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ABSTRACT

clinically important symptoms such as cranial nerve deficits, 
motor and sensory weakness and ataxia. Annual hemorrhage 
rates range from less than 1% to more than 5% (5). 

Despite the fact that the surgical series reported good results 
for patients treated by experienced surgeons, surgery still 
remains debatable for BSCMs in deep seated and eloquent 
locations for many neurosurgeons (1-3,5,7,13,14,25,26,30,39). 
For such patients, gamma-knife radiosurgery (GKRS), which 
has reduced hemorrhage rates, is an option (23). Initially, it 
was thought that treating BSCMs with GKRS could severely 
worsen neurological status (19). However, this is no longer true 
with technological advances in imaging, now that microsurgery 

█    INTRODUCTION

Cavernous malformations (CMs) are benign vascular 
abnormalities of the brain that are composed of thin-
walled dilated capillaries surrounded by hemosiderin 

deposits. Brainstem CMs (BSCMs), which are subsets of 
CMs are rare lesions, and account for 20% of all CMs (7). 
Treatment of these lesions is quite challenging because their 
natural history is unpredictable. Some are only detected 
incidentally on magnetic resonance imaging (MRI). Some 
may remain clinically silent for many years. Others are only 
diagnosed when they become aggressive and have recurrent 
hemorrhages. BSCMs causing hemorrhages can lead to 

AIM: The effectiveness and safety of gamma knife radiosurgery (GKRS) for hemorrhagic brainstem cavernous malformations 
(BSCM) is still an unresolved issue. The purpose of this study was to assess treatment results of GKRS for hemorrhagic BSCMs.
MATERIAL and METHODS: A retrospective review of patients with hemorrhagic BSCMs, who were treated at the Acıbadem 
Kozyatağı Hospital GKRS unit from May 2007 to October 2015 was performed.
RESULTS: In total, 82 patients were identified. All patients had experienced at least one hemorrhagic event (range 1-3) and all of 
them presented with radiological evidence of hemorrhage. The median target volume was 0.3 ml, and the median marginal radiation 
dose was 12 Gy. The mean durations before and after surgery were 25.5 (range 1-204) months and 50.3 (range 13-113) months 
respectively. Pre-treatment hemorrhage rates were calculated from the date of first hemorrhage to the date of radiosurgery. There 
were 97 bleeds over 174.4 patient-years during the observation period, with an annual hemorrhage rate of 55.7%. If the first bleed 
is excluded, the annual hemorrhage rate was 8.6%. Only three patients demonstrated re-bleeding, which occurred at 3, 12 and 
79 months after radiosurgery. Over a total follow up time of 344 patient-years the annual re-bleeding rate was therefore 0.87%, 
indicating that the risk of BSCM hemorrhage was significantly decreased by radiosurgery.
CONCLUSION: GKRS was a safe and effective treatment for symptomatic low volume BSCMs when a low marginal dose is used. A 
randomized controlled trial is needed that compares GKRS to observation if we want to establish the true efficacy of this treatment.
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is becoming the first-line treatment option for most BSCMs 
(4). Recent studies show reduced re-hemorrhage rates thus 
making the role of radiosurgery still important for patients at 
increased surgical risk (6,15,16,18,20,21,28,29,32). 

In this study, our aim was to analyze the outcomes of patients 
with BSCMs who were treated with GKRS at our institution 
and to report the re-bleeding rates and radiation-related side 
effects.

█    MATERIAL and METHODS 

Patient Details

We retrospectively analyzed the treatment details and clinical 
outcomes of 82 patients with BSCM who underwent GKRS 
in our unit between 2007 and 2015. All patients had an MRI 
before radiosurgery and hemorrhage was defined as imaging 
confirmation of acute blood accumulation on MRI associated 
with new neurological symptoms. 

Treatment Details

Until August 2012, radiosurgical treatment was performed 
using a Leksell Gamma Knife 4C with a 201-source cobalt-60 
gamma unit. After August 2012, it replaced with a Gamma Knife 
Perfexion (Elekta AB, Sweden). All patients had undergone 
MRI after applying frames; non-contrast T1- weighted and 
T2-weighted images were taken at slice thickness of 1.5 mm.

The target was defined as the site of mixed signal change 
surrounded by an outer hemosiderin ring. Hematoma eccentric 
from the malformations was excluded. Radiotherapy dose 
plans were created with single or multiple isocenters (range 
1-12), at the 50% isodose line in 62.2% of cases and a highly 
conformal dose distribution was achieved. The details of dose 
planning are summarized in Table I. After radiosurgery, all 
patients received 40 mg intravenous methylprednisolone and 
were discharged from hospital within a few hours.

Follow-up and Statistical Analyses

The mean clinical follow-up time was 50 months (range 13-113 
months), so the minimum follow-up was 13 months. Imaging 
studies were initially requested 3 months after radiosurgery 
and yearly thereafter. Clinical follow-up data were obtained 
from patients (or their referring physicians) either by telephone 
conversation, outpatient clinic visit, or both. Patients were 
asked if they were ‘‘the same, better, or worse” compared to 
their pre-treatment status.

Pre-treatment hemorrhage rates were calculated from the date 
of first hemorrhage to the date of radiosurgery. Hemorrhage 
was defined as the presence of new signs of hemorrhage on 
MRI with associated neurological symptoms and radiation-
induced adverse effects were defined as a signal change 
around the BSCM, but without hemorrhage. The annual 
hemorrhage rate was then calculated by dividing the total 
number of hemorrhages in all patients by the total number 
of patient-years for which they were observed. Statistical 
analyses were done by the Wilcoxon signed-rank test to 
compare hemorrhage rates before and after stereotactic 
radiosurgery. All analyses were performed with PASW 

Statistics for Windows-Version 18.0 (SPSS, Inc, Chicago, IL, 
USA) and p values less than 0.05 were accepted as statistically 
significant.

█    RESULTS
The median Karnofsky performance score was 90 (range 70-
100). We included 47 males (57%) and 35 females (43%) with 
a median age of 41.5 years (range 6-69 years). Although only 
34 patients (41.4%) presented with neurological deficits, all 
had previously experienced at least one hemorrhagic event 
(range 1-3) and all presented with radiological evidence 
of hemorrhage. Only 8 patients underwent surgery before 
GKRS. All identified cavernomas were in the brainstem, with 
the specific locations shown in Table II. Six patients had 
additional intracerebral cavernomas that were also treated by 
GKRS. In the brainstems 68.2% of the lesions were presented 
as intraparenchymal, whereas only 30.4% were presented 
on pial surface. A summary of the patient characteristics is 
shown in Table II. 

Table I: Summary of Radiosurgery Dose Planning for the BSCMs

Parameter Mean Median Range

Lesion volume (cm³) 0.53 0.3 0.1-3.6

No. of  isocenters 2.91 2 1-12

Marginal dose (Gy) 11.79 12 10-13

Maximum dose (Gy) 23.63 24 17-29

Table II: Characteristics of 81 Patients with BSCMs

Patient Characteristics Number of 
Patients

Age (median) (years) 41.5

Sex, (%)
Male
Female

56.1
43.9

Dominant presenting neurological 
symptoms (%)

Headache
Cranial nerve deficit
Diplopia
Hemiparesis
Dizziness
Seizure

65.9
26.8
19.5
15.9
17.1
1.2

No. of bleeding episodes
1
2
3

82.7%
15.9%

1.2%

Lesion location in brainstem 
Pons
Medulla Oblongata
Mesencephalon

47.5%
33%

19.5%
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Re-hemorrhage Rates

The mean observation period before radiosurgery was 25 
months (range 1-204 months) and there were 97 bleeds 
in the 174.4 patient-years of observation. This yielded an 
annual hemorrhage rate of 55.7% in the BSCM observed 
at our institution. If we excluded the first bleed, the annual 
hemorrhage rate was 8.6%.  

The mean follow-up period after radiosurgery was 50 months 
(range 13-113 months). During this time, only three patients re-
bled, which occurred after 3, 12 and 79 months. Over the total 
follow-up time of 344-patient-years the annual re-bleeding 
rate was only 0.87% (i.e., 3 episodes in 344- patient-years) 
indicating that the risk of BSCM hemorrhage was significantly 
decreased by radiosurgery (p<0.0001).

Clinical Outcome

During follow-up, 49 patients (60%) showed improvement, 
30 (36%) stabilized, and 3 (4%) experienced progression of 
neurological symptoms. MRI showed reduced lesion size 
in 49 patients (60%), and no change in the other cases. 
Although 3 patients experienced progression of neurological 
symptoms, we did not see adverse radiation effects (defined 
as perilesional edema on T2 -weighted MRI) in any of the 
patients.

█    DISCUSSION
Natural History of CMs

Radiosurgery was established in the 1980s as an effective 
management strategy for arteriovenous malformations 
(AVMs) (12). With the favorable results obtained with these 
malformations it was hypothesized that the vessels of 
angiographically occult vascular malformations, such as CMs, 
could respond to GKRS similarly (24). However, the actual 

response depends more on the unique biology and natural 
history of these lesions, which is still poorly understood. 
Indeed, CMs typically exhibit an unpredictable biologic 
behavior. They have a different structure from AVMs, being 
devoid of muscular and elastic tissue, and lined by endothelial 
cells without tight junctions. In a recent study, it was shown 
that the structural and cellular differences of CMs and AVMs 
affected the radiosurgery treatment responses (38). Because 
the exact incidence of these lesions remains uncertain and the 
reported hemorrhage rates and risk factors for hemorrhage 
vary significantly, interpreting findings from studies on the 
natural history of CMs is difficult (10,11).  

One of the key determinants of lesion behavior and symp-
tomatology is location. Some authors have stated that CMs in 
eloquent areas, such as the speech cortex, motor cortex, or 
brainstem, may hemorrhage with higher frequency (27,35). In 
one study, indirect comparisons between a cohort of patients 
with BSCMs and CMs in other brain regions were studied and 
the risk of recurrent intracranial hemorrhage in the BSCM co-
hort was found to be 21.0% to 60.2% higher (37).

Hemorrhage Rate 

In a recent systematic review by Gross et al., annual bleeding 
rates for brainstem CMs ranged from 2.3% to 4.1% per 
patient-year in observational studies of the natural history and 
ranged from 2.7% to 6.8% per patient-year in surgical series 
before intervention (9).

Porte et al. identified CM location as the primary factor 
affecting hemorrhage risk, and noted a 4.1% per patient-year 
annual hemorrhage rate for deep lesions (deep hemispheric 
or brainstem) (35). 

In patients with brainstem CMs, repeated hemorrhage at the 
lesion site leads to permanent neurologic deficits. It was shown 
that greater number of cranial nerve deficits (81.2%) occur if 

Table III: Summary of Published Studies Results of RSs for BSCMs

Authors 
(year)

No. of 
patients

Mean 
follow up 

time
(mo/yrs)

Mean 
marginal 
dose (Gy)

Mean 
maximal 
dose (Gy)

Mean 
target 

volume
(ml)

Annual Hemorrhage Rate (%)

Before 
SRS After SRS ARE (%) Modality

Liscák et al., 2000 26 24 *14.7 0.8 *0.8 4 6.4 - GK

Monaco et al., 2010 68 5.2 yrs 15.84 29.52 1.19 32.38 α8.22/Ɣ1.37 11.8 GK

Fuetsch et al., 2012 14 *7.1 yrs *13.9 *25.4 *1.6 - α12.5/Ɣ4.8 25 LINAC

Lee et al., 2012 49 40.6 mo 11 - 3.2 31.3 α4.29/Ɣ3.64 4.1 GK

Park et al., 2013 21 38.9 mo *13 *20-34 1.27 39.5 α8.2/Ɣ0 5 GK

Kim et al., 2014 39 4.1 yrs *13 - 1.09 33.6 α8.1/Ɣ2.4 5.1 GK

Lee et al., 2014 49 64 mo 13.1 - 0.74 38.36 α8.3/Ɣ1.81 0 GK

Frischer et al., 2014 38 5.2 yrs *12 *24 - 47.6 α2.6/Ɣ0.6 - GK

Present study 81 50 mo 11.79 23.63 0.53 55.7 0.87 0 GK

GK: gamma knife, RS: radiosurgery, AHR: annual hemorrhage rate, ARE: adverse radiation effect, LINAC: Linear accelerator, SRS: Stereotactic 
radiosurgery, mo: Month, yrs: Years. *median values, α within the first 2 years after radiosurgery, Ɣ 2 years after radiosurgery.
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results, suggesting that an adequate marginal dose as low as 
11 Gy may be needed to avoid serious adverse events (18).

Considering the significant surgical morbidity associated with 
brainstem CMs, especially for high-risk lesions, stereotactic 
radiosurgery certainly appears valid. In 1995, Kondziolka et 
al. reported their experience of stereotactic radiosurgery for 
47 patients with CMs, 27 of whom had brainstem lesions 
(19). They observed an annual hemorrhage rate of 8.8% in 
the first 2 years after stereotactic radiosurgery reducing to 
1.1% thereafter (4% overall morbidity). Although this showed 
the effectiveness of radiosurgery for the first time, the data 
was considered inadequate, so they did not recommend 
radiosurgery for minimally symptomatic lesions or for patients 
who may be better managed with open surgical resection.

In 1998, Karlsson et al. reported 22 cases in which CMs were 
treated with radiosurgery (6 were located in the brainstem)
(17). The authors observed post-treatment hemorrhage in 
9 patients over 155 risk years, yielding an 8% annual post-
treatment incidence of hemorrhage. They also documented 
27% radiation-related complications, which was unacceptably 
high. This was because some treatments were performed with 
computed tomography guidance and treatment doses were 
high compared to today’s standards (range, 18-33 Gy).

Pollack et al. also investigated the outcomes of stereotactic 
radiosurgery in 17 patients with high-surgical-risk CMs and 
they also observed a high rate of radiation-related morbidity 
(41%) (34).  Like Karlsson et al., they had also used a high 
marginal dose of 18 Gy. 

Hasegawa et al. examined the outcomes of radiosurgery 
in a cohort comparable to ours in 2002 (13). Among 82 
symptomatic patients with CMs (45 in the brainstem) and 
imaging-confirmed hemorrhages, who were considered high 
risk for surgical resection, the annual hemorrhage rate was 
12.3% for the first 2 years dropping to 0.76% in years 3 to 12. 
After radiosurgery, 11 patients (13.4%) in their study had new 
neurological symptoms without hemorrhage. However, these 
were minor in 6 cases and temporary in 5. The authors found that 
all patients with radiation-related complications had received 
higher marginal doses than those without complications 
(17.45 vs. 16.06 Gy, p<0.03), had doses delivered at a lower 
number of isocenters (1.64 vs 3.06, p<0.03), and tended to 
have more previous hemorrhages (3.18 vs 2.32, p<0.001). 
They also observed more radiosurgery-related complications 
in their patients with BSCMs or lesions in the diencephalon 
than in those with lesions at other sites.

Supporting this in 2005, Liu et al. reported on 125 patients 
with CMs, of which 49 of them were in the brainstem (22). 
After treatment by GKRS, the annual hemorrhage rate was 
10.3% for the first 2 years, declining to 3.3% thereafter. 
Consistent with the findings of higher complication rates 
with higher doses, Liu et al, reported fewer radiation-related 
complications (3 patients; 2.4%), when using a lower mean 
marginal dose (12.1 Gy) compared with higher doses.

Treatment in Cases of Single Bleed Brainstem CMs

In our study, 82.7% of patients were treated after only a single 

patients had multiple hemorrhages (81.2%) when compared 
with patients who had experienced a single hemorrhagic 
event (65%) (27).

Surgery Outcomes

There is no established consensus on the optimal management 
strategy of BSCMs due to their unpredictable behaviours. 
However, it is widely agreed that surgical resection is the most 
efficacious treatment for these lesions. Especially since the 
advent of (1.5T or 3.0T) MRI, intraoperative electrophysiological 
monitoring and advanced skull-base techniques have enabled 
safer resection of even high-risk BSCMs. The literature 
contains many reports on surgical outcomes among patients 
with BSCMs, but significant morbidity rates have led to 
disagreement about the indications for surgery in these cases 
(1-3,5,14,27,30,36). In inappropriately selected patients (with 
deep-seated surgically inaccessible lesions), intervention 
can lead to further morbidity. The goal of surgery for any 
patient with a BSCM must be radical excision, because 
partial excision will probably increase the risk of recurrence 
(8). Ferroli et al., in 2005, investigated 52 patients with BSCM 
who were treated by microsurgical resection and revealed re-
bleeding and mortality rates of 34.7% and 1.9%, respectively 
(5). In addition, 19% of the patients who were treated with 
microsurgical resection showed clinical deterioration from 
before to after surgery (e.g., permanent neurological morbidity) 
and worse outcome in patients with deep-seated lesions 
compared to superficial ones.

In a systematic review of 78 studies with 745 cases of BSCM, 
complete resection was documented in 684 cases (92%)(9). 
At long term follow up, although the clinical status of the 85% 
patients stayed either the same or improved, approximately 
14% deteriorated and 1.9% died from surgery-related 
complications. Recently, another 710 patients with BSCMs 
were added to this meta-analysis (68 surgical series), of 
which 92% were completely resected (11). After re-calculation 
including these additional cases, 45% of the 944 patients 
exhibited neurological morbidity in the early-postoperative 
period, which was considered relatively high compared to 
natural history studies. Also, 16% of the patients (n=151) 
showed clinical deterioration after surgical resection of the 
CM.

Decisions about whether BSCM should be treated surgically 
must therefore be made based on the lesion’s location and its 
accessibility. Concerning the indications for surgery, Abla et al. 
stated that BSCMs should be excised if they are symptomatic, 
cause a mass effect, or are located on the pial surface (1).

Role of Radiosurgery

Table III summarizes the studies to date, including ours, that 
have documented the treatment outcomes for patients with 
BSCMs treated radiosurgically. In our study, we showed that 
the annual hemorrhage rate before GKRS (8.7%) declined 
significantly within the first two years after treatment (0.87%), 
with no radiation-related adverse events. We think that the low 
marginal dose (mean 11.79) and low treatment volume (mean 
0.53) were responsible for these improvements seen with our 
data. Consistent with this, Kim et al., recently showed similar 
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Finally, we had to depend on clinical outcomes to evaluate 
treatment efficacy because the radiobiological effect of 
radiosurgery on CMs is unpredictable and the relevance 
assessed by currently available neuroimaging modalities is 
not adequate for now.

█    CONCLUSION
It remains true that decisions about the optimal management 
of BSCMs should be made by experienced neurosurgeons. 
We add to the knowledge base supporting such decisions 
by showing, that although microsurgical resection remains 
the treatment of choice for these lesions, GKRS may be a 
better option for certain patients. These include patients who 
have had at least one lesion-related hemorrhage and patients 
who have lesions that put them at increased surgical risk 
for neurological deficits. Together with the literature to date, 
our results also indicate that low radiation doses are safe 
and effective in GKRS for BSCMs. However, prospective 
randomized controlled trials are now needed that compare 
GKRS to simple observation. This will help to establish optimal 
radiation dosages, and clarify the associated side effects and 
should help validate the efficacy of GKRS as a method for 
reducing intracranial hemorrhage rates.
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