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Cavernous malformations (CM), also named as 
“cavernomas,” “cavernous angiomas,” or “cavern-
ous hemangiomas” are low-flow vascular le-

sions deemed to be in relation with developmental ve-
nous anomalies and capillary telangiectasias.1 CM have 
a well-established tendency to bleed. Although intra-
cranial hemorrhages are usually mild in severity, severe 
hemorrhages may lead to significant disability or death.

 The rationale for using stereotactic radiosurgery 
(SRS) in the management of CM is preventing any 
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Background and oBjectives: Surgery is the principal treatment for safely accessible hemorrhagic and 
symptomatic cavernous malformations. Nevertheless, the role of linear accelerator (LINAC)-based stereotactic 
radiosurgery (SRS) in the management of high-risk, symptomatic cavernoma lesions warrants further refinement. 
In this study, we evaluate the use of LINAC-based SRS for cerebral cavernous malformations (CMs) and report 
our 15-year single-center experience. 
design and settings: A retrospective study from the Department of Radiation Oncology and the Department 
of Neurosurgery at Gulhane Military Medical Academy and Medical Faculty, Ankara from April 1998 to June 
2013.
Patients and methods: Fifty-two patients (22 females and 30 males) with cerebral CM referred to our de-
partment underwent high-precision single-dose SRS using a LINAC with 6-MV photons. All patients had at least 
1 bleeding episode prior to radiosurgery along with related symptoms. Median dose prescribed to the 85% to 
95% isodose line encompassing the target volume was 15 Gy (range, 10-20). 
results: Out of the total 52 patients, follow-up data were available for 47 patients (90.4%). Median age was 
35 years (range, 19-63). Median follow-up time was 5.17 years (range, 0.08-9.5) after SRS. Three hemorrhages 
were identified in the post-SRS period. Statistically significant decrease was observed in the annual hemorrhage 
rate after radiosurgical treatment (pre-SRS 39% vs post-SRS 1.21, P<.0001). Overall, there were no radiosurgery-
related complications resulting in mortality. 
conclusion: LINAC-based SRS may be considered as a treatment option for high-risk, symptomatic cerebral 
CM of selected patients with prior bleeding from lesions located at surgically inaccessible or eloquent brain 
areas.

subsequent hemorrhages likewise its utilization in ar-
teriovenous malformations (AVMs). Reduction in 
hemorrhage risk with SRS has been reported in several 
studies.2-7 The mechanism of action in SRS is through 
progressive hyalinization of vessels surrounded by en-
dothelium leading to luminal closure, thus decreasing 
the hemorrhage risk. Unlike AVM, however, verifying 
complete obliteration is problematic after CM radio-
surgery because angiography may fail to display these 
angiographically occult lesions. Thus, a close follow-up 



original articlelinAc-bASed SrS

Ann Saudi Med 2014 January-February www.annsaudimed.net 55

of the patients’ clinical course is warranted to evalu-
ate the effect of radiosurgical management in CM.  
In this study, we evaluate the use of linear accelerator 
(LINAC)-based SRS for cerebral CM and report our 
15-year single-center experience. 

Patients and methods
Between April 1998 and June 2013, 52 patients (22 fe-
males, 30 males) with CM were treated using LINAC-
based single-dose SRS. All these 52 patients referred to 
our department for CM radiosurgery either had deep-
seated lesions, had comorbidities precluding surgery, or 
refused surgical management. Patients were assessed 
thoroughly by a multidisciplinary team before deciding 
on SRS considering the mode of presentation, lesion 
location, symptomatology, comorbidities, and patient 
preference. All patients undergoing SRS had at least 
1 bleeding episode prior to radiosurgery along with 
related symptoms. Informed consents of all patients 
were obtained before SRS. The details of the radiosur-
gical procedure were previously described.8 Briefly, the 
stereotactic head frame was secured with 4 pins to the 
patients’ skull under local anesthesia. Following robust 
immobilization with the stereotactic frame, contrast-
enhanced planning computed tomography (CT) imag-
es were acquired. Magnetic resonance imaging (MRI) 
of all patients obtained 1 day before SRS were fused 
with the planning CT images to improve contouring 
accuracy. Target volume was defined as the region of 
mixed signal change surrounded by the hemosiderin 
ring. Figure 1 shows the treatment planning images of 
a patient with brainstem CM in axial, coronal, sagittal, 
and three-dimensional planes in the ERGO (CMS, 
Elekta, UK) planning system. 

All patients underwent high-precision single-dose 
SRS using a LINAC with 6-MV photons. Median 
treatment volume was 1.4 cc (range, 0.1-5.2). Median 
dose was 15 Gy (range, 10-20) prescribed to the 85% 
to 95% isodose line encompassing the target volume 
(minimum dose [Dmin]: 10.53 Gy, maximum dose 
[Dmax]: 21.05 Gy). After the completion of radiosurgi-
cal treatment, follow-up visits were scheduled for every 
patient routinely at 3-month intervals for the first year, 
at 6-month intervals for the second year, and annually 
afterward consisting of clinical examination, neurologic 
assessment, and neuroimaging with contrast-enhanced 
MRI. Patients were instructed to inform the treating 
physician of any unexpected neurological deterioration 
regardless of the follow-up schedule. 

 The appearance of new bleeding in the CM or ad-
jacent brain parenchyma on CT or MRI accompanied 
by neurologic devastation was defined as post-SRS 

bleeding. Pre-SRS and post-SRS annual hemorrhage 
rates were determined using the equation: hemorrhage 
rate=total hemorrhages observed/total patient-years 
observed. Statistical analyses were carried out by SPSS, 
version 17.0 (SPSS Inc., Chicago, IL, USA) computer 
program with the level of significance set at P<.05. 
Results

Out of the total 52 patients, follow-up data were 
available for 47 patients (90.4%). Median age was 35 
years (range, 19-63). Of the 47 patients with available 
follow-up, 36 patients (76.6%) experienced 1 hemor-
rhage, and 11 patients (23.4%) had 2 hemorrhages be-
fore SRS (58/47=1.23 hemorrhage per patient). Pre-
SRS observation period defined as time from symp-
tomatic, neuroimaging-verified hemorrhage to SRS 
was 28.2 patient-years for these 47 patients. Fifty-eight 
hemorrhage episodes were identified prior to SRS re-
vealing an annual pre-SRS hemorrhage rate of 39% cal-
culated by excluding the first bleeding episodes of the 
patients (11/28.2=39%). Median follow-up time was 
5.17 years (range, 0.08-9.5) after SRS. During the post-
SRS period, 3 hemorrhages were identified revealing an 
annual post-SRS hemorrhage rate of 1.2% in 246.75 
observation-years (3/246.75=1.2%). Statistically sig-

Figure 1. Treatment planning images of a patient with brainstem cM in axial, coronal, 
sagittal, and 3d planes in erGO planning system. cM: cavernous malformation, 3d: 
three-dimensional.
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table 1. Patient characteristics.  

variables n (%)

gender 
   Male
   Female

Median age

lesion location
   Hemispheric area
   cerebellum
   brainstem
   basal ganglia/Thalamus

symptoms
   Headache
   Seizures
   Visual disturbance
   Mild hemiparesis
   Vertigo
   limb ataxia
   diplopia

Median treatment volume

Median dose

Pre-SrS annual hemorrhage 
rate

Post-SrS annual hemorrhage 
rate

 30 (57.7)
 22 (42.3) 

35 y (range, 19-63)
 

 32 (68.1)
 7 (14.9)
 5 (10.6)
 3 (6.4)

 25 (53.2)
 22 (46.8)
 6 (12.8)
 4 (8.5)
 3 (6.4)
 3 (6.4)
 2 (4.3)

1.4 cc (range: 0.1-5.2)

15 Gy (range: 10-20)

39.0% in 28.2 observation 
years

1.21% in 246.75 observation 
years

n: number, SrS: stereotactic radiosurgery, cc: cubic centimeters, Gy: Gray. 

nificant decrease was observed in the annual hemor-
rhage rate after radiosurgical treatment (pre-SRS 39% 
vs post-SRS 1.2%, P<.0001). 

 Symptoms of the patients included headache in 25 
patients (53.2%), seizures in 22 patients (46.8%), visual 
disturbance in 6 patients (12.8%), mild hemiparesis 
in 4 patients (8.5%), vertigo in 3 patients (6.4%), limb 
ataxia in 3 patients (6.4%), and diplopia in 2 patients 
(4.3%). CM were located in the hemispheric area in 32 
patients (68.1%), in cerebellum in 7 patients (14.9%), 
in the brainstem in 5 patients (10.6%), and in the basal 
ganglia/thalamus in 3 patients (6.4%). Vast majority of 
the 32 CM lesions in the hemispheres were localized in 
eloquent brain areas including 14 CM lesions located 
in the parietal lobe (precentral region, central gyrus, 
postcentral region, and gyrus angularis), 11 CM lesions 
located in the occipital lobe, and the remaining 7 CM 
lesions located in temporal/insular/other regions. No 
patients had a prior surgery due to either lesion loca-
tion, comorbidities, or patient refusal. Patient charac-
teristics are shown in Table 1. 

 During the post-SRS follow-up period, 16 of the 25 
patients (64%) with headache and 12 of the 22 patients 
(54.5%) with seizures had a symptomatic improvement 
after SRS. Three patients (6.4%) had asymptomatic 
post-LINAC edema with apparent edematous changes 
detected by MRI. Three patients (6.4%) had deteriora-
tion in headache, 2 patients (4.3%) had deterioration in 
visual disturbance, 1 patient (2.1%) had deterioration 
in hemiparesis, 1 patient had deterioration in diplopia 
(2.1%), and 1 patient (2.1%) had deterioration in limb 
ataxia. Post-SRS bleeding locations in the 3 CM pa-
tients included the brainstem, precentral gyrus, and the 
occipital lobe with the hemorrhages detected at 6, 11, 
and 14 months after radiosurgery, respectively. Diplopia 
of the patient with brainstem CM, visual disturbance 
of the patient with occipital lobe CM, and mild hemi-
paresis of the patient with precentral gyrus CM dete-
riorated after the post-SRS hemorrhage as aforemen-
tioned. These patients received conservative treatment 
including steroids, analgesics, and anticonvulsant drugs. 
There were no procedure-related complications result-
ing in mortality. 

discussion
While surgery remains the mainstay of treatment for 
surgically accessible hemorrhagic and symptomatic 
CM, the role of SRS in the management of high-risk, 
symptomatic cavernoma lesions is debated. The main 
controversy stems from the lack of prospective, ran-
domized controlled trials showing the benefit of SRS 
over surveillance particularly in the management of 

high-risk patients not amenable to surgery. Conducting 
such a study including an observation group with the 
identical risks of the treated population would not be 
that practical, either. Consequently, most of the exist-
ing published studies on the utilization of SRS for CM 
consists primarily of retrospective series with inherent 
limitations. 

Some important reports emphasized the need for 
vigilance when considering SRS for CM.9-12 The ma-
jor points of criticism in these studies included the 
high risk of radiation-related complications following 
radiosurgical treatment. CM radiosurgery was reported 
to have a greater potential than AVM radiosurgery to 
induce complications with similar doses.10-13 Another 
potential drawback of SRS is the absence of immediate 
bleeding risk elimination during the expected latency 
period for complete vascular obliteration. Moreover, the 
evaluation of treatment success is mainly dictated by a 
close follow-up of the patients’ clinical course in CM 
radiosurgery because there are no strict neuroimaging 
criteria to gauge complete obliteration of these angio-
graphically occult vascular malformations.

 Despite all these caveats, SRS offers the only viable 
alternative to surgical resection for the management of 
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selected high-risk patients with CM located at surgical-
ly inaccessible or eloquent brain areas to protect them 
from the future risk of hemorrhages. We observed a 
statistically significant reduction in the annual hemor-
rhage rate after radiosurgical management in our study, 
consistent with other studies.2-7 Because we did not 
have an untreated control group in our study to rep-
resent the natural history of CM, this finding should 
be interpreted with caution. Nevertheless, rather than 
awaiting the deleterious consequences of no interven-
tion during the natural history of CM, earlier imple-
mentation of SRS has been suggested in some recent 
reports.5,14 This recommended more active strategy may 
have important implications particularly for the man-
agement of high-risk, surgically inaccessible cavernoma 
lesions considering that the morbidity risk of repeated 
bleedings may surpass the risk of radiosurgical morbid-
ity. It is also worth mentioning at this point that the 
radiosurgical technique has shown substantial progress 
in recent years thanks to the introduction of image-
guided technology allowing exact target localization 
and improved normal tissue sparing, which translates 
into a decrease in radiosurgery-related complications.

 Besides decreasing the subsequent risk of hemor-
rhages, SRS may also decrease the seizure frequency in 
patients with CM.4,15-18 In our study, 12 of the 22 pa-
tients (54.5%) with seizures had symptomatic improve-
ment after SRS, consistent with these studies. However, 
the improvement achieved in seizures and headache in 
our study may have also been contributed by the use 
of anticonvulsant drugs and steroid medication in ad-
dition to radiosurgical treatment, and the probability of 
spontaneous symptomatic improvement should not be 
disregarded. 

Despite the dramatic advances in the field of SRS 
including improved neuroimaging capabilities and radi-
ation treatment planning software, radiosurgery is not 
devoid of complications. Along with the 3 hemorrhages 
in the post-SRS period, our patients had deterioration 
in headache (3 patients, 6.4%), visual disturbance (2 pa-
tients, 4.3%), hemiparesis (1 patient, 2.1%), diplopia (1 
patient, 2.1%), and limb ataxia (1 patient, 2.1%). This is 
not surprising, because it is known that the radiation-
related complications of CM radiosurgery may be sig-

nificantly higher than that of AVM radiosurgery.10-13 
Permanent complication rates up to 41% have been re-
ported in studies of CM radiosurgery.2,3,9-12,19

Given the high rate of complications associated with 
SRS of CM, the importance of proper patient selection 
for SRS becomes more pronounced. Before deciding on 
management, natural history of CM and age of the pa-
tient, genetic features, mode of presentation, lesion lo-
cation and risk of surgical removal should all be consid-
ered. Factors associated with clinically significant hem-
orrhage include family history and presence of a prior 
hemorrhage.7,20-22 In the setting of a prior hemorrhage 
history, Kondziolka et al21 found a modest increase in 
hemorrhage risk (0.6% vs 4.5% per annum) in a study 
with 122 patients whereas Aiba et al22 noted a dramatic 
increase (0.4%-23% per annum). In our study, a mul-
tidisciplinary team evaluated all patients individually 
before deciding on SRS. Mode of presentation, lesion 
location, symptomatology, comorbidities, and patient 
preferences were taken into account in decision making. 
All patients either had deep-seated lesions at surgically 
inaccessible or eloquent brain areas, had comorbidities 
precluding surgery, or refused surgical management 
and had at least 1 bleeding episode prior to SRS along 
with related symptoms. Neuroimaging with MRI was 
performed in all patients to optimize SRS planning. 
Consequently, outcomes of radiosurgical treatment in 
our series appears to be consistent with the related pub-
lished studies. 

Given the rarity of studies using LINACs for CM 
radiosurgery, our study adds to the current published 
studies regarding the utilization of this technology to 
treat patients with CM. The compilation of such data 
on the use of SRS in CM management merits utmost 
attention considering that the primary therapeutic ap-
proach, namely surgery, may be deemed hazardous in 
certain circumstances and leaving high-risk patients un-
treated may pose a significant risk of subsequent bleed-
ing with relevant debilitating complications. 

In conclusion, LINAC-based SRS may be consid-
ered as a treatment option for high-risk, symptomatic 
cerebral CM of selected patients with prior bleeding 
from lesions located at surgically inaccessible or elo-
quent brain areas.
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