
Presence of Activated Microglia in a High-Signal Lesion on
T1-Weighted MR Images: A Biopsy Sample Re-Examined
To determine the pathologic process responsible for the signal inten-

sity changes of hyperintense putamen on T1-weighted MR images

(Fig 1A), we had previously performed stereotactic biopsy in a 72-

year-old man 3 months after the onset of stroke and hemiballism.1

The results revealed a fragment of gliotic brain tissue with abundant

gemistocytes, which we assumed to be responsible for the signal-in-

tensity changes.1 Aoe et al2 recently reproduced similar MR imaging

findings in 29 rats by 20-minute occlusion of 4 cerebral arteries and

disclosed the accumulation of fatty droplets in the activated micro-

glia. To determine if activated microglia were present in the human

tissue with similar MR imaging findings, we re-examined the previ-

ously obtained biopsy specimen with immunohistochemical staining

by using a monoclonal antibody CD68. The abundant presence of

microglia and their shape transformation into typical phagocytic

macrophages without dendritic processes indicated that microglia ac-

tivation was present in our biopsy specimen (Fig 1B). From morpho-

logic observation, there were no discernible fat droplets in the section

examined. The abundant presence of microglia per se might not be

enough to explain the MR signal-intensity changes because not all

lesions with microglia infiltration show hyperintense lesions on T1-

weighted MR images. Fatty degeneration may be a more important

factor. Our previous study with high-resolution 1H-nuclear MR spec-

troscopy in 1 of 3 biopsy specimens did show a marked increase of

lipids.1 It is possible that the high lipid content in the brain tissues may

explain the signal-intensity changes on T1-weighted MR images.

Six mechanisms may explain the high-signal-intensity changes on

T1-weighted MR images,2 and publications to date have provided

evidence for 5 of them. The mechanism appears to be more complex

than we originally proposed, a high protein content in gemistocytes.1

A common finding in the postmortem reports confirms the presence

of multiple infarcts surrounded by hypertrophic astrocytes.3 How-

ever, because of the lag between the time of MR imaging and the time

of autopsy, it is difficult to confirm in humans if the appearance and

disappearance of gemistocytes correlate with the appearance and dis-

appearance of the hyperintensity on the T1-weighted MR images.

Although animal experiments of Aoe et al suggested that lesions with

fatty components are responsible for the signal intensity change, Fu-

jioka et al4 did not find lipid accumulation in their animals. In con-

trast, they reproduced the MR imaging finding with a similar time

course to that of the accumulation of tissue manganese, accompanied

by Mn-superoxide dismutase induction in reactive astrocytes. Finally,

an autopsy performed by Nath et al3 at 36 days after the onset dem-

onstrated the presence of microhemorrhage, punctuate calcification,

and mineralized neurons. The presence of hemosiderin-laden mac-

rophages in our biopsy specimen indicated that microhemorrhage

might have occurred earlier.1 However, Fujioka et al did not find

hemorrhage in their animals.

Although a high protein content, lipid component, manganese

accumulation, microhemorrhage, or punctuate calcification can all

explain the high-signal-intensity changes on T1-weighted MR im-

ages, 2 observations deserve attention. The first is that the duration of

MR signal-intensity changes persists much longer than that of CT

signal intensity changes,1 suggesting that microhemorrhage or punc-

tuate calcification is likely responsible for the earlier CT signal-inten-

sity changes but unlikely responsible for the later MR signal-intensity

changes. The second is that the MR signal-intensity changes extend

beyond the vascular territory of ischemia,1 which makes mineralized

neurons or a glial reaction secondary to neuronal changes but not to

ischemic insults likely responsible. Further studies focusing on the

area beyond the territory of ischemia but with the MR signal-intensity

changes may help us to clarify the problem. However, because signal

hyperintensity on T1-weighted MR images was reported at midbrain

in primates and in a patient with manganese intoxication, manganese

accumulation in reactive astrocytes remains the most likely cause.

References
1. Shan DE, Ho DM, Chang C, et al. Hemichorea-hemiballism: an explanation

for MR signal changes. AJNR Am J Neuroradiol 1998;19:863–70
2. Aoe H, Takeda Y, Kawahara H, et al. Clinical significance of T1-weighted MR

images following transient cerebral ischemia. J Neurol Sci 2006;241:19 –24
3. Nath J, Jambhekar K, Rao C, et al. Radiological and pathological changes in

hemiballism-hemichorea with striatal hyperintensity. J Magn Reson Imaging
2006;23:564 – 68

4. Fujioka M, Taoka T, Matsuo Y, et al. Magnetic resonance imaging shows de-
layed ischemic striatal neurodegeneration. Ann Neurol 2003;54:732– 47

Din-E Shan and Hung-Chi Pan
Neurologic Institute

Donald M.T. Ho
Department of Pathology

Michael M.H. Teng
Department of Radiology

Taipei Veterans General Hospital and National Yang-Ming University
School of Medicine

Chen Chang
Institute of Biomedical Sciences

Academia Sinica
Taipei, Taiwan, Republic of China

Fig 1. A, Axial section of T1-weighted (TR/TE/TI,
550/10/1 ms) MR image at the level of the basal
ganglia shows hyperintensities in the right pu-
tamen and the external segment of globus pal-
lidus (arrow), along with an infarct in the right
temporoparietal cortex. B, Immunohistochemical
staining of the brain biopsy specimen for CD68
revealed numerous darkly stained microglia with
or without dendritic processes (white arrows)
(original magnification �100).
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