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Cerebral AVMs are rare congenital vascular mal-
formations that present equally in both sexes and 
are typically diagnosed by the 3rd decade of life.20 

The incidence of AVMs as determined by various popu-
lation-based studies is approximately 1 in 100,000.3,5,14,15 
Historically, the annual hemorrhage risk of AVMs has 
been considered to be in the range of 2%–4%. The com-
bination of a relatively early age of presentation and the 
estimated annual risk of hemorrhage leads to the expecta-
tion of a high lifetime risk of morbidity from untreated 
AVMs..4,11,20 Accordingly, the traditional management 
of AVMs has been aggressive intervention in the form 

of microsurgical resection or radiosurgical obliteration 
with or without the assistance of pretreatment emboli-
zation.12,13,16,33 While the most common presentation of 
AVMs remains intracerebral hemorrhage, the number 
of unruptured AVMs that are diagnosed in patients pre-
senting with seizures, headache, and focal neurological 
deficits has increased to over half of all identified AVMs, 
given the wide availability of neuroimaging.1,29 

Observational studies have suggested that the risk 
of future morbidity associated with an unruptured AVM 
might be different from that associated with one that has 
previously ruptured.21,30 Therefore, there remains much 
controversy about the management of unruptured AVMs. 
Some respected clinicians recommend that intervention 
for unruptured AVMs may not be superior to conserva-
tive management.31,32,35 In fact, the ARUBA study (A 
Randomized Trial of Unruptured Brain Arteriovenous 
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Malformations) is underway to look at this issue. In the 
current study, we present the outcomes of radiosurgical 
treatment of unruptured AVMs. We determine the post-
radiosurgical hemorrhage rate. We also evaluate the rate 
of success from this approach and the rate of procedure-
related morbidity. Finally, we determine factors related to 
successful obliteration, latency-period hemorrhage, and 
postradiosurgical complications.

Methods
Patient Population

We reviewed a prospective database approved by our 
institutional review board including a total of 1204 pa-
tients with AVMs who were treated with Gamma Knife 
surgery at the University of Virginia between 1989 and 
2009. We identified 522 patients who had unruptured ce-
rebral AVMs at the time of treatment. All patients with 
less than 2 years of imaging follow-up were excluded, 
with the exception of patients who demonstrated radiolog-
ical evidence of total obliteration on either MRI or DSA. 
We only included patients with a minimum of 2 years’ 
follow-up because it is well known and widely accepted 
that at least 2 years is typically required for obliteration 
of AVMs. This left 406 patients who had a minimum of 2 
years of imaging and clinical follow-up (mean [± SD] 81 ± 
48 months or 6.7 ± 4.0 years, median 69 months [IQR 39–
116 months] or 5.7 years [IQR 3.3–9.7 years], and range 
24–284 months or 2.0–23.7 years). Additionally, there 
were 38 patients with less than 2 years of imaging follow-
up in whom MRI or DSA demonstrated obliteration—on 
MRI in 14 cases and on DSA in 24, with a mean imag-
ing follow-up of 18 months (SD 5 months) or 1.5 years 
(SD 0.4 years), median 20 months (IQR 16–22 months) 
or 1.7 years (IQR 1.3–1.8 years), and range 8–24 months 
(0.6–2.0 years)—for a total of 444 patients included in our 
analyses (Fig. 1). 

The characteristics of the patients and their AVMs 
prior to radiosurgery are summarized in Table 1. There 
were 49 pediatric patients (11.0%), less than 18 years 
old, and 395 adult patients (89.0%). The most common 
presenting symptoms were seizure (occurring in 208 pa-
tients [46.8%]), headache (123 patients [27.7%]), and focal 
neurological deficit (53 patients [11.9%]). The Spetzler-
Martin grade, which takes into account AVM diameter, 
presence of deep draining veins, and location in eloquent 
brain,28 was I in 81 patients (18.2%), II in 167 (37.6%), 
III in 163 (36.7%), IV in 30 (6.8%), and V in 3 (0.7%). 
We also calculated the modified Pittsburgh radiosurgery-
based AVM score, which accounts for patient age, deep 
location, and AVM volume.36

Radiosurgery
The radiosurgical technique for patients with AVMs 

at our center has been previously described.33 In brief, un-
der monitored anesthesia for adults and general anesthet-
ic for pediatric patients, a Leksell G-frame was affixed to 
the patient’s head with 4 pins. The patient was then taken 
to the neurointerventional suite where DSA was per-
formed. An MRI was also obtained. Using a combination 
of DSA and MRI, the nidus was delineated and treated 

with radiosurgery. The mean nidus volume was 4.2 ± 3.6 
cm3 (range 0.1–29.4 cm3), the median margin dose (dose 
to the edge of the AVM nidus) was 20 Gy (IQR 18–23 Gy, 
range 5–30 Gy), the median maximum dose was 40 Gy 
(IQR 26–36 Gy, range 10.0–55.6 Gy), the median number 
of isocenters was 2 (IQR 2–3, range 1–22), and the medi-
an isodose was 50% (IQR 50%–50%, range 30%–90%). 
A total of 64 patients (14.4%) with residual AVMs 3 years 
after their initial radiosurgery procedures received repeat 
radiosurgery; 3 patients had 2 repeat treatments and 61 
had 1 repeat treatment.

Radiological and Clinical Follow-Up
Following radiosurgery, patients underwent MRI ev-

ery 6 months for 2 years and then annually after that. The 
MRI and DSA studies were performed at a combination 
of facilities including those at the University of Virginia, 
outside hospitals, and outpatient centers. All imaging 
studies were reviewed by an attending neurosurgeon and 
attending neuroradiologist at the University of Virginia. 
The overall mean duration of imaging follow-up was 
76 ± 49 months or 6.3 ± 4.1 years (median 62 months 
[IQR 34–111 months] or 5.2 years [IQR 2.8–9.2 years] 
and range 8–284 months or 0.6–23.7 years). Computed 
tomography or MRI was performed for neurological de-
terioration. Hemorrhage was defined by imaging studies, 
with or without correlation with clinical worsening. Pa-
tients were evaluated by DSA to confirm AVM oblitera-
tion only after MRI demonstrated absence of a residual 
lesion. Obliteration was defined by absence of flow voids 
on MRI or absence of abnormal arteriovenous shunting 
on DSA. Although DSA is the gold standard for evaluat-
ing AVM obliteration, MRI has been shown to have com-
parable accuracy.23 Radiation-induced change (RIC) was 
defined radiologically as T2 hyperintensity surrounding 
the treated AVM nidus on MRI. Symptomatic RIC was 
defined as radiological RIC accompanied by clinical 
signs including headache, seizures, and/or focal neuro-
logical deficits. Since the University of Virginia is a ter-
tiary referral center for radiosurgery, clinical follow-up 
was obtained either directly via the patients’ return to our 
institution’s clinics or hospital or, more frequently, indi-
rectly via the patients’ local inpatient or outpatient health 
care facilities. The overall mean duration of clinical fol-
low-up was 86 ±  53 months or 7.1 ± 4.4 years (median 74 
months [IQR 38–126 months] or 6.1 years [IQR 3.1–10.5 
years], range 7–284 months or 0.5–23.7 years). Figure 2 
shows the imaging and clinical follow-up over time for 
this series of patients.

Analysis
We performed univariate Cox regressions with IBM 

SPSS Statistics version 19, using the variables sex, age, 
preradiosurgery embolization, volume, margin dose, 
number of isocenters, location of AVM (deep or superfi-
cial), venous drainage pattern (deep or superficial), num-
ber of draining veins (single or multiple), radiographic 
evidence of RIC, Pittsburgh radiosurgery-based AVM 
score, and Spetzler-Martin grade to analyze their effects 
on obliteration, postradiosurgery hemorrhage, RIC, and 
postradiosurgery cyst formation. The hazard ratio, 95% 
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confidence interval, and p value for each factor were re-
ported. A p value less than 0.05 indicated a statistically 
significant hazard ratio as did a 95% CI not including 1.0. 
If more than one variable had a statistically significant 
hazard ratio, a multivariate Cox regression analysis was 
employed to determine the independent effects of the uni-
variate significant variables. Kaplan-Meier plot was used 
to calculate time to obliteration. For hemorrhage risk, the 
number of risk years was defined as the total time across 
all patients from radiosurgery to either obliteration or to 
last imaging follow-up in patients without obliteration.

Results
AVM Obliteration and Factors Predicting Obliteration 
After Radiosurgery

Overall, 70 patients (15.8%) had obliteration diag-
nosed by MRI only and 205 patients (46.2%) had oblit-
eration diagnosed by DSA, for a cumulative oblitera-
tion rate of 62%. The postradiosurgery actuarial rate of 
obliteration was 30% at 3 years, and 53% at 5 years. The 
actuarial obliteration rate in patients without postradio-
surgery hemorrhage, 31% at 3 years and 54% at 5 years, 
was significantly higher than in patients with postradio-
surgery hemorrhage, 24% at 3 years and 36% at 5 years 
(p = 0.018). Figure 3 shows the rate of AVM obliteration 
over time following radiosurgery. Figure 4 compares the 
obliteration rate over time for patients with and without 
postradiosurgery hemorrhage. Table 2 shows the results 
of univariate and multivariate Cox regression analysis for 
various patient, AVM, and treatment characteristics and 
their effects on obliteration rate. Regarding postradiosur-
gery obliteration, absence of preradiosurgery emboliza-

tion, decreased AVM volume, increased margin dose, 
superficial venous drainage, single draining vein, radio-
graphic presence of RIC, lower Pittsburgh radiosurgery-
based AVM score, and lower Spetzler-Martin grade were 
found to be statistically significant in the univariate anal-
ysis. In the multivariate analysis, no preradiosurgery em-
bolization, increased margin dose, single draining vein, 
radiological presence of RIC, and lower Spetzler-Martin 
grade were found to be significant independent positive 
predictors.

Postradiosurgery Hemorrhage Rate and Factors 
Predicting Hemorrhage

There were 35 postradiosurgery hemorrhages (29 pa-
tients had 1 hemorrhage and 3 had 2 hemorrhages) over 
2132 risk years, resulting in an annual hemorrhage risk 
of 1.6%. Table 3 shows the results of univariate and mul-
tivariate Cox regression analysis for multiple factors and 
their effects on postradiosurgery hemorrhage. The statis-
tically significant positive predictors of hemorrhage in 
the univariate analysis were increased AVM volume and 
higher radiosurgery-based AVM score. The multivariate 
analysis did not demonstrate any independent predictors 
of postradiosurgery hemorrhage. Of note, no patient with 
radiologically confirmed obliteration on MRI or DSA had 
subsequent hemorrhage.

Radiation-Induced Changes, Postradiosurgery Cyst 
Formation, and Radiation-Induced Neoplasia

Radiation-induced changes were detected on T2-
weighted MRI in 216 patients (48.6%) at a mean of 13 
± 11 months after radiosurgery (median 9 months [IQR 
6–14 months], range 0–87 months). However, only 61 pa-

Fig. 1.  Composition of patient group.
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tients (13.7%) were symptomatic as a result of RIC. Symp-
toms included focal neurological deficits in 35 patients 
(7.9%), headaches in 18 patients (4.1%), and seizures in 
13 patients (2.9%). Five patients (1.1%) had more than one 
of the aforementioned RIC-related symptoms. Radiation-
induced changes resulted in permanent symptoms in 9 
patients (2.0%). Postradiosurgery cyst formation was seen 

TABLE 1: Preradiosurgery patient and AVM characteristics in 444 
cases

Characteristic Value

sex
  male 222 (50.0%)
  female 222 (50.0%)
age (yrs)
  mean 36.9 
  median 35.8
  range 5–82
preradiosurgery embolization 122 (27.4%)
preradiosurgery microsurgical resection 20 (4.5%)
location*
  superficial 385 (86.7%)
  deep 59 (13.3%)
venous drainage pattern
  superficial 281 (63.3%)
  deep 163 (36.7%)
no. of draining veins
  single 208 (46.8%)
  multiple 236 (53.2%)
max diameter (cm)
  mean 2.5
  median 2.4
  range 0.3–6.9
volume (cm3)
  mean 4.2 
  median 3.6
  range 0.1–29.4
max dose (Gy)
  mean 39.5
  median 40.0 
  range 10.0–55.6
prescription dose (Gy)
  mean 20.5
  median 20.0
  range 5.0–30.0
isodose
  median 50%
  range 30–90%
no. of isocenters
  mean   3.1
  median 2
  range 1–22
Spetzler-Martin grade
  I 81 (18.2%)
  II 167 (37.6%)
  III 163 (36.7%)
  IV 30 (6.8%)
  V 3 (0.7%)

(continued)

TABLE 1: Preradiosurgery patient and AVM characteristics in 444 
cases (continued)

Characteristic Value

Pittsburgh radiosurgery-based AVM score
  <1.00 133 (30.0%)
  1.01–1.50 212 (47.7%)
  1.51–2.00 83 (18.7%)
  >2.00 16 (3.6%)
  mean 1.23
  median 1.19
  range 0.23–4.10

*  Deep location includes thalamus, basal ganglia, and brainstem.

Fig. 2.  Plot showing imaging (upper) and clinical (lower) follow-up 
for patients with unruptured AVMs.
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in 10 patients (2.3%) at a mean of 95 ± 41 months or 7.9 ± 
3.4 years after treatment (median 80 months [IQR 61–135 
months] or 6.6 years [IQR 5.1–11.2 years], range 52–154 
months or 4.3–12.9 years after radiosurgery). None of 
the patients with postradiosurgery cysts required surgi-
cal intervention. Tables 4 and 5 show the results of uni-
variate Cox regression analyses for the effects of multiple 
variables on RIC and postradiosurgery cyst formation, 
respectively. Multivariate analysis was performed for 
neither RIC nor postradiosurgery cyst formation because 
there was no more than one statistically significant vari-
able in either univariate analysis. There were no statisti-
cally significant predictors of RIC, although deep loca-
tion approached statistical significance (p = 0.052). The 
presence of RIC was a statistically significant positive 
predictor of postradiosurgery cyst formation. In this se-
ries, we observed no development of a radiation-induced 
malignancy following radiosurgery.

Clinical Outcomes Following Radiosurgery
At last clinical follow-up after radiosurgery, 32 pa-

tients (7.2%) were neurologically improved, 30 patients 
were neurologically worsened (6.8%), and 382 patients 
were neurologically unchanged (86.0%) compared with 
initial presentation. New-onset seizures developed in 4 pa-
tients (0.9%) following radiosurgery. Of the group of 208 
patients who initially presented with seizures, 105 patients 
(50.5%) had decreased seizure frequency (including 16 
patients [7.7%] who were seizure-free), 10 patients (2.3%) 
had increased seizure frequency, and 93 patients (44.7%) 
had unchanged seizure frequency. Of the 32 patients with 
postradiosurgery hemorrhage, 6 patients (18.8%) experi-
enced clinical deterioration compared with 24 (5.8%) of 
411 patients without postradiosurgery hemorrhage who 
experienced clinical deterioration. By chi-square test, the 

incidence of clinical deterioration was significantly higher 
in patients with postradiosurgery hemorrhage than in pa-
tients without postradiosurgery hemorrhage (p = 0.018).

Discussion
The management of unruptured AVMs is contro-

versial. While some experts recommend therapeutic in-
tervention, others do not.7,31 Several studies suggest that 
the natural history of unruptured AVMs is more benign 
than that of ruptured AVMs.8,21,30 Such controversy has 
led to initiation of the ARUBA trial, which represents an 
attempt to evaluate the difference in outcome between no 
treatment and best available treatment of patients with 
unruptured AVMs. Although unruptured AVMs seem 
to have a more favorable natural history, the hemorrhage 
risk is not negligible and, depending on the lesion size 
and location, the morbidity associated with hemorrhage 
may not be inconsequential. In a group of 168 patients 
with untreated, unruptured AVMs, Brown et al.4 reported 
an annual hemorrhage rate of 2.2%.

Radiosurgery offers a minimally invasive method of 
achieving AVM obliteration, although there has yet to be 
definitive evidence that the outcomes of treatment, tak-
ing into consideration the postradiosurgical complications 
and hemorrhage during the latency period, are superior 
to conservative management. From our 20-year institu-
tional experience, radiosurgical treatment of unruptured 
AVMs seems to provide a favorable risk-benefit profile 
with a reasonably low postradiosurgery hemorrhage rate 
(1.6%) and a low risk of permanent neurological deficits 
associated with radiosurgery (2.0%). Additionally, a high 

Fig. 3.  Plot showing AVM obliteration rate versus time after radiosur-
gical treatment of unruptured AVMs.

Fig. 4.  Plot showing obliteration rate of unruptured AVMs following 
radiosurgery differentiated by presence of postradiosurgery hemor-
rhage. Obliteration was significantly more likely in unruptured AVMs 
without postradiosurgery hemorrhage than in those with postradiosur-
gery hemorrhage (p = 0.018).
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percentage of nonhemorrhage–related symptoms resolved 
after radiosurgery.33

The goal of treating AVMs with radiosurgery is to 
reduce and ultimately, with obliteration, eliminate the 
future hemorrhage risk. Mechanisms of AVM oblitera-
tion following radiosurgery include progressive intimal 
thickening, thrombosis of irradiated vessels, and eventual 
occlusion of vascular lumen.6,26 We have identified factors 
that correlate with obliteration, postradiosurgery hemor-
rhage, and postradiosurgery cyst formation. Our study has 
an inherent selection bias associated with only including 
patients with at least 2 years of radiographic follow-up. 
However, most postradiosurgery complications do not oc-
cur until 18 months after treatment or later, and the vast 
majority of AVMs treated with radiosurgery are not oblit-
erated before 2 years after treatment.

Embolization has previously been reported to de-
crease the radiosurgical obliteration rate of AVMs.2,22,25 

While it stands to reason that AVMs that require preradio-
surgery embolization are, on average, larger than those not 
requiring embolization, our multivariate analysis demon-
strated that embolization was an independent negative 
predictor of obliteration (p < 0.001). The decision to par-
tially embolize an AVM prior to treatment with radiosur-
gery arises when an AVM is too large—typically greater 
than 3 cm in maximum diameter or greater than 15 cm3 in 
volume—to treat with radiosurgery alone. Therefore, we 
rely on embolization to reduce the AVM to a targetable 
size.27 In these cases, we do not irradiate the embolized 
portion of the AVM, instead focusing on the remainder of 
the nidus. Unfortunately, embolization does not guarantee 
flow cessation, as previously treated arterial feeding ves-
sels have been known to become recanalized.24 Emboli-
zation can make radiosurgical planning more difficult if 
it fails to target a specific sector of the nidus, potentially 
transforming a compact nidus into a diffuse one. It has 

TABLE 3: Factors predicting postradiosurgery hemorrhage

Factor
Univariate Multivariate

HR 95% CI p Value HR 95% CI p Value

sex 1.848 0.872–3.915 0.109 — — —
increased age 1.024 0.990–1.059 0.170 — — —
no preradiosurgery embolization 1.340 0.619–2.907 0.457 — — —
increased volume 1.165 1.033–1.314 0.013* 0.991 0.808–1.216 0.932
decreased prescription dose 1.013 0.912–1.125 0.807 — — —
number of isocenters 1.239 0.923–1.663 0.154 — — —
superficial location 1.195 0.406–3.521 0.747 — — —
deep draining vein(s) 1.218 0.776–1.912 0.390 — — —
multiple draining veins 1.111 0.536–2.302 0.778 — — —
RICs 1.355 0.640–2.865 0.427 — — —
higher Pittsburgh radiosurgery-based AVM score 6.716 1.978–22.803 0.002* 7.225 0.910–57.370 0.061
higher Spetzler-Martin grade 1.170 0.798–1.715 0.421 — — —

*  Statistically significant (p < 0.05).

TABLE 2: Factors predicting obliteration after radiosurgery

Factor
Univariate Multivariate

HR 95% CI p Value HR 95% CI p Value

sex 1.156 0.912–1.465 0.231 — — —
increased age 1.006 0.997–1.014 0.177 — — —
no preradiosurgery embolization 2.268 1.675–3.067 <0.001* 1.901 1.364–2.653 <0.001*
decreased volume 1.229 1.160–1.302 <0.001* 1.056 0.989–1.126 0.103
increased prescription dose 1.179 1.133–1.226 <0.001* 1.120 1.069–1.173 <0.001*
fewer isocenters 1.055 0.985–1.129 0.122 — — —
superficial location 1.053 0.741–1.495 0.776 — — —
superficial venous drainage 1.279 1.081–1.513 0.004* 1.022 0.845–1.236 0.823
single draining vein 1.953 1.534–2.488 <0.001* 1.618 1.252–2.088 <0.001*
RICs 1.378 1.085–1.750 0.009* 1.429 1.122–1.819 0.004*
lower Pittsburgh radiosurgery-based AVM score 2.212 1.618–3.030 <0.001* 1.202 0.814–1.773 0.356
lower Spetzler-Martin grade 1.376 1.200–1.575 <0.001* 1.220 1.037–1.435 0.016*

*  Statistically significant (p < 0.05).
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also been proposed, although not proven, that certain em-
bolization materials, such as Onyx, either scatter or absorb 
radiation, thereby altering the dose actually delivered to 
the nidus.2 Additionally, we must keep in mind that AVM 
embolization carries its own set of complications, includ-
ing microcatheter entrapment in cyanoacrylate glue or 
Onyx, arterial perforation with the microcatheter, AVM 
hemorrhage due to premature draining vein occlusion, 
and stroke secondary to reflux of embolic agents into un-
intended vessels. The combined morbidity and mortality 
rate from embolization complications is not trivial, ex-
ceeding 10% in some studies.19,34

In the cases in our study, the AVM nidus was treat-
ed with a median margin dose of 20 Gy and the median 
maximum delivered dose was 40 Gy. Not surprisingly, 
increased margin dose resulted in increased obliteration 
(p < 0.001). Almost half of the patients showed imaging 
evidence of postradiosurgery RIC which also indepen-
dently correlated with obliteration (p = 0.004). However, 
the potential benefit of increasing the radiation dose must 
be weighed against the increased morbidity that comes 
with it.10,17 In our study, we saw a 13.7% rate of symptom-
atic RIC and a 2.3% rate of posttreatment cyst formation, 
and we found RIC to be a predictor of cyst formation in 
univariate analysis (p = 0.032). Flickinger et al.9 dem-
onstrated an increasing rate of permanent radiosurgery-
induced deficits as the volume of tissue receiving 12 Gy 
increased. The same group reported a lower rate of post-
radiosurgery RIC but comparable rates of symptomatic 
RIC.10 In our univariate analysis, the correlation between 
deep AVM location and RIC approached significance (p 
= 0.052). We otherwise did not identify any significant 
predictors of RIC.

The presence of a single draining vein was found to 
be independently correlated with obliteration (p < 0.001). 
An AVM with multiple draining veins will have more 
complex angioarchitecture and is more likely to have a 
diffuse nidus than an AVM with a single draining vein. 
Diffuse AVMs may be difficult to target during treatment 
planning and may require preradiosurgery embolization 
and/or staged radiosurgery to be treated successfully. Al-

though Spetzler-Martin grade was originally developed 
to predict postoperative morbidity following microsurgi-
cal AVM resection, its use as a common way to describe 
AVMs has become widespread.28 Lower Spetzler-Martin 
grade was shown to correlate with obliteration (p = 0.016) 
on multivariate analysis in our study, while the factors 
that comprise the grading system were not. This suggests 
that the way in which the Spetzler-Martin grade weighs 
each AVM characteristic is important for radiosurgical 
outcomes too.

Finally, we consider whether unruptured AVMs 
should be treated at all. Generally, the risks associated 
with stereotactic radiosurgery were temporary; those 
risks that were permanent were typically not debilitat-
ing for the patient. In our series, there was a 6.8% post-
radiosurgery morbidity rate, one-third of which involved 
increased seizure frequency. Additionally, those patients 
who had postradiosurgery hemorrhage were more likely 
to deteriorate clinically (p = 0.018). We report a 1.6% 
annual hemorrhage risk after radiosurgery for patients 
with previously unruptured AVMs. This is comparable 
to or slightly lower than the traditionally quoted annual 
hemorrhage risk of 2%–4%.4,11,20 However, studies that 
have stratified AVMs into risk groups based on various 
AVM characteristics have shown that those AVMs with 
low risk factors—such as superficial location, compact 
nidus, superficial venous drainage, fewer draining veins, 
and no history of hemorrhage—have annual hemorrhage 
rates of approximately 1%.21,30 A randomized trial of un-
ruptured brain AVMs (ARUBA), funded by the National 
Institute of Neurological Disorders, is currently underway 
to compare interventional outcomes with natural history.18 
We acknowledge that information about the response of 
symptoms such as headaches and focal neurological defi-
cits following radiosurgery for unruptured AVMs would 
be useful to patients and physicians. Unfortunately, we 
do not have readily available, reliable, and objective as-
sessments of headache response in patients. Moreover, the 
heterogeneity of neurological deficits as well as the small 
resulting subgroups for focal neurological deficits would 

TABLE 4: Factors predicting postradiosurgery radiation-induced 
changes

Factor HR 95% CI p Value

sex 1.136 0.781–1.653 0.504
decreased age 1.001 0.989–1.014 0.820
no preradiosurgery embolization 1.218 0.796–1.866 0.363
increased volume 1.019 0.967–1.075 0.480
decreased prescription dose 1.020 0.964–1.079 0.480
more isocenters 1.003 0.926–1.087 0.943
deep location 1.497 0.997–2.247 0.052
superficial venous drainage 1.087 0.842–1.403 0.520
multiple draining veins 1.175 0.807–1.712 0.400
lower Pittsburgh radiosurgery- 
  based AVM score

1.050 0.827–1.332 0.690

lower Spetzler-Martin grade 1.235 0.994–1.533 0.056

TABLE 5: Factors predicting postradiosurgery cyst formation

Factor HR 95% CI p Value

sex 2.375 0.607–9.346 0.214
decreased age 1.029 0.984–1.075 0.207
preradiosurgery embolization 2.838 0.806–9.988 0.104
increased volume 1.030 0.887–1.195 0.700
increased prescription dose 1.115 0.902–1.377 0.316
more isocenters 1.043 0.994–1.095 0.087
superficial location 1.102 0.313–3.876 0.880
deep venous drainage 1.600 0.755–3.390 0.220
single draining vein 2.065 0.527–8.092 0.298
RICs 9.659 1.213–76.905 0.032*
higher Pittsburgh radiosurgery- 
  based AVM score

1.050 0.827–1.332 0.690

higher Spetzler-Martin grade 1.615 0.793–3.289 0.187

*  Statistically significant (p < 0.05).
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preclude any meaningful statistical analysis of symptom-
atic response in this single-institution series of patients. 
We hope that such data will be forthcoming in prospective 
trials like the ARUBA study.

Based upon our experience, we recommend treating 
patients with unruptured AVMs if they are younger and 
therefore have more at-risk years for hemorrhage, have 
a larger-volume AVM, and a higher radiosurgery-based 
AVM grade. Although the risks from radiosurgery are 
not inconsequential, the long-term hemorrhage risk of 
an AVM, even if unruptured at the time of presentation, 
and the morbidity and mortality associated with an AVM 
hemorrhage make radiosurgery a reasonable treatment 
option for some patients with unruptured AVMs.

Conclusions
Radiosurgery offers a reasonable benefit-to-risk pro-

file for patients with unruptured AVMs. Until the AVMs 
were obliterated, the cohort of patients with unruptured 
AVMs demonstrated an annual hemorrhage rate compa-
rable to traditionally quoted figures. 
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