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Definition - AVM 
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 2% of intracranial hemorrhages 

 Incidence of AVMs: 1.2/100 000 person-years 

 AVM hemorrhage is 0.42/100 000 person-years 

 Supratentorial location 85 % 

 Posterior Fossa 15% 

 Spontaneous thrombosis in 2-3% 

 Incidence of multiple AVMs: rare outside of HHT 

or Wyburn-Mason Syndrome 

 



Background 

 

 

 

 

 

 

 

 
Baptist Neuroscience Center 

BAPTIST HEALTH SOUTH FLORIDA 

 Level V evidence multiple observational 

studies 1966-1997.  

 Annual bleeding risk 2-4% 

 Each bleed: 

 20-30% neurological morbidity 

 10-30% mortality 

Cockroft KM, Stroke 2006; 37:1148-1149 



Background - Hemorrhage 
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 678 consecutive, prospectively patients for 1931.7 patient-years 

 Hemorrhage rates were 4.61% per year 

 7.48% per year for bAVMs with initial hemorrhagic presentation  

 4.16% per year for initial seizure presentation 

 3.99% per year for patients not harboring aneurysms 

 6.93% per year for patients with associated aneurysms  

 5.42% per year for bAVMs with deep venous drainage  

 Hemorrhagic presentation was a significant independent predictor of 
future hemorrhage (P<0.01) 

 Associated aneurysms (P=0.07) and deep venous drainage (P=0.07) 
showed a trend toward significance 

 
da Costa, et al. Stroke 2009 



Background – Risk Factors for Bleed 
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 Vertebrobasilar system 

 Location (basal ganglia) 

 Deep venous drainage  

 Perforators as feeders  

 Intranidal aneurysms 

 Multiple aneurysms  

 
Turjman et al. Neurosurgery 1995 

 



Background - Hemorrhage 
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 N = 115 hemorrhage presenting symptoms 

 N= 27 second hemorrhage during f/u 

 Mean f/u time 16.2 months 

 23% ICH 

 31% ICH + IVH 

 16% IVH 

 30% SAH 
 

Hartmann et al. Stroke 1998 



 

Treatment Options  

 
 Surgery 

 Embolization + Surgery  

 Radiosurgery 

 Embolization + Radiosurgery 

 Embolization 
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Big Question: should we treat unruptured AVM? 



ARUBA 
A Randomized trial of Unruptured 

Brain Arteriovenous 

Malformations 

Lancet. 2014 February 15; 383(9917): 614-621 



Study Descriptions 

ARUBA 

 Multicenter, randomized BAVM trial 

 Medical management of BAVM 

 Med tx plus intervention (standard tx) 

 Med tx alone (experimental tx) 

 Trial aimed to prove superiority or non-
inferiority of med tx alone 

 Recruiting April 4, 2007-April 15 2013 

 NIH halted randomization 

 

Salman RA-S, et al, JAMA 2014; 311(16):1661-1669 
Mohr JP, et al, Lancet 2014; 383:581-583 



10 Outcome Endpoints 

ARUBA 

 Time to composite event of death from any 

cause or symptomatic stroke 

 “Symptomatic Stroke”: Any new focal 

neurological deficit, seizure, or new 

headache 

 Imaging findings of hemorrhage or infarct 
 

 

Mohr JP, et al, Lancet 2014; 383:581-583 



20 Outcome Endpoints 

ARUBA 

 Clinical impairment at 5 years 

 Modified Rankin scale score of 2 or higher 

Mohr JP, et al, Lancet 2014; 383:581-583 

Salman RA-S, et al, JAMA 2014; 311(16):1661-1669 



ARUBA Recruitment 

Mohr JP, et al, Lancet 2014; 383:581-583 

**Number of pts 

selected for tx 

outside trial = 

74 intervention 

61 medical 

42 managed at 

ctrs with no 

randomized  pts 



ARUBA AVM Characteristics 

AVM Characteristic Interventional (n=114) Medical 

(n=109) 

Spetzler Martin Grade 

     I 32 (29%) 33 (30%) 

     II 44 (39%) 27 (25%) 

     III 28 (25%) 34 (31%) 

     IV 8 (7%) 15 (14%) 

AVM Size <3cm 78 (68%) 60 (55%) 

Lobar Location 104 (91%) 99 (91%) 

Eloquent Location 54 (47%) 51 (47%) 

Associated Aneurysm 15 (13%) 21 (19%) 

Superficail Venous Dr. 78 (70%) 69 (63%) 

55-70% 

Mohr JP, et al, Lancet 2014; 383:581-583 

18/94 pts  

(19.1%) 

treated 

with  

surgery 



Treatment Heterogeneity 

Treatment 

Modality 

ARUBA/SIV

MS Tx 2007-

2013 

UTSW 2005-

2010 

van Rooij 

2008-2011 

Embo Alone 30/22 10 24 

Surg Alone 5/18 20 6 

SRS Alone 31/28 61 72 

Embo/Surg 12/12 50  

 

42 
Embo/SRS 15/20 17 

Embo/Comb

o 

1/1 3 

SRS/Surg 0/2 7 

Total 94/103 168 144 

% Embo 

Alone 

31%/21% 5.95% 16.7% 

Van Rooij WJ, et al, AJNR 2012; 33:1299-1304 
Mohr JP, et al, Lancet 2014; 383:581-583 



ARUBA Results-10 Endpoint 

Intent to Treat Interventional 

(n=114) 

Medical 

(n=109) 

Risk Ratio 

(95% CI) 

Death or stroke 35 (30.7%) 11 (10.1%) 0.33 (0.18-0.61) 

Death 

     All cause 3 (2.6%) 2 (1.8%) 0.70 (0.12-4.09) 

     AVM-related 2 (1.8%) 0 

First stroke 

All 34 (29.8%) 9 (8.3%) 0.28 (0.14-0.55) 

     Hemorrhagic 25 (21.9%) 6 (5.5%) 0.25 (0.11-0.59) 

     Ischemic 9 (7.9%) 3 (2.8%) 0.35 (0.10-1.25) 

Mohr JP, et al, Lancet 2014; 383:581-583 



ARUBA Results-20 Endpoint 

Functional 

Outcome 

Interventional 

(n=114) 

Medical 

(n=109) 

Risk Ratio 

(95% CI) 

MRS ≥ 2 

30 mo F/U 

46.2% (24/52) 15.1% (8/53) 0.33 (0.16-0.66) 

MRS ≥ 2 

36 mo F/U 

38.6%(17/44) 14.0% (6/43) 0.36 (0.16-0.83) 

Mohr JP, et al, Lancet 2014; 383:581-583 



ARUBA Adverse Events 

AE Interv. # 

N=114 

Rate per 

pt-yr 

Medical # 

N=109 

Rate per 

pt-yr 

p-value 

Stroke* 45 0.144 12 0.039 <0.0001 

   Hemor. 33 0.106 8 0.026 

   Ischem. 12 0.038 4 0.013 

Focal def 

   All 14 0.045 1 0.003 0.0008 

   Persist. 4 0.013 1 0.003 

   Revers. 10 0.032 0 0 

Mohr JP, et al, Lancet 2014; 383:581-583 

* Includes recurrent stroke 



ANNUALIZED HEMORRHAGE 

RISK 2.2% (95% CI 0.9-4.5) 

ARUBA Medical Group 

http://www.arubastudy.org 

SIVMS Hemorrhage rate 18%/12 yrs  



ARUBA Trial Debate 

Mohr JP, et.al. Stroke 2012; 43(7):1744-45 

Cockroft KM, et.al. Stroke 2012; 43(7):1979-81 

Cockroft KM, Stroke 2007; 38(12):3310-11 Cockroft KM, Stroke 2006; 37(5):1148-49 



ARUBA Trial Debate 

 Follow-up Duration 

 Disease/Treatment Heterogeneity 

 Selection/External Validity 

 Complication Rate/Stroke Definition 



 

Treatment Options  

 
 Surgery 

 Embolization + Surgery  

 Radiosurgery 

 Embolization + Radiosurgery 

 Embolization 
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Totally dependent on center expertise and AVM 

features 



BAVM Meta-analysis 

137 articles142 cohorts 1972-2009  

Van Beijnum J,et al, JAMA 2011; 306(18):2011-2019 

Modality *Case 

Fatality 

*Bleed 

Rate 

**Proc. 

Complic 

**Severe 

Complic 

**Oblit. 

Rate 

**F/U 

(Mo) 

Overall 0.68 

(.61-.76) 

1.4 

(1.3-1.5) 

- - - 30 

(2-123) 

Surgery 1.1 

(.87-1.3) 

0.18 

(0.1-0.3) 

29% 

(1.5-54) 

7.4% 

(0-40) 

96% 

(0-100) 

17 

(2-98) 

SRS 0.50 

(.43-.58) 

1.7 

(1.5-1.8) 

13% 

(0-63) 

5.1% 

(0-21) 

38% 

90-75) 

35 

(8-94) 

Embo 0.96 

(.67-1.4) 

1.7 

(1.3-2.3) 

25% 

(7.6-55) 

6.6% 

(0-28) 

13% 

(0-94) 

27 

(5.3-78) 

                               * Estimate per 100 Person-Years (95% CI) 
** Median (Range) 

“Severe” = perm. neuro deficit or death  

“We were not able to provide reliable 

estimates of the risk of  

multimodality treatment. Multimodality 

treatment may be the  

safest approach for some brain AVMs, 

but it m ay also result  

in accumulation of risks of the various 

treatments involved.” 

                13,698 pts, 46,314 pt/yrs F/U 



BAVM Embo 1995-2002 

Taylor CL, et.al., J Neurosurg 2004; 100(5):810-812 

339 Embos 201 pts  (mean 1.7 embo/pt) 

 

Neuro Deficit/Death per Procedure 7.7% 

Neuro Deficit/Death 11% 
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BAVM Embolization 

Hauck EF, et.al., AJNR 2009; 30(3):492-495 
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BAVM Embo 2002-2008 

Panagiotopoulos V, et.al., AJNR 2009; 30(1):99-106 
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Embolization 
 11- year period, 295 embolization procedures (761 

pedicles embolized) in 168 patients  

  Embolization as the primary treatment modality (16) or 

as an adjunct to surgery (124) or radiosurgery (28)  

 There were a total of 27 complications, of which 11 were 

clinically significant. 

 Excellent or good outcomes (GOScale 4)  152 (90.5%) 

patients.  

 Unfavorable outcomes (GOS 1 to 3) 3.0% at discharge  

  1.2% embolization-related mortality  

Ledezma CJ. et al Neurosurgery. 2006;58  
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Embolization 

 Predictors of unfavorable outcome by univariate 

analysis were:  

 (1) deep venous drainage (P0.05)  

 (2) Spetzler-Martin Grade III to V (P0.05) 

 (3) periprocedural hemorrhage (P0.0001) 

Ledezma CJ. et al Neurosurgery. 2006;58  
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Saatci et al J Neurosurgery 

Saatci I, et al, J Neurosurg 2011; 115:78-88 
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Hemorrhagic Complications 

Baharvahdat R, et al, AJNR 2014; 10.3174/ajnr.A3906  

 

846 embolizations in 408 patients 

Hemorrhage in 92 embolizations (11%) 

…Perm. deficit from hemorrhage in 7.6% pts 

 

Overall perm. deficit: 

 5% SM1, 6% SM2, 14% SM3, 19%SM4, 21% SM5 

Mortality 1.6% 

“EVT (with the goal of complete obliteration  

of the nidus in 1 or multiple sessions) being  

the first-choice treatment for cerebral AVMs”  

Complete obliteration in 49% overall 

…70% of AVMs with completed embolization 

87% SM1, 82% SM2, 55% SM3, 57% SM4, 50% SM5 

2000-2010 
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Series Patients (n) Permanent 

D &D 

Notes 

Ledezma73 168 6.5% Described as 
clinically significant 
complication,  

Haw74 306 3.9% Eloquence, 
presence of fistula or 
venous glue 
embolization related to 
morbidity. 

Kim72 153 11.8% Did not 
distinguish between 
transient or permanent, 
disabling or non-
disabling,  

Jayaraman49 192 1.6% No factors reached 
statistical significance 
for complications 

Katsaridis41 101 11% 

Gao75 115 3.5% 
Starke2 202 5% 5% rate improved 

to 0.5% at long-term 
follow-up  

   Other published series of AVM embolization with 100 or more patients 



Embolization on Acutely Ruptured AVM 
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 Stemer et al. JNIS 2013 

      - 21 patients  

      - 62% one session 

      - cure rate 33% with one seesion embo 

      - 2 patients had asymptomatic procedural 

complications 

      - mean GOS at presentation was 4 and at 

discharge was 4.4 (improved) 
 

 



How do we approach AVM 
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 Unruptured deep lesion – SRS 

 Unruptured lesion SM 1 to 3: embo+surgery 

 Unruptured/Ruptured lesion SM 4 to 5: embo 

angioarchitectural defect 

 Ruptured lesion SM 1 to 2: embo to cure with or 

without surgery 

 Ruptured lesion SM 3: embo+surgery 

 



Left BG AVM GK planning 







30F severe headaches 
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29M seizures 
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32M severe HA and LOC 
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40y F presenting with HA and 

mild left side weakness 

















44M found unresponsive 















48yo F know left frontal AVM 
presenting after sudden onset of 

severe headaches 
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PRE EMBO POST EMBO 







26 year old with sudden onset of 

headache and right hemiplegia 

















 Not much has changed... 

 Exclude risk factors 

 Downsize the AVM in preparation for Surgery for 

surgically accessible lesions 

 Downsize the AVM in preparation for Radiation for 

deep lesions 

 Embolization with intent to cure as sole modality is 

not a common practice in the USA 

AVM Embolization Post-ARUBA  
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Thank you!!! 


