
12. Sisson JC, Wieland DM. Radiolabeled meta-iodobenzylguanidine: pharmacology and
clinical studies. Am J Physiol /mug 1986;! :96-103.

13. Hoefnagel CA. Klumper A, Voute PA. Single-photon emission tomography using
meta-ml-iodobenzylguanidine in malignant pheochromocytoma and neuroblastoma:
case reports. J Med /mag 1987:1:57-60.

14. Wieland DM. Brown LE. Tobes MC, et al. Imaging the primate adrenal medulla with
I23l and ml metaiodobenzylguanidine: concise communication. J NucÃMed 1981:22:

358-364.

15. Lynn MD. Shapiro B, Sisson JC, et al. Portrayal of pheochromocytoma and normal
human adrenal medulla by ['"IJMIBG: concise communication. J NucÃMed 1984:

25:436-440.

16. Shapiro B. Sisson JC, Geatti 0. Eyre P. Lynn M. Beierwaltes WH. Scintigraphic
imaging of pheochromocytomas by means of metaiodobenzylguanidine (MIBG). J
NucÃMed 1985:26:576-585.

17. Fischer M. Galanski M, Winterberg B, Vetter H. Localization procedures in pheo
chromocytoma and neuroblastoma. Cardiology- 1985:72(suppl l ):143-146.

18. Swanson DP, Carey JE, Brown LE, et al. Human absorbed dose calculations for
iodine-131 and iodine-123 labeled MIBG: a potential myocardial and adrenal medulla

imaging agent. In: Proceedings of the third international radiopharmaceutical
dosimetro svmposiiim. Rockville: Health and Human Services Publication FDA
81-8166:198:213-224.

19. Bogdasarian RS. Lotz PR. Multiple simultaneous paragangliomas of the head and neck

in association with multiple retroperitoneal pheochromocytomas. Otolaryngol Head
Neck Surg 1979;87:648-652.

20. Parkin JL. Familial multiple glomus tumors and pheochromocytomas. Ann Otol
1981:90:60-63.

21. DeAngelis LM, Kelleher MB, Post KD, Fetell MR. Multiple paragangliomas in
neurofibromatosis: a new ncuroendocrine neoplasia. Neurology 1987:37:129-133.

22. Weissman AF, Gonzales C, Leach K, Shapiro B. Multiple chemodectomas: carotid
body tumor masked by salivary gland uptake on [12JI]M1BG scintigraphy. Clin NucÃ

Med 1994:19:527-531.

23. Jackson CG, Harris PF, Glasscock ME, Fritsch M. Dimitrov E, Johnson GD. Poe DS.
Diagnosis and management of paraganglioma of the skull base. Am J Surg 1990:159:
389-393.

24. Langer M, Fiegler W, EichststÃ¤dtH, Zwicker C. Felix R, et al. Indikationen zur venÃ¶sen
digitalen Subtraktionsangiographie bei oto-rhino-laryngologischen Erkrankungen. HNO
1986:34:61-65.

25. Fisch U. Infratemporal fossa approach for extensive tumors of the temporal bone and
base of the skull. In: Silverstein H, Noreel H, eds. Neurological surgery of the ear.
Birmingham, AL: Aesculapius: 1977:34.

26. Mann W. Gilsbach J. Die chirurgische thÃ©rapievon groÃŸenglomus jugulare Tumoren.
HNO 1984:32:249-251.

27. Szekely T. Chirurgie der Glomustumoren. HNO 1984:32:54-58.

Transient Cranial Neuropathy in Prostatic Cancer
with Bone MÃ©tastasesafter Rhenium-186-HEDP
Treatment
John M.H. de Klerk, Bernard A. Zonnenberg, Hendrikus G.J. Krouwer, Geert H. Blijham. Aalt van Dijk,
Alfred D. van het Schip, Jos van Die and Peter P. van Rijk
Department of Nuclear Medicine, Oncology Section, Department of Internal Medicine, Neuro-oncology Section, Department of

Neurology, and Department of Diagnostic Radiology, University Hospital Utrecht, Utrecht, The Netherlands

Rhenium-186 (tin) hydroxyethylidene diphosphonate (186Re-HEDP),
a bone-seeking radiopharmaceutical, has been successfully used in
the treatment of patients with painful bone mÃ©tastases.Toxicity is
usually limited to reversible thrombocytopenia. An infrequent but
clinically significant side effect is the occurrence of transient cranial
neuropathy. We report on two prostatic cancer patients with meta-
static bone cancer. Both patients developed transient cranial neu
ropathy shortly after treatment with 186Re-HEDP.Transient neurop

athy of cranial nerves needs to be distinguished from neurological
abnormalities caused by disease progression.
Key Words: rhenium-186-HEDP; bone mÃ©tastases;cranial neuro
pathy
J NucÃMed 1996; 37:465-467

U p to 80% of patients with prostate cancer develop painful
bone mÃ©tastases,including mÃ©tastasesto vertebral bodies (1).
The majority of these patients will require single or multiple
courses of external beam radiotherapy to palliate the pain and/or
treat or prevent epidural compression caused by local tumor
progression. Alternatively, bone-seeking radiopharmaceuticals
have recently been used successfully in the treatment of painful
bone mÃ©tastases(2-4). Rhenium-186 (tin) hydroxyethylidene
diphosphonate (l86Re-HEDP) is one of the radiopharmaceuti

cals currently under investigation for this indication. Pain relief
has been reported in up to 80% of the patients (5-7) and
toxicity is limited to transient bone marrow suppression, typi-
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cally presenting as thrombocytopenia (8). MÃ©tastasesto the
base of the skull are the most common causes of cranial
neuropathy in patients with systemic malignancies, especially
in those patients suffering from prostate and breast cancer
(9,10). To date, at our institution, 154 treatments of 186Re-

HEDP were given to patients with metastatic bone pain origi
nating from prostatic cancer.

This report describes two patients with metastatic prostate
cancer who developed transient cranial neuropathy shortly after
a therapeutic dose of 186Re-HEDP. The low frequency of these

adverse events and the transient character are important in
distinguishing from much more frequently occurring neurolog
ical dysfunction caused by progressive growth of the metastatic
tumor.

CASE REPORT

Patient 1
A 64-yr-old man was referred to our department because of

increasing bone pain due to hormone-resistant metastatic prostate
cancer. Six months after the presentation of the primary tumor,
bone mÃ©tastaseswere detected and systemic therapy with lutein-
izing hormone releasing hormone (LHRH) analogues was started.
Later on, cyproterone acetate was added. Stabilization of the
disease lasted about I yr. He then received a therapeutic dose of
1295 MBq 186Re-HEDP.The day after 186Re-HEDPadministration

the patient noted increasing difficulty in swallowing solid foods
and liquids. This was reported by the patient at the first follow-up
visit after 1 wk. At that time, he already noted some improvement
of these complaints. On neurological examination, paresis of the
right pharyngeal musculature and a deviation of tongue motility
towards the right side was diagnosed, indicating dysfunction of the
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RGURE 1. Scintigraphic evidence of bone metastasis at the skull base in FIGURE 3. Bone scintigram reveals metastatic involvementof the mandÃbula
Patient 1 (arrow). in Patient 2-

right glossopharyngeal and hypoglossal nerves. Bone scintigraphy
(Fig. 1) showed involvement of the bone of the base of the skull
and MRI (Fig. 2) revealed a lesion in the region of the clivus
encompassing the jugular foramen and hypoglossal canal on the
right. There was also a suggestion of thickening of the periosteum
of the base of the skull, adjacent to the ventral part of the
brainstem. During the second week after the onset of complaints,
spontaneous regression of the paresis continued and the intake of
food was less hampered. Neurological examination at that time no
longer demonstrated paresis of the pharyngeal musculature and
tongue motility was improved considerably.

Patient 2
This 64-yr-old man underwent prostatectomy for an obstructive

prostate. Bone mÃ©tastaseswere also detected at diagnosis. The
patient was subsequently treated with an LHRH analog. One year
later, pain in the lumbosacral spine occurred and because of the

FIGURE 2. MRI scan of Patient 1 shows bone involvement of the skull base
at the right side just posterior to the sphenoid sinus (arrow).

presence of multiple bone lesions the patient was referred for
palliative treatment with 1S6Re-HEDP. Bone scintigraphy revealed

multiple bone mÃ©tastasesand diffuse involvement of the mandÃbula
(Fig. 3). He received a dose of 1850 MBq 186Re-HEDP intrave

nously. After an uneventful administration and no objective or
subjective abnormalities during the first 24 hr, the patient experi
enced numbness on his lower lip, indicating mandibular nerve
dysfunction. This occurred during the second week after IX6Re-

HEDP treatment and was reported by the patient at his second
outpatient visit, i.e., 5 days after the start of his complaints.
Because there was strong clinical evidence that these complaints
were not progressive, we did not initiate specific treatment such as
corticosteroid therapy. The dysfunction improved over the follow
ing weeks and had resolved completely 4 wk after treatment.

DISCUSSION
Transient cranial neuropathy was found in two patients with

painful bone mÃ©tastasesshortly after treatment with 186Re-

HEDP. Diagnostic bone scintigrams of these patients showed
metastatic involvement at the site of the foramina correspond
ing with the dysfunctional cranial nerves. Additionally, an MRI
scan of the head in one patient clearly demonstrated a metastatic
lesion in the region of the foramina, where the nerves in this
patient exit the skull. The presence of metastatic bone involve
ment in the region of cranial foramina and the temporary nature
of the corresponding neurological deficits suggest that transient
edema in response to local radiation may have been responsible.
Another explanation might be direct radiation injury (77) of
these cranial nerves surrounded by metastatic bone tissue.

A similar mechanism is thought to be responsible for the
deterioration of neurological function seen in patients who are
treated with external beam radiotherapy for spinal cord compres
sion due to bone mÃ©tastases.These complications are frequently
treated with high doses of corticosteroids (12,13). Because the
neurological dysfunction in the first patient was already im
proving at his first outpatient visit and the stable situation in the
second patient, we decided not to initiate this therapy, but
rather, chose to await the natural course. Although transient
cranial neuropathy is a rather uncommon event after treatment
with bone-seeking radiopharmaceuticals, physicians should be
aware of this complication when treating patients with l86Re-

HEDP. Furthermore, this condition must be differentiated from
neurological dysfunction as a result of progressive disease. In
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that case external beam radiotherapy combined with high dose
corticosteroid treatment is indicated (14).
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Reversible Cerebral Perfusion Abnormalities
Associated with Cyclosporine Therapy in
Orthotopic Liver Transplantation
Mordechai Lorberboym, David J. Bronster, Mika Lidov and Neeta Pandit
Division of Nuclear Medicine, Department of Radiology, and Departments of Neurology and Diagnostic Radiology, Mount
Sinai School of Medicine, New York, New York

A 60-yr-old woman experienced several episodes of generalized
seizures following 2 wk of immunosuppressive therapy with cyclo-
sporine for orthotopic liver transplantation. CT showed low density in
the white matter of the parieto-occipital lobes. A ""Tc-HMPAO
brain SPECT showed diminished perfusion in the parieto-occipital
cortex bilaterally. Although the cyclosporine was discontinued, the
patient's neurologic status initially worsened and then improved

over the next several days. Repeat perfusion brain SPECT showed
resolution of most of the perfusion abnormalities, while repeat CT
showed persistent white matter changes in the parieto-occipital
lobes. We report the presence of reversible cortical perfusion ab
normalities in conjunction with cyclosporine therapy. The findings
suggest that perfusion brain SPECT may be a sensitive monitor of
cyclosporine-induced neurotoxicity.

Keywords: cyclosporine;livertransplantation;seizures;brainSPECT
J NucÃMed 1996; 37:467-469

V^rthotopic liver transplantation is associated with neurologic
complications in 19%-47% of the cases (1-4). The clinical
presentations include alterations of consciousness, seizures,
myoclonus, tremor, headache, quadriplegia, cerebellar dysfunc
tion and polyneuropathy (4). Cyclosporine has been used in
humans for immunosuppression after transplantation and has
reduced the rate of allograft rejection substantially. Cyclospo
rine, however, is implicated as a major cause of drug-induced
neurotoxicity (5). Blood levels of cyclosporine do not correlate
clearly with neurologic toxicity. CT and MRI may show a
characteristic abnormality in the brain. These changes, how-
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ever, are not invariably present nor does their resolution parallel
clinical improvement (6). Cerebral blood flow scintigraphy
using 99mTc-HMPAO and SPECT imaging is a readily available

and accurate technique for detection of perfusion abnormalities
in patients with cerebrovascular and neurological abnormalities.
We present the findings of brain perfusion studies in a case of
transient cyclosporine-induced neurotoxicity that showed good
temporal correlation with the clinical course of the disease.

CASE REPORT
A 60-yr-old woman with cirrhosis, secondary to chronic hepa

titis, underwent an uncomplicated liver transplantation. Six weeks
after discharge, she was readmitted with signs of rejection and
treated with intravenous and oral cyclosporine. Her trough cyclo
sporine blood levels were monitored daily, using the fluorescent
polarization immunoassay with monoclonal antibodies. She subse
quently received a second liver transplantation. Five days after
surgery the patient experienced a grand mal seizure which was
controlled with intravenous diazepam and phenytoin. At that time,
the cyclosporine trough level was 378 ng/ml (normal value <350
ng/ml). Her serum magnesium level was 1.1 mg/dl (normal 1.5-2.5
mg/dl) and her cholesterol level was 121 mg/dl. A normal serum
ammonia level of 31 mcg/dl (normal 15-50 mcg/dl) and a normally
functioning liver after transplantation excluded the possibility of
hepatic encephalopathy. Noncontrast head CT performed on the same
day showed low density in the white matter of parieto-occipital
regions bilaterally (Fig. 1A).

Brain perfusion SPECT imaging was performed using a dual-
head gamma camera equipped with a low-energy, high-resolution
collimator. Imaging began 30 min after intravenous injection of
740 MBq ""Tc-HMPAO. Ninety-six frames of 30 sec were

acquired. The images were prefiltered using a Butterworth filter
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