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HEMANGIOBLASTOMA OF THE POSTERIOR FOSSA
THE ROLE OF MULTIMODALITY TREATMENT

ALVARO E. GEORG™, L. DADE LUNSFORD™**, DOUGLAS KONDZIOLKA™*",
JOHN C. FLICKINGER™***, ANN MAITZ*****

ABSTRACT - The authors made a review of a series of patients with hemangioblastomas of the posterior fossa
treated between 1973 and 1993. A total of 32 patients were analyzed with 24 patients receiving resection, 8 patients
receiving radiosurgery and 2 patients receiving conventional radiotherapy. The mortality in the patients with a resection
was considered acceptable with 2 deaths (8%) and with a morbidity of 3 patients (12.5%). A review of the literature
suggests that conventional radiotherapy with high doses (45-60 Gy) may have a role in the post-operative control of
hemangioblastomas and in some cases could be employed even before the resection in order to facilitate the surgery.
The radiosurgical treatment is regarded like adjuvant. Poor results were obtained with radiosurgery in large tumors
where low doses (less than 20 Gy) were used. Becausc of the rarity and complexity of these tumors, mainly when
associated with von Hippel-Lindau disease, a multicenter study could be useful with the assessment of the optimal
utilization and combination of these treatment modalities.
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Hemangioblastoma da fossa posterior: papel do tratamento multimodal

RESUMO - Os autores fazem revisio de uma série de pacientes com hemangioblastomas da fossa posterior tratados
entre 1973 ¢ 1993: 32 pacientes foram anatisados com 24 deles recebendo resscegéio, 8 recebendo radiocirurgiae 2
recebendo radioterapia convencional. A mortalidade dos pacientes submetidos a ressecgfo foi considerada aceitdvel
com 2 mortes (8%) ¢ com morbidade de outros 3 pacientes (12,5%). A revisio de literatura sugere que a radioterapia
convencional com aitas doses (45-60 Gy) pode ter um papel no controle pés-operatério dos hemangioblastomas e em
alguns casos pode ser empregada mesmo antes da ressecgiio com o objetivo de facilitar a cirurgia. O tratamento
radiocirirgico € considerado coadjuvante. Resultados ruins foram obtidos com a radiocirurgia em tumores grandes
em que doses baixas (menos que 20 Gy) foram utilizadas. Devido a raridade e complexidade destes tumores,
principalmente quando associados com a doenga de von Hippel-Lindau, um estudo multicéntrico pode ser ttil na
avaliagao da combinagio ¢ otimizagiio dessas modalidades de tratamento.

PALAVRAS-CHAVE: hemangioblastoma, tratamento, radiocirurgia, radiotcrapia.

Hemangioblastomas (HBLs) of the posterior fossa are relatively rare, benign tumors

comprising 1.1 to 2.5% of all intracranial neoplasmas in major surgical and pathological serics**".

They can occur either in a “sporadic” or “isolated” form or like one of the components of the von
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Hippel-Lindau disease (vHL.D), an autosomal dominant condition with almost complete penetrance
and variable expression'>!?222230-243 posterior fossa HBLs are related to vHLD in up to 43% of
cases?%47 In vHLD, nervous system HBLs arc often associated with other disorders such as
angiomatosis retinac (HBLs of the retina), renal and adrenal tumors®7-1%-1517.192532.3339  Degpite
awareness and improvements in HBL screening within vHLD!#9111627:344142 75 wel| as further
refinement in our knowledge of the genetic constitution of the disease®!?14-2232630.31.35.43444850 ' main]y
because of critical brain location and a tendency to recur, these tumor still pose a challenge for the
neurosurgeon. Posterior fossa HBLs and renal cell carcinomas are the main cause of death in
vHLD patients with a median life expectancy of approximately 40 to 50 years's!%-25:32,

After review of our surgical series of 24 patients operated on between 1973 and 1991 and
adding 8 patients that had radiosurgery between 1989 and 1993, we suggest that a multimodality
approach including resection, conventional radiotherapy and radiosurgery should be employed to
manage these difficult lesions.

MATERIAL AND METHODS

We reviewed the records of 24 patients that had a resection of a posterior fossa HBL at the University of
Pittsburgh Medical Center (1973-1991). In this series only 2 patients had previous surgery. In addition, we managed
8 patients with Gamma-Knife radiosurgery (1989-1993). All the radiosurgery patients had prior surgeries (7 of 8
from other institutions). Two of the 24 patients that received resection at our institution also received conventional
radiotherapy. We were unable to obtain a long-term follow-up in these patients (resection series) because of the long
span of time of the series. The 8 patients of the radiosurgery series had a proper follow-up albeit short.

RESULTS
SURGICAL SERIES

Twenty five resections were performed on 24 patients and 25 tumors (Table 1). One patient
had two resections (a VHLD case). In 9 patients concomitant ventriculostomy was used. Thirteen
patients (54%) were malc and 11 (46%) female (age range, 24-70 years). The mcan age at surgery
was 46 years. The two vHLD cases were 24 and 36 years old respectively. Patients were symptomatic
for a median of 3 months before surgery with a range of 0.5-60 months. Diagnostic cerebral
angiography was used in 22 (92%) patients, including one where it was the only diagnostic imaging
test used, all other patients also had a CT scan. Six patients (25%) had MRI examinations. The
mean preoperative Karnofsky score was 80 (range, 50-90). In the immediately postoperative period,
15 patients (62.5%) had improvement in their neurological condition and Karnofsky grade. In 4
patients (17%) there was no change, 3 (12.5%) were worse and 2 (8%) died. One patient died from
a hematoma after intra-operative coagulopathy and the other, 4 months after resection of a large
brainstem tumor. Only 2 (8%) patients in a group of 24 had a known diagnosis of vHLD at the time
of surgery, but only 8 of the 22 “sporadic” HBL patients had appropriate screening for vHLD,
reflecting a lack of awareness for that condition (mainly in the beginning of the scries).

Afterwards we were able to identify at least 2 new cases of vHLD making the incidence of
this disease in this series of 17%.

RADIOSURGICAL SERIES

All 8 patients in this series had at least 1 previous posterior fossa surgery with a total of 12
craniotomies (Table 2). Only 1 had a previous surgery in our institution. Two patients had also
craniotomies for supra-tentorial HBLs. We had 4 males and 4 females. The youngcest patient was
28 years old and the oldest was 75 years old. The mean age at treatment was 49 years. Six patients
(75%) had a radiosurgical treatment for a symptomatic tumor and 2 patients (25%) had an
asymptomatic new growth or residual tumor. For the planning, 4 patients had a head CT scan, 3
had an MRI and | had both examinations. At the time of treatment, 3 cases (37.5%) were considered
vHLD cases but again, not al! the patients had a proper screening prior to radiosurgical procedure.
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Fig 1. Case 8. A, CT scan with contrast at
the time of radiosurgery. B, MRI Tl weighted
with gadolinium at 3 months showed slight
increase in size of the cyst portion. At that
time patient had only episodes of vomitting.
C, MRI at 8 months showed increase in cyst
size. Because of progressive symptoms the
patient had a new (partial) resection.

The pre-operative Kamofsky grade of the patients were
in the range of 50 to 90 with a mean of 80. So far, despite
the short follow-up, our best results had a radiosurgical
dose at margin of 20 Gy. Our two more recent cases had
lower doses, one because the cerebellum-pontine angle
(CPA) location of the tumors and the other because of the
large volume (cases 7 and 8). Three cases had new
resections (one partial) after the radiosurgery and the
residuals tumors have been stable since then (Fig 1).

DISCUSSION
THE ROLE OF SURGICAL RESECTION

Despite the absence of a capsule, HBLs are
histologically and biologically benign lesions®*74052,
correspondingly, surgical treatment should be curative
and microsurgical resection is the method of choice for
symptomatic tumors*3¢38475!_ The goal is the removal of
the mural nodule in cystic lesions, or the entire tumor
when solid*. Usually, one tries to remove the lesion “en
bloc” like an AVM (arteriovenous malformation) and
aims to keep the dissection plane outside the tumor in
order to minimize bleeding®*5!. Sometimes, because
some tumors are intimately attached to the brain stem or
cranial nerves, only a partial resection can be obtained.
Even “gross total” resections can be followed by
recurrence in 3 to 10% of cases. In recent series?'%*7 the
reported morbidity and mortality was low (Table 4), but
like any tumor that can recur, long-term follow-up must
be performed to evaluate the overall management result.
It is expected that in reoperations the morbidity and
mortality rates will be higher than in the original surgery*’.
There is no doubt that the ideal treatment is surgery but to
avoid repeated resections for recurrences or new growths
or even to treat asymptomatic cases found in screening for
vHLD (if judged necessary to treat asymptomatic HBLs)
the adjuvant techniques of conventional radiotherapy and
radiosurgery need to be assessed.

Another surgical technique, imaged-guided stereo-
tactic aspiration of growing, symptomatic tumors cysts
can provide clinical improvement, but cyst re-expansion
often occurs over time?®.

RADIOSURGERY FOR HEMANGIOBLASTOMAS OF

THE POSTERIOR FOSSA

At the present time there is little information on
the results of radiosurgery for HBLs, most of it published
in abstract format. Despite the small number of cases
and the short follow-up, our series is adding more
information to this scarce data. At the present, there is
no prospective study about the natural history and growth
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Tuble 3. Results of series when conventional XRT was used after resection.

Series/ Years No. of Overall Survival High Local Complications
Year Patients Survival Dose 45-50 Gy Control Dose

Sung, 1982 1950-1976 29 5 years 70.9% 5 years 90.5%
10 years 40.5% 10 ycars 56.5% Not available Not available
1S years 16.9% 15 years 56.5%

Smallcy, 1990 1963-1983 27 5 years 85% >50Gy <50Gy 2
10 years 58% Not available 57% 33%
15 years 58%

Tuble 4. Comparison of recent surgical series.

Author/ Years # of Cases/ vHLD Morbidity Mortality
Year Tumors incidence
Symon, 1993 23 (1968-1990) 51/104 22 (43%) 3(5.8%) 2(3.9%)
Neumann, 1989 10 (1976-1986) 36/39 10 (23%) 4(11.1%) 2(5.5%)
Huson, 1986* 13 (1972-1985) 19/20%* 8 (42%) 2 (10.5%) 1 (5.2%)
Georg, 1996 18 (1973-1991) 24/25 4 (17%) 3(12.5%) 2 (8.3%)

*One original case reported was an autopsy cuse.
** Presumed from the case reports.

patterns of these lesions but in general, they have a slow growth with a benign behavior®™*? and in
that way only with a long follow-up accurate statements can be made about diffcrent treatments.
The rich vascularity of these lesion make them similar to true AVMs, otherwisc, not only endothelial
cells are present but also pericytes and the stromal or interstitial cclls that are major components in
the tumoral tissuc¥#*5%, Therefore, the biological effect of the radiation in the different types of
tumor cclls could providc or preclude the desired result. Currently, the appropriate radiosurgical
dose has been based in our experience with the treatments of AVMs and benign tumors like
meningiomas and acoustic neuromas®**®, The location of the lesion prevents a morc liberal use of
irradiation according with our previous experiences®*. Despite the poor initial results demonstrated
in our series, a better understanding about the proper selection of paticnts, dose/results and the
possible association of radiosurgery and conventional radiotherapy was obtained. At the present
we are still at the beginning of a learning curve in the respect of HBLs and radiosurgery but we
remained convinced of a coadjuvant role of this technique in the multimodality trecatment of these
lesions.

A cooperative multicenter propective study asscssing the multimodality treatment is
proposed in this paper.

CONVENTIONAL RADIOTHERAPY FOR HBLS OF THE POSTERIOR FOSSA

Becausc of the relatively rare occurrence of these lesions, few data in this issue were obtained
in the English language litcrature®'*4546 In two retrospective series with overall good results*
there are indications for better survival rates and local control using high doses of radiation, in the
range of 45-60 Gy (Table 3). With these more aggressive protocols survival rates around 60% were
found at 10 and 15 years. Few complications were cited. The use of fractionated external beam
radiotherapy (XRT) was recommended mainly for partially excised tumors or recurrences but also
for microscopically or clinically suspect margins. Another possible use of radiation therapy is the
planncd preoperative irradiation in difficult cases with the objective to diminish tumor vascularization
and with surgery postponed for some months'®4. The capacity of XRT to prevent the growth of
asymptomatic lesions or even to prcvent the appearance of new growths in vHLD cases is not
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known. Currently at our institution (Pittsburgh) we are using a protocol for the combined use of
XRT and radiosurgery in the treatment of brain metastases. Whether this combined use of these
two techniques can be also of value in the prevention and control of HBLs (especially in vHLD)
remains to be studied.

CONCLUSION

Despite the progresses in the radiological diagnosis and in the genetics of vHLD the treatment
of HBLs still needs refinement or an alternative to microsurgical resection alone. Deep brain stem
tumors and large cystic ones can pose difficulties for safe open surgery. Recurrences necessitating
repeated resections increase risks and costs. In our surgical series with several surgeons, the overall
results can be considered good. Perhaps both patients that died post-operatively after resection of
large tumors could have benefit from pre-operative conventional radiotherapy. In our radiosurgical
series, a better selection of patients (patients with good Karnofsky grades and small tumors) had
lead to better results, despite the short term follow-up so far obtained. The lack of appropriate
screening for vHLD was not only reflected in our surgical series but also in our radiosurgical series
where most of the patients were refered from other institutions. Finally, we propose these following
flow charts with our current suggestions regarding the multimodality treatment of HBLs.

POSTERIOR FOSSA

HEMANGIOBLASTOMA
LARGE RECURRENT/RESIDUAL
AN
>20MM @ <20 MM 2

MICROSURGICAL /
RESECTION

RADIOSURGERY

1. Microsurgical resection should be ideally used as primary treutment for smull HBLs lucated on the surface
(cerebellum); 2. Deep located, small HBLs are dealt preferably by radiosurgery.

ASYMPTOMATICS / MULTIPLE

1 v 2 3

?
OBSERVATION? XRT RADIOSURGERY

1. Observation ulone muke HBLs more difficult to treat after their growth; 2. Although not entirelly proved, XRT
could prevent new growths, specially in vHLD cases; 3. Radiosurgery can be the ideal way to treat multiple
small, deep seated HBLs and can be used as a boost to XRT.



20.

21.

22.

23.

24,

25.
26.

28.

Arg Neuropsiquiutr 1997;55(2) 285

Acknowledgement - The authors would like to thank Dr. Ailton Melo for his review of this article.

REFERENCES

AnsonJA, Glick RP, Crowell RM. Use of gadolinium-enhanced magnetic resonance imaging in the diagnosis and mangement of
posterior fossa hemangioblastomas. Surg Neurol 1991;35:300-304.

Bilge T, Bilge S, Barut S, Cokneseli B. Familial hemangioblastoma and von Hippel-Lindau’s disease: case report. Acta Neurol
Belg 1991:91:223-229.

Bouchard J. Rudiation therapy of brain tumors and discases of the nervous system. Philadelphia: Lea & Fabiger, 1966:147-149.
Braftman BH, Bilanivk LT, Zimmermann RA. MR of the central nervous system neoplasia of phakomutoses. Semin in Roentgen
1990;25:198-217.

Cobb CA, Youmans JR. Surcomas and neoplasms of blood vessels. In Youmans JR (ed). Neurological surgery. Ed 2. Philadelphia:
WB Saunders, 1992:2845-2862.

Decker H-JH, Neumann HPH, Walter TA, Sandberg AA. 3p involvementin arenal cell carcinomain von Hippel-Lindau syndrome:
region of tumor breakpoint clustering on 3p? Cancer Genet Cytogenet 1988;33:59-65.

Diehl PR, Symon L. Supratentorial intraventricular hemangioblustoma: case report and review of literature. Surg Neurol
1980;15:435-443.

Duma CM, Lunsford LD, Kondziolka D, Harsh GR, Flickinger IC. Stereotactic radiosurgery of cavernous sinus meningiomas as
an addition or alternative to microsurgery. Neurosurgery 1993;32:699-705.

Elster AD, Arthur DW. Intracranial hemangioblastomas: CT and MR findings. J Comput Assist Tomogr 1988;12:736-739.
Filling-Katz MR, Choyke PL, Oldficld E, Charnas L, Patronas NI, Glenn GM, Gorin MB, Morgan JK, Linehan WM, Seizinger
MD, Zbur B. Central nervous system involvement in von Hippel-Linduu disease. Neurology 1991;41:41-46.

Filling-Katz MR, Choyke PL, Patronas NJ, Goring MB, Barba D, Chang R, Doppman JL, Seizinger B Oldfield EH. Radiologic
screening for von Hippel-Lindau disease: the role of Gd-DTPA enhanced MR imaging of the CNS. J Comput Assist Tomogr
1989;13:743-755.

Glenn GM, Daniel LN, Choyke P, Linehan WM, Oldfield E, Gorin MB, Hosoe S, Latif F, Weiss G, Walther M, Lerman M1,
Zbar B. von Hippel-Lindau (VHL) disease: distinct phenotypes suggest more than one mutant allele at the VHL locus, Hum
Genet 1991:87:207-210.

Glenn GM, Linehan WM, Hosoe S, Latif F, Yao M, Choyke P, Goring MB, Chew E, Oldfield E, Manolatos C, Orcutt ML,
Willther MM, Weiss GH, Tory K, Jensson O, Lerman M, Zbar B. Screening for von Hippel-Lindau disease by DNA polymorphism
analysis. JAMA 1992;267:1226-1231.

Go RCP, Lamiell JM, Hsia YE, Yuen JW-M, Paik Y. Segregation and linkage analyses of von Hippel-Lindau diseuse among 220
descendants from one kindred. Am J Hum Genet 1984;36:131-142.

Green JS, Bowmer M1, Johnson GJ. von Hippel-Lindau diseuse in « Newfoundlund kindred. Can Med Assoc ] 1986;134:133-146.
Hardjusudarma M, Fowler M. Craniospinal magnetic resonance imaging enhanced with Gd-DTPA in von Hippel-Lindau diseuse.
Cun Assoc Radiol J 1991;42:283-286.

Hardwig P, Robertson DM. von Hippel-Lindau disease: 4 familial, often lcthal, multisystem phakomatosis. Ophthalmology
1984.,91:263-270.

Helle TL, Conley FK, Britt RH. Effect of radiation therapy on hemangioblastoma: a case report and review of the literature.
Neurosurgery 1980;6:82-86.

Horton WA, Wong V, Eldridge R. von Hippel-Lindau diseuse: clinical and pathological manifestations in nine families with 50
affected members. Arch Intern Med 1976;136:769-777.

Hosoe S, Brauch H, Latif F, Glenn G, Daniel L, Bale §, Choyke P, Gorin M, Oldfield E, Berman A, Goodman J, Orcutt ML,
Hampsch K, Delisio J, Modi W, McBride W, Anglard P, Weiss G, Walther MM, Linehan WM, Lerman M1, Zbar B. Localization
of the von Hippel-Lindau disease gene to a small region of chromosome 3. Genomics 1990;8:634-640.

Huson SM, Harper PS, Hourihian MD, Cole G, Weeks RD, Compston DAS. Cerebellar hemangioblastoma and von Hippel-
Lindau disease. Brain 1986;109:1297:1310.

Jennings AM, Smith C, Cole DR, Jennings C, Shortland IR, Williams JL, Brown CB. von Hippel-Lindau disease in a lurge
British fumily: clinicopathological features and recommendations for screening and follow-up. Q J Med 1988;66:233-249.
Jordun DK, Divelbiss JE, Waziri MH, Burns TL, Patil SR. Fragile site expression in families with von Hippel-Lindau disease.
Cancer Genet Cytogenet 1989;39:157-166.

Kondiziolka D, Lunstord LD, Coffey RJ, Bissonette DJ, Flickinger JC. Stereotactic radiosurgery of angiographically occult
vuscular malformations: indications and preliminary experience. Neurosurgery 1990,27:892-899.

Lamniell JM, Saluzar FG. Hsia YE. von Hippel-Lindau disease affectings 43 members of a single kindred. Medicine 1989;68:1-29.
Lutif F, Tory K, Gnarra J, Yuo M, Duh F-M, Orcutt ML, Stackhouse T, Kuzmin I, Modi W, Geil L, Schimidt L, Zhou F, Li H, Wei
MH, Chen F, Glenn G, Choyke P, Walther MM, Weng Y, Duan D-SR, Dean M, Glavac D, Richards FM, Crossey PA, Ferguson-
Smith MA, Le Paslier D, Chumaknow I, Cohen D, Chinault AC, Maher ER, Linehan WM, Zbar B, Lerman MI. Identification
of the von Hippel-Lindau discase tumor supressor gene. Science 1993;260:1317-1320.

Lee SR, Sunches J, Murk AS, Dillon WP, Norman D, Newton TH: Posterior fossa hemangioblustomas: MR imaging. Radiology
1989;171:463-468.

Lunsford LD, Kondziolka D, Flickinger JC: Radiosurgery as un alternative to microsugery of acoustic tumors. Clin Neurosurg
1992;38:619-634.



286

29.

30.

39.

41.

42,

45,

47.

48.

49.

Sl

Arg Neuropsiguiarr 1997:55(2)

Lunsford LD, Kondziolka D, Flickinger JC, Bissonette DJ, Jungreis CA, Maitz NA, Horton JA, Cotfey RI. Stereotactic radiosurgery
for arteriovenous malformations of the brain. J Neurosurg 1991,75:512-524.

Maher ER, Bentley E, Yates JRW, Barton D, Jennings A, Fellows IW, Ponder MA, Ponder BAJ, Benjamin C, Hurris R, Ferguson-
Smith MA. Mapping of von Hippel-Lindau discase to chromosome 3p confirmed by genetic linkage analysis. J Neurol Sci
1990;100:27-30..

Mauher ER, Bentley E, Yates JRW, Latif F, Lerman M, Zbar B, Aftara NA, Ferguson Smith MA. Mapping of the von Hippel-
Linduu diseuse locus to u small region of chromosome 3p by genetic linkage analysis. Genomics 1991;10:957-960.

Muher ER, Yutes JRW, Harries R, Benjumin C, Harris R, Moore AT, Ferguson-Smith MA. Clinical features and natural history
of von Hippel-Lindau discase. Q J Med 1990;77:1151-1163.

Melmon KL, Rosen SW: Linduu’s disease: review of the literature and study of u large kindred. Am J of Med 1964,36:595-617.
Moore AT, Maher ER, Rosen P. Gregor Z, Bird AC. Ophthalmological screening for von Hippel-Lindau disease. Eye 1991:5:723-728.
Neumann HPH, Wiestler OD. Clustering of features of von Hippel-Lindau Syndrome: evidence for a complex genetic locus.
Lancet 1991;337:1052-1054.

Neumann HPH, Eggert HR, Weigel K, Friedburg H, Wiestler OD, Schollmeyer P. Hemangioblustomas of the central nervous
system: A 10 year study with special reference to von Hippel-Lindau syndrome, J Neurosurg 1989;70:24-30.

Rengachary SS: Hemangioblastonas. In Wilkins RH & Rengachary SS (eds). Neurosurgery. New York: McGraw-Hill, 1985:772-782.
Rengachary S8, Suskind DL. Hemangioblastornas. In Apuzzo MIL (ed). Brain surgery, complications: aveidance and management.
New York: Churchill Livingstone, 1993:1825-1833.

Rho YM. von Hippel-Lindau disease: areport of five cases. Can Med Ass J 1969;101:135-142.

Russel DS, Rubinstein LJ. Pathology of tumors of the nervous system. Ed 5. Baltimore: Williams & Wilkins, 1989:639-662.
Salazar FG, Lamiell JM. Early identification of retinal angiomas in a large kindred with von Hippel-Lindau disease. Am J
Ophthtalmol 1980;89:540-545.

Sato Y, Wuiziri M, Smith W, Frey E, Yuh WTC, Hanson J, Franken EA. Hippel-Lindau disease: MR imaging. Radiology
1988;166:241-246.

Seizinger BR, Rouleau GA, Ozelius L), Lane AH, Farmer GE, Lamiell IM, Haines J, Yuen JWM, Collins D, Mujoor-Krakauer
D. Bonner T. Mathew C, Rubenstein A, Halperin ], McConke-Rosell A, Green IS, Trofatter JA, Ponder BA, Eierman L,
Bowmer M1, Schimke R, Oostra B, Aronin N, Smith DI, Drabkin H, Waziri MH, Hobbs WJ, Martuza RL, Conneally PM. Hsia
YE, Gusclla JF. von Hippel-Lindau disease maps to the region of chromosome 3 associated with renal cell carcinoma. Nature
1988:332:268-269.

Seizinger BR, Smith D}, Filling-Katz MR, Neumann H, Green JS, Choyke PL, Anderson KM, Freimuan RN, Klauk SM, Whaley
J, Decker H-J H, Hyia YE, Collins D, Halperin J, Lamiell JM, Oostra B, Waziti MH, Gorin MB, Scherer G, Drabkin HA, Aronin
N, Schinzel A, Mirtuza RL, Gusella JE, Haines JL. Genetic tlanking markers refine diagnostic criteria and provide insights in to
the genetics of von Hippel-Lindau disease. Proc Natl Acad Sci 1991;88:2864-2868.

Smalley SR, Schomberg PJ, Earle JD, Laws ER, Scheithauer BW, O'Fallon JR. Radiotherapeutic considerations in the treatment
of hemangioblustomis of the central nervous system. Int J Radiation Oncol Biol Phys 1990;18:1165:1171.

Sung DI, Chag CH, Harisiadis L. Cerebellar hemangioblastomas. Cancer 1982;49:553-555.

Symon L, Murota T. Pell M, Bordi L. Surgical management of hemangioblastoma of the posterior fossa. Acta Neurochir (Wien)
1993:120:103-110.

Tory K, Brauch H, Linehan M, Barba D, Oldfield E, Filling-Kartz M, Seizinger B, Nukamura Y, White R, Marshall FF, Lerman
M, Zbar B. Specific genetic change in tumors associated with von Hippel-Lindau disease. J. Nat Cancer Inst 1989:.81:1097-1101.
Vance JM, Smal KW, Jones MA, Jeffrey M, Stajich JM, Yamoaka I.H, Roses AD, Hung W-Y, Pericak-Vunce MA. Confirmation
of linkage in von Hippel-Lindau disease. Genomics 1990;6:565-567.

Webb T, Heath D: Fragile 3p4 in patients with von Hippel-Lindau syndrome compared to controls. Cancer Genet Citogenet
1991:56:157-162.

Yasargil MG, Antic |, Luciga R, Preux J, Fideler RW, Bone SC. The microsurgical removal of intramedullary spinal
hemungioblastomas: report of twelve cases and areview of literature. Surg Neurol 1976;6:141-148.

Zulch K. Brain tumors: their biology und pathology. Ed 3. Berlin: Springer-Verlag, 1986:400-407.





