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Abstract

Background: The authors present a novel case of a hemangioblastoma of the
optic nerve producing bilateral optic tract edema in a patient with von Hippel-Lindau
disease (VHL). This is the only case in the literature documenting optic tract edema
secondary to a hemangioblastoma of the optic nerve.

Case Description: The patient was a 34-year-old female in whom this lesion
was causing retro-orbital pain and proptosis. She had previously lost vision in the
symptomatic eye secondary to a retinal hemangioblastoma. The optic nerve lesion
was excised by sectioning the optic nerve both proximally and distally to the lesion.
There were no complications and patient’s symptoms resolved postoperatively.
A follow-up magnetic resonance imaging (MRI) scan revealed complete excision
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INTRODUCTION pheochromocytomas, and endolymphatic sac tumors.!!!
Intracranial and retinal hemangioblastomas are the central

Von-Hippal-Lindau (VHL) disecase is an autosomal  nervous system manifestation of VHL.I' Seventy-two

dominant disorder originating from a mutation of the VHL
tumor suppressor gene on chromosome 3p25.12% The
prevalence of VHL in the general population is nearly 1 in
36,000.12 VHL disease is classically associated with renal
cell carcinomas, renal cysts, pancreatic islet cell tumors,

percent of patients with VHL will have a cerebellar
hemangioblastoma.l'l Five to thirty-one percent of all
patients found to have a cerebellar hemangioblastoma
have subsequently been diagnosed with VHL.I Forty
percent of all patients with VHL will have a spinal cord
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hemangioblastoma.!'’ Most patients, nearly 80%, with
spinal cord hemangioblastomas will subsequently be
diagnosed with VHL.!" Fifty percent of patients with VHL
have retinal capillary hemangioblastomas.?"!

Hemangioblastomas make up nearly 2% of all
intracranial tumors and 10% of posterior fossa tumors in
adults.[**?) Most hemangioblastomas present as posterior
fossa masses.""! Less than 5% of hemangioblastomas
present n the supratentorial compartment.
Hemangioblastomas have been seen in the pituitary stalk,
optic nerves, and the ventricles.!"! Hemangioblastomas
are  vascular tumors that readily enhance with
contrast in radiographic imaging tests. Iistologically,
hemangioblastomas — are  typically  well-circumscribed,
vascular masses, which generally appear grossly red in color.
Microscopically, hemangioblastomas are characterized by
vacuolated stromal cells and a rich capillary network. It
has been reported that the stromal cells are the true tumor
cell of a VHL-associated hemangioblastoma.’! The stromal
cells have a loss of heterozygosity of the VIIL gene while
the endothelial and reactive glial cells that make up the
remainder of the hemangioblastoma do not contain this
same genetic malformation.”!

It is common to see the reactive Rosenthal fibers
mentioned above in brain adjacent to the mass. It is
important to differentiate a hemangioblastoma from the
much more malignant renal cell carcinoma. They often are
very similar histologically, however, renal cell carcinomas
are positive for CAM 5.2, RCC antigen, CD10, and EMA
antibodies while hemangioblastomas are not.

Ierein  we report a case of an optic nerve
hemangioblastoma in a patient with known VHL, which
produced bilateral optic tract edema suggesting the
diagnosis of an optic nerve glioma, and review the current
literature.

CASE REPORT

This patient is a 34-year-old right-handed female with
a known history of VHL discase. She presented to the
neurosurgical service at IHouston Methodist IHospital with
a chief complaint of right retro-orbital pain and proptosis.
She had previously undergone removal of a right retinal
hemangioblastoma and was blind in the right eye, but
the progressive pain and proptosis led to the discovery of
a progressively enlarging lesion of the right optic nerve.
Past history was notable for VHL and gastroesophageal
reflux disease. In addition to the retinal lesion, she
has previously undergone suboccipital craniectomy for
excision of a cerebellar hemangioblastoma as well as a
left sided acoustic neuroma. She harbors intramedullary
tumors at the craniocervical junction as well as in the
cauda equina. Her family history is significant for a son
who has VHL. She has no knowledge of other family
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members with VIIL as she does not know her biological
father. Neurological examination 1is significant for
blindness of the right eye and numbness in the perineum.

Magnetic resonance imaging (MRI) scans of the brain with
and without gadolinium revealed an avidly enhancing mass
of the right optic nerve distal to the optic chiasm involving
the cisternal, canalicular, and orbital components of the
nerve measuring 1.2 ¢cm in maximal diameter [Figure la].
The mass was noted to have doubled in size in comparison
to imaging performed 5 years prior. In addition, increased
FLAIR signal was noted in the optic tracts bilaterally, which
was not observed in the prior study [Figure lc|, suggesting
the diagnosis of an infiltrating optic nerve glioma.

She underwent elective craniotomy and excision of
the mass, which was performed through a standard
fronto-temporal craniotomy. The sphenoid wing was
drilled flush with the orbital roof and the dura was
opened in a curvilinear fashion based on the sphenoid
wing. The proximal Sylvian fissure was dissected sharply
and gentle frontal lobe retraction was applied. The tumor
was noted to have a red-tan appearance and was noted
to tent the dura propria of the optic canal upward.
The dura propria was incised sharply, and the orbital
roof was opened utilizing a high speed diamond burr
and 1 and 2 mm Cloward punches. The distal optic
nerve was identified and divided followed by section of
the nerve 1-2 mm distal to the chiasm. The ophthalmic
artery was then identified, coagulated and cut [Figure 2].

Neuropathological diagnosis confirmed hemangioblastoma
with the tumor having marked vascularity with a
vacuolated stroma [Figure 3].

Figure |: Comparison of preoperative and postoperative MRI
scans. (a) Preoperative T |-weighted contrast enhanced axial MRI
showing brightly enhancing right optic nerve lesion (Red arrow).
(b) PostoperativeT | -weighted contrast enhanced axial MRI showing
gross total excision of tumor. (c) Preoperative FLAIR MRI shows
hyperintensity of bilateral optic tracts (Red arrows). (d) FLAIR
signal extends into the right lateral geniculate nucleus (Red arrow).
(e) Postoperative FLAIR MRI shows the optic tract hyperintensity
is resolved
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The patient had an initial uncomplicated postoperative
course and was discharged to home. She returned to the
hospital 3 days after discharge with headaches. Repeat
MRI of the brain revealed gross total excision of the mass
as well as resolution of the FLAIR signal in the bilateral
optic tracts. She is presently doing well, with resolution of
her retro-orbital pain and no visual defect in the left eye.

DISCUSSION

VHL disease is an autosomal dominant syndrome that
occurs sccondary to defects in the VIIL tumor suppressor
gene. Patients with a complete deletion of the VHL gene
have been found to have increased visual acuity and
decreased incidence of retinal hemangioblastoma when
compared with patients with a missense mutation.!!"!

The development of tumors in VHL is thought to be
a result of the “two-hit” hypothesis. One VHL allele is
innately inactivated while the other allele is inactivated
at the somatic level. This inactivation of the wild-type
VHL allele is what leads to tumorogensis.!

The VHL protein functions by stimulating other
angiogenic factors. The VHL protein is indirectly
responsible for the ubiquitylation and thus deactivation
of hypoxia-inducible factor (HIF).®!' In cells with
defective VHL protein the HIF protein accumulates
signaling hypoxia and leading to the upregualtion of
other hypoxia-induced genes such as vascular endothelial
growth  factor  (VEGF), erythropoietin, (EPO),
platelet-derived growth factor, and transforming growth

factor alpha.’! As expected, all ocular hemangioblastomas
express high levels of VEGE HIE and EPO.5

The differential diagnosis for a solitary optic nerve tumor
includes optic nerve sheath meningiomas, gangliogliomas,

Figure 2:Right anterior skull base exposure (a) Right anterior skull
base exposure showing reddish optic nerve tumor. (b) Dura propria
incised over optic nerve tumor. (c) Optic nerve sectioned distal to
the chiasm (Blue arrow). Black arrow denotes right internal carotid
artery. Green arrow denotes the chiasm
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meduloepitheliomas, hemangioblastomas, lymphoma,
metastasis, granulomatous process, and retrobulbar
neuritis.?!! In this case specifically, the radiographic

findings and the history of VHL disease led to the
presumption that this was a hemangioblastoma prior to
surgical resection.

The imaging characteristics of an optic nerve
hemangioblastoma help to differentiate it from other
in the differential. Iemangioblastomas are
generally well circumscribed, enhancing masses.!"! In this
case, the right lateral geniculate nucleus has increased
T2 and FLAIR signal [Figure 1d]. We postulate that the
edema seen throughout the optic pathway is due to both
inherent properties of the hemangioblastoma, as well as
the presence of other secondary vasoactive properties
or the secretion of other edema inducing substances.
These tumors are highly vascular, and in a relatively
confined area such as the optic nerve, the optic nerve
sheath appears to serve as a barrier to the egress of tissue
fluid from passive congestion in the microcirculation
that leaks out into the extracellular space. This fluid in
turn tracks backward along the fiber tracts of the optic
nerve and tracts all the way back to the geniculate
bodies and further. In addition, VEGF may play a role
in the production of edema. It is well known that these
tumors overexpress VEGF?! Studies have demonstrated
that anti-VEGF therapy can be effective in treatment
of retinal hemangioblastomas. This includes the use

masscs

Figure 3: Histopathology of hemangioblastoma involving the
optic nerve orbital and intracraneal portions. (a) Low power
view of cross sections of central portion of the optic nerve with
tumor. Notice the vascularized tumor in the center and residual
optic nerve tissue (*).The edges show cautery artifact (arrows).
H and E, x| original magnification. (b) Higher magnification
showing residual nerve fibers (*). Notice the vascular nature of
the tumor and the foamy cells of the stroma.H and E, x10 original
magnification. (c) PAS stain highlights the basement membrane of
the vessels and absence of glycogen or mucin in the vacuoles of the
stromal cells. Periodic Acid Schiff (PAS), x20 original magnification.
(d) Close up of the two components of the tumor, the vessels and
the vacuolated stromal cells. H and E, X100 original magnification
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of Avastin™ and other antiVEGF treatment.”! As
evidenced in present case, the edema can track along the
optic nerve and present as bilateral optic tract edema.
This can lead to some doubt regarding the diagnosis,
as an infiltrating optic pathway glioma would be more
likely to produce this appearance. To our knowledge,
this is the first reported case where bilateral optic tract
and lateral geniculate ganglion edema is seen with an
optic nerve hemangioblastoma. An angiogram is another
imaging modality (not used in this case secondary to
high clinical suspicion) that can be used to differentiate
a hemangioblastoma from other known tumors of the
optic nerve.”’ An angiogram showing a highly vascular
mass would make the diagnosis of a hemangioblastoma
far more likely than the other masses in the differential
diagnosis.

In a thorough review of the English literature
19 cases, including the present case, of an optic nerve
hemangioblastoma have been reported [Table 1]. Thirteen
of the 19 cases (66%) were associated with VHL. The ages
of the patients ranged from 15- to 64—ycar-old. There have
been 12 females and 7 males diagnosed with this lesion.
Eight of the patients had a purely intraoribital mass;
5 had a purely intracranial tumor; and 6 patients had a
combination of an intracranial and intraorbital mass.

Meyerle et al. published a case series in 2008 reviewing
the clinical course of retrobulbar hemangioblastomas.*"
In their series, they followed 300 patients with VHL, 9 of
which developed retrobulbar hemangioblastomas. From
this they concluded that the incidence of retrobulbar
hemangioblastomas was 3% in a population with VIL
disease. All nine patients had at least one other central
nervous system (CNS) hemangioblastoma in addition to
their retrobulbar tumor.

Without treatment all patients with an optic nerve
hemangioblastoma will eventually lose vision in the
affected eye. For this reason surgery is almost universally
indicated. In Meyerle’s series, all of the patients with a
retrobulbar hemangioblastoma had a previously diagnosed
retinal capillary hemangioblastoma presumably affecting
their vision. The patient in this case also had a retinal
lesion leaving her blind in her right eye. Obviously, when
this is the case the surgeon can be more aggressive and
full excision of the tumor via sectioning of the optic
nerve itself can be performed.

In this case the optic nerve was sectioned 1-2 mm in
front of the optic chiasm. This was done to spare the
theoretical presence of decussating inferonasal fibers
from the contralateral optic nerve as they project slightly
anteriorly into the opposite optic nerve. This theoretical
“knee” is more commonly referred to as Von Wilbrand’s
knee. It was postulated in 1904 by Herman Wilbrand.
He studied cadaveric specimens, which had ecach
suffered a traumatic enucleation at some point during
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Table 1: Reported optic nerve hemangioblastomas in the
English literature

Author (year) Age/ Side Location Surgery VHL
Sex
Stefani and Ethoemund (1974)%" 43M R IC No No
Lauten et al. (1981)"8 15M L 10/IC Yes No
Eckstein et al. 1 (1981)" 39F L 10 Yes No
In et al. (1982)1"3 23F L 10 Yes  Yes
Nerad et al. (1988)12% 18F L 10 Yes Yes
Hotta et al. (1989)0"! 36M R 10 Yes  Yes
Ginzburg et al. (1992)®! 44M  BIl IC Yes Yes
Rubio et al. (1994)26) 43F R 10/IC Yes  Yes
Miyagami et al. (1994)%! 26F R IC Yes  Yes
Kerr et al. (1995)1"7) 27F R 10/IC Yes  Yes
Raila et al. (1997)® 30F L IC Yes  Yes
Kato et al. (2004)"¢! 29M R 10/IC Yes No
Higashida et al. (2007)™ 64M L 10 Yes No
Meyerle et al. (2008)@ 60F R 10 No  Yes
Meyerle et al. (2008)? 15F L 10 Yes Yes
Meyerle et al. (2008)? 54M L 10 Yes Yes
Meyerle et al. (2008)? 29F L IC Yes Yes
Zywicke et al. (2012)%® 50F L 10/IC Yes No
Present case 34F L 10/1IC Yes  Yes

10: Intracular, IC: Intracanalicular, VHL:Von hippel-lindau disease

their life. Recent papers have discounted its presence.
Lee et al. have done living tissue optic nerve resections
directly at the chiasm on three separate patients and
failed to locate any anteriorly projecting, crossing fibers
from the contralateral nerve.™ Lee et al. postulated
that the decussating nasal fibers only advance into
the contralateral optic nerve after enucleation of the
contralteral eye and atrophy of the optic nerve leading to
distorted chiasm anatomy and a histological artifact.!"”!
Horton confirmed this using a monkey model showing
that the incursion of the contralateral fibers into the
optic nerve occurs gradually over the course of years
following monocular enucleation."” However, in this
case, the patient has been blind for many years secondary
to a right retinal hemangioblastoma. It is possible
that the right optic nerve has undergone some atrophy
resulting in possible histological distortion of the chiasm
leading to the presence of the Von Wilbrand’s knee in
this particular case. Optic tractography is theoretically
possible to help identify this anatomical variant; however,
no such study has been published.

CONCLUSIONS

Optic nerve hemangioblastomas in patients with VIIL are
rare, but are manageable with meticulous microneurosurgery
and with appropriate patient expectations. This is the first
known case of an optic nerve hemangioblastoma producing
bilateral optic tract edema, which resolved after resection
of the prechiasmal tumor. Iemangioblastoma should
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remain in the differential diagnosis of optic nerve tumors,
especially in the setting of VIIL.

REFERENCES

Ammerman JM, Lonser RR, Dambrosia |, Butman JA, Oldfield EH. Long-term
natural history of hemangioblastomas in patients with von hippel-lindau
disease: Implications for treatment. ] Neurosurg 2006;105:248-55.

Barrett R, Meyer D, Boulos A, Eames F, Torres-Mora ]. Optic nerve
hemangioblastoma. Ophthalmology 2008;1 |5:2095.

Chan CC, Collins AB, Chew EY. Molecular pathology of eyes with von
hippel-lindau (VHL) disease:A review. Retina 2007;27:1-7.

Chan CC, Lee YS, Zhuang Z, Hackett |, Chew EY.Von hippel-lindau gene
deletion and expression of hypoxia-inducible factor and ubiquitin in optic
nerve hemangioma.Trans Am Ophthalmol Soc 2004;102:75-9; discussion 79-81.
Chan CC,Vortmeyer AO, Chew EY, Green WR, Matteson DM, Shen DF, et al.
VHL gene deletion and enhanced VEGF gene expression detected in the
stromal cells of retinal angioma.Arch Ophthalmol 1999;117:625-30.
Conway JE, Chou D, Clatterbuck RE, Brem H, Long DM, Rigamonti D.
Hemangioblastomas of the central nervous system in von hippel-lindau
syndrome and sporadic disease. Neurosurgery 200 1;48:55-62;discussion 62-3.
Eckstein RP, Wills EJ, Segelov JN. Haemangioblastoma of the optic nerve.
Case report with study by light and electron microscopy. Pathology
1981;13:357-64.

Ginzburg BM, Montanera WJ, Tyndel FJ, Griesman JA, McLennan MK,
TerBrugge KG, et al. Diagnosis of von hippel-lindau disease in a patient with
blindness resulting from bilateral optic nerve hemangioblastomas.AJR Am ]
Roentgenol 1992;159:403-5.

Girmens JF, Erginay A, Massin P, Scigalla P, Gaudric A, Richard S.Treatment of
von hippel-lindau retinal hemangioblastoma by the vascular endothelial growth
factor receptor inhibitor SU5416 is more effective for associated macular
edema than for hemangioblastomas.Am | Ophthalmol 2003;136:194-6.
Haddad NM, Cavallerano JD, Silva PS.Von hippel-lindau disease:A genetic and
clinical review. Semin Ophthalmol 2013;28:377-86.

Higashida T, Sakata K, Kanno H, Kawasaki T, Tanabe Y, Yamamoto I.
Hemangioblastoma of the optic nerve--case report. Neurol Med Chir (Tokyo)
2007;47:215-8.

Horton JC.Wilbrand’s knee of the primate optic chiasm is an artefact of
monocular enucleation. Trans Am Ophthalmol Soc 1997;95:579-609.
Hotta H, Uede T, Morimoto S, Tanabe S, Hashi K, Takeda M. Optic

20.

21.

22.

23.

24.

25.

26.

27.

28.

http://www.surgicalneurologyint.com/content/5/1/33

nerve hemangioblastoma. Case report. Neurol Med Chir (Tokyo)
1989;29:948-52.

Hrisomalos FN, Maturi RK, Pata V. Long-term use of intravitreal
bevacizumab (avastin) for the treatment of von hippel-lindau associated
retinal hemangioblastomas. Open Ophthalmol | 2010;4:66-9.

In S, Miyagi ], Kojho N, Kuramoto S, Uehara M. Intraorbital optic nerve
hemangioblastoma with von hippel-lindau disease. Case report.) Neurosurg
1982;56:426-9.

Kato K, Utsunomiya A, Uenohara H, Suzuki S, Takahashi N, Suzuki H, et al.
Hemangioblastoma of the optic nerve growing like a dumbbell through the
optic canal: Case report. No To Shinkei 2004;56:711-6.

Kerr D), Scheithauer BW, Miller GM, Ebersold MJ, McPhee T].
Hemangioblastoma of the optic nerve: Case report. Neurosurgery
1995;36:573-80; discussion 580-1.

Lauten GJ, Eatherly |B, Ramirez A. Hemangioblastoma of the optic nerve:
Radiographic and pathologic features. AJNR Am ] Neuroradiol 1981;2:96-9.
Lee JH, Tobias S, Kwon T, Sade B, Kosmorsky G.Wilbrand’s knee: Does it
exist? Surg Neurol 2006;66:1 |-7; discussion 17.

Meyerle CB, Dahr SS, Wetjen NM, Jirawuthiworavong GV, Butman JA,
Lonser RR, et al. Clinical course of retrobulbar hemangioblastomas in von
hippel-lindau disease. Ophthalmology 2008; 1 15:1382-9.

Miller NR. Primary tumours of the optic nerve and its sheath. Eye (Lond)
2004;18:1026-37.

Miyagami M, Katayama Y, Nakamura S. Clinicopathological study of vascular
endothelial growth factor (VEGF), p53, and proliferative potential in familial
von hippel-lindau disease and sporadic hemangioblastomas. Brain Tumor
Pathol 2000;17:111-20.

Miyagami M, Miyagi A, Kido G, Satoh K, Tsubokawa T. The two familial
occurrence of von hippel-lindau disease. No To Shinkei 1994;46:683-9.
Nerad JA, Kersten RC,Anderson RL. Hemangioblastoma of the optic nerve.
Report of a case and review of literature. Ophthalmology 1988;95:398-402.
Neumann HP, Eggert HR, Weigel K, Friedburg H, Wiestler OD,
Schollmeyer P. Hemangioblastomas of the central nervous system.
A [0-year study with special reference to von hippel-lindau syndrome.
J Neurosurg 1989;70:24-30.

Rubio A, Meyers SP, Powers JM, Nelson CN, de Papp EW.Hemangioblastoma
of the optic nerve. Hum Pathol 1994;25:1249-51.

Stefani FH, Rothemund E. Intracranial optic nerve angioblastoma. Br ]
Ophthalmol 1974;58:823-7.

Zywicke H, Palmer CA Vaphiades MS, Riley KO.Optic nerve hemangioblastoma:
A case report. Case Rep Pathol 2012;2012:915408.



