
2. Diamond 5. Prolonged benign exertional headache: its clinical characteristics and
response to indomethacin. Headache l982;22:96â€”98.

3. Paulson GW, Zipf RE, Beekman IF. Pheochromocytoma causing exereise-related
headache and pulmonary edema. Ann Neurol I974;5:96â€”99.

4. Massey EM. Effort headache in runners. Headache l982;22:99â€”l00.
5. Oleson J, Larsen B, Lauritzen M. Focal hyperemia followed by spreading oligemia and

impaired activation ofrCBF in classic migraine. Ann Neurol 198l;9:344â€”352.
6. Lauritzen M, Olsen T5, Lassen NA, et al. Changes in regional cerebral blood flow

during the course of classic migraine attacks. Ann Neurol l983;I3:633â€”64l.
7. Podreka I, Suess E, Goldenberg G, et al. Initial experience with technetium-99m-

HMPAO brain SPECT. J Nucl Med l987;28:l657â€”l666.

8. Battistella PA, Ruffilli R, Pozza FD, Ct at. Technetium-99m-HMPAO SPECT in
pediatric migraine. Headache l990;30:646â€”649.

9. Appenzeller 0. Altitude headache. Headache I972; 12:126â€”129.
10. Symonds C. Cough headache. Brain I956;79:557â€”568.
11. Paulson GW, Klawans HL. Benign orgasmic cephalgia. Headache 1974; 13:181â€”

187.
12. Lichtenstem B. So-called cough headache. Transactions Chicago Neurological Soci

ety. Arch Neurol 196l;4:ll2â€”ll3.
13. Seto H, Shimizu M, Futatsuya R, et at. Basilar artery migraine: reversible ischemia

demonstrated by 99mTCHMPAO brain SPECT. C/in NucI Med I994;l9:2l5â€”
218.

ever, recently encountered a case of radiation necrosis in which
the patient demonstrated high uptake of MET, FDG and Tl.

CASE REPORT
A 37-yr-old woman was admitted to our hospital with frequent

seizures ofthe left face and arm for 2 wk. Twenty-one years earlier,
the patient had undergone surgical resection ofthe ependymoma in
the anterior horn of the right lateral ventricle through a frontal
transcortical approach. Postoperative radiation therapy was per
formed with 30 Gy/15 Fraction (F) of whole-brain irradiation (14
x 16cm)withadditionallocalregionalirradiation(6X9cm)of
30 Gy/15 F by using 60Co gamma rays, both irradiations were
weighed on the right side by 2:1, followed by whole-spine
irradiation with 30 Gy/l5 F to prevent spinal dissemination. The
patient was free of any clinical symptoms for 21 yr after the above
therapy and suddenly developed seizures of the left face and arm 2
wk before admission. Her seizures began with an abnormal
sensation in her left arm, followed by rapid grimace like contrac
tions of the lower half of the left face and jerking pronating
supinating movements of the forearm. Postictally, mild weakness
in these areas occurred for about 1 hr. Despite treatment with 400
mg of sodium valproate and 200 mg of zonisamide, she developed
frequent seizures several times a day during her hospitalization.

MM (Tl-weighted spin-echo images were obtained with Se
quences of 500/1 8/1 (TRITE/excitations). T2-weighted fast spin
echo images were obtained with 2500/1 10/1) demonstrated a Tl
and T2-prolonged lesion in the right frontal lobe just posterior to
the surgical defect of the previous corticotomy (Fig. lÃ€). The
Tl-weighted MR image after the administration of Gd-DTPA (0.1
mmol/kg) demonstrated patchy enhancements on the lesion (Fig.
lB).

MET-PET images (acquired 15 postadministration of 370 MBq
MET) demonstrated widespread, high uptake in the right frontal
lobe (Fig. 2A). The most intense uptake was observed in the area
just posterior to the surgical defect, which was 3.2 times that of the
contralateral frontal cortex. FDG-PET images (acquired 20 mm
after administration of 185 MBq FDG) also demonstrated high
uptake in the area (Fig 2B), which was 1.2 times that of the
contralateral frontal cortex. The cerebral blood flow increased in
the right frontal lobe and was 1.7 times that of the contralateral
frontal cortex (Fig. 2C). The Tl-SPECT images (obtained 15 mm
after administration of 148 MBq TI) also demonstrated an abnor

We report a case of high uptake of 11C-methionine(MET),18F-FDG
(FDG)and @Â°111-CI(11)in brain radiation necroais. Twenty-one years
previously,the patient had undergone surgery and radiationtherapy
consietingof6O-Gyforependymoma inthe anteriorhorn ofthe nght
lateral ventricle. The clinical features consisting of frequent seizures
of the left face and arm suddenly appeared 2 wk before admission.
MRIdepicted a T@and T2-prolongedlesioninthe rIghtfrontallobe.
Abnormallyhigh uptake in this area demonstrated by MET-PET,
FOG-PET, li-SPECT or HMPAO-SPECT suggested the presence of
a recurrent tumor. A craniotomy was then performed and an
intraoperative eiectrocorticogram showed continuous epileptic
spikes in the lesion. The epileptic foci were resected and the
histological features of the lesion were consistent with radis@on
necrosis. After surgery, the seizures disappeared and the postop
erathieexaminationswithMET-PET,FDG-PET,li-SPECT and HM
PAO-SPECT no longer showed abnormally high uptake. Hyperme
tabolism and hyperperfusion related to epileptiC fits are therefore
thought to result in high uptake of MET, FDG and TI in radiation
necrosis.

Key Words radiation necrosis; thallium-201-chloride; carbon-il
methionine; fluorine-l8-FDG; SPECT; PET
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Brainradiationnecrosisisoneofthelatecomplicationsof
radiotherapy for tumors of the central nervous system. The
recurrence of clinical symptoms suggesting a recurrence of the
tumor may also represent radiation necrosis of the brain.
Distinguishing between radiation necrosis and tumor recurrence
may be difficult with either CT (1 ) or MRI (2) because the
information provided by these modalities are based on struc
tural changes and is not specific to any histological lesion type.
PET has been used to evaluate the metabolic activity of tumors
by using I1C-L-methionine (MET) and [â€˜8F]fluorodeoxyglu
cose (FDG). Both MET-PET and FDG-PET have been reported
to be useful in detecting primary brain tumors (3,4) as well as
differentiating recurrent tumors from radiation necrosis after
radiotherapy (5,6). SPECT with 201T1 chloride (Tl) also has
been reported to be useful in differentiating recurrent tumors
from brain radiation necrosis after treatment (7,8). We, how
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discharging epileptic spikes on the cortex posterior to the surgical
defect where the highest uptake was demonstrated on MET-PET,
FDG-PET, HMPAO-SPECT and Tl-SPECT (Fig. 3A). Surgical
resection of the epileptic foci measuring 3 X 3 X 2 cm was
performed to control her seizures and for biopsy purposes. After
the resection, intraoperative ECoG did not demonstrate any sharp
waves.

After surgery, she became free from seizures. A microscopic
examination demonstrated scattering necrotic foci accompanied by
a few foam cells around vessels with a thick hyalinized wall (Fig.
3B). Thesehistological featureswere consistentwith radiation
necrosis but no evidence of tumor recurrence was found. Two
months after surgery, follow-up examinations were performed.
MET-PET, FDG-PET and HMPAO-SPECT demonstrated a surgi
cal defect in the right frontal region without any abnormally high
uptake (Fig 2E, 2F, 2G). In addition, Tl-SPECT did not show any
abnormal uptake (Fig 2H).

DISCUSSiON
In our patient, the clinical symptoms of radiation necrosis

developed after a 21-yr interval. Although 75% of radiation
necrosis cases are apparent within 3 yr, the latency period
between the end of irradiation and the occurrence of clinical
symptoms varies from months to years (9,10). Irradiation
induces slow but progressive vascular changes consisting of
hyalinization, fibrosis and mineralization of the vessel walls in
the irradiated field. In addition to the vascular changes, some
hemodynamic factors such as the alteration of the intracranial
pressure or the blood pressure are thought to induce ischemic
lesions mainly in the white matter which are consistent with
delayed type radiation necrosis (10). The variation in the
latency period of radiation necrosis is thus thought to be
influenced by a combination of the degree of vascular changes
and hemodynamic changes.

Both MET-PET and FDG-PET have been used to evaluate
the metabolic activity of brain tumors. MET is considered
useful for determining tumor boundaries (11 ), while FDG is
useful for evaluating the degree of malignancy (4). Both MET
and FDG may be useful in differentiating recurrent tumors from
radiation injury (5, 12â€”17). Tl-SPECT has also been reported to
be useful for detecting gliomas (18â€”21) as well as differenti
ating recurrent tumors from radiation necrosis (7,8, 17). In
previous reports, abnormal uptake of MET (12), FDG (14,17)
and Tl (7,8, 17) in radiation necrosis were observed, although
their degrees of uptake were not higher than those in recurrent
tumors. However, the reason for such uptake was not clearly
explained. Recently, high uptake of both MET and FDG was
reported in non-neoplastic tissue, such as that seen in brain
abscesses (22,23), brain hematomas (24) and, for MET, in
cerebral ischemia (25). The blood-brain barrier (BBB) disrup
lion is thought to result in leakage of these radiopharmaceuti
cals to the extracellular space and enables increased uptake in
the cells (26), but the BBB disruption alone does not necessar
ily increase the uptake (19). In addition to the BBB disruption,
some modifications of the transport mechanism, such as the
gliotic reaction, inflammatory changes or hyperperfusion, may
be responsible for the increased uptake of MET, FDG and Tl in
nontumorous lesions.

The clinical features of our patient consisted of frequent
seizures. The first symptoms of the radiation necrosis are
mostly seizures, predominantly of a focal character, though the
exact mechanism of epileptogenecity in radiation necrosis has
not yet been clarified (10). In our patient, no clinical seizures
were observed during either examination. Although no EEG
monitoring was performed during either examination, the con

A

FiGURE 1.@ 12-weighted MR image ffR2500IrEl 10) demonstrates a
T2-prolongedlesionposteriorto the surgicaldefect in the rightfrontallobe.
(B) After administrationof Gd-DTPA, the 11-WeightedMR image (TR500/
TE18)demonstrates patchy enhancements on the lesion.

mally high uptake in this area (Fig. 2D), which was 6.4 times that
of the contralateral region. No clinically apparent seizures were
observed during either examination.

Tumor recurrence was thus suggested by both the PET and the
SPECT studies. Therefore, right fronto-temporo-parietal crarnot
omy was performed. Although the right inferior and middle frontal
gyli posterior to the previous corticotomy were slightly swollen, no
tumorous lesions were observed. An intraoperative electrocortico
gram (ECoG) with subdural grid electrodes showed continuously
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FiGURE2. Preoperativeexaminationsdemonstrate highuptake of MET(A),
FDG(B),HMPAO(C)and11(D)inthe rlghtfrontallobe.Inallexaminations,the
most intense uptake is observed at the area just posterior to the surg@al
defect. POstOperatiVeexaminations,2 mo after surgery,demonstrate a new
surg@aldefect inthe rightfrOntallobewithoutanyabnormallyhighuptake by
MET-PET(E@,FDG-PET(F)or HMPAO-SPECT(G).il-SPECT demonstrates
no abnormaluptake (H).
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FIGURE 3. (A) lntraoperative electrocorticogram shows continuously dts
charging spikes along withfrequent spikes and sharp waves on the frontal
lobe posterior to the surgk@aldefect (indiCatedby a closed circle).These
paroxysmalactivitiesdemonstrate phase reversalsat electrodes 2, 5 and 8.
(B) Histologicalexaminationdemonstrates the rarefactionof white matter
and the vessels with a thick hyalinized wall (H&E,114x).
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tinuously discharging epileptic spikes demonstrated by intraop
erative ECoG suggested the presence of subclinical seizures. A
subclinical seizure is thought to be responsible for hyperperfu
sion (27) and hypermetabolism (28). The most intense uptake
of these radiopharmaceuticals as observed in the frontal lobe
just posterior to the surgical defect where the epileptic spikes
were demonstrated by intraoperative ECoG. The hyperperfu
sion demonstrated by HMPAO-SPECT may have been induced
by the subclinical epileptic activities. The high uptake of FDG
may result from hypermetabolism which can be also induced by
subclinical epileptic activities. The high uptake of both MET
and Tl is considered to be the result of an alteration in the
transport mechanism due to the hyperperfusion and to the BBB
disruption (25,29,30). Hypermetabolism may also play an
important role in the high uptake of both MET and Ti.

Postoperative examinations demonstrated no abnormal up
take ofMET, FDG, Ti or HMPAO. Although the localized area
of the epileptic focus in the right frontal lobe was surgically
removed, the high uptake in the posterior frontal' lobe, adjacent
to the epileptic foci, disappeared. It has been reported that the
spread of epileptic activity to adjacent areas was demonstrated
by both hypermetabolism (29) and hyperperfusion (31). The
disappearance ofthe high uptake in the frontal lobe, posterior to
the resected epileptic foci, strongly suggests that such high
uptake was the result of the spread of epileptic activity.

CONCLUSION
Abnormally high uptake of MET, FDG and Ti could not

differentiate brain radiation necrosis from recurrent brain tu
mors when epileptic activity exists on the lesion.

ACKNOWLEDGMENTS
We thank Dr. Satoru Uehara for valuable advice, Mr. Toshimitsu

Fukumura for technical assistance and Dr. Brian T. Quinn for
editorial assistance. This work was supported in part by a grant
in-aid from the Japanese Ministry of Health and Welfare (6B-2).

REFERENCES
1. Martin AN, Johnston IS, Henry JM, et al. Delayed radiation necrosis of the brain.

J Neurosurg 1977;47:336â€”345.
2. Dooms OC, Hecht 5, Brant-Zawadzki M, et at. Brain radiation lesions: MR imaging.

Radiologyl986;l58:l49â€”155.
3. Derlon JM, Bourdet C, Bustany P. et al. Carbon-ll-L-methionine uptake in gliomas.

Neurosurgeryl989;25:720â€”728.
4. Di Chiro G, DeLaPaz RI, Brooks RA, et al. Glucose utilization of cerebral gliomas

measured by [â€œF]fluorodeoxyglucose and positron emission tomography. Neurology
l982;32: 1323â€”1329.

5. Mosskin M, von Hoist H, Bergstrom M, et al. Positron emission tomography with
I â€˜C-methionine and computed tomography of intracranial tumors compared with

histopathologic examination ofmultiple biopsies. Acta Radiologica 1987;28:673â€”68l.

6. Di Chiro G, Oldfield E, Wright DC, et al. Cerebral necrosis after radiotherapy and/or
intra-arterial chemotherapy for brain tumors: PET and neuropathological studies. AJR
1988;l50:189â€”197.

7. Schwartz RB, Carvalho PA, Alexander III E, Loeffler J5, Folkerth R, Holman BL.
Radiation necrosis versus high-grade recurrent glioma: differentiation by using
dual-isotope SPECT with 2o'@fland @â€œTc-HMPAO.AJNR l992;12:l 187â€”I192.

8. Kosuda 5, Fujii H, Aoki 5, et al. Reassessment of quantitative thallium-201 brain
SPECT for miscellaneous brain tumors. Ann Nucl Med 1993;7:257â€”263.

9. Rubin P. Constine LS, Nelson DF. Late effect of cancer treatment: radiation and drug
toxicity. In: Perez CA, Brady LW, eds. Principles andpractice ofradiation oncology,
2nd ed. Philadelphia: JB Lippincott 1992:124â€”161.

10. HoldorffB. Radiation damage to the brain. In: vinkea P1,Bruyn GW, eds. Handbook
of clinical neurology, vol. 23. Amsterdam: North-Holland Publishing Company;
1975:639â€”663.

11. Ogawa T, Uemura K, Shishido F, et al. Changes of cerebral blood flow, and oxygen
and glucose metabolism following radiochemotherapy of gliomas: a PET study.
I ComputAssistTomogrl988;l2:290â€”297.

12. Ogawa T, Kanno I, Shishido F, et a]. Clinical value ofPET with â€˜8F-fluorodeoxyglu
cose and L-methyl-' â€˜C-methioninefor diagnosis ofrecurrent brain tumor and radiation
injury. Acta Radiologica 1991;32:197â€”202.

13. viader F, Derlon JM, Petit-Taboue MC, et al. Recurrent oligodendroglioma diagnosed
with â€œC-L-methionineand PET: a case report. Ear Neurol l993;33:248â€”25l.

14. Valk PE, Budinger TF, Levin @A,Silver P. Gutin PH, Doyle WK. PET of malignant
cerebral tumors after interstitial brachytherapy. J Neurosurg 1988;69:830â€”838.

15. Coleman RE, Hoffman LM, Hanson MW, Sostman HD, Schold SC. Clinical
application ofPET for the evaluation ofbrain tumors. JNuc! Med l991;32:616â€”622.

16. Buchpiguel CA, Alavi 15, Alavi A, Kenyon LC. PET versus SPECT in distinguishing
radiation necrosis from tumor recurrence in the brain. J NucI Med 1995;36:l59â€”l64.

17. Kahn D, Follett KA, Bushnell DL, et al. Diagnosis ofrecurrent brain tumor: value of
2O'@.jSPECT versus â€˜8F-fluorodeoxyglucose PET. AJR 1994;l63:l459â€”l465.

18. Kaplan WD, Takvorian T, Morris JH, Rumbaugh CL, Connolly BT, Atkins HL.
Thallium-201 brain tumor imaging: a comparative study with pathologic correlation.
J NucI Med l987;28:47â€”52.

19. Black KL, Hawkins RA, Kim KT, Becker DP, Lemer C, Marciano D. Use of
thallium-20l SPECT to quantitate malignancy grade of gliomas. J Neurosurg 1989;
71:342â€”346.

20. Kim KT, Black KL, Marciano D, et al. Thallium-20l SPECT imaging ofbrain tumors:
methods and results. J Nucl Med 1990;31:965â€”969.

21. Oriuchi N, Tamura M, Shibazaki T, Ctal. Clinical evaluation ofthallium-20l SPECT
in supratentorial gliomas: relationship to histologic grade, prognosis and proliferative
activities. J NucI Med l993;34:2085â€”2089.

22. Ishui K, Ogawa T, Hatazawa I, et al. High L-methyl-[â€•C]methionine uptake in brain
abscess: a PET study. J Compul Assist Tomogr 1993;l7:660-66l.

23. Sasaki M, Ichiya Y, Kuwabara Y, et al. Ring-like uptake of[@F]FDG in brain abscess:
a PET study. J Comput Assist Tomogr l990;l4:486â€”487.

24. Dethy 5, Goldman 5, Blecic 5, Luxen A, Levivier M, Hildebrand I. Carbon-Il
methionine and fluorine-l8-FDG PET study in brain hematoma. JNuclMed 1994;35:
1162â€”1166.

25. Jacobs A. Amino acid uptake in isehemically compromised brain tissue. Stroke
l995;26:1859â€”l866.

26. Ericson K. PET studies of amino acid metabolism: integration in clinical routine and
current research on intracranial tumors. In: Mazoyer BM, Heiss WD, Comar D, eds.
PET studies on amino acid metabolism and protein synthesis. Dordrecht, The
Netherlands: Kluwer Academic Publishers; 1993:215â€”221.

27. Dressler D, Voth E, Feldmann M, Henze T, Felgenhauer. The development of an
epileptogenic focus. J Neurol 1989;236:300â€”302.

28. Chugani HT, Shewmon DA, Khanna 5, Phelps ME. Interictal and postictal focal
hypermetabolism on positron emission tomography. Pediatr Neurol l993;9:lOâ€”l5.

29. Engel J Jr. Kuhl DE, Phelps ME, Rausch R, Nuwer M. Local cerebral metabolism
during partial seizures. Neurology l983;33:400â€”413.

30. Atkins HL, Budinger iT, Labowitz E, et al. Thallium-20l for medical use. Part 3:
human distribution and physical imaging properties. J Nucl Med 1977;l8:l33â€”140.

31. Lang W, Podreka I, Suess E, Muller, Zeitlhofer I, Deecke L. Single-photon emission
computerized tomography during and between seizures. J Neurol l988;235:277â€”284.

1176 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 37 â€¢No. 7 â€¢July 1996




