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The authors of this important paper treated a remarkable 564
patients with large cerebral AVMs with single-stage gamma
knife radiosurgery between 1986 and 2007. They define
large AVMs as those having a volume of 10 cm® or more.
From this group, they obtained “complete radiologic follow-
up,” which I presume to be catheter angiography, in 400
patients, and they had “useful clinical follow-up informa-
tion” in a total of 492 patients; those constitute the material
analyzed in their paper. From my perspective, the two im-
portant points that the authors make with their analysis are
that large AVMs can be treated with modest effectiveness
and relative safety with single-stage gamma knife radiosur-
gery, and that the results of such treatment have improved
substantially with improvements in technique and imaging.

To address the second point, the authors divided the
patients into three groups depending on their treatment time
period. The first group of 157 patients was treated between
1986 and 1993 with what the authors call a “simplistic”
technique based only on angiography and using a median of
two isocenters covering only 45 to 70% of the AVM. The
second group of 225 patients was treated between 1994 and
2000 with a more sophisticated plan that included a median
of five isocenters covering 64 to 95% of the AVM. The third
group of 182 patients has been treated since 2000 with a
median of seven isocenters covering 62 to 94% of the AVM,
and importantly, incorporating MRI combined with angiog-
raphy in the treatment plan. The rates of complete oblitera-
tion during the three periods were 27%, 30% and 52%,
respectively. The rates of “radiation injury” were 16%,
12% and 16%, respectively. In other words, it is clear that
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the authors obtained a much higher rate of complete oblit-
eration with modern techniques that included MRI as well
as angiography for planning the target, and they achieved
this increased effectiveness without a concommitent in-
crease in morbidity. In fact, the rate of serious permanent
morbidity was lower during the third period.

The authors provide an extensive amount of data to
support the concept that single-session radiosurgery is ef-
fective for the treatment of large AVMs. They produce a
very useful breakdown of these AVMs in three different
groups depending on size. The obliteration rate during the
third period where modern techniques were used was 76%
for the smallest AVMs (10 to 12 cm?®); the intermediate
group of 12 to 20 cm® had an obliteration rate of 52%, but
the obliteration rate, even using the most modern technique,
was only 29% for the large AVMs of more than 20 cm?. It is
important to keep in mind that these obliteration rates are at
4 years and that these patients remain at significant risk of
re-bleeding before obliteration. In fact, after treatment the
rate of bleeding for unruptured AVMs was 3.6% per year,
which appears to be higher than the rate of hemorrhage for
unruptured AVMs before treatment. AVMs that had bled
before treatment re-bled at a rate of 6.6% per year, which
approximates the rate of bleeding before treatment for these
patients. It is of course also important to consider the rate of
radiation injury after treatment, but I could not find their
specific percentages of these complications in relation to
size, although from the general discussion, the authors seem
to indicate that that rate is not significantly higher on the
large AVMs in their particular series. With these considera-
tions, I am left to conclude that single-session radiosurgery is
ineffective for very large AVMs, but could be considered for
those of intermediate size when other treatment options such
as embolization followed by surgical excision appear to be
excessively risky. Clearly, with an obliteration rate of 76%,
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single-session radiosurgery appears to be an attractive alter-
native for the smallest group of AVMs measuring 10-12 cm’
in volume.

In an important sub-analysis of their large series, the
authors conclude that embolization prior to radiosurgery
worsens the overall results. In all three of their time periods,
embolization led to a lower obliteration rate, and in the
overall series, the obliteration rate of those AVMs that had
been previously partially embolized was only 26% as com-
pared to 38% in those that had no prior embolization. Even
with modern techniques, during their third period of time,
the obliteration rate of those AVMs that had previously been
embolized was 36% as compared to 61% for those that had
no prior embolization. With these data, the authors con-
firmed the findings of several other groups to the effect that
partial embolization before radiosurgery leads to a lower
obliteration rate without significantly decreasing the hemor-
rhage rate after radiosurgery before complete obliteration.
We have reviewed this issue extensively and have come to
the same conclusion that generally there is no advantage to
embolization before radiosurgery, particularly considering
the fact that embolization itself carries a significant morbid-
ity as many authors, including ourselves, have discussed in
the past [1, 2]. Of course, there are some particular circum-
stances, such as repeated hemorrhages, high flow intranidal
fistulas, venous outflow constriction and perhaps intranidal
aneurysms, which may make pre-radiosurgical embolization
a desirable option.

In summary, the authors have provided us with an in-
sightful historical review of the results of single-session
radiosurgery for large AVMs. They emphasize the fact that
this is a historical review to serve as a baseline of compar-
ison with more modern treatment paradigms. They tell us
that currently they are treating most very large AVMs with
“staged” rather than single-session radiosurgery. For smaller
AVMs, their series confirms the value of single-session
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radiosurgery but does not, of course, prove that radiosurgery
is the treatment of choice for those AVMs. Seven percent of
the patients treated in this series had Spetzler-Martin grade
I AVMs, and it has been well established that experienced
vascular neurosurgeons can achieve complete excision of
essentially all of these AVMs with minimal morbidity,
which makes it difficult to justify the use of radiosurgery,
except in very special circumstances, for grade II AVMs [3].
Surgical morbidity is slightly higher but still generally below
10% in Spetzler-Martin grade III AVMs; however, as has been
pointed out by many, this is a very heterogeneous group, and
the choice of surgery, usually preceded by embolization vs.
radiosurgery, is one that must be considered individually on a
case-by-case basis depending upon many factors, including
the experience of the operator. I still feel that there aren’t any
satisfactory treatments for grade V AVMs at the present time,
although multi-modality treatment, including staged radiosur-
gery, could be considered for symptomatic patients that have
bled repeatedly. With Spetzler-Martin grade IV AVMs, staged
radiosurgery may become a competitive form of treatment,
although with proper selection many of these lesions can
be surgically excised after embolization with reasonable
results [3].
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