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ABSTRACT:  

Background: Cavernous angioma or cavernoma is a benign 
vascular malformation, which can be found at any region within the 
brain. Brain stem cavernous angioma is rare. Although the optimal 
management of intracranial cavernous angiomas is open resection, 
Gamma Knife radiosurgery (GKR) has played an important role in 
treating these deeply seated and high surgical risk malformations 
throughout the past 20 years.  

Aim of the study: Our study aimed to evaluate the efficacy, and 
safety of Gamma Knife radiosurgery in the management of brainstem 
cavernous angiomas.  

Patients and Methods: Our retrospective study was conducted on 
22 patients with brainstem cavernous hemangioma who underwent 
gamma knife at the Gamma Knife center (GKC), Nasser Institute 
Hospitals, Cairo in collaboration with department of neurosurgery, 
Ain Shams University. Follow up period 24-132 months, mean follow 
up period 51 months.  

Results: In the present series we have satisfactory results as 
regards reducing rebleeding rate, we have post radiosurgery 
rebleeding rate of 2.8%. It represents the sum of the bleeding rate for 
all patients in the study including those who have rebleeding rate 30% 
preradiosurgical. As regards control of improvement of presenting 
manifestations, we have also excellent results in the present series 
(75%) of patients showed improvement of the symptoms, (25%) 
remained stable clinically. Reduction of cavernoma size after 
treatment was observed also in our series for 77.3% of the lesions. 
There was no permanent morbidity post gamma knife, only 3 transient 
morbidities were happened due to edema and bleeding.  

Conclusion: As the development of stereotaxic radiosurgery and 
more experience accumulated, GKR has become an effective and safe 
alternative method for brainstem cavernous angiomas treatment.  

Keywords: Radiosurgery, gamma knife, brainstem cavernoma, 
brainstem angioma, brainstem hemangioma. 
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INTRODUCTION: 

The current treatment of choice for most 
symptomatic cavernous angioma is micro-
surgical resection; however, morbidity and 
mortality associated with the operation are 
especially high in surgically inaccessible 
lesions such as brain stem. Therefore, 
radiosurgery has been used as an alternative 
method of treatment and the primary goal of 
the radiosurgery is the prevention of 
repeated haemorrhage. Though the natural 
history of brainstem cavernoma and the use 
of radiosurgery in the management are still 
controversial issues recent studies reported 
reduction of recurrent haemorrhage after 
radiosurgery. Medical management is lim-
ited to seizure control and symptomatic 
relief of headaches1.  For brainstem 
cavernous angioma, the goal of any 
treatment method is to control rebleeding 
and avoid complications from recurrence 2. 

 

AIM OF THE STUDY:  

Our study aimed to evaluate the 
efficacy, and safety of Gamma Knife 
radiosurgery (GKR) in the management of 
brainstem cavernous angiomas.   

 

PATIENTS AND METHODS: 

Our retrospective study was conducted 
at the Gamma Knife center (GKC), Nasser 
Institute Hospitals, Cairo in collaboration 
with department of neurosurgery, Ain Shams 
University. 

Between October 2001 and October 
2018, Out of 48 patients with brainstem 
cavernous hemangioma who underwent 
gamma knife treatment, 22 patients were 
fulfilling the inclusion criteria of our study.  

Study Inclusion Criteria were: 

 Patients with radiological diagnosis of 
brain stem cavernous angioma. 

 Patients who refused surgery. 

Our exclusion Criteria were:  

 Patients with disturbed conscious level 
either related to angioma or due to      
another causes. 

 Patients who previously managed with 
endovascular intervention. 

 Patients who previously managed 
surgically. 

 Patients less than 2 years old. 

  In the case of bleeding, radiosurgery in 
our patients was postponed for at least 3 
months, but usually treatment was 
initiated 6 months after the bleeding 
episode. 

The Leksell Gamma Knife (Elekta C), 
Perfection and Icon were used at Cairo 
gamma knife center in Nasser institute. 
Follow up period 24-132 months, mean 
follow up period 51 months in our study.  

 

RESULTS:  

Patient's characteristics: 

The series included 22 patients 14 
female and 8 male patients.  
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The mean age was 31.4 years old (range 
3–59 years).  

Symptoms leading to the diagnosis were   
accidental in 2 patients, Cranial Nerve 
affection 11, Motor power deficit 11, 
sensory deficit 7, ataxia 5 and ten patients In 
this study has combined presentation of 
cranial nerve affection and neurological 
deficit. 

Out of 22 patients, 11 patients presented 
with cranial nerve affection. 5 of them 
presented with isolated abducent nerve 
affection, 1 isolated trigeminal neuralgia, 2 
isolated facial palsies, while only 3 cases 
presented with combined cranial nerve 
affection.  

In this study 22 patients had 27 lesions, 
7 lesions (31.8%) were located in midbrain, 
10 were in pons (45.5%), 2 lesions (9.1%) 
were located in medulla and other 2 lesions 
(9.1%) were located in the ponto-medullary 
junction. There was one lesion its brainstem 
exact site was not reported.  

We had 19 patients (86.4%) out of 22 
patients had single lesion, 3 patients (13.6%) 
had multiple lesions. 

CM hemorrhage in this study is meaned 
by acute or subacute onset of symptoms 
accompanied by radiological evidence of 
recent extra- or intra-lesional hemorrhage. In 
this study we had 22 patients, 13 lesions 
(59.1%) bled once and 5 (22.7%) bled more 
than once, only 4 (18.2%) showed no 
bleeding. 

2 lesions out of 22 lesions (9%) showed 
bleeding post treatment; both lesions showed 
bleeding 3 years after treatment. 

In both cases, hemorrhage was 
presented by transient neurological deficit. 
Both cases were presented by bleeding 
before treatment.  

The preradiosurgical annual hemorrhage 
rate was calculated as the number of 
preradiosurgical hemorrhages divided by all 
patient-years at risk, we assumed that 
patients were at risk for hemorrhage from 
their dates of birth. 

 

Preradiosurgical annual hemorrhage rate 
= (no. of pre radiosurgical hemorrhages) ൊ (sum of all patient-years at risk from birth) 

ൌ 23 ൊ 646 ൈ 100		 ൌ ૜. ૞૟%	per	patient	per	year 

To calculate the preradiosurgical annual rebleeding rate, the number of preradio-surgical 
recurrent hemorrhages was divided by the total number of risk years (for patients presented by 
hemorrhage) from the dates of initial hemorrhage to the dates of GKR.  

 

 
The pre-radiosurgical annual rebleeding rate 

= (no. of preradiosurgical recurrent hemorrhages) / (sum of total no. of risk years from 
the dates of initial hemorrhage to the dates of GKR) 

=		5/22 ൈ 100 ൌ ૛૛. ૠ૛% 
   

Postradiosurgical Annual bleeding rate  
= Postradiosurgical hemorrhagic events / all patient risk years from the dates of GKR to 

the dates of 2 years follow up. 
0/44= 0% within 2 year per lesion per year. 
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The overall annual bleeding rate postradiosurgical for all patients throughout the follow 
up period 

= postradiosurgical hemorrhagic events / all patient risk years from the dates of GKR to 
the dates of last follow up 

=2/94 ൌ ૛. ૚% 
Postradiosurgical Annual rebleeding rate for patients who were presented by 

hemorrhage  
= recurrent post radiosurgical hemorrhagic events / patients (with hemorrhagic 

presentation) risk years from the dates of GKS to the dates of last follow up. 
=2 ൊ 71 ൈ 100 ൌ ૛. ૡ% 

 we have subgroup of 11 lesions presented by bleeding and were followed  up more than 2 
years  

 The annual rebleeding rate for this subgroup =4/13.3 =30% 

 Post gamma knife rebleeding rate =0/22=0% within 2 years. 

 More  than 2 years 2/57= 3.5% 

Statistical analysis revealed that a relationship between rebleeding post gamma knife and 
treatment volume; p-value 0.005. 

Improvement Of Pre Gk Clinical Manifestaion  

20 patients out of 22 patients were presented before GK treatment by manifestations 
mentioned before as cranial nerve affection, motor affection, sensory affection or ataxia. Only 
2 patients were discovered incidentally. 

Follow up of those patients after gamma knife revealed that 15 patients out of 20 patients 
(75%) showed improvement of the symptoms, 5 cases (25%) remained stable clinically. 

More than half of patients who showed improvement get improved in first 6 months post 
GK treatment. Other 3 patients (20%) show improvement by the period of 1 year. Another 3 
patients (20%) showed improvement in 24 months of follow up. One case shows 
improvement after 2 years of follow up. 

Volume of cavernoma after gamma knife 

Follow up of 22 patients post treatment with Gamma Knife revealed that  

 17 lesions (77.3%) became smaller than before treatment. 

5 lesions of those were noticed to be disappeared during the follow up period, after 1 year 
in 2 patients, after 2 years in 2 patients, after 6 months in 1 patient. 

5 lesions (22.7%) had stable volume after 2 years follow up. 
Adverse Radiation Effects:  
 3 lesion (13.6%) out of 22 patients developed adverse radiation effect (edema). 
 All three lesions developed transient edema,  
 No lesions developed permanent edema and cyst formation. 
 19 lesions (86.4%) out of 22 lesions did not develop edema.  
The clinical presentation  of  edema  post Gamma  knife on the patients 
 Of those 3 lesions, which developed edema the clinical effects on patients were as 

follows; 
 Two patients developed no symptoms. 
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 One patient had neurological deficit received corticosteroids. 

 

 

Figure (1): Leksell Gamma Knife® Icon™. 

 

Figure (2): Gamma Knife radiosurgery dose plan for cavernous malformation of brain stem. Fifty 
percent isodose line (white line) projected on axial contrast-enhanced MR images with sagittal and 
coronal reconstruction covers the malformation. 
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Table 1: Analysis of the annual risk of hemorrhage in radiosurgical series of patients with CMs. 

 

Table 2: shows the post radiosurgery hemorrhage rate and the morbidity found in other series 

Author year No of Preradiosurg Postradiosurge Postradiosurgery morbidity 

Kida et al., 16 1999 100 32(5.2¶¶) 7.3 5.2 8.9% 

Mitchell et al., 17 2000 18 13‡ (6¶¶) 4.5 3.7** 16% 

Pollock  et al. 7 2000 17 24.8% 8.8% 2.9% 41% 

Hasegawa et al., 14 2002 82 34%‡ 12.3% 0.8% 13.7% 

Liu et al. 6 2005 112 29.3% 10.3 % 3.3 % 2.5% 

Kondziolka et al. 18 2007 112 39.9% 9.7% 0.56% 12.4% 

Nagy et al. 19 2010 113 2.9% 15% 2.4 % 7.3% 

Monaco et al. 20 2010 68 32% 8.2% 1.5% 2.9% 

Lunsford et al. 21 2010 103 32.5 % 10.9% 1.06 % 13.5% 

Park & Hwang 23 2012 20 39% 8.5% 0% 0% 

Lisck et al 5 2013 112 2% 3.2% 0.5% 0.9% 

Lee    et al. 22 2013 49 31.3% (4.29% an 3.6% 4.1|% 

Sadeghi et al  24 2014 100 NA 4.1|% 1.9% 12% 

Present seris 2020 22 3.6%(6¶¶) 
22.7% 

0% 2.1% 13.6% 

¶¶ Rate if lesion considered to be present from birth     ‡ Reported from first hemorrhage. 

 

Table 3: shows the effect of gamma knife on the volume of CM in different series. 

Author  year % of volume reduction 
Present series 2020 77.3% 
sadeghis et al 24 2014 27.5% 
licak et al 5 2013 53% 
Lunsford et al 21 2010 57.5% 
p.Wang et al. 23 2010 42% 
Kida y et al. 16 2006 50% 
Hesegawa et al. 14 2002 42.7% 
Zhang et al. 25 2000 68% 

 

      

  

 Method  A Method  B 

Author year No of pt No of 
Hge 

Risk 
years 

Annual 
incidence 

No of hge Risk 
years 

Annual 
incidenc

e 
Amin-Hanjani et al., 12 1998 95 132 2635 5% 59 339 17% 

Pollock et al., 7 2000 17 48 748 6.4% 31 125 25% 

Tsien 13 2001 21 34 863 3.9% 36 121 30% 

Hesegawa 14 2002 82 202 3091 6.5% 120 354 34% 

Kim et al 15 2002 22 30 750 4% 10 28 36% 

Liu et al 6 2005 125 167 NA NA 55 188 29% 

Present seris 2020 22 23 646 3.6% 5 22 22.7% 

NA: not available 
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DISCUSSION: 

Controversies regarding radiosurgery of 
cavernomas arise from several aspects. First, 
knowledge of the natural course of the 
disease is not complete, and the definition of 
bleeding is ambiguous. Overt bleeding from 
a cavernoma (a blood clot inside or outside 
the hemosiderin ring of the lesion or 
evidence of hemorrhage after a lumbar 
puncture) is rarely diagnosed. Second, 
growth of the cavernoma observed in some 
cases could simply be bleeding with no 
symptoms in functionally silent areas. Third, 
no diagnostic tool so far can indicate cure in 
patients, At present, the positive effects of 
radiosurgery are identified by clinical 
observation and analysis of imaging changes 
on magnetic resonance imaging during a 
sufficiently long follow-up period which has 
a significant impact on treatment results. 
Unfortunately, treatment failure of 
cavernoma radiosurgery is diagnosed only 
after rebleeding occurs, which downgrades 
the results. 

Interpreting the findings from natural 
history studies of CCMs is difficult because 
the available series have used varying 
inclusion criteria, study designs (retro-
spective or prospective), and definitions of 
bleeding. 

Retrospective studies can be divided 
into 2 groups depending on the methodology 
used. With Method A, one simply divides 
the number of observed hemorrhages by the 
number of risk years. This method assumes 
that the patients are born with CMs and that 
the annual risk for hemorrhage is constant. 
In Method B, the number of observed 
hemorrhages is divided by the number of 
risk years as well, but both values are from 
the day after the first hemorrhage. Thus, the 
first hemorrhage as well as the time at risk 
before the first hemorrhage is excluded, 
making the method insensitive to the time of 
the development of the CM 3.  

We analyzed the annual risk of 
hemorrhage in radiosurgical series of 
patients with CMs, which selected only so-
called high-risk patients. Using Method A, 
hemorrhage rates in these high-risk patients 
ranged between 2.3% and 6.5%, but they 
became 17–36% when Method B was used. 
In the present series it is 2.2% with method 
A 19.6% with method B.  

Salman et al 20124, In a recently 
published population-based prospective 
cohort study, the 5-year risk of a first 
intracranial hemorrhage was 2.4% in 
patients who initially presented incidentally 
or with seizures. However, the same study 
showed that the 5-year risk of a second 
intracranial hemorrhage was 29.5% in those 
with a first intracranial hemorrhage at their 
initial presentation. 

A tendency for decreased risk of 
rebleeding after the latent period of 2 years 
after radiosurgery has been found in the 
present series. 

In the present seris it seems that 
bleeding rate increase   postradiosurgical, 
but really it is much reduced for the ratio 
2.7% represents the sum of the bleeding rate 
for all patients in the study including those 
who have rebleeding rate 23.89% preradio-
surgical. Also not all patients in the present 
study were followed up for more than 2 
years only 12 patients. Moreover, most of 
the patients treated at our center pay 
attention for follow up only when they have 
complains, on calling them they reported 
that they improved and they neglect to come 
back for follow up. Actually our results 
would be better than the documented results.  

We have subgroup of 11 patients, they 
presented by bleeding preradiosurgical with 
rebleeding rate of 30%. They were followed 
up for more than 2year .they showed marked 
effect of gamma knife reduction of their 
rebleeding rate to be 0% in the first 2 years 
and 3.5% for more than 2 years. 
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Statistical analysis in our study revealed 
that; a relationship between rebleeding post 
gamma knife and treatment volume; p-value 
0.005, cut off point >4.6cc. 

Another important effect of cavernoma 
radiosurgery on improvement of pre gk 
clinical manifestaion  

20 patients out of 22 patients were 
resented before GK treatment by 
manifestations mentioned before as cranial 
nerve affection, motor affection, sensory 
affection or ataxia. Only 2 patients were 
discovered incidentally. 

Follow up of those patients after gamma 
knife revealed that 15 patients out of 20 
patients (75%) showed improvement of the 
symptoms, 5 cases (25%) remained stable 
clinically. 

 One of the detectable effects after 
radiosurgery is regression of the cavernoma, 
which was observed in 17 lesions (77.3% of 
lesions in the present series), usually within 
2 years after treatment, 5 of them 
disappeared. Remaining 5 patients revealed 
no changes is size. Spontaneous regression 
of the cavernoma could be expected as 
absorption of the hematoma after previous 
bleeding. In the case of bleeding, 
radiosurgery in our patients was postponed 
for at least 3 months, but usually treatment 
was initiated 6 months after the bleeding 
episode. Therefore, a decrease in cavernoma 
volume after radiosurgery is a positive result 
of the treatment. The patients with decreased 
lesion volume were without rebleeding after 
GKRS. So the decrease in size of lesions 
should not be attributed to resorption of 
hemorrhage but radiation effect.  

In our study, the risk of edema on 
follow-up MRI after radiosurgery was 
13.6%. Edema was associated with 
temporary morbidity in 13.6% of patients. 
There was no permanent morbidity in 
patients. One of them developed bleeding 
post gamma knife associated with edema.  

In a study of 112 patients by lisck et al 
20135, the risk of edema on follow-up MRI 
after radiosurgery was 27.3 %. Edema was 
associated with temporary morbidity 14.6 % 
of those with cavernomas. There was 
permanent morbidity in 0.9 % of cavernoma 
patients. Statistical analysis in their study 
revealed that Edema after Gamma Knife 
treatment occurred more frequently in 
patients who had undergone prior surgery, 
those with a large cavernoma volume, and 
those in whom the dose to the cavernoma 
margin was >13 Gy . 

In a group of 125 patients with 
cavernoma and a mean marginal dose of 
12.1 Gy, Liu et al. 20056, observed 
symptom-matic complications in only 3 
cases (their marginal doses was 14–15 Gy). 
They found that   the only factor associated 
with a risk of AREs was the maximum dose.  

Although Pollock et al. 2000 7 reported 
a reduction in the bleeding rate after 
radiosurgery in their series of 17 patients 
(reduced from 40% before radiosurgery to 
2.9% 2 years later), they found a radiation-
related morbidity rate of 41%. This may 
have been due to the high median margin 
dose of 18Gy, leading to higher doses in the 
adjacent hemosiderin-stained brain. 

Kim et al. 20148 compared the incidence 
of two groups with different mean marginal 
doses of 14.6 and 18.3 Gy, and discovered 
that the group with latter dose experienced a 
higher risk of encephaledema after GKR. 

P.Wang et al. 20109 compared incidence 
of edema among three different marginal 
dose groups <15 ,15-17 ,>17 gy  and find the 
incidence of edema in the low marginal dose 
group was the lowest and   conclude that low 
marginal dose can lower the incidence of 
edema. 

Compared with surgical resection, the 
obvious disadvantage of radiosurgery is the 
latency interval necessary to achieve a 
reduction in the bleeding rate. This 
disadvantage is outweighed by the lower risk 



Gamma Knife Radiosurgery Role In The Management Of Brain Stem Cavernous Angiomas 

 

509 

of radiosurgery for lesions completely 
located within critical brain parenchyma as 
brain stem. 

Up to now, the only proof of treatment 
failure after radiosurgery is rebleeding or an 
increase in the cavernoma after the 2-year 
latent interval following radiosurgery. 

Conclusion: 

As the development of stereotaxic 
radiosurgery and more experience 
accumulated, GKR has become an effective 
and safe alternative method for CMs 
treatment, especially for those whose lesions 
are located where risk of surgical morbidity 
is deemed unacceptable and those who do 
not want to or cannot accept operation 
patients with multiple cavernomatosis.  

It is safe enough to recommend GKR 
instead of having a wait-and watch policy 
for a neurologically intact patient. 
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 دور سكينة جاما فى علاج التشوھات الكھفية بجذع المخ.

 السبع، سامح رشديأحمد رجب، أيمن الشاذلي، أحمد فيصل، أحمد 

  قسم جراحة المخ و الأعصاب, كلية الطب, جامعه عين شمس.

الاورام الكھفية الدموية ھى افات خفية لا تظھر عند تصوير الأوعية الدموية وھى تعرف بأنھا جيوب وعائية  المقدمه:
بات الھيموسيدرين والانسجة رقيقة الجدار ولا يوجد بينھا نسيج حشو مخى ولا تدعمھا الأنسجة العضلية ومحاطة بترسي

  الليفية.

يمكن وجود التشوھات الكھفية الدماغية دون ظھور أعراض. تميل الأعراض الواضحة إلى الحدوث عندما يحدث  
يمكن أن تتضمن علامات وأعراض التشوھات الكھفية الدماغية بشكل عام  .النزيف فى ھذه التشوھات الكھفية الدماغية

الضعف أو التنميل أو وجود صعوبة في الكلام أو صعوبة في فھم الآخرين أو عدم الثبات أو تغيرات الرؤية أو الصداع 
ت مع حدوث نزيف الشديد. يمكن أيضًا حدوث نوبات صرعية كما يمكن أن تزداد المشاكل العصبية سوءًا بمرور الوق

  متكرر.

ويمكن ان تتواجد ھذه التشوھات باى مكان بالمخ وغالبا تكون فوق الخيمة بنسبة ثمانون بالمائة وتحت الخيمة بنسة  
  عشرون بالمائة ويمكن ان تظھر كحالة فردية او يتم توريثھا كصفة سائدة.

الأعراض والمعدل السنوي لحدوث ھذا النزيف وھذه الافات ينتج عنھا نزيف غالبا وفى احيانا كثيرة يكون عديم 
والمعدل السنوى للنزف فى  %٣٧الي  %١٧وھذا المعدل يزداد بعد حدوث نزيف ليصبح  %٢٫٥الى %٢٫٣يتراوح بين 

 .%٢٫٣ھذه الدراسة ھو 

تلف عصبي تنبع أكثر مضاعفات التشوھات الكھفية الدماغية إثارةً للمخاوف من النزيف المتكرر ، الذي قد يؤدي إلى 
متفاقم. والنزف أكثر عرضة للتكرر لدى الأشخاص الذين تم تشخيصه لديھم من قبل. كما أنه أكثر عرضة لمعاودة الحدوث 

 عند وجود تشوھات في جذع المخ.

ويعتبر الرنين المغناطيسي ھو الوسيلة التشخيصية الأھم لھذه التشوھات. أما علاج ھذه التشوھات يتضمن ثلاث 
  .التحفظى والعلاج الجراحى والجراحة الاشعاعية عن طريق سكينة جاما  طرق: العلاج

فيما يھدف ھذا البحث في تقييم دور سكينة جاما فى علاج التشوھات الكھفية بجذع المخ و بيات مدى كفاءتھا  الھدف:
  و درجة أمانھا. 

ن وفعال ويمكن ان يكون بديل للجراحة فى فى النھاية يمكننا القول بان العلاج بسكينة جاما ھو علاج ام ◙ الاستنتاج:
  الاورام الكھفية التى تقع فى جذع المخ والاماكن العميقة والحرجة من المخ.


