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Abstract
Purpose: Cavernous malformations are believed to be clinically silent and some are found just incidentally. However, the lesions once become symptomatic with 
hemorrhage or epilepsy, they are very troublesome because the repeated episodes may happen. Since the majority of symptomatic incidents of the brainstem lesions 
are hemorrhage, the prompt treatments are required. Microsurgery has a limited indication such as the lesions easy to access and located just beneath the brainstem 
surface. It is often difficult and risky to undergo surgery, which requires the skills of the microsurgeon to complete these tasks.

Methods and cases: Radiosurgery is an alternative to microsurgery, which has been chosen for treating such symptomatic lesions. Because radiosurgery required 
no special techniques and can be performed by standard radio surgeons with sufficient knowledge. After the brainstem hemorrhage once or twice, radiosurgery was 
performed with a mean marginal dose of 12.8 Gy. After the radiosurgery, the follow-up studies were performed at the intervals of every 3 to 6 months.

Results: Radiological studies with MRI demonstrated a lesion shrinkage approximately in half of the lesions, and the others showed no obvious change. A few lesions 
caused hemorrhage showing enlargement of the lesion in the association of clinical signs, even after the treatment.

Hemorrhage rate before and after the treatment was considerably decreased from 30 %/year/case to 5 %/year/case after the treatment.

Conclusion: Radiosurgery with gamma knife reduced the hemorrhage rate significantly and the lesions were smaller in half and the other half showed no remarkable 
changes. Since the indication for microsurgery is restricted, radiosurgery is the better treatment option for symptomatic CMs in the brainstem. Radiosurgery might 
be able to change the natural course of this peculiar disease.

Abbreviation: CM: Cavernous malformation; CNS: Central 
nervous system; HR: Hemorrhage rate; PFS: Progression-free-survival.

Introduction
Cavernous malformations (CM) are one of the vascular anomalies 

similar to arteriovenous malformation, venous anomaly and capillary 
telangiectasia in the central nervous system (CNS). Different from 
the other three, CMs are a very peculiar disease. The majority of them 
are usually very silent, however, they become symptomatic all of the 
sudden in association with repeated hemorrhages and frequent epilepsy 
attacks. Once becoming symptomatic, they are so troublesome and 
may develop frequent episodes and neurological deterioration. This 
is true especially when the brainstem lesions become symptomatic, 
exclusively with hemorrhage. Motor dysfunction, ataxia, or disturbed 
ocular movement are the main and popular symptoms of brainstem 
hemorrhages. Since they may often appear repeatedly, the patients 
require prompt treatment procedures to stop the bleeding. A wait-
and-see strategy may be taken into account when the microsurgery is 
difficult because of the location and the patient’s condition. We, Gamma 
Knife Teams in Japan, have currently treated these symptomatic CMs in 
the brainstem with gamma knife radiosurgery in the past 30 years. Here 
in this paper, our treatment results are summarized and consider the 
strategy of this serious disease.

Cases and methods
For this retrospective study, cases were collected from nation-wide 

Gamma Knife Institutes in Japan. There were 139 cases, 85 males and 
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62 females, whose ages ranged 8 to 73 with a mean of 40.5 years. The 
location of the lesions was most popular in the pons (94) and followed 
by midbrain (28) and medulla (12), two were missing. All the lesions 
became symptomatic by hemorrhage, which occurred once in 60, twice 
in 48 and three times or more in 29 cases. So more than half of cases 
developed hemorrhage twice or more (Table 1).

Radiosurgery with a gamma knife was performed after the Leksell 
G frame fixation to the head of the patients. After the imaging studies 
either MRI or CT, dose planning with GammaPlan (Elekta AB in 
Stockholm) was performed. For the brainstem CMs, only the core of 
lesions was incorporated into the target volume, instead, the areas of 
peripheral T2-low-signal intensity were not included in the target as 
shown in Figure 1.

Patients were allowed to move within 1-2 hours after radiosurgery 
and to discharge the next morning. They could return to their daily life 
very soon.
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Follow-up studies and medical check-ups were performed every 
3 months after the treatment within a first year and every 6 months 
thereafter. Statistical analyses are made with student’s t-test for the 
comparison of two paired groups. A P value smaller than 0.05 is 
considered to be statistically significant.

Results
Radiosurgery

The lesions of CM in the brainstem were estimated to be from 
3.1 to 25.7 mm with a mean diameter of 12.8 mm. They were treated 
with the mean maximum and marginal doses of 23.1 Gy and 12.8 
Gy respectively (Table 2). Initially, applied marginal doses were 
even higher and associated with higher complications, and thus the 
marginal doses were reduced and currently treated with less than 13 
Gy at the margin. 

Treatment results

Neurological status were currently improved and recovered from 
the first incidents by the subsequent absorption of hematomas in 
the brainstem. On the contrary, the neurological deterioration may 
occure either by perifocal edema or hemorrhages after the treatment. 
With the long term follow-up, MRI often showed a remarkable 
shrinkage of the brainstem lesions in association with neurological 
recovery (Figure 2). The results of follow-up studies with MRI and/or 
CT are summarized in Table 3, in which the shrinkage of the lesions 
were approximately in half and the other half showed no remarkable 
changes of the lesion size.

Hemorrhage rate (HR) 

There were 214 hemorrhages before gamma knife and 42 
hemorrhages after the treatment. The HR, calculated during the first 

incident to gamma knife treatment, was 30.8 %/ case /year. After 
the radiosurgery, HR decreased to 5.2 %/case/year. Among 42 
hemorrhage after the treatment, 20 were within 2 years and 18 were 
after 2 years.

Hemorrhage-free survival (HFS)

HFS was shown in the Figure accordingly to each sites of the 
lesion. The pontine CMs were seemingly worse than others in HFS, but 
statistically not significant (Figure 3).

Adverse effects

Most of the complications were related to the rebleeding from 
the lesions and to radiation injury after the radiosurgery (Table 3). In 
the early stage of this treatment, couples of radiation injury occurred 
since they were treated with relatively higher marginal dose above 
15 Gy. However, by reducing the marginal doses less than 13 Gy, the 
complication rate far decreased (Figure 4).

No Contents
1 Age 40.5±15.5 years (8-73 years)
2 Sex Male:85 Female: 62

3 Onset
Once: 60

Twice or more: 77
Missing: 2

4 Location Pons: 94 Midbrain: 28
Medulla:12

5 Onset to GK 30.6 months (1-228 months)

Table 1. Characteristics of the 139 cases of brainstem cavernous malformations treated 
with gamma knife, which were collected from nation-wide Gamma Knife Institute over 
Japan. More than half cases caused hemorrhage twice or more. More than 60% of the 
lesions are located in pons

Figure 1. A large cavernous malformation in the pons in association with hemorrhages 
only the core (*) in the center was irradiated, contrary hematomas and the areas of T2 low-
signal intensity were not included to the target volume

Table 2. Radiosurgery of the brainstem cavernous malformations. Location of the lesions, 
size and radiation-doses were demonstrated. The mean marginal dose was 12.8 Gy 
delivered to the lesions with the mean diameter of 12.8 mm

No  Results
1 Lesion size 3.1-25.7 mm (mean 12.8 mm)
2 Maximum dose 13.5-32 Gy (mean 23.1 Gy)
3 Marginal dose 8.0-21 Gy (12.8 Gy)
4 Follow-up period 3.0-215 months (mean 68 months)

No Factors Contents

1 Lesion Control CR (3) PR (51) MR (12) NC (64) 
PG (10)

2 Hemorrhage (Before RS) 214 hemorrhages (695byears)
30.8%/case/year

3 Hemorrage (after RS) 42 hemorrhaged (815 years)
5.2%/case/year

4 Adverse effects Edema (3) Hemorrhage (42) 
New lesion (2) Dead (6)

Table 3. Results and complications following radiosurgery to symptomatic cavernous 
malformations in the brainstem. A half of the lesions showed a shrinkage, and the other half 
demonstrated no remarkable change. The hemorrhage rate decreased from 30.8% to 5.2%/
case/year after the treatment. After the treatment, some cases showed further hemorrhages

Figure 2. Four times of consecutive hemorrhages by the cavernous malformation. 
subsequently after the treatment, the lesion became much smaller in size, and showed no 
further bleeding in the next 20 years
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Discussion
Clinical aspects of cavernous malformation and the natural 
history

Cavernous malformations in central nervous system are peculiar 
disease. They are clinically very silent and often found incidentally [1-
3]. When and why they become symptomatic, is not fully understood 
so far [4,5]. Although they are considered to be congenital, they may 
appear all of sudden sometimes, especially during or after radiation 
therapy. In fact, we rarely find such brand-new lesions during the 
follow up studies [6,7]. Therefore the calculation of HR is not so simple. 
Nevertheless a majority of CMs have been supposed to develop just 
after birth.

The second thing even more peculiar for CM is the hemorrhage 
rate. Hemorrhage rates have to be considered after birth or after the first 
incident. Of course, in calculation of the latter, the first hemorrhages 
were currently omitted. Tremendous increase of hemorrhage were 
recorded after the first hemorrhage or incident [4]. From my personal 
experience, HR jumped up nearly 10 times more after the first 
hemorrhage, and 20 times more after the second hemorrhage. This 

is the real reason why symptomatic CM should be treated sooner the 
better. Since the hemorrhage in the brainstem are apparently more 
serious, treatment have to be considered as sooner as possible. 

Treatment choice

If the CMs in the brainstem are always silent and clinically stable, a 
watch-and-see strategy may be possible even for symptomatic lesions. 
However, the natural history of symptomatic CMs conversely tells us the 
danger to do so, because symptomatic CMs may cause frequent bleeding 
after the first incident. This is especially true for brainstem lesions 
almost all the incidents may associate hemorrhage. Microsurgery with 
total resection of the lesion can control the subsequent hemorrhages. 
However, if the lesions are subtotal or partially removed, hemorrhages 
may occur not infrequently from the remnant of CMs [8-11].

How and why radiosurgery works for hemorrhage control

There has been a big discussion on the issue to use radiosurgery to 
intracranial CMs [12,13]. As demonstrated in this study, radiosurgery 
can successfully control the hemorrhages and half of the lesions may 
shrink. Accordingly, to the reports of many investigators [14-20], the 
HR were one-tenth after 10 years and the radiological studies showed 
shrinkage of the lesion more than half cases. These findings indicate 
that the symptomatic lesions become less symptomatic and less 
hemorrhagic after radiosurgery. To prove the real effects, histological 
proof of the obliteration of CMs is necessary. Radiation methods 
and marginal doses must be discussed since radiation-induced 
complications were often reported because of high marginal doses. In 
the present time, most of the lesions in the brainstem are treated less 
than 15 Gy. Complication rate was far decreased when treated with less 
than 13 Gy. For the larger lesions of CM, it is important to squeeze 
the target volume as smaller as possible. To reduce the irradiation to 
the normal brainstem, fractionated treatment can be considered for 
large CMs in the brainstem, because it is possible to adjust the dose by 
fractionation.

Treatment of multiple lesions in the brain and brainstem

Multiple lesions in the brain and brainstem have been reported by 
several investigators [21-24]. They have an apparent hereditary and 
familiar backgrounds and so often numerous lesions were identified in 
a single case. They often involve the brainstem and seem to be serious 
once becoming symptomatic. In cases of hereditary background, the 
lesions are diffuse and multiple and considered to be more aggressive. 
Recently we have encountered such a case with three symptomatic 
lesions in the brainstem with consecutive hemorrhages. If multiple 
lesions become hemorrhagic, the lesions should be treated with 
radiosurgery one by one. It is not adequate to irradiate asymptomatic 
lesion, however, symptomatic ones should be treated in order to prevent 
further hemorrhage.

Treatment strategy in the future

Since the symptomatic CMs in the cortical or subcortical locations, 
are apparently easy to access and are readily resected. However, the 
lesions in the brainstems are totally different because the brainstem 
is the most eloquent site in CNS. Microsurgery is only allowed for 
skillful microsurgeons. If there remain any residuals, subsequent 
treatment with radiosurgery may be required since rebleeding may 
occur subsequently. Brainstem lesions can be treated only by skillful 
microsurgeons, conversely, the standard radio surgeons can accomplish 
these tasks without any difficulties.

Figure 3. Hemorrhage-Free-Survival after radiosurgery. The lesions in pons demonstrated 
a worse result of PFS, however no significant differences were found during early 100 
months

Figure 4. Complications after the radiosurgery hemorrhages were most popular even after 
the treatment. Perifocal edema and de novo lesions were found rarely
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Conclusions
Utilizing the radiosurgery against symptomatic brainstem CMs, 

the subsequent hemorrhages were far decreased, which have been 
indicated by the improved PFS as well as the HR. So long as the 
brainstem CMs are treated less than 13 Gy at the margin, radiation-
induced injury rarely happens. In conclusion, radiosurgery could 
alter the natural course of the symptomatic CMs to a preferable state. 
Since the microsurgery to the brainstem may be difficult and risky, 
radiosurgery has to be considered as the first treatment choice for 
symptomatic CMs in the brainstem.
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