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Histopathologic Analysis of Foci of Signal
Loss on Gradient-Echo T2*-Weighted MR Images in
Patients with Spontaneous Intracerebral Hemorrhage:
Evidence of Microangiopathy-Related Microbleeds

Franz Fazekas, Reinhold Kleinert, Gudrun Roob, Gertrude Kleinert,
Peter Kapeller, Reinhold Schmidt, and Hans-Peter Hartung

BACKGROUND AND PURPOSE: Patients with spontaneous intracerebral hemorrhage
(ICH) frequently have small areas of signal loss on gradient-echo T2*-weighted MR images,
which have been suggested to represent remnants of previous microbleeds. Our aim was to
provide histopathologic support for this assumption and to clarify whether the presence and
location of microbleeds were associated with microangiopathy.

METHODS: We performed MR imaging and correlative histopathologic examination in 11
formalin-fixed brains of patients who had died of an ICH (age range, 45-90 years).

RESULTS: Focal areas of signal loss on MR images were noted in seven brains. They were
seen in a corticosubcortical location in six brains, in the basal ganglia/thalami in five, and
infratentorially in three specimens. Histopathologic examination showed focal hemosiderin de-
position in 21 of 34 areas of MR signal loss. No other corresponding abnor malities wer e found;
however, hemosiderin deposits were noted without MR signal changes in two brains. All spec-
imens with MR foci of signal loss showed moderate to severe fibrohyalinosis, and there was

additional evidence of amyloid angiopathy in two of those brains.
CONCLUSION: Small areas of signal loss on gradient echo T2*-weighted images indicate
previous extravasation of blood and are related to bleeding-prone microangiopathy of different

origins.

Spontaneous intracerebral hemorrhage (ICH) is pri-
marily caused by the rupture of small and medium-
sized arteries. Hypertension-induced fibrohyainosis
is the most frequent type of vessel wall damage to
trigger such an event (1, 2). Extensive deposition of
B-amyloid within the walls of small vessels has been
recognized as another important cause of increased
vascular fragility (3, 4). In addition to creating a high-
er risk for ICH, both types of angiopathy favor the
development of ischemic damage to the brain. Re-
spective tissue changes, such as leukoaraiosis and a
lacunar state of the basal ganglia, are therefore fre-
quently observed in patients suffering from ICH, and
their presence has been suggested to indicate a higher
risk for cerebral hemorrhage (5, 6).

Received July 17, 1998; accepted after revison December 18.

From the Department of Neurology (F.F., G.R., GK., P.K,,
R.S., H-P.H.), the MR Ingtitute (F.F., P.K., R.S.), and the In-
stitute of Pathology, Laboratory of Neuropathology (R.K.),
Karl-Franzens University, Graz, Austria.

Address reprint requests to Franz Fazekas, MD, Department
of Neurology, Karl-Franzens University, Auenbruggerplatz 22,
A—8036 Graz, Austria

© American Society of Neuroradiology

637

In this context, attention has aso focused on MR
imaging because of its potential to reveal residue
of intracerebral hemorrhage throughout life. After
an ICH, hemosiderin remains stored in macro-
phages and, because of its magnetic properties,
leads to focal dephasing of the MR signal, causing
hemosiderin-containing areas to appear dark on T2-
weighted spin-echo sequences. This effect may be
further enhanced by the use of imaging techniques
with high sensitivity for differences in magnetic
susceptibility, such as the gradient-echo sequence
(7). Offenbacher et a (8) found multiple intrace-
rebral foci of MR signal loss in 28 of 120 patients
with ICH. In the absence of any other explanation
for such signal changes, these lesions were as-
sumed to represent remnants of previous, clinically
silent, microbleeds. They were seen in different
regions, such as in the basal ganglia and thalami
corticosubcortically, but also in infratentorial struc-
tures of the brain (8). At the same time, Greenberg
et a (9) observed similar changes in nine of 15
patients with a lobar hemorrhage. These abnormal-
ities were also considered as evidence of previous
petechial hemorrhages and, because of their loca-
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TABLE 1. Demographic data and MR findings
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MR of Previous Hemorrhages

MR of Ischemic Lesions

Old Microbleeds

White
Matter
Basal Brain Hyper-
Hyper- Terminal Old Cortico- Ganglia,  Stem, intensity
Cae Age/Sex tension Hematoma Hematomas subcorticd Thaamus Cerebelum Grade Lacunes Infarcts
1 64/M — L obar Lobar (1) 2% 0 0 0 0 0
2 T74M + Basal ganglia, 0 3 4 0 3 Multiple in basal ganglia, 0
thalamus centrum semiovale, brain
stem, cerebellum
3 90/F + L obar Lobar (1) 0 0 0 0 0 0
4 84/F - L obar 0 0 0 0 3 0 0
5 74M + L obar 0 1 4 2 2 Multiple in basal ganglia Lobar (2)
and thalamus
6 84/F + Brain stem 0 0 7 5 0 Basal ganglia (1) 0
7 45/M — Thalamus 0 0 0 0 2 Multiple in basal ganglia, 0
thalamus, centrum semi-
ovae
8 71M - L obar 0 1 1 1 2 0 0
9 T74IF + L obar 0 1 0 0 2 Basal ganglia (1) 0
10 76/F + Lobar 0 0 0 0 3 Thalamus (1), centrum semi- 0
ovae (1)
11 58/M + Thalamus 0 1 1 0 3 Centrum semiovale (2) 0

Note—Absent signified by —; present by +.
* Seen on in-vivo MR images only.

tion preferentially at corticosubcortical sites, were
thought to be associated with amyloid angiopathy.

To provide histopathologic support for these as-
sumptions, we performed postmortem MR imaging
on the brains of 11 patients who had died of an
ICH. Our mgjor goals were to confirm that focal
areas of signal loss on gradient-echo MR images
corresponded to areas of previous extravasation of
blood, and to clarify whether their presence or lo-
cation was associated with a specific type of
microangiopathy.

M ethods

We studied the brains of 11 patients who had consecutively
come to autopsy after death caused by an ICH between May
1995 and April 1996. The patients' ages (mean age, 72 years)
and the presence of hypertension are listed in Table 1. Hyper-
tension was defined by a history of increased blood pressure
(> 160/95 mm Hg) or medical treatment for hypertension.
Three patients (cases 1, 2, and 5) had a history of stroke. One
patient (case 5) had been on a diet for diabetes mellitus. At
postmortem, the brains were removed in total and fixed in 10%
formaldehyde solution for at least 3 weeks before scanning.

MR imaging was performed on 1.5-T scanners. We obtained
gradient-echo T2*-weighted images in the axial plane with the
following parameters; 550—650/15/2 (TR/TE/excitations), a
flip angle of 25°, a section thickness of 5 mm with a gap of
0.5 mm, and a matrix of 256 X 205. Axial spin-echo T1-
weighted images (500-600/15/2) and fast spin-echo T2-
weighted images (2200-3200/80-120/1,2; turbo factor, 24)
were also obtained with the same section thickness and matrix.
An experienced MR interpreter who was unaware of the clin-
ical datareviewed all images for type and location of ischemic
and hemorrhagic lesions before histopathol ogic work-up. Focal
areas of signal loss with a diameter of up to 5 mm were termed
microbleeds (8). Lesions with the typical appearance of an old

hematoma were recorded separately. Areas of supposedly pa-
renchymal ischemic destruction with a diameter of less than
10 mm were termed lacunae. Signal hyperintensity in the cen-
trum semiovale was graded as punctate (grade 1), patchy/early
confluent (grade 2), or confluent (grade 3) (10). Patients 1 and
9 had undergone MR imaging prior to death, and these images
were compared with the postmortem studies.

The technique adopted for correlating MR and histologic
sections followed previous recommendations (11). In short,
cutting of the fixed specimen was guided by the sagittal MR
scout view to obtain 5-mm-thick sections parallel to the im-
aging plane. Sections containing areas with MR lesions served
to prepare either gross hemispheric (n = 34) or selected mi-
croscopic (n = 11) sections. Sections were stained with he-
matoxylin-eosin, Masson trichrome, the Kliiver Barrera tech-
nique for myelin, Congo red for amyloid, and with iron. First,
the histopathologic data were tabulated by a neuropathol ogist
who was blinded to the MR findings. He recorded the type
and severity of microangiopathy and the type and location of
ischemic and hemorrhagic brain lesions. Small-vessel sclerosis
and fibrohyalinosis were rated as mild, moderate, or severe
(associated with marked ischemic tissue damage), and the se-
verity of changes attributable to amyloid angiopathy was grad-
ed accordingly (12). Thereafter, we reviewed MR and histo-
logic sections in parallel to determine the extent of correlation
between imaging and pathologic findings.

Results

The terminal ICH was lobar in seven patients
and was located in the thalamus/basal ganglia in
three and in the brain stem in one. Gradient-echo
T2*-weighted MR images showed focal areas of
signal loss outside the terminal ICH in seven brains
(Fig 1A and B). The number and location of these
hypointensities are shown in Table 1. Only a few
of these foci would have been detectable on fast
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Fic 1. Patient 6.

A and B, Postmortem gradient-echo T2*-weighted MR images (600/15/2; flip angle, 25°) show foci of signal hypointensity in the basal
ganglia bilaterally and in the left thalamus (arrows, A). Note signal loss at the surface of the specimen due to field inhomogeneity and
subarachnoid blood. Foci of signal loss are also noted in the cerebellum and pons (arrow, B).

C, Histopathologic section shows an old microbleed (arrow), corresponding to the largest hypointensity (corresponding arrows in B

and C).

spin-echo T2-weighted images. In patient 1, two
possible microbleeds were seen on in vivo images
but could not be identified on images of the brain
specimen. Conversely, in patient 9, a focal area of
signal loss was noted on the postmortem MR im-
ages only. There was evidence of a previous he-
matoma in two patients and old territorial infarcts
were noted in another one. Lacunae predominantly
of the basal ganglia were suspected in seven spec-
imens. A clear definition of lacunar infarcts on
postmortem MR images was complicated by fixa-
tion-induced signal intensity changes on the T1-
weighted sequence (11), and areas of signal hyper-
intensity in the centrum semiovale were rather
poorly delineated on postmortem images.
Histopathologic findings are listed in Table 2.
Focal accumulation of hemosiderin-containing
macrophages was seen in 21 of 34 areas with signa
loss on MR images (Fig 1B and C). Such deposits
were most frequent in the basal ganglia adjacent to
small blood vessels and sometimes associated with
minute areas of tissue necrosis. For the remaining
MR hypointensities, no specific pathologic sub-
strate was found. Hemosiderin deposits were also
noted without MR signal changes in two brains and
could not be confirmed in one brain with two foci
of signal loss. MR-negative hemosiderin deposits
tended to be smaller and consisted of only a few
perivascular, hemosiderin-laden macrophages.
There was no evidence of calcification or vascular
malformations, such as a cavernous hemangioma,
at any of the sites examined. MR findings sugges-
tive of lacunae of the basal ganglia and thalami
were confirmed in five of seven brains. Two lacu-
nae were noted in another brain, and a cribriform
state was present in eight specimens. Areas of MR
white matter hyperintensity corresponded to rare-
faction of myelin staining in five of eight brains

and were associated with diffuse white matter ede-
ma in one specimen. Lacunae or extensive white
matter damage were not strictly correlated with ei-
ther MR hypointensities or focal hemosiderin
deposits.

There was evidence of moderate to severe fi-
brohyalinosis in all specimens from the patients
with hypertension (Table 1). The brains of patients
1 and 2 were also positive for cerebral amyloid
angiopathy. Amyloid deposition was variably ex-
tensive, with replacement of the media in multiple
vessels. These changes were associated with foci of
remote blood leakage in both specimens (Fig 2).
Patient 1 had had a previous hemorrhage. In the
brain of patient 2, old microbleeds were also seen
in the basal ganglia. Neuritic plagues and neurofi-
brillary tangles were absent. Brains with fibrohy-
alinosis showed microbleeds preferentially in the
basal ganglia and thalami, but foci of blood leakage
were also observed in a corticosubcortical distri-
bution in two of them (Fig 3).

Discussion

This study lends support to the assumption that
focal areas of signal loss on gradient-echo T2*-
weighted MR images of patients with ICH are in-
dicative of past microbleeds. Histopathologic ex-
amination frequently showed hemosiderin deposits
in areas with signal loss on MR images, and there
was no evidence of other possibly related morpho-
logic abnormalities, such as foca calcification or
small vascular malformations. However, the corre-
lation between MR hypointensities and hemosid-
erin deposits was not absolute: histopathologic ex-
aminations of some regions with MR lesions were
negative and a few hemosiderin-containing mac-
rophages were noted around small blood vessels



640 FAZEKAS

TABLE 2: Histopathologic findings
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Histopathology of Previous Hemorrhages

Old Microbleeds*

No. of

Small-Vessel

Basal
Ganglia,

Gross No. of
Sec- Tissue
Case tions Blocks

Cortico-

Old Hematomas subcortical

Thalamus

Brain Histopathology

Stem,
Cerebellum

Histopathology of
Ischemic Lesions

Amyloid
Angiopathy

Lipofibro-
hyalinosis

1 3 2 Lobar with subarach- 12+ 3 0
noid and intraventric-
ular components

None 213+ 1

Lobar with extension 0 0
into cortex
None 0 +5

None 0/1

None 0 37

None 0 +3

None 0/1

None 1 0

10 1 2 None 0 0

11 3 0 None 01 01

44 + 4

34 + 2

V1i+1

None Moderate Moderate

0 Reduced myelin staining Severe Moderate
throughout centrum semi-
ovale; cribriform state
and multiple small la-
cunes in basa ganglia
and thalami

0 Cribriform state of basal 0
ganglia and thalami

0 Small lacunes in basal gan- 0
glia (2)

2/2 Rarefaction of periventricu- 0

lar myelin; cribriform
state of basal ganglia,
thalami, and cerebellum;
two small old cortical in-
farcts

Cribriform state of basal 0

ganglia

Patchy areas of myelin 0

staining in centrum semi-
ovale; cribriform state
and lacunes in basal gan-
glia and thalami (multi-
ple)

1 Cribriform state of basal 0
ganglia and thalami

0 Areas of myelin rarefaction 0
in centrum semiovale;
white matter infarction;
cribriform state of basal
ganglia with lacune (1)

Rarefaction of periventricu- 0
lar white matter; lacunes
in basal ganglia (2) and
thalamus (1)

0 Cribriform state of basal 0
ganglia and pons; areas
of perivascular edema
throughout centrum semi-
ovae

Severe

Severe

Severe

35+ 1 Severe

Severe

Severe

Severe

Severe

Severe

* Columns list number of focal hemosiderin deposits found in the presence of MR hypointensities and MR-negative (+) hemosiderin deposits.

without corresponding signal changes on postmor-
tem MR studies. The small size of both MR hy-
pointensities and their histopathologic correlate is
the most likely cause of our failure to find corre-
sponding abnormalities for all MR lesions. When
visual inspection fails to reveal overt damage of the
brain sections, which guides the selection of
regions for histopathologic examination, some to-
pographic mismatch between MR and microscopic
sections cannot be avoided. In some instances, the
amount of hemosiderin deposition and related field
inhomogeneities may not have been large enough

to become apparent on MR images. Because we
just wanted to define the histopathologic substrates
associated with focal MR hypointensities in pa-
tients with ICH, we did not perform a systematic
search for MR-negative hemosiderin deposits
throughout all brains. Therefore, we cannot report
how often and below which threshold of hemosid-
erin deposition previous microbleeds may be
missed, even when using gradient-echo T2*-
weighted sequences. The much higher sensitivity of
this sequence for detecting previous microbleeds
than that of conventional or fast spin-echo T2-
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Fic 3. A, MR-positive old microbleed with a diameter of 2 to 3 mm in the subcortical
white matter. Numerous darkly stained hemosiderophages are seen in the center, close
to a ruptured vessel (arrows). There is extensive perivascular edema. Masson trichrome
stain, original magnification x201.

B, Hypertensive angiopathy with dilatation of perivascular spaces and deposition of a
leakage of erythrocytes (arrow). Temporal few hemosiderin-laden macrophages (arrow) not seen on MR study. Reactive astrocytes
cortex, polarization optics; alkaline Congo are present in the surrounding neuropil. Masson trichrome stain, original magnification

Fic 2. Cerebral amyloid angiopathy in
area showing hypointense MR lesion. Yel-
low-green birefringency of amyloid deposits
in the vessel walls under polarized light cor-
responds to bright spots and perivascular

stain, original magnification X32. X162.

weighted imaging has been documented in clinical
series (9, 13, 14) and was confirmed by this study.

Differences in the detection of MR hypointens-
ities on pre- and postmortem MR images of two
brains probably were a consequence of minor vari-
ations in section orientation. However, some
change in sensitivity of the gradient-echo T2*-
weighted sequence for hemosiderin deposits with
fixation of the brain cannot be excluded. Field in-
homogeneities from subarachnoid blood at the sur-
face of the brain on postmortem MR images may
have contributed to a lower conspicuity of minute
hypointensities.

All brains examined showed moderate to severe
small-vessel disease. Overall, seven patients had
been hypertensive and there was a history of hy-
pertension in five of seven patients with MR foci
of hypointensity. Areas of signal loss in the brains
of these individuals were located predominantly in
the basal ganglia, thalami, brain stem, or cerebel-
lum. More recently, Chan et al (13) reported mul-
tifocal hypointense cerebral lesions on gradient-
echo MR images in patients with chronic
hypertension. Our findings corroborate this associ-
ation and provide the histopathol ogic basis for their
observation; that is, remnants of blood seepage
through damaged arteriolar walls.

Cerebral amyloid angiopathy was noted in two
of our specimens. One of them showed a purely
corticosubcortical location of previous petechial
hemorrhages in addition to an old lobar hemor-
rhage. This pattern has been proposed as strongly
suggestive of amyloid angiopathy (8, 12). Howev-
er, old microbleeds in a corticosubcortical location
were also seen in some of our patients with hyper-
tensive microangiopathy, as in the series of Chan
et a (13). Conversely, the presence of microbleeds
in the basal ganglia and thalami in addition to cor-
ticosubcortical hemosiderin deposits does not ex-

clude the presence of amyloid angiopathy, as seen
in another of our specimens. Widespread involve-
ment of arterioles by both types of angiopathy and
coexistence of both pathogenic mechanisms in at
least some individuals are likely causes for some
overlap in the distribution of microbleeds.

The high number of concomitant ischemic le-
sions observed histopathologically confirms previ-
ous notions of a higher risk for cerebral hemor-
rhage in patients with lacunar infarctions and
advanced ischemic white matter damage (5, 6). We
also noted some difficulties when interpreting post-
mortem MR images in this regard. Extensive hy-
perintensity throughout the centrum semiovale, po-
tentially indicating white matter rarefaction,
frequently could not be differentiated from diffuse
edema caused by increased intracranial pressure.
There was aso a tendency for interpreting a crib-
riform state of the basal ganglia as consistent with
multiple lacunar lesions.

Conclusion

Even our limited sample of brain specimens a-
lows support of a strong association between |CH
and focal areas of signal loss on gradient-echo T2*-
weighted MR images. Moreover, MR evidence of
past microbleeds appears to be a direct marker of
increased vascular fragility in patients with various
types of small-vessel disease (15). Therefore, such
abnormalities may be a better predictor of a pa
tient’s risk for hemorrhage than are clinical find-
ings, like hypertension, or CT changes of leukoar-
aiosis (16). In this context, MR imaging might help
in selecting patients for different types of second-
ary prevention of stroke. More recently, a trial of
anticoagulation following transient ischemic at-
tacks had to be terminated prematurely because of
an excessively high rate of spontaneous intracere-
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bral hematoma (16). Possibly, MR evidence of mi-
crobleeds could serve to identify patients at risk for
such a complication. Further testing of this hypoth-
€esis appears warranted.
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