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Abstract

v

Optimal management of cavernous sinus heman-
giomas remains unclear. Total microsurgical
removal of these neoplasms may be extremely
difficult due to their rich vascularization. Three
cases of cavernous sinus hemangioma treated
with low-dose Gamma Knife radiosurgery are
presented. Marginal dose varied from 10 to 13 Gy.
Treatment planning and radiation dosimetry
were done with a goal of conformal and selec-
tive coverage of the lesion with 50% prescription
isodose line using multiisocenter technique. In

all cases significant shrinkage of the neoplasm
was marked at 3 months after treatment. Mean
volume reduction at 12 months after radiosur-
gery was 60% (range: 45-75%). In all patients
the shrinkage of the neoplasm was accompanied
by notable improvement of the preexistent ocu-
lomotor nerve palsy. No radiosurgery-related
complications were met during follow-up. In
conclusion, low-dose Gamma Knife radiosurgery
seems to be very effective for management of
cavernous sinus hemangiomas, and can be con-
sidered as a treatment modality of choice for
these lesions.

Introduction

v

Cavernous sinus hemangiomas constitute less than
1% of all parasellar mass lesions [1]. The optimal
strategy of their management is still a matter of
some controversy [2]. The frequent involvement of
the lateral wall of the cavernous sinus may require
microsurgical resection of the lesion directed for
the decompression of the cranial nerves. Total
removal of the neoplasm, however, may be
extremely difficult due to its rich vascularization,
which frequently results in excessive intraopera-
tive bleeding [3-5]. Incomplete microsurgical
removal necessitates adjuvant treatment with
either fractionated radiotherapy or stereotactic
radiosurgery [6,7]. Herein we report the outcome
in 3 patients with cavernous sinus hemanigomas
treated with low-dose gamma knife radiosurgery,
and present an analysis of the reported data con-
sidering the diagnostic nuances and results of radio-
surgical management of these rare lesions.

Patients and Methods

v

From January 1, 2002 to December 31, 2006, 2043
patients underwent gamma knife radiosurgery in
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Tokyo Women’s Medical University. Three of
them (0.001%) had cavernous sinus hemangi-
oma. Summaries of the treatment and outcome
characteristics in these cases are presented
below.

In all 3 patients a Leksell Gamma Knife model C
with automatic positioning system (Elekta Instru-
ments, Stockholm, Sweden) was used. Visualiza-
tion of the lesion within the cavernous sinus at
the time of radiosurgery was attained with MRI
using axial 1.0-mm slices of modified Time-of-
Flight and Field Echo images with and without
gadolinium enhancement, as well as coronal 2.0-
mm slices of T,-weighted images. Axial 1.0-mm
slices of the “bone window” and contrast-
enhanced brain CT were additionally used,
mainly for control of distortion artifacts on MR
images. All data were transferred into the Leksell
GammaPlan (Elekta Instruments, Stockholm,
Sweden) through the local network. Treatment
planning and radiation dosimetry were done
with a goal of conformal and selective coverage
of the lesion with a 50% prescription isodose line
using the multiisocenter technique (¢ Fig. 1).
Low-dose radiosurgery was used in all cases; the
mean marginal dose constituted 11.7 Gy (range:
10-13 Gy). Special attention was given to avoid
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Fig. 1 Radiosurgical treatment plan for cavernous

incorporation of the lateral wall of the cavernous sinus into the
80% isodose area. The irradiation dose for the optic pathways
was kept below 8 Gy. Various treatment parameters were calcu-
lated routinely using Leksell GammaPlan software. All patients
were scheduled for regular clinical and radiological follow-up
every 3 months during the first post-treatment year, every 6
months during the second post-treatment year, and once per
year thereafter.

Patient 1

A 53-year-old woman presented with double vision due to left
oculomotor and abducens nerve palsy. CT and MRI disclosed a
large well-demarcated rounded mass lesion of the left cavern-
ous sinus with extension into the middle cranial fossa and com-

sinus hemangioma: the target is completely
covered with 50% prescription isodose (yellow), but
optic pathways (brown), carotid artery bifurcation
(red), pituitary gland (green), and pituitary stalk
(blue) are kept outside of the irradiated area.

Fig.2 Histological specimen of the cavernous
sinus hemangioma (A: H&E; B: reticulin stain;

C: Masson stain; D: CD34 immunohistochemical
stain; x200). Note presence of multiple wide
vascular channels, lined with a single layer of
endothelial cells.

pression of the temporal lobe. The neoplasm gave an isointense
signal on T;-weighted images, a markedly hyperintense signal
on T,-weighted images, and showed prominent homogeneous
contrast enhancement. The diagnosis of a cavernous sinus men-
ingioma was established and its elective microsurgical resection
was attempted. An encapsulated, reddish, highly vascular neo-
plasm within the cavernous sinus was identified at surgery.
Excessive bleeding constantly accompanied tumor removal,
therefore only partial resection was attained. Histopathological
examination revealed a cavernous sinus hemangioma (¢ Fig. 2).
Three months later radiosurgery of the residual neoplasm was
done (¢ Fig. 3). The target volume constituted 19 mL. The treat-
ment parameters were as follows: marginal dose corresponding
to 50% isodose line, 10Gy; conformity index, 0.99; selectivity
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index, 0.89; unit energy delivered to the lesion, 14.5 mJ/mL. No
complications or side effects were met. Three months after radio-
surgery a 40% volume reduction of the lesion was marked,
which was accompanied by gradual improvement of the left
oculomotor nerve palsy. The abducens nerve palsy remained
stable. At 12 months after treatment a 60 % shrinkage of the neo-
plasm was marked (¢ Fig. 4).

Patient 2

A 38-year-old woman underwent partial removal of a right cav-
ernous sinus hemangioma in another hospital. Eight months
later she was admitted for management of the residual neo-
plasm. Neurological examination at that time revealed right
oculomotor nerve palsy. MRI showed the typical characteristics
of a cavernous sinus hemangioma with extension into the mid-
dle cranial fossa, and radiosurgery was performed (¢ Fig.5). The
target volume constituted 12.7 mL. The treatment parameters
were as follows: marginal dose corresponding to 50% isodose
line, 12 Gy; conformity index, 0.96; selectivity index, 0.76;
unit energy delivered to the lesion, 16.3 mJ/mL. No complica-
tions or side effects were met. Volume reduction at 3 and 12
months after radiosurgery constituted 50% and 75% respec-

sinus hemangioma in Patient 1. Note, that the
lateral wall of the cavernous sinus is kept outside

of the 80 % isodose (green), and presence of a
distance between optic pathways (brown) and 50 %
prescription isodose line (yellow).

L 2) |

Fig.4 Coronal T,-weighted MRI of the
Patient 1 during follow-up. Volume reduction
of the neoplasm at 3 (A) and 12 (B) months
after radiosurgery constituted 40 % and 60 %,
respectively.

tively (e Fig. 6) and was accompanied by progressive improve-
ment of the right oculomotor nerve palsy.

Patient 3

A 67-year-old man presented with diplopia on right-side and
upward gaze. Neurological examination revealed right oculomo-
tor nerve palsy. MRI disclosed a mass lesion of the right cavern-
ous sinus with extension into the middle cranial fossa. The
neoplasm gave an isointense signal on T;-weighted images, a
markedly hyperintense signal on T,-weighted images, and
showed prominent homogeneous contrast enhancement. Based
on the neuroradiological characteristics the diagnosis of a cav-
ernous sinus hemangioma was established and radiosurgical
treatment was done (© Fig. 7). The target volume constituted
6.4mL. The treatment parameters were as follows: marginal
dose corresponding to 50% isodose line, 13 Gy; conformity index,
0.98; selectivity index, 0.67; unit energy delivered to the lesion,
18.5mJ/mL. No complications or side effects were met. Volume
reductions at 3 and 12 months after radiosurgery constituted
30% and 45%, respectively (¢ Fig. 8), and were accompanied by
progressive improvement of the right oculomotor nerve palsy.
During further 4 years of follow-up the size of the lesion
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Fig.5 Radiosurgical treatment plan for cavernous
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sinus hemangioma in Patient 2. Note a distance
between optic pathways (brown) and 35 % isodose
line (green), corresponding to 8.4 Gy irradiation
dose.

remained stable, whereas extraocular movements of the right
eyeball recovered completely.

Discussion

v

Various terms had been previously used for the naming of cav-
ernous sinus hemangioma, such as cavernoma, cavernous mal-
formation, or extracerebral cavernous angioma [8-10]. The
detailed histopathological characterization of these neoplasms
remained obscure due to their rarity [2]. Microscopically, the
lesion is characterized by the presence of wide vascular chan-
nels, lined with a single layer of endothelial cells without an
elastic membrane [1,11-16]. In spite of the vascular nature of
the cavernous sinus hemangioma, hemorrhages are extremely
unusual during the natural course of the disease [2,11,17]. Lesion
growth is typically accompanied by a mass effect and can result
in encasement of the adjacent neurovascular structures
[10,12,18]. Therefore, these lesions are considered both as vas-
cular malformations [2, 10, 14] and vascular tumors [4,8,13,17].

Fig.6 Coronal T>-weighted MRI of the
Patient 2 during follow-up. Volume reduction
of the neoplasm at 3 (A) and 12 (B) months
after radiosurgery constituted 50 % and 75 %,
respectively.

Nevertheless, the necessity to separate this entity from paren-
chymal brain cavernomas has become evident recently, due to
completely different clinical courses and responses to therapy
[2].

Linskey et al. [19] reviewed 53 cases of cavernous sinus heman-
giomas reported between 1943 and 1991. A non-exhaustive lit-
erature search permitted us to identify 73 additional cases,
published during the last 15 years [1-5,7,9-18,20-22]. Analysis
of these reports did not permit us to identify any specific clinical
or radiological feature, which can potentially be used for precise
identification of the neoplasm and its differential diagnosis with
other lesions of the same location.

Cavernous sinus hemangiomas are usually diagnosed in middle-
aged women [9,10,15,17,20]. Typical tumor-like biological
behavior is reflected in the gradual progression of the neuro-
logical symptoms and signs caused by compression of the adja-
cent neurovascular structures [2,3,11,13-15,20,22]. On CT the
neoplasm is usually seen as a well-defined isodense or slightly
hyperdense mass lesion with marked homogeneous contrast
enhancement [1,5,11,13]. Destruction of the adjacent bony
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Fig.7 Radiosurgical treatment plan for cavernous
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sinus hemangioma in Patient 3. Note selective
positioning of isocenters (red circles) within 50 %
prescription isodose line (yellow).

structures can be identified, whereas calcifications are rare
[1,10,12,19]. On cerebral angiography the lesion may be either
avascular or show vascular blush. In such cases Yao et al. [22]
consistently found displacement of the intracavernous internal
carotid artery. Nevertheless, there are no specific angiographic
signs of cavernous sinus hemangioma [9,10,12,17,18,23]. Scin-
tigraphy was proposed for diagnosis of the neoplasm [1], but did
not attain wide acceptance.

MRI is the method of choice for the diagnosis of cavernous sinus
hemangiomas. Similar to extracranial hemangiomas iso- to
hypointensity on T;-weighted images and marked signal hyper-
intensity on T,-weighted images represent the most typical fea-
tures of the neoplasm [1,11,13,15,17,19,22,23]. The structure of
the lesion can be either homogeneous [10,20,22], or hetero-
geneous [3,16], but in contrast to parenchymal brain caverno-
mas, a hemosiderin rim and other areas of decreased signal
intensity, corresponding to the hemosiderin deposits, are absent
[1,10]. Nevertheless, other parasellar tumors, namely chordo-
mas, lymphomas, metastases, and some histological subtypes of

Fig.8 Axial T-weighted MRI of the Patient 3
during follow-up. Volume reduction of the
neoplasm at 3 (A) and 12 (B) months after
radiosurgery constituted 30 % and 45 %,
respectively.

meningiomas, may exhibit markedly increased signal intensity
on T,-weighted MRI [3,12, 14]. Figueiredo et al. [23] reported a
rare case of angioleiomyoma of the cavernous sinus, the MRI
characteristics of which were indistinguishable from those of
hemangioma. Post-gadolinium T;-weighted images can be used
for differential diagnosis in such cases, and it was suggested that
strong homogeneous enhancement is typical for tumors,
whereas cavernous sinus hemangiomas usually have patchy or
heterogeneous contrast enhancement [3,5,9,10,14,18,22]. The
pattern of contrast enhancement of the cavernous sinus neo-
plasms on post-gadolinium T;-weighted MRI may, however,
vary widely. At least 2 out of 3 lesions presented herein exhib-
ited prominent homogeneous contrast enhancement. Therefore,
it can be concluded that, in general, MRI characteristics do not
have enough specificity for the precise diagnosis of cavernous
sinus hemangiomas.

Non-specific clinical and radiological features of the neoplasm
may necessitate its open biopsy [12]. In 69 out of 73 previously
reported cases, which were reviewed by us, the histopathologi-
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cal confirmation of the diagnosis was done. Two out of 3 pre-
sented patients underwent initial partial resection of the lesion.
Beside tissue sampling, the main indication for surgery in cases
of cavernous sinus hemangiomas is decompression of the neu-
rovascular structures within or in the vicinity of the cavernous
sinus. Complete excision of the lesion may be, however,
extremely difficult because of its rich vascularization. Excessive
intraoperative hemorrhage is not uncommon in such cases and
may result in the necessity to interrupt the surgical procedure
before achievement of the total lesion resection [3-5,15,21].
Stereotactic radiosurgery or fractionated radiotherapy had been
used for management of cavernous sinus hemangiomas and a
significant body of evidence suggests that these lesions are
highly radiosensitive [6,7]. In the majority of cases, as well as in
our own presented herein, significant shrinkage of the neoplasm
can be marked as early as 3 months after treatment [13,17,20].
Previously reported mean rates of the volume reduction after
radiosurgery for cavernous sinus hemangiomas vary from 43%
to 68% [13,17,20], and correspond well to the 60% mean volume
reduction found at 12 months after radiosurgery in our cases.
Therefore, Thompson et al. [13] concluded that an intracavern-
ous mass lesion with imaging characteristics consistent with
hemangioma should undergo radiosurgical treatment. Never-
theless, radiosurgery is frequently considered suitable only for
non-operable cavernous sinus hemangiomas or for residual
neoplasm after initial attempts of microsurgical resection [3-
5,13,17].

There is a common opinion that, in cases of cavernous sinus
hemangioma, radiosurgery can aggravate cranial nerve palsy.
But, in fact, we were not able to identify any reported neurologi-
cal complication, including radiation-induced neuropathy, after
radiosurgery of these lesions. Radiosurgery-related complica-
tions were not met during a follow-up of sufficient length in any
case presented herein. Moreover, in all our patients the shrink-
age of the neoplasm was accompanied by a significant improve-
ment of the oculomotor nerve palsy. Such a favorable outcome
definitely resulted from conformal and selective dose planning,
with sparing of the lateral wall of the cavernous sinus from
involvement into the 80% isodose area. In agreement with Naka-
mura et al. [20], who suggested that lower radiosurgical doses
are required for cavernous sinus hemangiomas compared to
other benign tumors, we utilized low-dose radiosurgery, using
on average an 11.7Gy marginal dose at the 50% prescription
isodose line. The outcome in our cases confirmed the safety and
effectiveness of such a treatment strategy.

In conclusion, low-dose gamma knife radiosurgery is very effec-
tive for the management of cavernous sinus hemangiomas. Sig-
nificant volume reductions can be attained within several
months after treatment, and are usually accompanied by
improvement of the neurological signs. Optimal visualization of
the lesion and surrounding structures, highly selective treat-
ment planning, and the use of low marginal doses, permit us to
avoid radiation injury to the adjacent neurovascular structures
and minimize the risk of complications. Bearing in mind the sig-
nificant difficulties which are usually encountered during micro-
surgical resection of the cavernous sinus hemangiomas,
radiosurgery can be considered as a preferable treatment modal-
ity of choice for these lesions.

Original Article [RES]

Acknowledgements

v

This work was supported by the Program for Promoting the
Establishment of Strategic Research Centers, Special Coordina-
tion Funds for Promoting Science and Technology, Ministry of
Education, Culture, Sports, Science and Technology (Japan). The
authors are thankful to Mr. Takashi Yamamoto for invaluable
help with preparation of the manuscript.

Affiliations
! Department of Neurosurgery, Neurological Institute, Tokyo Women’s
Medical University, Tokyo, Japan
2 Faculty of Advanced Techno-Surgery, Institute of Advanced Biomedical
Engineering and Science, Tokyo Women’s Medical University, Tokyo, Japan
*International Research and Educational Institute for Integrated Medical
Sciences (IREIIMS), Tokyo Women’s Medical University, Tokyo, Japan
4Saitama Gamma Knife Center, Sanai Hospital, Saitama, Japan
>Radiosurgical Center, International Institute of the Biological Systems,
St. Petersburg, Russia

References
1 Salantiri GC, Stuckey SL, Murphy M. Extracerebral cavernous heman-
gioma of the cavernous sinus: diagnosis with MR imaging and labeled
red cell blood pool scintigraphy. AJNR Am ] Neuroradiol 2004; 25:
280-284
2 Gonzalez LF, Lekovic GP, Eschbacher J, Coons S, Porter RW, Spetzler RF.
Are cavernous sinus hemangiomas and cavernous malformations dif-
ferent entities? Neurosurg Focus 2006; 21: E6
3 Aversa do Souto A, Marcondes J, Reis da Silva M, Chimelli L. Sclerosing
cavernous hemangioma in the cavernous sinus: case report. Skull Base
2003; 13: 93-99
4 Tsao MN, Schwartz ML, Bernstein M, Halliday WC, Lightstone AW,
Hamilton MG, Jaywant S, Laperriere N. Capillary hemangioma of cav-
ernous sinus: report of two cases. ] Neurosurg 2003; 98: 169-174
5 Zhou LF, Mao Y, Chen L. Diagnosis and surgical treatment of cavernous
sinus hemangiomas: an experience of 20 cases. Surg Neurol 2003;
60: 31-37
6 Shibata S, Mori K. Effect of radiation therapy on extracerebral cavern-
ous hemangioma in the middle fossa: report of three cases. ] Neuro-
surg 1987; 67: 919-922
7 Jamjoom AB. Response of cavernous sinus hemangioma to radiother-
apy: a case report. Neurosurg Rev 1996; 19: 261-264
8 Meyer FB, Lombardi D, Scheithauer B, Nichols DA. Extra-axial cavernous
hemangiomas involving the dural sinuses. ] Neurosurg 1990; 73:
187-192
9 Suzuki Y, Shibuya M, Baskaya MK, Takakura S, Yamamoto M, Saito K,
Glazier SS, Sugita K. Extracerebral cavernous angiomas of the cavern-
ous sinus in the middle fossa. Surg Neurol 1996; 45: 123-132
10 Sohn CH, Kim SP, Kim IM, Lee JH, Lee HK. Characteristic MR imaging
findings of cavernous hemangiomas in the cavernous sinus. AJNR Am
J Neuroradiol 2003; 24: 1148-1151
11 Bristot R, Santoro A, Fantozzi L, Delfini R. Cavernoma of the cavernous
sinus: case report. Surg Neurol 1997; 48: 160-163
12 Shi J, Wang H, Hang C, Pan Y, Liu C, Zhang Z. Cavernous hemangiomas
in the cavernous sinus: case reports. Surg Neurol 1999; 52: 473-479
13 Thompson TP, Lunsford LD, Flickinger JC. Radiosurgery for hemangi-
omas of the cavernous sinus and orbit: technical case report. Neuro-
surgery 2000; 47: 778-783
14 Tannouri F, Divano L, Caucheteur V, Hacourt A, Pirotte B, Salmon I,
Baleriaux D. Cavernous haemangioma in the cavernous sinus:
case report and review of the literature. Neuroradiology 2001; 43:
317-320
15 Mirzayan M]J, Capelle HH, Stan AC, Goetz F, Krauss JK. Cavernous
hemangioma of the cavernous sinus, skin, and retina: hemodynamic
changes after treatment: case report. Neurosurgery 2007; 60: E952
16 Rathakrishnan R, Seet RC, Lim EC. Images in neuroscience: cavernous
angioma. ] Clin Neurosci 2007; 14: 133, 188
17 Kida Y, Kobayashi T, Mori Y. Radiosurgery of cavernous hemangiomas
in the cavernous sinus. Surg Neurol 2001; 56: 117-123
18 Hashimoto M, Yokota A, Ohta H, Urasaki E. Intratumoral injection of
plastic adhesive material for removal of cavernous sinus hemangi-
oma: technical note. ] Neurosurg 2000; 93: 1078-1081
19 Linskey ME, Sekhar LN. Cavernous sinus hemangiomas: a series, a
review, and an hypothesis. Neurosurgery 1992; 30: 101-108

Ivanov P et al. Low-Dose Gamma Knife Radiosurgery... Minim Invas Neurosurg 2008; 51: 140-146



Original Article

20 Nakamura N, Shin M, Tago M, Terahara A, Kurita H, Nakagawa K, 22 Yao Z, Feng X, Chen X, Zee C. Magnetic resonance imaging character-

Ohtomo K. Gamma knife radiosurgery for cavernous hemangiomas in istics with pathological correlation of cavernous malformation in
the cavernous sinus: report of three cases. ] Neurosurg 2002; 97 cavernous sinus. ] Comput Assist Tomogr 2006; 30: 975-979
(Suppl.5): 477-480 23 Figueiredo EG, Gomes M, Vellutini E, Rosemberg S, Marino R. Angioleio-

21 Puca A, Colosimo C, Tirpakova B, Lauriola L, Rocco F Di. Cavernous myoma of the cavernous sinus: case report. Neurosurgery 2005; 56:
hemangioma extending to extracranial, intracranial, and orbital E411

regions: case report. ] Neurosurg 2004; 101: 1057-1060

Ivanov P et al. Low-Dose Gamma Knife Radiosurgery ... Minim Invas Neurosurg 2008; 51: 140-146

This is a copy of the author's personal reprint



