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Embolization with Gamma Knife Radiosurgery of                    
Giant Intracranial Arteriovenous Malformations

ABSTRACT

of AVMs after embolization (25, 26). Pre-radiosurgery embo-
lization allows better dose planning by decreasing the size of 
AVMs (25, 26). In our study, we assessed angiographic results 
and clinical outcomes in 11 giant AVM patients treated with 
Gamma Knife radiosurgery (GKS) and embolization between 
1994 and 2012. 

█    MATERIAL and METHODS
Patients 

Between 1994 and 2012, 11 patients underwent GKS and 
embolization for giant brain AVMs at Inje University Busan 

█    INTRODUCTION

Stereotactic radiosurgery is a valuable therapeutic modal-
ity in the management of arteriovenous malformations 
(AVMs) (20). However, giant AVMs have higher treatment 

morbidity and mortality rates than smaller AVMs (4, 9). An 
accepted definition of giant AVM is angiographically mea-
sured vascular malformations greater than 6 cm in maximum 
diameter (4). Due to the giant size of the AVM, it means they 
are invariably high-flow, and are placed within or immediately 
adjacent to lesions which often have deep venous drainage 
(4). The development of embolization materials such as Onyx 
(ev3, Inc., Irvine, CA) have been increasing obliteration rate 

AIm: Giant arteriovenous malformations (i.e., those greater than 6 cm maximum diameter or volume > 33 cc) are difficult to treat and 
often carry higher treatment morbidity and mortality rates. In our study, we reviewed the angiographic results and clinical outcomes 
for 11 patients with giant arteriovenous malformations who were treated between 1994 and 2012.    
MaterIal and Methods: The patients selected included 9 males (82%) and 2 females (18%). Their presenting symptoms 
were hemorrhage (n=2; 18%), seizure (n=7; 64%), and headache (n=2; 12%). Nine patients were Spetzler-Martin Grade III, 2 were 
Spetzler-Martin Grade IV. The mean arteriovenous malformation volume was 41 cc (33-52 cc). The mean age of the patients was 
45.1 years (24-57 years) and the mean radiation dose delivered to the margin of the nidus was 14.2 Gy.      
Results: Ten patients received pre-Gamma Knife radiosurgery embolization and Gamma Knife radiosurgery, 1 patient received 
pre-Gamma Knife radiosurgery embolization and Gamma Knife radiosurgery twice and the interval between Gamma Knife 
radiosurgeries was 3 months. The complete obliteration rate following Gamma Knife radiosurgery was 36%, subtotal obliteration 
(> 70% decreased size of nidus) was 36%, and partial obliteration was 28%. One patient experienced a small hemorrhage after 
embolization.   
ConclusIon: Combined embolization and Gamma Knife radiosurgery showed successful obliteration of the arteriovenous 
malformation nidus. The use of embolization to initially reduce nidus size followed by Gamma Knife radiosurgery improves the 
treatment results. Repeated Gamma Knife radiosurgery should be a treatment option when there is a small nidus remnant.        
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Paik Hospital in Korea. There were 9 (82%) male and 2 (18%) 
female patients, and the age range was 24 to 57 years (mean, 
45.1 years). Seven patients (64%) presented with seizure, 
two patients (18%) developed cerebral hemorrhage before 
radiosurgery, and the rest of the patients (18%) complained 
of headache. 

Initial surgery grade of the AVMs, based on the Spetzler-
Martin scale, was Grade III in nine patients, and Grade IV in 
two patients. The mean pretreatment volume of the AVMs 
was 41 cc (range, 33-52 cc). The mean dose to the AVM 
margin was 14.2 Gy. Calculation of the volume of the AVM 
and the integrated logistic formula was used to determine the 
prescription dose to achieve a permanent brain injury risk less 
than 3%.

The institutional review board of Inje University Busan Paik 
Hospital approved this study (14-0248).

Follow-up Evaluation 

Post-GKS magnetic resonance angiographies (MRA) or 
computed tomography angiographies (CTA) were obtained 
annually. The MRA or CTA obtained at 3-5 years revealed 
regression of flow. Angiography was performed and analyzed 
following complete obliteration, subtotal obliteration (>70% 
decreased the size of nidus), or partial obliteration.

Overall, the patients underwent 1 embolization-GKS session, 
and 1 session consisted of 1 pre-GKS embolization followed 
by 1 GKS. One patient had 1 pre-GKS embolization followed 
by GKS twice at a 3-month interval. The GKS was performed 
2 weeks after embolization on average. 

█    RESULTS
Four patients (36%) were angiographically obliterated of their 
giant AVMs (Figures 1A-C, 2A-D). Four patients (36%) had 
subtotal obliteration, and 3 patients (28%) exhibited partial 
obliteration. One patient experienced a small amount of 
cerebral hemorrhage after embolization and she received GKS 

2 weeks later when the cerebral hemorrhage was resolved. 
The mean follow-up period was 44.7 months (range, 12-108 
months). There was no patient who suffered from radiation-
induced complications. 

█    DISCUSSION
Cerebral AVMs are often associated with a significant risk of 
morbidity and mortality due to intracerebral hemorrhage, sei-
zure or neurologic deficits secondary to venous hypertension 
or vascular steal. Intervention may be indicated to eliminate 
the risk of hemorrhage and to preserve or improve neurologic 
function (26).

Treatment strategies for giant cerebral AVMs have evolved 
significantly. Microsurgery, radiosurgery, and embolization 
have been successfully used either alone or in combination 
(21). Although the response may differ according to embolic 
agents, endovascular therapy results in an inflammatory pro-
cess and fibrosis that may lead to vessel occlusion. When the 
nidus is incompletely embolized, collateral vessels can form 
leading to recanalization (5).

Key determinants of complications following embolization 
reported in the literature are the number of embolization 
procedures, the number of embolized arterial feeders, 
eloquent location, location in the basal ganglia, deep venous 
drainage, size < 3 cm, size > 6 cm, Spetzler-Martin grade III 
to V, venous penetration of glue cast, and AVMs with a pure 
fistula or a nidus with a fistulous component (28,29).

Pre-radiosurgery embolization allows the better dose planning 
by decreasing the size of AVMs. Additional treatment goals 
may include staged reduction of blood flow in an AVM by 
stepwise occlusion of deep feeding arteries that could provide 
dose planning to more critical locations (14,17-19,22). 

In the study by Blackburn et al. (3), 21 AVMs with a diameter 
> 3 cm were treated with embolization and radiosurgery, 
including 12 (57%) Spetzler-Martin grade IV or V lesions. 
Forty-three embolization procedures were performed;                                                   

Figure 1: A 48-year-old male patient with seizure received pre-GKS embolization followed by GKS twice at 3 months interval with 
marginal dose 10 Gy. CT angiography after 4 years of treatment showed complete obliteration of AVM nidus. (A: Pre-embolization 
angiography, B: Post-embolization angiography, C: Follow-up CT angiography). 
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8 embolization-related complications occurred, of which 5 
were transient neurological deficit and 3 were minor permanent 
neurological deficit. In a study by Andrade Souza et al. (1), 47 
patients with a history of radiosurgery and embolization were 
matched according to volume, location, and marginal dose to 
47 patients with radiosurgery and no history of embolization. 
Nidus obliteration was achieved in 47% of patients with a 
history of embolization and 70% of patients without a history 
of embolization. Permanent deficits related to hemorrhage or 
radiation occurred in 6% of both groups. At the University of 
Virginia, 1,012 patients have received planned single-session 
GKS with a minimum of two years follow-up. In Spetzler-Martin 
grade III or IV AVMs, 27% were treated with embolization prior 
to radiosurgery. Spetzler-Martin grade III or IV lesions have 
significantly lower rates of obliterations (64%) as compared to 
grade I and II lesions (74%). Transient symptomatic radiation-
induced complications were significantly higher in larger 
lesions (11.6%) versus smaller lesions (8.5%) (23). 

Anson and Spetzler (2) reported 32 giant AVM patients 
who were in Spetzler-Martin Grade V. Of these, 15 patients 
showed clinical improvement, 7 patients did not changed 
clinical status. 10 patients were aggravated deficits, albeit 8 
of these patients were either mild or transient deficit. Three of 

the four patients who needed surgical resection also required 
presurgical embolization to decrease the size of AVM. 

Heros et al. (16) described giant AVMs among the series of 
AVM that enrolled 153 patients. For the entire AVM series, 
Heros et al. reported that 61% of Grade IV and 29% of Grade 
V patients were achieved early good or excellent outcomes. 
Patients improved with morbidity and mortality rates were 
only 12% of their Grade IV and 38% of Grade V of their AVMs 
with longer follow-up.

Hernesniemi and Keranen (15) described that 15 patients 
had AVMs larger than 5 cm out of 90 patients with AVMs. 
Among them, excellent outcome was reported in 5 patients, 
moderate disability in 6 patients, severe disability and death 
in one patient each, while 2 patients were lost to follow-up. A 
great number of giant AVMs have deep components within 
the thalamus and the basal ganglia, and annual hemorrhage 
rates have been shown to be as high as 9.6% in recent studies 
among individuals within this subgroup of AVMs (23). The 
risk of treatment may prevail the risk of natural history in the 
lesions, so observation alone is the best treatment for a small 
subgroup of patients with giant AVMs, including those who 
are elderly or medically infirm (4). 

Figure 2: A 42-year-old female 
patient presented with seizure and 
she received pre-GKS embolization 
followed by GKS with marginal dose 
12 Gy. 9 years later, follow-up MRI 
showed nearly total obliteration of 
AVM nidus. 
(A: Pre-embolization angiography, 
B: Post-embolization angiography, 
C: MRI for GKS, D: Follow-up MRI).
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‘Good’ AVMs are small sized (< 3 cm), with an accessible 
area, combined with large hematoma. ‘Bad’ AVMs are in the 
sensory or motor or visual cortex AVM, large size (≥ 3 cm) in 
critical locations (thalamus, brainstem), affect the deep venous 
drainage, or are posterior cerebral artery P3, or P4 segment 
supplied AVMs. Chang et al. (4) showed that combinations 
of microsurgery, embolization and SRS were often required 
to obliterate a giant AVM completely. Embolization reduces 
the volume of nidus that requires surgical resection but 
stereotactic radiosurgery several years prior to resection 
provides beneficial results also. In some patients, volume of 
required surgical resection was significantly decreased by 
partial AVM thrombosis. More important, the irradiated AVMs, 
even in non-embolized area, were found to have a much less 
prominent vascular component than un-irradiated AVMs at the 
time of surgery. AVM vessels that were treated radiosurgically 
were coagulated easier with bipolar electrodes, so that could 
facilitate the resection and make it quicker and safer with less 
blood loss (24). Radiosurgery can be considered a preoperative 
adjunctive treatment to obliterate parts of giant AVMs, thereby 
reducing the remaining nidus size for surgical resection (24). 
Staged stereotactic radiosurgery has been recommended 
by some authors for the treatment of giant AVM patients 
(10). In these cases, to prevent conducting radiation dose to 
a single large target for theoretically decreasing the risk of 
complications related to radiation, radiosurgical treatments 
are divided into multiple stages at various intervals to different 
portions of the AVM. Algorithms for treatment of giant AVMs 
have been illustrated briefly (Figure 3).

█    CONCLUSION
The combination of embolization and GKS showed successful 
obliteration of AVM nidus. The use of embolization to initially 

Chang et al. (4) studied 53 patients with giant AVMs who were 
treated at Stanford between 1987 and 2001. One patient 
was Spetzler-Martin Grade III, and 9 patients were Spetzler-
Martin Grade V. The mean size of AVM was 6.8 cm (range, 
6-15 cm). Treatment modalities consisted of surgery (n=27, 
51%), embolization (n=52, 98%), and/or radiosurgery (n=47, 
89%). Most patients underwent multimodal treatment. 51 
patients were treated with embolization followed by surgery, 
23 patients received embolization followed by radiosurgery 
and 23 patients underwent multimodal treatment that was 
composed with embolization, radiosurgery, and surgery. AVMs 
were cured in 19 patients (58%) out of the 33 patients. These 
patients completed treatment or survived more than 3 years 
following their latest radiosurgery. The long-term morbidity rate 
related to treatment was 15%. The clinical outcome showed 
that the status of 27 patients was excellent (51%), 15 patients 
were good (28%), 3 patients were poor (6%), and 8 patients 
were dead (15%) after the mean follow-up period (37 months). 
Multimodal treatment consisting of embolization, microsurgery 
and radiosurgery may result in optimal outcome (4). Dalyai et 
al. (6) reported on ninety-five patients with larger AVMs who 
were treated with staged endovascular embolization followed 
by stereotactic radiosurgery (SRS) between 1996 and 2011. 
The median volume of AVM in this group was 28 cm3 and 47 
patients (48%) were Spetzler-Martin grade IV or V. Sixty-one 
patients underwent multiple embolizations while a single SRS 
session was performed in 64 patients. The median follow-
up after SRS session was 32 months (range 9-136 months). 
Overall procedural complications occurred in 14 patients. 
There were 13 minor neurological complications and 1 major 
complication (due to embolization) while four patients had 
post-treatment hemorrhage. Thirty-eight patients (40%) were 
cured radiographically. The post-radiosurgery actuarial rate of 
obliteration was 45% at 5 years, 56% at 7 years, and 63% at 
10 year. In multivariate analysis, larger AVM size, deep venous 
drainage, and the increasing number of embolization/SRS 
sessions were negative predictors of obliteration. The number 
of embolization was correlated positively with the number of 
stereotactic radiosurgeries. A multimodal endovascular and 
radiosurgical approach is an efficacious treatment strategy 
for large AVMs. In our 11-patient study group, ten patients 
received 1embolization-GKS session, 1 patient received pre-
GKS embolization and GKS twice over 3 months intervals. The 
complete obliteration rate following GKS was 36%, subtotal 
obliteration (> 70% decrease of nidus) rate was 36%, while 
the partial obliteration rate was 28%. One patient experienced 
a small hemorrhage after embolization

Radiosurgery causes proliferation of endothelial cell, progress 
to vessel wall thickening, and finally closure of the lumen. 
Inhibition of neovascularization depends on the radiation dose 
(5). Endovascular treatment results caused by inflammatory 
process and fibrosis may lead to vessel occlusion. When the 
nidus is incompletely embolized, collateral vessels are formed 
and can lead to re-canalization (11, 27). Pre-radiosurgery 
embolization caused the staged reduction of blood flow in the 
AVM by stepwise occlusion of the AVM nidus and elimination 
of deep-feeding arteries (7, 8, 12, 13, 30). ‘Good’ AVMs are 
suitable for surgical resection, ‘Bad’ AVMs fit for radiosurgery. Figure 3: Algorithms for treatment of giant AVM.
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reduce nidus size followed by GKS improves the treatment 
results of AVMs. Repeated GKS should be a treatment option 
when there is only a small remnant of the nidus.
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