
Introd
hemorr
grade 
drainag
drainag
accepte
measur
and the
AVM t
(interve
Selecti
and inf
associa
assessm
been li
with fu
nidus i
insight
post-em
 

Metho
using 1
cohort 
grades 
angiog
drainag
treatme
flow M
temp. r
MR an
pathlin
within 
follow-
arterial
 

Result
blood 
differen
intra-ni
highly 
locatio
all case
betwee
differen
flow (1
For n=
substan
pattern
emboli
with re
(compa
underg
change
were a
system
 

Discus
differen
of ven
indicat
flow c
hemod
techniq
 

Ackno
HL088
(EAM)
 

Refere
HH et 
66:135
A, et al
438 8.
JMRI. 

Michael Markl1

duction: Arterio-ve
rhagic stroke. AV
(SMG) combinin

ge patterns1. A hig
ge, and flow-indu
ed as major risk f
res and do not pro
eir effect on clinic
treatment often re
entional occlusion
ve iodine contras
formation on flow
ated with high ra
ment or post-opera
imited by the lack
ull coverage of the
itself. We investig
ts into AVM hem
mbolization chang

ods: 12 patients w
1.5T and 3T MR sy
included n=3 rup
SMG=1 (n=2), SM

graphy demonstrate
ge in 8 patients. A
ent by staged emb

MRI covering the 
res.=45ms, spatial
ngiogram. AVM h
nes originating fr

the 3D-PC-MRA 
-up 4D flow MRI
l feeders, draining 

ts: Time-integrated
flow inside the 
nt AVM sizes, loc
idal velocity distr
complex lesions

ns. Large deep an
es. Note that blood
en patients. Particu
nt and often unus

15-25cm/s)9 in the 
=3 patients with fo
ntial changes in A
ns as illustrated for
ization induced ch
educed blood flo
action of AVM, a

going AVM treatm
es in peak velociti
also changed in the

mic impact of embo

ssion: 4D flow M
nt size, location, a

nous drainage wit
te the complex nat
characteristics. Mo
dynamics followin
que for comprehen

owledgements: G
8437, DFG SCHN
) Program 'Advanc

ences: 1.Spetzler R
al. Neurosurgery

50-135 5.Andrews 
l. Neurosurgery. 1
Bammer R, et al
2007;25:473-478.

1, Tim Carroll1, Pa

 
enous malformatio

VM risk stratificat
ng information on
gh SMG, large AV
uced (arterial, nida
factors. However, 
ovide insights in in
al presentation (e.

equires staged X-r
n of AVM feeding
t injections provid

w distribution. Ho
adiation dose. M
ative monitoring o

k of imaging techn
e arterial feeders, 
gated the feasibili
odynamics and to
es in AVM vascul

ith AVM (age=38
ystems (Avanto &
tured and n=8 unr
MG=2 (n=5), SMG
ed deep AVM loc

Additional follow-u
bolization was per

AVM (axial 3D 
l res.=(1.2-1.6)3mm
hemodynamics wa
rom 15000-25000

vessel lumen (En
 after embolizatio
veins, the sagittal

d pathlines (fig. 1)
AVM and surrou

cation, and drainin
ribution could be c
s (figure 1 A,C,D
nd superficial drai
d flow velocities in
ularly, venous blo
sually high (>30-5
sagittal and transv

ollow-up after emb
AVM vascularizatio

r an SMG=3 AVM
hanges including 
w velocities (fig.
ltered velocity dis
ment. Quantitative
ies in all vascular 
e sagittal sinus an
olization therapy o

MRI revealed int
and severity as spe
th high variability
ture of AVMs and 
oreover, we were
ng embolization d
nsive hemodynami

Grant support by
N 1170/2-1, NMH
ced Cardiovascula

RF, Martin NA. J N
. 1988;23:322-328
BT, et al. Neuros

1991;29:358-368 7
l. MRM. Jan 2007
 10.Kuriyama N, e

4D Flo
armede Vakil1, Sam

1No

ons (AVM) are an
tion is based on t
n AVM size, loc
VM size, deep loc
al or venous) ane
these parameters 

ndividual AVM he
g. hemorrhage, isc

ray angiography g
g arteries) and/or s
de excellent AVM
wever, interventio

Moreover, non-inva
of embolization in
niques to quantitat
draining veins, an
ity of 4D flow M

o investigate the p
larization and hem

8±13 years, 6 fema
& Trio, Siemens, G

ruptured AVMs w
G=3 (n=4), and SM
cation in 4 patient
up 4D flow MRI 
rformed in 3 patie
slab, venc=100cm

m3)  was used to 
as visualized using
0 emitter points 
nSight, CEI, USA)
on, peak velocities

sinus and contrala

) illustrate the com
unding vessels fo

ng patterns. AVM 
clearly visualized 
D,G) and variabl
ining veins were c
n the entire head w
od flow velocities
50cm/s) compared
verse sinuses.  
bolization, 4D flow
on, velocity distrib

M in fig. 2. 3D pa
a successively m
. 2, yellow arrow
stribution) were se
e analysis (fig. 3
territories. Note t

nd contralateral art
n cranial hemodyn

tricate vasculariza
cified by the SMG
y in regional blo
the need for indiv

e able to identify
demonstrating the
ic monitoring durin

y NIH T32 EB0
H Excellence in A
ar MRI Research C

Neurosurg. 1986;6
8. 4.Stapf C, et al
urgery. 1987;21:3

7.Wetzel S, et al. A
7;57:127-140. 9.Y
et al. J Neuroimag

ow MRI in Ar
meer Ansari1, Susa
orthwestern Unive

n important cause o
the Spetzler-Marti
cation, and venou
cation, deep venou
eurysms are widel
represent empiric

emodynamic factor
chemia, seizures)2

guided embolizatio
surgical resection4

M vascular imagin
onal procedures ar
asive pre-operativ
nduced changes ha
tively measure flow
nd within the AVM

MRI to gain furthe
potential to monito

modynamics 6-8.  

ale) were examine
Germany). The stud
with Spetzler-Marti
MG=4 (n=1). X-ra
ts and deep venou
after intervention
nts. ECG gated 4D

m/s, flip angle=15
calculate a 3D PC
g time-resolved 3D
equally distribute
). For patients wit

s were quantified i
ateral arteries.  

mplex distribution o
or 9 patients wit
vascularization an
even for large an

e AVM sizes an
clearly identified i
were highly variabl
s were substantiall
d to normal venou

w analysis depicte
bution and drainin
thlines demonstrat
ore compact AVM

ws). Similar resul
een in all 3 patien
3) revealed marke
that peak velocitie
teries indicating th
namics. 

ation of AVMs o
G. Different pattern
ood flow velocitie
vidual evaluation o
 changes in AVM

e sensitivity of th
ng therapy.  

005170, NIH R0
Academic Medicin
Center' 

65:476-483 2.Batje
l. Neurology. 2006
314-323 6.Pasquali
AJNR. 2007;28:433
Yamashita S, et a
ing. 21:365-369. 

Fig. 1: AVM
patients (A-J)
be appreciate
D-F: Superfi
superficial dr
 

Fig. 2: 3D b
right mesial 
convoluted he
embolization 
resulted in a m
and high drain

Fig. 3: Quan
on 4D flow M

terio-Venous 
anne Schnell1, Mic
ersity, Chicago, IL,

of 
in 
us 
us 
ly 
al 
rs 
,3. 

on 
,5. 

ng 
re 
ve 
as 
w 
M 
er 
or 

ed 
dy 
in 
ay 
us 
al 
D 

5o, 
C-
D 
ed 
th 
in 

of 
th 
nd 
nd 
nd 
in 
le 
ly 
us 

ed 
ng 
te 
M 
lts 
nts 
ed 
es 
he 

of 
ns 
es 
of 
M 
he 

01 
ne 

er 
6; 
in 
3-
al. 

M hemodynamics v
). Different AVM 

ed. A-C: Deep AV
icial AVMs with 
raining veins. Colo

lood flow in a pa
temporal lobe (S
emodynamics in t
hemodynamics a

more compact AV
ining velocities (w

ntification of post-
MRI after multiple 

Malformation
chael Hurley1, Jam
, United States 

visualized by time
sizes and draining

VM location with h
deep venous drain

or coding = absolu

atient with a large
SMG=3, size=4-5
the AVM nidus as
are clearly visible

VM with reduced b
white arrows).  

-interventional cha
(AVM 1 & 2) and

ns 
mes Carr1, Bernard 

e-integrated 3D p
g patterns (white a

high SMG and dee
nage. G-J: Lowes

ute blood flow velo

e non-ruptured AV
cm). Complex ar

s well as differenc
e. Multiple embol
blood flow velociti

anges in AVM hem
d one (AVM #3) e

Bendok1, and Hun

athlines in 9 of 1
arrows) can clearl
ep venous drainage
st risk AVMs with
ocity 

VM centered in th
rterial feeding an
ces in pre-and post
lization procedure
ies (yellow arrows

modynamics base
embolization.   

nt Batjer1 

2 
y 
e. 
h 

e 
d 
t-
es 
s) 

d 

761Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: none
     Shift: move up by 18.00 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20110420103841
       648.0000
       6X9
       Blank
       432.0000
          

     Tall
     1
     0
     No
     251
     241
    
     Fixed
     Up
     18.0000
     0.0000
            
                
         Both
         2
         AllDoc
         59
              

       CurrentAVDoc
          

     None
     108.0000
     Left
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1b
     Quite Imposing Plus 2
     1
      

        
     0
     1
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



