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PURPOSE: Previous reports of embolization of cerebral arteriovenous malformations (A V Ms) have 
evaluated the technique as an adjunctive therapy prior to surgery or radiosurgery; our aim is to 
assess the role of embolization following radiosurgery . PATIENTS: Six patients previously treated 
with radiosurgery and showing no response as judged by cerebral angiography were embolized 24 

to 55 months (mean 34.3 months) after initial radiosurgery . RESULTS: In five of six, a significant 
volume reduction was achieved ranging from 60%-100% (mean 74%). One patient was treated 
with embolization alone and the AV M has remained fully thrombosed 2 years after treatment. 
Three patients underwent surgical resection for cure after embolization, and two patients had 

repeat radiosurgery to a significantly smaller AV M volume. One patient had an asymptomatic 
carotid dissection at embolization; however, no clinically apparent complications occurred in the 
treatment group. CONCLUSION: Embolization can be used after radiosurgery to assist in the 
management of those A V Ms that have not responded to initial treatment. 
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Embolization of brain arteriovenous malfor
mations (AV Ms) is an important therapeutic tool 
for the treatment of these congenital lesions (1-
6). Staged embolization coupled with surgical 
excision has been of benefit in the management 
of A V Ms, particularly those that are larger and 
more prone to breakthrough bleeding (3, 6, 7). 
Recently, patients with lesions generally not ame
nable to surgical therapy have undergone treat
ment with helium-ion radiosurgery and other 
forms of focused brain irradiation (8-11 ). There 
is a high obliteration rate with radiosurgery for 
smaller lesions (less than 2 em in diameter), 
reaching approximately 90% obliteration at 2 
years (8, 9). Larger lesions, however, have a lower 
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rate of obliteration and may benefit from size 
reduction prior to radiosurgery . Embolization 
prior to radiosurgery has been used for this pur
pose (12). 

To our knowledge, there have been no reports 
thus far describing embolization and/or surgery 
of A V Ms previously treated with radiosurgery or 
the management of A V Ms not cured with initial 
radiosurgical treatment. We report six cases of 
A V Ms previously treated with radiosurgery that 
did not significantly reduce in size after long-term 
follow-up and were then treated with embolization 
followed by surgery or additional radiosurgery. 

Patients and Methods 

Table 1 shows the c linica l histories at the time of initial 
radiosurgery and A V M locations of the six patients treated 

in this study. Five of six patients had a history of hemor
rhage. Three patients were treated prior to the initial radio

surgery at outside institutions. Patient 1 had attempted 
intraoperative embolization , patient 2 a percutaneous em

bolization , and patient 5 had surgery at the time of prior 
hemorrhage. None of these patients had a significant 

change in size of the A V M with treatment. All of the patients 
in this series were then referred from other institutions, 

where they were judged not to be candidates for further 
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TABLE 1: Clinical history and radiosurgical treatment 

Patient Age/Sex AVM Location 
AVM 

Diameter 
Presenting Symptoms Radiosurgery Dose/Volume 

1 28/M Left parietal 5.0' SZ, HA, memory loss H 18/35 ,ooo• 

2 20/M Brai n stem 2.0 SAH, diplopia H 20/19,000 

3 15/M Left tempora l 3.0 PH , SZ H 35/9,000 

4 36/ F Left parietal 5.0 PHX3 , SZ, HA H 25/24,000 

5 32/ F Right frontal 4.5 SAHX2, SZ H 20/14,700 

6 31 / F Brain stem 3.0 SAHX2, HA L 46/30,000 

Note.-Abbreviations: H, helium-ion; L, Linac ; SZ, seizure; SAH, subarachnoid hemorrhage; HA, headache; 

PH, parenchymal hemorrhage. 

• Diameter in em. 

• Dose in GyE; volume indicates treatment volume in mm3 

TABLE 2: Postradiosurgery symptoms and treatment 

New 
Embolization 

Symptoms Estimated 
Patient 

(fol lowing 
(months Embolic Material 

% Obliteration 
Complications 

Radiosurgery) 
postradiosurgery) 

1 None 34 c 60 None 

2 None 36 PVA 70 None 

3 None 24 PVA, S, HC 100 None 

4 None 55 PVA 0 ICA dissection 

5 Memory loss 27 c 70 None 

6 SAHX2 30 PVA, S, HC 70 None 

Note.-Abbreviations: C, cyanoacry late; PVA, polyviny l alcoho l; S, silk ; HC, hilal coils: SAH, subarachnoid 

hemorrhage; ICA, internal carotid artery. 

embolization and surgery. Five of the patients underwent 
helium-ion radiotherapy with the doses indicated using 
prev iously described methods ( 13). One of the patients was 
trea ted with conventional Linac radiotherapy. Patients were 
eva luated with magnetic resonance (MR) imaging approxi
mately every 6 months after radiosurgery , and conven
tional angiography was performed on an annual basis . 
Follow-up angiography showed no interval change in the 
size or configuration of the A V M nidus in any of the patients 
treated . 

In four cases, a steerable guide wire catheter was used 
(Tracker catheter , T arget Therapeutics, Los Angeles, CA) 
to perform superselective embolization. In the other two 
cases, a flow-directed microcatheter was used (Magic Cath
eter , Bait , Montmorency , France). Superselective injections 
of amobarbita l (25-30 m g) were administered to all patients 
prior to embolization . In the two cases with brain stem 
A V Ms, there was additional monitoring with brain stem 
auditory-evoked potentials and somatosensory-evoked po
tentials . Four patients were treated with polyvinyl alcohol 
particles (PV A). Occlusion of feeding vessels was achieved 
via surgica l silk and platinum coil (Hila! coi ls, Cook , Bloom
ington , IN) in 2 of these patients. The progress of the 
embolization procedure was monitored via measurement 
of pressure change within the feeding pedicle in the four 
patients treated with PYA particles. This technique may 
improve the evaluation of hemodynamic changes during 
embolization , when compared with fluoroscopic or angio
graphic evaluation ( 14). Those patients selectively cathe
terized with the f low-d irected catheter system were treated 

with isobutyl-2 cyanoacrylate (Avacryl, Tri-point Medica l, 
Raleigh , NC) mixed with tantalum powder and Pantopaque 
(iophendylate) . 

Control angiography was performed after embolization 
to compare with pretreatment size. One patient was treated 
with embolization alone. In two patients treatment with 
helium-ion radiosurgery was repeated after embolization. 
In three cases, the residual A V M was surgically resected 
after A V M emboliza tion ; control angiography was then 
performed after surgica l resection. 

Results 

In all patients, the angiograms prior to embo
lization showed no significant change in the size, 
feeding pedicles, drainage or angio-architecture 
of the A V M when compared with the preradio
surgery angiogram. Prior to embolization, AVMs 
ranged in size from 2.0-5 .0 em in diameter (mean 
3.4 em) . Follow-up MR did not show a diminution 
in A V M size or evidence of white matter injury 
attributable to radiosurgery (8, 15). 

Table 2 shows new symptoms and timing of 
postradiosurgery embolization. Embolization was 
performed 24 to 55 months (mean 34.3 months) 
after initial radiosurgery. Five of six patients had 
staged procedures, with two embolization ses
sions each. Control angiography performed after 
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the final embolization procedure was used to 
estimate the degree of volume reduction in all 
patients. In five of six patients, a significant vol
ume reduction was achieved ranging from 60%-
100% (mean 7 4% ). In one patient, no volume 
reduction was achieved. 

In two patients treated with PV A particles, the 
pressure did not change with infusion of one 
bottle of 200 to 300-micron PV A particles, fol
lowed by one bottle of 300 to 500-micron PV A 
particles. Silk cut from 4.0 suture into pieces 2 
em in length was then injected; after this, 500 to 
700-micron PV A was used in one patient and 700 
to 1 000-micron PV A was used in the other pa
tient. During this infusion of larger PV A particles 
in these two patients, the pressure in the feeding 
vessel rose and visible slowing of flow was seen 
in portions of the A V M. One of the patients 
demonstrated a larger direct arteriovenous fistula 
after the cloud of the nidus had been partially 
embolized; this was treated with platinum coils. 
This patient (case 3) had complete obliteration of 
the A V M during the embolization, obviating the 
need for an additional staged procedure (Fig. 1 ). 

The other two patients treated with PV A 
showed a pressure rise and visible slowing of flow 
with smaller (150 to 200-micron) particle sizes. 
One patient (case 4) with dural and pial supply to 
the A V M had only the external carotid artery 
supply embolized with PV A; slowing of flow with 
a pressure rise was observed with small PV A 
particles. Patient 2, with a brain stem A V M, had 
small feeding arteries embolized, with significant 
slowing of flow observed after only small amounts 
of 150 to 200-micron PV A. 

None of the embolization procedures resulted 
in a clinical or symptomatic clinical complication. 
One patient (case 4) underwent successful em
bolization of external carotid artery feeders to the 
AV M. During the second embolization session, an 
intimal dissection occurred in the cervical internal 
carotid artery during placement of the guiding 
catheter; the embolization procedure was 
aborted. The patient remained asymptomatic and 
subsequently underwent surgical resection for a 
complete cure. 

Three patients had surgical resection of A V Ms 
following embolization. Two patients had single 
staged resection (cases 1 and 5) and the patient 
where pial supply could not be embolized (case 
4) had a two-stage resection. Surgery was per
formed with minimal blood loss. In all cases, the 
A V M vessels were easier to manipulate and cau
terize than A V Ms not previously treated with 
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radiosurgery . Control angiography was per
formed after surgery in these cases; no residual 
A V M was seen (Fig. 2). 

Two patients with brain stem AV Ms were not 
judged to be surgical candidates after emboliza
tion (Fig. 3). These patients were radiated with 
additional doses of 15 GyE (case 6) and 17.5 GyE 
(case 2) to the residual A V M volume. One patient 
(case 6) is 18 months posttreatment with repeat 
radiosurgery, and had no change in A V M size or 
evidence of recanalization at 12 months. The 
other patient is less then 1 year postradiosurgery 
and is awaiting angiographic follow-up. The final 
patient in this series (case 3) was treated with 
embolization alone. This patient, treated with 
PV A, silk , and platinum coils, has not shown any 
recanalization on follow-up angiography at 2 
years posttreatment. 

Discussion 

A V Ms have been treated with different types 
of ionizing radiation including x-rays, gamma
rays, and Bragg-peak therapy (8-11 ). The com
mon goal of all of these forms of radiation therapy 
is to induce an inflammatory response in the 
vessels of the A V M, which result in thickening of 
the vessel wall and ultimately in thrombosis of 
the A V M. All of the radiotherapy modalities used 
in the treatment of A V Ms have had some lesions 
with partial obliteration or lesions that have been 
unchanged following radiosurgery after long-term 
follow-up (8-11 ). Hemorrhage has not been ob
served in any patient once angiography had con
firmed complete AV M obliteration ; however, 
hemorrhage has been reported even after a 95% 
reduction in size following radiosurgery (9). 
Therefore, the goal of therapy must be complete 
obliteration of the A V M nidus. 

Obliteration rate is dependent on initial A V M 
size, with smaller A V Ms showing a better rate of 
obliteration (8, 9) . Generally the 12-month follow
up angiogram shows a diminution in size and , 
often, obliteration (8). The 24- and 36-month 
follow-up shows progression of this process, but 
significant obliteration has not been observed 
beyond the 36-month angiogram (8, 9). Finally , 
thrombosis has not been observed to begin after 
24 months. Therefore, if there has been no 
change in A V M architecture at 24 months, or if 
obliteration has not been observed at 36 months, 
alternative or additional therapy is recommended. 

The patients described in this study showed no 
definite change in the size of the A V M nidus after 
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Fig. 1. Patient 3. Fifteen-year-old boy with left temporal A V M. A , Anteroposterior 
and B, lateral views demonstrate A V M supplied by posterior temporal artery via the 
posterior cerebral artery (arrow, A). This angiogram was obtained 24 months after 
initial radiosurgery and demonstrated no change in the size of the A V M. No supply 
was seen from the middle cerebral artery. C. Anteroposterior and D, lateral views 
after embolization w ith PVA, silk , and platinum coi ls showing complete thrombosis 
of A V M. Angiographic follow-up 2 years after embolization showed continued com
plete thrombosis. 

radiosurgery. There was also no appreciable dif
ference in the filling and emptying of the A V M 
nidus on angiograms obtained pre- and posttreat
ment with radiosurgery. In two of the three cases 
in which PV A was used to embolize pial supply 
to the A V M nidus (cases 3 and 6), smaller PV A 
particles appeared to have no significant effect 
on flow or measured pressure to the A V M nidus, 
despite using large amounts of PV A. Embolization 
was achieved only using larger size material ca
pable of closing larger arteriovenous shunts, 
namely silk and coils. This suggests that the A V M 
nidus was made up of these larger shunts, and it 
is possible that those A V Ms that are not respon
sive to radiosurgery may have niduses that have 
larger vascular channels or shunts. The A V Ms in 
this series that underwent surgery were observed 
to be easier to manipulate and cauterize than 
A V Ms not treated with radiosurgery . This may 
suggest there was some thickening of the vessel 
wall in response to radiosurgery. Despite vascular 
intimal injury and endothelial proliferation after 

0 

radiosurgery, the vascular channels have not 
undergone wall thickening significant enough to 
slow flow and promote eventual thrombosis. 

Partial embolization of the nidus prior to sur
gery is of benefit because it reduces perioperative 
hemorrhage and operative time, and may throm
bose those portions of the A V M that are more 
difficult to access surgically (1-6). While the prior 
radiosurgery appeared to make manipulation of 
the A V M easier, the risks from surgical excision 
are still present. In two cases, embolization 
achieved sufficient size reduction to allow the 
A V M to be removed in a single procedure without 
complication. In the case that did not have pial 
supply embolization, and a significant size reduc
tion was not achieved, a two-stage resection was 
required to achieve complete resection. 

In those patients who undergo repeat treatment 
with radiosurgery, there is a benefit in reducing 
A V M nidus size with embolization prior to repeat 
treatment. The risks of incremental focal irradia
tion are not well established. However, delayed 
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A B c 
Fig. 2. Patient 1. Twenty-eight-year-old man with large left parietal A V M. A, Anteroposterior and 8 , lateral views demonstrate AV M 

supply via middle cerebral artery opercular arteries with faint filling of the anterior cerebral artery in the anterior view that also fed the 
A V M . This angiogram was performed 34 months after radiosurgery and showed no change in the size of the A V M . C, Anteroposterior 
and D, lateral after embolization . 

D E F 

Fig . 2. -Continued. Lateral v iew (D) best shows postembolization change with reduction in nidus size and occlusion of several 
opercu lar branches. £ , Anteroposterior and F, lateral views following surgica l resection demonstrates complete excision of the A V M 
without evidence of early venous drainage. Note improved filling of the anterior cerebral artery after embolization ( C and D ), and after 
surgical resection (£and F) due to incremental decreases in flow through the A V M nidus with embolization and surgery. 

adverse reactions appear to be dose-volume re
lated (9) , therefore embolization may be particu
larly helpful if the new target volume can be 
substantially reduced. This limits the cumulative 
radiation dose to adjacent normal tissues in the 
case in which previous radiation has been admin
istered, if that embolization causes even a small 
volume reduction. In addition, analysis of risk 

factors for hemorrhage has demonstrated an in
creased risk of hemorrhage when certain angio
graphic features are present, such as intranidus 
aneurysms (16). Embolization has been shown to 
be an effective method for thrombosis of these 
aneurysms, and may reduce the risk of subse
quent hemorrhage in the A V M (17) . Because 
radiosurgery has a longer latency between treat-
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A B c 
Fig. 3. Patient 2. T wenty-yea r-old man with brain stem A VM. A , Anteroposterior 

and B. lateral views from angiogram demonstrate A V M supplied by perforating 
mesencephalic branches of the posterior cerebral artery and perforating branches of 
the ambient segment o f the superior cerebellar artery. Thi s angiogram obtained 36 
months after radiosurgery showed no change when compared with the pretrea tment 
study. C, A nteroposterior and D, lateral v iews from angiogram obta ined fo llow ing 
emboliza tion of d istal por tions of left poster ior cerebral and lef t superior cerebellar 
arteries show ing significant volume reduction. 

ment and thrombosis , there may be a benefit in 
reducing the risk of hemorrhage with emboliza
tion. Of course, longer term follow-up and a larger 
series of patients will be needed to assess the 
benefits of embolization prior to radiosurgery. 

There is a concern with embolization after 
radiosurgery that, with injury to the vessel , which 
can include fissuring of the walls and focal endo
thelial necrosis (18) , there would be an increased 
risk of dissection during embolization. The 
asymptomatic focal carotid-artery dissection ob
served in this series was well outside of the region 
that received a significant radiation dose (19) . On 
the other hand, vascular dissections have oc
curred during embolization in patients with cere
bral A V Ms who have not had prior radiosurgery . 
Furthermore, stenosis and occlusion of feeding 
vessels have been described previously with 
A V M s (20, 21) and histologic changes, which 
include a damaged intima, frayed elastic mem
brane, and medial muscle necrosis , have been 

....._ 

D 

described in experimental high-flow states (22). 
Blood vessels such as this would likely be more 
prone to dissection . 

In conclusion, we have shown that emboliza
tion can be used after radiosurgery to assist in 
the management of A V Ms that have not re
sponded well to initial treatment. There does not 
appear to be an increased risk following emboli
zation in those patients previously treated with 
radiosurgery, although a larger series of patients 
will be needed to confirm this impression. Those 
A V Ms that underwent surgical treatment bene
fited from staged embolization before operative 
excision, and embolization completely throm
bosed one A V M. Significant size reduction was 
achieved in the two brain stem A V Ms not ame
nable to surgical management. A benefit should 
be realized from reduction of the target volume 
prior to retreatment with radiation , but longer 
term follow-up will be needed to assess the results 
of radiosurgical treatment. 
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