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Introduccion

Patologias vasculares poco frecuentes.
Menores de 40 anos.

Tasa de hemorragia 2% - 4%.

Tasa de resangrado 6% - 18%.
Mortalidad / hemorragia: 12% - 66%.
Déficit neuroldgico: 20% - 40%.
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Laakso,A et al. Neurosurgery 2008; 63 (2): 244 — 53.
Imagen:Endovascular Embolisation of Brain Arteriovenous Malformation (AVM). NHS The walton center NHS Foundation trust.



Factores de riesgo de hemorragia
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Kano et al . SRS for Hemorrhagic AVMs. Stroke, November 2015.



> Lesiones congénitas

e QOsler — Weber — Rendu

> Factores genéticos
J — * Sturge — Weber

«  Wyburn — Mason

@ TGF-, ICAM-1, VCAM-1 @
(< E-selectin, IL-6, VEGF - ( .

Basal Lamina
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Endothelial Cell ——s

Mecanismo inflamatorio

Angiogenesis - AVM formation - AVM bleeding

World Neurosurgery. 159: 314-326, March2022



CUANDO INTERVENIR AVM?




Cuando intervenir una AVM?

Medical Interventional
managemeant therapy
{n=110) (n=116)
Age, years 443(122) 445 (125) Medical management with interventional therapy versus
Sen . .
N - o430 medical management alone for unruptured brain
Male 66 (60%) 66 (57%) arteriovenous malformations (ARUBA): final follow-up of a
White athnicity £3 (Bomw) 100 [36%) . . . .
Right-handed 01 (925) 108 (64%) multicentre, non-blinded, randomised controlled trial
Clinical presentation® Jay P Mohr, jessica R Overbey, Andreas Hartmann, Riidiger von Kummer, Rustam Al-Shahi Salman, Helen Kim, H Bart van der Worp,
Saizure A5 (41%) B2 [45%) Michael K Parides, Marco A Stefani, Enmanuel Houdart, Richard Libman, John Pile-Spellman, Kirsty Harkness, Charlotte Cordonnier,
Headaches 60 (55%) 56 [48%) Ellen Moquete, Alessandra Biondi, Catharina ) M Klijn, Christian Stapf, Alan ] Moskowitz, for the ARUBA co-investigators
Focal deficit 10 {9%) 71 (18%)
Other (7% 3(3%) 100
. — Medical management
Asymptomatic 49 (45%] 45 [359%) go — Interventional theragy
Modified Bankin Scale score 20- Hazard ratio 0-31 {95% C1 0-17-0-56)
o 1 (46%) 57 (49%) = 70
1 59 (54%) 59 (51%) z 6o
Spetzler-Martin gradet I o
1 (%) 33 (30%) 32 (28%) 5 T L T
2 404
Il 3] 7 (25%) 45 [35%) § 40 T m-{-l-—l-l-—-ﬁ—,p‘“
M (3%} 35 (32%) 29 (25%) 2o P
IV (%) 15 (14%) 8 (7%) 104 ff
Caoncurrent arterial intracranial aneurysms 5
Associated anevurysmd 21 (19%) 15(13%) o lIE 111 1IE Eld 3IEI 31'5 4|2 4IE 5r4 E-Il:l E-IE- ?II ?18 8:4 BIEI
Unrelated ansurysm (%) 7(6%) 4(3%) Tirie {manths)
Venous drainage pattennt
Superﬁl:ial only 65 (63%) 79 (69%) > 0 H e
N Jop 15325 32% solo embolizacion.
AVM nidus marphology » No analsis por intervencion de tratamiento.
Maximum diametar, mm 27-6{11-1) 24-8 (121)
Masimum clometer Gom - #1(35%) 79(55%) > Periodo corto de seguimiento (5 afios).
Left-sided 51 (46%) S0 (43%)
Any lobar location 100 {91%) 105 [91%)
Infratenterial location 5 (5%) 87%)
Eloquent location§ 52 {47%) 55 [47%)

Lancet Neurol 2020; 19: 573-81



Cuando intervenir una AVM?

100
R S Predictors of hemorrhage in patients
emorrhage . .
F at Presentation with untreated brain
3 0 arteriovenous malformation
'F-; C. Stapf, MD; H. Mast, MD; R.R. Sciacca, EngSeD; J.H. Choi, MD; A.V. Khaw, MD; E.S. Connolly, MD;
H ] Hemorrhage J. Pile-Spellman, MD; and J.P. Mohr, MD
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Intervenciones en AV

D

» TTO definitivo pero con
resgo.

» Complemento ala Cxy SRS.

» Oclusion completa 15% (<3cm,
no elocuentes, poco pediculo
arterial).

» Radiocirugia

World Neurosurgery. 159: 314-326, March2022
Principles of Neurological Surgery. January 1, 2018. Pag 727 — 735. e2.

\Y




Radiocirugia en AVM

» Objetivo primario: Oclusién completa del nido

» En angiografia: tiempo normal de circulacion sin evidencia
de vasos patologicos en el nido y desaparicion o

normalizacion de la vena de drenaje.

» Oclusion entre 1-5 anos.

Int J Radiat Oncol Biol Phys 49:1045-1051. 2001.



Cambios histopatoldgicos en AVM post SRS

» Dafo endotelial y subendotelial.
> Proliferacion de células de musculo liso
intimal.

» SMA +y factor VIII -.

» Degeneracion celular progresiva e
incremento de la densidad de la matriz.
> Deposito de colageno fibrilar denso.

» Hialinizacion celular y oclusion total del
vaso.

H

*a

J. Neurosurg. / Volume 87 / September, 1997



La Radiocirugia representa la Unica
manejo de las AVM.

Neurosurgery. Focus. Vol 26. May 2009



Sistemas de graduacion en AVM
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World Neurosurgery. 159: 338-347, March 2022



Sistemas de graduacion en AVM

Pollock-Flickinger Formula (RBAS)

AVM score = 0.1 * volume + 0.02 * Chance (in %) of AVM obliteration (with 95%
age + 0.5 * location Cl)
+AVM score <1.00: 89 (79-94)
Parameter info +*AVM score 1.01 - 1.50: 70 (59-79)
svolume: in mL /cc *AVM score 1.51 - 2.00: 64 (51-75)
«AVM score >2.00: 46 (33-60)

*age: in years
+location:

*superficial (hemispheric/corpus Chance (in %) of Modified Rankin Scale

callosum/cerebellar) = 0; . . o

«deep (basal ganglia/thalamus/ ﬁﬂ ';;{:::' 5 ﬂ5, g" {gg}

brainstem) = 1 *AVM score 1.01 - 1.50: 13 (7-22)
+AVM score 1.51 - 2.00: 20 (12-32)
*AVM score >2.00: 36 (24-50)

Neurosurgery 2008. 63:239-243



Proposal for a New Prognostic Score for Linac-Based
Radiosurgery in Cerebral Arteriovenous Malformations

Stefanie Milker-Zabel, M.D.,* Annette Kupp-Schnmder Ph. D., Hannah Wiesbauer,*
Wolfgang Schlegel, Ph. D.,' Peter Huber M.D., Ph.D.," Jiirgen Debus, M.D., Ph.D,*

and Angelika Zabel-du Bois, M.D.*"*

*Department of Radio-oncology and Radiotherapy, University of Heidelberg, Heidelberg, Germany; 11!3'»3',::a.r'.nr't.rrre-nt of
Biostatistics, German Cancer Research Center, Heidelberg, Germany; ‘Department of Medical Physics, German Cancer
Research Center, Heidelberg, Germany; and ‘Department of Radiotherapy, German Cancer Research Center, Heidelberg,

Germany
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Int J Radiation Oncol Biol Phys, Vol. 83, No. 2, pp. 525e532, 2012



Comparacion GK /LINAC

Gammaknife Linac

Experiencia Clinica > <

Precision Submilimetrica Submilimetrica

QA < >

Uso de maquina Dedicada SRS No exclusiva SRS

Precio Alto Menos costosa
Cambio de fuentes 5 -7
anos

Localizacidon tumor Dificil lesiones Facil lesiones perisféricas
perisféricas

Tratamientos fraccionados Menos experiencia Mayor experiencia

Tiempo de tratamiento > <

Clinical Radiation Oncology. Gunderson & Tepper. 2012



Dosimetric comparison of different treatment modalities for stereotactic
radiosurgery of arteriovenous malformations and acoustic neuromas

Thierry Gevaert *°*, Marc Levivier ¢, Thomas Lacornerie ¢, Dirk Verellen®®, Benedikt Engels *°,
Nick Reynaert 9, Koen Tournel **, Michael Duchateau *°, Truus Reynders ", Tom Depuydt *°,
Christine Collen®®, Eric Lartigau, Mark De Ridder *®

» 1C.GKyCK
AD LINAC > 1G: GK

» IH: LINAC

DMLC LINAC

T. Gevaert et al. / Radiotherapy and Oncology 106 (2013) 192-197



Treatment of arteriovenous malformations with linear

accelerator—based radiosurgery compared
with Gamma Knife surgery

PETER Ori0, D.O., KEITH J. STELZER, M.D., PH.D., RoBERT GoODKIN, M.D.,
AND JAMES G. DoucLas, M.D., M.S.

Departments of Radiation Oncology and Neurological Surgery, The University of Washington Gamma
Knife Facility at Harborview Medical Center, Seattle, Washington; and Department of Radiation

Oncology, Cetlo Cancer Center, The Dalles, Oregon
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Linear accelerator radiosurgery for arteriovenous malformations:
Updated literature review

S. Yahya?, G. Heyes?, P. Nightingale®, S. Lamin®¢, S. Chavda®, I. Geh?, D. Spooner ?, G. Cruickshank ¢,
P. Sanghera **

? Hall-Edwards Radiotherapy Research Group, Queen Elizabeth Hospital, Birmingham, United Kingdom

" Wolfson Computer Laboratory, University Hospitals Birmingham, NHS Foundation Trust, United Kingdom
© Department of Neuroradiology, University Hospitals Birmingham, NHS Foundation Trust, United Kingdom
9 Department of Neurosurgery, University Hospitals Birmingham, NHS foundation Trust, United Kingdom

Study No Obliteration Dose (Median) Treatment Radio-surgery Reported Toxicity Follow up
rate volume system (median)
years
Current (2016) 47 74.5% 19.8 Gy 1.97 Linac based 6.4% (Hge = 4/47) 4.4
Zebel Du Bois et al. [8] 50 76% 18 Gy 4 cc Linac based 12% 31
Bollet et al. [9] 118 54% 24.5 Gy/max 74cc Arc Rs therapy 3.9% 3.8
Gobin et al. [10] 125  65% 25 Gy(60-70% 6.2 cc Linac based 3% 33
isodose)
Miyawaki et al. [11] 73 50% 25.18 Gy/max 84cc Linac based Hge=5.1% 5.9
necrosis = 22%
Schlienger et al. [12] 169  64% -70% isodose _ 2.46 cc Linac based 2.3% 4.8
Barker et al. [13] 1250 [105 Gy i Proton SRS 4.9% 6.5
Kano et al. [14] 474 | 48% at 3 years | 20Gy 3.8 ml GK 6.4% 7.4
Bowden et al. [15] 40 53% at 3 years 3.85 cm? GK 6% 6
Colombo et al. [16] 102 [ 812% i [2625Gy | Cyber knife 3
Maruyama et al. [17] 50 66% 20Gy 1.5¢cm GK 1.7% 3.27
Touboul et al. [18] 100 51% 20 Gy 968 mm? GK 10% 3
Lunsford et al. [19] 227  BO% (37/46) 212Gy = GK 4% 11
Douglas et al. [20] 95  714% 20 cK 3.1
Flickinger et al. [21] 264  73% 20Gy 7 cm GK - 7
Gawish et al. 68 68% 19,8 Gy Linac based 2.1

S. Yahya et al./ Journal of clinical Neuroscience 38 /2017) 91-95
Gawish et al. Radiation Oncology. (2022) 17:161.



Pediatric Intracranial Arteriovenous
Malformation: Long-Term Outcomes with Linear

Accelerator (LINAC)-Based Radiosurgery

Ethan M. Glazener, MD,** Kenneth Lodin, MD,* Michael J. Miller, MD,*
Matthew J. Frager, MD,* Javad Rahimian, PhD,* Joseph C.T. Chen, MD,” and
Michael R. Girvigian, MD®

“Department of Radiaton Oneology, Kaiser Permanente, Los Angeles, California and *Netiro restoration Center, Keck

School of Medicine, University of Southern California, Los Angeles, California

Table 5 Comparison of LINAC-based pediatric AVM studies

Author Year No.of Median Median Median Median Obliteration Hemorrhage
Location patients age (y) AVM volume (cc) follow-up prescription  rates
(range) (range) dose (Gy)
Nataf/France™ 2003 49 12 3.5 (0.6-16) 34 (7-172) | 25 | 6129 8.2%
Miity/USA® 2004 17 12 6.9 (0.7-25) 21 (9.4-63.1)
Zabel-Du 2006 22 11.8 42 (0.4-26.5)  37.2(204-87.6) 18 64% 23%
Bois/
Germany "
Reyns/France”' 2006 100 12 1.7 (0.9-21.3) 26 (11-126) 23" 70% 1.7%
Buis/ 2008 22 13.8 1.8 24 19 68% 4.5%
Netherlands™
Blamek/Poland™ 2012 10 15.4 13.4 (0.56-36.81) 38.5 (13-120) 19 80% 0%
Galvan De la 2014 45 12.9* 3.67" (0.36-15.01) 37.7 (10-112) 17 66.7% 0%
Cruz/Mexico™
Rajshekhar/ 016 6 14 84" (0.6-41.8) 27.5% 63.8% 22%
India™*
Present 2019 34 14.4 2.9 (.23-27.31) 98 (36-200) 17 64.7% 59%
study/USA

Table 3 Comparison of AVM characteristics and dose

AVM size (cc)
<1.0

1.0—4.0
4.1-10.0

>10.0

AVM size (cc)
<1.0

1.0—4.0
4.1-10.0

>10.0

AVM location (n)
Eloquent (7)
Noneloquent (27)

n (%)

7 (20.6)

12 (35.3)

10 (29.4)

5(14.7)

Median dose (cGy)
1800

1800

1600

1500

Median dose (cGy)
1600

1760

» SRS LINAC en MAV intracraneanas en poblacion pediatrica es segura y efectiva con un
seguimiento a largo plazo.

Advances in Radiation Oncology (2020) 5, 850-855



Relacion dosis respuesta en AVM

% with In-field Angiographic or MR Obliteration
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Flickinger. Radioter Oncol 2002; 63: 347-354



Estrategias de Radiocirugia en AVM grandes

Volume-staged SRS

MAV
14 cc o 3cm

SRS dosis Unica / gran riesgo
de toxicidad Dose-staged SRS

HSRT




Volume-staged versus dose-staged radiosurgery outcomes for
large intracranial arteriovenous malformations

SHAYAN Moosa, B.A.,! CHING-JEN CHEN, ML.D.,! DALE DinG, M.D.,! CuENG-CHia Leg, M.D.,2
Srinivas CHivukuLA, ML.D.,* RoBerT M. STARKE, M.D., M.Sc.,! Caun-Po Yen, ML.D.,!
Zuryuan Xu, MLD.,! aNDp JasoN P. Sueenan, M.D., Pu.D.!

'Department of Neurological Surgery, University of Virginia Health System, Charlottesville, Virginia;
*Department of Neurosurgery, Neurological Institute, Taipei Veterans General Hospital, Taipei, Taiwan; and
‘Department of Neurological Surgery, University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania

Volume staged: patient and treatment charactaristics

Ma. of Mo.of Pls  Mean  Mean  Modality Maan Mean Time Mo, wi Mo, w/
Authors & Plsin Na. of Meeting  Age  AVM Val of Total Dosa  Iscdose BElwn Slapas Pravious Prewvious
Yaar Sludy*  Femalas Criteriat  (yrs} [em?)  Trealmant Gyl Line Mo of Stages  (daysi} Spetdar-Martn Grade  Hemorrhage Embobzation
Sirin ed al,, 37 12026 [42.9%) 14 7 24.8 GHRS | 16 0% 2-3 ] 12 0%: 11z 0F%; M- 7.1%; 13728 13726 [46.4%)
2006 IV-39.3%: V. 53.6% [46.4%)
Back et al, 23§ BMB 4R 19 a3 0.2 GHRS | 16.5-180 NR  2-3 2 NR BB (42%) 018 (0]
2008
T 16 (50%) L] 26 224 GHKRS 173 NR  2-3 2 NR VB (0%) G (100%;)
Chung et al., T 46 [86.T%) L] 13 GHKRS | 16-1B.6 NR 2 6.8 12 Q% 11 07%; NI 16.7%:; HE(50%) 06 (0%
2008 IV- B0%; V- 33.3%
Lae ef al, 231 T3 (304%) 5 34 GKRS | 208 3% 2 1-7 I 0%: 112 30.4%; 1k 43.5%; 1823 323 (13.0%)
2009 IV 21.7%: V- 4.3% [78.3%)
Amponzah et 5  4/5(80%) e N GHRS | 1B 50% 2ord 10 12 0%: 112 0°%; M- 0%%; 25 (40%) NR
al, 201 IVC B0%; V- 40%
Kano at al., AT 1T (84T 47 a3 bl GKRS | 18 NR 2 (some re- 48 I 0% 11 0%; - 10.6%,; a7 21T (44.7%)
2012= traaled) IV: B9.6%: V. 29.8% [3B.3%)
Huangetal, 18 10/18 (535.6%) 18 35 228 GHKRS 50%  2-4 (some 33 1: 0% 112 0%; M- 11.1%; 101a 818 (44.4%)
2012 re-Ireatad) IV 55.6%: V. 33.3% [55.6%)
total 167 BAME2 120 72152 S1M4T (34.7%,)
[45.4%) [47.4%)
Volume staged: Results
Mean Follow-Up  Mean Time ba Complate  Complele Oblileraton
Authars & Year Duration {mas) Obliteration [mos] Rata Partial Obliteration Rate® RIC Rata Hamorrhage Rate Martality Rate
Sirin at al, 2008 50 KR S AE K TIT (1007 [unspaciiad] T2 (25%) A28 (14.3%) 2128 (T1%)
Back el al,, 2004 »38 NR 18135 (T2%) NR 26 (12.0%) 4725 (18.0%) /25 (0%)
Chung et al., 2008 28 53 208 {33.3%) 44 (100%,) [unspecifiad] V6 (D%%) 16 (16.7%) v {0%)
Les atal, 2009 41.2 NR 215 [40%;) 313 (100%;) [unspeacifiad] 0723 (0%) 2123 (B.7%) 2123 (B.T%)
Amponsah at al.. 2011 TB.5 NR 215 [40%) 313 (100%) [unspecifiad] 205 [40%) 115 (20%) V5 {0%)
Kano el al, 2012* B7 NR 1TI4T {36.2%] 5130 (18.7%) [>TE%] BT (12.8%) 1047 {21%) 5T (10.6%)
Huang et al,, 2012 »38 KR 1118 {51.1%) NR 118 (5.6%) 5M8 {27.8%) 118 (5.6%)
fotal ; 22047 (46.8%) 181152 [12.5%) i 10152 (B.6%)
meaan (35% CI) I»I?.S!-:i. (34.3-60.8%) I 83.3% (371-100%) 13.6% (0.20-271%) I 17.8% [12.3—23.3%]' 4.6% (0.37-B.6%)

Neurosur focus. Vol 37. September 2013.
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Volume-staged versus dose-staged radiosurgery outcomes for
large intracranial arteriovenous malformations

SHAYAN Moosa, B.A.,! CHING-JEN CHEN, ML.D.,! DALE DinG, M.D.,! CuENG-CHia Leg, M.D.,2
SriNivas CHivUKuULA, ML.D.,* RoBerT M. STARKE, M.D., M.Sc.,! Caun-Po YEn, ML.D.,!
Zuryuan Xu, MLD.,! AND JasoN P. Sueenan, ML.D., Pu.D.!

'Department of Neurological Surgery, University of Virginia Health System, Charlottesville, Virginia;

*Department of Neurosurgery, Neurological Institute, Taipei Veterans General Hospital, Taipei, Taiwan; and
‘Department of Neurological Surgery, University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania

Doses staged: patient and treatment charactaristics

Mo. of Mo.of Pts Mean  Mean  Maodality Mean Mean Time
Authors & Ptsin Ho. of Maeting Age  AVM Vol of Tolal Dose  Isodose Mo.of  Bbwn Stages Mo w/ Pravious Mo, w/ Pravious
Year Sludyt Famalas Critaria  (yrs| fom® Trealment Gyl Line  Slages {days)§ Spatzlar-Martin Grade Hemorhage Embolization

Lindquist et 28 14026 (53.8%) 5 I’ 4 LINAC | 42 MR 12 35 NR 14/26 (53.8%) MR ]

&, 1986 Los tratamientos por volume-staged en AVM grandes
Lindvall etal, 38  18/28(621%) 10 £3 D LINAC | 30-35  @0% & -2 L 3% I 3%, I 45 %: 14/29 [48.3%) 11123 (37.0%) tiene mejores tasas de oclusion y toxicidad similar a

2003 IV 3.4%; V- 0% doses-staged.
Silardar gt 28 1226 [46.2%) 0 L] PaI 0-25  NR 24 1 I: 15.4%; II: 23.1%; 11l 26.9%; MR MR ; ; ;

o 2004 - 2B.9%: V- 77% El manejo en AVM sin ruptura es controversial.
Veznadaroghu 7] 4/7 (57.1%) B 3@ 238 | LNAC | 42 9% 6 z I: 0% 11 0%: I1I: 28.6%: UT(2BE% BT (A5TH)

el al, 2004 IV: BT1%:; V- 14.3%

23 1318 (T2.2%) 18 42 M5 | uNac | 30 s 6 z - 4. 3% 11: 0%; 11k 43.5%; V23 [43.5%) 1323 {56.5%)
I 43.5%; V- 8.7%
128 [ q q

Ka:ss;g;é 28 15028 (53.6%) 24 3 4 NR: an% 12 35 NR 13428 (46.4%) MR Dosis total de 30Gy/5F es superior a 25Gy/5F en
ZabelduBois 15 W15 (B0%) 15 W Linac | 28 0% 45 1 I 0%; I 0%; Il 33%; BIIS(53.3%) 4015 (26.7%) respuesta a la obliteracion o reduccion de volumen, con

et al., 200 IV 40%; V2 26.7% baja toxicidad.
Xiao ef al., M 1320 (85%) 20 34 |4s84 | UnNAC | 3530 90% 58 1 I O%; I 0%: IIl: O%; IV 35%; 11720 (55%)  10V20 (50%)

2010 Vs B5%
Blamek etal, 49 Z540 [51%) 49 36 2507 | LINAC n MR 24 a7 I 0%; I 306%; I 36.7%; 189 (367%) 283 (57%)

203 IV 24.5%; V- B.2%
total 334 123218 181 BIVIST (45.7%) T2/143 (S0.3%) HSRT puede ser usada en MAV grandes para reduccion

(36.4%) de volumen o manejo adyuvante con otras modalidades

park et al. (microcirugia, embolizacién, SRS dosis Unica )
2016. 45 29 20 GK 13/17Gy 2 39m. 11138% IV 24% 10/45 22% 6/45 (13%)

Doses staged: Results

Mean Folow-Up  Maan Tima fo Completa  Camplate Oblitaration

Authors & Yaar Durafian [mas) Oalitarabon (mas) Rate Partial Oblteration Rate* RIC Rata Hemarrhage Rats Martality Rete
Lindgvizt el al,, 1986 =G NR 115 (20%) 34 (755 [2100%] 326 (11.5%) 426 (15.4%) 2126 (T7%)
Lingvall el al., 2003 1 ] THO (705, NR 420 (13.8%) 2/29 (B.5%) 028 [0%)
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ABSTRACT

Background: Aim was to access outcome and toxicity of repeated linac-based radiosurgery in incom-
pletely obliterated cerebral AVM,
Patients and methods: Between 1998 and 2008, 11 patients were treated with repeated radiosurgery. The
median dose to the 80%-isodose was_15 Gy (range, 12-18 Gy). During initial radiosurgery the median
dose was 18 Gy (range, 9-22 Gy).
Results: The median time interval between initial radiosurgery and re-treatment was 9 years (range, 4-
16 years). The median follow-up was 26 months (range, 2-115 months). Treatment response was seen in
8 patients (89%). Complete (partial) obliteration was achieved in 5 (3) patients (56% 33%, respec-
tively).The median time to complete obliteration was 26 months (range, 5-45 months). Pre-existing neu-
rological symptoms improved in 2 patients (18%), were stable in 7 patients (64%) and worsened in 2
patients (18%). Prevalence of intracranial hemorrhage was 9% (1/11). Post-re-treatment intracranial hem-
orthage rate was 2.7% (1/38 years at risk). During follow-up, no secondary malignancies or toxic-
ity > grade IIl were observed.
Conclusion: Repeated linac-based radiosurgery in incompletely obliterated cerebral AVM is an effective
treatment option with a high rate of treatment response and an acceptable risk for side effects. Marginal
doses above 15 Gy might further improve the rate of complete obliterations.

@ 2011 Elsevier Ireland Ltd All rights reserved. Radiotherapy and Oncology 98 (2011) 217-222
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» Volume staged: los estudios publicados incluyen un nimero bajo de pacientes y no se han centrado
en los efectos dosis-volumen y riesgo de necrosis.
» HSRT: los estudios publicados estan para metastasis cerebrales.

Int J Radiation Oncol Biol Phys, Vol. 110, No. 1, pp. 68e86, 2021
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» Riesgo de lesion por radiacion sintomatica después de radiocirugia con LINAC
estuvo relacionado al diametro , volumen de la lesion y al volumen del tejido
irradiado.

Int J Radiation Oncol Biol Phys, Vol. 83, No. 3, pp. 872e877, 2012



Patterns of Failure After Linear Accelerator Radiosurgery for Cerebral Arteriovenous
Malformations
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World Neurosurgery 136: e141-e148, April 2020



Rotational Angiography—Bascd Gamma Knife
Radiosurgery for Brain Arteriovenous
Malformations: Preliminary Therapeutic Outcomes

of the Novel Method

Mejor definicion del nido, mayor posibilidad de obliteracion de forma mas
temprana.

Neurosurgery 0:1-10, 2021



Efectos tardios por radiocirugia en AVM

- EEE
—

Efectos
tardios

B. Pollock et al. Neurosurgery. 0:1-7.2017.



Radiation-Induced Changes After Stereotactic
Radiosurgery for Brain Arteriovenous

Malformations: A Systematic Review and
Meta-Analysis

A. llyas et al.

La mayoria de los pacientes
secuelas neuroldgicas, y

déficits permanentes (AVM sin
ruptura / RIC)

(35%)

» 24/51 estudios LINAC

Las AVM profundas mayor
riesgo de desarrollar RIC
sintomético.

A. llyas et al. Neurosurgery. 0. 2017.



Cambios inducidos por Radiacion

RIC sintomatico 8 AVM talamica izg.
meses después

N. Ironside. Operative Neurosurgical Tecniques. Chapter 96, 1125-1133.e4. 2022.



Efectos tardios por radiocirugia en AVM

Quiste asintomatico 9 5 anos después sin cambios
afos despues de SRS

B. Pollock et al. Neurosurgery. 0:1-7.2017.



Efectos tardios SRS en AVM

16 anos después
de SRS (AVM
trombosada)

B. Pollock et al. Neurosurgery. 0:1-7.2017.




Cerebral Arteriovenous Malformations Trated with Linear Accelerator Stereotactic Radiosurgery

Guided by Magnetic Resonance Imaging and Panangiography: A Latin American Experience
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INTRODUCTION

Cerebral arteriovenous malformations (AVM) are vascular lesions
that include aberrant communication between anterial and venous
systems. Treatment for AVM is still under debate. Surgery,
embolization, observation, and radiosurgery are options for
patients. Most data for radiosurgery came from the Gammaknife
series. However, low middle-income countries have financial
constraints to establish dedicated intracraneal neurosurgery
machines.

AIM

Determine AVM obliteration rate in pattients treated with linear
accelerator stereotactic radiosurgery (SRS) guided by magnetic

“Tesonance imaging and panangiography fusion with computed
tomography simulation at a quaternary care institution in Latin
America.

METHOD

We conducted an observational study with pattient trated with
SRS at our institution during 2011 and 2017. Exclusion criteria
were age younger than 14 and history of brain cancer. After IRB
approval, data were collected retrospectively by reviewing
medical records. Patients without available follow-up were
contacted to gather missing information.

Primary outcome was obliteration rate at 3 years, confirmed
by diagnostic imaging (MRI or cerebral panangiography).
Secondary outcomes were intracraneal bleeding, headaches,
epilepsy and neurological deficit at clinical presentaiton and
after SRS.

Analysis included sociodemographic data, AVM
characteristics (locarion and Spetzler-Martin grading), and
treatment features. We used descrptive statistics, measures of
central tendency and dispersion and proportions,

RESULTS

We included 85 patients. The mean age at
treatment was -73), 49,4% of patients
were male, and 50,6% female. The most common
location was the frontal lobe in 25,9% (n=22)
and the parietal lobe in 24,7% (n=21). At
diagnosis, 44% of patients had a history of
intracranial hemorrhage 49 patients had received
previous embolization. The mean dose of
radiosurgery was 19,3 Gy (14-25). The mean
isodose was 95,75 (80-98). 35,3% of the patients
had an AVM Spetzler.Martin grade 2, 40%
grade 3, and 12,9% grade 4. We obtained long-
term follow-up data for 42 patients, with a
median follow-up of 1 ays. The overall

~GpIteration rate was 60%, based primarily on
panangiography (59,196). Symotoms after SRS
included headaches (n=30) and seizures
(n=10). 2 patients presented intracranial
bleeding. We contacted all missing patients, but
no follows-up data available for analysis. Most
missing patients lived outside the city.

Video 1 Planning target volume (PTV) of temporal AVM.

Figure 1. Temporal Arteriovenous Malformation in cerebral panangiography
(A) And magnetic resonance imaging (B).

CONCLUSIONS

1 Ding D, S\arke RM Kano H, Lee .'IYK Mathieu D, Pierce J, et al
. P . . . pt An
Tri-modality image fusion SRS with linear accelerator for wnﬁr;:c:galz{ﬂgmcer}gr renrospecwe cohort study. Clin
AVM could be a safe and accessible option in low-middle 2. johr JP, Parides MK, Slapr Moque(e E, Moy CS, Overbey JR,

income ountries. Health administrator issues, travel
distances to access linear accelerators and multidisciplinary
teams hinder timely follow-up and surveillance imaging.
More prospective data are needed to define the role od SRS

for AVMs.
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Conclusiones

> Los riesgos del tratamiento deben de ser balanceados en contra de los riesgos

asociados con el curso natural de las AVMs.

» La Radiocirugia es el unico manejo biologico de AVM, con una respuesta

tardia para oclusion completa.

» La Radiocirugia con LINAC tiene resultados similares tanto en oclusion de
AVM y complicaciones comparado con otras plataformas de dedicacion

exclusiva.
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