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Case Report

Improvement of cerebral
hypometabolism after resection of
radiation-induced necrotic lesion in
a patient with cerebral arteriovenous
malformation

Yae Harada1, Kenji Hirata2, Naoki Nakayama3,
Shigeru Yamaguchi3, Michiharu Yoshida3, Shunsuke Onodera4,
Osamu Manabe2, Tohru Shiga2, Satoshi Terae5, Hiroki Shirato1

and Nagara Tamaki2

Abstract
A 55-year-old woman underwent radiosurgery for a left cerebral hemisphere arteriovenous malformation (AVM) and

developed radiation-induced necrosis causing a massive edema in the surrounding brain tissues. Despite various thera-

pies, the edema expanded to the ipsilateral hemisphere and induced neurological symptoms. The radiation-induced

necrotic lesion was surgically removed 4 years after radiosurgery. While the preoperative FDG PET revealed severe

hypometabolism in the left cerebrum, the necrotomy significantly ameliorated the brain edema, glucose metabolism

(postoperative FDG PET), and symptoms. This case indicates that radiation necrosis-induced neurological deficits may be

associated with brain edema and hypometabolism, which could be reversed by appropriate necrotomy.
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Introduction

Stereotactic radiosurgery (SRS) is an effective treat-
ment for cerebral arteriovenous malformations
(AVM). As a late complication, the incidence of
radiation-induced necrosis after SRS for AVM has
been reported to be in the range of 5.0–7.4% (1).
Brain necrosis sometimes causes edema, which may
result in delayed clinical deterioration. We present a
case in which SRS for AVM developed radiation-
induced necrosis causing brain edema and severe
brain hypometabolism revealed with F-18 fluorodeox-
yglucose (FDG)-positron emission tomography
(PET). The symptoms and glucose metabolism were
significantly improved after surgical removal of the
necrotic core.
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Case report

A 55-year-old woman presented with increasing epi-
sodes of focal seizures. The initial magnetic resonance
imaging (MRI) revealed a mass lesion with signal void

in the left frontal supplementary motor cortex (Fig. 1a).
Digital subtraction angiography (DSA) confirmed the
diagnosis of an intracranial AVM in the left frontal
supplementary motor cortex (Fig. 1b). She underwent

Fig. 1. Initial radiologic studies of AVM. (a) An axial T2W MRI showed a tangle of tubular structures (arrowheads) representing the

nidus, and an ectatic draining vein (arrow). (b) A lateral left internal carotid angiogram showed cerebral AVM with early drainage into

the superior sagittal sinus.

Fig. 2. Follow-up MRI obtained 2 years after SRS. (a) A contrast material-enhanced T1W axial image showed a ring-like enhancing

mass (arrow), indicating brain necrosis. (b) T2W axial MRI showed significant loss of abnormal vascular structures and absence of the

ectatic draining vein. The region of high signal intensity in the left frontoparietal lobe surrounding the necrotic lesion was consistent

with radiation-induced edema.
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SRS using X-ray beams of 6mV with a prescription
dose of 25Gy at the isocenter in a single fraction.

The follow-up MRIs demonstrated gradual obliter-
ation of the AVM. Two years after the SRS, she devel-
oped recurrent headaches, and right-sided lower limb
paresthesia. Contrast-enhanced T1-weighted (T1W)
MRI showed an enhanced lesion at the previous
AVM site, indicating brain necrosis (Fig. 2a).
T2-weighted (T2W) MRI showed a massive brain
edema around the necrotic lesion (Fig. 2b). Despite
steroids therapy and hyperbaric oxygen therapy, she
suffered from repeated focal seizures and developed
progressive hemiparesis. During the next 2 years, she
was admitted to our hospital six times for symptoms of
raised intracranial pressure, and treated with steroids.
Four years after SRS, she was admitted to our hospital
because of tonic seizure. Computed tomography (CT)

scanning revealed microbleeding foci in the necrotic
tissue (Fig. 3a). T2W MRI showed a necrotic mass
and surrounding massive edema in the left hemisphere
(Fig. 3b and c). On DSA, neither residual AVM nor
early draining vein was observed, which confirmed
complete obliteration (2).

FDG PET was performed to rule out other epilepto-
genic foci (3). It demonstrated not only a defect of
tracer accumulation in the necrotic core, but also
severe hypometabolism in a broad area of the left cere-
bral cortex compared to the contralateral cortex
(Fig. 3d). No other foci were detected in the rest of
the brain. Because of the prolonged neurological deficit
and microbleeding from necrotic tissue, a decision was
made to remove the necrotic mass. Pathological inspec-
tion confirmed the diagnosis of radiation-induced tissue
changes with necrosis. The right-sided hemiparesis

Fig. 3. Radiologic studies 4 years after the SRS. (a) A non-contrasted axial CT showed partially calcified AVM in the left frontal lobe

white matter (arrows). The small hyperattenuating lesion was compatible with microbleeding (arrowhead). (b, c) An axial T2W MRI

showed a necrotic mass (arrow) and surrounding massive edematous lesion (arrowheads) in the subcortical white matter, from the left

supra and middle frontal gyri to the middle temporal gyrus. (d) FDG PET demonstrated not only a defect of tracer accumulation in the

necrotic core but also severe hypometabolism in the surrounding brain tissues (arrowheads). The lesion-to-contralateral ratio of

standardized uptake value was 0.78 in the left precentral gyrus. (e) Three weeks after necrotomy, a T2W MRI showed high signal

intensity (arrowhead) representing the resected site with brain edema significantly reduced. (f) A postoperative FDG PETexamination

showed remarkable recovery of metabolic activity in the left cortex (arrowheads). The lesion-to-contralateral ratio increased to 0.90

in the left precentral gyrus.
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gradually improved with less frequent seizures during
the following three weeks. Subsequent MRI showed
reduction of the brain edema around the resected site
(Fig. 3e). In addition, FDG PET performed 3 weeks
after the operation showed remarkable improvement
of metabolic activity in the left cerebral cortex (Fig. 3f).

Discussion

For patients with AVM, SRS has been proven to
occlude the dilated vessels and to reduce the risk of
subarachnoidal hemorrhage from AVM rupture (4).
Radiation necrosis is one of the severe complications
of SRS; up to 7.6% of patients with radiation necrosis
are symptomatic (5).

Radiation necrosis sometimes forms a solid mass
lesion with enormous ipsilateral edema (6). SRS not
only degenerates the nidus of AVM, but also affects
other cerebral capillaries and small vessels near the
nidus, thereby causing an inflammatory response invol-
ving larger vessels. Impairment of the blood brain bar-
rier (BBB) by disruption of BBB components such as
the endothelium, basal lamina, and astrocytes may also
play a role (6).

FDG PET studies on patients with brain tumors fre-
quently demonstrate areas of extensive hypometabo-
lism in the cortex (7). Previous PET studies reported
that brain tumors (e.g. glioma and meningioma) and
intracerebral hemorrhage showed decrease in FDG
uptake within the brain edema (7–9). Edema causes
an additional mass effect and subsequent increase in
intracranial pressure, leading to neurological disturb-
ances by decreasing regional cerebral blood flow (6,7).
The edematous white matter lesion impairs even the
function of adjacent gray matter, as demonstrated by
decreased uptake of FDG in the cortical area (7,8). This
effect should be taken into consideration in interpreting
brain PET studies.

We observed reduction of edema and improvement
of neurological deficit after the neurosurgical interven-
tion for necrosis induced by SRS treatment of AVM,
which is consistent with previous reports (6,7,10,11).
However, to the best of our knowledge, there has
been no paper reporting an improvement of brain
hypometabolism after resection of radiation-induced
necrosis.

In conclusion, we observed hypometabolism caused
by necrosis and its improvement after removal of the
necrotic lesion. These findings suggested two important
facts. First, necrotomy could be useful for patients suf-
fering from symptoms caused by radiation-induced
necrosis. Second, FDG PET could be a useful monitor-
ing tool of therapeutic effect on neuronal functions.

FDG PET may play an important role in the evaluation
of pre- and postoperative functional activity in the
cortex and provide objective information regarding
the therapeutic effects.
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