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Learning Objectives
By the conclusion of this session, participants should be
able to:
1) Understand the rate of AVM hemorrhage and
rehemorrhage after radiosurgery
2) Understand the natural history of AVM rehemorrhage
3) Better council patients on the effectiveness of
radiosurgery of large AVMs

Introduction
The prognosis of arteriovenous malformations
(AVMs) after treatment has been largely predicted
by two grading scales: Spetzler-Martin and PollockFlickinger. Although there are studies examining
hemorrhage rate using the Spetzler-Martin grading
scale, there haven’t been studies examining
hemorrhage rate using the Pollock-Flickinger
grading scale. The annual risk of AVM hemorrhage
after radiosurgery of Pollock-Flickinger AVM score
greater than 2 is analyzed.
AVM score = 0.1*Volume + 0.02*Age +
0.5*Location

Methods
Literature search on PubMed for radiosurgical
treatment of AVMs with a score of at least 2 from
year 2000-present was conducted. We performed a
meta-analysis of the nine papers which reported
hemorrhage rate of large AVMs. We then performed
a second analysis of six of the papers which
separated hemorrhage and rehemorrhage rate.
Finally, we compared rehemorrhage rate after
radiosurgery through a third analysis to the natural
history of rehemorrhage.

Conclusions
The annual hemorrhage rate in large AVMs treated with
radiosurgery was comparable in this series to the baseline rupture
rate reported for untreated AVMs. In addition, separating
hemorrhagic versus non-hemorrhagic presentation, subsequent
annual hemorrhage rates are similar to respective natural
histories. Furthermore, the mortality rate after treatment of large
AVMs is significantly higher than that of the natural history.

Results
Annual AVM hemorrhage rate after radiosurgery for
all patients (n=673) was 3.32% (95% CI, 2.73%4.00%). Mortality rate from hemorrhage was
40.08% (41 deaths, 95% CI, 35.54% - 44.62%)
and overall mortality rate was 6.24% (42 deaths,
95% CI, 4.65% - 8.33%). Based on information
provided, 203 patients presented with hemorrhage
and 395 did not. The annual hemorrhage rate of
those with hemorrhagic presentation was 6.10%
(42.6 re-bleeds, 765.40 follow-up years, 95% CI,
4.65% - 8.07%). In patients who didn’t present
with hemorrhage, the annual hemorrhage rate was
3.53% (46.7 bleeds, 1205.23 follow-up years, 95%
CI, 2.66% - 4.77%). The odds ratio comparing rate
of re-hemorrhage versus first-time hemorrhage
after radiosurgery is 1.768 (95% CI, 1.15712.7014, P = 0.0084). Complete obliteration of AVMs
was achieved in 33.27% (95% CI, 29.25%37.54%).

References
1. Amponsah, K., et al., Staged gamma knife radiosurgery for
large cerebral arteriovenous malformations. Stereotact Funct
Neurosurg, 2011. 89(6): p. 365-71.
2. Chung, W.Y., et al., Staged radiosurgery for extra-large
cerebral arteriovenous malformations: method, implementation,
and results. J Neurosurg, 2008. 109 Suppl: p. 65-72.
3. da Costa, L., et al., The natural history and predictive features
of hemorrhage from brain arteriovenous malformations. Stroke,
2009. 40(1): p. 100-5.
4. Graf, C.J., G.E. Perret, and J.C. Torner, Bleeding from cerebral
arteriovenous malformations as part of their natural history. J
Neurosurg, 1983. 58(3): p. 331-7.
5. Halim, A.X., et al., Longitudinal risk of intracranial hemorrhage
in patients with arteriovenous malformation of the brain within a
defined population. Stroke, 2004. 35(7): p. 1697-702.
6. Hernesniemi, J.A., et al., Natural history of brain arteriovenous
malformations: a long-term follow-up study of risk of hemorrhage
in 238 patients. Neurosurgery, 2008. 63(5): p. 823-9; discussion
829-31.
7. Huang, P.P., et al., Long-term outcomes after staged-volume
stereotactic radiosurgery for large arteriovenous malformations.
Neurosurgery, 2012. 71(3): p. 632-43; discussion 643-4.
8. Kano, H., et al., Stereotactic radiosurgery for arteriovenous
malformations, Part 6: multistaged volumetric management of
large arteriovenous malformations. J Neurosurg, 2012. 116(1): p.
54-65.
9. Kim, H.Y., et al., Gamma Knife surgery for large cerebral
arteriovenous malformations. J Neurosurg, 2010. 113 Suppl: p. 28.
10. Mast, H., et al., Risk of spontaneous haemorrhage after
diagnosis of cerebral arteriovenous malformation. Lancet, 1997.

