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Ladislau Steiner. Christer Lindquist.

My sincere thanks and appreciation to:

Without them Gamma Knife surgery would not be what it is today!
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Is there a need to study how the subgroup of basal ganglia 
AVMs respond to Gamma Knife Surgery (GKS)?
If yes, the respond to GKS must be related to AVM location.
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So, is the respond to GKS related to AVM location?
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AVM obliteration related to:
* AVM volume.
* Treatment dose to the AVM periphery.

but unrelated to:
* AVM location.
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Conclusions: 
* Obliteration is unrelated to AVM location.
* Risk for complications is related to AVM location.
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Can these conclusions be verified in a larger 
patient population?
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Sendai, Japan. Taipei, Taiwan.

Ibaraki, Japan.

Madrid, Spain.

Tilburg, the Netherlands.

Combined database of 5060 patients with follow-up.

Karolinska and UVA.
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AVM location N age male  pre bleed

Central 1434 31 52% 83%

Peripheral 3205 36 54% 46%

Cerebellar 421 41 52% 72%

Central vs. Peripher P<0.01 P=0.16 P<0.01

Central vs. Cerebell P<0.01 P=0.87 P<0.01

Cerebell vs. Peripher P<0.01 P=0.28 P<0.01

GKS for AVMs:
Central vs. peripheral vs. cerebellar. Patient parameters.
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AVM location N volume  min dose oblit compl post 2 yr bleed

Central 1434 4.3 cc 19 Gy 59% 7.5% 5.0%

Peripheral 3205 7.1 cc 19 Gy 59% 5.3% 3.8%

Cerebellar 421 4.0 cc 20 Gy 55% 3.6% 4.0%

Central vs. Peripher P<0.01 P=0.70 P=0.87 P<0.01 P=0.07

Central vs. Cerebell P=0.05 P<0.01 P=0.14 P<0.01 P=0.44

Cerebell vs. Peripher P<0.01 P<0.01 P=0.09 P=0.16 P=0.78

GKS for AVMs:
Central/peripheral/cerebellar. Treatment and outcome parameters.
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Why are central AVMs more prone for post GKS rupture?
Because of history of pre treatment hemorrhage? 

AVM location  pre GKS bleed post 2 yr bleed

Central 83% 5.0%

Peripheral 46% 3.8%
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P=0.30

Why are central AVMs more prone for post GKS rupture?
Because of history of pre treatment hemorrhage? NO!
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Why are central AVMs more prone for post GKS rupture?
Because of AVM location?
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Why are central AVMs more prone for post GKS rupture?
Because ofAVM location? YES!
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The findings support that:
* AVM obliteration is unrelated to AVM location.
* The risk for complications is higher for central AVMs.
* Central AVMs have a higher risk for (post GKS) hemorrhage.
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Thus, the outcome following GKS for AVMs is AVM location dependent. 
Is this also true for subgroups of central AVMs?
Let us divide central AVMs in three groups:
* Brain stem/midbrain AVMs.
* Basal ganglia/thalamus AVMs.
* Other centrally located AVMs.
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The findings support that:
* AVM obliteration is unrelated to AVM location.
* The risk for complications is higher for central AVMs.
* Central AVMs have a higher risk for post GKS hemorrhage.
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AVM location N volume  min dose oblit

Basal ggl/thalamus 540 5.6 cc 19 Gy 57%

Brain stem/midbrain 302 2.6 cc 18 Gy 46%

Other central 367 4.5 cc 21 Gy 69%

Basal ggl vs. brain stem P<0.01 P=0.13 P<0.01

Basal ganglia vs. other P=0.25 P<0.01 P<0.01

Brain stem vs. other P<0.01 P<0.01 P<0.01

GKS for central AVMs. Obliteration.
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Are the differences caused by different doses, 
different AVM volumes, or different AVM 
locations?
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Obliteration rate versus periphery dose

%

dose (Gy)

logarithmic curve fit:
f(dose) = 35.68*ln(dose) - 39.66                       R2 = 0.99
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Conclusion obliteration:
* The prediction model is accurate also for subgroups of central AVMs.
* Obliteration is unrelated to AVM location.
* Basal ganglia AVMs respond to radiation as all other AVMs.
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The findings support that:
* AVM obliteration is unrelated to AVM location.
* The risk for complications is higher for central AVMs.
* Central AVMs have a higher risk for post GKS hemorrhage.
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AVM location N volume  min dose complications

Basal ggl/thalamus 540 5.6 cc 19 Gy 10%

Brain stem/midbrain 302 2.6 cc 18 Gy 6%

Other central 367 4.5 cc 21 Gy 6%

Basal ggl vs. brain stem P<0.01 P=0.13 P=0.03

Basal ganglia vs. other P=0.25 P<0.01 P=0.03

Brain stem vs. other P<0.01 P<0.01 P=0.87

GKS for central AVMs. Complications.
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Are the differences caused by different doses, 
AVM volumes, or AVM locations?
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exponential curve fit:
f(dose20) = 1.446*exp(0.1114*dose20)
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Conclusion complications:
* The prediction model seems to accurate predict the risk for 
   complications for brain stem and other central AVMs.
* The prediction model seems to underestimate the risk for 
   complications for basal ganglia/thalamic AVMs.
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AVM location N  pre GKS bleed 2 yr post GKS bleed

Basal ggl/thalamus 470 84% 5.4%

Brain stem/midbrain 243 77% 5.3%

Other central 325 89% 2.7%

Basal ggl vs. brain stem P<0.01 P=0.99

Basal ganglia vs. other P<0.01 P=0.07

Brain stem vs. other P<0.01 P=0.11

GKS for central AVMs. Post treatment hemorrhages.

No statistically significant relation between pre- and post GKS hemorrhages (P=0.18)
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Cumulative number of post GKS hemorrhages

Years post GKS

Cumulative incidence of post GKS hemorrhage:

Basal ganglia
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All P > 0.05
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Conclusion post treatment hemorrhages:
* Trend that the risk of post treatment hemorrhage is higher in 
   basal ganglia/thalamic AVMs.
* No difference between brain stem and other central AVMs.
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Conclusion basal ganglia/thalamic AVMs:
* Same probability for obliteration as AVMs in other locations.
* Much higher risk for complications than peripheral AVMs.
* Higher risk for complications than other central AVMs.
* Trend for higher post treatment hemorrhage rate?
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