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Cavernous sinus hemangiomas (CSHs) are rare ex-
traaxial vascular neoplasms that account for 2%–
3% of all tumors in this location.2,3 Resection and 

stereotactic radiosurgery (SRS) have their proponents, but 
the optimal treatment strategy is still under debate. Despite 

recent advances in microsurgical skull base techniques, 
anesthetic management, and postoperative neurointensive 
care, the rate of morbidity after aggressive microsurgical 
removal of a CSH remains high because of severe intra-
operative bleeding and the critical anatomical structures 
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OBJECTIVE Cavernous sinus hemangiomas (CSHs) are rare benign vascular tumors that arise from the dural venous 
sinuses lateral to the sella. Stereotactic radiosurgery (SRS) has emerged as a principal alternative to microresection for 
small- and medium-sized CSHs. Resection is a reasonable option for large (3–4 cm in diameter) and giant (> 4 cm in 
diameter) CSHs. However, management of giant CSHs remains a challenge for neurosurgeons because of the high rates 
of morbidity and even death that stem from uncontrollable and massive hemorrhage during surgery. The authors report 
here the results of their study on the use of hypofractionated SRS (H-SRS) to treat giant CSH.
METHODS Between January 2008 and April 2014, 31 patients with a giant CSH (tumor volume > 40 cm3, > 4 cm in 
diameter) treated using CyberKnife radiosurgery were enrolled in a cohort study. Clinical status and targeted reduction 
of tumor volume were evaluated by means of serial MRI. The diagnosis for 27 patients was determined on the basis of 
typical imaging features. In 4 patients, the diagnosis of CSH was confirmed histopathologically. The median CSH volume 
was 64.4 cm3 (range 40.9–145.3 cm3). Three or 4 sessions of CyberKnife radiosurgery were used with a prescription 
dose based on the intent to cover the entire tumor with a higher dose while ensuring dose limitation to the visual path-
ways and brainstem. The median marginal dose to the tumor was 21 Gy (range 19.5–21 Gy) in 3 fractions for 11 patients 
and 22 Gy (range 18–22 Gy) in 4 fractions for 20 patients.
RESULTS The median duration of follow-up was 30 months (range 6–78 months) for all patients. Follow-up MRI scans 
revealed a median tumor volume reduction of 88.1% (62.3%–99.4%) at last examination compared with the pretreat-
ment volume. Ten patients developed new or aggravated temporary headache and 5 experienced vomiting during the 
treatment; these acute symptoms were relieved completely after steroid administration. Among the 30 patients with 
symptoms observed before treatment, 19 achieved complete symptomatic remission, and 11 had partial remission. One 
patient reported seizures, which were controlled after antiepileptic drug administration. No radiation-induced neurological 
deficits or delayed complications were reported during the follow-up period.
CONCLUSIONS Hypofractionated SRS was an effective and safe modality for treating giant CSH. Considering the risks 
involved with microsurgery, it is possible that H-SRS might be able to serve as a definitive primary treatment option for 
giant CSH.
https://thejns.org/doi/abs/10.3171/2016.10.JNS16693
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in the cavernous sinus. The reported incidences of post-
operative complications have varied from 8% to 80%, 
whereas complete excision can be accomplished in only 
30%–60% of cases.1,3,4,6,15,18,20,27,28 Fewer than 25 cases of 
giant CSH (> 4 cm in diameter) have been reported in the 
literature since 1990.3,8,14–16,18,23 Little information exists to 
guide management recommendations for patients with a 
giant CSH.

At present, SRS is recognized to be an effective alterna-
tive to the microsurgical removal of small- and medium-
sized CSHs,1,2,7,10,13,17,19,21,25,26 in part because they have not 
grown to a size that might lead to complications from SRS 
for either the optic apparatus or the brainstem, which are 
thought to be more prone to radiation injury from large 
radiation doses than are other normal brain structures. 
Because radiobiological models have ascribed a direct 
relationship between late normal tissue damage and dose 
per treatment delivered to these tissues, recent published 
reports from a growing number of institutions, including 
our own, have supported the use of fractionated SRS for 
the treatment of a variety of intracranial targets.

We previously reported the effectiveness and safety 
of hypofractionated SRS (H-SRS) for controlling large 
CSHs.24 A Phase II study to substantiate the role of H-SRS 
was conducted in our department in which we evaluated 
patients with a large CSH that had a clear “geographic” 
separation between the tumor and the optic apparatus on 
MRI. We found that an H-SRS dose of 21 Gy delivered 
in 3 fractions was effective in reducing the tumor volume 
without causing any new neurological deficits. Because of 
our interest and this positive initial experience, more pa-
tients with a giant CSH in close proximity to radiosensitive 
structures (optic apparatus and brainstem) were referred to 
our department.

For some patients with a giant CSH, lesions are at-
tached to or compress the optic apparatus. Efforts to limit 
the maximum single-fraction SRS radiation point dose to 
the optic apparatus to < 14 Gy in 3 fractions were unsuc-
cessful in those patients. It is well recognized that the risk 
of radiation-induced optic neuropathy (RION) after SRS 
is related to the total dose, fraction size, and treatment vol-
ume, although the exact parameters still are not absolutely 
established. Theoretically, fractionated SRS can decrease 
the risk of RION. Therefore, we decided to use more SRS 
fractions in patients with a giant CSH with the aim of re-
ducing late radiation-induced toxicity, including RION, 
while maintaining a high local control rate.

To our knowledge, this is the first study to have evalu-
ated the role of H-SRS in patients with a giant CSH, and 
in this report, we analyze our single-institution series of 31 
patients with a giant CSH, the largest series reported thus 
far. The purpose of this study was to assess the efficacy of 
H-SRS in patients with a giant CSH in close proximity to 
the optic apparatus.

Methods
Patient Characteristics

A total of 31 patients with a giant CSH (tumor volume > 
40 cm3, > 4 cm in diameter) who provided informed con-
sent underwent 3- to 4-fraction H-SRS performed with a 

CyberKnife SRS system (Accuray) between January 2008 
and April 2014.

Every patient was evaluated at a weekly multidisci-
plinary conference attended by neurosurgeons, radiation 
oncologists, physicists, neurooncologists, neuroradiolo-
gists, and nurses before treatment. The nature of the patho-
logical entity was confirmed histologically or by typical 
diagnostic neuroimaging criteria (see below). Each patient 
underwent brain MRI. The evaluations included a com-
plete history, physical examination and a detailed neuro-
logical examination, contrast-enhanced volumetric cranial 
MRI, complete blood count, and serum chemistry tests.

Imaging Features
CSHs were diagnosed when brain MRI revealed several 

specific imaging characteristics. On MR images, CSHs are 
well demarcated and show low- to isosignal mass inten-
sity on T1-weighted images, extremely high signal on T2-
weighted images (as bright as a CSF signal), high signal on 
FLAIR images, and strong homogeneous or heterogeneous 
enhancement after Gd–diethylenetriaminepentaacetic 
acid injection. T2-weighted ultra–high signal intensity, a 
dumbbell-like appearance, and infiltration of the sellar re-
gion were considered significant for differentiating CSHs 
from other pathologies. For patients with atypical mani-
festations, digital subtraction angiography was performed 
to differentiate CSHs from meningiomas, neurilemomas, 
and other cavernous sinus (CS) tumors. In patients with 
a CSH, digital subtraction angiography frequently reveals 
delayed but persistent finely flecked tumor staining. No in-
tracavernous carotid artery stenosis was seen despite the 
complete involvement of the CS in these patients.

Treatment Technique
In all patients the CSH was treated with a prescription 

dose of 18–22 Gy in 3–4 fractions. H-SRS was adminis-
tered using the CyberKnife SRS system (Accuray). Thin-
slice (1.25-mm) high-resolution CT images were obtained 
after the intravenous administration of 125 ml of iohexol 
(Omnipaque [GE Healthcare]) contrast (350 mg of iodine/
ml) using a GE LightSpeed 16i scanner (GE Healthcare). 
CT imaging was supplemented with contrast-enhanced fat-
suppressed thin-slice (2-mm) MRI scans obtained through 
the region of interest. CT and MRI scans were then fused 
using the MultiPlan treatment-planning system (Accuray) 
to improve target identification. The neurosurgeon, radia-
tion oncologist, and radiation physicist performed tumor 
delineation, dose selection, and planning. The gross tumor 
volume was defined as the enhanced tumor seen on imag-
ing. The radiosurgical dose was prescribed to cover the 
gross tumor volume with no additional margin.

Treatment plans were generated in an iterative manner 
using the CyberKnife nonisocentric inverse treatment-
planning software MultiPlan (Accuray). The quality of 
treatment plans was assessed by evaluating target coverage 
dose heterogeneity and conformity. Digitally reconstruct-
ed images were synthesized computationally to enable 
near-real-time patient tracking throughout treatment. The 
per-session treatment duration was 40–60 minutes. The 
typical interfraction time interval was more than 24 hours.
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Rationale for Multisession Radiosurgery
Over the course of the study, the prescribed dose to the 

margin of the tumor changed significantly, because we ini-
tially harbored grave concerns that ablative doses of radia-
tion would prove injurious to the adjacent optic apparatus 
and brainstem. Our dose was based on not only our and 
others’ previous experience with SRS and radiotherapy, 
but also previous studies concerning the dose tolerances of 
the optic apparatus and brainstem. Although the exact a/b 
ratio that corresponds to CSHs has not been established, 
we assumed a value of 3 Gy and used the linear-quadratic 
model to estimate the biologically equivalent dose to a 
single-dose SRS of 10–13 Gy (a dose that yields remark-
able tumor shrinkage for CSHs after radiosurgery) for a 
3- or 4-fraction course of H-SRS. The dose prescription 
was based on intent to cover the entire tumor with a higher 
dose while ensuring dose limitation to the visual pathways 
and brainstem. General guidelines for dose limitations to 
normal structures included the following. The maximum 
permissible point dose to the optic nerves and chiasm was 
17.4 Gy in 3 fractions (5.8 Gy per fraction) or 19.6 Gy in 4 
fractions (4.9 Gy per fraction), similar to a single-session 
SRS of 11 Gy. The maximum permissible point dose to 
the brainstem was 21 Gy in 3 fractions (7 Gy per fraction) 
or 23.6 Gy in 4 fractions (5.9 Gy per fraction), similar to a 
single-session SRS dose of 13 Gy.

Radiological Evaluation and Clinical Follow-Up
After treatment, all the patients underwent regu-

lar clinical and radiological follow-up examinations at 
6-month intervals. A combination of information from 
both the neurological examination and MR images was 
used to define the overall response, and patients complet-
ed a detailed questionnaire on their clinical status dur-
ing each follow-up visit. Serial tumor volumes for each 
MRI study were estimated using MultiPlan software, and 
a careful evaluation for possible adverse radiation effects 
that manifested on follow-up MR images was performed. 
All toxicities in this trial were scored according to the Na-
tional Cancer Institute Common Toxicity Criteria Adverse 
Events (NCI CTCAE) version 3.0. All statistical analyses 
were performed with SPSS 11.0 (IBM).

Results
Patients

Table 1 lists patient characteristics. There were 8 men 
and 23 women with a median age of 54 years (range 
22–80 years). The main initial symptoms and signs were 
ptosis, decreased visual acuity, diplopia, headache, diz-
ziness, facial numbness, ipsilateral abducent nerve palsy, 
suppressed menstruation, nausea, hand numbness, and 
walking instability. The most common presenting symp-
tom was cranial neuropathy, which affected 18 patients, 
followed by long-term headache (32.3% [10 of 31]) and 
dizziness (29.0% [9 of 31]). CSH was diagnosed inciden-
tally in only 1 (3.2% [1 of 31]) patient. Thirteen patients 
had no cranial nerve impairments before treatment. In 
the other 18 patients with neurological deficits, the main 
symptoms and signs were related to visual disturbance 
and ophthalmoplegia. Deficits of the second cranial nerve 

(blurred vision or/and visual field defect) were the most 
common (77.8% [14 of 18]). Third cranial nerve dysfunc-
tion was present in 10 (55.6%) of these 18 patients, and 
deficits of the fourth, fifth, and sixth cranial nerves were 
found in 2 (11.1%), 4 (22.2%), and 4 (22.2%) patients, re-
spectively. The nature of the pathological entity was con-
firmed through neuroimaging alone in 27 patients and 
histopathologically in 4 patients. In those 4 patients, 3 
underwent a biopsy and 1 underwent partial resection and 
experienced postoperative facial nerve paralysis. All 4 of 
these patients suffered from severe bleeding during the 
operation.

Treatment Characteristics
Treatment characteristics are listed in Tables 1 and 

2. The patients had a median target volume of 64.4 cm3 
(range 40.9–145.3 cm3). The median marginal doses were 
21 Gy (range 19.5–21 Gy) in 3 fractions for 11 patients 
and 22 Gy (range 18–22 Gy) in 4 fractions for 20 patients. 
H-SRS was delivered at the median 63% isodose line 
(range 60%–70%). The mean tumor coverage with the 
full prescribed dose was 94.1% (range 91.6%–96.6%), and 

TABLE 1. Characteristics of patients and treatment parameters

Characteristic Value

Total no. of patients 31
Sex (male/female) (no. [%]) 8:23 (26:74)
Age (median [range]) (yrs) 54 (22–80)
Presenting symptoms (no. [%])
 Ptosis 10 (32)
 Facial numbness 4 (13)
 Decreased visual acuity 14 (45)
 Headache 10 (32)
 Dizziness 9 (29)
 Suppressed menstruation 3 (10)
 Visual field defects 1 (3)
 Diplopia 4 (13)
 Walking instability 3 (10)
 Hand numbness 1 (3)
 Nausea 2 (7)
Previous surgery (no. [%]) 4* (13)
Tumor vol (median [range]) (cm3) 64.4 (40.9–145.3)
Tumor diameter (median [range]) (cm) 6 (4.7–8.2)
Follow-up (median [range]) (mos) 30 (6–78)
Posttreatment tumor vol (median [range]) (cm3) 8.7 (0.5–30.5)
Vol reduction (median [range]) (%) 88.1 (62.3–99.4)
Symptom response (no. [%])
 Recovered 19 (61)
 Improved 11 (36)
 No symptoms 1 (3)
Isodose line (average [range]) (%) 63 (60–70)
Conformity index (average [range]) 1.11 (1.03–1.22)
Coverage (average [range]) 94.1 (91.56–96.61)

* Three patients underwent biopsy only.
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the average conformity index was 1.11 (range 1.03–1.22). 
The median maximum point doses to the ipsilateral optic 
nerve, optic chiasm, and brainstem were 15.0 Gy (range 
11.4–19.1 Gy), 15.7 Gy (range 13.2–21.3 Gy), and 19.9 Gy 
(range 12.4–21.3 Gy), respectively.

Imaging Response
The post–H-SRS tumor volume responses are de-

tailed in Table 1. The median duration of follow-up was 
30 months (range 6–78 months) for all patients. Based on 
serial posttreatment MRI scans, the tumor control rate in 
this series was 100%. Tumor shrinkage was documented 
in all 31 cases. The last MR images revealed a median 
tumor volume reduction of 88.1% (range 62.3%–99.4%). 
No tumor showed transient enlargement after H-SRS. The 
first follow-up MRI investigation, performed 6 months af-
ter H-SRS, showed that the tumor volume had decreased to 
46.2% (range 32.6%–78.8%) of the initial volume. More-
over, the tumor volume gradually decreased in all the pa-
tients over the follow-up period. After H-SRS, the tumor 
volumes had decreased to 21.3% (range 3.0%–45.2%) and 
15.0% (range 1.8%–39.7%) of the initial volume at the 
12- and 24-month follow-ups, respectively. One 80-year-
old patient whose final MRI scan revealed a 76.9% tumor 
volume reduction died as a result of cerebral infarction 
3 years after treatment. Figure 1 features images from a 
patient with excellent tumor response after H-SRS. Figure 
2 shows significant tumor shrinkage in the early follow-up 
period.

TABLE 2. Summary of dosing schedules, biologically equivalent 
doses, and single-dose equivalents

Total  
Dose  
(Gy)

No.  
of 

Fractions

Biologically 
Equivalent Dose 

(a/b = 3)

Single-Dose 
Equivalent 

(Gy)

No. of 
Patients 

(%)

Prescribed dose
 18 4 45.00 10.22 5 (16.1)
 20 4 53.33 11.23 2 (6.5)
 20.8 4 56.9 11.65 2 (6.5)
 19.5 3 61.75 12.20 1 (3.2)
 22 4 62.33 12.25 11 (35.5)
 20.4 3 66.60 12.71 1 (3.2)
 21 3 70.00 13.00 9 (29.0)
Dmax of optic 

nerve (mean)
  13.70 3 34.56 8.80 11 (35.6)
  15.22 4 34.52 8.79 20 (64.5)
Dmax of optic 

chiasm (mean)
  15.86 3 43.81 10.06 11 (35.6)
  16.34 4 38.59 9.36 20 (64.5)
Dmax of brain-

stem (mean)
  19.08 3 59.53 11.95 11 (35.6)
  20.10 4 53.77 11.29 20 (64.5)

Dmax = maximum dose within target volume.

FIG. 1. Patient 18. A: A mass occupying the left CSH exhibits homogeneous hypointensity on FLAIR imaging. B: CyberKnife 
treatment-planning scan shows a giant CSH in the right CS with a maximum tumor diameter of 6 cm. C and D: Follow-up images 
12 months later showing a decrease in tumor volume to 7% of its initial volume. E and F: Twenty-four months after CyberKnife 
treatment, the tumor volume had decreased to 98.2% of its initial volume. Figure is available in color online only.
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Clinical Response
At the most recent posttreatment follow-up examination, 

each patient had experienced a favorable neurological out-
come and no new deficits, and all their preexisting symp-
toms were categorized as recovered or improved. Among 
the 30 patients with symptoms observed before treatment, 
19 experienced complete symptomatic remission and 11 
experienced partial remission. The changes in symptoms 
are summarized in Table 3. All 34 of the cranial neuropa-
thies that were observed before treatment improved; we 
documented complete remission of 25 (73.5%) cranial 
nerve impairments and partial remission of 7 (20.6%) op-
tic nerve impairments, 1 (2.9%) fifth cranial nerve palsy, 
and 1 (2.9%) sixth cranial nerve palsy. In those patients 
with complete remission of cranial neuropathies, complete 
symptom remission had almost occurred within 3 months 
after H-SRS. Headache was observed in 9 patients and 
was resolved completely in 7 (77.8%) patients. The mean 
period to complete remission was 8 months (range 1–12 
months). Dizziness was observed in 9 patients and was re-
solved completely in 8 (88.9%) of them. The mean period 
to complete remission was 6 months (range 1–10 months). 
Two patients had experienced suppressed menstruation, 
and this symptom resolved completely in 1 woman within 
10 months after treatment. Three patients had experienced 
walking instability and 1 patient had experienced hand 
numbness, and the mean period to complete remission was 
3 months.

Toxicity
No patient experienced significant acute, subacute, or 

delayed morbidity related to the treatment. The fatal cere-

FIG. 2. Tumor volume changes in all patients. All 31 patients experienced significant tumor shrinkage in the early follow-up period 
(within 6 months after H-SRS). At the 6-month follow-up, the mean tumor volume had decreased to 46.2% (range 32.6%–78.8%) 
of the initial volume. The tumor volume gradually decreased over the follow-up period in all patients, and no transient volume ex-
pansion was observed. At the 12- and 24-month follow-ups, the tumor volumes had decreased to 21.3% (range 3.0%–45.2%) and 
15.0% (range 1.8%–39.7%) of the initial volume, respectively. For 20 patients, the follow-up period was more than 2 years. Figure 
is available in color online only.

TABLE 3. Summary of posttreatment changes in cranial 
neuropathies

Symptom

No.  
of 

Patients

No. of Patients Average Time 
to Complete 
Remission 

(mos)

w/  
Partial 

Remission

w/ 
Complete 
Remission

Nerve impairment
 CN II 14 7 7 3
 CN III 10 0 10 2
 CN IV 2 0 2 2
 CN V 4 1 3 6
 CN VI 4 1 3 3
Headache 9 2 7 8
Dizziness 9 1 8 6
Suppressed 

menstruation
2 1 1 10

Walking instability 3 0 3 3
Hand numbness 1 0 1 3
Nausea 2 0 2 1

CN = cranial nerve.
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brovascular accident noted above was not attributed to the 
tumor or its treatment. The only observed adverse effects 
were mild and fleeting. Ten patients developed new or 
aggravated temporary headache and 5 experienced vom-
iting during the treatment. Seven (22.6%) patients devel-
oped Grade 1 headache, and 3 (9.7%) patients experienced 
Grade 1 vomiting. Three (9.7%) patients developed Grade 
2 headache, and 2 (6.5%) patients experienced Grade 2 
vomiting during the treatment. These symptoms resolved 
completely after steroid administration. Eight (25.8%) pa-
tients reported dizziness, which gradually and spontane-
ously (without therapy) ceased 3 months after radiotherapy. 
One (3.2%) patient reported seizures that were controlled 
with antiepileptic drugs. No other early or delayed adverse 
radiation effects were observed on any follow-up MRI.

Discussion
CSH represents a rare benign disease for which limited 

treatment options are available.2,11 Previous studies have 
found that radiosurgery is an effective therapy for small 
tumors.1,2,7,10,13,17,19,21,25,26 However, giant CSHs are still a 
challenge because of their large volume and proximity to 
critical brain structures. In this trial, H-SRS was found to 
be effective for treating giant CSHs and to have an impres-
sively low adverse-effect profile.

To our knowledge, this series of 31 patients with a giant 
CSH is by far the largest reported to date, and this study 
is the first to have used H-SRS for treating giant CSHs. 
Here, we reported the preliminary results of this study to 
demonstrate the safety and efficacy of H-SRS for the treat-
ment of giant CSHs in close proximity to the visual path-
way. First, H-SRS can be used as the primary treatment 
for giant CSHs. Second, H-SRS is an effective and safe 
treatment option and is associated with a low probability 
of adverse effects. Third, H-SRS is an attractive alterna-
tive to surgery. In our analysis of 31 patients, excellent re-
sults of H-SRS for giant CSHs were observed, including a 
100% local control rate during a median follow-up period 
of 30 months irrespective of whether surgery was used. 
These results are comparable to the findings of most other 
studies of SRS in smaller CSHs. In this study, we used a 
marginal dose of 18–22 Gy in 3–4 fractions at the median 
63% prescription isodose line, with an aim of covering the 
target margin with the 60%–70% isodose shell, and then 
maximized the target coverage by the 95% isodose. Our 
results include a median tumor-reduction rate of 88.1%. 
Radiotherapy-related complications were not identified on 
clinical follow-up or observed in follow-up MRI studies 
in any patient. Moreover, in some patients, shrinkage of 
the neoplasm was accompanied by significant symptom-
atic improvement of deficits in the cranial nerves passing 
through the CS or in the optic apparatus caused by mass 
effect from the CSH. In this study, each patient had a giant 
tumor in close proximity to the optic apparatus that would 
not normally be treated with single-fraction radiosurgery. 
Thus, the role of H-SRS as an alternative treatment for 
giant-sized CSH was confirmed. These results indicate the 
effectiveness and safety of this new method and compare 
favorably with those in previous reports of SRS for smaller 
CSHs.

Surgical treatment of large and giant CSHs is another 

option. The ideal treatment is total tumor removal with the 
preservation of neurological function. Surgery provides a 
diagnosis and moves the tumor away from critical struc-
tures in advance of radiation. SRS could be an adjunct 
treatment for residual tumor. However, considering the an-
atomical complexity involved and their tendency to bleed, 
these deep tumors have been shown to be a challenge to 
completely resect. For tumors located in the CS, partial re-
section results in a higher rate of recurrence and the need 
for further adjuvant therapy, such as SRS. Despite recent 
advances in microsurgical techniques, the total removal 
rate for CSHs is only approximately 64%, and surgery is 
associated with an incidence of postoperative complica-
tions as high as 71% because of the critical anatomical 
structures in the CS and persistent bleeding from the tu-
mor itself during resection or even attempted biopsying.6 
Yin et al.27 reviewed their surgical results for 22 patients 
with a giant CSH and reported gross-total resection in 13 
patients and near-total resection in 5 patients, but these re-
sults were obtained with an average blood loss of 1091 ml 
and a 36.4% rate of late postoperative morbidity.

Radiosurgery, unlike microsurgery, can extend the ra-
diation volume within the CS with relative ease. SRS is 
often used to treat CSHs within the CS and CSHs that in-
vade the parasellar region in 1 approach and conveys a 
low risk of cranial neuropathy. In 1999, Iwai et al.7 was 
the first to propose radiosurgery as a treatment option and 
described a satisfactory response of CSHs to SRS. These 
observations were confirmed by several studies that found 
high local control rates after radiosurgery. At present, SRS 
is being used for primary or postoperative management of 
patients with a CSH, and favorable treatment results have 
been reported.1,2,19,26 A primary goal of SRS is the pres-
ervation of neurological function. We published a meta-
analysis of 59 cases of CSH treated with SRS.25 The mean 
tumor size was only 9.6 cm3. The results from this review 
indicate that SRS not only achieves good tumor control 
and symptom improvement but also avoids the complica-
tions associated with embolization, biopsy, and attempted 
microresection.

However, lesion size and location make SRS for large 
CSHs challenging. Although the targeting accuracy and 
dose fall-off of single-fraction SRS is excellent, it might 
not be ideal for large tumors adjacent to optic pathways.22,23 
In the treatment of giant CSHs, radiation-sensitive struc-
tures such as the optic apparatus are inevitably exposed to 
substantial irradiation in almost all cases, which might be 
a major reason for the undervaluation of radiosurgery. Tra-
ditional fractionated radiotherapy allows sufficient time 
for sensitive normal structures to repair and regenerate 
during the interval between fractions. H-SRS with a Cy-
berKnife combines the precision of radiosurgery and the 
radiobiological advantage of dose fractionation. The high 
conformity and accuracy of H-SRS enable administration 
of a higher dose per fraction, which results in a higher bio-
logically equivalent dose to the target without increasing 
the risk of complications in surrounding tissue. In compar-
ative studies of other brain tumors treated with either SRS 
or H-SRS, the results of both methods were quite similar; 
note that H-SRS was used mainly to treat large tumors, 
and SRS was generally used for smaller tumors. In a Phase 
II study performed in our center to substantiate the role of 
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H-SRS for large CSHs, we recently found H-SRS to be ef-
fective for large CSHs and to result in excellent functional 
preservation.24 In this study, patients with a CSH experi-
enced significant reduction in tumor volume. This result 
supports the idea that CSHs are different from cerebral 
cavernous malformations. Therefore, multisession radio-
surgery is an excellent alternative to operative intervention 
and might even replace operative procedures, especially 
for CSHs.

At present, no study has provided adequate dose-volume 
information for outcome modeling of RION. As part of 
the Quantitative Analysis of Normal Tissue Effects in the 
Clinic (QUANTEC) initiative, Mayo et al.12 reviewed the 
available literature to determine the dose-volume relation-
ships for RION for both fractionated and single-fraction ra-
diation treatments. For single-fraction SRS, the incidence 
of RION is rare for point doses less than 8 Gy, increases for 
doses between 8 and 12 Gy, and becomes greater than 10% 
at doses of 12–15 Gy, so it is necessary to make every effort 
to limit the radiation dose to the adjacent optic apparatus 
to < 10 Gy. Patients who undergo radiosurgery for a para-
sellar lesion routinely receive maximum radiation doses to 
the optic pathways of 10–12 Gy, and the incidence of radi-
ation-related optic nerve injuries remains less than 2%.9 In 
terms of the radiation dose for H-SRS, we used doses of 
18–22 Gy in 3–4fractions, which correspond to 10–13 Gy 
in 1 fraction, assuming an a/b ratio of 3 Gy, and thereby 
reduced the risk of optic nerve injury. Selecting optimal 
doses for radiosurgery requires a thorough consideration 
of existing dose-response data for radiation injury to the 
brain and surrounding structures and of the dose response 
for the desired end point.5 Nakamura et al.13 suggested that 
the radiosurgical doses required for CSHs are lower than 
those required for other benign tumors. Yamamoto et al.26 
analyzed dose responses based on 38 reported SRS cases 
and suggested that a peripheral dose of 14–15 Gy is suffi-
cient for controlling the growth of CSHs and that a dose of 
10–12 Gy is the threshold level for tumor growth control. 
Using the most commonly used interval of fractionation, 
which is 24 hours, we chose 3 fractions for some patients 
in our trial. A change in fractionation scheme (4 fractions) 
was implemented for patients with tumors that adhered to 
the optic apparatus to reduce the probability of radiation 
injury by decreasing the total dose. Because CSHs have 
a benign histology, we believed that a dose of 10–13 Gy 
would be sufficient for the tumor. In this series, tumor mar-
gin doses varied from 18 to 22 Gy at a median 63% isodose 
level (range 61%–70%). The mean maximum radiation sin-
gle-dose equivalents delivered to the optic apparatus were 
8.80 Gy (optic nerve) and 9.61 Gy (optic chiasm) (Table 
3). None of the patients experienced visual deterioration or 
tumor growth during the follow-up period. These results 
suggest that H-SRS might help achieve good tumor control 
with acceptable risk.

This study has some limitations. First, the number of 
cases we report, although the largest so far of patients so 
managed, is small, and the follow-up time was relatively 
short. These factors do not allow for definitive conclusions 
about the risk of RION when using H-SRS for giant CSHs. 
Additional studies and larger numbers of patients are need-
ed to confirm that patients who receive doses to the optic 
apparatus of 18–22 Gy in 3–4 fractions have a low risk of 

developing clinically symptomatic RION. Second, we did 
not include a control group and did not collect prospective 
information about the efficacy of this procedure compared 
with that of observation or other treatments. The investi-
gators and patients were all aware of the treatments that 
were given, which might have introduced bias in favor of 
reporting improvements in symptoms. Studies with larger 
sample sizes are needed to assess for infrequent but serious 
adverse events. However, because of the low incidence of 
CSHs, it is difficult to compare the outcomes for patients 
treated with different treatment schedules whose underly-
ing tumor might differ in volume and proximity to critical 
structures and whose treatments might have differed sig-
nificantly in important ways that are not readily captured 
by chart reviews. In addition, the dramatic improvements 
(both clinical and radiological) we observed make it nearly 
untenable to propose that patients with a giant CSH be 
managed with resection.

Conclusions
The results of our pilot study show that H-SRS treat-

ment was effective and safe. Although longer and more 
extensive follow-up is needed, H-SRS delivery of 18–22 
Gy in 3–4 fractions is effective in reducing tumor volume 
and improving neurological symptoms without causing 
any new complications and can be considered a treatment 
modality for giant CSHs. The fact that the adverse effects 
are mild and no new complications were observed in our 
patient cohort raises the question of whether H-SRS as a 
treatment approach can replace complicated and mutilat-
ing surgical interventions.
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