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0, 7,5 15, 22,5 30,

Overall AVMs risk during first year

Overall AVMs cumulative 5-years risk

Overall AVMs annual rupture rate

Deep AVMs annual rupture rate

Deep venous drainage AVMs annual rupture rate

unruptured
ruptured

Overall AVMs risk during the 
first year

Overall AVMs cumulative 5-
years risk

Overall AVMs annual rupture 
rate

Deep AVMs annual rupture 
rate

Deep venous drainage AVMs 
anual rupture rate

Unruptured 2,9 (1) 11,3 (1) 2,2 (1) 3,7 (2) 2,5 (2)

Ruptured 7,8 (1) 26,5 (1) 4,3 (1) 13,1 (2) 9,3 (2)

(1) Natural history of brain arteriovenous malformations: systematic review; Goldberg et al.; Journal of Neurosurgical Sciences; 2018 August
(2) Predictors of hemorrhage in patients with untreated brain arteriovenous malformation; Stapf et al.; Neurology 2006 
(2) Risk factors for subsequent hemorrhage in patients with cerebral arteriovenous malformations; Yamada et al.; J Neurosurg; 2007 Nov  

BG AVM Bleeding Risk
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Risk factors for subsequent hemorrhage in patients with cerebral arteriovenous malformations; Yamada et al.; J Neurosurg; 2007 Nov  

Hemorrhage-Free Survival after initial diagnosis
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O. Cohen Inbar et al. Journal of Clinical Neuroscience 24 (2016) 

SRS
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RESULTS

521 treated patients 40 – 85,7% 55.66 -74.82%
O. Cohen Inbar et al. Journal of Clinical Neuroscience 24 (2016) 
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2,1 – 14,3 % 4.5 - 17% 30 – 80 
months
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vs

SRS

SRS+EVT20
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Feng Xu, et al; Neurosurg Focus 37 (3):E16, 2014

*Not specific about BG AVM (general bAVMs) 
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10 studies selected reported 
radiographic cure

1988 patients

593 patients   
Embolization + SRS 

1395 patients
SRS alone

41 % 59 %

* SRS doses ranged from 16-21 Gy
** 3-year follow-up angiogram 

Radiographic cure (%)

p < 0.00001

Feng Xu, et al; Neurosurg Focus 37 (3):E16, 2014 
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7 studies selected reported rates of 
hemorrhage after therapy

1699 patients

454 patients   
Embolization + SRS 

1245 patients
SRS alone

7.3 % 5.6 %

* SRS doses ranged from 16-21 Gy
** Rates of hemorrhage at 3-year

Rate of hemorrhage(%)
No significant difference (p = 0.50)

Feng Xu, et al; Neurosurg Focus 37 (3):E16, 2014 
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*SRS doses ranged from 16-21 Gy
**3-year follow-up

4 studies selected reported permanet
neurological deficits

related to radiation-induced changes

1336 patients

302 patients   
Embolization + SRS 

1034 patients
SRS alone

3.3 % 3.4 %

Permanent neurological deficits (%)
No significant difference (p = 0.39)

Feng Xu, et al; Neurosurg Focus 37 (3):E16, 2014 
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Principles of AVM EVT 

Arterial approach for BG AVM:

Adhesive VS non-adhesive LA

Limitations

Introduction to the venous approach

Venous approach for BG AVM

Liquid agents

Porcelain vein

Nidus size

Arterial Balloon

What about the venous ischemia?
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➣
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Engage in debate
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Globus pallidus
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Artery Vein

Nidus
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Elsenousi A, et al. J NeuroIntervent Surg 2014;0:1–8. 

* Not specific about BG AVM (general bAVMs)
**January 1980 – November 2013 

Arterial approach20
20

 ©
 A

BC - 
W

IN
 S

em
ina

r. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
20

 ©
 A

BC - 
W

IN
 S

em
ina

r.  
All r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] . 
  

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



39 studies selected

3595 patients

2363 patients 
NBCA  

1232 patients
EVOH

13.7 % 30.5 %

Complete obliteration rate (%)

Elsenousi A, et al. J NeuroIntervent Surg 2014;0:1–8. 

(p < 0.001)
OR 1.9

(favoring EVOH)20
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39 studies

3595 patients

2363 patients 
NBCA  

1232 patients
EVOH

5.2 % 6.8 %

Poor neurological outcomes (%)

Elsenousi A, et al. J NeuroIntervent Surg 2014;0:1–8. 

No significant
difference
(p = 0.56)
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Sinauer Associates, Inc. 2002

Terminal
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Our Initial indication

§ Ruptured AVM

§ Deep located

§ Limited nidus

§ Deep and single 

draining vein

§ Last therapeutic 

optionNeurosurgery - 2011
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………….	Arterial	catheteriza.on	is	impossible	
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Venous	approach?.........................	
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Why the venous approach?

Post caudate
Thalamo-striate

ICV
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Venous Anatomy

Rhoton AL Jr : The cerebral veins .Neurosurgery 51[Suppl 1]:159–205,2002. 
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Venous Approach – Difficulties

•

Rhoton AL Jr : The cerebral veins .Neurosurgery 51[Suppl 1]:159–205,2002.
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Venous anastomosis
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Avoid Proximal Deep Arterial Reflux
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An 8-year-old boy who presented with sudden headache and vomiting. 

Y. He et al. AJNR Am J Neuroradiol 2019;40:1744-1751 ©2019 by American Society of Neuroradiology

20
20

 ©
 A

BC - 
W

IN
 S

em
ina

r. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
20

 ©
 A

BC - 
W

IN
 S

em
ina

r.  
All r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
.

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] . 
  

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
20

 ©
 A

BC-W
IN

 S
em

ina
r. A

ll r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



An 8-year-old boy who presented with sudden headache and vomiting. 

Y. He et al. AJNR Am J Neuroradiol 2019;40:1744-1751 ©2019 by American Society of Neuroradiology

Diencephalic Art.
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How to avoid such a complication ?
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Draining Veins (anterior view)

Peduncular vein

Uncal vein

Venous foot into
Inferior thalamic vein
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Inferior thalamic vein

Interpeduncular vein

R L

Mid-third Basal vein`
Hypoplastic

Basal vein



J NeuroIntervent Surg 2015;7:95–98 Am J Neuroradiol 31:1283–89 
Bilateral Thalamic and Midbrain Ischemia  

If direct venous approach



First session





Reduces the size of the Nidus

Avoids retrograde proximal arterial reflux during the venous session
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Which liquid agent?



PHIL

EVOH
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Resistance
8ηL 
π∆   4                R r=

Laminar Flow

η=Viscosity

P1 P2

r

Porcelain Vein



Porcelain vein vs              Pressure Cooker



Porcelain Vein



Without CoilsWith Coils

Porcelain Vein



Lentiform nucleus &  sylvian fissure Haematoma







Anterior choroidal artery
lenticulostriate arteries

M2 Feeders



Deep middle cerebral vein

Superficial middle cerebral  vein Insular vein

Basal vein

Sphenopetrosal vein 

S.P.S



Sphenopetrosal vein 

Fronto-orbital vein

Basal vein
Straight sinus & Galen vein

Superficial middle cerebral vein



Basal vein



Deep middle cerebral vein

Superficial middle cerebral vein

Sphenopetrosal vein

Insular vein
Basal vein



Tip of microcatheter



Insular vein

D.M.C.V

Basal vein

Galen vein & straight sinus





Final control

Deep middle cerebral vein

Superficial middle cerebral  vein

Insular vein

Distal retrograde arterial occlusion



Final control



Before Treatment
14.01.2013

After Treatment
22.07.2013



six-month follow-up 



six-month follow-up 



Without CoilsWith Coils

Porcelain Vein



Nucleus accumbens AVM



Right Nucleus Accumbens bleeding

Caudate

Lentiform
nucleus

nucleus accumbens





NIDUS



Inf. petrosal sinus

Left anterior cerebral vein

Left uncal vein

Left Cavernous sinus

Left basal vein

Right para-cavernous sinus



Right anterior cerebral vein

Basal vein

Right deep MC vein

Right superficial MC vein

Right paracavernous sinus



Right Heubner artery

Superior chiasmal vein (Collecting vein)Left anterior cerebral vein

Right anterior cerebral vein

Right basal vein

Left basal vein

Ant. Comm. vein

Left uncal vein



superior chiasmal vein

Anterior communicating vein

Left anterior cerebral vein
Right basal vein

Deep MC vein

Left uncal vein

Right paracavernous sinus

Right anterior cerebral vein

Left cavernous sinus

Left basal vein

Superficial MC vein



Trans arterial Balloon assisted navigation technique 

balloon

µcath

Feeder



Supper selective trans arterial injection  
Nidus DRAINING VEIN : Superior chiasmal veins

Right Basal vein

Right superficial sylvian vein

Right deep middle cerebral vein

Left basal vein

Uncal vein

Left C.S

Right paracavernous sinus

R & L. A.C.V







Selective catheterization of draining vein 

Nidus
Basal vein



Trans venous injection

Micro catheter 
(sup. chiasmal vein)

Right and left anterior cerebral vein

Right basal vein

Galen vein & straight sinus

Right D.MC.V



Balloons inflated





Final control

Superior Chiasmal vein

Anterior communicating vein



POST  T2W MRI



six-month follow-up 



six-month follow-up 
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Nidus location vs. Hemorrhagic complication 

• All complications occurred in cortical AVMs
• p=0,21 (chi square)

0 5 10 15 20 25 30 35

Cortical

Deep

yes
no



Nidus Size

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

Original Size Size before venous treatment

2,93 (+/- 1,28) 2,45 (+/- 1,01)



Nidus size before venous approach vs. hemorrhagic complication

0 5 10 15 20 25 30

No

Yes

Hemorrhagic complication 

>2cm 0-2cm

p=0,04 (chi-squared test)

Hemorrhagic
complication

No Yes Total N = 56 

0-2 cm 39,3% 1,8% 41,1%

> 2 cm 44,7% 14,2% 58,9%

Total 84% 16% 100 %
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CAUDATE NUCLEUS  & PUTAMEN 



CAUDATE NUCLEUS  & PUTAMEN 



CAUDATE NUCLEUS  & PUTAMEN 









Galen and straight sinus

sup. Striate vein

Posterior  caudate vein

Thalamostriate vein

I.C.V



Sup. Striate vein

Post. caudate vein



Post. caudate vein

Sup. Striate vein

Thalamostriate vein







Feeder
Draining vein

3 Months later



THALAMOSTRIATE VEIN



Posterior caudate vein

Thalamostriate vein

Venous angle
Internal cerebral vein

Gallen vein



Thalamostriate vein casting

Posterior caudate vein casting

ICV

Basal vein



Final control



Before Treatment
26.7.2016

After Treatment
24.10.2016



six-month follow-up



NEOSTRIATUM HAEMATOMA



Lenticulostriate arteries

Feeders from M2

Inferior striate vein

Heubner artery



Venous angle

ICV

Anterior caudate vein

Basal vein
Inferior Internal striate vein

Inferior External striate vein

Straight sinus



Anterior caudate vein

Inferior internal striate veins
Basal vein

Venous angle

ICV

GALEN VEIN

Straight sinus

Inferior external striate veins

External superior striate vein

DMCV& SMCV



Lateral lenticulostriate arteries



INFERIOR INTERNAL STRIATE VEININFERIOR EXTERNAL STRIATE VEIN

RIGHT BASAL VEIN

GALEN VEIN & STRAIGHT SINUS





FINAL CONTROL  

PARTIAL OBLITRATION

External inferior striate vein

Right basal vein

External sup. Striate vein

Ant. Caudate vein

Internal cerebral vein

Galen vein

Straight sinus
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Globus pallidus & anterior limb of internal capsule  



Internal cerebral vein

SUPERIOR STRIATE VEIN

CAUDATE HEAD VEIN



GLOBUS PALLIDUS

ANTERIOR LIMB OF I.C

PUTAMEN

HEAD OF CAUDATE NUCLEUS



HEUBNER ARTERY

Perforator artery OF ANTERIOR  CHOROIDAL ARTERY

INTERNAL SUPERIOR STRIATE VEIN

Nidus



CHOROIDAL BRANCH OF ANTERIOR  CHOROIDAL ARTERY

Perforator artery OF ANTERIOR  CHOROIDAL ARTERY



CAUDATE HEAD VEIN
INTERNAL CEREBRAL VEIN

GALEN VEIN

STRAIGHT SINUS

INTERNAL SUPERIOR STRIATE VEIN



PERFORATOR BRANCH OF ANTERIOR  CHOROIDAL ARTERY

INTERNAL CEREBRAL VEIN
CAUDATE HEAD VEIN

INTERNAL SUPERIOR STRIATE VEIN

VENOUS ANGLE

NIDUS



First session

A.CH.A.

SUP. STRIATE VEIN

CAUDATE HEAD VEIN

I.C.V







Second session (3 months later)





TRANS VENOUS APPROACH
SIMPLE TECHNIQUE 

Internal cerebral vein

Galen vein

Caudate head vein



TRANS VENOUS 
APPROACH 

Caudate head vein

Internal cerebral vein

Galen vein & straight sinus



CAUDATE HEAD VEININTERNAL CEREBRAL VEIN

VENOUS ANGLE 

Galen vein



Thalamostriate vein casting

Caudate head vein casting

Feeder casting

Internal cerebral vein casting

Nidus casting

Internal superior striate vein casting



Heubner artery







Before Treatment
2.4.2013

After Treatment
5.4.2013

DWI

DWI ADC

ADC
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ü Combined EVT and SRS technique reduces the rate of BG AVM total occlusion  

ü Arterial approach is limited by its tortuous access 

ü Venous approach offers an access to cure BG AVMs 

ü SRS efficacy is limited by the high functionality of the treated area  

ü Arterial ischemia is one of venous approach major complications:  

• Nidus size as limited as possible (staged arterial procedures)

• Porcelain vein technique

ü Venous occlusion should be limited  ---- Venous ischemia 

ü Multi-center randomized study





Thanks for your attention


