) 
7 75 M Yes No Severe Adjacent to temporal Round 10 x 10 Congenital variant 

(P) horn R lateral ven- of temporal 
tricle horn 

10 64 M Yes MI, Severe (1) L frontal WM & Irregular, ovoid 10 x 5 Infarct 
(P+C) A GM 

(2) L occipital WM Mostly round, 6 x 6 Brain cyst 
one side 
straight 

11 61 M No No Mild L centrum semiovale Round 4 x 4 Gliosis vs infarct 
12 60 M Yes MI, Severe (1) Splenium, corpus Round 4 x 4 Demyelination 

(P+C) A callosum 
(2) L parietooccipital Irregular 25 x 5 Demyelination 

WM 
13 63 M No No Mild Bilateral centrum se- Three round le- 3 x 3 No abnormality 

miovale sions 4 x 3 found 
3 x 3 

Note.-HTN = hypertension; R = right; L = left; P = pathologic evidence of hypertension (concentric left ventricular hypertrophy); C = clinical evidence of 
hypertension during life; MI = post- myocardial infarction; A = arrythmia; WM = white matter; GM = gray matter. 
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Fig. 1.-Case 5: lacunar infarct in 
right centrum semiovale near entrance 
to internal capsule with surrounding 
gliosis. Coronal MR images, 2500/30 
(A) and 2500/80 (B), of brain specimen. 
Slitlike lacunar infarct (arrows) is hy­
perintense relative to brain paren­
chyma on both long TR sequences. 
Note that on long TR/short TE se­
quence (A), infarct is slightly hyperin­
tense relative to fluid in ventricles. Sur­
rounding hyperintensity of right cen­
trum semiovale was gliosis. 

A 

irregular. They displayed intensities identical to those de­
scribed for infarction and gliosis. CT was performed and failed 
to disclose either lesion. On gross pathologic examination, 
the larger lesion in the left parietooccipital white matter was 
a gray, translucent region with irregular margins, while the 
smaller lesion in the splenium of the corpus callosum was not 
seen . Histopathology (Fig. 4C) revealed two foci of demyeli­
nation, with sharp margins of demarcation between the de­
myelinated areas and the normal white matter. A Bodian stain 
(not shown) revealed preservation ofaxons within the affected 
regions. These two features (the sharp margins of demarca­
tion and the axonal preservation) are characteristic histologic 
features of a primary demyelinating process. 

Two foci in two brains consisted of a small intraparenchymal 
brain cyst (case 10) and a diverticulum like structure arising 
from the temporal horn of the lateral ventricle (case 7). On 
MR the intraparenchymal brain cyst was smooth, with a 
largely rounded but partly straightened wall , and was located 
adjacent to a sulcus (Figs. 2A, 2B, 2E, and 2F). The origin of 
the diverticulumlike structure off the temporal horn of the 
lateral ventricle was appreciated on MR (Fig . 5A). Both these 
fluid-filled structures were isointense relative to fluid in the 
ventricles and sulci on both echoes of the long TR sequence. 
CT was performed in the subject with a brain cyst but it failed 
to reveal this lesion (Fig. 2G). On gross pathologic examina­
tion the brain cyst was a cavity with partly round , partly 
straight, smooth margins (Fig. 2J), and the diverticulum was 
a rounded extension of the temporal horn of the lateral 
ventricle (Fig. 5B). Histopathology showed a single cell layer 
lining the brain cyst (Fig . 2K) and normal ependyma lining the 
diverticulum, which most likely represented a congenital var­
iant. 

In case 13 (Fig. 6), MR detected three small round bilateral 
lesions in the white-matter. They were hyperintense relative 
to CSF on the long TR/short TE sequence, approximately 
isointense relative to CSF on the long TR/long TE sequence, 
and hyperintense relative to brain parenchyma on both long 
TR sequences. Gross pathologic evaluation did not reveal 
corresponding abnormalities. Microscopic sections through 
the regions imaged on MR also disclosed no abnormalities. 

Of the 24 patients 60 years old or older in our study, six 
(25%) had one or more foci of abnormal high signal intensity 
in the supratentorial white matter, yielding a total of 15 lesions 
(Table 2). Six (40%) were foci of infarction, two (13%) were 

B 

regions of gliosis or noncavitated infarcts, two (13%) were 
plaques of demyelination, one (7%) was a brain cyst, and one 
(7%) was a congenital diverticulum of the lateral ventricle; in 
three (20%) no abnormality was found. 

Discussion 

White-Matter Ischemia and Infarction 

In a recent study by Kirkpatrick and Hayman [9] , 15 brains 
from normal subjects older than 52 years of age were studied. 
Slices of whole, celloidin-embedded brain cut at 35 ILm were 
examined. The most common lesion found in the supraten­
torial white-matter was atrophy and shrinkage ofaxons and 
myelin, with gliosis surrounding thickened tortuous vessels. 
They called this perivascular atrophic demyelination. (The 
entity comprises features that are similar, if not identical, to 
etat pre-crible [12] , which is described in our companion 
article [10].) Kirkpatrick and Hayman postulated that these 
changes are from chronic, low-grade vascular insufficiency. 
They distinguished this chronic process from occlusive vas­
cular disease, which results in acute tissue necrosis. The 
authors concluded it is likely that these lesions account for 
most of the punctate white-matter lesions seen on MR in the 
elderly. 

In our series, white-matter infarction was the most common 
lesion responsible for a punctate hyperintense signal (Table 
2). The reason for the discrepancy between our results and 
those of Kirkpatrick and Hayman [9] is uncertain . They in­
cluded only clinically healthy subjects, while we included 
patients with and without known neuropathology. In addition, 
both series had limitations. In our study, only three cases 
(cases 6, 10, and 12) had more than one lesion in the 
supratentorial white matter, and in only one of these (case 6) 
did infarction account for more than one lesion. Yet it is 
common to see several or enumerable hyperintense white­
matter foci in the elderly on MR. In addition , our study 
predominantly was performed on postmortem brain speci­
mens after formalin fixation. Although certain changes on MR 
after fixation are well described (see our companion article 
[10]), some lesions (such as perivascular atrophic demyeli­
nation) may be less noticeable on postmortem MR compared 
with an in vivo examination . The one limitation of the series 
of Kirkpatrick and Hayman [9] was the lack of MR correlation . 
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E F 

H 
Fig. 2.-Case 10: infarct in left centrum semiovale extending to gyrus. Brain cyst in left occipital white matter. 
A- F, Axial and coronal MR images, 2500/30 (A, C, and E) and 2500/80 (B, D, and F), of brain specimen. Infarct (arrows) has irregular borders and is 

hyperintense relative to brain parenchyma on both long TR sequences. Brain cyst (arrowheads) in contrast, has smooth borders and is approximately 
isointense relative to fluid in sulci on both sequences. Cyst is adjacent to sulcus. This is appreciated in coronal, but not axial, plane. 

G, Axial CT scan. Infarct (arrow) is ovoid hypodensity in left centrum semiovale. Brain cyst was not detected on this or other CT sections. 
H, Gross pathology of infarct. Cortical component of infarct (arrow) is discolored cavitating region at gyrus. 
I , Histopathology of infarct. Macrophages (shorter arrows) are present in this recent infarct, which is beginning to cavitate. Infarct is bordered by 

reactive astrocytes (longer arrows). (H and E x37.25) 
J, Gross pathology of brain cyst. Cavity (arrow) has partly round, partly straight, smooth margins. 
K, Histopathology of brain cyst. Brain cyst is cavity with single cell lining (arrows), and is surrounded by virtually normal white matter. Note absence of 

reactive astrocytes. (H and E x37.25) 
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Fig. 3.-Case 11: gliosis vs infarction. 
A and 8, Axial MR images, 2500/30 (A) and 

2500/80 (8), before death. Small round lesion in 
left centrum semiovale (arrows) is hyperintense 
relative to brain parenchyma on both long TR 
sequences. On long TR/short TE sequence (A) 
the lesion is hyperintense relative to CSF. 

A 
Fig. 4.-Case 12: two plaques of demyelination. 

A B 

B c 

A and 8, Coronal MR images, 2500/30 (A) and 2500/80 (8), of brain specimen. Small round lesion in splenium of corpus callosum (short arrows) and 
larger, irregular lesion in centrum semiovale of parietal lobe (long arrows) are hyperintense relative to brain parenchyma on both long TR sequences. 

C, Histopathology. Demyelinated plaque is pale area; normal myelin is dark area. Note sharp margin of demarcation between demyelinated area and 
normal white matter, a characteristic histologic feature of a primary demyelinating process. (Weil x37.25) 

Fig. 5.-Case 7: congenital variant, diverticu­
lumlike structure off temporal horn of right lateral 
ventricle (arrows) . 

A, Axial MR image, 2500/80, of brain speci­
men. Rounded structure adjacent to temporal 
horn is isointense relative to fluid in ventricles. 

8 , Gross pathology reveals congenital variant 
of temporal horn. 

A 

Nonetheless, previous neuropathologic studies also docu­
mented a high occurrence of lesions caused by vascular 
insufficiency and frank infarction in the elderly population. 
Tomlinson et al. [13] reported small or large cerebral soften­
ings in 71 % of nondemented elderly subjects. Wisniewski and 
Terry [14] described gross or microscopic lesions caused by 
vascular insufficiency in almost all brains from individuals 
above the age of 65 years. Peress et al. [15] reviewed 

B 

necropsy data during the 16-year period 1954-1969 and 
reported an incidence of encephalomalacia of 20-30% in 
patients 60 years old and older. Tomlinson and Henderson 
[16] described small ischemic lesions in brains in about 50% 
of people over the age of 65 , the majority being in the basal 
ganglia but not uncommonly in the white matter. Therefore, 
it is likely that either more subtle lesions caused by vascular 
insufficiency (i.e ., perivascular atrophic demyelination) and/or 
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A B 

TABLE 2: Types of Supratentorial White-Matter Lesions 

Type of Lesion 

Infarct 
Gliosis vs infarct 
Plaques of demyelination 
Brain cyst 
Congenital ventricular diverticulum 
Unknown 

Total 

No. (%) 

6 (40) 
2 (13) 
2 (13) 
1 (7) 
1 (7) 
3 (20) 

15 (100) 

frank infarction account for the majority of hyperintense punc­
tate white-matter lesions seen on MR in the elderly. 

Gerard and Weisberg [3] reported that these foci occur on 
MR in the geriatric population with a frequency of 7.8% in 
asymptomatic patients with no cardiovascular risk factors; 
31 % in asymptomatic patients with hypertension, diabetes 
mellitus, or heart disease; and 78.5% in patients with cardio­
vascular risk factors and a history of a completed stroke, 
reversible ischemic neurologic deficit, or transient ischemic 
attack. There are some possible reasons for perivascular 
atrophic demyelination and infarction in both the normal el­
derly without cardiovascular risk factors and the increasing 
prevalence of these foci in the elderly patient with cardiovas­
cular risk factors . Gradual and progressive decreases in cer­
ebral blood flow and atherosclerotic vascular disease occur 
with increasing age and are accelerated in hypertension, in 
diabetes, and with other cardiovascular risk factors [9 , 17-
21]. These processes may result in impairment of the trans­
port of vital material (glucose and oxygen) from blood to brain 
parenchyma. 

The clinical sequelae of the lesions is uncertain. Tomlinson 
and Henderson [16] reported a significantly lower frequency 
of intracerebral ischemic changes in a normal group compared 
with a demented group. However, it is usually the larger 
infarcts that playa greater role in the development of dementia 
rather than fine scattered ones. Brant-Zawadzki et al. [2] 
stated the likelihood of dementia may be increased if there is 
an increase in the number of such small lesions detected on 
MR. The location of these foci may also playa role in the 
presence or absence of clinical manifestations. 

Similar, although more extensive changes of both infarction 
and gliosis occur in the rare entity subcortical arteriosclerotic 

Fig. S.-Case 13: abnormality not found. Cor­
onal MR images, 2500/20 (A) and 2500/80 (8), 
before death. Round lesion in right centrum se­
miovale (arrows) is hyperintense relative to brain 
parenchyma on both long TR sequences. 

encephalopathy (Binswanger disease). Caplan and Schoene 
[10] described the criteria for this entity. The pathologic 
features are severe thickening of small penetrating vessels 
and diffuse white-matter loss with gliosis, lacunar infarctions, 
and hydrocephalus. The clinical highlights consist of hyper­
tension, systemic vascular disease, acute strokes, subacute 
accumulation of focal neurologic symptoms and signs over 
weeks to months, long plateau periods, lengthy clinical 
course, dementia, and prominent motor signs and pseudo­
bulbar palsy. Both etat lacunaire and subcortical arterioscle­
rotic encephalopathy are caused by disease of the small 
penetrating vessels. Howevp.r, the former is defined patholog­
ically only by lacunar infarctions, while the latter demonstrates 
both lacunae and white-matter gliosis. The majority of elderly 
patients who have punctate hemispheric foci of abnormal high 
signal intensity on long TR sequences do not meet the 
diagnostic criteria of subcortical arteriosclerotic encephalop­
athy. 

Incidental Multiple Sclerosis 

In a review of 2450 autopsies from 1974 through 1981, 
Gilbert and Sadler [22] reported five cases (0.2%) of unex­
pected multiple sclerosis in subjects with no or minimal neu­
rologic symptoms during life. Clinical studies have docu­
mented a group of patients with multiple sclerosis who have 
no severe disability up to 25 years after their initial symptoms 
[23-25]. Complete conduction block need not occur if the 
axons in the plaque of demyelination are preserved [26]. 
Gilbert and Sadler [22] observed that in their cases, as well 
as in other autopsy cases of incidental multiple sclerosis [27-
29], the majority of lesions were small in the cerebral hemi­
spheres and absent from the brainstem and cerebellum (Fig. 
4). These features may explain the subclinical nature of such 
cases. 

Foci of demyelination are hyperintense relative to white 
matter on long TRJshort TE sequences (Fig. 4A) and on long 
TRJlong TE sequences (Fig . 4B) due to an increase in proton 
density and T2, respectively [30]. Neither plaque of demyeli­
nation in case 12 was detected on CT. 

We were unable to distinguish a small focus of demyelina­
tion from either white-matter gliosis or infarction on MR (Figs. 
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1-4). The relative intensities and morphologic features were 
similar. The reported infrequent occurrence of incidental mul­
tiple sclerosis suggests it accounts for far fewer of the ab­
normal foci of high signal intensity on MR than does perivas­
cular atrophic demyelination or infarction in the elderly popu­
lation. However, it is possible that MR may disclose additional 
cases of subclinical demyelinating disorders that otherwise 
may have escaped clinical and pathologic detection. 

Brain Cyst, Congenital Diverticulum 

The origin of all intracerebral cysts may be neuroepithelial , 
whether or not they are related to the ventricles [31-34] . 
Cysts that do not communicate with the ventricle are uncom­
mon. When they are in the cerebral hemisphere, they usually 
border the ventricle or subarachnoid space (Figs. 2H and 21) 
[31 , 34-40]. They are heterogeneous, and may be epithelial, 
ependymal , choroidal , or teratogenous [41]. 

An important feature that may allow MR to distinguish a 
brain cyst , congenital diverticulum, and other fluid-containing 
spaces from gliosis, infarction , and demyelination is the isoin­
tensity the former may display to CSF in vivo or to fluid in the 
subarachnoid space in the postmortem fixed state (Figs. 2A, 
28, 2H, and 21). A chronic , cavitated infarct, however, may 
become cystic, and be isointense relative to CSF on all pulse 
sequences (see Fig. 3 in our companion article [10]) [7]. The 
relationships of a diverticulum to a ventricle (Fig . 5) and of a 
brain cyst to a ventricle or subarachnoid space (Figs. 2H and 
21) may be appreciated on MR and are additional differential 
features. Although a rounded configuration is more charac­
teristic of a cyst or diverticulum, this is a less reliable distin­
guishing feature since infarction , gliosis, or demyelination may 
appear similarly round (Figs. 3 and 4). 

Three lesions were seen on MR in case 13 (Fig. 6), yet no 
histopathologic abnormality was found . We suspect that since 
they were minute we were unable to localize them precisely 
at the time of pathologic evaluation. 

Conclusions 

MR imaging of the brains of elderly individuals yielded five 
different types of lesions, all of which appeared as hyperin-

TABLE 3: Relative Signal Intensities of Supratentorial White­
Matter Lesions 

Signal Intensity: Type of Lesion 

Hyperintense relative to brain parenchyma on both long TR se-
quences: 

Noncystic infarction 
Gliosis 
Demyelination 

Isointense relative to CSF or to fluid in the subarachnoid space on 
all pulse sequences: 

Cystic infarction 
Brain cyst 
Ventricular diverticulum 
Prominent Virchow-Robin spaces (etat crible without surrounding 

parenchymal changes) 

tense white-matter foci . Correlation of MR findings with his­
topathology enabled some differentiation among the lesions. 
In order of decreasing frequency , the lesions comprised in­
farction , infarction vs gliosis, demyelination , ventricular diver­
ticulum, and a brain cyst. Prominent Virchow-Robin spaces 
(etat crible without surrounding parenchymal changes), which 
we identified in the basal ganglia in our companion article 
[10], may also occur in the white matter [42] and should be 
included in the gamut of causes of punctate hyperintense 
white-matter foci on MR in the elderly. A partial differentiation 
of these lesions is possible by their intensities on varied MR 
pulse sequences (Table 3). Fluid-filled spaces, such as cystic 
infarction, prominent Virchow-Robin spaces, ventricular di­
verticulum, and brain cyst, may be isointense relative to CSF 
in vivo or to fluid in the subarachnoid space in the postmortem 
state on all pulse sequences. The relationships of a divertic­
ulum to a ventricle or of a brain cyst to a ventricle or subarach­
noid space may serve as additional differentiating features. 
We were unable to differentiate noncystic infarction from 
either gliosis or demyelination on MR . The relative intensities 
(hyperintense relative to brain parenchyma on both long TR 
sequences) and morphologic features were similar. On the 
basis of our study and those of previous investigators it is 
our preliminary impression that infarction and/or perivascular 
atrophic demyelination account for the majority of the hyper­
intense white-matter foci seen on MR in elderly subjects [9 , 
13-16]. More definitive conclusions, however, await addi­
tional investigations. 
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