
1MR:
Ess

Introd
aneury
imagin
alterna
ance w
test for
ferrom
safety, 
implan
the pol
in the h
the rath
occur o
(iv) tha
publish
polariz
be gen
SPEAG
 

Metho
0.5 cm
safe at 
center 
tivity 0
field an
wave w
compu
effects 
mesh c
single 
and 10
and the
SAR w
simulat
surface
cm to a
cm pla
normal
lel or o
 

Result
for a un
polariz
polariz
wise S
malized
reduce
ing, res
suppor
tion pro
polariz
results 
out to 
the me
 

Discus
elevatio
clips. S
worst-c
validity
lematic
tions u
produc
clip ca
close to
 
[1] von M
[4] Ibrah
[7] Wata

 

:comp GmbH, MR 
sen, Essen, NRW, G

duction: High-field
ysms [1]. Especiall
ng is mandatory. M
ative to reduce ove
with safety standard
r 7T is a prerequis

magnetic materials, 
even though the o

nt with respect to th
larization depende
human head and, m
her small dimensio
only in a limited re
at the elevations c
hed data concernin
zation of the local 
neralized. The pres
G, Zurich, Switzer
ods: An aneurysm 

m x 0.3 cm was uti
3T regarding forc
of the computatio

0.87 S/m). A unifo
nd SAR distributio
were varied in ste

utation mesh and, 
from model gene

cells with a spatia
parameter set, the

0g-averaged SAR 
e normalized SAR
with and without i
tions, field measur
e of a phantom fill
a single meander s
ane 4 mm above th
lized SAR elevatio
orthogonal to the st
ts: Fig. 2a shows s
niform plane wave

zation with respec
zation produces the
AR, the maximum
d SAR elevation 
s the normalized e
spectively. Fig. 3 
rt the simulation fin
oduces the highest

zation the field d
in Fig. 2a, the ma
be smaller due to 
asurement plane to

ssion & Conclusi
on on polarization
Since the polariza
case should be as
y of 1g- and 10g-a
c. Therefore, the p
under consideratio
ced by typical RF t
an be classified as
o each other or wit

Morze, J Magn Reson 
him. J Magn Reson Im
anabe. Neurosurgery 6

RF
Yacine Noureddi
Safety Testing La

Germany, 3Depart

d MRI at 7 Tesla 
ly for patients with
MR angiography a
rall exposure to io
ds has to be guara
site to examination
RF-induced heati

overall dimension
he polarization of 

ency has to be perf
moreover, depend 
ons of aneurysm c
egion around the c
an be normalized 
ng SAR and temp
field distribution. 
sented investigatio
rland) and field me

clip (No. 07-934-
lized (Fig. 1a). A 

ce and torque [6]. F
n space, which wa
orm plane wave w
on. To this end, po
eps of 90 degrees.
thus, the discrete
ration can be excl

al resolution in the
e computation tim
were evaluated on

R elevation was co
implant normalize
rements were perf
led with tissue-sim
stripline element [8
he clip was measu
on was calculated 
tripline.  

simulated results fo
e with orthogonal 

ct to the longitudi
e highest field elev
m normalized elev

of the 1g- and 
elevation significa
shows the SAR e
ndings for the pola
t SAR at both end
istortion is signif

aximum obtained e
the effective sens

o the clip.  
ion The presented
n must be taken in
ation is difficult t
ssumed for the saf
averaged SAR for
presented results 

on of bio-heat tran
transmit coils. On
s safe or unsafe. C
th direct contact al

Imaging 2007;26(4):9
aging 2007;26:1362-1

61:5:1062-1066 

F Safety of An
ne1,2, Oliver Kraff
boratory, Gelsenk

tment of Diagnosti
4Clinic for Neu

has already demo
h multiple aneurys
at 7T has demonstr
onizing radiation in
anteed [3]. Since m
n. Whereas the ac
ing as a result of e

ns of aneurysm clip
the electric field. 

formed. This is esp
on the design of th
lips it can be assu
clip, (iii) hence mu
to the local field m

perature elevations
Therefore, the dat

on of the polariza
easurements with R
-02, Mizuho, Med
similar clip (No. 
For the simulation
as homogeneously

was used to study 
olarization and inc
. The orientation o
 clip model were
uded. The numeri
e region of the an

me was 20 minute
n orthogonal axes

omputed by calcula
ed to the SAR wit
formed. The aneury
mulating liquid and
8]. Afterwards, the
ured with a spatia
for the longitudin

or the normalized 
direction of propa
nal axis of the an
vations at both en

vation is about 140
10g-averaged SA

antly to 1.4 and 0.
levations obtained
arization dependen
s of the aneurysm 
ficantly reduced. 
elevation of 0.3 fo
sitivity area of the

d results show th
nto account for the
to determine in r
fety assessment. I

r the compliance te
will be further ev
nsfer mechanisms 
ly based on the tem
Configurations wi
lso need further in

900-4 
367 

eurysm Clips 
f2,3, Mark E. Ladd2

kirchen, NRW, Ger
ic and Intervention
urosurgery, Univer

onstrated clinical 
sms and, hence, di
rated comparable 
n these patients. To
most implants have
ction of forces and
electric field eleva
ps are rather smal
Since the position
pecially important
he local transmit c
med that (i) the co
ultiple clips at a ce
magnitude and po
s near aneurysm c
ta were obtained f
tion dependency w
RF field probes (S
dical Inc., Tokyo, J
07-934-10) from t

ns a CAD-based m
y filled with tissue
the influence of th

cident angle of the
of the model for 
 kept constant. Fo
cal model consists

neurysm clip of 0.
s. The point-wise
s through the cent
ating the differenc
thout implant. In a
ysm clip was place
d then centered at 
e SAR distribution
al resolution of 1 m
nal axis of the clip

elevation of the po
agation and paralle
neurysm clip. The
ds of the implant. 
0. Fig. 2b and 2c 

AR. As expected,
.17 for the 1g- and
d from the measur
ncy. Again, the pa
clip, whereas for 
As expected, com
r the parallel polar

e field probe and t

hat the dependenc
e safety assessmen
realistic exposure 
It should be ment
esting of small im
valuated by tempe

and realistic field
mperature results 
ith aneurysm clip

nvestigation. 

[2] Kraff, Invest 
[5] Lauer. Magn 
[8] Orzada. Proc

at 7 Tesla: Ef
2,3, Gregor Schaefe
rmany, 2Erwin L. H
nal Radiology and 
rsity Hospital Esse

 
benefits in neuroi
fferent therapy app
image quality to c
o allow for MRI o
e only been verifie

d torques on the an
ations in the tissue
ll. Such field eleva
n and orientation o
t in high-field MR
coil and the size an
oupling to the RF T
ertain distance to e
olarization at the in
clips [4,5,6,7] wer
for a random orien
was performed by
PEAG, Zurich, Sw
Japan) made of tit
the same manufac

model of the clip w
e-simulating liquid
he polarization an
uniform plane 
the clip in the 
or this reason, 
s of 63 million 
.15 mm. For a 

e, 1g-averaged, 
ter of the clip, 
ce between the 
addition to the 
ed on the inner 
a distance of 3 
n in a 4 cm x 3 
mm. Next, the 
 aligned paral-

oint-wise SAR 
el electric field 
e parallel field 
For the point-
show the nor-
the averaging 

d 10g- averag-
rements, which 
rallel polariza-
the orthogonal 
mpared to the 
rization turned 
the distance of 

y of the SAR 
nt of aneurysm 
scenarios, the 

tioned that the 
mplants is prob-
erature simula-
d distributions 
the considered 
s located very 

Radiol 2011;46(4),246
Reson Imaging 2005;

c. ISMRM 16 (2008), 2

F
o
a

ffect of Field P
ers1, Karsten H. W
Hahn Institute for 

d Neuroradiology, 
en, Essen, NRW, G

imaging, e.g. TOF
proaches (coiling,
conventional angi

of patients with im
ed safe for use in 
neurysm clip in th
e close to the met
ations occasionall

of clips inside the h
RI, since field distr
nd tissue distributi
Tx coil is negligib
each other can be 
ntended location i
re not referenced 

ntation of the clips 
y numerical comp
witzerland).  
tanium alloy with
cturer and product 
was generated (Fig
d (relative permitti
nd direction of wa

6-54. 
;23:563-569 
2979. 

Fig 2: Normaliz
the point-wise (a
10g-averaged (c
uniform plane wa
onal propagation
polarization with
longitudinal axis 
clip. 

Fig 3: SAR elevat
or orthogonal (b) 
above the aneurysm

a 

Polarization 
Wrede4, and Andrea

Magnetic Resonan
University Hospita

Germany 

F angiography for
, clipping, growth 
ography [2] and m

mplanted aneurysm
an MRI environm

he static magnetic 
tallic clip is the m
ly depend strongly
head can vary sign
ribution and polari
ion of the head. Du
ble, (ii) field elevat
treated separately

in the head. Previo
to the magnitude

 and the results ca
putation (SEMCAD

dimensions of 2 c
t series has been te
g. 1b) and placed in
ivity 45.3 and con

ave propagation on

[3] ASTM S
[6] Shellock
 

a 

zed elevation of
a), 1g-, (b) and
c) SAR for a
ave with orthog-
n and parallel

h respect to the
of the aneurysm

tion obtained from
polarization in a 

m clip. 

as K. Bitz2,3 
nce Imaging, Univ
al Essen, Essen, N

r the depiction of 
monitoring), post-

may establish itsel
m clips under safe c
ment up to 3T, a de

field is reduced o
major concern with
y on the orientatio
nificantly, a detail
ization are signific
ue to 
tions 
, and 
ously 
e and 
annot 
D X, 

cm x 
ested 
n the 

nduc-
n the 

Standard F2182-11a 
k. Am J Neuroradiol 3

a 

b 
Fig 1: An
and CAD

b

c

m the measuremen
plane of 4 cm x 

b 

versity Duisburg-
NRW, Germany, 

blood vessels and
-surgery follow-up
lf as a noninvasive
conditions, compli
etailed compliance
or avoided by non
h respect to patien
on of the elongated
ed investigation o

cantly non-uniform

1:615-19 

neurysm clip (a) 
D model (b). 

b 

c 

nts for parallel (a) 
3 cm and 4 mm 

d 
p 
e 
-
e 
-
t 
d 
f 

m 

2767Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


