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e Learning Objectives

• Curability and outcome according to AVM locations
• Cortical & subcortical

• Spetzler‐Martin grades 1 & 2
• Deep‐seated BAVMs
• Posterior fossa AVMs

• Techniques
• Venous route
• COMBIMAV
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e Cortical & subcortical BAVMs

• SM 1 & 2
• Curability by EVT

Baharvahdat H et al. Endovascular Treatment for Low‐Grade (Spetzler‐Martin I‐II) Brain Arteriovenous Malformations. AJNR Am J Neuroradiol. 2019 Apr;40(4):668‐672.
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• SM 1 & 2 Complications of EVT
• Delayed hemorrhagic complications: 5%
• severe ischemic complication: 2%
• new neurologic deficit: 14%

• 9% resolved within 30 days of embo
• 5% with a permanent deficit (3% from hemorrhagic and 2% from ischemic
complications)

• overall good outcome (mRS 0–2): 80%
• 6% worse mRS score compared with preoperative status
• mortality rate: 0.4%. 

Baharvahdat H et al. Endovascular Treatment for Low‐Grade (Spetzler‐Martin I‐II) Brain Arteriovenous Malformations. AJNR Am J Neuroradiol. 2019 Apr;40(4):668‐672.
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• SM 1 & 2 Predictive variables of poor clinical outcome (univariate)
• hemorrhagic history (P < .000)
• preoperative condition (mRS 0–1 versus mRS 2–5) (P < .000)
• eloquent location of the AVM (P <.008)
• no association found with:

• Age, sex
• SM grade (1 vs 2)
• lateralization of the AVM
• presence of deep drainage, presence of an intranidal aneurysm
• number of procedures
• volume of Onyx
• use of n‐butyl‐ 2‐cyanoacrylate
• number of embolized pedicles

Baharvahdat H et al. Endovascular Treatment for Low‐Grade (Spetzler‐Martin I‐II) Brain Arteriovenous Malformations. AJNR Am J Neuroradiol. 2019 Apr;40(4):668‐672.
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• SM 1 & 2 SM 1 & 2 Predictive variables of poor clinical 
outcome (multivariate)

• only the preoperative condition (poor preoperative mRS) was
associated with poor outcome (mRS >2) (OR=0.029, P<0.00)

• Hemorrhagic history, eloquence were not associated with poor
outcome

Baharvahdat H et al. Endovascular Treatment for Low‐Grade (Spetzler‐Martin I‐II) Brain Arteriovenous Malformations. AJNR Am J Neuroradiol. 2019 Apr;40(4):668‐672.
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• Deep AVMs = Particular interest
• High risk of bleeding
• Difficulty in the management

• Heterogenous type of AVMs
• AVMs for which nidus is in the basal ganglia or the mesencephalon

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.



Introduction

• Retrospective review of data

• Goals:
1.To determine the anatomic factors that influence the success of the 
endovascular treatment

2.To propose a classification of these AVMs (more homogenous groups)

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Material and Methods

• Retrospective analysis of prospective database

• Inclusion criteria:
• Endovascular therapy as first line

• No exclusion criterion

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Classification of the AVM regarding the location 
of the AVM

Anterior type

Nidus anterior to
• Thalamus
• Anterior limb of the Internal
capsuleInsula

EC

Thal

VentCC

IC

Vent

Lent N

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Classification of the AVM regarding the location 
of the AVM

Medial type

Thalamic and ventricular nidus

Nidus medial to
• Posterior limb of the internal capsule
• Genu of the internal capsuleInsula

EC

Thal

VentCC

IC

Vent

Lent N

Caud N

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Classification of the AVM regarding the location 
of the AVM

Lateral type

Nidus lateral to the internal capsule

Insula
EC

Thal

VentCC

IC

Vent

Lent N

Caud N

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Classification of the AVM regarding the location 
of the AVM

Posterior type

Nidus in the:
• Pulvinar
• Geniculate bodies 
• Ventricles

Insula
EC

Thal

VentCC

IC

Vent

Lent N

Caud N

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Classification of the AVM regarding the location 
of the AVM

Mesencephalic type

All AVM for which nidus 
centered in the midbrain

Tectum

Tegmentum
Peduncle

Hypothal

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Results: Demo Data

71

65

Sex ratio

Male Female

• 134 patients with inclusion criteria
• Median age: 28 year-old
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Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Results: Demo Data
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Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Results: Demo Data
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Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Results: Treatment and Outcome

• 324 embo sessions
• Embo / patient: 2.4
• Associated aneurysm coiling: 5 (3.4%)
• Associated microsurgery: 2 (1.5%)
• Ext ventriculostomy: 18 (13.4%)
• Permanent shunt: 7 (5.2%)
• Radiosurgery post embo: 24 (17.9%)

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Results: Treatment and Outcome

• Complication /session: 29 (8.9%)
• Complication /patient: 27(20.1%)
• Ischemic event: 12 (8.9%)
• Hemorrhagic event: 17 (12.6%)
• Transient neuro deficit: 11 (8.2%)
• Permanent neuro deficit: 14 (10.4%)
• Mortality: 4 (3%)

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Results: Treatment and Outcome

mRS0
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Cured
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Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Anterior Type (N=16)
Size

<3cm: 50%
3‐6cm: 46%
>6cm:4%

Nidus compact: 55%

Eloquent: 93%
50% in IC

Arterial supply
A1 perf: 81%
ACA br: 31%
M1 perf: 81%
MCA br: 37%
AChA: 12%

Associated aneurysm
Flow‐related: 12%

Nidal: 12%

Venous dr
Superf only: 6%
Deep only: 56%

Deep + superf: 37%

Venous stenosis: 19%
Venous ectasia: 50%
Venous reflux: 12%

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Anterior Type (N=16)

mRS < 3: 87%
No mortality

Complication/session: 7%

Complication/patient: 12% Complete obliteration: 56%

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Medial Type (N=70)
Size

<3cm: 52%
3‐6cm: 43%
>6cm:5%

Nidus compact: 52%

Eloquent: 67%
33% in IC

Arterial supply
A1 perf: 14%
M1 perf: 15%
PCA perf: 68%
PChA: 80%
AChA: 33%

Associated aneurysm
Flow‐related: 13%

Nidal: 21%

Venous dr
Deep only: 85%

Deep + superf: 15%

Venous stenosis: 19%
Venous ectasia: 58%
Venous reflux: 38%

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Medial Type (N=70)

mRS < 3: 66%
Mortality: 4%

Complication/session: 11%

Complication/patient: 27% Complete obliteration: 41%

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Lateral Type (N=26)
Size

<3cm: 34%
3‐6cm: 53%
>6cm:11%

Nidus compact: 58%

Eloquent: 96%
46% in IC

Arterial supply
M1 perf: 100%
MCA br: 58%

Associated aneurysm
Flow‐related: 11%

Nidal: 19%

Venous dr
Superf only: 8%
Deep only: 42%

Deep + superf: 50%

Venous stenosis: 19%
Venous ectasia: 46%
Venous reflux: 38%

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Lateral Type (N=26)

mRS < 3: 88%
No mortality

Complication/session: 4%

Complication/patient: 8% Complete obliteration: 69%

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Posterior Type (N=8)
Size

<3cm: 0%
3‐6cm: 87%
>6cm:13%

Nidus compact: 50%

Eloquent: 100%
75% in IC

Arterial supply
PCA perf: 100%
PCA br: 62.5%
PChA: 87%
AChA: 50%

Associated aneurysm
Flow‐related: 0%
Nidal: 12.5%

Venous dr
Superf only: 0%
Deep only: 37.5%

Deep + superf: 62.5%

Venous stenosis: 37.5%
Venous ectasia: 50%
Venous reflux: 50%

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Posterior Type (N=8)

mRS < 3: 62.5%
No mortality

Complication/session: 6%

Complication/patient: 12.5% Complete obliteration: 25%

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Mesencephalic Type (N=14)

Size
<3cm: 78%
3‐6cm: 12%
>6cm:0%

Nidus compact: 57%

Eloquent: 100%

Arterial supply
PCA perf: 21%
BA perf: 100%
PChA: 14%

Associated aneurysm
Flow‐related: 0%

Nidal: 28%

Venous dr
Superf only: 0%
Deep only: 64%

Deep + superf: 36%

Venous stenosis: 35%
Venous ectasia: 43%
Venous reflux: 14%

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Mesencephalic Type (N=14)

mRS < 3: 35%
Mortality: 7%

Complication/session: 13%

Complication/patient: 21% Complete obliteration: 21%

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Factors influencing
the endovascular curability

• Size of nidus < 3 cm (p=0.003)
• Anatomic classification (p=0.02)
• Lateral type (p=0.007)
• Spetzler‐Martin grade (p=0.001)
• Diffuse nidus (p=0.001)
• Feeders from both anterior and posterior circulation (p=0.005)
• Unique venous drainage (p=0.001)

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Factors influencing
the clinical outcome

• Bleeding presentation (p=0.001)
• Anatomic classification (posterior or midbrain) (p=0.005)
• Diffuse nidus (p=0.02)
• Unique venous drainage (p=0.001)

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Points
Spetzler‐Martin grade

I 0
II 0
III 1
IV 2
V 3

Location
Anterior 0
Lateral 0
Medial 1
Posterior 2
midbrain 3

Nidus type
Compact 0
Diffuse 1

Ant and post circulation feeders
Absent 0
Present 2

Unique venous drainage
Absent 0
Present 1

Total/10

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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percentage of AVMs completely obliterated by grade according to scoring

Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Robert T et al. A proposed grading system to evaluate the endovascular curability of deep‐seated arteriovenous malformations. J Neurol Sci. 2017 Jun 15;377:212‐218.
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Posterior Fossa AVMs: rare lesions (8.7%)

Lefevre E et al. Presence of direct vertebrobasilar perforator feeders in posterior fossa arteriovenous malformations is strongly associated with poor neurological outcome 
and low occlusion rate after endovascular treatment. Journal of Neurosurgery (in press).
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Posterior Fossa AVMs: increased bleeding risk

Lefevre E et al. Presence of direct vertebrobasilar perforator feeders in posterior fossa arteriovenous malformations is strongly associated with poor neurological outcome 
and low occlusion rate after endovascular treatment. Journal of Neurosurgery (in press).

• a yearly hemorrhage rate of up to 11.6 % in the 5 first years after 
presentation (Arnaout OM et al Neurosurg Focus 2009)

• poorer outcome than supratentorial AVMs (Dinc N et al J Clin 
Neurosci 2018; Abla AA et al Neurosurg Focus 2014)
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Posterior Fossa AVMs: predictors of poor occlusion
Angioarchitecture Completely 

obliterated

Not 
completely 
obliterated

UNAJUSTED (OR) P

Location :

‐ Eloquent areas 26 (57.8%) 19 (42.2%)
2.42 (1.04‐5.80) 0.04

‐ Non‐eloquent areas 43 (76.8%) 13 (23.2%)

Arterial feeders
‐ Vertebral & basilar direct perforators 

feeders
1 (12.5%) 6 (87.5%)

15.69 (2.52‐304.03) 0.01
‐ Absence of Vertebral or Basilar direct 

perforators feeders
68 (72.3%) 26 (27.7%)

‐ ≤ 2 arterial feeders 46 (75.4%) 15 (24.6%)
2.27 (0.97‐5.40) NS

‐ > 2 arterial feeders 23 (57.5%) 17 (42.5%)

Venous drainage
‐ Deep 33 (56.9%) 25 (43.1%)

3.85 (1.56‐11.1) 0.006
‐ Superficial 36 (83.7%) 7 (17.3%)

‐ Single 40 (76.9%) 12 (23.1%)
2.30 (0.98‐5.56) NS

‐ Multiple 29 (59.2%) 20 (40.8%)

Size
‐ < 3 cm 54 (75%) 18 (25%)

2.78 (1.14‐7.14) 0.025
‐ 3‐6 cm 15 (51.7%) 14 (48.3%)

Associated aneurysms
‐ Prenidal 22 (75.9%) 7 (24.1%) 0.60 (0.21‐1.54) NS

‐ Intranidal 13 (72.2%) 5 (27.8%) 0.80 (0.24‐2.38) NS

Spetzler & Martin (SM) grade
‐ Low SM grade (1 & 2) 49 (83%) 10 (17%)

5.39 (2.22‐13.89) 0.0003
‐ High SM grade (3 & 4) 20 (47.6%) 22 (52.4%)
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Perforators from the BA

Posterior Fossa AVMs: predictors of poor occlusion
Angioarchitecture Completely 

obliterated

Not 
completely 
obliterated

UNAJUSTED (OR) P

Location :

‐ Eloquent areas 26 (57.8%) 19 (42.2%)
2.42 (1.04‐5.80) 0.04

‐ Non‐eloquent areas 43 (76.8%) 13 (23.2%)

Arterial feeders
‐ Vertebral & basilar direct perforators 

feeders
1 (12.5%) 6 (87.5%)

15.69 (2.52‐304.03) 0.01
‐ Absence of Vertebral or Basilar direct 

perforators feeders
68 (72.3%) 26 (27.7%)

‐ ≤ 2 arterial feeders 46 (75.4%) 15 (24.6%)
2.27 (0.97‐5.40) NS

‐ > 2 arterial feeders 23 (57.5%) 17 (42.5%)

Venous drainage
‐ Deep 33 (56.9%) 25 (43.1%)

3.85 (1.56‐11.1) 0.006
‐ Superficial 36 (83.7%) 7 (17.3%)

‐ Single 40 (76.9%) 12 (23.1%)
2.30 (0.98‐5.56) NS

‐ Multiple 29 (59.2%) 20 (40.8%)

Size
‐ < 3 cm 54 (75%) 18 (25%)

2.78 (1.14‐7.14) 0.025
‐ 3‐6 cm 15 (51.7%) 14 (48.3%)

Associated aneurysms
‐ Prenidal 22 (75.9%) 7 (24.1%) 0.60 (0.21‐1.54) NS

‐ Intranidal 13 (72.2%) 5 (27.8%) 0.80 (0.24‐2.38) NS

Spetzler & Martin (SM) grade
‐ Low SM grade (1 & 2) 49 (83%) 10 (17%)

5.39 (2.22‐13.89) 0.0003
‐ High SM grade (3 & 4) 20 (47.6%) 22 (52.4%)

Lefevre E et al. Presence of direct vertebrobasilar perforator feeders in posterior fossa arteriovenous malformations is strongly associated with poor neurological outcome 
and low occlusion rate after endovascular treatment. Journal of Neurosurgery (in press).
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Perforators 
directly from BA

Seven AVMs : Tenets and techniques for resection. M. Lawton
Lefevre E et al. Presence of direct vertebrobasilar perforator feeders in posterior fossa arteriovenous malformations is strongly associated with poor neurological outcome 
and low occlusion rate after endovascular treatment. Journal of Neurosurgery (in press).

Posterior Fossa AVMs: predictors of poor occlusion
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Posterior Fossa AVMs: predictors of clinical 
deterioration

Angioarchitecture

Good 
neurological 
outcome 
after 

treatment

Bad 
neurological 
outcome 
after 

treatment

OR p

Location :

‐ Eloquent areas 31 (68.9%) 14 (31.1%)
2.71 (1.04‐7.50) 0.05

‐ Non‐eloquent areas 48 (85.7%) 8 (14.3%)

Arterial feeders
‐ Vertebral & basilar direct 

perforators feeders
3 (42.9%) 4 (57.1%)

5.63 (1.15‐30.76) 0.03
‐ Absence of Vertebral or Basilar 

direct perforators feeders
76 (80.9%) 18 (19.1%)

‐ ≤ 2 arterial feeders 48 (78.7%) 13 (21.3%)
1.07 (0.39‐2.79) NS

‐ > 2 arterial feeders 31 (77.5%) 9 (22.5%)

Venous drainage
‐ Deep 42 (72.4%) 16 (27.6%)

2.35 (0.87‐7.12) NS
‐ Superficial 37 (86%) 6 (14%)

‐ Single 43 (82.7%) 9 (17.3%)
1.73 (0.67‐4.63) NS

‐ Multiple 36 (73.5%) 13 (26.5%)

Size
‐ < 3 cm 57 (79.2%) 15 (20.8%)

1.21 (0.41‐3.29) NS
‐ 3‐6 cm 22 (75.9%) 7 (24.1%)

Associated aneurysms
‐ Prenidal 23 (79.3%) 6 (20.7%) 0.91 (0.30‐2.53) NS

‐ Intranidal 14 (77.8%) 4 (22.2%) 1.03 (0.27‐3.30) NS

Spetzler & Martin (SM) grade
‐ Low SM grade (1 & 2) 50 (84.7%) 9 (15.3%)

2.49 (0.96‐6.73) NS
‐ High SM grade (3 & 4) 29 (69%) 13 (31%)
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Posterior Fossa AVMs: predictors of clinical 
deterioration

Angioarchitecture

Good 
neurological 
outcome 
after 

treatment

Bad 
neurological 
outcome 
after 

treatment

OR p

Location :

‐ Eloquent areas 31 (68.9%) 14 (31.1%)
2.71 (1.04‐7.50) 0.05

‐ Non‐eloquent areas 48 (85.7%) 8 (14.3%)

Arterial feeders
‐ Vertebral & basilar direct 

perforators feeders
3 (42.9%) 4 (57.1%)

5.63 (1.15‐30.76) 0.03
‐ Absence of Vertebral or Basilar 

direct perforators feeders
76 (80.9%) 18 (19.1%)

‐ ≤ 2 arterial feeders 48 (78.7%) 13 (21.3%)
1.07 (0.39‐2.79) NS

‐ > 2 arterial feeders 31 (77.5%) 9 (22.5%)

Venous drainage
‐ Deep 42 (72.4%) 16 (27.6%)

2.35 (0.87‐7.12) NS
‐ Superficial 37 (86%) 6 (14%)

‐ Single 43 (82.7%) 9 (17.3%)
1.73 (0.67‐4.63) NS

‐ Multiple 36 (73.5%) 13 (26.5%)

Size
‐ < 3 cm 57 (79.2%) 15 (20.8%)

1.21 (0.41‐3.29) NS
‐ 3‐6 cm 22 (75.9%) 7 (24.1%)

Associated aneurysms
‐ Prenidal 23 (79.3%) 6 (20.7%) 0.91 (0.30‐2.53) NS

‐ Intranidal 14 (77.8%) 4 (22.2%) 1.03 (0.27‐3.30) NS

Spetzler & Martin (SM) grade
‐ Low SM grade (1 & 2) 50 (84.7%) 9 (15.3%)

2.49 (0.96‐6.73) NS
‐ High SM grade (3 & 4) 29 (69%) 13 (31%)

Lefevre E et al. Presence of direct vertebrobasilar perforator feeders in posterior fossa arteriovenous malformations is strongly associated with poor neurological outcome 
and low occlusion rate after endovascular treatment. Journal of Neurosurgery (in press).
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Posterior fossa AVMs: outcome

Lefevre E et al. Presence of direct vertebrobasilar perforator feeders in posterior fossa arteriovenous malformations is strongly associated with poor neurological outcome 
and low occlusion rate after endovascular treatment. Journal of Neurosurgery (in press).

• 27.7% patients experienced a treatment‐related complication
• 14.9% were ischemic and 12.9% were hemorrhagic
• Neurological deterioration in 19.8% of patients and were considered 
as “major complication” (resulting in a worsening of more than 1 
point of mRS or death) in 11.9% of patients

• When considering the 200 procedures, the overall treatment‐related 
complication rate was of 14% per procedure and the major 
complication rate was of 6% per procedure  
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Posterior fossa AVMs: outcome
Overall treated 

PFAVMS (n = 101)
Ruptured treated 
PFAVMs (n=83)

Unruptured treated 
PFAVMs (n=18)

mRS ≤ 2 at last FU 81 (80.2%) 68 (81.9%) 13 (72.2%)
Good neurological outcome 79 (78.2%) 67 (80.7%) 12 (66.7%)
Total obliteration 69 (68.3%) 61 (73.5%) 8 (44.4%)
Overall complication rate 28 (27.7%) 22 (26.5%) 6 (33.3%)
Major complication rate 12 (11.9%) 7 (8.4%) 5 (27.8%)

Lefevre E et al. Presence of direct vertebrobasilar perforator feeders in posterior fossa arteriovenous malformations is strongly associated with poor neurological outcome 
and low occlusion rate after endovascular treatment. Journal of Neurosurgery (in press).



Venous route for BAVMs embo
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Recent meta‐analysis
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Squali Mohamed



The good cases
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M 19
07/2015, HA, left hemiplegia, coma

7/2015 11/2015
mRs 3

Insular & putaminal AVM Spetzler‐Martin 4
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3 embo sessions (art)

BVR

ICV

BVR
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3 embo sessions (art)
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3rd arterial embo session
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After 3rd arterial embo session
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Right thalamo‐striate and IC veins
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Right ICV 4th embo session, venous route
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Retrograde navigation from right jugular vein
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Arterial approach for road‐mapping
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Onyx cast (deep dark) at the end of procedure
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End of procedure
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End of procedure
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6 mo F/U mRS 3
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Chouar Laid

• Echec voie veineuse



Venous Navigation Failure
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• Endovenous navigation can be 
hampered by angulation 
between sinus & cortical veins
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HADRI Boualem

• M 42
• Previous hemorrhage
• mRS 0



• M 42
• Previous hemorrhage
• mRS 0
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Choroidal fissure type SM 2 AVM
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Coiling of arterial aneurysm
15/11/2017
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1st arterial embo 15/11/2017 embo 1
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1st arterial embo 15/11/2017 embo 1
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1st arterial embo
15/11/2017 embo 2
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1st arterial embo 15/11/2017 embo 3
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20/7/18 2nd embo session
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23/11/2018 3rd session
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23/11/2018 
3rd session
embo1 arterial
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23/11/2018  3rd session Embo2 arterial
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23/11/2018 
3rd session
Result before venous 
embo
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2 Marathons are navigated
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Venous pressure cooker 
w liquid coils & glue
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Control angio after 
venous blockade before 
nidal embo thru AChor
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Control angio after venous blockade before nidal embo
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Venous retrograde nidal embowith Squid (road map thru AChoA)
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Final control angio
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Post procedure cone beam CT
Patient woke up well, no deficit
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4 hours later..
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Emergent ventricular drainage, then new CT showing persisting 
bleeding
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3 weeks after venous embo



Lessons

• Adjunctive tool for complete AVM obliteration
• Anatomy of cortical veins are limiting venous approach for cortical 
(superficial) lesions

• No total protection against ischemic complications
• Beware of large venous ectasia
• Our major complications came along with the treatment of ventricular 
AVMs with large venous ectasia



Perspective
• Transvenous Approach for the Treatment of cerebral Arteriovenous Malformations (TATAM):

• Study protocol of a randomized controlled trial

•
• Robert Fahed1, Tim E. Darsaut2, Charbel Mounayer3, René Chapot4, Michel Piotin1, 

• Raphaël Blanc1, Vitor Mendes Pereira5, Daniel G. Abud6, Dana Iancu7, Alain Weill7, 

• Daniel Roy7, Lorena Nico7, Suzanne Nolet8, Ruby Klink8, Guylaine Gevry8, Jean Raymond7,8

•
• Author’s affiliation:  

• Fondation Rothschild Hospital, Department of Interventional Neuroradiology, Paris, FRANCE.

• University of Alberta Hospital, Mackenzie Health Sciences Centre, Department of Surgery, Division of Neurosurgery, Edmonton, Alberta, CANADA  
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• Alfried‐Krupp Krankenhaus Hospital, Department of Neuroradiology, Essen, Germany.

• Toronto Western Hospital, Department of Medical Imaging, Division of Neuroradiology, University Health Network, Toronto, Ontario, Canada

• University of São Paulo, Division of Interventional Neuroradiology,  São Paulo, Brazil.

• Centre Hospitalier de l’Université de Montréal (CHUM), Department of Radiology, Service of Neuroradiology, Montreal, Quebec, CANADA  
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Abstract
Background

Trans‐venous embolization (TVE) is a promising technique but benefits remain uncertain. We hypothesized that TVE leads to a higher rate of AVM 
angiographic occlusion than trans‐arterial embolization (TAE).

Methods

The Transvenous Approach for the Treatment of cerebral Arteriovenous Malformations (TATAM) is an investigator initiated, multicenter, prospective, 
phase‐2, randomized, controlled clinical trial. To test the hypothesis that TVE is superior to TAE for AVM obliteration, 76 patients with AVMs 
considered curable by up to 2 sessions of endovascular therapy will be randomly allocated 1:1 treatment with either TVE (±TAE) (experimental arm) 
or TAE alone (control arm). The primary endpoint of the trial is complete AVM occlusion, assessed by catheter cerebral angiography. Complete 
occlusions will be confirmed at 3 months, while incompletely occluded AVMs, considered treatment failures, will then be eligible to complementary 
treatments by surgery, radiation therapy, or even TVE. Standard procedural safety outcomes will also be assessed. Patient selection will be validated 
by a Case Selection Committee, and participating centers with limited experience in TVE will be proctored.

Discussion

The TATAM trial is a transparent research framework designed to offer a promising but still unvalidated treatment to selected AVM patients.

Clinical Trial Registration‐URL: http://www.clinicaltrials.gov. Unique identifier: NCT03691870.



COMBIMAV: combined EVT & surgical 
approaches



Introduction 
• Historical gold standard = microsurgery, but facilitated
by preoperative embolization

• Widespread = Embolization, but need for multiple 
sessions

• Cumulated risk of post‐procedure hemorrhage

• In vogue = Radiosurgery, but lack of distance

idea of a combined single‐phase treatment, 
embolization + removal

Baharvahdat H et al. Hemorrhagic Complications after Endovascular Treatment of Cerebral Arteriovenous Malformations. AJNR Am J Neuroradiol. 2014 May;35(5):978‐83.



Methods
• Prospective study on selected AVM 
• Sharing of informations +++
• Assessment of difference « post‐embolization remnant versus 
intraoperative remnant »

Embolization by INR Removal by neurosurgeon

Multidisciplinary selection Information sharing

sedation Transfer Wake up



Pre‐op

Post‐op

Embolization by INR microsurgery



Results
• 18 patients since january 2018; only
low‐grade AVM

• Good clinical outcomes
(0<mRS<2, at 3 months, n = 18)

• Good radiological results (n = 18)
• Good correlation between INR and 
surgeons, regarding remnant (n = 17)

• Mean operative time = 7 hours



Results
• Clinical complications

• 2 transient hemiparesis
• 1 majored visual field defect

• Radiological complications
• 1 hematoma between the 2 phases



Conclusions
• Promising strategy for low
grade AVM

• Curative treatment
• So far, no delayed
hemorrhage

• Need for larger series
• Need for improvment
regarding high grade AVM

• Shorten the phase with
hybrid OR


