tain and there are no normal controls, and this is a potential
weakness of this study. However, the main objective of this
study was to observe any change in regional cerebral blood flow
of patients with ADC before and after therapeutic intervention
with clinical correlation, and we believe our observations to be
valid. This study demonstrates preliminary evidence of the
efficacy of atevirdine in the treatment of ADC.

CONCLUSION

It is important to develop therapies for the treatment of ADC
because, until now, only one drug, AZT, has shown efficacy in
adults. The promising results of atevirdine in this study needs
further investigation. This study adds to the existing data on the
usefulness of cerebral SPECT in the detection and assessment
of therapeutic responses in ADC.

REFERENCES

. Navia BA, Jordan BD, Price RW. The AIDS dementia complex: 1. Clinical features.
Ann Neurol 1986;19:517-524.

2. Brew BJ, Sidtis J, Petito CK, Price RW. The neurological complications of AIDS and

human immunodeficiency virus infection. In: Plum F, ed. Advances in

9. Richman DD, Fischl MA, Grieco M, et al. The toxicity of azidothymidine (AZT) in the
treatment of patients with AIDS and AIDS related complex. N Engl J Med
1987;317:192-197.

10. Butler KM, Husson RN, Balis FM, et al. Dideoxyinosine in children with symp
human imr deficiency virus infection. N Engl J Med 1991;324:137-144.

11. Portegies P, et al. AIDS dementia complex and peripheral neuropathy in zidovudine-
intolerant HIV-infected patients treated with didanosine (DDI) [Abstract]). Clin
Neuropathol 1993;12(suppl 1):S18.

12. Lambert JS, Seidlin M, Reichman RC, et al. 2’,3’-dideoxyinosine (ddl) in patients with
the acquired immunodeficiency syndrome or AIDS-related complex. N Engl J Med
1990;322:1333-1340.

13. Romero DL, Busso M, Tan C-K, et al. Novel non-nucleoside reverse transcriptase
inhibitors which potently and specifically block HIV-1 replication. Proc Nat Acad Sci
1991;88:8806-8810.

14. Maio SM, Voorman RL. Distribution of U87201E to brain following oral administra-
tion in rats (Protocol 91-004). Upjohn Technical Report 7256-91-049; 1991.

15. Masdeu JC, Yudd A, Van Heertum RL, et al. Single photon emission computed
tomography in human immunodefi y virus phalopathy: a preliminary report.
J Nucl Med 1991;32:1471-1475.

16. Rosci MA, Pigorini F, Bernabei A, et al. Methods for detecting early signs of AIDS
dementia complex in asymptomatic HIV-1- infected subjects. AIDS 1992;6:1309~
1316.

17. Schielke E, Tatsch K, Pfister HW, et al. Reduced cerebral blood flow in early stages
of human immunodeficiency virus infection. Arch Neurol 1990;47:1342-1345.

18. Maini CL, Pigorini F, Pau FM et al. Cortical cerebral blood flow in HIV-1-related

porary
neurology. Philadelphia: FA Davis Co.; 1988:1-49.

3. Price RW, Brew BJ, Sidtis J, Rosenblum M, Scheck AC, Cleary P. The brain in AIDS:
central nervous system HIV-1 infection and the AIDS dementia complex. Science
1988;239:586-592.

4. Patm CK, Navm BA, Cho ES, et al. Vacuolar myelopathy pathologically resembling

ined d tion in patients with the acquired immunodeficiency
syndrome N EnglJ Med 1985;312:874-879.

5. Yarchoan R, Thomas RV, Grafman J, et al. Long-term administration of 3’-azido-
2’,3'-dideoxythymidine to patients with AIDS related neurological disease. Ann
Neurol 1988;23(suppl):582-587.

6. Price RW, Koch MA, Sidtis J, et al. Zidovudine (AZT) treatment of the AIDS dementia
complex (ADC): results of a placebo-controlled multicentred therapeutic trial [Ab-

d ia complex. Nuc Med Commun 1990;11:639-648.

19. Ajmani A, Habte-Gabr E, Zarr M, et al. Cerebral blood flow SPECT with Tc-99m
exametazine. Correlates in AIDS dementia complex stages: a preliminary report. Clin
Nucl Med 1991;16:656—659.

20. Ell PJ, Costa DC, Harrison M. Imaging bral damage in HIV infection. Lancet
1987;i:569-570.
21. Pohl P, Vogl G, Fill H, et al. Single ph ion computed tomography in AIDS

dementia complex. J Nucl Med 1988;29:1382-1386.

22. Costa DG, Ell PJ, Bums A, et al. CBF tomograms with **"Tc-HMPAO in patients
with dementia (Alzheimer type and HIV) and Parkinson’s disease: initial result. J
Cereb Blood Flow Metab 1988;8:5109-5115.

23. Kmmcr EL, Sanger JJ. Brain imaging in acquired im d

plex. Semin Nucl Med 1990;20:353-363.

".Lic..cy synd

stract). Montreal, Canada: Fifth International Conference on AIDS Prog
1989:331.

7. Schmitt FA, Bigley JW, McKinnis R, et al. Neuropsychological outcome of zidovu-
dine (AZT) treatment of patients with AIDS and AIDS related complex. N Engl J Med
1988;319:1573-1578.

8. Sidtis J, Gatsonis C, Price RW, et al. Zidovudine treatment of the AIDS dementia
complex: results of a placebo controlled trial. Ann Neurol 1993;33:343-349.

24. Brunetti A, Berg G, Di Chiro G, et al. Reversal of brain metabolic abnormalities
following treatment of AIDS dementia complex with 3'-azido-2',3'-dideoxythymidine
(AZT, Zidovudine): a PET-FDG study. J Nucl Med 1989;30:581-590.

25. Price RW, Brew BJ. The AIDS dementia complex. J Infect Dis 1988;158:1079-1083.

26. Price RW, Sidtis JJ. Evaluation of the AIDS dementia complex in clinical trials
[Abstract]. J AIDS 1990;3(suppl 2):S51-S60.

Parapharyngeal Meningioma Extending from the
Intracranial Space Evaluated by FDG PET
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We report a rare case of meningioma extending
from the intracranial space evaluated by PET with ['®F]-2-fluorode-
oxyglucose (FDG). Although the parapharyngeal meningioma had a
high rate of glucose metabolism, it was proved to be pathohisto-
logically benign. The high rate of glucose metabolism of the tumor
reflected tumor aggressiveness well because the tumor grew in a
relatively short time.
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deoxyglucose
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CASE REPORT

A 66-yr-old woman had a history of left-sided oculomotor
paralysis that had been getting worse for 6 mo. CT and MRI
showed a large parapharyngeal tumor. This tumor extended
from the left parasellar region to the parapharyngeal space via
the foramen ovale. After administration of gadopentetate dime-
glumine, the tumor was moderately enhanced. The intracranial
portion of the tumor invaded the cavernous sinus and sur-
rounded the left internal carotid artery (Fig. 1A). A left carotid
angiogram showed that the intracranial portion of the tumor was
fed by small branches of the internal carotid artery. The
extracranial portion of the tumor was fed by branches of the left
external carotid artery.

We examined the glucose metabolism of the tumor using
PET with '®F-fluordeoxyglucose (FDG). PET was carried out
with a Headtome V PET scanner (Shimadzu, Kyoto, Japan),
which provides 47 tomographic slices and an in-plane spatial
resolution of 4.0 mm FWHM and an axial spatial resolution of

February 1998



\ > 19,
FIGURE 1. (A) Contrast-enhanced coronal T1-weighted image (gradient-
recalled echo, 450/9; flip angle, 90°) shows moderately enhancing tumor in
left parasellar region extending into parapharyngeal space via foramen ovale.
Tumor also invades cavermnous sinus and infraorbital fissure and surrounds
left intemal carotid artery. (B) FDG PET demonstrates that central part of
extracranial tumor is as hypermetabolic as temporal gray matter.

4.3 mm FWHM (/). After a transmission scan was obtained, a
dose of 259 MBq '®F-FDG was injected into the cubital vein
over 1 min. Static scanning was performed for 12 min at 60 min
after the '®F-FDG injection. We evaluated quantitatively the
accumulation of '®F-FDG using the '®F-FDG method of Phelps
et al. (2). The metabolic rate for glucose (MRGlu) was
calculated by use of a fixed rate constant of 0.52 (3). After
MRI-PET image registration was performed by the method of
Ardekani et al. (4), we selected round regions of interest 20 mm
in diameter in the tumor and normal gray matter. The MRGlu in
the extracranial portion of the tumor was 4.8 * 0.6 (mean *
s.d.) mg/100 g/min. The MRGlu in the gray matter of the
temporal lobe contralateral to the tumor was 5.3 * 0.5 mg/100
g/min (Fig. 1B).

On the basis of the results of the neuroradiological studies,
including FDG PET, we diagnosed this tumor as a biologically
aggressive meningioma with extracranial extension. To avoid
injury to neurovascular structures in the cavernous sinus, biopsy
was limited to the extracranial portion of the tumor. On the
basis of the pathohistological examination, this tumor was
proved to be a meningothelial meningioma. Using follow-up
MRI, we calculated the doubling time of the tumor. The
doubling time of the extracranial portion of the tumor was about
10 mo (Fig. 2). Although surgical resection and postoperative
radiation therapy were planned on the basis of the results
obtained from FDG PET, the patient declined to have the
operation.

FIGURE 2 (A) Contrast-enhanced sagittal T1-weighted image (gradient-
recalled echo [GRE], 450/9; flip angle, 90°) obtained before biopsy shows
parapharyngeal meningioma extending from intracranial space. Tumor mea-
sured about 4 X 2.8 X 3.4 cm. (B) Contrast-enhanced sagittal T1-weighted
image (GRE, 450/9; flip angle, 90°) obtained after biopsy shows growth of
parapharyngeal meningioma over 7 mo. Tumor measured about 4.6 X 3.4 X
3.4 cm. Calculated doubling time of tumor was about 10 mo.

FDG PET ror PARAPHARYNGEAL MENINGIOMA * Kado et al.

DISCUSSION

Invasive meningiomas extending into the extracranial space
are rare. Friedman et al. (5) revealed that meningiomas in an
extracranial or extraspinal site constitute fewer than 2% of all
meningiomas. The mechanisms for the formation of extracra-
nial meningiomas fall into four types (6). Type | involves direct
extracranial extension from an intracranial tumor through the
foramina of the base of the skull. Type 2 involves extracranial
growth from the arachnoid within the cranial nerve sheaths.
Type 3 involves extracranial growth from an ectopic or embry-
onic arachnoid cell rest without any connection to the skull base
or cranial nerves. Type 4 involves distant metastases from an
intracranial meningioma. Our case was thought to be classified
as Type 1.

Most meningiomas with extracranial extension, such as
meningothelial meningiomas, were previously reported to ex-
hibit a pathohistologically benign appearance (5,6). However,
according to recent reports, it is known that biological aggres-
siveness of extracranial meningiomas cannot be determined
only by pathohistological studies. Several factors, such as
invasive tendency, higher levels of proliferation, higher inci-
dences of recurrence, multicentric growth and frequent combi-
nation with other neoplasms of the central nervous system, have
been recognized as determining clinical aggressiveness in
addition to pathohistologically determined malignancy (7-9).

Di Chiro et al. (/0,11) reported that intracranial meningiomas
could exhibit biologically aggressive behaviors without patho-
histologically determined malignancy. High FDG accumulation
in meningiomas was well related to biological aggressiveness.
According to their studies, FDG accumulation showed a good
correlation with the aggressiveness of the tumor and the clinical
prognosis. Higher levels of glucose consumption correlated
with more aggressive behavior of the tumor. Using a compar-
ison with pathohistological studies, they concluded that meta-
bolic glucose utilization rates of meningiomas were more useful
than pathohistological subtypes as a method for identifying
biologically active potential in the tumors.

Suwa et al. (/2) also demonstrated invasive intracranial
meningiomas without malignant pathohistological signs using a
biochemical method. Using the labeling index of proliferating
cell nuclear antigen, they demonstrated that meningiomas with
a high labeling index of proliferating cell nuclear antigen had
high proliferation (aggressiveness) potential. The tumors that
they studied invaded the brain parenchyma without pathohisto-
logically malignant transformation. Their study also supported
the idea that meningiomas with biologically active potential
tend to show aggressive behavior and to lead to a poor
prognosis despite a pathohistologically benign appearance.
Biologically active potential would be affected by complex
changes on metabolic and biochemical levels more so than
would pathohistologically malignant transformation.

We assessed the MRGlu of an extracranial meningioma using
PET with FDG. The extracranial meningioma in this article
showed high levels of glucose consumption despite a benign
histologic appearance. Low rates of glucose metabolism have
been shown for many meningiomas by PET with FDG (/0-14).
Compared with those for meningiomas in general (10,/1), the
doubling time of the extracranial portion of the tumor in this
article was very short.

CONCLUSION

These results support the conclusion that this extracranial
meningioma showed biologically aggressive behavior despite
its pathohistologically benign appearance. PET with FDG is
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very useful for predicting prognosis for patients with meningi-
omas.
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Technetium-99m-HMPAOQO Brain SPECT in

Anorexia Nervosa

Asli Cepik Kuruoglu, Ozlem Kapucu, Tamer Atasever, Zehra Arikan, Erdal Isik and Mustafa Unlii
Departments of Psychiatry and Nuclear Medicine, Gazi University Faculty of Medicine, Ankara, Turkey

Eating disorders have been redefined in recent years. Brain imaging
techniques are useful in demonstrating the association between the
morphologic and the functional cerebral changes in these cases. We
report ®*"Tc-HMPAO brain SPECT findings in two patients with
anorexia nervosa, before and after the treatment. While the detailed
neurologic and laboratory examinations, including EEG and cranial
CT, were within normal limits before therapy, SPECT study revealed
diffuse bilateral hypoperfusion in frontal, parietal and frontotemporal
areas which was more prominent in the left hemisphere. Post-
treatment SPECT studies obtained after a clinical remission period
of 3 mo showed normal brain perfusion in both patients. The pre-
and post-treatment SPECT studies accurately reflect the functional
state of the patients, and this technique may be used to follow-up
the effect of treatment and predict the clinical response to therapy in
patients with eating disorders.

Key Words: technetium-99m; HMPAO brain SPECT; computerized
tomography; anorexia nervosa
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Anorexia nervosa is a behavioral disorder characterized by
refusal to maintain body weight at or above a minimally normal
weight for age and height. There is a significant disturbance in
the individual’s perception of the shape or size of the body and
denial of the seriousness of the current low body weight (/).

There is an increased interest in the functional and structural
cerebral changes in psychiatric disorders in the last decade.
Recent studies with brain imaging techniques not only investi-
gate the basic pathological condition in a specified disease, but
also help to identify the activation phases and to discriminate
the different clinical states, such as remission and exacerbation
of the same disease process (2).

The limited number of brain imaging studies in anorexia
nervosa failed to give uniform results, the main pathological
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finding being the cerebral cortical atrophy detected in some
patients using CT (3). MRI studies revealed a smaller cross-
sectional area of the pituitary gland and thalamus (4,5). An
early PET study in anorectic patients revealed normal cortical
glucose metabolism (6), while another study showed increased
metabolism of the caudate nucleus in anorexic state returning to
normal levels after realimentation (7). In a recent PET study,
the underweight anorectic group showed a global hypometab-
olism and an absolute, as well as relative, hypometabolism of
glucose in cortical regions most marked in the frontal and
parietal cortices as compared to controls (8).

These confusing results obtained by the neuroimaging studies
are mainly due to methodological discrepancies and patient
selection criteria. Moreover, evaluating the patients in remis-
sion will probably lead to a better understanding of eating
disorders. In this study, we investigated cerebral blood flow
using **™Tc-HMPAO brain SPECT of two patients with an-
orexia nervosa, both at the time of diagnosis and after remission
of symptoms.

CASE REPORTS

Patient 1

A 16-yr-old woman presented with a 14-mo history of inten-
tional loss of weight (17% of the initial weight), refusal of eating
because of morbid fear of weight gain, and amenorrhea for the
previous 8 mo. She also had provocative vomiting.

During the last year of her college education as a successful
student, although not overweight, she began dieting with the
intention of losing weight. Initially, the weight loss was not
recognized by the family. Gradually, she started to drop out of
classes, while spending most of her time at home. Ten months after
the onset of symptoms, obvious weight loss as well as the
emergence of binge and purge cycles alarmed the family and she
was brought for treatment.

During the initial visits, the psychiatric evaluation of the patient
revealed defective self-regulatory functions, regressive pseudo-
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