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 Arteriovenous malformations (AVMs) are the results of angiogenesis 

disorders; they represent an anomalous communication between arteries 

and veins. They are uncommon vascular lesions that present with 

spontaneous intracranial hemorrhage (ICH), seizures, or headache that 

typically found in young adults. AVM is commonly treated by Gamma 

Knife surgery, where multiple fine beams of gamma photons are delivered 

in such a highly focused manner. A complete cure for each patient treated 

with technique has not yet been achieved. Many factors have been 

contributed to the likelihood of obliteration, such as the prescribed dose, 

AVM size, location in brain, patient’s, angioarchitecture, and the lack 

embolization history. Ninety subjects were included in the current study, 

their mean age is (31.18 ± 1.42) years. The bAVM were classified 

according to the volume into three groups, (< 5 cm3, 5-8 cm3, > 8cm3). 

The Spetzler-Martin grading scale was used for the estimation of the 

AVM nidus. The response of AVM (degree of sclerosis) to the gamma 

irradiation dose was estimated after six six months, one year, and 1.5 year. 

The mean irradiation dose of gamma was (18.87 ± 2.24) Gy. Margin dose 

ranging 16–25 Gy [10], isodose (50%) is commonly used for AVM 

treatment. Results: The volume of the AVM was significantly reduced 

after 1.5 year of the radiosurgery, where the first and the second AVM 

volumes’ groups showed a change in their mean volumes as compared to 

the original volume as shown in table 6. One year post radiosurgery, 3.7% 

of the total number of the treated cases (n=81), who were classified under 

the first AVM volume group, they showed a significant shrinkage of the 

AVM by less than 1 cm3 , while 67.9% of the second volume group 

showed variable percentages of scleroses as compared to the original 

volume before one year of radiosurgery, the amount of shrinkage ranged 

from less than  1 cm3 to more than 2 cm3 , the same effect of gamma dose 

was noticed wit the third AVM volume group, where 28.4% of the treated 

cases showed a significant decrease in the AVM volume with different 

responding percentages (p=0.018). The sclerosis of the larger volume 

bAVMs are of better response to the treatment by gamma knife 

radiosurgery, The rate of sclerosis is clearly related to time factor and can 
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be noticed signifcanly after 1.5 year, with no significant sclerosis within 

the first six months of treatment. 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Arteriovenous malformations (AVMs) are the results of angiogenesis disorders; they represent an 

anomalous communication between arteries and veins. They are distinguished by the existence of abnormal 

communications between the venous and arterial systems, without the capillary network interposition. In 

most cases, these shunts are multiple and are structured as a mass of intrinsically related vessels, a true 

conglomerate of vessels that are known as vascular nidus [1]. AVM bleeding risk represents 2 to 3% per 

year, while (10 to 30) % of the death cases relates to the first hemorrhage. As soon as a hemorrhage has 

occurred, the probability of AVM bleeding is nine times more likely to occur again during the first year. 

AVMs may be formed anywhere there are veins and arteries. Brain arteriovenous malformations (bAVMs) 

are rare vascular lesions that may be found with spontaneous intracranial hemorrhage (ICH), headache or 

seizures mostly in young adults. A large percentage of patients are diagnosed with incidental asymptomatic 

bAVMs after imaging the brain for other different reasons. Current choices of treatment include 

conservative management, surgical resection, stereotactic radiosurgery (SRS), endovascular embolization, 

or multimodal therapy by combination of these mentioned treatments types [2]. The first goal of these 

interventions is to avoid hemorrhagic stroke. It is possible to find the brain AVMs deep (in the thalamus, 

basal ganglia, or brainstem), on the surface (also called cortical, and within the tough protective cover of the 

brain (the dura) [3]. 

 

Stereotactic radiosurgery (SRS) is a radiation treatment technique that depends stereotaxis, multiple vantage 

points, and a technology of imaging that deliver a high dose of radiation which covers a precisely 

determined target volume while keeping a minimum radiation dose to the nearby healthy tissue [4], [5]. 

 

Gamma Knife radiosurgery is usually used to treat AVM that have high risk of morbidity for microsurgical 

resection such as Spetzler-Martin grade III or above because it has the ability of precisely treating small and 

deep-seated lesions with the lowest risk of injury to the healthy structures. It deposits fine multiple beams of 

gamma photons in a highly focused manner, that it can produce changes in AVM construction over time 

leading to stopping of blood flow through the abnormal vessels resulting to occlusion [6]. In this form of 

SRS an array of (192) colbalt-60 sources are used, these surrounded by 18,000 kg shield to cover a focused 

beam (isocenter) on a single target area [7]. Gamma knife radiosurgery (GKRS) treatment technique is 

considered as a significant intervention in the long-term management of arteriovenous malformations 

(AVMs). For developing a treatment plan, it is essential to accurately identify the nidus, where this depends 

on high-resolution imaging of blood flow, commonly in the traditional angiogram [8]. At present, a cure for 

each patient treated with radiosurgery has not yet been accomplished. The rate of obliteration at 3 years 

(“angiographic cure”) range is from (70% to 85%). Many factors have been contributed to the likelihood of 

obliteration, such as the prescriped dose, AVM volume, location, patient’s age, angioarchitecture, and lack 

of embolization history. Radio-resistance has been reported in some kinds of lesions that don’t show any 

treatment response, despite of applying the appropriate radiation doses. Some studies including the one that 

was reported by have suggested that additional factors but not only the bAVM volume should be considered 

when predicting obliteration results, such as the flow pattern of AVM’s and the draining veins number. 

https://www.teikyomedicaljournal.com/
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Moreover, the response of some lesions that appear to be similar in vessel architecture, location, and 

volume may differ or show unexpected behavior to treatment plans depending on the dose– volume 

relationship. Some of the bAVMs are obliterated within 2 years, while some others do so 3 or 4 years post 

radiosurgery [9]. 

 

2. Method 

This is a prospective study, that was taken place in SAAD AL-Witry Neuroscience hospital in Baghdad, 

from April 2020 to August 2021. All the patients were informed about the purpose of the study and they 

agreed to be involved in this study. 

 

Ninety subjects were included in the current study. All of them were diagnosed as having bAVM, their 

mean age is (31.18 ± 1.42) years. 42.22% of the patients were females while the other 57.78% were males. 

The bAVM diagnosis was based on the use of computed tomography (CT) scan or magnetic resonant 

imaging (MRI). Images were produced to reveal the exact localized position of the bAVM to be used for 

identifying the original volume. The bAVMs were grouped as three classes according to their volumes (< 5 

cm3, 5-8 cm3, > 8cm3). The volume of the bAVM was found according to the equation [10]: 

 

Volume= W*H*L*0.52 cm3 

 

Where W=width (cm), H=heigt (cm), L=length (cm) 

 

The Spetzler-Martin (SM) grading scale was used as a scoring method for the estimation of the bAVM 

nidus. The response of AVM (degree of sclerosis) to the gamma irradiation dose was estimated after six six 

months, one year, and 1.5 ye ar. The mean irradiation dose of gamma was (18.87 ± 2.24) Gy. 

 

The treatment procedure started with the fixation of the stereotactic frame under local anesthesia. The step 

of Leksell® G’s Frame assemb and adjustment was done according to the lesion’s location and patients’ 

head size; As anesthesia immediately worked, pins were tightened against the cranium, and frame’s position 

has been checked to ensure a proper fitting with the cranium and to check if there was a distortion that 

caused by unequal pin pressure or increased bending of titanium posts. A proper fitting of frame to the 

cranium is necessary to achieve an optimum treatment to the lesions. As the frame was properly fixed, then, 

patients became ready for image acquisition, and MRI images were used for determining the target 

localization. Optimal nidus visualization is required for maximum dose coverage of the nidus by the 

treatment planning. The best images were selected for nidus delineation to exactly define the target volume. 

Then, the images were exported to the Gamma Knife treatment planning system (TPS). The target volume 

deliniation and definition was carried out by using of Gamma Plan® software in TPS to incorporate 

stereotactic CT or MRI images. After the nidus defining and delineation, the isocenter placement of 

prescribed dose was initialized by using of a combination of 4, 8, or 16 mm collimators, to generate a 

prescribed isodose line that optimally conform the target lesion. The applied dose margin range was 16–25 

Gy [10], isodose is commonly used for AVM treatment. After finalizing the treatment plan, the treatment 

protocol has been approved and sent from the TPS to the control system, that controlling the whole 

treatment operation of Gamma Knife unit during the radiation dose delivery. 

 

3. Results 

The results of the current study showed that the dose didn’t show any effect on the amount of the AVM 

shrinkage as compared to the original AVM volume after one year of the irradiation with gamma photons, 

while after 1.5 year the dose correlated linearly and positively with the amount of volume’s shrinkage, 
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increasing the irradiation dose led to increasing the shrinkage of the AVM, but this correlation was not 

statistically significant as shown in figures 1, 2 and tables 1, 2. 

 

 
Fig. 1: The correlation between the dose of gamma ray and the AVM sclerosis after one year 

 

 
Fig. 2: The correlation between the dose of gamma ray and the AVM sclerosis after 1.5 year 

 

Table 1: The amount of AVM shrinkage according to the received irradiation dose of gamma photons after 

one year of radiosurgery. 
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Degree of shrink (sclerosis) 

after 1 year 

N Mean Std. Deviation P value   

Dose Shrink less than 1cm3 61 21.4754 4.18970  

Shrink 1-2 cm3 16 21.1250 5.36501 0.94 

Shrink >2cm3 4 21.7500 2.87228  
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Table 2: The amount of AVM shrinkage according to the received irradiation dose of gamma photons after 

1.5 year of radiosurgery. 

Degree of shrink (sclerosis) 

after 1.5 year 

N Mean Std. Deviation P value   

Dose Shrink less than 1cm3 2 20.0000 .00000  

Shrink 1-2 cm3 7 18.5714 3.15474 0.75 

Shrink >2cm3 7 18.8571 1.46385  

Total 16 18.8750 2.24722  

 

Each AVM volume group received a mean radiation dose which was slightly different from the other 

groups as seen in table 3, where the correlation between the dose and the size of the AVM was not 

significantly correlated (p> 0.05). This same result was noticed after six months of the radiosurgery as 

shown by table 4. After one year of treatment, the effect of the gamma photons irradiation appeared where a 

significant change in the AVM volume was noticed with three volumes’ groups of AVM as given by table 

5. The volume of the AVM was significantly reduced after 1.5 year of the radiosurgery, where the first and 

the second AVM volumes’ groups showed a change in their mean volumes as compared to the original 

volume as shown in table 6. One year post radiosurgery, 3.7% of the total number of the treated cases 

(n=81), who were classified under the first AVM volume group, they showed a significant shrinkage of the 

AVM by less than 1 cm3, while 67.9% of the second volume group showed variable percentages of 

scleroses as compared to the original volume before one year of radiosurgery, the amount of shrinkage 

ranged from less than  1 cm3 to more than 2 cm3 , the same effect of gamma dose was noticed wit the third 

AVM volume group, where 28.4% of the treated cases showed a significant decrease in the AVM volume 

with different responding percentages (p=0.018), the details of AVM change in volume is illustrated in table 

7 and figure 3. The effect of gamma knife radiosurgery extended to 1.5 year, where the volume of the AVM 

decreased significantly (P=0.01) by different percentages in each AVM volume group (31.2%, 68.8%) for 

the second and third groups respectively.  It was noticed that after i.5 year of radiation therapy, the first 

volumes’ group of AVM (< 5 cm3) didn’t show any change as shown in table 8 and figure 4. 

 

Table 3: The mean dose of gamma photons received by each volume group of AVM 

Presenting Volume group of AVM 

N Mean Std. Deviation P value   

Dose (Gy) < 5 cm3 6 21.6667 2.58199  

5-8 cm3 58 21.3793 4.15417 0.9 

> 8cm3 26 21.1154 4.83592  

Total 90 21.3222 4.24483  

 

Table 4: The effect of gamma dose on each volume group of AVM after six months of radiosurgery 

Presenting Volume group of AVM 
N Mean Std. Deviation P value 

Total 81 21.4198 4.34702  
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Shrink_in_volume_after_6_months < 5 cm3 6 .0000 .00000  

5-8 cm3 58 0172 .13131 0.76 

> 8cm3 26 .0000 .00000  

Total 90 .0111 10541  

 

Table 5: The effect of gamma dose on each volume group of AVM after one year of radiosurgery 

Presenting Volume group of AVM 

N Mean Std. Deviation P value   

Shrink_in_volume_after_1_year < 5 cm3 3 .2644 .08801  

5-8 cm3 55 .7852 .54699 0.028 

> 8cm3 23 1.0295 .45070  

Total 81 .8353 .53180  

 

Table 6: The effect of gamma dose on each volume group of AVM after 1.5 year of radiosurgery 

Presenting Volume group of AVM 

N Mean Std. Deviation P value   

Shrink_in_volume_after_1.5_year < 5 cm3 0 . .  

5-8 cm3 5 1.1695 .36010 0.001 

> 8cm3 11 2.0915 .40026  

Total 16 1.8034 .57982  

 

Table 7: The degree of AVM sclerosis of each AVM volume group after one year of radiosurgery 

P=0.018 Degree_of_sclerosis_after_1_year 

Total 
   Shrink less than 

1cm3 Shrink 1-2 cm3 Shrink >2cm3 

Presenting 
Volume_group 

< 5 cm3 Count 3 0 0 3 

% within Volume_group 100.0% .0% .0% 100.0% 

% within 
Degree_of_sclerosis_after_1
_year 

4.9% .0% .0% 3.7% 

5-8 cm3 Count 46 6 3 55 

% within Volume_group 83.6% 10.9% 5.5% 100.0% 

% within 
Degree_of_sclerosis_after_1
_year 

75.4% 37.5% 75.0% 67.9% 

> 8cm3 Count 12 10 1 23 

% within Volume_group 52.2% 43.5% 4.3% 100.0% 

% within 
Degree_of_sclerosis_after_1
_year 

19.7% 62.5% 25.0% 28.4% 

Total Count 61 16 4 81 

% within Volume_group 75.3% 19.8% 4.9% 100.0% 

% within 
Degree_of_sclerosis_after_1
_year 

100.0% 100.0% 100.0% 100.0% 

https://www.teikyomedicaljournal.com/
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Fig 3: The number of AVM shrinkage cases according to the volumes’ group after one year of radiosurgery 

 

Table 8: The degree of AVM sclerosis of each AVM volume group after 1.5 year of radiosurgery 

P=0.01 Degree_of_sclerosis_after_1.5_year 

Total 
   Shrink less than 

1cm3 Shrink 1-2 cm3 Shrink >2cm3 

Presenting 
Volume_group 

5-8 cm3 Count 2 3 0 5 

% within Volume_group 40.0% 60.0% .0% 100.0% 

% within 
Degree_of_sclerosis_after_1.
5_year 

100.0% 42.9% .0% 31.2% 

> 8cm3 Count 0 4 7 11 

% within Volume_group .0% 36.4% 63.6% 100.0% 

% within 
Degree_of_sclerosis_after_1.
5_year 

.0% 57.1% 100.0% 68.8% 

Total Count 2 7 7 16 

% within Volume_group 12.5% 43.8% 43.8% 100.0% 

% within 
Degree_of_sclerosis_after_1.
5_year 

100.0% 100.0% 100.0% 100.0% 
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Fig 4: The number of AVM shrinkage cases according to the volumes’ group after 1.5 year of radiosurgery 

 

4. Discussion 

The findings of the current research didn’t indicate any effect for the treatment dose by the gamma photons 

on the volume of the AVM before one year of the treatment. This may relate to the radio resistive behavior 

of the brain AVM cells, after one year the gamma photons couldn’t make any change in the blood vessel 

walls that should be thickened to avoid the probability of hemorrhage. While the volume of the AVM 

showed a significant change after one year and 1.5 year in responding to the gamma photons radiotherapy. 

After 1.5 years, the brain AVM cells response to the radiation dose was clear. This result is parallel with 

finding of Bassam et al. 2019, who reported that, the end of one year post gamma photons radiosurgery 

showed a significant shrinkage in the AVM cells’ size when they are exposed to (16-25) Gy of gamma 

photons. In the current work, the volumes of AVM were classified into three groups to deeply study the 

effect of the radiation dose delivered by the gamma photons of Cobalt 60 on the volume change of the 

bAVM. This is the first study that examine the effect of gamma dose with different AVMs volumes. The 

dose delivered to each class of the AVM volume was significantly caused a shrinkage after one year and 1.5 

year. This finding is in accordance with the published results of who examined the effect of the same 

standard dose range of gamma photons emitted from the Gamma knife on the AVMs range of (0.1–20.7 

cm3), even though that the authors studied the effect of gamma dose on the size, while in the current work 

the results were related to the correlation between the volume of bAVM and the amount of absorbed dose. 
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 The degree of shrinkage was mostly clear with the larger bAVM volumes, This means that the larger 

volumes are significantly affected by the delivered dose of gamma photons as compared to the smaller 

volumes, after one year the shrinkage noticed within the first  volume group and most of the volume 

shrinkage noticed after 1.5 year in the third volume group ,because the 3rd volume group treated by staged 

radiosurgery in two sessions with 3 months interval between each stage and in third volume group the 

treatment cover the  whole volume and the nidus may be difficult to be detected  clearly. This result is 

confirmed by the published findings of Eman A shakir et al. who studied the effect of the delivered dose by 

the gamma knife radiosurgery on three groups of bAVMs sizes (˂ 3cm3, 3-6 cm3, ˃ 6 cm3), those authors 

reported that the larger bAVM size was significantly affected by the radiotherapy with the gamma photons.  
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