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Tw
o years have passed since the city of Boston has w

elcom
ed the interventional M

RI 
com

m
unity to the last iM

RI Sym
posium

 in 2012 boasting a record num
ber of scientific 

abstracts. The 2014 m
eeting, the 10

th of its kind, is about to kick off in Leipzig and w
e 

are very thankful for having received so m
any excellent abstracts once again reflecting 

the enorm
ous activity in our field.

This year‘s tw
o-day program

 (Fr., O
ct. 10 – Sa., O

ct. 11) is divided into eight topical 
sessions and com

prises 29 short overview
 talks by invited speakers and 28 selected 

oral presentations. O
n Friday afternoon, 75 m

inutes w
ill be exclusively reserved for 

the discussion of 63 scientific posters. Both days have tw
o m

orning and tw
o afternoon 

sessions w
ith interm

ediate coffee breaks.

For the first tim
e in our event history, 2014 w

ill feature three one-hour sym
posia over 

lunch and dinner w
hich are hosted by our gold and silver sponsors. O

ur technical 
exhibition is open all day on Friday and Saturday show

casing solutions and products 
of m

ore than 20 industrial partners w
hose financial support is also greatly acknow

ledged. 
The m

eeting is endorsed by the European Society for M
agnetic Resonance in M

edicine 
and Biology (ESM

RM
B) and the International Society for M

agnetic Resonance in 
M

edicine (ISM
RM

).

W
hether this is your first tim

e to Leipzig or w
hether you‘re a returning visitor, the 

official w
ebsite <

english.leipzig.de > m
ay be a good starting point to explore som

e 
of the facts and m

yths. O
n the eve of iM

RI 2014, for exam
ple, Leipzig happens to 

celebrate the 25
th Anniversary of the so-called Peaceful Revolution in G

erm
any – a short 

but im
portant period in view

 of the city‘s 999 years since its first docum
entation.

O
n behalf of our Program

 C
om

m
ittee, w

e w
ish you all the best for a successful m

eeting 
and m

em
orable tim

e in Leipzig.

Thom
as Kahn        

 
 H

arald Busse

W
elcom

e to the 10
th Interventional M

RI Sym
posium
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Thursday, O

ct. 9 Friday, O
ct. 10 

Saturday, O
ct.11

08:00 am
  

Scientific  
Scientific

 
 

Session I  
Session V

 
 

Prostate 
Brain

09:00 am
  

 
M

usculoskeletal

10:00 am
  

Scientific  
 

 
Session II  

Scientific
 

 
Pelvis 

Session V
I

11:00 am
  

Technology 
C

ardiovascular I
 

 
G

eneral Issues

12:30 pm
  

Lunch  
Lunch

 
 

Sym
posium

  
Sym

posium
 

 
Philips:  

Siem
ens:

 
 

State-of-the-art  From
 D

iagnosis
 

 
M

R-guided    
to Therapy:

 
 

Interventions 
Innovations  

 
 

 
for better 

 
 

 
outcom

es

01:45 pm
  

Scientific 
Scientific

 
 

Session III 
Session V

II
 

 
Poster  

C
ardiovascular II

 
 

Discussion 
C

hest

03:30 pm
  

Scientific  
Scientific

 
 

Session IV
       

Session V
III              

04.00 pm
 Registration 

Focused Ultrasound  Abdom
en

 
 

Breast 
Technology

 
 

Technology

05:00 pm

05:30 pm
  

D
inner 

 
 

Sym
posium

 
 

G
eneral Electric:

 
 

M
R-guided 

 
 

Focused 
 

 
U

ltrasound: N
ew

 
 

 
developm

ents

07:30 pm
 W

elcom
e 

 
Reception

Program
 at a G

lance

Sym
posium

 Chair
Thom

as Kahn, Leipzig, G
erm

any

Co-Chairs
Ferenc A. Jolesz, Boston, USA
Jonathan S. Lew

in, Baltim
ore, USA

Faculty
N

athalie Agar, Boston, USA
Roberto Blanco Sequeiros, Turku, Finland
Paul Bottom

ley, Baltim
ore, USA

H
arald Busse, Leipzig, G

erm
any

Keyvan Farahani, Rockville, USA
Frank Fischbach, M

agdeburg, G
erm

any
Jan Fritz, Baltim

ore, USA
Jürgen Fütterer, N

ijm
egen, N

etherlands
Afshin G

angi, Strasbourg, France
W

ladyslaw
 G

edroyc, London, UK
Alexandra G

olby, Boston, USA
M

atthias G
utberlet, Leipzig, G

erm
any

Julian H
ägele, Lübeck, G

erm
any

Jagadeesan Jayender, Boston, USA
Dara L. Kraitchm

an, Baltim
ore, USA

G
abriele Krom

bach, M
arburg, G

erm
any 

C
hristiane Kuhl, Aachen, G

erm
any

M
ichael Laniado, Dresden, G

erm
any

Joachim
 Lotz, G

öttingen, G
erm

any
N

athan M
cDannold, Boston, USA

M
ichael M

oche, Leipzig, G
erm

any
C

hrit M
oonen, Utrecht, N

etherlands
C

hristopher N
im

sky, M
arburg, G

erm
any

Reza Razavi, London, UK
M

axim
ilian Reiser, M

ünchen, G
erm

any
C

hristian Rosenberg, G
reifsw

ald, G
erm

any
Ehud Schm

idt, Boston, USA
C

lare Tem
pany, Boston, USA

Frank W
acker, H

annover, G
erm

any
C

lifford W
eiss, Baltim

ore, USA
Shuo Zhang, G

öttingen, G
erm

any
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Session I
Friday, O

ctober 10
SESSIO

N
 I 

 
08:00 am

 – 10:05 am
 

 
 

Prostate
SESSIO

N
 II 

 
10:35 am

 – 12:25 pm
 

 
 

Pelvis, Technology, G
eneral Issues

 
 

 
12:30 pm

 – 01:30 pm
 

 
 

Lunch Sym
posium

 Philips
 

 
 

State-of-the-art M
R-guided Interventions

SESSIO
N

 III 
 

01:45 pm
 – 03:00 pm

 
 

 
Poster Discussion Session

SESSIO
N

 IV  
03:30 pm

 – 05:20 pm
 

 
 

Focused Ultrasound, Breast, Technology
 

 
 

05:30 pm
 – 06:30 pm

 
 

 
Dinner Sym

posium
 G

eneral Electric
 

 
 

M
R-guided Focused Ultrasound: N

ew
 Developm

ents

Saturday, O
ctober 11

SESSIO
N

 V 
 

08:15 am
 – 10:20 am

 
 

 
Brain, M

usculoskeletal
SESSIO

N
 VI  

10:50 am
 – 12:30 pm

 
 

 
C

ardiovascular I
 

 
 

12:30 pm
 – 01:30 pm

 
 

 
Lunch Sym

posium
 Siem

ens
 

 
 

From
 Diagnosis to Therapy: Innovations for better outcom

es
SESSIO

N
 VII  

01:45 pm
 – 03:05 pm

 
 

 
C

ardiovascular II
 

 
 

C
hest

SESSIO
N

 VIII  
03:35 pm

 – 05:10 pm
 

 
 

Abdom
en 

 
 

 
Technology

Scientific Program
 O

bjectives
Friday, O

ctober 10 – Saturday, O
ctober 11, 2014

Upon com
pletion of the Scientific M

eeting, participants should be able to:

   im
aging m

ost relevant to their ow
n fields;

   the possible im
pact of these trends and developm

ents on their ow
n clinical and 

   scientific w
ork in the future;

Friday, O
ctober 10, 08:00 am

 – 10:05 am

Prostate

M
oderators:  

F. A. Jolesz (Boston, M
A, USA)

 
 

 
J. S. Lew

in (Baltim
ore, M

D, USA)
 

 
 

Th. Kahn (Leipzig, G
erm

any)
08:00 

 
 

W
elcom

ing address
 

 
 

Th. Kahn, F. A. Jolesz, J. S. Lew
in

08:15  
V-01 

M
R-guided prostate interventions 

 
 

 
C

. Tem
pany

 
 

 
Boston, M

A, USA
08:30 

V-02 
M

RI-guided prostate biopsy: C
orrelation of

  
 

 
pathology results w

ith pre-biopsy m
ultiparam

etric prostate M
RI 

 
 

 
findings in 153 lesions

 
 

 
A. D. N

icholson, V. M
aster, T. E. Pow

ell, J. Kang, 
 

 
 

A. O
. O

sunkoya, M
. G

. Sanda, S. G
. N

our
 

 
 

Atlanta, G
A, USA

08:40 
V-03 

C
linical experience w

ith a virtual real-tim
e  

 
 

 
 

 
M

RI navigation option for prostate biopsies at 3 T 
 

 
 

A. Schaudinn, J. O
tto, N

. Linder, N
. G

arnov, G
. Thörm

er, M
. Do,  

 
 

 
J.-U. Stolzenburg, L.-C

. H
orn, T. Kahn, M

. M
oche, H

. Busse
 

 
 

Leipzig, G
erm

any
08:50 

V-04 
Prostate interventions: the N

ijm
egen experience 

 
 

 
J. J. Fütterer

 
 

 
N

ijm
egen, The N

etherlands
09:05 

V-05 
Interim

 results of phase II clinical trial for evaluation of M
RI-guided  

 
 

 
laser-induced interstitial therm

al therapy (LITT) for low
-to-inter 

 
 

 
 

m
ediate risk prostate cancer

 
 

 
A. O

to, A. Yousuf, S. W
ang, T. Antic, G

. S. Karczm
ar, 

 
 

 
S. Eggener

 
 

 
C

hicago, IL, USA
09:15 

V-06 
M

RI-guided “M
ale Lum

pectom
y”: 

 
 

 
Technical aspects and outcom

e data of focal laser ablation for  
 

 
 

localized prostate cancer  
 

 
 

 
S. G

. N
our, T. E. Pow

ell, P. J. Rossi
 

 
 

Atlanta, G
A, USA

09:25 
V-07 

M
R-guided focal laser ablation for prostate cancer follow

ed by  
 

 
 

radical prostatectom
y: Validation of M

R predicted ablation volum
e

 
 

 
J. G

. R. Bom
ers, E. B. Cornel, S. F. M

. Jenniskens, 
 

 
 

C
. A. H

ulsbergen - van de Kaa, J. A. W
itjes, J. P. M

. Sedelaar, 
 

 
 

J. J. Fütterer 
 

 
 

N
ijm

egen, The N
etherlands



09:35 
V-08 

M
agnetic Resonance im

aging-guided cryoablation of w
hole 

 
 

 
gland prostate cancer: 

 
 

 
An initial institutional experience

 
 

 
M

. L. W
hite, L. A. M

ynderse, A. Kaw
ashim

a, K. Ram
pton, 

 
 

 
K. R. G

orny, T. D. Atw
ell, J. P. Felm

lee, M
. R. Callstrom

, 
 

 
 

D. A. W
oodrum

 
 

 
Rochester, M

N
, USA

09:45 
V-09 

M
R-guided focal cryoablation of prostate cancer recurrence 

 
 

 
follow

ing radiotherapy: short term
 follow

-up 
 

 
 

J. G
. R. Bom

ers, S. F. M
 Jenniskens, C

. G
. O

verduin, H
. Vergunst, 

 
 

 
E. N

. J. T. van Lin, F. de Lange, E. B. C
ornel, J. O

. Barentsz, 
 

 
 

J. P. M
. Sedelaar, J. J. Fütterer 

 
 

 
N

ijm
egen, H

engelo, Enschede, The N
etherlands; Essen, G

erm
any 

09:55 
V-10  

Perirectal saline infusion facilitates better  treatm
ent m

argins for  
 

 
 

M
R guided cryoablation of recurrent prostate cancer

 
 

 
D. A. W

oodrum
, K. R. G

orny, J. P. Felm
lee, M

. R. Callstrom
, 

 
 

 
A. Kaw

ashim
a, L. A. M

ynderse
 

 
 

Rochester, M
N

, USA
10:05–10:35  

Coffee Break

 
 

 

Friday, O
ctober 10, 10:35 am

 – 12:25 pm
Pelvis / Technology / G

eneral Issues
M

oderators:  
J. Lotz (G

öttingen, G
erm

any)
 

 
 

P. Bottom
ley (Baltim

ore, M
D, USA)

10:35 
V-11 

3 Tesla M
R-guided interventions in chronic pelvic pain syndrom

es:  
 

 
 

Initial clinical experience
 

 
 

J. M
orelli, E. W

illiam
s, A. L. Dellon, A. Belzberg, J. C

arrino, 
 

 
 

J. Lew
in, J. Fritz

 
 

 
Baltim

ore, M
D, USA

10:45 
V-12 

M
R-guided active catheter tracking for gynecologic brachytherapy  

 
 

 
interventions

 
 

 
E. Schm

idt, W
. W

ang, Z. T. H
. Tse, W

. Loew
, C

. L. Dum
oulin, 

 
 

 
R. T. Seetham

raju, T. Kapur, R. A. C
orm

ack, A. N
. Visw

anathan
 

 
 

Boston, M
A, USA 

11:00 
V-13 

M
RI endoscopy: a path to high resolution param

etric im
aging 

 
 

 
and intervention

 
 

 
P. A. Bottom

ley, Y. Zhang, G
, W

ang, M
. A. Erturk, S. S. H

egde
 

 
 

Baltim
ore, M

D, USA 

9
8 Session I

Session II

11:15 
V-14 

In vivo M
R im

aging of porcine gastric ulcer m
odel using 

 
 

 
intra-cavitary RF coil for M

R-endoscope system
 

 
 

Y. M
atsuoka, Y. M

orita, E. Kum
am

oto, H
. Kutsum

i, T. Azum
a, 

 
 

 
K. Kuroda

 
 

 
Kobe, Japan

11:25 
V-15 

A hydrostatically actuated robotic system
 for real-tim

e M
RI-guided  

 
 

 
interventions

 
 

 
R. Yasin, S. M

ikaiel, K. Sung, D. Lu, H
. H

. W
u, T.-C

. Tsao
 

 
 

Los Angeles, C
A, USA

11:35 
V-16 

Design, developm
ent, and control of a 3-axis-M

RI-com
patible   

 
 

 
robot for rem

ote catheter navigation
 

 
 

M
. A. Tavallaei, M

. K. Lavdas, M
. Drangova

 
 

 
London, O

N
, C

anada
11:45 

V-17 
M

agnetic resonance electrical im
pedance tom

ography for 
 

 
 

assessm
ent of electric field  distribution during tissue 

 
 

 
electroporation

 
 

 
M

. Kranjc, B. M
arkelc, F. Bajd, M

. Cem
azar, I. Sersa, T. Blagus,  

 
 

 
D. M

iklavcic
 

 
 

Ljubljana, Slovenia
11:55 

V-18 
The challenges of healthcare transform

ation on iM
RI

 
 

 
J. S. Lew

in
 

 
 

Baltim
ore, M

D, USA
12:10 

V-19 
G

lobal paradigm
s for open science assessm

ent of technologies in  
 

 
 

im
age-guided interventions

 
 

 
K. Farahani

 
 

 
Rockville, M

D, USA
12:25–01:45 

 
Lunch Break

12:30–01:30 
 

Lunch Sym
posium

  
 

 
Philips H

ealthcare
 

 
 

State-of-the-art M
R-guided Interventions

 
 

 
M

R-H
IFU in O

ncology – From
 H

ypertherm
ia to Ablation

 
 

 
T. Andreae, Philips H

ealthcare
 

 
 

N
on-invasive treatm

ent of breast cancer – M
R-HIFU Feasibility Study

 
 

 
F. M

. Knuttel, Departm
ent of Radiology, 

 
 

 
University M

edical C
enter Utrecht

 
 

 
The N

etherlands
 

 
 

M
RI-guided interventions using the Interventional M

RI Suite (iSuite)
 

 
 

S. W
eiss, B. Schnackenburg, Philips Healthcare

 

Session II



11
10

Session III
Friday, O

ctober 10, 01:45 pm
 – 03:00 pm

01:45–03:00  
 Poster D

iscussion Session
03:00–03:30  

Coffee Break

Friday, O
ctober 10, 03:30 pm

 – 05:20 pm
Focused U

ltrasound / Breast / Technology

M
oderators:  

W
. G

edroyc (London, UK)
 

 
 

C
. Kuhl, (Aachen, G

erm
any)

03:30 
V-20 

Focused ultrasound – Update on clinical applications
 

 
 

W
. G

edroyc 
 

 
 

London, UK
03:45 

V-21 
M

R-guided focused ultrasound in drug delivery
 

 
 

C
. T. W

. M
oonen

 
 

 
Utrecht, The N

etherlands
04:00 

V-22 
M

R-guided breast interventions
 

 
 

C
. Kuhl

 
 

 
Aachen, G

erm
any

04:15 
V-23 

Initial clinical experience w
ith a dedicated M

R-guided 
 

 
 

high-intensity focused ultrasound system
 for treatm

ent of breast cancer
 

 
 

F. M
. Knuttel, L. G

. M
erckel, R. H. R. Deckers, C

. T. W
. M

oonen,  
 

 
 

L. W
. Bartels, M

. A. A. J. van den Bosch
 

 
 

Utrecht, The N
etherlands

04:25 
V-24 

Real-tim
e im

aging for M
R-guided interventions – 

 
 

 
W

here is the current lim
itation? 

 
 

 
S. Zhang

 
 

 
G

öttingen, G
erm

any
04:40 

V-25 
Interventions in a standard M

R environm
ent

 
 

 
M

. M
oche

 
 

 
Leipzig, G

erm
any

04:55 
V-26 

Visualization and navigation techniques
 

 
 

H
. Busse, N

. G
arnov, T. Kahn, M

. M
oche

 
 

 
Leipzig, G

erm
any

05:10 
V-27 

Building and operating a com
prehensive  clinical interventional  

 
 

 
M

RI program
: Logistics, cost-effectiveness, and lessions learned

 
 

 
B. Burrow

, H
. D. Kitajim

a, K. Doan, L. C
ooper, R. Pierson, 

 
 

 
G

. Pennington, S. G
. N

our
 

 
 

Atlanta, G
A, USA

E
rfahren Sie m

ehr unter:
w

w
w

.philips.de/healthcare

Innovationen, die 
die R

adiologie 
verändern
D

as G
esund

heitsw
esen ist im

 W
and

el und
 

d
ie H

erausfo
rd

erungen auf m
ed

izinischer 
und w

irtschaftlicher Seite w
erd

en grö
ßer. W

ir 
helfen d

ab
ei A

ntw
o

rten zu find
en. Eine gro

ße 
N

ähe zu unseren K
und

en und
 ein tiefes Ver-

ständ
nis für ihre B

ed
ürfnisse erm

ö
glichen uns, 

b
ed

eutungsvo
lle Innovatio

nen zu entw
ickeln. 

So
 zum

 B
eisp

iel d
ie M

agnetreso
nanzto

m
o

-
graphen der Ingenia C

X
 Serie. Sie digitalisieren 

d
as Signal d

irekt an d
er Sp

ule und
 sind

 eine 
w

esentlich
e In

n
o

vatio
n zur Verb

esserun
g 

d
er B

ild
klarh

eit, G
e schw

ind
igkeit und

 d
es 

W
o

rkflo
w

s.

5114192_Anzeigenadaption_R
adiologie_Ingenia_100x210_SW

_R
Z.indd   1

01.07.14   15:27

Session IV



12 05:30–06.30  
D

inner Sym
posium

 
 

 
G

eneral Electric H
ealthcare

 
 

 
M

R-guided Focused U
ltrasound:  

 
 

 
 

 
new

 developm
ents

 
 

 
Focused ultrasound neurosurgery – clinical experience treating 

 
 

 
Parkinson and neuropathic pain 

 
 

 
R. Bauer

 
 

 
Departm

ent of N
eurosurgery

 
 

 
Kantonsspital St.G

allen, Sw
itzerland

 
 

 
M

R-guided focused ultrasound, the best kept m
edical secret?

 
 

 
R. Sigal

 
 

 
President and C

C
O

 InSightec

Saturday, O
ctober 11, 08:15 am

 – 10:20 am

Brain / M
usculoskeletal

M
oderators:   

C
. N

im
sky (M

arburg, G
erm

any)
 

 
 

R. Blanco Sequeiros (Turku, Finland)
08:15 

V-28 
M

R-guided neurosurgery and brain tum
or laser ablation

 
 

 
A. G

olby, O
. O

lubiyi, R. Torcuator, L. Rigolo, I. N
orton

 
 

 
Boston, M

A, USA
08:30 

V-29 
M

R-guided neurosurgery and fiber tracking
 

 
 

C
. N

im
sky

 
 

 
M

arburg, G
erm

any
08:45 

V-30 
Stereotactic laser am

ygdalo-hippocam
potom

y for m
esial tem

poral  
 

 
 

lobe epilepsy: single-center, prospective, investigator-initiated study
 

 
 

R. E. G
ross, J. T. W

illie, S. Helm
ers, S. G

. N
our

 
 

 
Atlanta, G

A, USA
08:55 

V-31 
Real-tim

e M
RI for predicting stem

 cell distribution and subsequent 
 

 
 

m
onitoring of cell infusion to the central nervous system

 
 

 
 

M
. Janow

ski, J. W
ojtkiew

icz, A. N
ow

akow
ski, M

. C
hehade, 

 
 

 
A. H

abich, P. H
olak, J. Xu, Z. Adam

iak, M
. Pearl, P. G

ailloud, 
 

 
 

B. Lukom
ska, W

. M
aksym

ow
icz, J. W

. M
. Bulte, P. W

alczak
 

 
 

Baltim
ore, M

D, USA
09:05 

V-32 
G

uiding focal blood brain barrier disruption and targeted delivery  
 

 
 

of chem
otherapy w

ith interventional M
RI

 
 

 
M

. Pearl, M
. Janow

ski, E. W
yse, E. N

gen, A. Bar-Shir, A. G
ilad,  

 
 

 
P. W

alczak
 

 
 

Baltim
ore, M

D, USA

Session IV

Session V

G
E H

ealthcare

Beyond Radiology

Being ready for the future m
eans having an M

R system
 that can not only grow

 beyond its original design, but surpass it. 
The D

iscovery* M
R750w

 and O
ptim

a* M
R450w

 w
ere designed w

ith the ability to go further than the traditional boundaries 
of radiology. If you’re looking for a system

 capable of im
aging during surgical procedures, ready for M

R-guided focused 
ultrasound or adept in radiation therapy planning, look no further. O

ur exclusive, detachable table options are just one 
exam

ple of the m
any features developed to keep you at the forefront of healthcare.

w
w

w
.gehealthcare.de

Go Further

©
 2012 G

eneral Electric Com
pany. All rights reserved. 

G
E H

ealthcare, a division of G
eneral Electric Com

pany. G
E and 

G
E m

onogram
 are tradem

arks of G
eneral Electric Com

pany.
* Tradem

ark of G
eneral Electric Com

pany



15
14 09:15 

V-33 
Transcranial M

R-guided focused ultrasound surgery
 

 
 

N
. M

cDannold
 

 
 

Boston, M
A, USA

09:30 
V-34 

Recent advances in M
RI guided m

usculoskeletal therapy
 

 
 

R. Blanco Sequeiros
 

 
 

Turku, Finland
09:45 

V-35 
M

R-guided pain m
anagem

ent
 

 
 

J. Fritz
 

 
 

Baltim
ore, M

D, USA
10:00 

V-36 
3 Tesla M

R-guided injections in patients w
ith neurogenic thoracic  

 
 

 
outlet syndrom

e: Initial C
linical Experience 

 
 

 
J. M

orelli, Y. Lum
, J. C

arrino, J. Lew
in, J. Fritz

 
 

 
Baltim

ore, M
D, USA

10:10 
V-37 

Real tim
e M

R-guided freehand direct shoulder arthrography 
 

 
 

em
ploying an open 1.0 Tesla M

R-scanner 
 

 
 

C
. W

ybranski, O
. Kosiek, F.-W

. Röhl, A. G
azis, M

. Pech, 
 

 
 

J. Ricke, K. Fischbach, F. Fischbach
 

 
 

M
agdeburg, G

erm
any

10:20–10:50 
 

Coffee Break

Saturday, O
ctober 11, 10:50 am

 – 12:30 pm

Cardiovascular I

M
oderators:  

M
. Reiser (M

ünchen, G
erm

any)
 

 
 

G
. Krom

bach (G
iessen, G

erm
any)

10:50 
V-38 

Devices for M
R-guided cardiovascular interventions – W

hat is 
 

 
 

still m
issing?  

 
 

 
G

. Krom
bach

 
 

 
G

iessen, G
erm

any
11:05 

V-39 
N

ew
 generation laser lithographed dual  axis m

agnetically 
 

 
 

assisted rem
ote controlled endovascular catheter for interventional  

 
 

 
M

R im
aging: In vitro navigation at 1.5 T and 3T versus 

 
 

 
X-ray fluoroscopy

 
 

 
S. W

. H
etts, P. M

oftakhar, P. Lillaney, A. Losey, B. Thorne, 
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M
agnetic resonance (M

R
)-guided prostate interventions

C
lare Tem

pany,M
D

A
bstract

Introduction:M
agnetic resonance (M

R) guided prostate interventions are w
ell-established, w

ith 
an alm

ost 20 year history. W
e established the first M

R guided brachytherapy program
 in the M

RT 
Signa SP 0.5T device at Brigham

 and W
om

en’s H
ospital (BW

H
) in the late 1990s. Since that tim

e, 
there has been a dram

atic increase in prostate M
R im

aging and interventions. This is prim
arily due 

to the fact that m
ulti-param

etric M
RI (m

pM
RI)exam

inations have been established and are very 
w

ell validated for prostate cancer detection and tum
or volum

e im
aging. M

pM
RIexam

inations of 
the prostate have now

 becom
e w

idely accepted as the optim
al im

aging technique for m
en 

suspected of having prostatecancer, staging know
n prostate cancer, planning therapy and 

follow
ing m

en after treatm
ent. Today, as w

hen w
e began the program

 in 1997, the baseline pre-
procedure im

aging rem
ains the defining step. This protocol has been optim

ized (1) and 
standardized through ESU

R PIRA
D

S in 2012 (2) and U
S PIRA

D
S in developm

ent. N
ew

 prostate 
intra-glandular m

aps w
ith 36 sectors have been defined to allow

 for careful pre-interventional 
planning. The interventions are either diagnostic biopsy,or w

hole-gland or focal therapies. 
M

R
-guided prostate biopsy: The role of M

R in prostate biopsy has been a m
ajor advance for 

patients. N
ow

 it is possible w
ith a sm

all num
ber of core sam

ples to target a focal suspicious lesion 
and obtain pathology confirm

ation of cancer,and m
ore im

portantly,sam
ple the clinically relevant 

disease. In other w
ords, w

e have m
oved from

 transrectal ultrasound blind biopsy involving m
any 

cores (12-80) to a sm
all num

ber of cores (average: four per gland) to detect significant cancers, 
defined as adenocarcinom

a
w

ith G
leason pattern 4 or higher. There are several approaches: 1) M

R 
cognitively used during TRU

S; 2) in-bore M
R guided and targeted biopsy (either transperineal or 

transrectal); and, 3) so-called “fusion” biopsies. The latter uses pre-obtained M
R im

agesin real-
tim

e TRU
S guidance. Each of these w

ill be discussed and com
pared to the in-bore transperineal 3T 

M
R guided prostate biopsy program

 at BW
H

. O
ur experience w

ill be review
ed in detail.

M
R

 guided therapies for localized prostate cancer:A
s w

ith diagnosis,the treatm
ent options for 

m
en w

ith
prostate cancer are changing.There is a trend aw

ay from
 w

hole-gland therapies, and 
their associated m

orbidities, tow
ards focal or less than total treatm

ents. A
consensus is lacking

regarding
w

hich patients are best-suited to w
hich focal therapy. But clearly, im

age-guided therapy 
requires clear and accurate im

aging of the 3D
 volum

e of cancer and the adjacent norm
al structures. 

The goal, as in all im
age-guided therapy (IG

T), is m
axim

al therapy to target w
ith m

inim
al side 

effects or dam
age to adjacent norm

al tissues. M
R guided ablations have also been successfully 

applied to m
en w

ho have failed prim
ary treatm

ent and require so-called “salvage” therapy. There 
are several ablative techniques w

hich utilize M
R guidance and m

onitoring. These include 
cryotherapy, laser, FU

S/H
IFU

, and interstitial electroporation (IRE). A
gain, as w

ith biopsy these 
can be done using M

R either in or out of bore. The in bore techniques w
ill be the prim

ary focus of 
this presentation. M

R guided cryotherapy and M
R guided focused ultrasound w

ill be presented and 
com

parisons to other m
ethods introduced.

1.
H

egde JV
, M

ulkern RV
, Panych LP, Fennessy FM

, Fedorov A
, M

aier SE, Tem
pany CM

. 
M

ultiparam
etric M

RI of prostate cancer: an update on state-of-the-art techniques and their 
perform

ance in detecting and localizing prostate cancer. J M
agn Reson Im

aging. 2013 
M

ay;37(5):1035-54. Review
. PM

ID
: 23606141; PM

CID
: PM

C3741996.
2.

Barentsz JO
, Richenberg J, Clem

ents R, et al.; European Society of U
rogenital Radiology. 

ESU
R prostate M

R guidelines 2012. Eur Radiol. 2012 A
pr;22(4):746-57. PM

ID
: 22322308; 

PM
CID

: PM
C3297750.
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PU
RPO

SE The diagnosis of C
aP is often m

ade in through serial serum
 prostate-specific antigen (PSA

) 
m

easurem
ents, w

ith trans-rectal ultrasound-guided (TR
U

S) biopsy for those patients w
ith rising PSA

.  TR
U

S 
b
io

p
s
y
 is

 lim
ite

d
 b

y
 th

e
 n

a
tu

r
e
 o

f
 th

e
 p

r
o
c
e
d
u

r
e
 b

e
in

g
 p

e
r
f
o
r
m

e
d
 “

b
lin

d
e
d

”
 to

 the location of the cancer, w
hich 

can result in false negative biopsies, or sam
pling of less aggressive regions of tum

or, both of w
hich can delay the 

necessary therapy. Prostate M
R

I allow
s physicians to assess the entirety of the gland in a non-invasive m

anner.  
O

ur study is designed to correlate M
R

I-guided biopsy histopathology w
ith pre-biopsy M

R
I param

eters.  W
ith this 

data, w
e present a m

ethod that is reliable and easily im
plem

ented in clinical practice for evaluating lesions 
detected on m

pM
R

I of the prostate. 
M

E
TH

O
D

S Follow
ing IR

B
 approval, a retrospective review

 w
as conducted of patients undergoing M

R
I-

guided prostate biopsy at our institution.  A
ll included patients had a m

ultiparam
etric M

R
I exam

 of the prostate 
prior to the biopsy.  This pre-procedure scan included the follow

ing sequences:  high-resolution tri-plane T2, axial 
D

W
I / A

D
C

 (b-values=0-2000), 3D
 m

ulti-voxel spectroscopy and axial dynam
ic contrast-enhanced (D

C
E) T1 

perfusion.  Pre-biopsy M
R

I w
as review

ed by tw
o radiologists w

ith experience reading prostate M
R

I.  B
oth 

review
ers graded each lesion as a 0 (negative) or 1 (positive) based on the follow

ing param
eters:  elevated intrinsic 

T2 signal, diffusion restriction (high D
W

I and low
 A

D
C

 recorded separately), elevated choline spectroscopy peak 
(relative to the citrate peak), elevated perfusion on D

C
E perfusion im

aging, and m
alignant contrast w

ashout on 
D

C
E perfusion im

aging (defined as greater than 20%
 w

ashout from
 the peak). Statistical analysis w

as perform
ed 

using JM
P softw

are. D
ata w

as analyzed for the sensitivity, specificity, positive predictive value, negative 
predictive value, and accuracy of each individual param

eters.  The param
eters w

ere then analyzed as a w
hole 

using logistic regression analysis.   
RESU

LTS O
ur dataset includes 35 patients w

ith a total of 153 M
R

I-guided biopsied lesions.  A
verage 

patient age = 63.2 years (range 52-79).  A
verage 

 serum
 PSA

 value prior to biopsy = 9.00 ng/m
L 

(range: 1.31-44.47 ng/m
L).  O

f the 29 patients, 23 
(79.31%

) had positive M
R

I-guided biopsies; of 
the 114 biopsies, 29 (25.4%

) w
ere positive. W

e 
com

puted true positive (TP), true negative (TN
),  

 False negative and false positive (FP) along w
ith the sensitivity, specificity, positive prediction value (PPV

), 
negative predictive value (N

PV
) and overall accuracy (Table 1).  W

e then considered a logistic regression m
odel 

to 
com

bine 
the 

outcom
e 

from
 

the 
different 

param
eters. 

 
This 

m
odel 

is 
defined 

by 
the 

equation:   
Probability (CaP )

=
 

1
1+

𝑒𝑒
55.14−

36.3 [𝐷𝐷
𝐷𝐷
𝐷𝐷 ]+

19.54 [𝐴𝐴
𝐷𝐷
𝐴𝐴

]+
18.07 [𝐴𝐴ℎ𝑜𝑜 ]+

17.94 [𝑃𝑃
𝑃𝑃𝑃𝑃𝑃𝑃 ]+

18.07 [𝐷𝐷
𝑊𝑊𝑊𝑊ℎ

]  , w
here each [Param

eter] is given a 
value of 1 if positive, and 0 if negative . This m

odel w
as analyzed separately, w

ith results in Table 2.  O
ur analysis 

show
s this m

odel is superior to the A
D

C
 alone.  

CO
N

CLU
SIO

N
S Standardization of how

 m
pM

R
I is 

interpreted is im
portant as the technique becom

es m
ore 

w
idely available.  The scoring system

 presented herein 
is both sim

plistic and robust in its utility for evaluating lesions detected on prostate M
R

I.  W
ith the logistic 

regression m
odel in m

ind, a scoring system
 for the param

eters can be derived w
herein a 1 is assigned for the 

A
D

C
, Elevated C

holine Peaks on Spectroscopy, Increased Perfusion, and M
alignant W

ashout, and a 2 is assigned 
for a positive D

W
I.  A

ny given lesion w
ill therefore receive a score betw

een 0-6.  U
sing the m

odel equation, w
e 

can see that a lesion w
ith a score of 3 has a probability of being C

aP of 22.6%
, w

hereas a lesion w
ith a score of 4 

has a probability of being C
aP of >99%

. This technique w
ill allow

 for im
proved sensitivity and specificity in the 

detection of C
aP.  Patients w

ith lesions scoring no higher than a 2 can be triaged into a low
 probability of cancer 

category, w
hereas those patients w

ith a lesion scoring 3 or greater can be offered a directed biopsy, know
ing the 

probability of cancer becom
es significant w

ith a score of 3 and very high w
ith a score of 4 or m

ore.  

Table 1:  Prediction Accuracy For The Individual Param
eters 

Table 2:  Prediction Accuracy For The Logistic Regression M
odel 

M
ethod 

TP 
TN

 
FP 

FN
 

Sn 
Sp 

PPV 
N

PV 
Accuracy 

D
W

I 
7 

30 
1 

10 
0.41 

0.97 
0.88 

0.75 
0.77 

AD
C 

17 
22 

9 
0 

1.00 
0.71 

0.65 
1.00 

0.81 
Spectroscopy 

8 
21 

10 
9 

0.47 
0.68 

0.44 
0.70 

0.60 
Incr Perf 

14 
18 

13 
3 

0.82 
0.58 

0.52 
0.86 

0.67 
M

alig W
ash 

6 
29 

2 
11 

0.35 
0.94 

0.75 
0.72 

0.73 

M
ethod 

TP 
TN

 
FP 

FN
 

Sn 
Sp 

PPV 
N

PV 
Accuracy 

M
odel  

17 
24 

7 
0 

1.00 
0.77 

0.71 
1.00 

0.85 

C
linical experience w

ith a virtual real-tim
e M

R
I navigation option for prostate biopsies at 3 T

 
A

. Schaudinn 1, J. O
tto 1, N

. Linder 1, N
. G

arnov 2, G
. Thörm

er 1, M
. D

o 2, J.U
. Stolzenburg 2, L.C

. H
orn 3, T. K

ahn 1, 
M

. M
oche 1, H

. B
usse 1 

1 D
iagnostic and Interventional R

adiology D
epartm

ent, 2 U
rology D

epartm
ent, Leipzig U

niversity H
ospital,  

3 Institute of Pathology, U
niversity of Leipzig, Leipzig, G

erm
any 

 Purpose 
 

To report on our clinical experience w
ith a virtual real-tim

e navigation option for transrectal M
R

I-guided 
prostate biopsies in patients w

ith suspicion of prostate cancer. 
 M

aterials and M
ethods 

 
U

nder IR
B

 approval and w
ith w

ritten inform
ed consent, 34 patients betw

een 52 and 78 years old (m
ean 64) 

w
ith m

ean PSA
 level 12.7 (3.6–42) ng/m

L and after 1 to 9 (m
ean 1.9) negative transrectal ultrasound-guided biopsies 

underw
ent M

R
I biopsy of the prostate. Interventional guidance w

as provided by a passive device (D
ynaTR

IM
, Invivo, 

G
ainesville, FL) w

ith a transrectal, M
R

I-visible needle guide, tw
o translational and tw

o rotational degrees of freedom
. 

Tracking and referencing elem
ents w

ere added to this device and com
bined w

ith proper in-room
 tracking, procedural 

planning and visualization com
ponents (Localite G

m
bH

, St. A
ugustin, G

erm
any) in a 3-T M

R
I (M

agnetom
 Tim

 Trio, 
Siem

ens) environm
ent (Fig. 1). H

istopathological biopsy results, intervention tim
es and com

plications w
ere 

docum
ented. 

 R
esults 

 
M

R
 im

age quality and patient com
fort w

ere not im
paired by the additional hardw

are com
ponents. The 

interventional radiologist considered the real-tim
e feedback on the virtual needle direction to be helpful for procedural 

guidance, in particular for less accessible regions like the apex, lateral m
id gland and basis of the prostate. M

edian 
intervention tim

e for 34 patients w
as 70 m

inutes (34-110 m
inutes) including 10 patients w

here tw
o suspicious lesions 

w
ere targeted. N

o m
ajor com

plications w
ere observed, one m

inor com
plication (fever) w

as resolved w
ithin 24 hours. 

The obtained specim
ens w

ere diagnostic in all cases. In 17 patients (50%
), histopathology revealed prostate cancer 

w
ith G

leason Scores 6 (G
S 3+3, n=10) and 7 (G

S 3+4, n=7).  
 

 
 

 
Figure 1. 

Transrectal 3-T M
R

I biopsy w
ith navigation option. left: M

odified interventional device (Invivo) and table-
m

ounted elem
ent (front) for constant patient registration. m

iddle: Setup w
ith in-room

 m
onitor and tracking cam

era. right: 
C

linical  navigation scene  
 C

onclusion 
 

The presented navigation option for M
R

I-guided prostate interventions w
as technically feasible and accurate. 

Procedures w
ere rather tim

e consum
ing but also revealed a relatively high num

ber of prostate cancers. The virtual 
real-tim

e navigation scene w
as found to im

prove orientation and guidance, in particular for less accessible locations in 
the prostate. 
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Prostate interventions: the N
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egen experience 
 Jurgen Fütterer 
Department of Radiology, Radboud University Nijmegen 
   D

ue to w
idespread use of the prostate-specific antigen (PSA

) test and the low
ered 

PSA
 threshold for biopsy, the num

ber of new
ly diagnosed prostate cancers (PC

a) has 

strongly increased. C
onsensus exists that it is essential to treat aggressive PC

a. 

H
ow

ever, w
hole gland treatm

ent (i.e. surgical or any form
 of radiotherapy) can lead 

to 
significant 

m
orbidities, 

such 
as 

incontinence 
and 

im
potence 

and 
can 

have 

substantial im
pact on quality of life. 

Focal therapy of prostate cancer has the potential to reduce treatm
ent-related 

com
plications such as incontinence and im

potence, w
ithout m

aking concessions to 

cancer-specific outcom
e. A

bout 13 – 33%
 of the patients has a unifocal prostate 

cancer lesion and w
ould be eligible for focal therapy. C

onsistent w
ith the “index 

lesion theory” even m
ore patients w

ould be suitable. 

O
n one hand am

ple discussion exists how
 to select the appropriate patient for focal 

therapy. H
ow

ever, on the other hand there is alm
ost no discussion about the optim

al 

focal therapy m
ethod. The latter has to m

eet num
erous requirem

ents: first, to be able 

to treat a specific area or one lobe of the prostate. Second, to accurately shape the 

ablation zone, w
ith no significant effect on the surrounding tissue. Third, to be 

m
inim

ally invasive w
ith a low

 per- and post-operative com
plication rate and fourth to 

be reproducible.  

C
onsequently, 

ablation 
techniques 

such 
as 

cryosurgery, 
high 

intensity 
focused 

ultrasound (H
IFU

), and laser-induced therm
al therapy (LITT) have em

erged as 

feasible m
inim

al invasive therapy for treatm
ent of prostate cancer. A

lthough m
ost of 

these 
techniques 

are 
still 

considered 
experim

ental. 
In 

this 
presentation, 

these 

techniques w
ill be highlighted and discussed.  

 

TITLE: Interim
 R

esults of Phase II C
linical Trial for Evaluation of M

R
I-guided Laser-

induced Interstitial Therm
al Therapy (LITT) for Low

-to-Interm
ediate R

isk Prostate 
C

ancer 
 A

U
TH

O
R

S A
N

D
 A

FFILIA
TIO

N
S: A

ytekin O
to

1, A
m

bereen Y
ousuf 1, Shiyang W

ang
1, 

Tatjana A
ntic

2, G
regory S. K

arczm
ar 1, Scott Eggener 3 

D
epartm

ents of R
adiology

1, Pathology
2 and U

rology
3, U

niversity of C
hicago, C

hicago, 
IL 
 PU

R
PO

SE:  To assess the oncologic efficacy and safety of M
R

I-guided laser-induced 
interstitial therm

al therapy of biopsy confirm
ed and M

R
-visible prostate cancer.   

 M
A

TER
IA

L A
N

D
 M

ETH
O

D
S:  17 patients w

ith biopsy proven low
-to-interm

ediate risk 
prostate cancer underw

ent M
R

I guided laser ablation of the cancer using V
isualase laser 

ablation device.  A
ll patients had a pre-procedure endorectal M

R
I w

hich show
ed 

suspicious foci concom
itant w

ith the positive sextant on TR
U

S guided biopsy. The area 
of interest w

as targeted transperineally using 1.5 T Philips M
R

I scanner and V
isualase 

ablation device. A
blation w

as m
onitored by real tim

e M
R

 therm
om

etry using V
isualase 

M
R

I therm
om

etry softw
are.  Perioperative, early and late com

plications and adverse 
events w

ere recorded. Follow
-up w

as perform
ed w

ith 3- m
onth M

R
I exam

ination and 
M

R
-guided biopsy and validated quality of life questionnaires to assess urinary and 

sexual function.   
 R

ESU
LTS: M

R
I guided laser ablation of prostate cancer w

as successfully perform
ed in 

all 17 patients w
ithout significant peri-procedural com

plications.  A
ll patients w

ere 
discharged hom

e the sam
e day. A

verage duration of the procedure w
as 3 hours 39 

m
inutes and average duration of a single laser ablation w

as 1 m
inute 21 seconds. Total 

num
ber of ablations per patient ranged from

 2-7, w
ith a m

edian of 4. The treatm
ent 

created an identifiable hypovascular defect in all cases. Post procedure com
plications 

w
ere m

inor and included urinary sym
ptom

s, perineal bruising and erectile dysfunction, 
all of w

hich self- resolved. M
R

-guided biopsy of the ablation zone perform
ed at the 3-

m
onth tim

e point show
ed no cancer in all patients. V

alidated quality of life urinary and 
sexual questionnaires obtained before and 3 m

onths after the procedure did not reveal any 
significant differences (p≥0.05).   
 C

O
N

C
LU

SIO
N

:  V
ery early results of M

R
I-guided focal laser ablation for treatm

ent of 
clinically localized, low

-to-interm
ediate risk prostate cancer appear prom

ising.  It m
ay 

offer a m
inim

ally invasive procedure for selected patients that does not appreciably alter 
sexual or urinary function.  
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Purpose: C
urrent options for patients w

ith prostate cancer include w
hole gland treatm

ents, horm
onal therapy, or active surveillance. 

These options represent a dilem
m

a for patients w
ith localized low

-grade cancer w
ho are offered a choice of either observation or 

disproportionately aggressive therapy resulting in significant com
plications including urinary incontinence and erectile dysfunction. 

W
e report the technical aspects and outcom

e results of a m
inim

ally-invasive focal treatm
ent using laser ablation under M

R
I 

guidance and m
onitoring to treat localized low

-grade cancer w
hile preserving the rest of the prostate gland.  

 
M

ethods: 
6 

m
ale 

patients 
(age=51-67y, 

m
ean=59) 

w
ith 

localized low
-risk prostate cancer underw

ent M
R

I-guided focal 
laser ablations. P

rocedures w
ere perform

ed w
ithin a 3T M

R
I 

suite (M
agnetom

 Trio, S
iem

ens, G
erm

any) under conscious 
sedation (n=4) or general anesthesia (n=2). Patients w

ere laid in 
the prone position and a transrectal M

R
-com

patible needle 
guide 

w
as 

inserted. 
It 

w
as 

attached 
to 

a 
trans-rectal 

interventional M
R

 positioning device (D
ynaTR

IM
®

, Invivo, FL, 
U

S
A

) and im
aged w

ith a fast sagittal T2-w
eighted sequence 

(TR
/TE

/FA
°/N

S
A

=6340/96/150°/1).  A
 m

idline im
age w

as used 
to calibrate the needle guide position to the localization softw

are 
(D

ynaLO
C

, Invivo, FL, U
S

A
).  A

xial and sagittal sequences 
w

ere used to target the lesion. A
 1.0-cm

 (n=4) or 1.5-cm
 (n=2) 

active-tip diode laser fiber (V
isualase, TX, U

S
A

) w
as introduced 

w
ithin 

an 
internally 

cooled 
catheter 

through 
a 

14-gauge 
introducing sheath. The catheter tip location w

as confirm
ed on 

TS
E

-T2W
Is (TR

/TE
/FA

= TR
/TE

/FA
°/N

S
A

=4320/101/150°/3). A 
test laser dose of 5 w

atts w
as applied for 20s. D

efinitive ablation 
w

as then conducted utilizing 12 (n=2), 15 (n=1), or 21 (n=3) 
w

atts. S
im

ultaneous tem
perature m

aps and cum
ulative dam

age 
m

aps w
ere obtained, co-registered and overlaid on anatom

ical 
im

aging to obtain real-tim
e m

onitoring of extent of ablation 
zones (Fig.1). Fiber repositioning for additional ablation w

as 
conducted as needed. The procedures w

ere concluded w
hen 

the cum
ulative dam

age m
aps w

ere noted to encom
pass the 

entire tum
ors. Final ablations w

ere evaluated on TS
E

-T2 and 
pre- and post-contrast VIB

E
 and TS

E
-T1 scans.   

 
R

esults: A
ll targeted tum

ors treatm
ent-naïve w

ere G
leason 3+3=6 prostate 

adenocarcinom
as. Target tum

or sizes w
ere 1.3 - 2.5 cm

 (m
ean = 1.9 cm

). 3 
tum

ors 
w

ere 
right-sided 

and 
3 

w
ere 

left-sided. 
2 

tum
ors 

w
ere 

in 
the 

peripheral zone and 4 w
ere in the central gland. A

ll tum
ors w

ere at the m
id-

gland level. O
ne tum

or extended into the gland base and one extended into 
the gland apex. A

ccess to the desired part of the prostate gland w
as feasible 

in all cases. The applied laser energy w
as 3708- 8820J (m

ean = 6235J) per 
treated tum

or, w
ith dosage calibrated based on real tim

e feedback of tum
or 

response to ablation. Treatm
ents required 2-4 ablation cycles/laser fiber 

positionings and resulted in com
plete tum

or necrosis in a single session in 
all cases as show

n on intraprocedural G
adolinium

-enhanced M
R

I. Laser 
ablation zones dem

onstrated central iso-to-hypointense signal surrounded 
by hyperintense/enhancing rim

 on T2&
T1, respectively (Fig.1). The patients 

tolerated 
the 

procedures 
w

ell 
and 

w
ere 

discharged 
4-6 

hours 
after 

procedure. N
o im

m
ediate or delayed com

plications w
ere encountered. Follow

-
up durations ranged betw

een 3-24 m
onths. S

ignificant drop of pretreatm
ent P

S
A

 level occurred in all cases (Fig.2). O
ne of the 6 

patients had a 5m
m

 focal recurrence at the edge of the ablation zone at his 24-m
onth follow

-up tim
e point. N

o recurrence w
as noted 

in the other cases at their 3-m
onth (n=3) and 12-m

onth (n=2) follow
-up tim

e points.   
 C

onclusion: This report describes a technique for M
R

I-guided and m
onitored transrectal focal laser ablation for m

inim
ally-invasive 

targeting of localized low
-grade prostate cancer. The technique is feasible and w

ell tolerated as an outpatient procedure. This sm
all 

series indicates a prom
ising efficacy for up to 24-m

onth follow
-up durations. P

rospective assessm
ent of safety and efficacy aw

aits 
further evaluation on a larger cohort of subjects. 

M
R

-guided focal laser ablation for prostate cancer follow
ed by radical prostatectom

y:  
V

alidation of M
R

 predicted ablation volum
e 

JG
R

 B
om

ers 1, E C
ornel 2, SFM

 Jenniskens 1, C
A

 H
ulsbergen – van de K

aa
3, JA

 W
itjes 4, JPM

 
Sedelaar 4, JJ Fütterer 1,5 

1D
epartm

ent of R
adiology, 

3Pathology, 
4U

rology, R
adboud U

niversity M
edical 

C
enter N

ijm
egen, the N

etherlands, 2D
epartm

ent of U
rology, Ziekenhuisgroep Tw

ente, H
engelo, the N

etherlands, 
5M

IR
A

, U
niversity of Tw

ente, Enschede, the N
etherlands 

Purpose
Focal therapy is a prom

ising treatm
ent option for low

- and interm
ediate grade 

prostate cancer (PC
a). Laser-induced interstitial therm

al therapy, also know
n as focal laser 

ablation (FLA
) is a relatively new

 technique. To date, only a few
 studies have been perform

ed 
on M

R
 guided FLA

 in PC
a patients (1-4). The goal of our study w

as to validate M
R

-guided 
FLA

: B
efore radical prostatectom

y, patients w
ith PC

a w
ere treated w

ith transrectal M
R

-
guided FLA

. H
ereafter, laser softw

are, M
R

 im
ages and histopathologic specim

ens w
ere used 

to assess the expected and actual size of the ablated region.
M

ethods
The study w

as approved by the Institutional R
eview

 B
oard. Six patients w

ith new
ly 

diagnosed and histopathologically proven low
 or interm

ediate grade PC
a w

ere included. For 
all patients transrectal M

R
-guided FLA

 w
as intended as extra treatm

ent and for this reason 
only one ablation per patient w

as perform
ed. Their m

ain treatm
ent w

as radical prostatectom
y. 

A
ll M

R
-guided FLA

 procedures w
ere perform

ed on a 3T M
R

 scanner under local anaesthesia. 
The ablation procedure w

as continuously m
onitored w

ith real-tim
e M

R
 tem

perature m
apping. 

B
ased on the tem

perature m
aps, a dam

age estim
ation m

ap (figure 1A
) of the final ablation 

zone w
as com

puted by the laser softw
are using the A

rrhenius m
odel. D

irectly after the 
ablation T1-w

eighted contrast enhanced (C
E) im

ages (figure 1B
) w

ere acquired. Three w
eeks 

later patients underw
ent radical prostatectom

y. The resected prostate specim
ens underw

ent 
norm

al pathology w
orkup w

ith hem
atoxylin-eosin staining and additional im

m
unostaining to 

verify tissue necrosis.A
blation volum

es w
ere contoured and m

easured on the histopathologic 
specim

ens, on the T1-w
eighted C

E im
ages and on the dam

age estim
ation m

aps. 
R

esults
M

R
-guided FLA

 w
as feasible to perform

 in 5/6 patients and no intraoperative 
com

plications w
ere encountered. In one patient M

R
-guided FLA

 w
as not possible since the 

tum
or lesion w

as too close to the bladder w
all. A

ll patients w
ere discharged 1 hour after 

treatm
ent. A

ll radical prostatectom
ies w

ere uncom
plicated. The m

edian ablation volum
es 

estim
ated by the laser softw

are and m
easured on T1-w

eighted C
E im

ages w
ere respectively 

6.7x (range 1.6 – 29.2) and 0.9x (range 0.5 – 2.4) larger than the necrotic volum
e m

easured on 
the histopathology specim

en. O
n histopathology, in all cases the hom

ogeneous necrotic area 
w

as surrounded by a reactive transition zone of variable thickness (1 – 5 m
m

), show
ing 

neovascularisation and an increased m
itotic index, indicating an increased tum

or activity.  
C

onclusionsThe laser softw
are overestim

ates the final necrotic area. T1-w
eighted C

E im
ages 

give a better indication of the necrotic volum
e. H

istopathology results indicate a m
argin of 5 

m
m

 around the tum
or should be ablated and the total tum

or m
ust be ablated because of 

increased tum
or activity in the transition zone betw

een necrotic and viable tissue. 

 
Figure 1A

: D
am

age estim
ation m

ap.The orange spot indicates the ablation zone. 1B: T1-w
eighted C

E im
age. 

The dark blue line indicates the non enhancing ablation zone 1C
: H

istopathology specim
en.The blue dotted line 

indicates the necrotic zone. The area betw
een the blue and yellow

 line indicates the transition zone betw
een 

necrotic and viable tissue.

1A
1B

1C
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Purpose: To establish the short-term
 efficacy and safety of w

hole gland prostate cryoablation under M
R

I-
guidance.
M

aterial and M
ethods: Five patients (m

ean age 66, range 63-69 years) w
ere treated w

ith M
R

I-guided 
cryoablation for prostate adenocarcinom

a. A
verage prostate volum

e prior to ablation w
as 20 cc (range 17-25 

cc). Four of five patients had a history of abdom
inal perineal resection, w

ith chem
otherapy alone (1 of 5 

patients) or in conjunction w
ith radiotherapy (3 of 5 patients) for colorectal cancer and one patient had received 

only external beam
 radiation for prior prostate adenocarcinom

a w
ith no prior prostate surgery. Each had 

hyperenhancing nodules on M
R

I w
ith positive confirm

ation biopsy under im
aging guidance show

ing G
leason 

score ranging from
 7-9.  Each procedure w

as perform
ed under general anesthesia w

ith M
R

I guidance (Siem
ens, 

Espree 1.5 T M
R

I) for needle placem
ent and iceball m

onitoring.  B
efore initiation of freezing, there w

as 
placem

ent of a transurethral w
arm

ing catheter to protect the urethra and urinary sphincter from
 iceball 

encroachm
ent. For each gland, 7-9 cryoneedles (G

alil, Inc.) w
ere placed approxim

ately 0.5 cm
 apart in the 

prostate gland by a transperineal approach w
ith 2-3 freeze-thaw

 cycles perform
ed. PSA

 values and voiding 
function before and after procedure w

ere review
ed to assess a short term

 PSA
 efficacy and safety. 

R
esults: A

verage pre-procedure prostate specific antigen (PSA
) w

as 5.91 r1.78 ng/m
L and average 1-3 m

onths 
post-procedure PSA

 w
as 0.15 r 0.1ng/m

L (P<0.01).  A
ll patients had independent voiding at 1-w

eek post 
ablation. N

o perioperative com
plications w

ere observed.
C

onclusion:M
R

I guided cryoablation of the w
hole prostate gland for prostate cancer in the setting previous 

pelvic surgery and/or pelvic radiation for prior pelvic m
alignancy is both safe and feasible w

ith initial follow
-up 

PSA
 values nearly undetectable.  The short-term

 m
orbidity on this sm

all cohort of patients appears good w
ith 

no degradation from
 baseline. 

M
R

-guided focal cryoablation of prostate cancer recurrence follow
ing radiotherapy: 

short term
 follow

-up 
 JG

R
 B

om
ers 1, SFM

 Jenniskens 1,  C
G

 O
verduin

1, H
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ergunst 2, EN
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 C
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 B
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 Purpose: C

ryoablation 
of 

prostate 
cancer (PC

a) 
under 

transrectal ultrasound 
(TR

U
S) 

guidance has been perform
ed for several years for salvage treatm

ent purposes after radical 
prostatectom

y or radiotherapy. H
ow

ever, high com
plication rates are not uncom

m
on, due to 

poor visibility.  
M

agnetic resonance (M
R

) im
aging guided cryoablation of the prostate m

ay reduce these high 
com

plication rates, because of the excellent soft tissue contrast.  Furtherm
ore, M

R
 im

age 
guidance enables both accurate lesion targeting as w

ell as three-dim
ensional m

onitoring of 
iceball grow

th.  
Purpose of our study w

as to assess short-term
 clinical outcom

e of M
R

-guided focal 
cryoablation in patients w

ith prostate cancer (PC
a) recurrence after previous radiotherapy. 

M
ethods: Since M

ay 2011, 37 patients w
ith histopathologically proven local PC

a recurrence 
after radiotherapy w

ithout evidence for local or distant m
etastases underw

ent M
R

-guided 
focal cryoablation. In June 2014, 31 of these patients had a follow

-up of at least 12 m
onths 

and w
ere included in our study.  

Follow
-up after M

R
-guided cryoablation consisted of a visit to the urologist, PSA

-level 
m

easurem
ent and a m

ulti-param
etric M

R
I after 3, 6 and 12 m

onths. In the last 9 patients the 
m

ulti-param
etric M

R
I at 12 m

onths w
as follow

ed by 2-3 targeted M
R

I-guided biopsy sam
ples 

of the edge of the ablated region to confirm
 treatm

ent success w
ith histopathology. 

R
esults: O

ne patient died 5 m
onths after treatm

ent for reasons unrelated to PC
a and w

as 
therefore excluded. A

s a result, 30 m
en w

ere included in analyses. M
edian follow

-up w
as 25 

m
onths (range 12 – 37). In one patient the procedure w

as cancelled because the urethral-
w

arm
er could not be inserted. Tw

o m
onths later he w

as treated successfully. A
ll other 

procedures w
ere technically feasible. 

In 7/30 of the patients stress incontinence w
as seen. O

ne patient developed total urinary 
incontinence. Tem

porary urinary retention w
as experienced by 4/30 of the patients, 2/30 

suffered from
 continuing urinary retention, needing clean-interm

ittent catheterization. O
ne of 

them
 needed surgery to rem

ove an urethral stricture. A
nother patient underw

ent surgery to 
rem

ove a bladder neck stenosis after 24 m
onths. Fistulas w

ere not recorded.  
A

fter 12 m
onths, 5/30 (16.7%

) patients developed node and/or bone m
etastases. They 

probably had m
icrom

etastases at the tim
e of their M

R
-guided cryoablation, w

hich w
ere not 

detected during pre-treatm
ent im

aging. Eleven patients (36.7%
)  w

ere diagnosed w
ith rem

nant 
or recurrent disease. Five of them

 w
ere retreated w

ith M
R

-guided cryoablation. In 9 patients 
M

R
-guided biopsy w

as perform
ed of the edge of the ablation zone. V

ital tum
or cells w

ere 
found in 4/9 (44.4%

) patients. 
C

onclusion: Transperineal focal M
R

-guided cryoablation of recurrent PC
a after radiotherapy 

w
as technically feasible and safe. Initial results are prom

ising, how
ever longer follow

-up is 
needed and m

ore patients have to be studied. 
.  
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Perirectal saline infusion facilitates better treatm
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Purpose:  To quantitate the m
arginal separation betw

een the prostate cancer recurrence and the rectum
 before 

and after M
R

 guided transperineal saline displacem
ent.   

M
aterials and M

ethods:  U
nder IR

B
 approval, w

e retrospectively review
ed 15 patients w

ith prostate cancer 
recurrence treated w

ith M
R

 guided cryoablation w
here saline displacem

ent w
as used to facilitate better 

treatm
ent m

argins.  In these cases, the separation betw
een the prostate cancer recurrence and rectal w

all w
as 

m
easured before and after saline displacem

ent to determ
ine w

hether significant changes w
ere m

ade.  The 
average age w

as 64 years old w
ith size of recurrence ranging from

 2.3-0.6 cm
.  Seven patients had prior surgery 

but no radiation.  Six patients had prior surgery and radiation.  O
ne patient had no surgery or radiation and one 

patient had only prior radiation.  C
linical follow

up w
as m

ade regarding rectal injuries. 
R

esults:  A
nalysis of the 15 patients dem

onstrated a starting average distance betw
een the cancer recurrence 

and rectum
 of 0.2cm

 w
ith average saline displacem

ent of 1.1cm
 (t-test, p<0.05).  In the group w

ith prior surgery 
but no radiation (7), starting separation distance w

as 0.2cm
 w

ith saline displacem
ent averaging a separation of 

1.1cm
(0.7-1.4cm

) (p<0.05).  In the group w
ith prior surgery and radiation (6), there w

as a starting separation of 
0.3cm

 w
ith saline displacem

ent average distance of 1.1cm
(0.4-2.1cm

)(p<0.05).  There w
as no significant 

difference betw
een the starting distance betw

een the recurrence and the rectum
 in any group.  Saline 

displacem
ent averages w

ere sim
ilar in all groups as w

ell.
C

onclusion:  Saline displacem
ent is a valuable tool in the perirectal space for creating greater separation 

betw
een the prostate cancer recurrence and the rectum

 allow
ing for a better potential treatm

ent m
argin.   
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B
ackground:

M
R

Iis increasingly used for radiation therapy, due to the im
proved visualization of the tum

or and its surroundings.In
M

R
I-guided

interstitial radiation therapy (brachytherapy), treatm
ent outcom

es m
ay im

prove via
placem

ent
of catheters

(the 
radioactive source

holder)
into selected regions in or around the tum

or
and precise identification

of
the

catheter trajectories
after 

placem
ent

(fig.1A
), w

ith m
axim

um
 dose  provided to the tum

or, and
m

inim
um

 irradiation of surrounding tissues .
The

catheters
(fig.1B

), w
hich are filled w

ith M
R

-com
patible m

etallic
needles, can be passively tracked, but this process is tim

e-consum
ing (~1 

m
inute/fram

e) and relatively inaccurate
(~3x3x5m

m
3

resolution).
A

ctive M
R

-Tracking 
1,2

is
challenging

because a)
the m

etallic
needles in the catheter lead to static (B

0 ) and R
F

(B
1 ) m

agnetic field in-hom
ogeneities

w
hich are exacerbated by the close proxim

ity of 
10-30

needles;b)
R

F currents induced on m
etal surfaces

can distort im
aging and cause heating. O

ur purpose
w

as to enable accurate 
real-tim

e tracking of the
m

etallic needle, im
proving

the accuracy and speed of M
R

I-guided clinical interventions.
Fig.1:C

ervicalcancer brachytherapy. (A
) The goal of brachytherapy, w

hich is adm
inistered 

after patients have already received external beam
 radiation, is to deliver

a large dose of 
radiation to the treatm

ent volum
e, so as to kill residual tum

or, w
hile not irradiating 

surrounding critical structures, such as the sigm
oid or rectum

. This requires w
ell-controlled 

catheter placem
ent;(B

). R
adiation is delivered in hollow

 plastic tubes (catheters), w
hich are 

driven through tissue using stiff m
etallic needles (stylets).

C
om

plications
for active M

R
I

guidance
result from

 20-30 closely placed m
etallic structures.

In addition, tracking based 
on the position and orientation of the proxim

al end of the catheter is in-accurate due to 
catheter bending as they are

pushed through stiff m
uscle tissue. 

Fig 2:
(A

) G
roves w

ere carved into the surface of the
needle for m

ounting tracking coils (yellow
 arrow

s);
(B

) Each coil w
as built on a double- layered flexible 

printed circuit sheet, consisting of four rectangular 
conductive loops; (C

) The m
odified needle fits into the 

original hollow
 plastic brachytherapy

catheter.
M

ethod:Three m
icro-coils

w
ere built onto flexible printed circuits

and
m

ounted on the surface of a m
achined brachytherapy needle

(Fig.2). The m
icrocoils w

ere connected to an 8-channel receiver. The coil design w
as optim

ized by m
odeling the receive sensitivity 

(B
1 -)

of different
coil configurations

placed on m
etal.

3D
 tracking coil positions w

ere m
easured by an M

R
-tracking sequence,

im
plem

ented on a Siem
ens 3T

scanner.
Phase-field dithering

(PFD
)

w
as integrated to suppress the effects of B

1
and background 

inhom
ogeneities 2. The tracked coil positions (resolution: 0.6 × 0.6 × 0.6 m

m
3; 40 updates/sec)

w
ere

continuously transferred to an 
external w

orkstation
for real-tim

e visualization.The system
 w

as tested in a phantom
 and

then
used in three clinical procedures.

Fig. 3:
(A

) A
 sagittalM

R
 im

age
of the tracking coil m

ounted on
the m

etallic needle,show
ing that a

strong signal can be obtained 3-
4m

m
aw

ay from
 the needle

surface;(B
)A

xial view
 and (C

) sagittal 
view

s
of the B

1 -field sim
ulation carried out w

ith the coil im
m

ersed 
in a

saline solution at 123 M
H

z (3T) using a
finite elem

ent m
ethod. 

(D
)C

om
parison of tracking signals before (red) and after (blue) 

phase field dithering (PFD
)

w
as applied.

PFD
 allow

ed for high 
SN

R
 peak localization.

R
esults:

The B
1 -field of the optim

ized
m

icro-coil design w
as

perpendicular to the needle surface, w
ith

its profile extending beyond 
the region w

here the susceptibility-induced B
0 gradient w

as larger
than

the gradient applied by the tracking sequence
(~

2 m
m

 from
 

the surface
3)

(Fig.3A
-C

).This
field profile w

as still adequately spatially localized
(3m

m
),w

hich is essential for accurate tracking. 
PFD

 provided a sharp signal peak by elim
inating the broad signal arising from

 coupling to neighboring m
etallic needles (Fig. 3D

)
Fig. 4: 3D

 rendering 
and three orthogonal 
view

s of one needle 
trajectory (in yellow

) 
overlaid 

on 
the 3D

 
turbo 

spin 
echo 

im
ages of the patient 

pelvis. The trajectory 
w

as reconstructed by 
tracking the positions 
of the tip coil during 
needle pull-out.

Patient Study:A
ctive M

R
-tracking w

as conducted for 
catheter 

placem
ent 

in 
an 

adeno-carcinom
a 

patient 
during insertion and pull-out of tw

o needles. The 
catheter tip position/orientation w

as displayed on pre-
acquired 3D

 im
ages, w

hich w
as used as a guide for the 

physician to place needles into the patient during the 
procedure. A

fter catheterplacem
ent, needle trajectories 

w
ere reconstructed by continuously tracking the distal 

m
icro-coil position during pull-out (Fig. 4). 

C
onclusion:For the first tim

e
4, a

m
etallic needle w

as 
actively

M
R

 -tracked  in a clinical case. This m
ethod

facilitates accurate and fast catheter insertion and 
enables im

proved targeting in radiation therapy. This 
approach can be used

in interventions requiring 
m

etallic devices (guide-w
ires, cannulas, trocars).

R
eferences: 1. D

um
oulin et al.M

R
M

 1993. 2. D
um

oulin et al. M
R

M
 2010. 

3. M
üller-B

ierl et al. M
ed Phys. 2004.4. W

ang et al. M
R

M
 2014

(in press)
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M
R

I endoscopy: a path to high resolution param
etric im

aging and intervention 
Paul A

 B
ottom

ley, Y
i Zhang, G

uan W
ang, M

 A
rcan Erturk, and

 Shashank S. H
egde

 

D
ivision of M

R
 R

esearch, D
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 R
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opkins U
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B
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ore, M

D
, U

SA
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The ability to visualize anatom
y w

ith M
R

I at a spatial resolution of <100µm
 is currently unachievable 

in hum
an-com

patible scan-tim
es w

ith non-invasive external detectors, 
in any body-sized scanner at any field strength. O

nly w
ith invasive 

internal detector coils can such resolution be realized
1-3. H

ow
ever, the 

sacrifice of non-invasiveness raises the bar on requiring that the 
technology provide a unique or added value to justify the incursion. 
 

Like optical endoscopy, M
R

I endoscopy provides im
ages from

 a 
fram

e-of-reference intrinsically locked–or at least transposed to, the 
M

R
I probe, except that it can see through vessel w

alls and adjacent 
tissues 2. A

t 3T, a nitinol guidew
ire-based intra-vascular (IV

) M
R

I 
endoscope can identify atherosclerotic lesions at 300µm

 resolution 
and 2 fram

e/s as the device is advanced, and provide follow
-up 80µm

 
IV

M
R

I of suspected vascular pathologies 2. O
ur goals are to develop: 

(i) a novel, safe, m
inim

ally-invasive, fast, high-resolution, translum
-

inal cardio-vascular im
aging m

odality, w
ith lesion-specific contrast for assessing and m

onitoring 
disease status and progression; and (ii) provide a m

eans of precision targeted therapy delivery. 
 

A
therosclerosis is a prevalent factor in cardiovascular disease w

ith consequences that include 
cerebral and m

yocardial infarction. It presents an obvious potential application for IV
M

R
I, not only 

for identifying possibly dangerous lesions, but also for evaluating the efficacy of experim
ental 

therapies, diets etc. Existing catheter or guidew
ire-based im

aging m
odalities have only lim

ited 
capabilities for m

easuring factors relevant to disease classification, identifying a plaque’s content and 
assessing its stability. W

orking at 7T, w
e 

have recently achieved spatial resolution of 
50µm

 and less 1 (Fig. 1), w
hich could enable 

m
easurem

ent of the thickness of a plaque’s 
fibrous cap as a predictor of its vulnerability 
to rupture and cause events 4. The detection of 
m

obile lipid contents w
ith chem

ical-selective 
M

R
I of fat and w

ater com
ponents (Fig. 2) 5 

could also provide a biom
arker for w

hat 
happens w

hen a lesion does rupture. 
 

W
e are developing both delivery 

catheter and therm
al ablation system

s to 
investigate the potential for IV

M
R

I-guided, 
precision-targeted therapy delivery for intra- 
and extra-vascular applications. K

ey to 
IV

M
R

I’s practical utility and success w
ill be 

its speed and specificity, for w
hich w

e are 
adapting new

 sparse sam
pling and recon-

struction m
ethods 6. These reduce the num

ber 
of spatial encoding steps, accelerating 

acquisition by the sam
e factor, provided that the reconstruction can keep up (Fig. 3). 

References: (1) Erturk M
A

 et al, M
agn R

eson M
ed 2012; 68: 980. (2) Sathyanarayana S et al, JA

C
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 C
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. 2010; 3:1158-1165. (3) El-Sharkaw
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M

 et al. M
ed Phys 2008; 35:1995. (4) B

urke A
P et al, N

 
Engl J M

ed 1997; 336:1276. (5) D
ixon W

T, R
adiol 1984 153: 189. (6)Lustig et. al, M

agn R
eson M

ed, 
2007; 58:1182.  
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Fig. 3: (a) 80µm
 in vivo 3T 

endoscopic M
R

I from
 rabbit 

aorta, (b) reconstructed after 
2.5-fold under-sam

pling. 

 

Fig. 2: (a) W
ater &

 (b) fat 
3T endoscopic im

ages from
 

a diseased hum
an iliac 

specim
en obtained by the 

D
ixon m

ethod. 

 

Fig. 1: 50µm
 IV

M
R

I of a hum
an 

iliac lesion at 7T. 
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Purpose
To im

prove the accuracy of endoscopy and endoscopic surgeries, w
e have developed a

m
agnetic resonance-

(M
R)

endoscope system
 by integrating the endoscope into m

agnetic 
resonance im

aging (M
RI). For high-resolution M

R im
aging of a cross-sectional structure of 

the gastrointestinal (G
I) tract, an intra-cavitary RF coil [1]has been

developed to be inserted 
into the G

I tract through the m
outh. In addition, a navigation softw

are [2]
has

been also 
developed to show

 both the M
R im

ages and an endoscopic view. W
e exam

ined the feasibility 
ofM

R im
aging of a

gastric ulcer m
odel in a

pig in vivo using this coil and the navigation
softw

are for the M
R-endoscope system

.
M

aterials and M
ethods

W
e used a

1.5-T M
RI (G

E H
ealthcare) and a receive-only intra-cavitary RF coil (2-turn 

flexible surface coil w
ith about 40×50 m

m
). The gastric ulcer m

odels
in pig (34 kg), w

hich 
w

ere form
ed by endoscopic surgeries just before M

RI exam
ination, w

ere observed by an 
M

R-com
patible endoscope.In addition,their coordinates

in the M
RI system

w
ere m

easured 
using a tracking device [3]

(EndoScout, Robin M
edical, Inc.) w

ith
the navigation. The 

intra-cavitary RF coil w
as inserted into the stom

ach through the m
outh and placed near the 

ulcer regions. The ulcer m
odel’s coordinatesw

ere
applied to the setting of the M

R scan plane 
and region, and then M

R im
ages w

ere obtained by T1-and T2-w
eighted FSE w

ith FO
V; 8×8

cm
, slice thickness; 3 m

m
, acquisition m

atrix; 256×256 for T1FSE and 256×160 for T2FSE. 
R

esults
The M

RI scan range w
as derived from

 the ulcer m
odel’s coordinates using the navigation 

softw
are. The gastric ulcers w

ere visualized w
ith both T1-and T2-w

eighted
im

ages as a defect 
of m

ucosato subm
ucosa. A 3D

-rendered im
age created by m

ulti-slice M
R im

ages show
ed the 

relative position of the ulcer m
odels, and it w

as com
parable to the endoscopic view.

C
onclusion

The 
feasibility 

of 
visualizing 

gastric 
ulcers 

through 
the 

M
R-endoscope 

system
 

w
as

dem
onstrated. A quick and precise adjustm

ent of the tuning and m
atching of the intra-cavitary 

RF coil placed in the G
I tract should be established.

R
eferences

[1] H
. Yoshinaka, et al., J G

astroenterol 2010;45:600-607
[2] A

. Takahashi, et al., Proc. 22nd
ISM

RM
2014; 2324

[3] Y. M
atsuoka, et al.,Proc. 20th

ISM
RM

 2012; 1590
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 Purpose: M
R

I can provide extraordinary im
age contrast for real-tim

e visualization and guidance of 
m

inim
ally invasive interventions. H

ow
ever, the closed bore of state-of-the-art M

R
I scanners lim

its 
continuous interventional access to the patient. In this w

ork, w
e propose and evaluate a new

 robotic 
system

 based on hydrostatic actuation that enables rem
ote control of interventional devices inside the 

scanner bore under real-tim
e M

R
I guidance.  

 M
aterial and M

ethods: [System
 D

esign] 
W

e developed an M
R

-com
patible m

aster-
slave 

robotic 
system

 
using 

low
-pressure 

w
ater-based 

hydrostatic 
actuators. 

In 
contrast to other pneum

atic or hydraulic 
solutions 

that 
require 

com
plicated 

and 
expensive high-pressure valves, our system

 
uses pairs of pistons connected to closed 
fluid 

channels 
to 

transm
it 

force 
and 

displacem
ent into and out of the scanner 

bore. 
Polypropylene 

w
as 

used 
to 

reduce 
construction cost and avoid adverse effects 
on 

im
aging. 

W
hile 

the 
system

 
can 

be 
actuated by m

otors using long connections 
that run outside of the scanner room

, it has 
the additional benefit of being able to be 
actuated com

pletely by hand. This allow
s a 

physician to m
anipulate devices inside the 

bore from
 the end of the patient table w

ith short fluid lines of only three to four feet, w
hich can provide 

haptic feedback w
ith m

inim
al loss (Fig. 1a). Tw

o prototypes w
ere constructed to separately evaluate 2-

degree-of-freedom
 (D

O
F) control of angular positioning (Fig. 1b) and 1-D

O
F control of linear 

translation (Fig. 1c). [System
 C

haracterization] A
 trapezoidal displacem

ent profile w
as used to em

ulate 
device translation. The system

 tested com
prised tw

o plastic syringes connected by 5.3 m
 tubing, w

here 
each w

as m
easured by a 0.0006 m

m
 resolution laser displacem

ent sensor and the input end driven by a 
position feedback controlled voice coil actuator. [Experim

ents] Phantom
 experim

ents w
ere perform

ed on 
a 3 T M

R
I scanner (TIM

 Trio, Siem
ens). G

radient echo (G
R

E) and fast spin echo scans w
ere obtained to 

assess im
age artifacts and signal-to-noise ratio (SN

R
). R

eal-tim
e G

R
E scans guided m

anual control of 2-
D

O
F positioning and 1-D

O
F insertion of an M

R
-com

patible biopsy needle (C
ook) in phantom

s (Fig. 1).  
 R

esults: [System
 C

haracterization] The voice coil actuator under proportional integral feedback control 
achieved steady state error less than 0.025 m

m
 on the input side w

hile the end effector on the output side 
of fluid transm

ission line created error less than 1.27 m
m

. This confirm
s our low

-pressure system
's 

ability in achieving a tight accuracy inside the scanner bore via a long tube and external control. 
[Experim

ents] N
o im

age artifacts w
ere observed and SN

R
 differences w

ere negligible w
ith the robotic 

system
 inside the scanner bore. B

oth prototypes could be easily m
anipulated by an operator at the end of 

the table to position and insert a biopsy needle in phantom
s (Fig. 1). 

 C
onclusion: The proposed hydrostatic robotic system

 is able to transm
it force and displacem

ent 
repeatedly into the scanner bore w

ithout im
age degradation. O

ur system
 is inherently M

R
-com

patible 
and is sim

ple and cheap to develop and im
plem

ent. This can potentially provide physicians continuous 
access to patients during real-tim

e M
R

I-guided interventions w
ith im

proved visualization and accuracy.  

Figure 1. (a) O
perator m

anipulates m
aster controls at end of table 

w
ith slave actuators and devices inside the M

R
I scanner bore. (b) 2-

D
O

F prototype for angular positioning and (c) 1-D
O

F prototype for 
linear translation of interventional devices. (d) R

eal-tim
e M

R
I along 

one axis of m
otion for 2-D

O
F angular positioning and (e) R

eal-tim
e 

M
R

I during 1-D
O

F insertion of a biopsy needle in phantom
s. 
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PU

R
PO

SE
: M

R
I guided m

inim
ally invasive therapy in conventional closed bore scanners is hindered by 

lim
ited patient access, requirem

ent of M
R

I com
patible view

ing and control panels, and acoustic noise. To 
overcom

e these im
pedim

ents w
e have developed an M

R
I com

patible robot that allow
s rem

ote catheter 
navigation inside the m

agnet bore w
ith 3 degrees of freedom

 (D
O

F) in catheter m
otion. 

M
E

T
H

O
D

S: The m
aster-slave robotic system

 (Fig. 1) m
easures the m

otions im
parted on a conventional 

catheter by the user (m
aster) and relays them

 to a slave w
ithin the scanner room

, replicating this m
otion on a 

patient catheter inside the m
agnet bore. The slave com

prises a catheter m
anipulator (C

M
) and a knob actuator 

(K
A

). A
 versatile m

ount allow
s the C

M
 to be positioned and orientated arbitrarily at the catheter point of entry. 

The C
M

 incorporates a differential gear m
echanism

 and a set of rollers that grip the patient catheter. This 
m

echanism
 enables radial and axial catheter m

anipulation w
hile the actuators rem

ain fixed. C
om

ponents of the 
C

M
 that com

e in contact w
ith the catheter can be easily disconnected for replacem

ent/sterilization. The K
A

 
com

prises a rotating gantry that holds the catheter handle and uses a spring/string com
bination to push/pull the 

catheter knob/plunger. Tw
o actuators are used in the K

A
 – one pulls the string and another rotates the gantry in 

synchrony w
ith catheter rotation to prevent catheter tw

isting. N
on-m

agnetic U
ltrasonic m

otors (U
SM

) w
ere 

used as the slave-robot actuators. A
 challenge specific to U

SM
s is that they are highly tim

e-variant, tem
perature 

dependent and nonlinear. To design a controller, first a dynam
ic m

odel of the U
SM

-driver com
bination w

as 
identified, linearized and validated. U

sing this m
odel a robust controller w

as designed based on the Lyapunov 
function redesign m

ethod and im
plem

ented in real-tim
e on custom

 designed electronic hardw
are. To evaluate 

the controller’s perform
ance in positioning control, the step response w

as analyzed. To evaluate the controller’s 
perform

ance for dynam
ic m

otion control, sinusoidal m
otion profiles w

ith am
plitudes of 1 rad at frequencies of 

0.25 H
z, 0.33 H

z, 0.5 H
z, and 1 H

z under a load of 5 N
cm

 w
ere prescribed. Each profile w

as executed 
continuously over 5 m

inutes. The delay betw
een the reference and encoder position w

as also characterized.  
  

 
Fig. 1. M

aster and slave com
ponents of the system

.	
  
F

ig. 2. a) Step response, b) D
ynam

ic response. 	
  
R

E
SU

L
T

S: The step response (Fig. 2a) show
ed no overshoot nor any offset, proving that the controller is 

capable of accurate position control. The dynam
ic response evaluation show

ed excellent agreem
ent betw

een 
reference and m

otor position (Fig. 2b), w
ith the w

orst-case norm
alized root m

ean square error sm
aller than 5%

. 
The controller w

as capable of m
aintaining this perform

ance for at least 5 m
inutes of continuous operation. The 

delay betw
een the reference and the encoder position w

as m
easured to be 25 m

s.  
C

O
N

C
L

U
SIO

N
S: W

e have developed a robot that allow
s for rem

ote m
anipulation of a catheter w

ith 3 D
O

F 
inside the m

agnet bore. The novel control system
 allow

s for accurate, robust and dynam
ic control of the U

SM
 

m
otors that actuate the robot. Further evaluation is needed to dem

onstrate the robot’s efficacy and safety.  
W

hile specifically developed for catheter m
anipulation, the robust control system

 and differential gear 
m

anipulator have applications in all areas of M
R

 guided intervention that require precise dynam
ic positioning. 
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The purpose of this study w
as to investigate the feasibility of M

REIT technique [1] for in situ 
m

onitoring of electric field distribution during in vivo electroporation of m
ouse tum

ors in order to 
predict reversibly electroporated tum

or areas. 
A

ll experim
ents received institutional anim

al care and use com
m

ittee approval. G
roup 1 

consisted of eight tum
ors w

hich w
ere used for determ

ination of predicted area of reversibly 
electroporated tum

or cells by m
eans of M

REIT using a 2.35 M
RI scanner. In addition, T1-w

eighted 
im

ages of tum
ors w

ere acquired to determ
ine entrapm

ent of contrast agent w
ithin the reversibly 

electroporated area. A
 correlation betw

een predicted reversible electroporated tum
or areas as obtained 

by M
REIT and areas of entrapped M

R contrast agent w
as evaluated to verify the accuracy of the 

prediction. G
roup 2 consisted of seven tum

ors that w
ere used for validation of radiologic im

aging w
ith 

histopathological staining. H
istological analysis results w

ere then com
pared w

ith predicted reversible 
electroporated tum

or areas from
 group 1. 

Coverage of tum
ors w

ith reversibly electroporated tum
or cells obtained by M

REIT (Fig. 1a) 
and fraction of tum

ors w
ith entrapped M

R contrast agent w
ere correlated (Pearson, r = 0.956, p = 

0.005) as show
n on Fig. 1b. O

btained coverages and fractions w
ere statistically sim

ilar to fraction of 
tum

ors w
ith entrapped fluorescent dye (A

N
O

V
A

, p = 0.11). 
O

ur in vivo study show
ed that M

REIT can be used for the assessm
ent of electric field 

distribution in situ during tissue electroporation. A
s accurate coverage of treated tissue w

ith a 
sufficiently large electric field represents one of the m

ost im
portant conditions for successful 

electroporation [2], electric field distribution determ
ined by m

eans of M
REIT could be used as 

predictive factor of electrochem
otherapy and ireversible electroporation tissue ablation outcom

e. 
 

 a 
 b

Fig 1a: The electric field distribution in the tum
or obtained by M

REIT superim
posed to the T1-

w
ighted im

age acquired before the application of electric pulses. Fig 1b: Scatterplot of the coverage 
of tum

ors (t1-5 ) w
ith the electric field of reversible electroporation (C

M
REIT ) and G

d-D
O

TA
 cell 

entrapm
ent (F

G
d-D

O
TA ). 

  [1] K
ranjc et al., M

agnetic resonance electrical im
pedance tom

ography for m
onitoring electric field 

distribution during tissue electroporation, IEEE T. M
ed. Im

aging 30: 1771-1778, 2011. 
[2] M

iklavcic et al., Im
portance of tum

our coverage by sufficiently high local electric field for 
effective electrochem

otherapy, Eur J Cancer Suppl, 2006;4(11):45–51. 
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 Im
age-guided interventions (IG

I) and Im
age G

uided D
rug D

elivery (IG
D

D
) in oncology 

represent areas of convergence in biom
edical science w

here physical scientists and 

engineers partner w
ith cancer biologists and oncologists to develop m

inim
ally invasive 

m
ethods for diagnosis and treatm

ent of cancer. The IG
I research com

m
unity, is how

ever, 

very diverse and technology-driven. W
hile these characteristics are advantageous for 

grow
th of the field, ironically they decelerate developm

ent of good practices and 

standards and translation of the m
ost prom

ising technologies to the clinic.  This 

presentation outlines a num
ber of global com

m
unity-based approaches taken to help 

assess technologies in IG
I, useful in developm

ent of standards tow
ard their clinical 

translation.  Exam
ples are draw

n from
 M

R
 im

age segm
entation and M

R
-guided focused 

ultrasound. 
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 This lecture is an introduction to the areas of clinical w
ork that are happening using M

R
 

guided focused ultrasound around the w
orld. The larger details of these aspect s w

ill not be 

provided in this lecture because the lectures that w
ill follow

 w
ill fill in these gaps in m

any of 

these applications. I w
ill aim

 to provide details of the use of M
R

 guided focused ultrasound 

and the overall description of w
hich patients are suitable for this therapy in the follow

ing 

body areas. B
rief descriptions w

ill be provided of M
R

 guided focused ultrasound utilisation 

in fibroids, bony tum
ours including secondaries, treatm

ent of facet joints, liver applications, 

prostate cancer, brain applications, soft tissue applications and drug activation program
s. The 

tim
e provided for this lecture is insufficient to provide substantial detail in all of these areas 

but hopefully the inform
ation provided w

ill act as a stim
ulus to further investigation of this 

field. 

M
R

-guided focused ultrasound in drug delivery  

C
hrit M

oonen 

U
M

C
 U

trecht, the N
etherlands 

 

 O
B

JE
C

T
IV

E
S 

The prim
ary goal of im

age guided drug delivery is to increase the therapeutic index of 
potent, 

often 
toxic 

treatm
ents 

through 
personalized 

im
age-guided 

treatm
ent, 

ultim
ately 

decreasing 
adverse 

effects 
of 

drugs 
by 

better 
controlling 

the 
pharm

acokinetics (PK
) and pharm

acodynam
ics (PD

) of therapy.  This can be 
achieved by locally triggering the deposition or activation of drugs via im

age guided 
ultrasound.  
IN

T
R

O
D

U
C

T
IO

N
 

U
ltrasound can be focused w

ithin a region w
ith a diam

eter of about 1 m
m

. The bio-
effects of ultrasound can lead to local tissue heating, cavitation, and radiation force, 
w

hich can be used for 1) local drug release from
 nanocarriers circulating in the blood, 

2) increased extravasation of drugs and/or carriers, and 3) enhanced diffusivity of 
drugs. W

hen using nanocarriers sensitive to m
echanical forces or to tem

perature, their 
content can be released locally. Therm

o-sensitive liposom
es have been suggested for 

local drug release in com
bination w

ith local hypertherm
ia m

ore than 30 years ago. 
M

icrobubbles m
ay be designed specifically to enhance cavitation effects. R

eal-tim
e 

im
aging m

ethods, such as m
agnetic resonance, optical and ultrasound im

aging have 
led to novel insights and m

ethods for ultrasound triggered drug delivery. Im
age 

guidance of ultrasound can be used for: 1) target identification and characterization; 
2) spatio-tem

poral guidance of actions to release or activate the drugs and/or 
perm

eabilize m
em

branes; 3) evaluation of biodistribution, pharm
acokinetics and 

pharm
acodynam

ics; 4) Physiological read-outs to evaluate the therapeutic efficacy. 
M

E
T

H
O

D
S 

Therm
osensitive liposom

es have been suggested for local drug release in com
bination 

w
ith local hypertherm

ia m
ore than 30 

years ago. 
Liposom

es m
ay carry both 

hydrophilic and hydrophobic drugs in their 
aqueous interior and lipid bilayer 

m
em

brane, respectively. N
anoparticles m

ay be designed specifically to enhance 
cavitation 

effects. 
M

ost 
m

icrobubbles 
consist 

of 
air- 

or 
perfluorocarbon-filled 

m
icrosphere stabilized by an album

in or lipid shell w
ith a size in the range of 1-10 

μm
.  

R
E

SU
L

T
S  

Several recent publications have show
n that ultrasound triggered delivery is feasible 

(review
ed by 1,2). R

eal-tim
e im

aging m
ethods, such as M

agnetic R
esonance, optical 

and ultrasound im
aging have lead to novel insights and m

ethods for ultrasound 
triggered drug delivery. Im

age guidance of ultrasound has been used to locally release 
or activate the drugs and/or perm

eabilize barriers such as the B
lood-B

rain-B
arrier, the 

endothelial cell layer, cell m
em

branes, and to evaluate the therapeutic efficacy.  
C

O
N

C
L

U
SIO

N
 

The bio-effects of (Focused) U
ltrasound can be used for various aspects of local drug 

delivery and cellular uptake from
 circulating nanocarriers. M

R
I guided FU

S is 
particularly useful in case of therm

o-sensitive drug nanocarriers. R
eal-tim

e ultrasound 
and 

optical 
im

aging 
are 

leading 
to 

new
 

insights 
w

ith 
respect 

to 
the 

uptake 
m

echanism
s and ultrasound param

eters to increase the therapeutic w
indow

. 
R

E
FE

R
E

N
C

E
S 

1) 
D

eckers et al. JC
R

 2010, Lentacker et al. A
D

D
R

 2014 
2) 

Frenkel et al. A
dv D

rug D
el R

ev 2008 
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Initial C
linical E

xperience w
ith a D

edicated M
R

-guided H
igh-Intensity Focused 

U
ltrasound System

 for T
reatm

ent of B
reast C

ancer  
 F.M

. K
nuttel 1, L.G

. M
erckel 1, R

.H
.R

. D
eckers 2, C

.T.W
. M

oonen
2, L.W

 B
artels 2, M

.A
.A

.J. 
van den B

osch
1 

 1 D
epartm

ent of Radiology, U
niversity M

edical C
enter U

trecht, U
trecht, The N

etherlands 
2 Im

age Sciences Institute, U
niversity M

edical C
enter U

trecht, U
trecht, The N

etherlands 
 Purpose 
To assess the safety and treatm

ent accuracy of M
agnetic R

esonance-guided H
igh Intensity 

Focused U
ltrasound (M

R
-H

IFU
) ablation in breast cancer patients, using a novel dedicated 

breast system
. 

 M
aterial and m

ethods 
Patients w

ith invasive breast cancer of ≥ 1 cm
 in diam

eter underw
ent partial tum

or ablation, 
48 hours to one w

eek prior to surgery. Treatm
ents w

ere perform
ed using a dedicated breast 

platform
 (Sonalleve, Philips H

ealthcare, V
antaa, Finland). The system

 contains eight 
circum

ferentially positioned ultrasound m
odules w

ith 32 elem
ents each, em

bedded in a w
ater-

filled table top (figure 1 and 2). The system
 is integrated in a clinical 1.5 T M

R
I scanner. 

Proton resonance frequency shift (PR
FS) w

ith m
ulti-baseline correction of respiration-

induced field disturbances during sonications w
as used for therm

om
etry. Patients received 

procedural sedation during treatm
ents. Treatm

ent accuracy w
as determ

ined by assessing the 
location of the actual focus as com

pared to the planned focus, based on therm
al m

aps. The 
size and location of the area that reached a tem

perature of > 56 degrees C
elsius w

as 
determ

ined. Furtherm
ore, the size of therm

al dam
age w

as assessed at histopathology. Safety 
w

as assessed by m
onitoring adverse events until patients underw

ent surgical resection. 
 R

esults 
Ten fem

ale patients w
ith histopathologically proven invasive breast cancer underw

ent M
R

-
H

IFU
 ablation. Three m

inor adverse events w
ere observed, no m

ajor adverse events occurred. 
O

n average, the actual focal point w
as w

ithin one voxel (1.7 m
m

) of the planned focal point. 
In 5 patients, clear therm

al dam
age, w

ith a size com
parable to the num

ber and extent of 
applied sonications w

as found. In one patient, sonications w
ere erroneously aborted and did 

not lead to clear therm
al dam

age. O
ne patient refused to undergo surgery. In one patient, the 

tum
or w

as unexpectedly not in reach of the H
IFU

 beam
s, sonications w

ere located in the 
adjacent adipose tissue. In one patient, no therm

al dam
age w

as observed in the surgical 
specim

en, retrospectively this w
as due to deviation of the ablation focus. The results of the 

last patient are not analyzed yet. N
o non-perfused volum

es w
ere visible on contract-enhanced 

M
R

I after treatm
ents. 

 C
onclusion 

M
R

-H
IFU

 ablation w
ith the dedicated breast system

 is safe and accurate, this feasibility study 
let to technical im

provem
ents after every treated patient. M

R
-H

IFU
 is a prom

ising technique 
for non-invasive tum

or ablation. 
 Figure 1 Schem

atic 
overview

 of the 
dedicated breast 
system

, providing 
lateral sonications. 

Figure 2 B
reast cup of the 

dedicated breast system
, w

ith 
eight circum

ferentially 
positioned transducers. 

Real-tim
e im

aging for M
R-guided interventions ʹ w

here is the current lim
itation? 

Shuo Zhang, PhD 

Biom
edizinische NM

R Forschungs Gm
bH at the M

ax-Planck-Institute for Biophysical Chem
istry, 

Göttingen, Germ
any 

M
inim

ally invasive surgical and therapeutic treatm
ent is targeting increasingly com

plex 
processes. By providing both m

orphological and functional inform
ation of organs and 

tissues w
ithout ionizing radiation exposure, m

agnetic resonance im
aging (M

RI) facilitates 
traditional procedures w

hile enabling new
 approaches.  Currently, prelim

inary clinical and 
preclinical dem

onstrations of interventional M
RI show

 great prom
ise [1].  

Due to their intrinsic dynam
ic properties, real-tim

e M
R-guided approaches m

ay represent 
the key for alm

ost all interventional applications, including surgical interventions (e.g., 
biopsy needle, guide-w

ire, cannula, trocar), drug distribution, tissue characterization and 
tem

perature changes. A recent advantageous developm
ent for real-tim

e M
RI is the advent 

of regularized nonlinear inverse (N
LIN

V) reconstruction w
ith its use of m

ultiple receiver 
coils for parallel im

aging. Furtherm
ore, the technique efficiently exploits the tem

poral 
continuity 

of 
a 

dynam
ic 

process 
(e.g., 

m
ovem

ent, 
contrast 

changes) 
using 

highly 
undersam

pled radial gradient-echo M
RI sequences at m

illisecond tem
poral resolution [2-4]. 

Although the principle im
aging capabilities for real-tim

e M
R guidance have already been 

described for clinical M
RI system

s [5], the challenge rem
ains how

 to bring the technology 
into clinical practice. In addition to the obvious tradeoffs betw

een im
aging param

eters (e.g., 
tem

poral vs spatial resolution), this presentation w
ill cover a range of lim

itations and 
challenges, from

 im
aging speed to reconstruction delay, from

 m
otion m

onitoring to 
feedback steering, and from

 operational sim
plicity to hardw

are- and softw
are accessibility.  

It is foreseeable that w
ith adequate spatial resolution, good im

age contrast and SN
R, real-

tim
e im

aging m
ay boost M

R-guided interventions to becom
e faster and less invasive w

hich 
in turn w

ill im
prove treatm

ent accuracy and enhance safety by providing continuous 
guidance, feedback, and assessm

ent during the entire procedure. 

 [1] Kahn T, Busse H. Interventional M
agnetic Resonance Im

aging (M
edical Radiology / Diagnostic 

Im
aging, Reiser M

F, Hricak H, Knauth M
). Springer 27 Aug, 2012. 

[2] U
ecker M

, Zhang S, Voit D, Karaus A, M
erboldt KD, et al. Real-tim

e M
RI at a resolution of 20 m

s. 
N

M
R Biom

ed 2010; 23:986-994.  

[3] Zhang S, Uecker M
, Voit D, M

erboldt KD, and Frahm
 J. Real-tim

e cardiovascular m
agnetic 

resonance at high tem
poral resolution: radial FLASH w

ith nonlinear inverse reconstruction. J 
Cardiovasc M

agn Reson 2010; 12:39-46.  

[4] U
ecker M

, Zhang S, Voit D, M
erboldt KD, Frahm

 J. Real-tim
e M

RI – Recent advances using radial 
FLASH. Im

aging M
ed 2012; 4:461-476. 

[5] M
erboldt KD, U

ecker M
, Voit D, Frahm

 J. Spatially encoded phase-contrast M
RI-3D M

RI m
ovies 

of 1D and 2D structures at m
illisecond resolution. M

agn Reson M
ed 2011; 66:950-956. 
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Interventions in a standard M
R

 environm
ent 

 
M

. M
oche, N

. G
arnov, J. Fuchs, T. O

. Petersen T. K
ahn, H

. B
usse

 

D
iagnostic and Interventional R

adiology D
epartm

ent, Leipzig U
niversity H

ospital, Leipzig, 
G

erm
any 

  
 The aim

 of this presentation is to highlight state-of-the-art techniques, instrum
ents, and add-

on tools for perform
ing various M

R
-guided interventions in a standard diagnostic M

R
-scanner. 

  Excellent soft-tissue contrast, prolonged enhancem
ent of M

R
 contrast agents and absence of 

ionizing 
radiation 

m
ake 

M
R

I 
a 

superior 
m

odality 
for 

im
age-guided 

m
inim

ally 
invasive 

interventions. M
R

I interventions are still not very com
m

on w
hen com

pared to C
T or U

S 
procedures. The m

ajor lim
iting factor of using closed-bore M

R
I scanners for that purpose is the 

reduced access w
hen the patient is in the m

agnet. The use of dynam
ic M

R
 sequences for instrum

ent 
guidance is not feasible in m

ost cases. Even w
ide-bore scanners w

ith a bore size of 70 cm
 often do 

not allow
 for com

fortable M
R

 fluoroscopy and scanners w
ith m

agnet lengths as low
 as 125 cm

 have 
been 

discontinued. 
W

hile 
dedicated 

interventional 
M

R
I 

system
s 

have 
been 

installed, 
their 

distribution is lim
ited–often to larger, specialized or academ

ic institutions–and operating costs are 
high.  

O
n the other hand, diagnostic high-field M

R
I system

s w
ith pow

erful im
aging capabilities 

are w
idely available. It is m

uch easier to transfer diagnostic inform
ation to the interventional setting 

w
hen both im

aging sessions are perform
ed in the sam

e system
. A

 good selection of M
R

-com
patible 

instrum
ents has becom

e available over the years. There is also a variety of strategies, from
 sim

ple to 
sophisticated ones, that are aim

ing to overcom
e som

e of the lim
itations of closed-bore scanners. For 

the breast and prostate, for exam
ple, dedicated im

aging coils and targeting devices are com
m

only 
used in diagnostic M

R
 scanners. Specific solutions for other body regions, how

ever, are relatively 
rare. This presentation therefore aim

s to present som
e techniques that w

ork in other parts of the 
body as w

ell. 
In its sim

plest form
, the interventionalist defines cutaneous access point and needle 

orientation and then approaches the lesion by iteratively controlling and readjusting the needle 
position inside and outside the m

agnet, respectively. A
n alternative option w

ould be a robotic 
assistance system

 w
hich fits into the bore. A

fter patient, device and M
R

I coordinates have been 
registered, 

entry and target 
can be directly 

defined in the M
R

 im
ages. The system

 then 
autom

atically m
oves and orients the needle at the entry point. The needle insertion itself is still 

perform
ed by the radiologist. 

A
nother solution is an add-on navigation system

 outside the m
agnet. A

 fast autom
atic 

registration helps to provide a sm
ooth w

orkflow
 and accurate targeting. The com

bination of 
diagnostic im

age quality and high fram
e rates resulted in a good hand-eye coordination to navigate 

and insert the instrum
ent outside the bore. A

t any tim
e, the patient can be m

oved into the scanner 
for control im

aging. A
 sterilizable flexible instrum

ent holder prevents dislocation of the instrum
ent 

but still tolerates som
e patient m

ovem
ent such as that occurring under free breathing.   

 
In conclusion, sim

pler M
R

-guided procedures can be perform
ed in a conventional diagnostic 

M
R

 environm
ent by using som

e basic instrum
ents and techniques. M

ore com
plex procedures are 

safely possible after im
plem

enting m
ore advanced assistance devices. 

V
isualization and N

avigation T
echniques 

H
. B

usse, N
. G

arnov, T. K
ahn, M

. M
oche

 

D
iagnostic and Interventional R

adiology D
epartm

ent, Leipzig U
niversity H

ospital, Leipzig, G
erm

any 
 Purpose 
 

This presentation provides an overview
 of clinically em

erging techniques and underlying tools for the 
visualization and navigation of various M

R
I-guided procedures. 

 M
ethods and R

esults 
 

M
R

I is w
idely know

n for its soft tissue contrast and absence of ionizing radiation but also has additional 
advantages for procedural guidance such as arbitrary scan geom

etries, relatively long contrast enhancem
ent and 

therapeutic m
onitoring options (e. g., M

R therm
om

etry). U
nlike ultrasound or CT im

aging, how
ever, M

R
I is generally 

lim
ited by spatial confinem

ent, need for special m
aterials, longer acquisition tim

es and resulting w
orkflow

 issues. 
Therefore, proper visualization and navigation techniques are in great dem

and ultim
ately serving to im

prove the user's 
orientation, safely reach the target or apply the desired treatm

ent.  
 

Specific m
ethods and m

aterials largely depend on the type of procedure (e. g., aspiration, biopsy, drilling or 
ablation) as w

ell as organ region (e. g., brain, breast, liver, prostate, m
usculoskeletal or cardiovascular), and range 

from
 optim

ized pulse sequences and user interfaces via convenient positioning and targeting devices to fully fledged 
tracking and navigation solutions. Special challenges are created w

henever w
ell-established technologies can sim

ply 
not be used in an M

R
I environm

ent, for exam
ple, instrum

ent tracking by electrom
agnetic fields.  

 
The selection of techniques and applications presented here w

as taken from
 recent reports in the literature as 

w
ell as scientific contributions to this sym

posium
.  

 C
onclusion 

 
V

isualization and navigation techniques are at the heart of M
R

I guidance and contribute to the overall 
accuracy, safety and ease of such procedures. D

evelopm
ents often start as ideas and concepts from

 individual groups 
but also seem

 to take a concerted effort by technicians, scientists and clinicians alike to progress. The ongoing 
com

m
ercial involvem

ent m
ay help to prom

ote the clinical translation of som
e prom

ising tools and applications. 
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B
uilding and O

perating a C
om

prehensive C
linical Interventional M

R
I Program

: 
Logistics, C

ost-Effectiveness, and Lessons Learned 

 
B
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 1,2, H
iroum

i D
. K

itajim
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oan 1,2, Lynn C
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G
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 1D
epartm

ent of R
adiology and Im

aging Sciences, Em
ory U

niversity H
ospital, A

tlanta, G
A, U

S
A

 
2 Interventional M

R
I P

rogram
, Em

ory U
niversity H

ospital, Atlanta, G
A

, U
S

A
 

3 Em
ory U

niversity School of M
edicine, Atlanta, G

A
, U

SA
 

 Purpose: The interventional M
R

I com
m

unity has significantly grow
n over the past tw

o decades from
 sporadic attem

pts of using M
R

I to 
guide sim

ple procedures to m
ultiple sites perform

ing cutting-edge research and introducing new
 exciting soft and hard w

are 
developm

ents. O
ne of the serious challenges to this developing field is the obvious m

ism
atch betw

een the fast scientific developm
ents 

and the relatively sluggish environm
ent of clinical applications. The goal of this report is to share our institutional experience in building 

and operating a high volum
e com

prehensive clinical interventional M
R

I service. 
 

M
aterials and M

ethods: The interventional M
R

I program
 at our institution has been in place for 3 years. W

e evaluated the logistics of 
building and operating a m

odel site for clinical M
R

I-guided interventions. E
valuation of the logistics of building the program

 included 
assessm

ent of the interventional M
R

I suite location and capabilities, use of available space, room
 am

enities, infection control 
com

pliance, and suite safety. E
valuation of service operations included assessm

ent of clinical case volum
e, scheduling, physician tim

e 
use, referral pattern evolution, m

ix of staff needed to support the program
 activities, resource sharing, and cost assessm

ents. 
 

R
esults: The interventional M

R
I P

rogram
 at our institution utilizes 3 M

R
I scanners used as shared resources w

ith the diagnostic M
R

I 
service, w

ith one suite being the m
ain fully-equipped interventional M

R
I suite. The latter utilizes a 1.5T short, w

ide bore system
 

(M
agnetom

 E
spree, Siem

ens, G
erm

any) and is located in the m
ain hospital at the in-patient side next to the interventional C

T and 
ultrasound services. The feature that w

e find m
ost facilitating to the iM

R
I w

ork flow
 is the m

ain suite’s proxim
ity to m

ain hospital 
hallw

ays, proxim
ity to the pre-procedure care area (P

P
C

A
), and the presence of dedicated cytopathology, drug dispensing, and nursing 

stations w
ithin the sam

e area.  The other 2 iM
R

I suites include a 3T system
 (M

agnetom
 Trio, S

iem
ens, G

erm
any) used for prostate 

interventions and located next to the m
ain iM

R
I suite along w

ith another 1.5T w
ide bore system

 (M
agnetom

 A
era, Siem

ens, G
erm

any) 
located at the children’s’ hospital  to serve the pediatric intervention needs. W

e m
ade a better use of suite space by aligning the m

agnet 
obliquely in the room

 to m
axim

ize the usable space behind the gantry for the interventionist and adjacent to the table for the anesthesia 
team

. W
e had the lay out approved by the anesthesia team

 prior to construction. A
ll pipes, gas lines, suction, pow

er outlets, and 
w

aveguides for existing use and for potential future needs w
ere accounted for. W

e consulted our infection control departm
ent to assure 

the capabilities to perform
 procedures that require a sterile environm

ent sim
ilar to an operating room

 suite. A
ir flow

 into the room
 did 

have to be adjusted to m
eet the requirem

ent. W
e set up our room

 w
ith equipm

ent that could easily be m
oved in and out of the suite as 

needed to do a term
inal clean w

hen necessary. M
etal detectors w

ere placed and individual stuff M
R

 safety certifications w
ere enforced 

for all involved personnel.  
W

e perform
ed a total of 453 M

R
I-guided interventions over 3 years of iM

R
I service operation. The clinical case load grew

 
exponentially and w

e currently perform
 3-7 M

R
I-guided interventions per w

eek. There are 3 dedicated days per w
eek for M

R
I guided 

interventions w
ith a dedicated interventionist and a general anesthesia team

. W
e find that scheduling 2 successive general anesthesia 

cases adversely affects the usage of the scanner for diagnostic im
aging due to long room

 turn-in tim
e. W

e therefore try to com
bine 

general anesthesia w
ith conscious sedation cases on the sam

e day to m
inim

ize scanner dow
ntim

e. R
eferral base naturally starts w

ith 
institutional referrals. W

e find that the im
plem

entation of the “iM
R

I C
linic” m

odel significantly boosts and diversifies the referral base 
w

hich has grow
n at our site to include regional, national, and international referrals. Patient care is supported by a clinical team

, 
including an interventional radiologist, neurosurgeons, nurse practitioner, M

R
 technologists, nurse anesthetist, registered nurse, 

m
edical assistant and an adm

inistrative assistant. W
e trained our existing M

R
I staff and M

R
I nurses to perform

 their duties during an 
IM

R
I procedure keeping M

R
I safety the m

ost im
portant step. W

e created our chargeable C
P

T codes to perform
 the exam

s using the 
existing codes. O

ur reim
bursem

ent rate for M
R

I guided interventions is approxim
ately 25%

, w
hich surpasses our institutional 

reim
bursem

ent rates for other Interventional R
adiology procedures. The dow

nstream
 revenue generated from

 follow
 up exam

inations is 
an additional factor adding favorably to the cost effectiveness of the program

.   

C
onclusion: The application of interventional M

R
I technology in a clinical environm

ent is a reality. W
e have show

n a m
odel for a 

com
prehensive, 

high 
volum

e, 
clinical 

interventional 
M

R
I 

program
. 

B
uilding 

the program
 

requires 
a plan 

for 
possibly 

needed 
interventions, a clear vision for future expansion, and a careful assessm

ent of the planned iM
R

I suite location. The logistics of operating 
a cost-effective service for M

R
I-guided interventions utilizing institutional shared resources are w

orkable. Finally, creating an 
institutional culture of utilizing M

R
I for indicated interventions is fundam

ental to the success of iM
R

I program
s and for the future 

dissem
ination of this technology.  
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M
R

-guided neurosurgery and fiber tracking 
  C

hristopher N
im

sky   

 D
epartm

ent of N
eurosurgery, Philipps-U

niversity M
arburg, M

arburg, G
erm

any 

 M
eanw

hile 
diffusion 

tensor 
im

aging 
(D

TI) 
is 

established 
in 

the 
clinical 

routine 
in 

neurosurgery. Fiber tracking is probably the m
ost clinically appealing and understandable 

technique for representing m
ajor w

hite m
atter tracts. D

ue to m
ultiple free softw

are packages, 
as w

ell as the integration of fiber tracking m
odules in the m

ajor com
m

ercial navigation 
softw

are system
s, D

TI-based fiber tracking has a broad application in N
eurosurgery. 

 H
ow

ever, the D
TI approach to m

odel the com
plex anatom

ical inform
ation has som

e distinct 
lim

itations. D
iffusion w

eighted im
aging is inherently a noise-sensitive and artefact-prone 

M
R

I technique. To obtain a reliable repr esentation of m
ajor w

hite m
atter tracts the follow

ing 
three steps are required in the process of diffusion M

R
I fiber tracking: the acquisition of 

appropriate diffusion w
eighted im

age data, the correct estim
ations of fiber orientations, and 

finally the appropriate tracking algorithm
.  

 D
espite of its fundam

ental lim
itations D

TI-based tractography is still the m
ost w

idely applied 
tractography m

ethod in neurosurgical settings to delineate m
ajor w

hite m
atter tracts. C

orrect 
identification of areas of fiber crossings is not possible by standard D

TI because of its 
inability to resolve m

ore than a single axon direction w
ithin each im

aging voxel. Techniques, 
that can resolve m

ultiple axon directions w
ithin a single voxel, m

ay solve the problem
 of 

w
hite m

atter fiber crossings, as w
ell as the proble m

 to reconstruct the correct w
hite m

atter 
insertions into the cortex. Further challenges in the clinical setting relate to the effects of 
edem

a surrounding a tum
or w

here fiber tracking is perform
ed. Effects of the edem

a and the 
tum

or itself im
pede the correct tracking so that either existing fibers are not visualized at all 

or even an erroneous tracking m
ay result. 

 There are various technical att em
pts to approach the lim

itations of D
TI-based tractography, an 

agreed standard, or ideal solution is not yet defined. It w
ill be im

portant to com
pare the 

different approaches especially in respect to their reliability and also clinical applicability.  
 A

t the m
om

ent how
ever, m

ost neurosurgeons use the D
TI-tractography m

ethod, because it is 
easily available, e.g. as softw

are package in navigation system
s. It is m

andatory that either 
these com

m
ercial system

s becom
e m

ore open to facilitate integration of better solutions or the 
technical advantages are directly im

plem
ented in the com

m
ercial system

s, so that they are 
available for the w

hole neurosurgical com
m

unity. 
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 O
bjectives 

To 
evaluate 

effectiveness, 
safety, 

and 
related 

findings 
follow

ing 
stereotactic 

laser 
am

ygdalohippocam
potom

y (SLA
H

), a m
inim

ally invasive option to open anterior tem
poral 

lobectom
y and selective am

ygdalohippocam
pectom

y for m
esial tem

poral lobe epilepsy (M
TLE). 

M
ethods 

Tw
enty-one subjects from

 a single center w
ith m

edication-resistant M
TLE underw

ent SLA
H

 
(V

isualase, H
ouston, TX

) 6 – 30 m
onths prior, and data w

as collected prospectively via validated 
case report form

s (C
R

Fs). D
em

ographic, m
edical history, and m

edical/surgical care data w
ere 

also gathered, along w
ith seizure outcom

e. Seizure diary, quality-of-life scales, neurocognitive 
testing at 6 and 12 m

onths and post op M
R

I at 6 m
onths w

ere acquired. 
R

esults 
M

ean age at surgery w
as 35±14.7 (20 – 65); age at onset w

as 1 – 36 years-old, and duration of 
epilepsy w

as 3 – 59 years. Thirteen of 21 patients (62%
) had M

R
I findings consistent w

ith 
m

esial tem
poral sclerosis (M

TS: hippocam
pal atrophy and increased signal on T2-w

eighted 
and/or FLA

IR
-im

aging). The m
ost com

m
on pre-ablation seizure type w

as com
plex partial, w

ith 
som

e exhibiting sim
ple partial and secondarily generalized seizures as w

ell. A
t 6-m

onth follow
-

up of all available subjects since the beginning of SLA
H

 being perform
ed (A

ugust, 2011), 57%
 

of subjects w
ere Engel I (free of disabling seizures). Five of ten patients w

ere seizure-free at 12 
m

onths follow
-up, w

ith recurrent seizures, w
hen present, occurring by 6 m

onths in all patients. 
H

ow
ever, one of these 5 patients had a cluster of recurrent seizures at 14 m

onths. O
f 13 subjects 

w
ith M

TS, 10 (77%
) w

ere seizure-free at 6-m
onths, w

hereas only 2 of 8 (25%
) of subjects 

w
ithout M

TS (M
R

I norm
al, or only T2 signal change or hippocam

pal atrophy) w
ere seizure-free. 

Tw
o hem

orrhages occurred: 1 subdural hem
atom

a w
hich, although sm

all, w
as evacuated w

ith no 
transient or perm

anent neurological deficit; 1 tem
poral lobe hem

atom
a w

ith visual field deficit 
that recovered. M

edian length of hospital stay w
as 1 day.   

C
onclusions 

SLA
H

 achieved Engel 1 outcom
e in the m

ajority of subjects at 6- and 12-m
onth follow

-up, w
ith 

acceptable safety. Further prospective study, w
ith greater num

bers of subjects, w
ill help 

elucidate and/or strengthen these findings. 
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Introduction 

M
ethods 

Conclusions 

References and Disclosure 

Results 

•
P

atients w
ere deem

ed candidates for open m
esial tem

poral resection by the local 
com

prehensive epilepsy surgery team
. B

oth traditional open surgery and M
R

I-
guided S

LA
H

 w
ere offered. 

•
S

LA
H

 perform
ed by percutaneous placem

ent of an optical fiber term
inating in a 

10 m
m

 diffusing tip and enclosed in an internally irrigating catheter (Visualase, 
Inc., H

ouston, U
SA

; Figure 2). D
evice cleared by the U

S
 Food and D

rug 
A

dm
inistration for use in neurosurgical procedures

2,3. 
•

In a prospective observational study, 27 patients underw
ent S

LA
H

 (18L, 9R
) 

betw
een July, 2011 and February, 2014. 

•
For 21 patients w

ith at least 6 m
onths of follow

-up, outcom
e w

ith respect to 
seizure outcom

e is described. 
•

For the first 11 patients in w
hich pre- and post-procedure neuropsychom

etric 
outcom

es have been determ
ined, results w

ere com
pared to m

atched patients 
w

ho previously underw
ent open tem

poral lobe surgery. 

S
tereotactic laser am

ygdalohippocam
potom

y (S
LA

H
) 1 − ablation of the m

esial 
tem

poral region using laser interstitial therm
al therapy (LITT) − is a new

, m
inim

ally-
invasive alternative to open m

esial tem
poral resections that m

ay offer low
er 

surgical m
orbidity w

ith sim
ilar effectiveness in w

ell-selected cases. 
 

   •SLAH is effective for seizure reduction. 57%
 of all 21 patients and 77%

 of those w
ith 

M
TS

 w
ere seizure-free. This, prelim

inary results at 6 m
onths suggests seizure freedom

 
approaching open procedures. 
 •Patients w

ith seizure recurrence tended to recur quickly – all w
ithin 6 m

onth. This 
suggests overall persistence of the therapy. 
 •Possible differential effectiveness in patients w

ith M
TS vs. M

RI norm
al patients 

and those w
ith gliosis only (T2 signal change, no atrophy) m

ay reflect lim
ited 

sam
ple size of the latter; som

e patients in the latter category becam
e seizure free. 

 •SLAH is associated w
ith superior cognitive outcom

es w
ith respect to nam

ing, 
recognition, and m

em
ory tests. 

 •H
ospitalizations w

ere brief w
ith a m

edian of 1 day. 
 •There w

as one serious adverse event (visual field defect). 

A
.

P
re-ablation T1 M

R
I (axial) show

ing placem
ent of laser optical fiber (w

hite arrow
) in m

esial 
tem

poral structures. 
B

.
M

R
 therm

al im
aging screenshot from

 Visualase w
orkstation illustrating irreversible dam

age 
estim

ate (orange) of initial ablation and current tem
perature at user-defined m

argins. G
reen 

indicates safe (i.e. m
idbrain), and red dam

aging tem
peratures. 

C
.

C
om

bined irreversible dam
age estim

ate (orange) of entire ablation (area approxim
ately 40 m

m
 

x 17 m
m

 in axial cross-section). 
D

.
P

ost-ablation contrasted T1 M
R

I dem
onstrating ablation (red arrow

s dem
arcate borders). 

E
.

M
R

TI screenshot from
 Visualase w

orkstation of a different patient illustrating real-tim
e M

R
TI 

im
aging (coronal) during ablation in the hippocam

pus. M
agenta indicates safe tem

perature 
(basal ganglia), orange and red indicate dam

aging tem
peratures (hippocam

pus). 
F.

P
ost-ablation contrasted T1 M

R
I (coronal) dem

onstrating ablation centered in hippocam
pus 

w
ith relative sparing of parahippocam

pal region. 
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Figure 1: M
R Im

aging associated w
ith SLAH procedure. 

A 
B 

C 
D 

E 

F 

Table. Dem
ographics of first 21 of 27 patients w

ith > 6 m
o follow

-up 

Figure 2. Epilepsy outcom
es for 21 subjects w

ith > 6 m
o outcom

e.  
A

.
S

urvival curves classifying patients by E
ngel class over tim

e and coded by M
TS

 or non-M
TS

. 
B

.
S

eizure freedom
 by M

TS
 or non-M

TS
. 

% Patients with Post-op Memory Change 

Figure 4: M
em

ory 
outcom

es at 6 m
onths. 

M
TLE

 patients undergoing 
S

LA
H

 exhibit m
inim

al 
episodic m

em
ory declines 

at 6 m
o. B

y contrast, in a 
m

atched control group 
undergoing open tem

poral 
procedures (n=10), all but 
one exhibited m

em
ory 

declines 
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S
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p<.002 
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m

em
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m
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Im
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ent in 
any m
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m
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S
LA

H
 is associated w

ith superior cognitive 
outcom

es com
pared w

ith standard resection. 

Num
ber of patients 

Num
ber of 

ablations 
Age 
(m

ean ±
 S.D.) 

M
ale / Fem

ale 
M

RI findings 

21 
23 
(2 repeats) 

35.5 ±
 14.7 

(range 20-65) 
7 / 14 

13 M
TS

 
8 non-M

TS 
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A
ll patients

M
TS

N
ot M

TS

57%
 

12/21 
77%

 
10/13 

25%
 

2/8 

Number of patients 

SLAH Seizure Free Rates at 6 M
onths 

N
ot S

eizure-free

S
eizure-free

Figure 3. Post-surgical percent 
change on nam

ing and recognition 
tests by surgical group and M

TS 
status. 
A

.
 N

am
ing perform

ance on B
oston N

am
ing 

Test (B
N

T; com
m

on objects). 
B

.
 N

am
ing perform

ance on m
odified Iow

a 
Fam

ous Faces Test. 
C

. R
ecognition perform

ance (yes/no) on 
m

odified Iow
a Fam

ous Faces Test. 

•
Length of hospital stay for 29 procedures (27 patients) w

as 1.7 
±

 0.8 days 
(m

edian 1 day, range 1-3 days).  
 

•
C

om
plications for 29 procedures (27 patients): 

•
1 serious com

plication (3%
): perm

anent hom
onym

ous hem
ianopsia from

 initial 
deflection of cannula. 

•
2 

transient 
com

plications 
(6%

): 
intracrnial 

hem
orrhages 

w
ithout 

long-term
 

sequelae. 

A
 

B
 

A
 

B
 

C
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Purpose U
p until now

, M
R

I stem
 cell tracking has only enabled detection of cells after the transplantation w

as 
com

pleted. R
eal-tim

e m
onitoring allow

s unprecedented precision of cell delivery by interactive procedure. 
M

aterials and M
ethods: Stem

 cells w
ere labeled w

ith SPIO
 for detection in M

R
I. Intra-arterial, intraventricular 

and intrathecal routes of stem
 cell delivery w

ere investigated. G
E-EPI sequence has been em

ployed for real-tim
e 

M
R

I. For rats, a B
ruker 7T horizontal bore m

agnet and 15 m
m

 planar surface coil w
ere used w

ith TE=17 m
s, 

TR
=2000 m

s, FO
V

=260x260m
m

, m
atrix=96x96, and acquisition tim

e=2 s. For dogs and pigs, a 3T Siem
ens Trio 

w
as em

ployed w
ith TE=36 m

s, TR
=3000 m

s, FO
V

=1080, m
atrix=128, and acquisition tim

e=3 s. For assessm
ent 

of cerebral perfusion, the cell injection in the dog brain w
as preceded by infusion of the U

SPIO
 (Ferahem

e®
). 

R
esults: R

eal-tim
e EPI w

as able to dem
onstrate that cells rapidly engrafted w

ithin the stroke periphery, w
ith a 

delayed inflow
 into the core of the infarct (Fig. 1A

, infarcted area outlined in yellow
). W

e detected and quantified 
the speed and m

agnitude of cell inflow
 to the different segm

ents of spinal cord (Fig. 1B
) show

ing m
ore robust 

engraftm
ent in proxim

al to A
dam

kiew
icz artery R

O
I1 and 2, com

pared to distal R
O

I3 and 4. C
ell inflow

 w
as also 

observed in real-tim
e after intraventricular and intrathecal delivery. Perfusion im

aging using U
SPIO

 (Ferahem
e®

) 
(three bolus injections of 3m

g/m
l, 300µl each com

pleted in interval betw
een 0 and 170s) w

as perform
ed to predict 

the cell inflow
 area and preservation of cerebral blood flow

 (C
B

F) follow
ing cell delivery (Fig. 1C

). C
ell injection 

com
pleted in an interval betw

een 170-400s resulted in a gradual signal decrease in the region previously 
highlighted by U

SPIO
 (Ferahem

e®
) injection. To confirm

 that the C
B

F w
as not altered by transplanted cells, 

U
SPIO

 (Ferahem
e®

) w
as injected a second tim

e after cell delivery (three boluses), dem
onstrating a sim

ilar 
perfusion in the area containing injected cells (Fig. 1C

, interval betw
een 400-600 sec.).   

C
onclusions: W

e have show
n that intraarterial cell delivery to the C

N
S can be m

onitored in real-tim
e by M

R
I 

and that perfusion im
aging w

ith U
SPIO

 (Ferahem
e®

) can be used as a predictor of cell distribution. 
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Purpose: Inadequate penetration of chem
otherapeutic agents across an intact blood brain barrier 

(B
B

B
) and lack of m

ethodology for precise drug delivery represents a m
ajor therapeutic challenge 

in the treatm
ent of pontine gliom

as. The purpose of this study is to dem
onstrate that intra-arterial 

(IA
) chem

otherapy adm
inistration can be perform

ed w
ith high precision after focal blood brain 

barrier disruption (B
B

B
D

) and that parenchym
al penetration can be validated w

ith fluorescent 
m

icroscopy using drug-sized surrogate m
arkers. 

M
aterials &

 M
ethods: O

ur IA
C

U
C

 approved this protocol. U
sing a hybrid M

R
I angiography suite 

(M
iyabi, Siem

ens), the left vertebral arteries of 4-kg N
ew

 Zealand w
hite rabbits w

ere catheterized 
w

ith a 4-French catheter. A
 1.7-French m

icrocatheter w
as then advanced into the basilar artery. The 

rabbits w
ere transported to a 3T M

R
I (M

agnetom
 Trio, Siem

ens) for anatom
ical reference im

ages 
(horizontal and sagittal T2-w

eighted (TR
/TE=1500/105)). R

eal-tim
e assessm

ent of trans-catheter 
contrast enhanced perfusion territory using G

E-EPI sequence (TR
/TE=3000/30) w

as perform
ed 

during infusion of iron oxide nanoparticle solution (Ferahem
e) (rates of 0.001-0.1ul/s).  

IA
 m

annitol (20%
 over 5 m

inutes at the pre-determ
ined optim

ized infusion rate) w
as adm

inistered 
for focal B

B
B

D
. Intravenous gadolinium

 (M
agnevist, 0.5 m

M
, 0.125 m

m
ol/kg) w

as adm
inistered 

follow
ed 

by 
T1-w

eighted 
(TR

/TE=300/9.1) 
im

ages. 
IA

 
m

elphalan-conjugated 
fluorescein 

isothiocyanate (FITC
; 19 µm

ol) w
as then infused. The brains w

ere im
m

ediately harvested and snap 
frozen on crushed dry ice. C

ryo-sectioned tissue slices w
ere counterstained w

ith D
A

PI for 
fluorescent m

icroscopy.  
R

esults: Ferahem
e-enhanced real-tim

e M
R

I dem
onstrated that the perfusion territory is variable 

and for a desired coverage, the injection param
eters need to be adjusted on a case-by-case basis. 

Infusion rates resulting in selective perfusion of the pons w
ere used for IA

 m
annitol injection and 

resulted in specific pontine B
B

B
D

 as visualized by gadolinium
 enhanced T1-w

eighted im
ages. 

Injection of FITC
-m

elphalan at the sam
e rate resulted in its extravasation w

ith the distribution 
correlating w

ell w
ith T1 enhancem

ent. 
 C

onclusion: M
R

I-guided targeted IA
 m

annitol-induced B
B

B
D

 facilitates highly selective and 
reproducible delivery of chem

otherapeutic agents to the pons.  
Figure 1. 

 
(A) Basilar artery catheterization by digital subtraction angiography and contrast-enhanced perfusion M

RI 
show

ing com
pletely different perfusion territory (show

n w
ith color-coding) after m

inim
al repositioning of 

the catheter tip (arrow
s). T1-w

 gad M
RI before (B) and after (C

) m
annitol injection show

s enhancem
ent in 

the region previously pinpointed by ferahem
e perfusion (C

, red arrow
). C

oronal section through rabbit 
brain show

ing area of FITC
- M

elphalan conjugate (green) in the brain parenchym
a w

ith distribution 
correlating w

ell to M
RI.  
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M
R

-guided pain m
anagem

ent 
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B
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 M
agnetic resonance (M

R
)-guided pain m

anagem
ent procedures com

prise selective injections 
around nerves, into m

uscles and vascular anom
alies, as w

ell as ablation and augm
entation 

techniques. M
R

 im
aging and M

R
 neurography techniques are used to visualize fine and deep 

anatom
ic targets, track needle placem

ent, m
onitor injectants and ablation zones, and detect 

spread of injectants to potentially confounding nearby structures.  

M
agnetic resonance im

aging guidance provides unparalleled soft-tissue detail for identification 
and targeting of neural structures, sm

all m
uscles, joints and osseous targets; and avoids radiation 

exposure of patients, operators and staff.  

The introduction of clinical high-field w
ide-bore M

R
 im

aging system
s has increased the 

practicability and availability of M
R

- guided pain m
anagem

ent procedures. Specifically, the 
recent introduction of w

ide-bore 3-Tesla M
R

 im
aging system

s now
 enables percutaneous, high-

field M
R

-guided pain m
anagem

ent procedures. M
odern coils and parallel im

aging technology 
facilitate fast tem

poral im
age acquisition, higher spatial im

age resolution, and high im
age 

contrast, or com
binations thereof.  

Passive needle visualization is an easily achievable and reliable m
ethod. The resulting needle 

artifact is influenced by several factors such as the alloy of the needle, the strength of the static 
m

agnetic field, the sequence type, the spatial orientation of the therapy needle as w
ell as the echo 

tim
e and m

ay further be optim
ized during the intervention by alteration of the last three factors.  

Injectants can be visualized based on their native T2 properties or based on the T1-shortening 
effects of added G

adolinium
-based contrast agents. Fast acquisition techniques and im

age 
processing allow

 for continuous, near real-tim
e M

R
 fluoroscopic im

aging and interactive needle 
navigation. 

M
R

-guided pain m
anagem

ent procedures include perineural injections of the brachial plexus, 
such as suprascapular nerve blocks; spine such as facet joint injections, sacroiliac joint 
injections, spinal nerve perineural injections, and drug delivery to the lum

bar sym
pathetic chain; 

and lum
bosacral plexus such as perineural injections of the obturator nerve, lateral fem

oral 
cutaneous nerve, pudendal nerve, posterior fem

oral cutaneous nerve, sciatic nerve, ganglion 
im

par, and sacral spinal nerve. Intram
uscular injections of the anterior scalene and piriform

is 
m

uscles can be used to diagnose and treat neurogenic thoracic outlet and piriform
is syndrom

es, 
respectively. Percutaneous sclerotherapy techniques can be used to successfully treat vascular 
anom

alies, such as lym
phatic and venous m

alform
ations. Painful vertebral body conditions can 

be treated w
ith osseous cryoablation and subsequent cem

ent augm
entation.  
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e M
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-guided freehand direct shoulder arthrography em
ploying an open 1.0 

T
esla M

R
-scanner 
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N
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U
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M
edical School, M
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atics, O
tto-von-G

uericke U
niversity M

edical 
School, M
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Purpose 

To assess the feasibility and efficacy of M
R

-guided, freehand direct shoulder arthrography 
(FD

SA
) in an open 1.0Tesla (T) M

R
-scanner, and to com

pare the im
age quality (IQ

) achieved 
w

ith the interventional M
R

 platform
 w

ith a standard M
R

 shoulder protocol at 3.0T. 

M
aterials and M

ethods 

Technical success rate of M
R

-guided FD
SA

 em
ploying an open 1.0T M

R
-scanner, puncture-

needle positioning rate (PN
PR

), and overall puncture tim
es (PT) of a trained and less-

experienced interventional radiologist w
ere evaluated in 80 patients. D

iagnostic im
aging 

com
prising T1, T2 and fat-saturated proton density w

eighted (T1w
, T2w

, fs-PD
w

 TSE) 
sequences w

as perform
ed consecutively in the open 1.0T and a closed-bore 3.0T M

R
-scanner 

in 5 healthy volunteers. Signal- and contrast-to-noise ratio (SN
R

, C
N

R
) as w

ell as IQ
 based 

on a 5-point-grading-scale (5: excellent 
– 1: poor/insufficient) of hum

erus, deltoid m
uscle 

(D
M

), anterior and superior glenoid labrum
 (aG

L and sG
L) and supraspinatus m

uscle tendon 
(SSM

) w
ere assessed.  

R
esults 

Technical success of FD
SA

 w
as 96.3%

. PN
PR

 (25.4%
 vs. 86.2%

, p<0.001) and PT w
ere 

low
er for the trained radiologist (5.6±2.7 m

in vs. 7.9±4.8 m
in, p<0.001). SN

R
 of hum

erus and 
D

M
 w

ere significantly higher at 3.0T in T1w
 and T2w

 (p≤0,027) but com
parable to 1.0T in 

fs-PD
w

 sequences (p≥0,057). O
nly C

N
R

 of the aG
L w

as higher in T1w
 and fs-PD

w
 

sequences at 3.0T (p≤0,035). V
isualization of aG

L, sG
L, and SSM

 w
as com

parable at 1.0T 
and 3.0T in the T1w

 (2.0±1.1 vs. 2.2±1.1, p=0.16) and slightly better at 3.0T in the fs-PD
w

 
sequence (3.8±0.9 vs. 4.1±0.8, p=0.09).  

C
onclusions 

Freehand direct shoulder arthrography em
ploying an open 1.0T M

R
-scanner is effective and 

yields high-quality diagnostic im
ages com

parable to a closed-bore 3.0T M
R

-scanner. 
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ontrolled Endovascular 
C

atheter for Interventional M
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 Im
aging: In V

itro N
avigation at 1.5 T and 3T versus X

-ray Fluoroscopy 
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D

, Parham
 M

oftakhar, M
D
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 Purpose: 
To com

pare in vitro navigation in a vascular phantom
 using a 3

rd generation m
agnetically assisted rem

ote 
controlled (M

A
RC) catheter under real-tim

e M
R im

aging versus x-ray guidance in endovascular catheterization 
procedures. 
 M

aterials and M
ethods: 

A
 custom

 2.7 French clinical grade m
icrocatheter prototype w

ith a double saddle coil m
anufactured w

ith 
custom

 3D
 laser lithography at the distal tip w

as deflected w
ith a foot pedal actuator used to deliver ± 300 m

A
. 

Inexperienced and experienced operators navigated the catheter into branch vessels in a custom
 cryogel 

abdom
inal aortic phantom

. This w
as repeated under conventional x-ray fluoroscopy guidance. M

R im
aging 

experim
ents w

ere perform
ed at 1.5 T and 3T using steady state free precession real-tim

e sequences. The m
ean 

procedure tim
es and percent success of selecting a vessel w

ithin 90 seconds w
ere determ

ined and analyzed w
ith 

a linear m
ixed effects regression analysis. 

 R
esults: 

The catheter tip w
as clearly visible under real-tim

e M
RI at 1.5T and 3T. A

m
ong inexperienced operators, 

m
agnetically assisted M

R guidance w
as equivalent to x-ray guidance at 1.5T (67/100 (67%

) successful vessel-
selection turns w

ith 1.5T M
RI vs 76/100 (76%

) w
ith x-ray p=0.157) and at 3T (75%

 turns w
ith 3T M

RI vs. 76%
 

w
ith x-ray p=0.869). A

m
ong experienced operators, x-ray guidance w

as m
ore frequently successful at 

catheterizing a branch vessel w
ithin 90 seconds than M

RI at 1.5T (98/100 [98%
] successful turns w

ith x-ray vs 
65/100 [65%

] w
ith M

RI, p<0.001). H
ow

ever, at 3T, M
RI guidance am

ong experienced operators im
proved 

(75%
 successful turns), but w

as less frequently successful than x-ray guidance. A
m

ong inexperienced operators, 
overall m

ean procedure tim
e w

as equivalent betw
een m

agnetically guided assistance (31 seconds) and x-ray 
guidance (34 seconds) (p=0.436). A

m
ong experienced operators, overall m

ean catheterization tim
e w

as faster 
w

ith x-ray (20 seconds) com
pared to M

RI at 1.5T (42 seconds) (p<0.001), but m
agnetically assisted guidance 

im
proved at 3T (31 seconds). W

hen stratified by branch vessels, m
agnetic assisted M

R guidance w
as equivalent 

to x-ray guidance for the celiac artery, superior m
esenteric artery (SM

A
) and (IM

A
). O

nly the renal arteries 
(sm

all diam
eter, 60 degree angle) w

ere easier to navigate w
ith x-ray for experienced operators.  

 C
onclusions: 

W
e have developed and tested a 3

rd generation M
A

RC catheter for endovascular navigation in m
ultiple planes 

under real-tim
e M

RI guidance. M
agnetic-assisted navigation is feasible at 1.5T, im

proves at 3T, and is 
com

parable to x-ray guidance for a variety of vessels. Furtherm
ore, this technology is easily used by 

inexperienced operators. This w
ork further strengthens the foundation for endovascular catheter navigation 

under M
RI guidance, enabling further exploration of sim

ulated interventions for the treatm
ent of stroke, 

vascular m
alform

ations, and tum
ors - all of w

hich m
ay benefit from

 the physiologic inform
ation available 

through real-tim
e M

RI but not x-ray fluoroscopic guidance. 
 R

eferences: 
1. W
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W

, M
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A
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etts SW
. M
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R Im
aging Environm
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V

asc Interv Radiol. 2013 Jun; 24(6):885-91. 
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 B

ackground:  V
enous (V

M
) and lym

phatic m
alform

ations (LM
) are typically treated using 

ultrasound and X
-ray fluoroscopic guided percutaneous sclerotherapy.  H

ow
ever, certain lesions 

are particularly difficult to visualize and/or treat using these m
odalities.  R

eal-tim
e M

R
-guided 

intervention m
ay serve as a safer alternative, w

ith better visualization of surrounding critical soft 
tissue structures and w

ithout patient exposure to ionizing radiation.  W
e present here our 

experiences w
ith this technique using a short bore 1.5T M

R
I/X

-R
ay "M

iyabi" suite.   
 M

aterials and M
ethods: Patients w

ith V
M

 or LM
 previously treated using ultrasound and 

fluoroscopic guided sclerotherapy w
ere enrolled into this IR

B
 approved study betw

een 9/2010 
and 4/2014.  Each w

as referred for M
R

 guidance for actual or predicted inability to find the 
lesion using ultrasound.  Intervention: Im

aging w
as conducted w

ith a M
A

G
N

ETO
M

 Espree 
1.5T M

R
 scanner (Siem

ens H
ealthcare, Erlangen, G

erm
any) and an A

X
IO

M
 A

rtis dFA
 (Siem

ens 
H

ealthcare, Forchheim
, G

erm
any) “M

iyabi” suite.  A
fter planning M

R
 (3m

m
 T2 TSE SPA

IR
), 

all lesions w
ere punctured under real tim

e M
R

 guidance w
ith Interactive R

eal-Tim
e TrueFISP 

im
aging (B

EA
T_IR

TTT, Siem
ens C

orporate R
esearch &

 Technology, slice thickness 4m
m

, 465 
m

s per slice), H
A

STE acquisition (slice thickness 4m
m

, ~750 m
s per slice) or a custom

-m
ade 

T2-W
eighted Steady State Free Procession (C

P-SSFP) sequence using 20-22 gauge M
R

-
com

patible needles (C
ook, InV

ivo, M
R

eye) ranging from
 5-20 cm

 in length. O
nce access w

as 
confirm

ed by fluid return, confirm
atory T2 TSE sequences w

ere acquired. W
hen indicated, 

patients w
ere transferred to the in-room

 A
rtis w

here a direct injection of ioxilan 350 (G
uerbet) 

w
as used to confirm

 M
R

 findings. Patients w
ith V

M
 w

ere treated w
ith anhydrous (100%

) 
ethanol (ETO

H
), gad-doped 5%

 ethanolam
ine oleate (EO

), or gad-doped 3%
 sodium

 tetradecyl 
sulfate (STS). Patients w

ith LM
s w

ere treated w
ith doxycyclene (10m

g/cc).  A
fter treatm

ent, 
confirm

atory im
aging w

as conducted (3m
m

 T2 TSE SPA
IR

 or 3m
m

 3D
 V

IB
E).  

 R
esults: 23 patients have been enrolled in this study w

ith an age range of 8 - 56 years old.  21 
patients had V

M
 and tw

o had LM
. O

f the 33 em
bolization sessions 29 w

ere technical successes 
(the target lesion w

as accessed and treated). The tw
o patients w

ith LM
 w

ere treated w
ith 

doxycylene.  O
f the rem

aining 27 V
M

 em
bolizations tw

o w
ere treated w

ith EO
, six w

ere treated 
w

ith ETO
H

 alone, 18 w
ere treated w

ith STS alone, and one w
as treated w

ith a com
bination of 

ETO
H

 and STS.  There w
ere no m

inor or m
ajor im

m
ediate or delayed com

plications. A
ll of the 

treated patients reported reduced sym
ptom

s.   
 C

onclusions: V
M

s and LM
s can be safely and effectively accessed and treated using a short 

bore 1.5 T M
R

 system
, and the M

R
/angiographic hybrid system

 provides an additional m
argin of 

safety w
hen adm

inistering a highly caustic but m
ost effective therapeutic (100%

 ETO
H

).  
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Purpose: To determ
ine the feasibility and safety of im

age-guided percutaneous ablation for 
treatm

ent of sym
ptom

atic vascular anom
alies. 

M
aterials and M

ethods: A
n IR

B
-approved retrospective review

 w
as undertaken of all patients 

w
ho underw

ent im
age-guided percutaneous ablation of sym

ptom
atic vascular anom

alies (V
A

) 
that failed percutaneous Sotradecol or ethanol sclerotherapy. A

blations w
ere perform

ed under 
general anesthesia w

ith U
S/C

T or M
R

I-guided cryoablation or M
R

I-guided laser ablation. 
C

ryoprobes or laser fibers w
ere placed under interm

ittent C
T or M

R
 im

aging. Intraprocedural 
m

onitoring w
as perform

ed w
ith interm

ittent C
T or M

R
I during cryoablation to m

onitor ice-ball 
form

ation or w
ith proton-resonance frequency M

R
 therm

om
etry every seven seconds during 

laser ablation to m
onitor therm

al changes. Post-ablation m
onitoring varied betw

een observation 
or hospital adm

ission. C
linical follow

-up began at one m
onth post-ablation. 

R
esults: Eight patients (ages 10 to 48; 4 fem

ale) w
ith nine V

A
 (N

=8 intram
uscular; N

=1 
subcutaneous) w

ere treated w
ith U

S/C
T (N

=3) or M
R

I-guided (N
=2) cryoablation or M

R
I-

guided laser ablation (N
=4) for pain (N

=7) or diffuse bleeding secondary to hem
angiom

a-
throm

bocytopenia syndrom
e (N

=1) The V
A

 volum
e [m

edian, range] w
as 158.2 cm

3 (12.8 to 
220.6 cm

3) for those undergoing cryoablation and 5.5 cm
3 (3.0 to 10.3 cm

3) for undergoing 
laser ablation.  Eight V

A
 w

ere ablated in one session and one in a planned tw
o-stage session. 

Tw
o laser fibers and 3 to 10 cryoprobes w

ere used per ablation session. The num
ber of hospital 

days ranged from
 1 to 3 for cryoablation and 0 to 1 for laser ablation.  M

inor com
plications 

included a sm
all hem

atom
a, w

hich did not require further intervention (laser) and num
bness of 

the dorsal aspect of first toe (cryoablation) w
hich resolved w

ithout further intervention. There 
w

ere no m
ajor com

plications. There w
as no recurrence of bleeding at four years post ablation in 

the patient w
ith hem

angiom
a-throm

bocytopenia syndrom
e and 5 of 6 patients w

ith painful V
M

s 
reported sym

ptom
atic pain relief beginning as early as one m

onth post ablation.
C

onclusion: Im
age-guided percutaneous ablation of sym

ptom
atic vascular anom

alies is feasible 
and safe in patients w

ho have failed percutaneous sclerotherapy and provides sym
ptom

atic relief 
for the m

ajority of patients at short-term
 follow

-up. 

M
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 Purpose: D
espite their benign histology, m

any congenital 
intra-orbital lesions are prognostically aggressive ow

ing to 
the lim

ited anatom
ical space and the intim

ate optic nerve 
association, resulting in pain, disfigurem

ent, and vision 
loss. C

om
plete surgical excision w

hile preserving function 
m

ay 
not 

be 
possible 

[1]. 
The 

use 
of 

conventional 
fluoroscopically-guided interventions has been lim

ited due 
to inability to visualize soft tissue anatom

y. This w
ork aim

s 
at evaluating the feasibility of applying interventional M

R
I 

technology to access and treat these challenging intraorbital 
lesions. 
M

ethods: 10 M
R

I-guided sclerotherapy procedures w
ere 

perform
ed 

on 
4 

patients 
(4M

,0F,age=3-30y) 
w

ith 
retrobulbar(n=2), and orbital m

argin(n=1) veno-lym
phatic 

m
alform

ations, and retrobulbar cystic teratom
a(n=1). Patients presented w

ith proptosis (n=3), visual im
pairm

ent 
(n=2), diplopia (n=1), ecchym

osis (n=2), and/or pain (n=1). 2 lesions w
ere treatm

ent-naïve and the other 2 lesions 
w

ere post-surgical recurrences. A
ll procedures w

ere exclusively perform
ed w

ithin an interventional M
R

I suite 
w

ith an in-room
 m

onitor used for real-tim
e needle guidance, injection m

onitoring and bedside scanner operation. 
A

 22g M
R

-com
patible needle w

as inserted into the targeted lesions under “M
R

-fluoroscopy” using triorthogonal 
im

age plane guidance[2] to interactively m
onitor the needle on continuously updated sets of true-FISP im

ages 
(TR

/TE, 4.35/2.18; FA
, 60°;N

SA
, 3;TA

, 3.11 s/slice). 0.6%
 gadolinium

 w
as m

ixed w
ith 5%

 Ethanolam
ine O

leate 
(Etham

olin®
) (0.15m

l:1.0m
l vol.) and injected under real-tim

e m
onitoring using a triorthogonal FLA

SH
 

sequence (TR
/TE,2484/5.4).  

R
esults: Initial intra-orbital needle insertion and subsequent repositioning w

ere feasible in all cases. The 
flexibility of triorthogonal guidance w

as m
ost helpful in accessing the retrobulbar intraconal space. A

dequate 
m

onitoring of sclerosing agent w
as persistently achieved on 3 planes. Targeted lesions ranged betw

een 1.5 and 
4cm

. 3 lesions encircled/abutted the optic nerve. 1-5.5 m
ls of sclerosing m

aterial w
ere injected per procedure. 

The sm
allest lesion w

as com
pletely filled w

ith sclerosing m
aterial during each of 2 treatm

ent sessions. The 
rem

aining 3 lesions w
ere partially filled to avoid excessive intraorbital pressure. Procedures w

ere tolerated by all 
patients. N

oticeable local edem
a and bruising w

ere a standard finding for 1-2w
eeks follow

ing procedures. In one 
patient an additional com

plication of corneal dryness 
occurred.  C

om
plete resolution of one lym

phatic 
m

alform
ation 

occurred. 
The 

3 
other 

lesions 
has 

undergone 
significant 

shrinkage 
w

ithout 
delayed 

com
plications.    

C
onclusions: 

This 
initial 

report 
highlights 

the 
feasibility of utilizing interventional M

R
I technology 

in 
treating 

intraorbital 
congenital 

lesions. 
This 

potential role for interventional M
R

I m
ay open a new

 
avenue for those patients w

ho are typically deprived 
of surgical 

and 
other 

conventional 
interventional 

options. The initial safety and efficacy reported herein 
are to be further evaluated on a larger num

ber of 
procedures and com

pared to existing surgical data.   
 R

eferences: 
[1] C

hung EM
, et al. R

adiographics. 2007;(27):1777-799.  
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M
R

-guided Sclerotherapy of Low
-Flow

 V
ascular M

alform
ations U

sing T
2 -w

eighted Interrupted 
bSSFP (T

2 W
-iSSFP): C

om
parison of Pulse Sequences for V

isualization and N
eedle G

uidance 
 

D
i X

u
1, D

aniel A
. H

erzka
1, W

esley D
. G

ilson
3, Elliot R

. M
cV

eigh
1, Jonathan S. Lew

in
2, and C

lifford R
. W

eiss
2 

1. Biom
edical Engineering, The Johns H

opkins School of M
edicine, Baltim

ore, M
D

, U
nited States, 2.Radiology, The Johns 

H
opkins School of M

edicine, Baltim
ore, M

D
, U

nited States, 3.Im
aging &

 C
om

puter Vision, C
orporate Technology,  

Siem
ens C

orporation, Baltim
ore, M

D
, U

nited States 

PU
R

PO
SE  

To evaluate a new
 technique, T

2 -w
eighted interrupted 

bSSFP (T
2 W

-iSSFP), specifically designed to im
prove 

real-tim
e visualization of venous (V

M
) and lym

phatic 
(LM

) m
alform

ations during im
age guided interventions. 

M
A

TER
IA

L &
 M

ETH
O

D
S    

Sequence design:  T
2 W

-iSSFP is a variable flip angle 
interrupted bSSFP sequence. Sim

ultaneous T
2  contrast 

and fat suppression are needed for V
M

 visualization and 
are achieved using a prolonged TR

  in com
bination w

ith 
T

2 -TID
E

1 
and 

FS-TID
E

2,3 
T

2  
w

eighting 
and 

fat 
suppression are increased or decreased by using either 
higher or low

er flip angles (H
FA

/LFA
) in the bSSFP 

train, respectively.  
Pre-procedural 

Im
aging: 

To 
com

pare 
the 

V
M

 
visualization, patients (N

=8) w
ere scanned prior to 

intervention using H
A

STE, bSSFP, T
2 W

-iSSFP and 
TSE. To evaluate the sequence perform

ance, C
N

R
 

efficiency (C
N

R
 of V

M
s vs. m

uscle divided by the 
square root of acquisition tim

e) and im
age sharpness (the 

reciprocal of m
ean edge w

idth of needles in the im
ages 

of sw
ine) 4 w

ere used.  
Interventional 

Im
aging: 

M
R

-guided 
percutaneous 

needle placem
ent procedures w

ere perform
ed on sw

ine 
(N

=3) and on V
M

 patients (N
=8) using T

2 W
-iSSFP. A

ll 
patients had undergone prior percutaneous sclerotherapy 
procedures w

ith an actual or predicted inability to access 
their m

alform
ations using ultrasound. 

R
ESU

LTS   
U

sing 
TSE 

as 
the 

reference 
sequence 

for 
lesion 

detection, 14 V
M

s w
ere detected. The lesion detection 

rates w
ere 14/14 (H

A
STE), 7/14 (bSSFP) and 14/14 

(T
2 W

-iSSFP). A
 sum

m
ary of the sequence perform

ance is show
n in Table 1. A

ll M
R

 guided sclerotherapy 
procedures using T

2 W
-iSSFP w

ere successful. Specifically, all needles (14 punctures) w
ere placed in the targeted 

lesions and w
ere confirm

ed by post-insertion T
2 W

-TSE and post-contrast FLA
SH

. A
 successful M

R
 guided V

M
 

em
bolization is presented in Fig 1.  

C
O

N
C

LU
SIO

N
   

T
2 W

-iSSFP provides effective lesion identification and needle visualization, and w
as used successfully in 8 

M
R

-guided sclerotherapy cases.  It m
ay be useful for other M

R
-guided procedures w

here heavily T
2 -w

eighted 
real-tim

e im
ages are needed. 

R
EFER

EN
C

ES 
1. Paul et al, M

R
M

 2006; 2. Paul et al, M
R

M
 2006; 3. X

u et al, ISM
R

M
 2012; 4. Lai et al, M

R
M

 2008.  

Table 1. Evaluation of im
age contrast, sharpness, speed, and SA

R
. 

M
etrics 

H
A

STE 
bSSFP 

T
2 W

-iSSFP 
C

N
R efficiency (a.u.) 

797±66 
281±44 

860±29 
Im

age sharpness (m
m

-1) 
0.21±0.06 

0.48±0.02 
0.49±0.03 

Tim
e per slice (sec) 

1-2 
0.3-0.6 

0.3-0.7 
SA

R (W
/kg) 

1.6±0.1  
1.1±0.3  

1.3±0.1 
 

M
R

-guided E
P procedures – lim

itations and challenges 

M
atthias G

utberlet 1, M
atthias G

rothoff 1, G
erhard H

indricks 2

1 D
epartm

ent of D
iagnostic and Interventional Radiology and 

2 D
epartm

ent of Electrophysiology 

 U
niversity Leipzig – H

eart Center 

M
agnetic 

resonance 
im

aging 
(M

R
I) 

com
bines 

the 
advantages 

of 
excellent 

soft-tissue 
characterization in a true 3D

 anatom
ical and functional m

odel w
ith the possibility of lesion 

and gap visualization w
ithout the need of any radiation. Therefore, real-tim

e M
R

I presents a 
particularly attractive im

aging technology to guide electrophysiology studies and catheter 
ablation procedures. Benefits relate to (1) the fluoroscopy-free environm

ent, (2) substrate 
analysis, (3) com

bination of 3D
 anatom

ical and functional inform
ation, as w

ell as (4) real-
tim

e visualization of introduced catheters (Fig. 1A
) and ablation lesions (Fig. 1B

,C
) – [1,2]. 

This lecture should give an overview
 on current routine clinical applications of M

R
I in the 

setting of interventional electrophysiology. Furtherm
ore, developm

ent of real-tim
e M

R
I 

guided electrophysiology studies and first experiences w
ith M

R
I guided catheter ablation 

procedures are depicted [2,3]. In this context advantages, challenges and lim
itations of real-

tim
e M

R
I guided catheter ablation as w

ell as future perspectives and first results of active EP-
catheter tracking (Fig. 2) are discussed. 

Fig. 1: Sixty-one yo m
ale 6 hrs after inferior isthm

us ablation of typical atrial flutter (EH
RA

 
I-II). H

x D
CM

 (LV
-EF=26%

) exclusion of CA
D

. (A
) Passively tracked IM

R
ICO

R ablation 
catheter (arrow

) at the site of the inferior tricuspid isthm
us. (B

) SA
 T2-w

 STIR im
age w

ith an 
edem

a (arrow
) and (C

) scar tissue w
ith M

O
V

 (black arrow
) in the PSIR im

age post contrast 
and „m

idw
all“ enhancem

ent. 

Fig. 2: Im
ages from

 an anim
al study: (A

) 
3D

-shell 
of 

the 
advanced 

navigation 
platform

 
iSuite 

(Philips) 
in 

anterior-
posterior 

orientation 
used 

for 
active 

tracking (green catheter tip – w
hite arrow

) 
of 

the 
IM

R
IC

O
R 

(V
ision) 

ablation 
catheter. The tip  is located in the left atrial 
appendage 

(B 
– 

w
hite 

arrow
) 

after 
successful transseptal puncture. C

: A
ctive 

tracking overlay (green tip – w
hite arrow

) 
on the passively visualized catheter in the 
IV

C and LA
. 

R
eferences: 

1.
Eitel C et al. 

 
(2014) Curr Cardiol Rep. 

2.
G

rothoff M
. et al.   

(2014) Radiology 
3.

Som
m

er P et al.  
(2013) Europace 



71
70

V
-47

V
-46

Im
age Fusion for C

ardiovascular Interventions

D
ara

L K
raitchm

an
1,2, Shashank

S. H
edge

1, Y
ingli Fu

1, G
uan

W
ang

1,3,Tina Ehtiati 4,W
esley 

G
ilson

4

1R
ussell H

. M
organ D

ept. of R
adiology &

 R
adiological Sciences, 2D

ept of M
olecular and 

C
om

parative Pathobiology, 3D
ept. of Electrical &

C
om

puter Engineering, Johns H
opkins 

U
niversity, B

altim
ore, M

D
,

4C
enter for A

pplied M
edical Im

aging, Siem
ens C

orporation, 
C

orporate
Technology, B

altim
ore, M

D

B
ackground:B

ecause cardiovascularinterventions dem
and high tem

poral and spatial resolution 
im

aging in
addition to extensive physiological m

onitoring, interventional M
R

I techniques are 
exceptionally challenging.  H

ow
ever, the soft tissue detail, ability to distinguish ischem

ic, 
infarcted tissue from

 at risk m
yocardium

, and the lack
of ionizing

radiation offer several 
advantages overX

-ray-based interventions.  M
ultim

odality
im

aging or im
age fusion offers the 

ability
to utilize the advantages of each im

aging m
odality to

potentially enhance the safety in 
existing

procedures ordrive new
 im

age-guided procedures.
M

ethodsand R
esults:

C
ardiac M

R
I w

as perform
ed using a variety of 2D

 and 3D
 techniques to 

obtain m
ultiphase systolic

and diastolic im
agesof cardiac function and m

yocardial boundaries,
late gadolinium

 enhancem
ent of cardiac viability, and the coronary vasculature

at 1.5T
and 3T

(Espree and Trio, Siem
ens).

Segm
entation of the cardiac M

R
Iw

as registered to cone beam
 

com
puted tom

ographic (C
B

C
T) im

ages (cardiac-gated D
ynaC

T, A
xiom

 A
rtis, Siem

ens)using
sem

i-autom
ated registration tools.

R
eal-tim

e fluoroscopic im
ages w

ere overlaid on the 3D
 

rendering of the previous acquired segm
ented M

R
I and used to guide injections to stem

 cell 
injections to the pericardial space in sw

ine w
ithout evidence of pericardial effusion. 1Stem

 cells
w

ere labeled w
ith X

-ray visible contrast agents to enable tracking of cell fate over one w
eek.

In 
another study, m

agnetic resonance im
aging of fluorinated

stem
 cells w

as com
pared to C

B
C

T to 
determ

ine the persistence
of stem

 cells after adm
inistration in the hindlim

b of rabbits.
X

-ray fused w
ith M

R
I(X

FM
)for guiding intrapericardial injections resulted in 

successful stem
 cell adm

inistration
in ten

anim
als. X

-ray guidance w
ithoutthe M

R
I overlay 

resulted in perforation of the ventricle in three anim
als and the developm

ent of pericardial 
adhesions and dim

inished cell survival.  Perfluorinated stem
 cells can be successful visualized 

using 19F M
R

I and C
B

C
T. 2

Prelim
inary data suggests that both X

-ray and M
R

I can quantify 
fluorine concentrations,but stem

 cells can often not be uniquely distinguished from
 other in 

radiopaque structures, such as bone
and m

etallic devices.
C

onclusions:X
FM

 offers the ability to
perform

 interventions under im
age guidance w

ith a 
higher tem

poral resolution using existing devices and
enables extensive physiological 

m
onitoring.  X

FM
offers the potential to decrease radiation dose and enhance the safety profile 

of new
 techniques,such as intrapericardial stem

 cell adm
inistration

in the face of norm
al 

pericardial anatom
y.  In addition, using non-proton m

oieties the ability to
have a high sensitivity 

to track stem
 cells m

ay be enhanced using M
R

I.

1
 

F
u

, Y
. et al. F

u
s
e

d
 X

-r
a

y
 a

n
d

 M
R

 Im
a

g
in

g
 G

u
id

a
n

c
e

 o
f In

t
r
a

p
e

r
ic

a
r
d

ia
l D

e
liv

e
r
y
 o

f 

M
ic

r
o

e
n

c
a

p
s
u

la
t
e

d
 H

u
m

a
n

 M
e

s
e

n
c
h

y
m

a
l S

t
e

m
 C

e
lls

 in
 Im

m
u

n
o

c
o

m
p

e
t
e

n
t
 S

w
in

e
. Radiology

, 

1
3

1
4

2
4

, d
o

i:1
0

.1
1

4
8

/
r
a

d
io

l.1
4

1
3

1
4

2
4

 (2
0

1
4

). 

2
 

K
e

d
z
io

r
e

k
, D

. A
. et al. U

s
in

g
 C

-a
r
m

 x
-r

a
y
 im

a
g

in
g

 t
o

 g
u

id
e

 lo
c
a

l r
e

p
o

r
t
e

r
 p

r
o

b
e

 d
e

liv
e

r
y

 fo
r
 

t
r
a

c
k

in
g

 s
t
e

m
 c

e
ll e

n
g

r
a

ft
m

e
n

t
. Theranostics

 3
, 9

1
6

-9
2

6
, d

o
i:1

0
.7

1
5

0
/
t
h

n
o

.6
9

4
3

 (2
0

1
3

). 

	
  	
  First in M
an: R

eal-tim
e m

agnetic resonance-guided ablation of typical right atrial flutter using active 
catheter tracking 
 H

enry Chubb
1, Jam

es H
arrison

1, Steven W
illiam

s 1, Steffen W
eiss 2, Sascha K

rueger 2, Jennifer W
eisz 3, G

regg 
Stenzel 3, Jason Stroup

3, Steven W
edan

3, K
aw

al Rhode 1, M
ark O

'N
eill 1, Tobias Schaeffter 1, Reza Razavi 1.        

1D
ivision of Im

aging Sciences and Biom
edical Engineering, K

ing's C
ollege London, London, U

nited 
K

ingdom
. 2 Philips Technologie G

m
bH

, H
am

burg, G
erm

any. 3Im
ricor, Burnsville, M

N
, U

SA. 
  Introduction 
M

R-guided electrophysiology (M
R-EP) has the potential to im

prove catheter navigation, to visualize ablation 
injury and to avoid ionizing radiation. This study investigated the feasibility of an actively-tracked, fully M

R-
guided, electroanatom

ical m
apping and ablation system

. This represents first such system
 used in hum

ans. 
M

ethods 
Three patients w

ith typical right atrial flutter underw
ent cavotricuspid isthm

us (CTI) ablation under M
R 

guidance. The M
R-EP suite integrated a Philips 1.5T A

chieva scanner (Philips, Best, The N
etherlands), an EP 

recording system
 (H

orizon System
, Im

ricor, Burnsville, M
N

, U
SA

), an RF generator (St Jude M
edical, St 

Paul, M
N

, U
SA

), and a real-tim
e im

age guidance platform
 (iSuite, Philips). 

U
nder anesthesia, a baseline M

RI w
as perform

ed. 3D
 right atrial shells w

ere created by autom
ated 

segm
entation of a w

hole-heart M
R scan (3D

 BTFE) and CTI anatom
y delineated. U

sing the shell for guidance, 
deflectable M

R-EP RF V
ision catheters (Im

ricor) w
ere placed in the CS and RA

 using M
R-guided active 

tracking alone.  Isochronal activation m
aps w

ere created prior to ablation. RF ablation of the CTI w
as 

perform
ed under active M

R-guidance, w
ith brief cine sequences for catheter position confirm

ation (35-45W
 

for 40-60sec). Post ablation, activation m
aps w

ere repeated and native-T1 w
eighted, T2 w

eighted and LG
E 

im
aging of the lesions w

as perform
ed prior to rem

oval from
 the scanner.  

R
esults 

A
ll patients underw

ent ablation of the CTI w
ithout use of fluoroscopy, w

ith no com
plications. H

igh fidelity 
electrogram

s w
ere recorded w

ith m
inim

al M
R interference. A

ctive tracking of the catheter tip w
as accurate, 

w
ith tracking position corroborated by conventional im

aging sequences. M
ean total procedure tim

e w
as 

304m
inutes (range 290 to 315m

in). Septal to lateral transisthm
us conduction interval w

as lengthened to m
ean 

153m
sec (range 134m

s to 182m
s), and atrial flutter w

as uninducible post-ablation. O
ne patient had confirm

ed 
bidirectional block (figure 1). Im

aging confirm
ed both T2 w

eighted and late gadolinium
 enhancem

ent of the 
CTI w

ith no gaps identified. The patients rem
ain free of atrial flutter post ablation (m

axim
um

 follow
-up 

64days). 
C

onclusions 
This study confirm

s feasibility in m
an of active-tracked M

R-guided ablation of typical atrial flutter in m
an.  
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M
R
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ryo-ablation 
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icolas Coulom
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3M
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Introduction: C
ryo-ablation is being increasingly used for treatm

ent of atrial fibrillation and ventricular 
tachycardia. H

ow
ever, reported success rate of the procedures is m

oderate. The m
ain causes of failure are tissue 

recovery and gaps in desired ablation patterns. M
R

I can be used to assess extent of ablation and confirm
 tissue 

destruction. In this study, w
e have validated feasibility of M

R
I based cardiac cryo-ablation system

.  
M

ethods: Three M
R

I-guided cryo-ablation studies w
ere perform

ed in canines (n=3) according to protocols 
approved by the local IA

CU
C. Cryo lesions w

ere created using tw
o M

R
-com

patible cryo-ablation devices built 
for anim

al use: cryo-catheter w
ith 8 m

m
 catheter tip and 28 m

m
 diam

eter cryo-balloon (M
edtronic CryoCath, 

M
ontreal, C

anada). M
R

 im
aging w

as perform
ed at 3T V

erio scanner (Siem
ens H

ealthcare, Erlangen, G
erm

any). 
C

ryo-catheter w
as advanced into the right ventricle (RV

) via the fem
oral vein assess under M

R
I 

guidance. The catheter w
as positioned on RV

 septal w
all and catheter tip

–tissue contact w
as validated. Cryo-

ablation w
as perform

ed for 4 m
inutes w

ith sim
ultaneous M

R
I m

onitoring of freeze zone form
ation.  

M
R

I com
patible cryo-balloon w

as advanced into the right atrium
 (RA

) under M
R

I guidance. The 
balloon w

as positioned at superior vena cava (SV
C) 
– right atrium

 (RA
) junction and inflated. 10 m

l of 10%
 

diluted solution of gadolinium
 based contrast (M

ultiH
ance (Bracco D

iagnostic Inc., Pronceton, N
J)) w

as 
injected to confirm

 SV
C-R

A
 junction occlusion. In the case of partial occlusion, balloon w

as deflated, re-
positioned, inflated, and occlusion w

as re-validated. In the case of com
plete occlusion, cryo-ablation w

as 
initiated and the junction w

as frozen for 3 m
inutes w

ith sim
ultaneous M

R
I m

onitoring of freeze zone form
ation. 

H
igh-resolution T1-w

eighted im
aging and LG

E-M
R

I w
ere perform

ed to assess the ablations and possible 
com

plications. H
eart w

as excised to confirm
 the tissue changes.     

R
esults: Figure 1 illustrates focal 4-m

inute cryo-ablation of RV
 w

all. D
iam

eter of freeze zone increases during 
the first m

inute of freeze (Figs. 1a and 1b) and stay about the sam
e later during freeze (Figs. 1c and 1d). 

D
im

ension of freeze zones is w
ell correlated w

ith LG
E-M

R
I (Fig. 1e) and tissue pathology. Figure 2 illustrates 

the m
ain steps of cryo-ablation of SV

C-RA
 junction using M

R
I based balloon cryo-ablation system

.      
D

iscussion and C
onclusion: M

R
I based cryo-ablation system

 w
as im

plem
ented and validated in anim

al 
studies. It allow

s real tim
e catheter navigation, confirm

ation of catheter tip
–tissue contact and vessel occlusion 

by balloon, real-tim
e visualization of a freeze zone, and assessm

ent of lesion form
ation and collateral dam

age.  
 A

cknow
ledgm

ents: This study w
as supported in part by M

edtronic. 
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Figure 1. Cryo ablation of RV
 

septal w
all: (a) pre, (b) 1 m

inute 
freeze, (c) 2-m

inute freeze, (d) 4-
m

inute 
freeze, 

(e) 
LG

E-M
RI 

dem
onstrating 

acute 
lesions 

created 
using 

M
RI-com

patible 
cryo (red arrow

) and RF (blue 
arrow

) catheters.  
a 

b 
c 

d 
e 

Figure 2. Cryo ablation of SV
C

-R
A

 junction using M
RI-com

patible cryo balloon. (a-b) N
avigation and validation of SV

C occlusion 
by the balloon (a) pre contrast, (b) after contrast injection; (c-e) Real-tim

e visualization of cryo ablation: (c) pre, (d) 1 m
inute freeze, 

(e) 3 m
inute freeze. (f-g) A

ssessm
ent of the ablation by LG

E-M
RI: (f) sagittal and (g) axial view

s. Red arrow
s indicate 

circum
ferential ablation w

ith no gaps at SV
C

-R
A

 junction.  

e 
f 

g 

M
agnetic particle im

aging – potential for M
R

-guided vascular interventions? 

Julian H
aegele 

C
linic for R

adiology and N
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edicine, U
niversity H

ospital Schlesw
ig H

olstein, Lübeck, 
G

erm
any 

 M
agnetic Particle Im

aging (M
PI) is a new

 im
aging m

odality using m
agnetic fields to 

visualize the spatial distribution of Superparam
agnetic Iron O

xide N
anoparticles (SPIO

s). In 
difference to M

agnetic R
esonance Im

aging (M
R

I), in M
PI SPIO

s are used as a tracer, i.e. are 
visualized directly by their change of m

agnetization w
hen exposed to an oscillating m

agnetic 
field. B

ecause of the SPIO
s high m

agnetic m
om

ent, sensitivity in M
PI is considerably higher 

in com
parison to M

R
I, i.e. 13 nm

ol(Fe)/l (for a voxel size of 1 m
m

3) opposite to about 50 
µm

ol(Fe)/l (independently of the voxel size). A
nother advantage in com

parison to M
R

I is the 
very high tem

poral resolution in the order of m
illiseconds for sam

pling of a w
hole three-

dim
ensional im

aging volum
e. This is based on the fact that the SPIO

s signal can be m
easured 

directly w
ithout delay due to e.g. an echo tim

e. Furtherm
ore, the signal to noise ratio (SN

R
) is 

high because the SPIO
s are im

aged directly as a tracer and m
issing M

PI-signal generation by 
the body does not contribute to noise. Spatial resolution of 1 m

m
3 and less can be achieved.  

D
ue to these characteristics w

e consider M
PI as a prom

ising tool for cardiovascular im
aging 

and perhaps even for guidance of interventions. Sim
ilar to M

R
I, interventional devices like 

guide w
ires and catheters have to be m

odified to be discernible in M
PI and, especially in 

stainless steel instrum
ents, heating and artifact generation has to be kept in m

ind. Further 
safety issues are, also like in M

R
I, peripheral nerve stim

ulation and tissue heating. 

In this talk, a short introduction to M
PI shall be given. The potential for cardiovascular 

im
aging 

and interventions 
w

ill be highlighted w
ith em

phasis on the 
differences 

and 
sim

ilarities to M
R

I and how
 both m

ethods could be com
bined to a sensible hybrid concept. 
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 Background: A

lthough parathyroid localization by ultrasound and sestam
ibi are useful to guide 

parathyroidectom
y, intraoperative localization of parathyroid adenom

as (PA
) can still be challenging, 

particularly in the reoperative setting. M
RI has proven to be very useful in identifying the PA

 and 
Recurrent Laryngeal N

erve (RLN
) preoperatively. W

e sought to m
ap patients’ PA

 and RLN
 pre-

procedurally by M
RI and localize them

 intraoperatively during parathyroidectom
y using a novel im

age-
guided navigation system

. 
 M

ethods: Five patients w
ith prim

ary hyperparathyroidism
 underw

ent pre-procedural M
RI in the surgical 

position to localize their PA
 and RLN

s and subsequent parathyroidectom
y in the state-of-the-art 

A
dvanced M

ultim
odality Im

age-guided O
perating (A

M
IG

O
) suite.  The M

R im
aging consisted of T1 

V
IBE, T2 BLA

D
E and T2 TSE sequences.  U

sing sem
i-autom

atic segm
entation techniques, three-

dim
ensional patient-specific m

odels of the skin, trachea, carotid artery, thyroid, RLN
, and PA

 w
ere 

created. A
 m

odified Bovi pencil instrum
ented w

ith an electrom
agnetic position sensor w

as used as a 
localization probe to assess each structure’s position in 3D

 space.  W
e calculated the target registration 

error (TRE) for the navigation system
, w

hich w
as defined as the position difference in 3D

 space betw
een 

the seven distinct points on the patient m
apped to the im

age space and their corresponding position on the 
pre-procedural M

RI.  The RLN
s w

ere identified and confirm
ed by electrom

yography (EM
G

) nerve 
m

onitoring. The thyroid edge, trachea and PA
 w

ere localized using the probe and their position w
as 

m
apped to the im

age space. 
  R

esults: A
ll parathyroid adenom

as w
ere identified by preoperative M

RI and w
ere concordant w

ith 
ultrasound and intra-operative findings.  The average TRE w

as 3.1 m
m

 +/- 0.3m
m

. The RLN
 w

as m
apped 

by M
RI and then visually identified and confirm

ed by EM
G

 signal using the intraoperative nerve m
onitor.  

W
e identified both true positive EM

G
 signals and true negative EM

G
 signals along the course of the 

RLN
. The m

inim
um

 distance of the probe to: a) thyroid edge = 1.26 m
m

, b) trachea = 0.64 m
m

, c) PA
 = 

0.31 m
m

. A
ll parathyroid adenom

as w
ere successfully resected, and there w

ere no RLN
 palsies or 

postoperative neck hem
atom

as. 
 C

onclusions: In this proof-of-concept study, w
e w

ere able to m
ap the parathyroid adenom

as in the three-
dim

ensional virtual space w
ith a high degree of accuracy and w

ere able to identify the recurrent laryngeal 
nerve by M

RI pre-procedurally.  This technology can be useful for the intraoperative localization of 
parathyroid adenom

as, and to the best of our know
ledge, it is the first report of the identification of the 

recurrent laryngeal nerve by M
RI. 

M
R

-guided laser therapy of liver tum
ors 

C
hristian R

osenberg 
D

epartm
ent of D

iagnostic R
adiology and N

euroradiology, U
niversity H

ospital G
reifsw

ald 
G

reifsw
ald, G

erm
any 

 Laser-induced therm
al ablation in com

bination w
ith M

R
 guidance m

ay be seen as the m
ost 

efficient technical setting for online therapy m
onitoring w

ithin the hepatic target zone. 

A
rtifact-free high-resolution therm

om
etry of fiber and target tum

or, as w
ell as fiber placem

ent 

in the liver, benefit from
 M

R
-specific im

aging qualities. M
R

I perform
ance is superior to C

T 

in displaying non-enhanced focal lesions, w
hich is im

portant, as the procedure – just as any 

other im
age-guided liver intervention – is lasting too long to m

aintain a solitary extracellular 

intravenous contrasting of the target lesion. C
atheter placem

ent in general benefits from
 

m
ultiplane reconstructive im

aging. The im
portance of m

odern liver-specific intracellular 

contrast m
edia, such as G

d-EO
B

-D
TPA

, is w
idely respected and has m

ade M
R

I the im
aging 

gold standard in staging focal hepatic disease. W
ith a broader availability, these contrast 

agents 
qualify 

for 
periinterventional 

liver 
im

aging, 
especially 

in 
m

etastatic 
disease. 

G
adolinium

-based lasting signal enhancem
ent in hepatic tissue at late-phase is a substance- 

and M
R

-specific property. W
ith a given m

etallic catheter m
andrin and a non-enhancing target 

tum
or contrast-induced elevation of the parenchym

al signal is anticipated to prom
ote the 

feasibility of catheter placem
ent. Particularly w

hen perform
ing therapeutic laser ablation w

ith 

m
odality-specific parallel placem

ent of m
ultiple applicators per procedure, beneficial effects 

are equally expected to m
ultiply. The procedural setting in a closed bore 1.5 T system

 is 

prim
arily determ

ined by the need of high spatial resolution, for the intended laser ablation is 

being controlled through real-tim
e M

R
 therm

om
etry w

ithin the target zone. 

  



V
-54

V
-53

 
Prim

ary and secondary m
alignant hepatic tum

ors are som
e of the m

ost com
m

on tum
ors w

orldw
ide. 

In inoperable cases local ablation techniques as R
FA

 are the m
ethod of choice for palliative 

treatm
ent due to its m

inim
ally invasive character. A

blation is perform
ed by continuous heating 

under tem
perature control. The device consists of a needle electrode and an electrical generator to 

produce an alternating electric current to induce therm
al injury to the tissue. 

For the adequate destruction of tum
or tissue the entire volum

e of the lesion m
ust be subjected to 

cytotoxic tem
peratures. Ideal tum

ors for R
FA

 are sm
aller than 3 cm

 in diam
eter, com

pletely 
surrounded by hepatic parenchym

a, and w
ith distance from

 large hepatic or portal veins to avoid 
cooling effects of the blood flow

 lim
iting the extent of the ablation. A

dditonally, the treatm
ent is 

lim
ited to patients w

ith three or few
er lesions in order to m

inim
ise the interventional period. 

considerations for m
agnetic resonance M

R guidance 
D

ue to the inherent soft tissue contrast M
R

 im
aging offers a higher sensitivity for liver lesions than 

C
T, w

hich can be further increased by hepatocyte-specific contrast agents. A
s a result of hepatocyte 

uptake, norm
al liver parenchym

a exhibits T1 shortening leading to an increase in signal intensity on 
T1w

 im
ages, w

hereas m
alignant focal liver lesions do not exhibit T1 shortening. This increases 

im
age contrast and thus lesion conspicuity com

pared w
ith unenhanced scans. Peak liver signal 

intensity rem
ains for approxim

ately 2 h providing am
ple tim

e for m
inim

ally invasive liver 
interventions.  
Several studies have already dem

onstrated the feasibility of M
R

-guided R
F ablation in the treatm

ent 
of hepatic m

alignancies. U
p to now

 open architecture M
R

 system
s or closed-bore M

R
 system

s 
operating at higher field strength w

ere used. The open configuration allow
s access to the patient 

from
 the side and hence allow

s for a freehand approach. 
For M

R
 guidance M

R
 com

patibility m
ust be considered. M

ost com
m

ercially available devices are 
not suitable as they produce giant susceptibility artefacts w

hich m
ay m

ask the target lesion or 
structures at risk. In addition the radiofrequency output of the generator precludes im

aging. To 
prevent the interaction betw

een the R
F generator and the M

R
 scanner R

F-filtering using a low
 pass 

filter has to be im
plem

ented. 
A

fter the R
FA

 cycle is finished dynam
ic contrast m

edia application proves com
plete ablation of the 

tum
or. In addition or alternatively T1- and T2-w

eighted sequences are used for therapy control. The 
zone of coagulation is characterized by decreased signal intensity on T2w

 im
ages and increased 

signal intensity on T1w
 im

ages. Furtherm
ore, T2w

 im
aging adds inform

ation regarding post-
interventional com

plications such as perihepatic hem
atom

as and biliom
as. 

draw
backs and future perspectives 

A
t present only dedicated system

s can be used for M
R

 guidance. Further draw
backs are constraints 

in com
m

unication betw
een the control and m

agnet room
. H

eadphones and m
icrophone sets w

ith 
noise cancellation w

ould im
prove com

m
unication. In theory tem

perature m
apping is an excellent 

tool for therapy m
onitoring. H

ow
ever, up to now

 all proposed techniques (e.g. proton resonance 
frequency (PR

F) shift m
ethod) do not w

ork reliably w
hen perform

ed during free breathing as is 
necessary for liver interventions.  
 

 

L
iver lesion conspicuity in interactive M

R
 fluoroscopic sequences: dependency on lesion 

histology, size and im
age w

eighting 

Rem
pp H

1, H
offm

ann R
1, Rothgang E

2, Li P
3, Loh H

1, Pereira PL
4, N

ikolaou K
1, Clasen S

1 

1 D
iagnostic and Interventional Radiology, Eberhard K

arls U
niversity, Tübingen, G

erm
any  

2 Siem
ens H

ealthcare, Erlangen, G
erm

any  
3 Siem

ens Corporate Technology, Center for A
pplied M

edical Im
aging, Baltim

ore, U
SA

 
4 D

iagnostic and Interventional Radiology, SLK
 Clinics, H

eilbronn, G
erm

any 

PU
RPO

SE 
  To evaluate the conspicuity of prim

ary and secondary liver lesions at fluoroscopic M
R 

sequences used for applicator placem
ent at M

R-guided radiofrequency ablation.  
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  M
R-guided radiofrequency ablation w

as perform
ed in 103 patients using a w

ide-bore 1.5 T 
M

R scanner. Interactive fluoroscopic M
R sequences w

ere applied for applicator placem
ent 

using a T1 w
eighted m

ultislice spoiled gradient echo sequence and a T2/T1 w
eighted 

balanced steady-state free precession sequence. Three im
age planes containing the lesion and 

the applicator w
ere consecutively updated. O

nly non-enhanced exam
inations w

ere selected 
for this study. The lesion conspicuity of 41 hepatocellular carcinom

as (size 22 ± 8 m
m

) and 
67 liver m

etastases of different prim
ary tum

ors (size 21 ± 10 m
m

) w
as assessed 

retrospectively (easily detectable/difficult to detect/ not detectable). The contrast-to-noise 
ratio (CN

R) of all lesions w
as calculated.  

RESU
LTS 

H
CC could better be visualized in the SSFP sequence. The m

ajority of H
CC w

ere hypointense 
in the G

RE sequence (m
ean CN

R 9.1, range 0 – 30) and hyperintense in the SSFP sequence 
(m

ean CN
R 16.4, range 0 - 89). Size of the lesions and lesion conspicuity (CN

R) did not 
correlate. H

CC w
as easily detectable in 33/52%

 (G
RE/SSFP), difficult to detect in 30/18%

, 
and not detectable in 37/30%

 of the cases. 8/41 H
CC lesions w

ere neither detectable in G
RE 

and nor in SSPF-fluoroscopy. The m
ean size of the lesions classed “not detectable” w

as 20.1 
m

m
/21.1 m

m
 (G

RE/SSFP). Targeting w
as perform

ed in these cases step-by-step or by using 
anatom

ic landm
arks.  

Liver m
etastases w

ere hypointense in the G
RE sequence in 65/67 cases (m

ean CN
R 11.5, 

range 0 – 41) and hyperintense in T2 to a variable extent (m
ean CN

R 12.7, range 0 – 63). Size 
of the lesions and lesion conspicuity (CN

R) did not correlate. Liver m
etastases w

ere easily 
detectable in 58/41%

 (G
RE/SSFP), difficult to detect in 14/21%

, and not detectable in 28/38%
 

of the cases. 13/67 m
etastases w

ere neither detectable in G
RE and nor in SSPF-fluoroscopy. 

The m
ean size of the lesions classed “not detectable” w

as 15.1 m
m

/17.6 m
m

 (G
RE/SSFP).  

CO
N

C
LU

SIO
N

 

The m
ajority of liver lesions can be visualized in M

R fluoroscopy w
ithout using contrast 

agent. Lesion conspicuity seem
s to depend m

ore on lesion histology than on lesion size. 
M

etastases tend to be better visualized in spoiled G
RE im

aging, and H
CC in balanced SSFP 

im
aging. Both w

eightings should be used com
plem

entary. 
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 Introduction &
 Purpose:  Percutaneous ablative treatm

ent has becom
e a viable treatm

ent option for selected patients w
ith localized m

alignant renal 
neoplasm

s. The prim
ary ablative technologies used are cryoablation and radiofrequency ablation (R

FA), com
m

only perform
ed under C

T or ultrasound 
guidance. The use of M

R
I guidance has show

n an added value for intraprocedural confirm
ation of a tum

or-free ablation zone, thereby reducing the 
incidence of residual /recurrent neoplasm

s 
1, 2. M

R
I guidance of these procedures has, in our experience as in others’, been ham

pered by the 
cum

bersom
e handling of cryoprobes and R

FA probes and their cablings w
ithin the already lim

ited room
 available w

ithin the M
R

I gantry, particularly 
w

hen utilizing superconducting m
agnet designs. The aim

s of this investigation are to a) describe the technical aspects of using laser fibers to deliver 
ablative 

energy 
to 

renal 
tum

ors, 
circum

venting 
the 

space 
constraints 

w
ithin the 

M
R

I 
environm

ent; 
b) 

describe 
patient 

tolerance and com
plication rates; and c) report the long term

 
efficacy of laser ablation of renal m

alignancies.  
 Patients &

 M
ethods: 12 patients (5M

, 7F, age=28-83y) w
ith 

21 renal m
asses underw

ent M
R

I-guided biopsies follow
ed by 

laser ablations in the sam
e session. Procedures w

ere perform
ed 

w
ithin an interventional M

R
I suite equipped w

ith 1.5T w
ide bore 

scanner. 
Interventions 

w
ere 

perform
ed 

under 
general 

anesthesia, entirely w
ithin the scanner bore w

hile view
ing real-

tim
e 

im
age 

updates 
on 

an 
in-room

 
m

onitor. 
Interactive 

visualization 
on 

a 
tri-orthogonal 

plane 
True-FISP 

sequence 
(TR

/TE/FA=2700/84/170°) w
as used to guide a 14.5-cm

-long, 
14G

 M
R

I-com
patible introducing needle into the targeted lesion. 

20G
 FN

A and, if inconclusive, 18G
 core sam

ples w
ere obtained. A laser fiber w

ith 15m
m

 diffusing tip encased in 5.5 F cooling catheter (Visualase, 
Texas, U

SA) w
as then introduced into the target lesion through the pre-existing short 14G

 introducing needle (Figs 1&2). The optic fiber and cooling 
tubing w

ere extended through a w
aveguide to a laser generator located outside the M

R
I room

. A test dose of diode laser energy (980nm
,30sec,9W

) w
as 

applied to verify the location of ablation nidus on real-tim
e tem

perature and cum
ulative dam

age estim
ate m

apping(TE/TE=24/10). Subsequently, ablative 
energy dose w

as delivered (27W
 for cycles of 90-271sec) w

ith treatm
ent endpoint based on on-line therm

al m
onitoring of grow

ing ablation. Fiber 
repositioning for additional ablation w

as conducted 
as needed. Final ablations w

ere evaluated on a 
repeat set of pre-ablation scans consisting of TSE

-
T2 and pre- and post-contrast VIBE scans.  
 R

esults:  3 biopsies revealed benign m
asses. O

ne 
lesion w

as not biopsied. This analysis therefore 
includes 17 laser ablations of renal tum

ors.  Biopsy 
results 

show
ed 

16 
R

C
C

s 
(10 

clear 
cell, 

2 
chrom

ophobe, 
1 

oncocytic, 
1 

papillary, 
2 

not 
specified) 

and 
one 

renal 
m

etastasis 
from

 
lung 

cancer. Target tum
or sizes w

ere 0.7-3.8 cm
 (10 

right-, 7 left-sided). 5 patients had a single kidney, 2 
patients had prior ipsilateral partial nephrectom

y, 2 
patients had prior contralateral ablations, and 2 
lesions w

ere recurrent m
asses at prior cryoablation 

m
argins. Access to the desired part of the kidney 

using 
the 

14.5-cm
-long 

introducing 
needle 

w
as 

feasible in all cases, including one m
orbidly obese 

patient, 
w

ith 
no 

space 
constraints 

encountered 
w

ithin the 70-cm
 m

agnet bore. The flexible nature 
of optic laser fibers elim

inated the com
plexity of 

handling bulky ablation probes, and the traction exerted by their cablings and fitted the M
R

I environm
ent. The short ablation cycle facilitated accurate 

tem
perature m

apping during controlled suspended ventilation w
ithout the need to im

plem
ent m

otion correction algorithm
s. Applied laser energy w

as 
4050- 79380J per lesion, w

ith dosage calibrated based on real tim
e feedback of tum

or response to ablation. O
ne patient had a m

oderate self-lim
ited 

perinephric hem
atom

a related to the biopsy part of the procedure. O
therw

ise, no early or delayed com
plications w

ere encountered. Follow
-up durations 

ranged betw
een 0.6 - 28.6 m

onths (m
ean = 11.9 m

onths). N
o residual or recurrent neoplasm

 w
as identified in any patient.   

 D
iscussion & C

onclusion:  This investigation reports the im
proved access for interactive guidance and real tim

e m
onitoring of renal ablation 

procedures perform
ed entirely w

ithin an interventional M
R

I suite via the use of a short introducing needle and a flexible laser fiber. The technique 
represents a considerable departure from

 the com
plex handling of cryo- and R

FA probes w
ithin the M

R
I environm

ent and m
ay facilitate a better future 

dissem
ination of M

R
I-guided renal ablation as a m

ainstream
 technology. The procedure is w

ell tolerated w
ith a high safety profile. Long-term

 follow
 up 

results for up to >28 m
onths also point to a prom

ising, efficacious ablative technique w
ith no residual or recurrent neoplasm

s in our series. Further 
assessm

ent of long-term
 efficacy in a larger cohort of subjects is underw

ay.          
 R

eferences:  
[1] Lew

in JS, N
our SG

, C
onnell C

F, et al. R
adiology. 2004; 232(3):835-45. 

[2] Silverm
an SG

, Tuncali K, vanSonnenberg E, et al. R
adiology. 2005; 236(2):716-24. 
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 M
ass spectrom

etry provides a new
 tool for the direct m

olecular analysis of tissue during 
surgery, and can also provide significant insight in the developm

ent of drugs targeting 
tum

ors of the central nervous system
. 

U
sing am

bient ionization m
ass spectrom

etry, w
e rapidly detect tum

or m
etabolites from

 
tissue sections of surgically-resected tum

ors w
ithout tim

e-consum
ing preparation. The 

m
ethod is validated by correlating 2D

 m
ass spectrom

etry im
aging of tissue specim

ens 
w

ith histopathology, and used to characterize the m
olecular com

position of tissue w
ithin 

seconds 
to 

m
inutes. 

Im
aging 

tissue 
sections 

w
ith 

m
ass 

spectrom
etry 

show
s 

that 
diagnostic m

olecular signatures overlap w
ith areas of tum

or, thereby indicating tum
or 

m
argins. W

e have installed a m
ass spectrom

eter in our A
dvanced M

ultim
odality Im

age 
G

uided O
perating (A

M
IG

O
) suite at B

W
H

 and dem
onstrate the m

olecular analysis of 
surgical tissue during brain surgery. Im

aging tissue sections w
ith D

ESI M
S show

s that 
the onco-m

etabolite 2-hydroxyglutarate (2-H
G

) signal overlaps w
ith areas of tum

or and 
that 2-H

G
 levels correlate w

ith tum
or content, thereby indicating tum

or m
argins. 

M
apping the 2-H

G
 signal onto 3D

 M
R

I reconstructions of tum
ors allow

s the integration 
of m

olecular and radiologic inform
ation to potentially inform

 clinical decision m
aking.  

D
rug transit through the blood-brain barrier (B

B
B

) is essential for therapeutic responses 
in brain tum

ors. U
sing m

atrix assisted laser desorption ionization m
ass spectrom

etry 
im

aging (M
A

LD
I M

SI) in pre-clinical anim
al m

odels, w
e visualize drug and m

etabolites 
penetration in brain tissue w

ithout m
olecular labeling. W

e validated hem
e as a sim

ple and 
robust M

A
LD

I M
SI m

arker of the vasculature and go on to provide exam
ples of how

 
M

A
LD

I M
SI can provide chem

ical and biological insights into B
B

B
 penetrance and 

m
etabolism

 of sm
all m

olecule signal transduction inhibitors in the brain. 

Figure 
1. 

Three-dim
ensional 

m
apping 

of 
the 

onco-m
etabolite 

2-H
G

 
over 

M
R

I 
volum

e 
reconstruction 

for 
an 

oligoastrocytom
a 

grade II surgical case. (A
) N

orm
alized 2-

H
G

 signal is represented w
ith a w

arm
 

color scale as indicated by the scale bar, 
set 

from
 

the 
low

est 
to 

highest 
levels 

detected from
 this individual case. (B

) 
H

igh m
agnification m

icroscopy im
ages 

of an H
&

E-stained section of FFPE tissue 
from

  sam
ple S56 show

ing high tum
or 

cell concentration (U
pper) and of IH

C
 

for ID
H

1 R
132H

 m
utant (L

ow
er). (C

) 2-
H

G
 over tum

or volum
e reconstruction 

from
 the T2-w

eighted intraoperative M
R

I. 
(Inset) 

The 
residual 

lesion. 
(D

) 
M

icroscopy im
ages of H

&
E-stained sections of FFPE tissue from

 sam
ple S60 show

ing the 
presence of residual tum

or cells (U
pper) and of IH

C
 for ID

H
1 R

132H
 m

utant (L
ow

er). (Scale 
bar, 100 µm

.) 
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H
ybrid interventions –

indirect M
R

 assistance or direct M
R

 guidance

F. K
. W

acker

D
epartm

ent of R
adiology, H

annover M
edical School, G

erm
any

A
bstract: W

ith the increasing diagnostic use of M
R

I over the last decades a grow
ing interest 

for M
R

 guidance of interventional procedures becam
e evident. This stem

s from
 the unique 

advantages of M
R

I w
hich include excellent soft tissue contrast, functional as w

ell as
structural inform

ation, flexible im
age plane adjustm

ents and lack of ionizing radiation 
exposure. Technical im

provem
ents such as short m

agnet bores, stronger and m
ore 

hom
ogeneous m

agnets, im
proved gradient perform

ance as w
ell as new

 data sam
pling and 

reconstruction techniques have fueled the grow
th of M

R
-guided procedures. H

ow
ever, 

w
orkflow

 issues, poor access to the patient in the m
agnet and lack of devices m

ake M
R

 
guided procedures som

ew
hat challenging. 

A
t the sam

e tim
e, established interventional im

aging techniques such as x-ray fluoroscopy for 
vascular procedures and C

T and ultrasound for percutaneous needle based interventions show
 

a rem
arkable progress as w

ell. System
s specifically tailored for interventions, interventional 

m
odes in diagnostic scanners and interactive device guides are exam

ples for hardw
are 

im
provem

ents. Progress in im
age fusion, online registration and overlay techniques help to 

augm
ent 2D

 techniques such as fluoroscopy or ultrasound w
ith inform

ation from
 M

R
I. In 

com
bination w

ith device tracking techniques fusion technologies offer a tailored w
orkflow

 in 
a procedure friendly environm

ent.

A
 few

 institutions use com
bined X

-ray fluoroscopy/M
R

 im
aging system

s in one or tw
o 

connected room
s. Such hybrid system

s offer the strengths of tw
o m

odalities. H
ow

ever, the 
patient has to be m

oved betw
een the tw

o separate gantries, w
hich is som

ew
hat tim

e 
consum

ing. In addition, room
s and equipm

ent of such setups constitute a high capital 
investm

ent. Therefore, the use of M
R

I im
ages independently acquired prior to the procedure 

is a valuable alternative to both, hybrid room
s as w

ell as true M
R

I guidance

W
e w

ill present clinical and preclinical exam
ples for hybrid interventions, M

R
I guided 

procedures and interventions based on previously acquired M
R

 im
ages. Techniques such as 

cone beam
 C

-arm
 C

T including 2D
-3D

 and 3D
-3D

 registration m
ethods, ultrasound M

R
I 

fusion based guidance and augm
ented reality w

ill be discussed. 
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ocalization of the puncture spots of index lesions (PSIL
) and detection rate of prostate 

carcinom
as (PC

a) in M
R

 guided biopsies (M
R

G
B

) after negative T
R

U
S [T

ransrectal 
U

ltrasound] guided biopsies (T
R

G
B

)  
  D

r. m
ed. Stefan R

ödel (1), Sebastian B
laut (2), D

r. m
ed. Eberhard D

ürig (3), D
r. rer. nat. 

M
ichael B

urke (4), D
ipl.-Ing. R

onny Paulick (5), Prof. D
r. m

ed. habil. G
unter H

aroske (3), 
Prof. D

r. m
ed. habil. Frank Steinbach (2), Prof. D

r. m
ed. habil. Thom

as K
ittner (1) 

 (1) R
adiologische K

linik, K
rankenhaus D

resden-Friedrichstadt, D
resden, G

erm
any 

(2) U
rologische K

linik, K
rankenhaus D

resden-Friedrichstadt, D
resden, G

erm
any 

(3) Pathologisches Institut, K
rankenhaus D

resden-Friedrichstadt, D
resden, G

erm
any 

(4) G
E H

ealthcare, Solingen, G
erm

any 
(5) Saegeling M

edizintechnik Service- und V
ertriebs G

m
bH

, H
eidenau, G

erm
any  

 Purpose: R
etrospective analysis of the localization of puncture spots of index lesions and the 

detection rate of prostate carcinom
a using M

R
G

B
 after system

ic negative TR
G

B
. 

  M
aterial and M

ethods:  76 patients (pat), m
edian age 68 years, after at least one (m

edian 2) 
negative TR

G
B

 w
ith suspicious PSA

 (m
edian 8.6 ng/m

l) and w
ith “punctureable lesions” 

defined by m
pM

R
I (m

ultiparam
etric M

R
I) [1.5 T, ER

-coil, T2/D
W

I/D
C

E] underw
ent a 

M
R

G
B

 (T2/D
W

I, TR
IM

, 18 G
 - biopsy gun). For patients w

ith histological confirm
ed PC

a, a 
retrospective classification of the PSIL w

as conducted according to a standardized 27 (36)-
M

R
 graphic prostate reporting schem

e and the m
easurem

ent of the distance of the dorsal and 
caudal prostate border and lateral to the sagittal m

idplane. M
ann-W

hitney R
ank Sum

 Test w
as 

used to assess statistical significance. 
  R

esults: D
etecion rate for prostate carcinom

as by M
R

 guided biopsy after negative TR
U

S 
guided biopsy w

as 35%
. In these patients the preoperative distribution of G

leason Score (G
l) 

w
as: G

l 6 in 48.1%
, G

l 7a in 33.3%
, G

l. 7b in 14.8%
, G

l. 8 in 3.75%
. 

41%
 of PSIL w

ere solely located m
ore than 17 m

m
 aw

ay from
 the dorsal prostate border and 

are thus difficult to access w
ith a com

m
on system

ic TR
G

B
. 59%

 of PSIL w
ere located at a 

distance less than 17 m
m

 from
 the dorsal prostate border and therefore should be accessible 

by TR
G

B
. Posterior PSIL w

ere significantly (p=0.02) further caudal than anterior PSIL 
(m

edian: 19 m
m

 vs. 28 m
m

 to the apex level). 82%
 of anterior PSIL and 94%

 of posterior 
PSIL w

ere located in the peripheral zone (PZ). 75%
 of posterior PSIL are located laterally. 

  C
onclusion: D

etection rate for prostate carcinom
as by M

R
 guided biopsy after negative 

TR
U

S guided biopsy in our clinic is com
parable to results given in the literature. 

U
nexpectedly striking w

as the high num
ber of puncture spots on index lesions posterior 

lateral caudal. These dorsal puncture sites actually should be accessible via system
ic TR

G
B

; 
how

ever are they not detected w
ithin the scope of the system

ic unsighted TR
G

B
.  

 

       
Fig.: Prostate regions of localization of 
puncture spots of index lesions 
(M

R
G

B
 after negative TR

G
B

). 
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A
pplication of m

ultiparam
etric M

R
I PI-R

A
D

S scores and a novel system
 for M

R
I/T

R
U

S-
fusion guided biopsy for the detection of prostate cancer 

Susanne Tew
es 1*, K

atja H
ueper 1*, D

agm
ar H

artung
1, Florian Im

kam
p

2, Thom
as H

errm
ann

2, 
Juergen W

eidem
ann

1, M
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*contributed equally  

1Institute for D
iagnostic and Interventional Radiology, H

annover M
edical School  

2D
epartm

ent of U
rology, H

annover M
edical School 

Purpose - To evaluate m
ultiparam

etric M
R

I PI-R
A

D
S scores as proposed by the ESU

R
 and a 

novel system
 for M

R
I/TR

U
S-fusion guided biopsy for detection of prostate cancer (PC

a) in 
patients w

ith previous negative biopsy (91%
), no previous biopsy (6%

) and on active 
surveillance (3%

).  
M

aterial 
and 

M
ethods 

– 
Thirty-tree 

m
en 

w
ith 

clinical 
suspicion 

of 
PC

a 
underw

ent 
m

ultiparam
etric M

R
I (T2, D

W
I, D

C
E) on a 3T M

R
I. 65 lesions w

ere evaluated in consensus 
of tw

o radiologists w
ho w

ere blinded to clinical findings and histology. PI-R
A

D
S scores for 

each M
R

I sequence, the sum
 of the PI-R

A
D

S scores (PI-R
A

D
S sum

) and a global PI-R
A

D
S 

w
ere determ

ined (figure 1). M
R

I/TR
U

S-fusion guided biopsy w
as perform

ed after m
anual 

contouring of the prostate and the target lesions 
using 

B
ioJet®

 
softw

are 
(D

&
K

 
Technologies, 

G
erm

any, figure 2a) com
bined w

ith a transrectal 
ultrasound system

 (B
K

 M
edical). Fusion of M

R
I- 

and TR
U

S-im
ages is based on rigid registration 

(figure 
2b). 

PI-R
A

D
S 

scores 
of 

the 
dom

inant 
lesion 

w
ere 

com
pared 

w
ith 

pathological 
evaluation. D

iagnostic accuracy w
as determ

ined on 
a per-patient basis using R

O
C

-curve analysis.  
R

esults - M
R

I/TR
U

S-fusion guided biopsy w
as 

reliable 
and 

successful 
for 

64/65 
lesions 

and 
revealed PC

a in 25%
 of patients. O

ne anterior 
lesion w

as not reached by transrectal biopsy; this 
patient 

w
as 

excluded 
from

 
the 

analysis. 
N

o 
difference of PSA

-levels betw
een patients detected 

w
ith and w

ithout PC
a w

as found (11.4±8.4 vs 
8.4±3.8 µg/L, p=0.36). Lesion size w

as com
parable 

(12.4±6.7 
vs 

12.7±4.8 
m

m
, 

p=0.87), 
w

hereas 
global PI-R

A
D

S and PI-R
A

D
S sum

 scores w
ere 

higher in patients w
ith PC

a (global PI-R
A

D
S: 

4.0±1.3 
vs 

2.6±0.9, 
p<0.01; 

PI-R
A

D
S 

sum
: 

10.6±3.5 
vs 

6.9±2.7, 
p<0.01). 

B
est 

diagnostic 
accuracy w

ith sensitivity and specificity of 88%
 

and 83%
, respectively, w

as achieved by using 
global PI-R

A
D

S w
ith a cut-off ≥4 (A

U
C

 = 0.82) 
or PI-R

A
D

S sum
 scores w

ith a cut-off of ≥10 
(A

U
C

 = 0.79). The negative predictive value w
as 

95%
. Each sequence alone had a low

er diagnostic 
accuracy. Sensitivities/ specificities w

ere 88/71%
 

for T2 (cut-off ≥3), 88/71%
 for D

W
I (cut-off ≥3) 

and 75/82%
 for D

C
E (cut-off ≥4).  

C
onclusion 

- 
M

ultiparam
etric 

M
R

I 
PI-R

A
D

S 
scores 

allow
 

diagnosis 
of 

PC
a 

w
ith 

high 
sensitivity and specificity and w

ere superior to 
scores of each sequence alone. The novel system

 
is reliable for M

R
I/TR

U
S-fusion guided biopsy. 

 
 

 Figure 1: 70-year-old patient. A
fter tw

o negative 
TR

U
S- biopsies, PSA

-levels rose to 6.5 µg/l. 
M

ultiparam
etric 

M
R

I 
w

as 
perform

ed. 
A

 
PIR

A
D

S-Sum
 of 13 w

as determ
ined, giving an 

overall PIR
A

D
S of 5, m

ost probably m
alignant. 

Fusion-guided biopsy revealed a G
leason 4+5=9 

tum
our in 5/5 biopsy cores. 

Figure 2:  a) B
ioJet®

 softw
are for contouring of 

        the prostate and the target lesion. 
 

   b) M
R

I/TR
U

S-fusion and –biopsy. 
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p
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M
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a
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b
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o
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1
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o
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1
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ra
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1
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h

u
n

g
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1
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n
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o

ro
n
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a
n

d
 P

rin
cess M

a
rg

a
ret C

a
n

cer C
en

tre
2 

P
u

rp
o

se: T
o

 d
eterm

in
e th

e ro
le an

d
 n

eed
 o

f b
io

p
sy co

n
firm

atio
n

 in
 th

e treatm
en

t p
lan

n
in

g
 

p
ro

cess o
f tu

m
o

r-b
o

o
sted

 rad
io

th
erap

y. 

M
a

teria
ls a

n
d

 M
eth

o
d

s: 2
2

 p
atien

ts w
ith

 lo
calized

 p
ro

state can
cer an

d
 a v

isib
le n

o
d

u
le o

n
 M

R
I 

co
rresp

o
n

d
in

g to
 h

isto
p

ath
o

lo
g

y o
n

 T
R

U
S

-gu
id

ed
 b

io
p

sy w
ere p

ro
sp

ectiv
ely en

ro
lled

 b
etw

een
 

2
0

1
2

 an
d

 2
0

1
4

.  In
 th

e treatm
en

t p
lan

n
in

g
 p

ro
cess fo

r tu
m

o
r-b

o
o

sted
 rad

io
th

erap
y, p

atien
ts 

u
n

d
erw

en
t 

a 
co

n
firm

atio
n

 
M

R
I-gu

id
ed

 
tu

m
o

r 
b

io
p

sy 
at 

th
e 

tim
e 

o
f 

fid
u

cial 
m

ark
er 

(F
M

) 
in

sertio
n

.  In
tegrated

 treatm
en

t p
lan

n
in

g
 M

R
I an

d
 b

io
p

sy p
ro

ced
u

res w
ere p

erfo
rm

ed
 in

 a 3
T

 
scan

n
er (V

erio
, S

iem
en

s) u
sin

g a en
d

o
rectal co

il system
 (H

o
lo

gic In
c) an

d
 tran

sp
erin

eal tem
p

late 
u

n
d

er o
n

lin
e n

agiv
atio

n
 (A

egis, H
o

lo
gic).  Im

ag
es w

ere acq
u

ired
 w

ith
 n

eed
s in

 situ
 to

 d
o

cu
m

ent 
tu

m
o

r targetin
g accu

racy.  M
R

I in
clu

d
ed

 ax
ial T

2
w

 T
S

E
, D

W
I, an

d
 D

C
E

 acq
u

isitio
n

s.  T
u

m
o

r 
b

earin
g regio

n
s w

ere sco
red

 acco
rd

in
g

 to
 P

I-R
A

D
S

 classificatio
n

. A
ll P

I-R
A

D
S

=
3

-5
 lesio

n
s 

w
ere targ

eted
 fo

r 1
-2

 co
re b

io
p

sy p
rio

r to
 in

sertio
n

 o
f F

M
s.  T

u
m

o
rs w

ere segm
en

ted
 b

ased
 o

n
 

M
R

I an
d

 b
io

p
sy fin

d
in

gs.  1
1

 p
atien

ts receiv
ed

 an
 in

tegrated
 b

o
o

st to
 ex

tern
al b

eam
 rad

io
th

erap
y 

to
 9

5
G

y, an
d

 1
1

 p
atien

ts receiv
ed

 an
d

 H
D

R
 b

rach
yth

erap
y b

o
o

st o
f 1

1
G

y. 

R
esu

lts: T
h

irty six
 b

io
psy targ

ets w
ere id

en
tified

, o
f w

h
ich

 2
8

 w
ere co

n
firm

ed
 m

align
an

t.  A
ll 

(1
2

/1
2

) P
I-R

A
D

S
=

5
 lesio

n
s w

ere co
n

firm
ed

 m
align

an
t, w

h
ile 8

8
%

 (1
4

/1
6

) P
I-R

A
D

S
=

4
 lesio

n
s 

an
d

 2
5

%
 (2

/8
) P

I-R
A

D
S

=
3

 lesio
n

s w
ere fo

u
n

d
 m

align
ant.  Im

p
o

rtan
tly, six

 targets w
ere m

issed
 

m
argin

ally at th
e tim

e o
f b

io
p

sy, p
rim

arily d
u

e to
 n

eed
le d

eflectio
n

 b
y tu

m
o

rs.  

C
o

n
clu

sio
n

s: 
B

io
p

sy 
co

n
firm

atio
n

 
o

f 
P

I-R
A

D
S

 
4

,5
 

lesio
n

s 
m

ay 
n

o
t 

b
e 

n
ecessary 

in
 

th
e 

treatm
en

t p
lan

n
in

g p
ro

cess fo
r tu

m
o

r-b
o

o
sted

 rad
io

th
erap

y, w
h

ile P
I-R

A
D

S
=

3
 lesio

n
s sh

o
u

ld b
e 

co
n

firm
ed

 p
rio

r to
 d

o
se-escalatio

n
.  O

u
r o

b
serv

ation
 o

f n
eed

le d
eflectio

n
 b

y tu
m

o
rs h

igh
ligh

ts 
th

e d
ifficu

lties in
h

eren
t in

 lim
ited

 sam
p

lin
g, an

d
 p

o
ten

tial ch
allen

ges if u
sin

g altern
ate gu

id
an

ce 
strategies. 
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Purpose:  
The purpose of this study w

as to assess the feasibility of an M
R

-com
patible, robotic device as 

an aid to perform
 transrectal prostate biopsy in m

ales w
ith rising PSA

 and previous negative 
biopsies.  
M

aterials and M
ethods: 

This prospective study w
as approved by the institutional review

 board and w
ritten inform

ed 
consent w

as obtained from
 all patients. Perm

ission w
as given for inclusion of 20 patients. 

Inclusion criteria for prostate biopsy w
ere; a history of at least one negative transrectal 

ultrasound-guided biopsy, no prior treatm
ent of the prostate, and at least one suspicious 

prostate lesion w
ith a PIR

A
D

S score of 3 or higher detected on the diagnostic m
ulti-

param
etric M

R
I. The m

ulti-param
etric M

R
I com

prised T2-w
eighted, diffusion-w

eighted, and 
dynam

ic contrast-enhanced sequences. A
ll procedures w

ere perform
ed in a 3T M

R
 scanner 

w
ith an M

R
-com

patible, rem
ote controlled, second generation robotic biopsy device (Soteria 

M
edical, the N

etherlands).  
 

R
esults: 

Thus far 9 patients w
ere included in this ongoing study. A

 total of 9 prostate lesions w
ith a 

PIR
A

D
S score of 3 or higher w

ere detected in 9 patients. M
edian patient age, PSA

, previous 
negative TR

U
S sessions w

as 69 years, 11 ng/m
L, and 2 sessions respectively. A

ll lesions 
w

ere reachable for biopsy. N
o com

plications occurred. A
 m

edian of 2 biopsies per lesion 
w

ere taken. Six out of 9 lesions (67%
) w

ere proven to be prostate cancer (1x G
leason Score 

(G
S) 9, 1xG

S8, 3xG
S7, 1x G

S6). Tw
o biopsies contained prostatitis, and one contained no 

abnorm
ality. The m

edian procedure tim
e w

as 37 m
inutes. M

edian m
anipulation tim

e for 
needle guide m

ovem
ent w

as 7.8 m
inutes.  

 
C

onclusion:  
It is feasible to perform

 transrectal prostate biopsy using a rem
ote controlled, M

R
-com

patible, 
robotic device as an aid. It is a safe, fast, and efficient w

ay to biopsy suspicious prostate 
lesions w

ith a m
inim

um
 num

ber of biopsies per patient. 
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C
atheter reconstruction and displacem

ent during M
R

I guided focal H
D

R
 prostate 

brachytherapy 
M

. M
aenhout 1, M

.A. M
oerland

1, J.R.N
. van der Voort van Zyp

1, M
. van Vulpen

1 

1D
epartm
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ncology, U

niversity M
edical C

entre U
trecht, The N

etherlands 

Purpose/B
ackground 

Localized prostate cancer is com
m

on in m
en. M

any of these localized tum
ours are 

biologically indolent. H
ow

ever, now
adays, w

hole gland treatm
ents, such as radical 

prostatectom
y or low

 dose rate brachytherapy, are often im
plem

ented. These w
hole gland 

treatm
ents can lead to overtreatm

ent and severe toxicity. Therefore, strategies to reduce 
toxicity, such as focal treatm

ent, are w
arranted. W

ith the use of m
ultiparam

etric M
R

I, the 
focal tum

our region can be localized (Figure 1). A
fter insertion of the catheters for the high-

dose-rate (H
D

R
) brachytherapy procedure, reconstruction of these catheters is required to 

obtain a brachytherapy treatm
ent plan. In case of w

hole gland low
-dose-rate brachytherapy 

procedure, needles are often reconstructed on ultrasound im
ages. In focal H

D
R

 brachytherapy 
treatm

ent, exact irradiation of the tum
our focus is of great im

portance. W
ith the help of M

R
I 

guidance, precise catheter placem
ent w

ithin the tum
our in the prosate is possible. Therefore, 

reconstruction of the catheters on M
R

 im
aging is required to generate a focal high-dose-rate 

(H
D

R
) brachytherapy treatm

ent plan. Furtherm
ore, it is possible to determ

ine w
hether 

catheter tips are in the desired position w
ithin the tum

our prior to irradiation and if m
igration 

of the catheter has occurred during H
D

R
 brachytherapy treatm

ent. In this abstract, 
reconstruction and displacem

ent of the brachytherapy catheters on M
R

 im
ages are described.  

M
aterial and M

ethods 
In the U

M
C

 U
trecht, 18 patients underw

ent M
R

I guided focal high dose rate brachytherapy. 
For this treatm

ent, self-anchoring um
brella catheters w

ere used, developed by Pieters et al. 
(2006)(1). B

efore treatm
ent, a 3 T m

ultiparam
etric M

R
I w

as perform
ed to assess tum

our 
localization (Figure 1). D

uring the M
R

I guided brachytherapy procedure, a 1.5 T M
R

I w
as 

m
ade directly after catheter placem

ent. 3D
 im

ages w
ere acquired w

ith balanced steady state 
free precession sequence. In sagital direction SPIR

 (spectral presaturation w
ith inversion 

recovery) and in transverse direction SPA
IR

 (spectral attenuated inversion recovery) fat 
suppression w

as applied. These scans w
ere used for catheter reconstruction and generation of 

the intra-operative H
D

R
 brachytherapy plan. A

fter treatm
ent, a few

 hours later, a second M
R

I 
w

as m
ade and m

atched w
ith the previous M

R
I, to determ

ine if the irradiation catheters 
m

igrated.  

R
esults 

For all 18 patients, irradiation catheters w
ere clearly visible on M

R
I (see Figure 2), so catheter 

reconstruction for treatm
ent planning w

as easily perform
ed.  

In 5 patients, catheter m
igration w

as assessed by com
paring the coordinates of the needle tip 

on the planning M
R

I w
ith the coordinates of the needle tip on the M

R
 im

aging after 
treatm

ent. A
 m

axim
um

 displacem
ent of 4 m

m
 w

as seen in only 1 catheter. A
 displacem

ent of 
2-3 m

m
 w

as seen in 3 catheters and a displacem
ent of 1-2 m

m
 in 8 catheters. In all other 58 

catheters, a m
axim

um
 catheter m

igration of only 0-1 m
m

 w
as m

easured. 

C
onclusion 

C
atheter reconstruction on M

R
I during M

R
I guided treatm

ent can be perform
ed easily. There 

is hardly any displacem
ent of catheters during M

R
I guided treatm

ent.  

  Figure 1: A
ssessm

ent of tum
our localization on m

ultiparam
etric M

R
I. A

. transversal T2 
w

eighted im
age, B

. transversal A
D

C
, C

. transversal K
-trans  

 

Figure 2: catheter visualization on M
R

I. A
. sagital view

, B
. transversal view

.  
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 an

d
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ted
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sin

g
 

m
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M

R
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u
id
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b
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p
sy. 

6
 

p
atien

ts 
u

n
d

erw
en

t 
rad

ical 
p

ro
statecto

m
y 

(R
P

), 
an

d
 

w
h

o
le-m

o
u

n
t h

isto
p

ath
o

lo
g

y w
as reg

istered
 to

 M
R

I.   1
5

 p
atien

ts w
ere treated

 w
ith

 H
D

R
 salv

ag
e 

b
rach

yth
erap

y u
sin

g
 a d

o
se-p

ain
tin

g
 ap

p
ro

ach
.  2

 p
atien

ts d
id

 n
o

t co
m

p
lete th

erap
y an

d
 w

ere 
ex

clu
d

ed
 fro

m
 an

alysis.  M
ed

ian
 fo

llo
w

-u
p

 w
as 3

6
 an

d
 4

2
 m

o
n

th
s fo

r th
e R

P
 an

d
 H

D
R

 co
h

o
rts, 

resp
ectiv

ely.  B
rach

yth
erap

y w
as d

eliv
ered

 in
 tw

o
 im

p
lan

ts a m
ean

 1
0

 d
ays ap

art (7
-1

4
).  F

o
r 

each
 im

p
lan

t, a d
o

se o
f 1

1
G

y to
 th

e tu
m

o
r (8

G
y to

 th
e p

ro
state g

lan
d

) w
as ad

m
in

istered
.  R

ates 
o

f b
io

ch
em

ical co
n

tro
l, lo

cal co
n

tro
l, an

d
 d

istan
t failu

re w
ere m

easu
red

 at last fo
llo

w
-u

p
.  L

o
cal 

co
n

tro
l w

as d
eterm

in
ed

 u
sin

g
 M

R
I-g

u
id

ed
 b

io
p

sy 2
-3

.5
 years after H

D
R

.  L
ate ad

v
erse ev

en
ts 

w
ere g

rad
ed

 acco
rd

in
g
 to

 C
T

C
A

E
v

4
.0

, an
d

 co
m

p
ared

 u
sin

g
 a 2

-tailed
 Z

 test.   

R
esu

lts: L
o

cal failu
re w

as fo
u

n
d

 in
 3

 o
f 1

1
 p

atien
ts w

ith
 rep

eat b
io

p
sy, all w

ith
in

 th
e h

ig
h

-d
o

se 
reg

io
n

. B
io

ch
em

ical failu
re w

as p
rev

alen
t (n

=
7

/1
3

) d
u

e to
 system

ic p
ro

g
ressio

n
.  O

u
tco

m
es w

ere 
sim

ilar b
etw

een
 H

D
R

 an
d

 R
P

 co
h

o
rts, ex

cep
t fo

r h
ig

h
er g

rad
e 3

 to
x

icity w
ith

 R
P

 (8
 v

s. 6
7

%
, 

p
=

0
.0

0
7

) d
u

e to
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lad
d

er n
eck

 co
n

tractu
res.  R

P
 h

isto
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g
y co
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o

n
d

ed
 w
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 all sites o

f M
R
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d

efin
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d
istan

t 
m

icro
fo

ci w
ere fo

u
n

d
 in

 4
/6

 cases. 

C
o

n
clu

sio
n

s: D
o

se-p
ain

ted
 salv

ag
e H

D
R

 b
rach

yth
erap

y ach
iev

ed
 fav

o
rab

le to
x

icity an
d

 lo
cal 

co
n

tro
l.   P

attern
s o

f failu
re in

d
icate a n

eed
 fo

r b
etter selectio

n
 o

f p
atien

ts w
ith

 lo
cal-o

n
ly d

isease 
an

d
 fu

rth
er d

o
se-escalatio

n
 to

 th
e tu

m
o

r.  A
 fo

cal salv
ag

e strateg
y m

u
st co

n
sid

er u
n

certain
ties in

 
tu

m
o

r seg
m

en
tatio

n
 d

esp
ite M

R
I-g

u
id

ed
 b

io
p

sy. 

F
ig

u
re: T

O
P

 –
 recu

rren
ce w

ith
in

 G
T

V
. B

O
T

T
O

M
: su

ccessfu
l salv

ag
e.  

D
esign C

onsiderations for a Flexible R
F C

oil D
esign for an Endorectal H

IFU
 D

evice 
John M

atthew
 Pavlina

1, Tetiana D
adakova

1, M
artijn H

oogenboom
2, M

artin van A
m

erongen
2, Jurgen Futterer 2, M

ichael B
ock

1 
1M

edical Physics, D
epartm

ent of D
iagnostic Radiology, U

niversity M
edical C

enter Freiburg, G
erm

any. 
2D

epartm
ent of Radiology, R

adboud U
niversity N

ijm
egen M

edical C
entre, N

ijm
egen, N

etherlands. 
Introduction 
M

R
 im

aging of the hum
an prostate is com

m
only perform

ed w
ith endorectal coils to increase the local SN

R
 in the prostate gland. A

t present, tw
o 

prostate coil types are com
m

ercially available: single-channel flexible loop coils (M
edrad) at 1.5T and 3T, and tw

o channel rigid coils (H
ologic, 

Inc).The purpose of this w
ork w

as to evaluate w
hether flexible endorectal coils can be com

bined w
ith an endorectal high intensity focused ultrasound 

(H
IFU

) device. The endorectal coil is designed to increase the M
R

 sensitivity in the H
IFU

 treatm
ent area w

hich reduces the tem
perature error during 

H
IFU

 ablation.  A
s the coil is in close proxim

ity to the U
S transducer and is loaded by the U

S coupling m
edium

, it requires tuning w
ithin the m

agnet 
bore under tissue loading conditions. Tuning is im

practicable for clinical applications, and thus this research aim
s at defining design considerations 

for an endorectal coil so that it can be pre-tuned and m
atched for endorectal H

IFU
 applications. 

M
aterials and M

ethods 
C

oupling betw
een R

F coil and U
S transducer can be m

inim
ized by increasing the distance betw

een coil and transducer, and thus a coil design w
as 

chosen that can be etched on a flexible substrate.  For feasibility analysis a flexible coil w
as m

ade using copper on a K
apton®

 polyim
ide substrate 

(Fig. 3).  The dielectric loading of the coil by the proxim
ity of a dielectric m

edium
 (here: w

ater) induces losses that can be described [1] by a parasitic 
capacitance and a series resistance betw

een the coil and the dielectric (cf. equivalent circuit in Fig. 1).  U
sing this sim

plified coil m
odel an analytical 

solution has been derived for the circuit.   
For com

parison w
ith this theoretical solution, a num

erical coil m
odel w

as im
plem

ented and sim
ulated using the FEM

 softw
are package (H

FSS, 
A

N
SY

S, Inc.). The coil (length: 8 cm
, w

idth: 4 cm
, copper thickness: 0.035 cm

) w
as placed in proxim

ity to a U
S transducer (m

odeled as a copper 
sheet on a substrate) and w

ater, and the conductivity of the w
ater w

as varied. To assess the coil perform
ance the field profile as w

ell as, the change in 
reflected pow

er w
as calculated, and the coil quality factor Q

 and the resonance frequency w
ere evaluated. 

R
esults 

A
s expected, w

hen the coil w
as sim

ulated w
ith the U

S transducer the effect on the field profile w
as less than 1%

 in the area of interest.  W
hile w

hen 
the conductivity of the w

ater w
as varied betw

een distilled w
ater (0.00001 S/m

) and tap w
ater (0.1 S/m

) som
e change is observed.  Figure 4a show

s a 
com

parison betw
een the Q

 changes calculated w
ith sim

ulation and the sim
plistic m

odel. B
oth calculations predict a reduction of Q

 w
ith increasing 

conductivity. The change in resonance frequency w
ith respect to conductivity is show

n in Figure 4b.  A
t a conductivity of greater than approx. 10

-3 
the tw

o m
odels start to deviate.  W

hen the Q
 is no longer considered “high” (~Q

<10) new
 param

eters m
ust be taken into account for w

hich the 
sim

plistic m
odel cannot accom

m
odate. Since an R

F coil in a H
IFU

 system
 is directly exposed to the surrounding m

aterial, tuning and m
atching can 

becom
e im

practical, if the influences of loading conditions are not taken into account.  A
utom

atic tuning of coils has been proposed to com
pensate 

for different loading conditions; how
ever, this requires additional tuning hardw

are w
hich com

plicates the coil design. Since lim
ited space inside the 

rectum
 (<4cm

 diam
eter) and size relative to all the other H

IFU
 com

ponents m
ust be considered as w

ell, the use of a lim
ited num

ber of devices on the 
coil is preferable. B

ased on these calculations it is possible to characterize the change in resonance frequency based on prior conductivity 
assessm

ents, w
hich w

ould greatly sim
plify the design and optim

ization of endorectal coils in H
IFU

 treatm
ent devices.  A

 H
IFU

 test w
as perform

ed 
using a sam

ple coil for evaluation purposes.  The coil w
as placed in w

ater and w
rapped around a store bought chicken breast.  Therm

al ablation w
as 

perform
ed and the tem

perature inform
ation w

as extracted during post processing.  The coil w
orked as expected providing significant signal to 

backround of above 30dB
 in m

ost areas of interest. 
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Fig. 1: Coil m
odel with parasitic 

capacitance.  
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Fig. 4: The effect of conductivity on the quality factor (left) and resonance frequency (right) of the 
coil using the FEM

 m
odel and an equivalent circuit m

odel.  
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edium

.  

 
Fig. 3: Sam

ple coil m
ade on a flexible 

substrate  

Fig. 5: 3T im
age of the m

eat with 
surrounding water bath.  
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 Purpose 
In diagnostic and treatm

ent procedures such as biopsies and brachytherapy for prostate 
cancer, m

agnetic resonance im
aging (M

R
I) offers superior soft tissue contrast and 

therefore,  im
proved visualization of the tum

our and organs at risk. M
R

 guidance during 
treatm

ent can lead to m
ore precise irradiation of the tum

our location. D
ue to space 

restrictions inside the closed-bore M
R

 scanner, the developm
ent of a M

R
-com

patible 
robotic interventional system

 is required. A
 robot dedicated to M

R
I-guided interventions 

(Figure 1) in prostate cancer patients is being developed at the U
niversity M

edical C
enter 

U
trecht (U

M
C

U
). This robotic device allow

s on-line M
R

I-guided needle placem
ent. The 

needle is inserted stepw
ise using a ham

m
ering m

echanism
, this to prevent prostate 

deform
ation. 

The aim
 of this w

ork is to investigate accuracy, precision and safety of the unique needle 
system

 (Figure 2) and tapping m
echanism

 of the robotic device. The robotic device w
ill 

only target the focal tum
our lesion w

ithin the prostate through a focal H
D

R
 

brachytherapy technique. Therefore, accuracy, precision and safety are of great 
im

portance to reach the exact tum
our focus.   

M
aterial and M

ethods 
H

am
m

ering experim
ents w

ere perform
ed on a foam

 phantom
 w

ith a body equivalent 
insertion force (30-40 N

), to determ
ine safety of the needle system

. Safety of the needle 
system

 w
as defined as no dam

age to the needle and no excessive needle bending. 
D

ifferent size steps and pressures w
ere used to insert the needle into a phantom

. Step 
sizes varied from

 2-5 m
m

, the ham
m

er w
as launched using air pressures varied from

 2-
4.5 bar. The needle w

as inserted several tim
es. A

fter each needle insertion, bending of the 
needle w

as m
easured and the needle w

as inspected for m
acroscopic dam

age.  
To assess precision, the needle w

as inserted 5 tim
es through an agar gel phantom

 to a 
predefined target point on a 1 m

m
 grid paper (Figure 3).  

Tests in the M
R

 scanner w
ere perform

ed to assess accuracy of targeting. A
 m

arker 
attached on the robot near the needle exit point w

as used as a reference. This w
as at 9 cm

 
from

 the target point in the phantom
.  

R
esults  

B
ending of the needle depends on step size and the pressure of the ham

m
ering system

. A
 

step size of 2 m
m

 w
ith a pressure of 2 bar show

ed no dam
age to the needle and an 

acceptable bending of  ≤1.5 m
m

 for all insertions. A
fter  the agar gel phantom

 w
as 

perforated 5 tim
es, a needle deviation of 1.2 m

m
 w

as observed (needle diam
eter of 1.9 

m
m

, Figure 3). M
oving the robotic device 2 cm

 in left-right direction and 9 cm
 in cranio-

caudal direction, targeting a phantom
 in the M

R
 coordinate system

, w
ith the m

arker on 
the robot as a reference, w

as accurate w
ithin 1m

m
.  

C
onclusion 

The preclinical tests of the needle system
 and tapping m

echanism
 show

 that the needle is 
safe and that the robotic M

R
 guided targeting is accurate.  

 
Figure 1. M

R
 com

patible robotic device 
 

 
Figure 2. N

eedle  
 

 
Figure 3. Precision of needle insertions by ham

m
ering m

echanism
. A

. Set up. B
. First 

insertion. C
. 5 insertions w

ithin a circle of 1.2 m
m

 radius (needle diam
eter of 1.9 m

m
).   
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Introduction:
Postim

plant dosim
etry is a crucial quality assurance 

m
easure 

for 
perm

anent 
seed 

low
 

dose 
rate 

(LD
R

) 
prostate

brachytherapy
[1].In

recent years, X
-ray C

T has been the m
odality of 

choice for the visualization of
seeds

for
postim

plant dosim
etry. 

H
ow

ever, C
T

faces difficulties in accurate contouring
of the prostate 

due to poor soft tissue contrast, w
hereas M

R
I exhibits superior soft

tissue contrast [2].
Therefore, it w

ould be favorable if M
R

I
could

be 
used to

both
accurately depict the

seeds
and delineate the prostate,

enabling
fully M

R
I-based postim

plant dosim
etry. H

ere,the feasibility 
to

depict brachytherapy seeds in vivo
using an optim

ized version
of 

the
m

ethod called center-out radial sam
pling w

ith off-resonance 
reconstruction 

(R
A

SO
R

), 
eventually 

aim
ing 

at 
fully 

M
R

I-based
postim

plant 
dosim

etry,
w

ill 
be 

investigated
and

qualitatively
com

pared to conventional X
-ray C

T.
M

ethods:
Im

aging param
eters:

A
3D

Stack-of-Stars
balanced 

Turbo Field Echo (bTFE) w
ith

SPA
IR

 fat-suppression (220H
z 

offset) and full profile sam
pling

w
as developed; TFE factor = 30;

TR
/TE =3.3/1.6m

s;BW
 = 1085

H
z;N

SA
 = 2; density of angles 

= 
90%

; 
total 

scan 
tim

e 
= 

3m
in24sec.

O
ther 

im
aging 

param
eters 

included 
a 

field 
strength of 3T

(Philips A
chieva 

TX
),

FO
V

 = 250x250x90 m
m

, 
scan m

atrix 250x250x45; recon. m
atrix = 512x512x90; flip = 25.

Processing:
O

ff-resonance reconstructions 
w

ere obtained
retrospectively

using Δf0 =2K
H

z
[3,4].

The relative signal increase
(Fig. 1c)

w
as calculated by 

dividing the R
A

SO
R

im
age

(Fig. 1b)by the onresonance im
age

(Fig. 1a). The finalbackground-suppressed
(bs) 

R
A

SO
R

im
age

(Fig. 1d)w
as obtained by subtraction ofthe onresonance im

age.O
rthogonal m

axim
um

 intensity 
projections (M

IP’s) w
ere m

ade from
 the bs-R

A
SO

R
data

after rigid registration to the C
T data,as depicted in 

Fig. 2b I, II, III. Patients:
Four patient w

ho underw
ent perm

anent seed prostate brachytherapy and standard
dosim

etry (C
T and M

R
I based)

at 1 m
onth postim

plant
received an additional M

R
I scan

according to the 
m

ethods just described.
R

esults:The proposed R
A

SO
R

 im
aging sequence enabled

accurate depiction of the
brachytherapy seeds

w
ith 

high positive contrast
and high specificity.

The
background suppression enabled seed visualisation in

a
fluoroscopic w

ay (Fig. 2.b).Interestingly, the bs-R
A

SO
R

 technique depicted bone structures w
ith relatively 

high values, enabling 3D
 rigid registration of M

R
I (fig. 2b) to C

T (Fig. 2a). W
hen aim

ing atfully M
R

I-based 
postim

plant dosim
etry,

the fact that
a seed is depicted as a ‘dum

bell-shaped’ hyperintensity, as thoroughly 
described and dem

onstrated in previous w
ork

[3,4],should be taken into account.
C

onclusions:
This study dem

onstrates
the feasibility of in vivo

M
R

I-based localisation of im
planted 

brachytherapy seeds w
ith positive contrast and high specificity, using a robust, clinically

available im
aging 

sequence w
ith R

A
SO

R
 reconstruction and straightforw

ard post-processing.O
ther applications of this technique 

m
ay be bone and fiducial im

aging for M
R

I-based treatm
ent planning in external beam

 radiotherapy,
bone 

im
aging for dose calculation and attenuation correction in PET-M

R
I.
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 The prototype of a portable M
R

I guided H
igh Intensity Focused U

ltrasound (H
IFU

) system
 

for abdom
inal applications had been developed in the N

ational H
ealth R

esearch Institute in 

Taiw
an. The system

 configures w
ith an arc positioning structure, w

hich is detachable from
 the 

patient table and w
hich fits inside the gantry of an M

R
I system

. The system
 is equipped w

ith 

a hom
e-m

ade annular array H
IFU

 probe, attached to the arc structure for treatm
ent. Four 

degrees of freedom
, three m

echanical and one electronic, are allow
ed for autom

atic control of 

the position of the focal lesions. In order to prepare for the first-in-hum
an clinical trial, three 

live porcine anim
als have been tested to produce therm

al lesions on the inner side of the thigh 

m
uscle area using a 3T M

R
I system

 in C
hang G

ung M
em

orial H
ospital at Linkou, Taiw

an. 

The anim
als w

ere 6 to 8 m
onths old and w

eighed betw
een 50 to 70 kg. W

hen 300W
 electrical 

pow
er w

as applied to the H
IFU

 probe for 30 and 45 seconds, there show
ed successful therm

al 

lesion generation on the targeted spots. M
R

 Therm
om

etry 
w

as used to m
onitor the 

tem
perature rise on the treatm

ent spots every 2 seconds throughout the treatm
ent procedures. 

Post procedure M
R

 T2 im
ages also show

ed clearly lesion contrast on the treatm
ent spots. 
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Purpose: 
T

h
e
 
ta

rg
e
t 

tra
c
k

in
g
 
te

c
h

n
iq

u
e
 
to

 
“
lo

c
k-o

n
”
 
th

e
 
fo

c
a
l 

s
p

o
t 

is
 
re

q
u

ire
d

 
fo

r H
igh 

intensity focused ultrasound (H
IFU

) treatm
ent of the liver 1). In order to m

aintain sufficient 
tracking accuracy, both translation and deform

ation of the tissue need to be detected. In this 
study, w

e analyzed the three-dim
ensional deform

ation of the liver under slow
 breathing based 

on the m
orphological changes of the branching structures of the portal vein obtained by M

R
 

im
aging. 

M
ethod: M

ulti-slice M
R

 im
ages w

ere acquired in a healthy volunteer liver w
ith Fast Im

aging 
Em

ploying Steady state A
cquisition (FIESTA

) w
ith 3.0T M

R
I (Signa EX

C
ITE H

D
xt ver.16, 

G
E H

ealthcare U
K

 Ltd.). Im
aging conditions w

ere as follow
s: TR

/TE, 4.85/1.98 m
s; slice 

thickness, 5m
m

; inter-slice spacing, 0 m
m

; field of view
, 35 x 35 cm

2; acquisition m
atrix, 256 

x 192; flip angle, 90 degrees. Six slices covering a sagittal slab of 3-cm
 thickness w

ere 
continuously acquired during slow

 breathing. The im
ages in a slab w

ere then linearly 
interpolated to have isotropic voxel data. The slabs at different tim

e points w
ere re-ordered 

according to the diaphragm
 position extract from

 each im
age using a three-dim

ensional 
tem

plate-m
atching m

ethod. N
ine regions of interest including branching vessels in the volum

e 
w

ere also tracked using the three-dim
ensional tem

plate-m
atching m

ethod. Search areas of 
tracking branching points w

ere set in order to height of diaphragm
. D

istance betw
een the center 

of the reference 
R

O
I 

a
n

d
 
o

th
e
r 

e
ig

h
t 

R
O

Is
’ 

c
e
n

te
r 

w
e
re

 
c
a
lc

u
la

te
d

 
fo

r 
e
a
c
h

 
im

a
g

e
 
s
e
ts

. 

Expansion and contraction of each R
O

I pair w
ere calculated. 

R
esult: A

s show
n in Figure 1, distance betw

een the reference and the other R
O

Is 
w

ere 
not 

flat. 
The 

expansion 
and 

contraction w
ere 5m

m
, 60m

m
 and 20m

m
 

in A
P, SI and LR

 direction. The gradient 
of the each line expresses the degree of 
the expansion. The expansion in the 
anterior region w

as 5 to 6 m
m

 larger than 
the posterior region, suggesting that the 
organ m

otion w
as m

ore restricted in the 
posterior 

region 
by 

the 
surrounding 

tissues.  
C

onclusion: The results dem
onstrated 

that 
the 

three-dim
ensional 

m
otion 

tracking of the liver w
as feasible by 

observing the vessel branches w
ith rapid 

M
R

 im
aging and the pattern m

atching 
techniques.  
R

eferences: 1) K
okuryo D

, K
um

am
oto 

E, Takao E, Fuji S, K
aihara T, K

uroda K
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Evaluation 
of 

a 
vessel-tracking-based 

technique 
for 

dynam
ic 

targeting 
in 

hum
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M
agn R
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ed
，

67(1), 
pp156-163

，
2012 

Figure1: D
istance betw

een the reference R
O

I and the 
other R

O
Is at the position of the reference R

O
I in SI 

direction. 
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R
eal tim

e M
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 guided H
IFU

 treatm
ent of m

ice m
elanom

a tum
ors: a feasibility study 
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 Purpose: There are different high intensity focused ultrasound (H

IFU
) ablation techniques for the 

treatm
ent 

of 
tum

ors 
such 

as 
hypertherm

ia 
or 

therm
al 

ablation. 
H

ow
ever, 

the 
pathologic 

and 
im

m
unologic effects of these techniques are often uncertain. Large m

ice studies could help to get a 
better understanding of these responses. H

ere for a stable and safe high field (7T) M
R guided H

IFU
 for 

sm
all anim

als is developed and tested, w
hich can be used for real tim

e visualization and follow
 up w

ith 
high resolution.  
M

ethods: Six C57Bl/6n w
ild type m

ice w
ere injected subcutaneously 

w
ith B16O

V
A

 tum
or cells at the right fem

ur. A
fter 10-12 days tum

or 
sizes betw

een 7 and 11 m
m

 in diam
eter w

ere reached. A
 3M

H
z, 48W

 
acoustic output pow

er H
IFU

 system
 is placed in a 7T w

ide bore anim
al 

M
R scanner. The m

ice w
ere carefully positioned in a cavity of an in-

house m
ade gel pad, filled w

ith degassed w
ater for acoustic coupling, on 

top of the H
IFU

 system
 in line w

ith the transducer (Fig 1). A
n 2x2 

array receive surface coil w
as positioned on top of the m

ouse. T1-
w

eighted M
R im

ages are acquired to localize the transducer and to 
check the ultrasound  beam

 path. T2-w
eighted (T2W

) im
ages are m

ade before and after treatm
ent for 

therapy planning and treatm
ent evaluation. These im

ages are sent to the H
IFU

 trajectory planner 
softw

are to determ
ine the transducer position on the M

R im
ages. A

 test pulse is created w
ithin an 

phantom
 cube positioned next to the tum

or to check the accuracy of the focus spot. The ablation process 
is visualized using real-tim

e M
R

 therm
om

etry (G
RE-EPI sequence, proton resonance frequency shift 

m
ethod, 4 slices, voxel size 1x1x1.5m

m
) w

ith a tem
poral resolution of 1.9s/dynam

ic. The therm
om

etry 
stability w

as m
easured w

ithin one m
ouse for 3 m

inutes w
ithout heating. A

 total of 6 m
ice w

ere treated 
w

ith continuous w
ave H

IFU
 ablation of 4 seconds per focus spot. 3-5 focus spots w

ere positioned w
ithin 

the tum
or to distinguish betw

een different focal spots. The m
ice w

ere sacrificed 1 and 3 days after 
treatm

ent (3 m
ice per group). The tum

or w
as rem

oved for pathologic evaluation, using H
&

E-staining. 
R

esults: The standard deviation from
 baseline tem

perature (after phase drift correction) w
as +/-0.35ºC. 

W
ith the use of the gel pad the m

ouse could easily be positioned w
ith good acoustic coupling betw

een 
the transducer and the m

ouse. The heated focus spots w
ere accurately correlated w

ith the preset focus 
spot. The focal m

axim
um

 tem
perature w

ithin the focus spots varied betw
een 57 and 70ºC. N

o skin burns 
w

ere noted directly after treatm
ent, how

ever 2 m
ice show

ed a necrotic point at the skin 1 day after 
treatm

ent. O
ne m

ouse show
ed difficulties using the leg 1 day after 

treatm
ent. In 4 of the m

ice a high intensity spot w
as show

n at the 
preset focus spot on the T2W

 im
ages after treatm

ent (Fig. 2). H
&

E-
stained sections show

ed large necrotic areas w
ithin all tum

ors, w
hich 

correlated w
ith the tem

perature rise show
n at the M

R therm
om

etry 
m

aps. O
ne day after treatm

ent still som
e dying cells w

ere found w
ithin 

the ablated region, w
hich w

as not seen three days after treatm
ent. 

Separate focus spots as show
n at the T2W

 im
ages could not be 

distinguished on pathology slices. 
C

onclusion: A
 stable and safe H

IFU
 set up is im

plem
ented on a 7T 

anim
al M

R
 system

 w
ith real-tim

e therm
om

etry to treat m
ice w

ith 
m

elanom
a. It includes rem

ote positioning of the focus w
ithin the 

tum
or. Further research is now

 possible to optim
ize the treatm

ent 
settings and follow

 up by M
RI after H

IFU
 treatm

ent. 
  

Fig 1: Set up: green: gel pad, blue: 
w

ater, 
black: 

transducer, 
yellow

: 
ultrasound beam 

Fig 2:  Yellow
 circle is the tum

or. Top: T2W
 im

ages before 
(left) and im

m
ediately after (right) 3 ablation spots. Bottom

 
left: Tem

perature m
ap of one focal spot corresponding w

ith 
blue circle at pathology and T2W

 im
age after treatm

ent. 
Bottom

 right: HE slice of the tum
or, 3 days after treatm

ent. 
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 P
urpose: To report for the first tim

e the m
agnetic resonance guided high intensity 

focused ultrasound (M
R

gH
IFU

) ablation of a vascular m
alform

ation in the low
er 

extrem
ity in a clinical patient leading to interruption of the local perfusion and the 

associated debulking of the m
alform

ation. 
M

aterial and M
ethods: A

n 18-year old m
ale w

ithout prior m
edical history suffered 

from
 chronic pain in the m

edial side of his left low
er lim

b for over ten years. 
D

iagnostic M
R

 evidenced a lesion of ±1.9 m
L that w

as diagnosed as a vascular 
m
alform

ation w
ith a feeding vessel branching off from

 the arteria tibialis posterior. 
T

he position of the ultrasound transducer w
as chosen such that the tibial nerve, the 

fascia, and the tibial vessels did not lie in the acoustic near or far field. Therapeutic 
ablation consisted of five volum

etric ablations (4 x 4 x 8 m
m

, 200 W
), w

hich w
ere 

planned to cover as m
uch volum

e as possible w
hile keeping a safety m

argin of 2-3 
m
m

 from
 the adjacent nerve and vessels. D

uring ablation, M
R

 therm
om

etry provided 
near real-tim

e tem
perature m

apping of the target area and adjacent tissues. 
R
esults: Tem

peratures of 62.1-80.8 ̊ C
 w

ere reached during the ablation procedure. A
 

contrast enhanced M
R

 scan did not show
 enhancem

ent after treatm
ent of the targeted 

region w
ithin the vascular m

alform
ation, indicating a successful interruption of the 

local perfusion. A
t three-m

onth follow
-up a contrast-enhanced scan w

as perform
ed, 

w
hich show

ed a decrease in volum
e of the lesion of around 30%

 (rest volum
e of ±1.3 

m
L). T

he part of the vascular m
alform

ation that w
as targeted w

ith H
IFU

 show
ed a 

large decrease in size, w
hilst the part adjacent to the nerves and m

ain vessels, w
hich 

w
as not targeted, w

as still intact. Furtherm
ore, the patient reported qualitatively 

sustained 
pain 

reduction 
after 

three 
m

onths 
and 

norm
al 

m
otoric 

function 
and 

sensibility. 
C
onclusion: In conclusion, w

e have reported a successful treatm
ent of a vascular 

m
alform

ation w
ith M

R
gH

IFU
, a com

pletely non-invasive treatm
ent m

odality. 

 
 

Figure 1: contrast enhanced T
1 w

eighted M
R

 scan. L
eft: before treatm

ent. R
ight: 3 

m
onth follow

-up, a volum
e reduction of the vascular m

alform
ation can be seen. 
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 P
u

rp
o

se. T
he aim

 o
f the cu

rrent stu
d

y w
as to

 q
uantitatively in

v
estig

ate the p
refo

cal therm
al effects g

en
erated

 
b

y the H
IF

U
 beam

’s interactio
n w

ith the rib cag
e d

u
ring

 trans-co
stal fo

cu
sin

g
. T

he stu
d

y is m
o
tivated

 b
y 

p
relim

in
ary 

fin
d

in
g

s rep
o

rted b
y o

u
rselves (1

) and
 o

ther g
ro

u
p

s (2
) in the co

ntext o
f 

m
in

im
ally 

in
v

asiv
e 

ab
latio

n fo
r the treatm

ent o
f p

atients w
ith u

nresectab
le liv

er m
etastases and

 hep
ato

cellu
lar carcino

m
a u

sin
g

 
extraco

rpo
real H

IF
U

.  
M

a
teria

l a
n

d
 M

eth
o

d
s. H

IF
U

 so
n

icatio
ns w

ere p
ro

d
u

ced
 b

y a p
hased

 array M
R

 co
m

p
atib

le transd
u

cer (2
5

6
 

elem
ents, f1

.0
3

1
 M

H
z, F

-nu
m

b
er 1

.0
7

) o
n d

eg
assed

 T
u

rk
ey m

u
scle p

laced
 o

n a sp
ecim

en o
f fresh

ly excised
 

tho
racic cag

e sp
ecim

en fro
m

 sheep
. T

he ex vivo
 tho

racic w
all w

as p
o

sitio
ned

 in the p
re-fo

cal zo
n
e 3

.5
 to

 6
.5 cm

 
belo

w
 the fo

cu
s. T

herm
al m

o
n

ito
ring

 w
as sim

u
ltaneo

u
sly p

erfo
rm

ed
 u

sin
g

 h
ig

h reso
lu

tio
n M

R
 th

erm
o

m
etry 

(P
R

F
S

 m
etho

d
, vo

xel: 1
x1

x5
 m

m
3, 4

 m
u

lti-p
lanar slices p

o
sitio

ned
 to

 m
o

n
ito

r interleaved
 bo

th the fo
cal p

o
int 

and
 the p

eri-co
stal so

ft tissu
es) and

 flu
o

ro
ptic tem

p
eratu

re senso
rs inserted

 in the m
ed

u
llar cav

ity o
f ribs.  

R
esu

lts. M
R

 therm
o

m
etry d

ata ind
icated

 a nearly iso
tro

p
ic d

istribu
tio

n o
f the therm

al energ
y at rib

s su
rface in

 
the p

erp
end

icu
lar sectio

n. T
he tem

p
eratu

re elevatio
n at the fo

cal p
o

int w
as co

m
p

arab
le w

ith the p
eri-co

stal 
tem

p
eratu

re elev
atio

n
 aro

u
nd

 u
np

ro
tected

 ribs, w
h

ile b
eing

 system
atically in

ferio
r to

 the m
easu

red
 v

alu
es intra-

m
ed

u
llar in

sid
e the rib. T

he ratio
 betw

een the true intra-m
ed

u
llar tem

p
eratu

re elev
atio

n and
 the nearest p

eri-
co

stal M
R

 therm
o

m
etry estim

atio
n, d

eterm
in

ed
 
fro

m
 1

8
 
ind

ep
end

ent exp
erim

ents w
ith v

aryin
g
 

valu
es 

fo
r 

aco
u

stic p
o

w
er and

 d
u

ratio
n, w

as fo
u

nd
 to

 be 4
.1

6
 ±

 (S
D

) 2
.8

4
, w

ith
 a m

in
im

u
m

 –
 m

ax
im

u
m

 rang
e o

f [1
.4

 - 
9

.9
]. O

ne d
im

ensio
nal sp

atial p
ro

files o
f therm

al bu
ild

-u
p

 thro
u

g
h the rib

s w
ere co

nnecting
 as a G

au
ssian

 
fu

nctio
ns 

betw
een 

p
eri-co

stal 
and

 
intra-m

ed
u

llar 
m

easu
rem

ents. 
D

ynam
ics 

o
f 

therm
al 

relaxatio
n 

p
o

st- 
so

n
icatio

n w
ere d

em
o

nstrated to
 be theo

retically co
herent w

ith the exp
erim

ental o
bservatio

ns. 
C

o
n

clu
sio

n
. A

s a m
easu

re o
f the therm

al risk
 o

f the rib
 itself, w

h
en co

m
p

aring
 the p

eri-co
stal therm

o
m

etry in
 

so
ft tissu

e ad
jacent to

 the rib w
ith the tru

e intra-m
ed

u
llar tem

p
eratu

re p
ro

v
id

ed
 b

y the “g
o

ld
 stand

ard
” sen

so
rs, 

larg
e m

isco
rrelatio

n is no
ticed

, g
reater than a m

u
ltip

licative facto
r o

f 4
 in averag

e. 

 
 F

ig
. 2

. a
) M

agn
itu

d
e G

R
E

-seg
E

P
I im

ag
e 

illu
stratin

g th
e d

efin
ition

 of th
e ex

tern
al 

an
d

 in
tern

al rib facets an
d

 th
e focal p

oin
t 

(red
 

sp
ot). 

b
),c) 

T
em

p
erature 

elevation
 

m
ap

s 
illu

stratin
g

 
th

e 
en

d
 

p
oin

t 
of 

th
e 

H
IF

U
 

son
ication

 
in

 
2

 
d

ifferen
t 

ex
p

erim
en

ts (b: 9
2

W
, 3

0
s; c: 1

5
0

W
, 6

0
s). 

F
ram

e b
 an

d
 c d

em
on

strates th
e sym

m
etry 

o
f th

e th
erm

al bu
ild

u
p

 arou
n

d th
e left rib 

(on
e rib is sh

ield
ed

) an
d

 th
e sym

m
etry o

f 
th

e 
in

tern
al/ex

tern
al 

facet 
h

eatin
g, 

resp
ectively. 

W
h

ite 
arrow

 
in

d
icates 

th
e 

d
irection

 of th
e H

IF
U

 con
e. d

) P
lot of th

e  

F
ig

. 
1

 
a

) 
E

x 
vivo

 
setu

p
 

u
sin

g 
“g

old
 

stan
d

ard” 
flu

orop
tic 

tem
p

erature 
sen

sors 
(1

 
to 

4
) 

in
serted

 in
to th

e m
ed

u
llar cavity 

“tu
n

n
el”; 

b
) 

T
ran

sverse 
obliq

u
e 

section
 in

 th
e T

1
w

 3
D

 M
R

 d
ata 

visu
alizin

g
 

a 
tag

g
ed

 
“tun

n
el" 

g
u

id
in

g
 th

e fiber in
tram

ed
u

lar.  

tem
p

erature elevation
 (1

9
2

 W
, 3

0
s) m

easured
 at th

e fo
cal p

oin
t (red

), at th
e ex

tern
al (blu

e) 
an

d
 in

tern
al (green

) facets o
f th

e rib u
sin

g
 M

R
T

, an
d

 in
sid

e th
e m

ed
u

llar cavity o
f th

e rib 
u

sin
g

 th
e flu

orop
tic sen

sor (black
). e) 1

D
 profiles of th

e th
erm

al bu
ild-u

p
 th

rou
gh

 un
sh

ield
ed

 
rib alon

g
 a d

irection
 p

erp
en

d
icu

lar to th
e H

IF
U

 beam
 an

d
 corresp

on
din

g
 to th

e son
ication

 en
d 

p
oin

t. T
h

e p
erp

en
d

icu
lar section

 of th
e rib is q

ualitatively illu
strated

. P
eri-costal tem

p
erature 

elevation
 d

ata ("*
" sym

b
ols) are obtain

ed
 from

 P
R

F
S

 th
erm

om
etry in

 th
e ax

ial plan
e. T

h
e 

h
igh

est p
oin

t of th
e G

au
ssian

 fit w
as con

strain
ed

 accord
in

g
 to th

e in
tra-m

ed
u

llar flu
orop

tic 
sen

sor data, (“o” top
 sym

b
ols). 
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W
ireless Phased A

rray C
oils for M

R
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uided Breast Interventions  

M
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N
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 Introduction:     Breast cancer is one of the m
ost com

m
on form

s of cancer am
ong w

om
en.  It is w

ell know
n that early cancer detection and diagnosis 

can im
prove patient survival rates [1].  A

m
ongst all the diagnostic m

odalities, M
RI offers m

any benefits such as superior soft tissue contrast, m
ulti-

plane im
aging capabilities, ability to detect sm

all size lesions, and dynam
ic contrast enhanced im

aging [2,3].  A
dditionally, com

pared w
ith traditional 

m
am

m
ography M

RI has the ability to identify and detect the extent of cancer or lesions to other areas of the body.  A
 key elem

ent in M
RI im

age 
quality is the use of appropriate radio frequency (RF) coil.  For breast im

aging applications, M
RI coils providing optim

um
 SN

R and im
age uniform

ity 
for unilateral and bilateral im

aging, as w
ell as peripheral lym

ph-node im
aging are im

perative.  Furtherm
ore, RF coil designs yielding increased 

patient com
fort in prone positions are preferred.  The traditional trend of RF coil design w

as tow
ards higher num

ber of elem
ents to provide im

proved 
im

age quality assisting in better detection and identification of tum
ors and lesions.  H

ow
ever, the introduction of clustered m

ultichannel arrays 
restricts the com

fort of the patient and inhibits the ability of a physician to perform
 interventional procedures on the breast.  This restriction requires 

the use of tw
o sets of RF coils, one for diagnostic im

aging and one for biopsy applications.   Furtherm
ore traditional RF coils designs include active 

com
ponents and cables w

ith cable traps to prevent RF heating.  This leads to bulky, heavy w
eight and com

plicated coil designs w
ith increased patient 

setup tim
e and im

aging restrictions. 
In this paper, a novel 4 channel w

ireless phased array breast coil for diagnostic/interventional M
RI im

aging adaptable to any O
EM

 M
R system

 w
ith 

sim
ilar field strength is presented.  D

ue to the absence of cables and active com
ponents, the coil is extrem

ely light, flexible and patient friendly.  
Furtherm

ore, the absence of the cables and traps allow
s for the coils to be w

orn by the patient sim
ilar to a traditional bra accom

m
odating to different 

patient sizes and im
aging in the supine position.  V

olunteer im
aging w

ith the w
ireless breast coil yields sim

ilar im
aging perform

ance com
pared w

ith 
the standard O

EM
 phased array coils.  The open concept design of the elem

ents in the w
ireless breast coil accom

m
odates biopsy procedures w

hile the 
lack of active com

ponents allow
s for w

earable sterile disposable coil design.   
 M

ethods:     Tw
o alternative w

ireless phased array coil designs for breast im
aging at 1.5T are presented in Figures 1(a) and 1(b) respectively.  Fig. 

1(a) show
s a 4 channel phased array w

ireless breast coil w
hile Fig. 1(b) displays an alternative 6 channel w

ireless breast coil better suited for 
interventional im

aging applications.  For the first coil, tw
o loops w

ith geom
etrically 

decoupled butterflies w
ere im

plem
ented.  The desired isolation betw

een the right and 
left elem

ents w
as achieved using a com

bination of capacitive decoupling and copper 
shielding.  For feasibility studies, elem

ents w
ere w

rapped around a cone shaped plastic 
funnel to create a conform

al shape.  Coils w
ere tuned to 63.6 M

H
z and w

ere passively 
detuned from

 the RF body coil during transm
it.  A

dditional RF fuses w
ere 

incorporated to create secondary protection.  The second coil configuration show
n in 

Fig. 1(b) consists of a total of 6 elem
ents (3 on each side).  Each side of the coil 

is m
ade up of three geom

etrically decoupled channels consisting of an end ring 
and tw

o parallel partially overlapped half rings.  There are a total of six tuner 
capacitors (one for each loop) on this coil.    
 R

esults and discussion:     Bench tests on the fabricated coils show
ed an unloaded to loaded quality factor 

(Q
u /Q

L ) of 6.7 for the coil in Fig. 1(a).  Sim
ilar m

easurem
ents for coil in Fig. 1(b) show

ed a ratio of 7.8.  
V

olunteer im
aging w

as conducted w
ith a TIRM

 sequence (TR/TE = 6190/96 m
s, Slice thickness = 3m

m
, 

FO
V

 = 182 m
m

 x 192 m
m

) w
ith the results depicted in figure 2.  Figure 3 show

s a T2 w
eighted volunteer 

im
age (TR/TE = 6000/93 m

s, Slice thickness = 3 m
m

, FO
V

 = 157 m
m

 x 145 m
m

). 
 C

onclusions and D
iscussion:     In this paper, a pair of w

ireless phased array w
earable breast coils w

as 
presented.  The coil design elim

inates the use of cables and active com
ponents.  This reduces the w

eight 
and com

plexity of the coils.  A
dditionally, patient com

fort and setup tim
es are im

proved significantly.  The 
coils can be designed to w

ork w
ith any O

EM
 system

 w
ith sim

ilar field strengths.  V
olunteer im

ages 
show

ed sim
ilar quality as traditional phased array breast coils.      
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eferences: 

1. 
M

. R. Sm
ith, X

. Zhai, et al. “Excite and Receive Solenoid Radiofrequency Coil for M
RI-G

uided 
Breast Interventions. M

agnetic Resonance in M
edicine”, 65:1799-1804 (2011) 

2. 
D

. M
aillet, A

. Ruehle, et al. “A
n A

daptable M
RI Radiofrequency Breast Coil: Evaluation of Size, 

Coil D
iam

eter, and U
niform

ity”, Concepts in m
agnetic resonance, Part B, volum

e 41B, Issue 2, A
pril 

2012, Pages: 50–56 
3. 

Y
u Li, Feng Liu, et al. “Inverse design of a phased-array coil for breast m

agnetic resonance im
aging”, 

Concepts in M
agnetic Resonance Part B, V

olum
e 35B, Issue 4, O

ctober 2009, Pages: 221–231 

       (a)                                               (b) 

   Fig. 1 G
eom

etry of the fabricated w
ireless coils (a) 4-C

H
 coil (b) 6-C

H
 coil  

Fig. 3 T2 w
eighted volunteer im

age 

Fig. 2 TIR
M

 volunteer im
age 
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Purpose: A
n expendable skull bur hole m

ounted M
R

 guidance m
inifram

e (C
learPoint 

Sm
artFram

e, M
R

I Interventions, Inc.) in com
m

on practice w
as optim

ized for deep brain 
stim

ulation (D
B

S) surgery but requires a disadvantageously large incision unsuitable for 
m

inim
ally invasive applications. A

 m
odified fram

e base (ScalpM
ount) w

as designed for 
percutaneous skull fixation, accom

m
odating m

inim
al incisions and tw

ist drill hole access. W
e 

evaluated the accuracy of this device in stereotactic neurosurgical applications. 

M
ethods : W

e utilized the ScalpM
ount fram

e base and Sm
artFram

e tow
er to perform

 32 M
R

-
guided procedures, including 23 stereotactic laser ablations (SLA

) for epilepsy and 9 D
B

S 
electrode placem

ents for m
ovem

ent disorders; approaches w
ere either prone transoccipital (n=20 

all SLA
) or supine transfrontal (n= 3 SLA

 + 9 D
B

S =12). Targeting w
as perform

ed and 
stereotactic accuracy w

as assessed using the C
learPoint w

orkstation. 

R
esults: The ScalpM

ount fram
e facilitated sm

aller incisions for D
B

S than that required for 
previous iteration and m

inim
al stab incisions for SLA

. For prone transoccipital versus supine 
transfrontal approaches, m

ean 2D
 radial errors w

ere 1.97+/-1.2 (SEM
) m

m
 versus 0.9+/-0.30 

m
m

, respectively. For SLA
 and D

B
S indications, 2D

 radial errors w
ere 1.87+/-1.1 m

m
 and 

0.84+/-0.4 m
m

, respectively. 

C
onclusions: The ScalpM

ount m
odified Sm

artFram
e accom

m
odates m

inim
ally invasive M

R
-

guided stereotactic neurosurgical procedures w
hile m

aintaining accuracy. Prone transoccipital 
trajectories w

ere found to be slightly less accurate than supine transfrontal trajectories.  This 
discrepancy likely resulted from

 transoccipital trajectories being less w
ell aligned w

ith the y- or 
z-axes of the bore, along w

hich M
R

I distortion lines w
ould be m

inim
ized. R

ecognition of such 
distortion is critical for optim

al patient positioning to m
axim

ize stereotactic accuracy. 
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Fig.1 M
R-CT com

patible horseshoe headrest 
with integrated wireless C

oil  

Figure 2.  A
 w

ireless surface coil fits against the 
horseshoe headrest base fram

e and the flex array 
head coil is located on the top of patient                                                     

Figure 3.  15 m
onth old diagnosed w

ith A
T/R

T. Pre-operative M
R

I 
using a horseshoe/wireless R

F coil system
 on IM

R
IS V

ISIU
S theatre                                                      

Figure 4.  Intra-operative M
R

I using a 
horseshoe system

 shows a residual tum
or                                                     

Figure 5.  Post-operation G
TR

                                                      

 
A

n M
R

 safe radiolucent horseshoe headrest system
 integrated with a sterile wireless R

F coil system
 for neurosurgical and interventional applications 
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Introduction:  
In general, when craniotom

ies and brain biopsies are taking place, the patient’s skull is rigidly fixated with a clam
p 

device such that ensures no m
ovem

ent can occur during the procedure. H
ead Fixation D

evices , or H
FD

s, are very 
com

m
on during neurosurgery or head biopsy operations, For the past 10 years, M

R safe and radiolucent devices have 
been introduced to the m

arket incorporating RF coils in order to perform
 M

R guided neurosurgeries and biopsies. The 
usual force that the H

FD
 device exerts to the skull is ranging betw

een 60 to 80 lbs betw
een the pins[1]. In the m

ajority 
of cases, such a force exerted to the skull is acceptable, how

ever, there are m
any instances w

here any force betw
een the 

pins w
ill collapse the patient’s skull.  N

eonatal and early childhood patients, as w
ell as, patients that have undergone 

m
ultiple craniotom

ies are prim
e candidates for devices that do not exert any force of the skull. . In this situation an 

alternative solution is to use a pillow
 rest that supports the head and has an opening at the center. The m

ost com
m

on 
shape of such a pillow

 rest is the one of the horseshoe shape, because it does not create any pressure points especially 
around the eyes and has an opening at the center to allow

 access of a breathing tube in case that the surgical procedure 
requires the patient to be in prone position (fig. 1). In general, the horseshoe headrest provides non-pinned head support 
in prone, lateral, and supine positions during head, neck and cervical spine interventions. It is also desirable the 
horseshoe device to be M

R safe and radiolucent in the case w
here M

R or CT guided interventions are perform
ed.  

 In this paper, an M
R safe and radiolucent horseshoe head support device integrated with a sterile wireless RF coil 

system
 that is suitable for M

R and CT guided brain and spine interventions[2] is presented. The sterilized wireless coil RF 
coil system

 has a 15cm
x17cm

 square opening allowing for positioning it very close to the surgical workspace and is being 
seam

lessly intergraded with the horseshoe head support device.  M
R Im

aging utilizing the sterile RF coil system
 generated 

im
ages that are com

pared favorably to a standard O
EM

 coils. The entire system
 has been cleared for clinical use and 

num
erous successful M

R guided cases, including neurosurgical and interventional procedures, have been perform
ed in 

various hospitals in US with great success.  This horseshoe headrest system
 m

ay also be useful for other applications not 
requiring rigid fixation, such as those that access the skull through the nose. This w

ill enhance an already sophisticated 
technology platform

 that includes intraoperative M
R and the com

prehensive team
 approach w

e have for pediatric tum
or 

and epilepsy care.  
 M

ethods:  
Figure 1, is shown the horseshoe headrest system

 and the integrated wireless sterile RF coil system
 that are designed to 

provide non-pinned head support during surgical procedures w
hen the patient is in prone, supine or lateral patient 

positions. The entire system
 com

prises of 
 1. 

The horseshoe headrest (fig. 1) w
hich is com

prised of a base fram
e, a low

er coil support, an accessory m
ount and 

adult and neonatal pad supports. The system
 also includes non-sterile disposable pads for both neonatal and adult 

patients 
2. 

 A
 wireless sterile coil (figure 2) that is integrated with the low

er coil support of the horseshoe system
 

and the Flexible phased array head coil as the upper coil that is also integrated with the horseshoe system
 

3. 
The horseshoe headrest is m

ounted to either the linkage system
.  

The wireless sterile RF coil system
 was tuned at 123.2 M

H
Z and was m

atched to the head phantom
 that 

closely sim
ulates the loading of an average hum

an head. Isolation num
bers betw

een individual elem
ent of the 

array w
ere greater than -13dB, unloaded Q

 values of each elem
ent w

ere greater than 225 and the elem
ents 

w
ere m

atched to the load of 50O
hm

. A
ctive and passive decoupling as w

ell as RF fuses w
ere also incorporated 

for each elem
ent of the w

ireless RF array system
. The m

ethod of sterilization that was used was an 
Ethylene O

xide (EtO
) m

ethod.  
R

esults:   
SN

R m
easurem

ents of the wireless RF coil system
 were perform

ed at 3.0 T IM
RIS VISIU

S system
 

using SN
 gradient echo sequence: (TR/TE/flip/Slice = 300m

s/10m
s/20deg/3m

m
, 256x256, FO

V
 = 200m

m
) and is favorably 

com
pared w

ith a standard O
EM

 coil. A
fter the system

 was cleared for a clinical use, the horseshoe system
 w

ith the w
ireless 

RF coil system
 was used on a 15 m

onth old with a turning eye w
here the biopsy indicated an Atypical teratoid rhabdoid 

tum
or (AT/RT).  The infant was operated on the IM

RIS VISIUS intraoperative suite with a horseshoe/ wireless coil system
 

as shown in Figure 3. Intraoperative M
R im

ages, as shown in Figure 4, using the wireless coil system
 indicated a residual 

tum
or that was further rem

oved during the sam
e operation, A

fter successful resection as identified by postoperative im
ages 

(fig. 5), the patient was prepared for recovery.    
D

iscussion and C
onclusion:   

 A
 new

 horseshoe headrest that is M
R safe and radiolucent  and seam

lessly integrated w
ith a wireless sterile RF coil 

system
 is presented. The horseshoe headrest provides non-pinned head support in prone, lateral, and supine positions 

during head, neck and cervical spine surgeries where use of a head fixation device (H
FD

) – a clam
p-like device – is not 

desirable because the skull is too fragile for pinning.  The seam
less integration of the horseshoe headrest with the RF coil system

 used with an 
IM

RIS VISIUS theater on a M
R guided resection of an A

typical teratoid rhabdoid tum
or (AT/RT) with great success. This system

 will enable 
surgeons to use interventional M

R  for even youngest or older patients w
here pinning patient is not an option.  
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Purpose.  A
 novel com

pact and lightw
eight patient-m

ounted M
R

I-com
patible robot has been designed 

for M
R

I im
age-guided interventions. This robot is intended to enable M

R
I-guided needle placem

ent as 
done in shoulder arthrography. A

rthrography is the evaluation of joint condition using im
aging 

m
odalities such as com

puted tom
ography (C

T) and m
agnetic resonance im

aging (M
R

I). C
urrently, 

arthrography requires tw
o separate stages, an intra-articular contrast injection guided by fluoroscopy or 

ultrasound follow
ed by an M

R
I. W

hile M
R

I could also be used for guiding the needle placem
ent, patient 

access in M
R

I can be difficult, especially for closed bored scanners. Therefore, the developm
ent of a 

sm
all, body-m

ounted robot to assist in needle placem
ent in the M

R
I environm

ent could stream
line the 

procedure. 
M

aterials and M
ethods. The m

echanical design w
as based on 

several criteria including rigidity, M
R

I com
patibility, com

pact 
design, sterilizability, and adjustability. A

s show
n in the C

A
D

 
m

odel on the right, a four-link parallel m
echanism

 w
ith a spherical 

joint is used, yielding 2 rotational degrees of freedom
 (D

O
F) about 

the spherical joint, and 2 D
O

F for needle positioning. The four-link 
parallel m

echanism
 base, link 4, slides through the robot base to add 

the third D
O

F. The m
echanism

 can also rotate to provide the fourth 
D

O
F. The robot w

as fabricated using a rapid prototyping m
achine 

(O
bjet 500) and assem

bled in our laboratory. A
 control system

 w
as 

also developed to allow
 for joystick control of the robot from

 
outside the M

R
I im

aging room
. In the envisioned clinical 

application, the robot w
ill be controlled autom

atically to position the 
needle tip at the desired skin entry point and then align the needle 
orientation to the desired target for the arthrography procedure. The 
physician w

ill then insert the needle m
anually once the alignm

ent is 
verified. 

R
esults. Initial M

R
I com

patibility studies have been done by 
placing the robot in the M

R
I scanner on a grating phantom

 and on 
the shoulder of a hum

an volunteer (see bottom
 right im

age). The 
grating studies show

ed that artifacts caused by the piezoelectric 
m

otors result in 2.5 cm
 distortion in the im

age in all directions. 
Therefore the robot w

as redesigned to m
ove the m

otors at least 2.5 
cm

 from
 the area of interest. Further studies using a hum

an volunteer show
ed that the shoulder joint 

could be im
aged satisfactorily for arthrography targeting w

ith the robot strapped to the shoulder.  

C
onclusion. A

 new
ly developed body-m

ounted robot for use in M
R

I arthrography is presented. A
 

prototype has been developed and initial M
R

I com
patibility experim

ents are presented. The results show
 

that artifacts in the region of interest are m
inim

al and that M
R

I im
ages of the shoulder w

ere not 
adversely affected by placing the robot on a hum

an volunteer. W
e have also developed a novel clinical 

w
orkflow

 using the robot to enable the entire arthrography procedure to be perform
ed in the M

R
I suite. 

Further details w
ill be presented at the conference. 

	
  	
  
Prototype M

R
I-com

patible robot. T
op: C

A
D

 
m

odel. B
ottom

: R
obot in m

agnet on shoulder 
of volunteer. Shoulder im

ages w
ere acquired 

show
ing negligible artifacts. 
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 Introduction O

steonecrosis, or avascular necrosis of the fem
oral head (A

N
FH

) is an 
ischem

ic process of the bone often leading to extensive arthrosis of the joint. C
ore 

decom
pression is a m

ethod of treatm
ent w

here a hole or several holes are drilled into the 
necrotic cancellous bone. The rationale is to rem

ove necrotic bone and to relieve 
intraosseous pressure, thus facilitating neovascularization. The treatm

ent is com
m

only 
used and has been show

n to be efficient and cost-effective at earlier precollapse stages of 
the disease. C

ore decom
pression is m

ost com
m

only done under fluoroscopic guidance. 
H

ow
ever, M

R
I is highly sensitive and specific for detection and classification of A

N
FH

. 
The purpose of this study w

as to assess the technical feasibility and, secondly, evaluate 
the effect of M

R
I-guided core decom

pression on patients w
ith A

N
FH

. 
M

ethods The study consisted of eight patients w
ith sym

ptom
atic A

N
FH

 w
ho w

ent 
through a total of tw

elve procedures. Follow
 up tim

e w
as 5 years. M

ean age w
as 45.6 

years. 3 hips w
ere A

R
C

O
 stage one, 5 hips w

ere stage tw
o and 4 hips w

ere stage three. 
0.23 tesla open bore scanner (O

utlook Proview
, Philips m

edical system
s, V

antaa, 
Finland) w

as used. The m
ost affected area in the fem

oral head w
as visualized and chosen 

as the target. The lateral cortex of the proxim
al fem

ur w
as penetrated. A

 3m
m

 cylindrical 
drill w

as then advanced the target area (Fig1). Tw
o holes w

ere drilled in nine cases, three 
holes in tw

o cases and only one in a single case. The m
ean duration of the procedure 

from
 skin incision to needle retraction w

as 54 m
inutes 

R
esults A

ll M
R

I-guided core decom
pressions w

ere technically successful, com
pletion 

and accuracy 100%
 and w

ithout any reported com
plications. The average pain on visual 

analog scale (V
A

S) declined from
 6.5 to 2.2. Edem

a decreased in 60%
 (Fig 2a and b). 

Sustained relief of pain and im
proved ability to function w

as reported in five cases, 
leaving seven cases w

ith a recurrence of sym
ptom

s. In these cases, the average duration 
of relief w

as 10.6 m
onths. Four hips eventually w

ent through total arthroplasty for 
recurrence or continuation of sym

ptom
s. 

C
onlusion M

R
I seem

s to be a feasible m
ethod of guidance for core decom

pression 
drilling of avascular necrosis of the fem

oral head.  
 Figure 1. 

 
 

Figure 2a. 
 

 
   Figure 2b. 
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 Introduction: The precise drilling of bones is a com
m

on requirem
ent 

in orthopaedic surgery. Bone drills are m
anufactured by m

etallic com
-

ponents because of their high m
echanic load. Im

age-guided bone bores 
w

ere usually perform
ed under com

puted tom
ography (CT) control. D

ue 
to their radiodensity, the m

etallic com
ponents lead to a lim

ited im
age 

quality, and thus hinder the control of surgery. M
oreover, those devices 

are not adequate for M
RI due to their typically ferrom

agnetic com
po-

nents. The goal of developm
ent w

as to build a M
R-safe prototype, al-

low
ing M

RI- and CT-interventions and eneables to place K
irschner-

w
ires.  

 M
aterial and m

ethods: The prototype w
as developed according to 

com
m

on orthopaedic requirem
ents, equal to com

m
ercially available 

drilling m
achines regarding pow

er and control. A
n air-driven system

 
m

ade m
ostly of PEEK

 and other ferrite-free com
ponents w

as build. 
A

fter prototype fabrication, the speed, w
eight, air consum

ption, operat-
ing pressure, perforation and noise level w

ere m
easured. The evalua-

tion of the engineered prototype occurred under M
R-navigation. D

uring a phantom
 experim

ent 
(n=10) the substantia com

pacta w
as drilled and a K

irschner w
ire w

as laid. The autoclavability, the 
M

R-suitability, the x-ray transparency as w
ell as the practical handling w

ere tested.  
 R

esults: The developed bone drilling system
, is M

R-com
patible according to A

STM
 F2119 and 

alm
ost com

pletely x-ray transparent. The technical data of the prototype w
ere calculated as follow

s: 
rotation speed 0–1000 pro m

in, w
eight ca. 800g, air consum

ption ca. 250 l/m
in, operating pressure 

6–7bar (m
ax. 10bar), perforation 3.2m

m
, noise level (operator position) ca. 50dB(A

). The drilling 
and placem

ent of the K
irschner-w

ires could be carried out w
ithout any problem

s. The autoclavabil-
ity of the bone drilling m

achine betw
een 134°C and 2 bar show

ed no interference of the later func-
tion. 
 C

onclusion: The m
anufacturing of a M

R-com
patible bone drilling m

achine, com
parable to the 

pow
er of standard non-M

R-com
patible system

s, is possible. Such a m
achine allow

s new
 possibili-

ties in the CT- or M
RI-navigated surgery.  

Fig. 2: The prototype of the bone drilling m
achine (left) as x-ray im

aging (m
iddle) and in M

RI-
im

aging in copper sulphate solution (right). 

Fig. 1: 
CAD	
  

draw
ing	
  

of	
  
M
R-­‐safe	
  bone	
  drilling	
  sys-­‐

tem
. 
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 Introduction 

Fast dynam
ic sequences in open high-field M

R system
s can im

prove im
age quality and sim

plify 
needle placem

ent. Aim
 of this study w

as the optim
ization of the sequence design for periradicular 

therapy in open high-field M
R system

s.  

M
aterial and m

ethods 

Interventions w
ere perform

ed in an open 1.0 Tesla Scanner (Panoram
a

HFO) em
ploying a M

R guided 
free-hand techniqueM

R-guided puncture of the neuroforam
en w

ith a M
R com

patible 22G needle 
w

as perform
ed using a  dynam

ic T1 TSE single slice sequence. An external interactive softw
are 

(iSuite, Philips M
edical System

s) allow
s  visualization of needle placem

ent in 2 orthogonal 
orientations. 

Subsequently, 2 m
l Bupivacain and 1 m

l Triam
cinolone w

ere adm
inistred. Distribution of the 

m
edication w

as visualized by additional application of 0.5 m
l 1:100 diluted contrast m

edia during 
dynam

ic im
aging and postinterventionally by diagnostic T1-w

eighted im
aging. 

Results 

20 patients w
ith chronic lum

bar pain w
ere treated. Perform

ance of 2 orthogonal orientations allow
s 

exact positioning of the needle in the neuroforam
en, realtim

e visualisation of distribution of 
m

edication and the online correction of needle placem
ent in case of m

aldistribution. Hence 
intraforam

inal distribution w
as achieved in all cases, additional intraspinal/epidural distribution w

as 
achieved in 16/20 cases (80%

). No com
plications w

ere observed. 

 M
ean in room

 tim
e w

as 23 m
in (16-47 m

in) and  m
ean interventional tim

e w
as 3 m

in (2-5 m
in). 

Conclusion 

M
R guided periradicular therapy using a free hand approach is safe and tim

e efficient. The online 
control of distribution of adm

inistered m
edication m

ay lead to an im
proved patient outcom

e.  
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 Introduction 
In order to overcom

e the difficulty of penetrating the cortex of the bone in M
R

-guided bone 
interventions, a new

 M
R

-com
patible ham

m
er w

as designed.  
 M

ethods 
A

 total of 90 M
R

I-guided bone biopsies w
ere perform

ed utilizing the ham
m

er. 5 M
R

-guided 
cryoablations of bone lesions w

ere also perform
ed w

ith the ham
m

er.  
 R

esults 
2 biopsies w

ere non-diagnostic. 26 biopsies w
ere com

pletely negative. 10 biopsies revealed a 
benign pathology. The rem

aining 42 biopsies w
ere positive for a m

alignant lesion. A
ll 

cryoablations w
ere technically successful.  

 C
onclusion 

The new
 M

R
I-com

patible ham
m

er is an im
portant addition to the toolkit for M

R
I-guided 

bone interventions. 

D
eterm

ining the L
ocation of the T

ip of an A
ctive T

ransceive G
uidew

ire 

Joshua Lockw
ood

1, G
regory H

. G
riffin

2, G
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 W
right 1,2, K

evan A
nderson

1  

1Physical Sciences, Sunnybrook Research Institute, Toronto, O
N

.  2D
epartm

ent of M
edical Biophysics, 

U
niversity of Toronto, Toronto, O

N
.   

 Purpose: The use of guidew
ires is essential for a variety of cardiovascular interventions as they play a 

fundam
ental role in establishing a route through the vasculature.  Recent w

ork has dem
onstrated that a 

guidew
ire can be m

ade visible through the use of a toroidal transceiver coupled to the guidew
ire [1].  O

ne 
significant advantage of the technique over receive-only coupling techniques [2,3] is that the signal intensity 
that one w

ould expect along the guidew
ire is prim

arily a function of the position along the w
ire and factors 

affecting the signal intensity such as flip angle artifacts caused by currents induced from
 a body coil 

excitation are not present.  A
s w

ith other techniques, the ability to localize the exact position of the tip of the 
guidew

ire is challenging because the signal intensity at the guidew
ire tip is sm

all and typically below
 the 

noise floor of the im
age.  This is especially the case w

hen fully insulated conventional guidew
ires are used.  

The purpose of this study is to investigate a technique to determ
ine the location of the tip of a guidew

ire by 
fitting a m

odel of the signal characteristics along the guidew
ire as determ

ined by a m
ethod-of-m

om
ents 

sim
ulation to the signal m

easured along the guidew
ire proxim

al to the tip w
here the signal is of sufficient 

signal-to-noise ratio. 
M

ethods:  The signal intensity expected along a guidew
ire m

ade visible through the use of a transceive 
coupling device w

as sim
ulated using a m

ethod-of-m
om

ents softw
are package (FEK

O
, EM

SS-SA
).  In 

M
A

TLA
B (M

athw
orks, U

SA
) discrete data from

 the sim
ulation results, w

as fitted using a piecew
ise third 

degree spline function to express the signal intensity profile along the guidew
ire. The piecew

ise fit w
as used 

to fit the signal intensity profile im
age of the guidew

ire to predict the location of the guidew
ire's distal tip. 

A
n experim

ent w
as conducted to confirm

 the validity of this approach. A
 conventional straight-tip 0.89m

m
-

diam
eter guidew

ire (G
uidew

ire #G
R3504, Terum

o, Japan) w
as placed in a 65cm

x40cm
x10cm

 polyacrilic 
acid phantom

 (#436364, Sigm
a-A

ldrich).  U
sing a 1.5T M

R scanner (G
E H

ealthcare) projection im
ages of 

the guidew
ire in four positions w

ere acquired in a longitudinal plane using the transceive coupling device 
(SPG

R, FO
V

=16cm
, 128x128, N

EX
=1).  Im

ages w
ere processed in M

A
TLA

B to obtain the predicted 
location of the distal tip. Results w

ere com
pared to locations m

easured on high-resolution im
ages of the 

guidew
ire acquired w

ith a surface coil (SPG
R, FO

V
=, 256x256, N

EX
=4). 

R
esults:  O

n average, the position of the guidew
ire tip along the axis of static field as calculated by fitting 

the signal profile along the guidew
ire and through identification on a surface coil im

age varied by 2.3m
m

 
am

ong all four positions tested.  
D

iscussion and C
onclusion:  Im

ages of guidew
ires are sufficient to visualize the length of the guidew

ire but 
the precise location of the tip of the guidew

ire cannot be identified visually.  Results suggest that by utilizing 
a m

odel of the signal profile along the guidew
ire one can accurately determ

ine the location of the guidew
ire 

tip. 
R

eferences: [1] Etezadi-A
m

oli et al. M
R

M
 2014; in press; [2] H

illenbrand et al. ISM
R

M
 2005:197; [3] A

nderson et al.  
ISM

R
M

 2013:474 

 
 Fig 1.  M

R im
age of the guidew

ire in 
a hom

ogeneous phantom
.  The signal 

intensity profile of the guidew
ire is 

m
easured by integrating the signal 

over perpendicular linear profiles 
(show

n) to locations along the 
guidew

ire.   
Fig 2. M

easured signal intensity 
plotted as a function of position 
along the guidew

ire.  The profile is 
fitted to m

odel to find the position of 
the guidew

ire tip. 
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Purpose
M

R
I-guided radio frequency ablation (R

FA
) is a prom

ising technique for guiding and conducting 
therm

al therapies such as electrophysiology (EP) procedures. Treatm
ent efficacy, reliability, and 

patient safety can be greatly im
proved by perform

ing real-tim
e treatm

ent m
onitoring using M

R
 

therm
om

etry.  Tem
perature m

apping is very sensitive to m
otion and even m

ore difficult w
hen 

through-m
otion occurs. In this w

ork, a novel m
ethod is presented to dynam

ically control and 
update im

aging plane location in real-tim
e using

inform
ation from

 tip-tracking coils em
bedded 

on catheter and a m
otion prediction algorithm

; therefore, m
aking the target appear stationary in 

the reconstructed im
ages.

M
aterials and M

ethods
M

ultiple solenoid M
R

I tracking coils w
ere incorporated on the distal end of a 6 F catheter. M

R
I

tip-tracking sequence w
as im

plem
ented on the RTH

aw
k platform

 [1] using a
4-projection 

H
adam

ard m
ethod [2]. W

hen the catheter does not m
ove relative to the target tissue, the m

otion 
detected by the tip-tracking coils can be regarded as that of the m

oving organ. A
 2D

 gradient-
echo spiral im

aging sequence w
ith 6 arm

s w
as interleaved w

ith the tip-tracking sequence, 
resulting in a tem

poral w
indow

 of 240 m
s.The diagram

 of im
aging plane control is show

n in 
Figure 1. W

hen the catheter m
oves, its new

 tip location is detected by the tracking coil, and the 
im

aging location is im
m

ediately updated for the subsequent im
aging cycles. Since the m

ovem
ent 

is continuous, the tim
e delay betw

een im
aging and catheter tracking causes the inform

ation from
 

the catheter tracking to be slightly outdated at the tim
e of im

aging. To overcom
e this, a m

otion 
prediction algorithm

 utilizing Extended K
alm

an Filter (EK
F) w

as em
ployed.

In this study, w
e’ve established an elliptical m

ovem
ent m

odel (Figure 2) for EK
F. The state 

vector is defined as x
= [θ,ω

,a,b,X
c ,Y

c ] T
and the location of the tracking coil [X,Y] T

as
m

easurem
ent. O

nce the EK
F state vector converges, the im

aging location can be predicted using 
the current state estim

ate as:

�
�

�
�

°̄ °® ­

'
�

'
�

im
aging

c
im

aging

im
aging

c
im

aging

ˆ
ˆ

sin
ˆ

ˆ
ˆ

ˆ
ˆ

cos
ˆ

ˆ
ˆ

t
b

+
Y

=
Y

t
a

+
X

=
X

Z
T

Z
T

(1)

R
eal-tim

e im
aging and reconstruction w

as facilitated by the RTH
aw

k engine running on a 

Figure 1:D
iagram

 of im
aging location control using catheter tracking and 

tim
ing.

Im
aging

C
atheter Tracking

M
otion P

rediction
(K

alm
an Filter)

240 m
s

17 m
s

120 m
s

120 m
s

Tim
ing

Figure 2:The elliptical m
ovem

ent 
m

odel used in EK
F for m

otion 
prediction.

a

b

(X
C ,Y

C ) θ

ω

w
orkstation (D

ell Precision T5500, O
S: U

buntu 13.04). The EK
F 

m
otion prediction algorithm

 w
as developed as an

RTH
aw

k plugin 
using the M

R
PT (m

rpt.org) C
++ library to control the im

aging 
plane per each 2D

 acquisition. Experim
ental setup consisted of a 

cylindrical phantom
 doped w

ith C
uSO

4 solution that contains the 
catheter w

ith tip tracking coils. Periodic linear m
otion over a 

distance of 2 cm
 w

as induced by the scanner table rocker capability 
(H

D
x, G

E H
ealthcare, W

aukesha, W
I). N

ote
that this linear m

otion 
is a special case of the elliptical m

otion w
here a or b = 0. Post-

acquisition 
registration 

w
as 

applied 
to 

evaluate 
the 

phantom
 

displacem
ent in the im

age space (Figure 3).
R

esults
The detected phantom

 displacem
ent show

n in Figure 4
consists of three segm

ents: (a) 
displacem

ent w
ith no im

aging location control applied, w
hich reflects the induced periodic linear 

m
ovem

ent of the table, (b) displacem
ent w

ith im
aging location controlled by the catheter tip-

tracking inform
ation w

ithout the
m

otion prediction algorithm
, and (c) displacem

ent w
ith the 

m
otion prediction algorithm

 applied. The standard deviation of the segm
ent (c), w

hich is half of 
segm

ent (b), dem
onstrates the im

provem
ent achieved w

hen the EK
F m

otion prediction algorithm
 

is utilized. N
ote that further im

provem
ent can be achieved w

ith higher im
aging spatial resolution 

and optim
al noise handling by EK

F.

C
onclusions

The proposed m
ethod em

ploying both catheter tip-tracking inform
ation and EK

F m
otion 

prediction algorithm
 dem

onstrates the feasibility of real-tim
e im

aging location control
and

therefore allow
ing im

ages im
m

une
to both in-plane and through-plane m

otions. This m
ethod can 

be utilized to not only im
prove M

R
 therm

om
etry involving com

plex organ m
otion, but also be 

applied to other scenarios such as characterization of R
F ablation lesions using delayed 

enhancem
ent cardiac m

agnetic resonance im
aging w

hen continuous m
onitoring of a specific 

target location is needed.
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  P
urpose 
	
  	
  To com

pare in vitro navigation of a m
agnetically assisted rem

ote-controlled (M
AR

C
) catheter under 

real-tim
e m

agnetic resonance (M
R

) im
aging w

ith m
anual navigation under M

R
 im

aging and standard 
x-ray guidance in endovascular catheterization procedures in an abdom

inal aortic phantom
. 

	
  M
aterials and M

ethods 
	
  	
  The 2-m

m
-diam

eter custom
 clinical-grade m

icrocatheter prototype w
ith a solenoid coil at the distal 

tip w
as deflected w

ith a foot pedal actuator used to deliver 300 m
A of positive or negative current. 

Investigators navigated the catheter into branch vessels in a custom
 cryogel abdom

inal aortic 
phantom

. This w
as repeated under M

R
 im

aging guidance w
ithout m

agnetic assistance and under 
conventional x-ray fluoroscopy. M

R
 experim

ents w
ere perform

ed at 1.5 T by using a balanced 
steady-state free precession sequence. The m

ean procedure tim
es and percentage success data 

w
ere determ

ined and analyzed w
ith a linear m

ixed-effects regression analysis. 
	
  R

esults 
	
  	
  The catheter w

as clearly visible under real-tim
e M

R
 im

aging. O
ne hundred ninety-tw

o (80%
) of 240 

turns w
ere successfully com

pleted w
ith m

agnetically assisted guidance versus 144 (60%
) of 240 

turns w
ith nonassisted guidance (P <.001) and 119 (74%

) of 160 turns w
ith standard x-ray guidance 

(P = .028). O
verall m

ean procedure tim
e w

as shorter w
ith m

agnetically assisted than w
ith 

nonassisted guidance under M
R

 im
aging (37 seconds ± 6 [standard error of the m

ean] vs 55 
seconds ± 3, P < .001), and tim

e w
as com

parable betw
een m

agnetically assisted and standard x-ray 
guidance (37 seconds ± 6 vs 44 seconds ± 3, P = .045). W

hen stratified by angle of branch vessel, 
m

agnetic assistance w
as faster than nonassisted M

R
 guidance at turns of 45°, 60°, and 75°. 

	
  C
onclusion 

	
  	
  In this study, a M
AR

C
 catheter for endovascular navigation under real-tim

e M
R

 im
aging guidance 

w
as developed and tested. For catheterization of branch vessels arising at large angles, 

m
agnetically assisted catheterization w

as faster than m
anual catheterization under M

R
 im

aging 
guidance and w

as com
parable to standard x-ray guidance.
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U
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Purpose: 
The 

prom
ise 

of 
m

agnetic 
resonance 

(M
R) 

guided 
endovascular procedures rem

ains largely unrealized, as a safe and 
appropriately sized m

ethod for catheter tracking has yet to be 
described to date. W

hile m
arkers have been previously described 1,2, 

size, efficacy and safety shortcom
ings preclude them

 from
 clinical 

application. The purpose of this study w
as to create a m

iniature 
resonant structure for use as a bright m

arker on endovascular 
catheters applied to interventional M

R procedures. 
M

aterials 
and 

M
ethods: The resonant m

arker prototype w
as 

initially constructed on a 1.69 m
m

 clinical grade polyethylene ether 
ketone (PEEK

) endovascular catheter. Insulated copper w
ire w

ith a 
diam

eter of 0.160 m
m

 w
as w

ound to form
 a 45° helix around the 

catheter. This w
as soldered to a custom

 flexible capacitor (Fig. 1). A
 

second prototype w
ith an integrated capacitor and inductor w

as 
m

anufactured via flexible circuit technology (Fig. 2). The capacitor 
is com

prised of a 25.4µm
 thick polyim

ide film
 sandw

iched betw
een 

tw
o 17.2µm

 copper sheets. The m
arkers w

ere fabricated to resonate 
at a low

er frequency than ultim
ately desired. The capacitor w

as 
trim

m
ed until the assem

bly resonated at the desired frequency. A
 

polyurethane coating w
as applied to w

aterproof the assem
bly and fix 

coil position (Fig. 2). The protective coating w
as applied and cured 

at 110°C. Coils w
ere tuned in w

ater w
ith a netw

ork analyzer 
(A

gilent Technologies 300kH
z-1.5G

H
z EN

A
 Series) using an H

-
field coil probe around the resonant structure (Fig. 3). Experim

ents 
w

ere perform
ed at 3T (D

iscovery M
R750w

 3.0T, G
eneral Electric, 

Fairfield, CT) using a spoiled gradient echo sequence w
ith a 2° flip 

angle (TE/TR=1.8/5.6m
s, square 32m

m
 FO

V
, slice thickness 5m

m
, 

m
atrix 256x128). The resonant m

arkers w
ere positioned parallel 

w
ith B

0  in a w
ater phantom

. The contrast-to-noise ratio (CN
R) w

as 
calculated using O

siriX
 V

iew
er (Pixm

eo, Sw
itzerland). 

R
esults: The m

icro resonant m
arker w

as clearly visible w
ith a 

bright and highly localized signal enhancem
ent (Fig. 4). The signal 

did not contam
inate adjacent tissue im

aging. The com
plete resonant 

structure had a m
axim

um
 diam

eter of 1.95 m
m

 (<6 French) and 
length 8 m

m
. The coil had a calculated Q

 of 40.56 (Fig. 3) and CN
R 

of 45.427 (Fig. 4). 
C

onclusion: W
e have developed and tested the m

icro resonant 
m

arker for endovascular catheter navigation under M
R guidance. 

The 
passive 

structure 
allow

s 
for 

tracking 
of 

sub 
6 

French 
endovascular catheters. These findings validate the resonator as a 
viable m

arker for M
R guided clinical applications by providing an 

opportunity for safe and accurate catheter tracking and the ability to 
capitalize on the w

ealth of physiologic and structural inform
ation 

afforded by the interventional M
RI environm

ent. The m
arker’s 

flexible structure and localized resonance m
ake it an optim

al m
arker 

for M
R guided catheter navigation.  
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T

arget A
udience: Interventional M

R
I com

m
unity 

 
Purpose:  A

 specialized m
agnetically assisted rem

ote controlled (M
A

R
C

) catheter w
as 

developed [1] to enhance navigation capabilities in endovascular interventional procedures 
using M

R
 im

age guidance.  First generation M
A

R
C

 catheter prototypes have a single hand-
w

ound solenoid coil at the tip that is connected to a pow
er supply via tw

o copper w
ires.  

W
hen the coil is excited it creates a m

agnetic m
om

ent that aligns w
ith the direction of the 

m
ain m

agnetic field (B
0 ) causing the tip of the catheter to deflect (fig. 1).  The M

A
R

C
 

catheter poses an R
F safety concern because the copper w

ires couple w
ith the B

1 excitation 
field leading to undesired heating.  The aim

 of this study is tw
ofold: i) to evaluate the local 

m
agnitude of the induced R

F current for tw
o different M

A
R

C
 catheter prototypes, and ii) to 

com
pare these results to the R

F current induced in a nitinol guidew
ire.  

 
M

ethods:  Tw
o different M

A
R

C
 catheter prototypes w

ere constructed for this study.  The 
first prototype (fig. 2a) w

as fabricated using a 2.9 Fr custom
 polyether ether ketone (PEEK

) 
m

icrocatheter w
ith intralum

inal copper w
ires connected to a solenoid coil at the distal tip.  

The second prototype w
as also fabricated using a 2.9 Fr PEEK

 m
icrocatheter, but had copper 

w
ires em

bedded in the catheter w
all in a helical m

anner at a 0.4 m
m

 pitch (fig. 2b).  The 
guidew

ire (fig. 2c) used in this study (G
lidew

ire G
E3501, Terum

o, Som
erset, N

J) w
as 

chosen because it is representative of a typical guidew
ire used in interventional procedures, 

and serves as a positive control.  The catheters/guidew
ire w

ere suspended 17 cm
 from

 the 
m

idline of an acrylic torso phantom
 (A

STM
 F2182-02, fig. 3a) in an aqueous solution of 

0.35%
 sodium

 chloride.  A
n offset position w

as used to sim
ulate the w

orst-case scenario 
w

here the device is in close proxim
ity to the body coil.  To m

easure the induced R
F current 

an optically pow
ered toroidal current sensor [2, 3] w

as coupled to the M
A

R
C

 catheter (fig. 
3b).  The sensor w

as positioned at 5 cm
 increm

ents along the catheter starting at the tip and 
ending at 95 cm

 distal from
 the tip.  A

 fast spin echo sequence (echo spacing = 12.8 m
s, T

R  = 
933 m

s, ETL = 24, B
W

 = 15.63 kH
z, peak SA

R
 = 1.48 W

/kg) w
as used to acquire a single 

coronal slice (40 x 40 cm
) of the phantom

 using body coil T/R
 on a 1.5T scanner (Signa, G

E, 
M

ilw
aukee, W

I).  D
uring R

F transm
it the signal from

 the toroidal current sesnor w
as 

recorded, and subsequently analyzed using M
A

TLA
B

 scripts (M
athw

orks, N
atick, M

A
) to 

find the peak value of the induced R
F current for each spin echo excitation.  

 R
esults:  The m

ean and standard deviation of the peak R
F current w

as calculated and 
graphed as a function of position (fig. 4) for each catheter/guidew

ire.  The first M
A

R
C

 
catheter prototype had a m

axim
um

 current value of 0.93 A
 at 25 cm

, the second prototype 
had a m

axim
um

 of 0.27 A
 at 30 cm

, w
hile the guidew

ire had a m
axim

um
 of 1.01 A

 at 40 cm
.    

 D
iscussion/C

onclusions: The local m
axim

a in fig. 4 suggest that the induced R
F currents 

create standing w
aves leading to the concentration of current at distinct locations.  The 

current induced in the first prototype w
as com

parable to the current induced in the guidew
ire.  

H
ow

ever, the m
easured R

F current w
as low

er at all distances for the prototype w
ith helical 

leads suggesting that it offers increased R
F safety.  The helical geom

etry could be acting as 
an R

F choke that effectively reduces the coupling to the transm
it field.  A

lso, the R
F current 

m
ust travel over a longer effective path length, w

hich m
ay reduce the standing w

ave 
resonance. The increased length presents a tradeoff because it increases the total resistance, 
w

hich causes m
ore heating w

hen the tip is excited w
ith D

C
 current.  Future w

ork w
ill 

correlate the m
axim

um
 currents to local tem

perature change along the device during im
aging.  

M
itigating the R

F safety risks of the M
A

R
C

 catheter is a critical step tow
ards clinical use of 

the device for interventional procedures using M
R

 im
age guidance.    

 R
eferences:  

1. 
R

oberts, T.P., et al., Rem
ote control of catheter tip deflection: an opportunity for interventional M

RI. M
agn R

eson M
ed, 2002. 48(6): p. 1091-5. 

2. 
Zanchi, M

.G
., et al., An optically coupled system

 for quantitative m
onitoring of M

RI-induced RF currents into long conductors. IEEE Trans M
ed Im

aging, 
2010. 29(1): p. 169-78. 

3. 
Etezadi-A

m
oli, M

., et al. An O
ptically Pow

ered Toroidal C
urrent Sensor for RF Safety M

onitoring. in International Society for M
agnetic Resonance in 

M
edicine. 2012. Salt Lake C

ity, U
tah. 
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N
ovel M

R
 safe guidew

ires for M
R

I-guided interventions 
 K

laus D
üring 

M
aR

V
is M

edical G
m

bH
, V

ahrenw
alder Str. 269A

, 30179 H
annover 

 C
om

m
ercial guidew

ires consist of a m
etal core w

hich m
akes them

 dangerous in M
R

I due to 
inductive heating and electric conductivity. 
M

aR
V

is M
edical G

m
bH

 has developed the first portfolio of M
R

 safe standard and stiff (0.035 
inch) and m

icro (0.014 inch) guidew
ires. The m

ost critical factors for M
R

 guidew
ires are 

excellent m
echanical handling quality and visibility in M

R
I w

ithout distortion of the target 
tissue im

age. The new
 guidew

ire design is based on elongated glass and aram
id fiber – epoxy 

resin com
pound m

aterials („M
aR

V
is rods“). For standard and stiff guidew

ires several such 
M

aR
V

is rods are com
bined in a defined geom

etric arrangem
ent in an envelope polym

er. 
C

entrically located sm
all m

etal particles serve as continuous passive-negative M
R

 m
arkers. 

The guidew
ires com

prise a PTFE shrink tube as the outer surface. A
 plastically shapeable 

flexible tip is provided com
prising a specifically visible M

R
 tip m

arker for unam
biguous 

identification of the guidew
ire tip in the M

R
 im

age. 
The M

aR
V

is M
R

 guidew
ires provide good m

echanical handling properties and precise 
im

aging w
ith m

inor distortion of the target tissue im
age in interventional M

R
I sequences on 

G
E, Philips and Siem

ens M
R

 scanners. They are universally applicable in 1.5T and 3T M
R

 
scanners. N

um
erous M

R
I-guided interventions can now

 be realized by using the M
aR

V
is M

R
 

guidew
ires. C

E M
ark is expected in the first half of 2015. 
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 Purpose: To develop, evaluate and im
prove a passive-trackable M

R
-safe catheter system

 to 
deliver therapeutic agents to the ischem

ic heart via m
inim

al invasive percutaneous intram
yo-

cardial injections. 
 M

aterial and M
ethods: Six dom

estic pigs (25-44 kg) underw
ent intram

yocardial injections 
using different iterations of a catheter system

 prototype (ITP, Bochum
, G

erm
any). A

 m
ixture 

of contrast agent and blue dye w
as injected into the left ventricular m

yocardium
 under fluoro-

scopic guidance. H
eart rate and heart rhythm

 w
ere m

onitored. Conspicuity of the device and 
enhancem

ent of contrast agent w
ere verified w

ith M
R

I (1 T Philips Intera). A
fter the interven-

tions, hearts w
ere excised and exam

ined ex vivo. Subsequently, real tim
e M

R
I (1.5 T Siem

ens 
M

agnetom
 A

vanto) in a liquid-filled phantom
 w

as perform
ed w

ith the catheter system
. 

 R
esults: A

ll executions of the catheter system
 enabled successful and safe injections into the 

m
yocardium

. A
 total of 75 injections w

ere placed into the supply areas of the three m
ain re-

cipient vessels (R
IV

A
, R

C
X

 and R
C

A
). O

ccasionally, as long as the needle w
as entered into 

the tissue, anim
als presented isolated ventricular extrasystoles (5 consecutive tim

es m
axi-

m
um

). Post interventional M
R

I and ex vivo exam
ination show

ed good penetration depth and 
extensive distribution of the dye-contrast-m

edia m
ixture. Initially, various scattered hem

ato-
m

as w
ere recognized surrounding the injection sites. M

odification of the needle shape lead to 
the elim

ination of this effect. D
evices w

ere depicted precisely in the M
R

-Im
ages and phantom

 
M

R
I allow

ed real tim
e navigation (12.5 fram

es per second) w
ith a catheter artifact of 6 m

m
. 

 C
onclusion: M

inim
al invasive percutaneous intram

yocardial injections can safely be per-
form

ed using the introduced passive M
R

-trackable, double-deflectable catheter system
. O

per-
ability of the device w

as generally considered com
parable to clinically approved devices uti-

lized in angiographic interventions. This catheter system
 can possibly be introduced in the 

treatm
ent of hum

ans. B
y establishing a catheter into the daily clinical practice, patients suffer-

ing from
 cardiac diseases could be provided w

ith a new
 therapeutic option. Therefore, it m

ay 
present an im

provem
ent of patient care. 

    K
eyw

ords: interventional M
R

I, passive M
R

-tracking, intram
yocardial injection, coronary 

heart disease 
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Figures 

 

Figure 1: Schem
atic of the guiding catheter. 1 = screw

 attachm
ent for syringes, 2 = stepw

ise 
adjustable w

heel, 3 = pulling strings, 4 = w
orking lum

en, 5 = param
agnetic m

arker, 6 = han-
dle section, 7 = catheter tube, 8 = deflectable distal end. 
  

       
       

 

Figure 2: R
epresentative M

R
-Im

ages (TFE B
H

). a M
idventricular short axis slice. b, c  Left 

ventricular outflow
 tract. C

ircular signal void caused by the param
agnetic m

arker (thin ar-
row

s). C
atheter artifact (thick arrow

s) w
ith (b) and w

ithout (c) incorporated injector. 

       
    

    
 

Figure 3: R
epresentative M

R
-Im

ages (T1 SEEPI). a M
idventricular short axis slice. b Sagittal 

plane. c C
oronary plane. Intense signal of the injected contrast agent at the injection sites in 

anterior (thin arrow
s) and left lateral (thick arrow

s) cardiac w
all. 

 

Figure 4:  D
issected left ventricle of the heart of anim

al 4. D
ye distribution w

as already visible 
on the epicardial surface. Sufficient enhancem

ent and extensive distribution of Evans B
lue 

dye (blue spots).  
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Figure 5: A
dvancing the injector through the catheter in a liquid filled phantom

. N
um

bers 
refer to the position in the im

age series. Thick arrow
 = plastic tube, thin arrow

 = guiding cath-
eter, dotted arrow

 = param
agnetic m

arker, arrow
head = injection needle 

d 
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 Introduction &
 Purpose:  

Percutaneous ablative treatm
ent has becom

e a viable treatm
ent option for selected patients w

ith m
etastatic liver disease. The use of M

R
I to guide and 

m
onitor these procedures is associated w

ith better ability to target subtle 
lesions and lesions at challenging anatom

ical locations and w
ith a better 

ability to m
onitor the progress of ablation and to determ

ine the treatm
ent 

endpoint. At our institution, w
e have been using laser fiber optics to ablate 

tum
ors under M

R
I for the past 3 years. C

om
pared to our experience w

ith 
radiofrequency, 

m
icrow

ave, 
and 

cryo- 
ablations, 

w
e 

observed 
high 

tolerance of patients to laser ablations and low
er needs for post-procedure 

pain m
anagem

ent. The goal of this study is to 1) report num
eric pain scores 

in a large cohort of patients w
ho underw

ent M
R

I guided liver laser ablations 
at our institution; and 2) evaluate potential factors that m

ay predict pain 
follow

ing M
R

I guided liver laser ablations. 
 Patients &

 M
ethods:   

Follow
ing IR

B approval, a retrospective chart review
 w

as conducted of 
patients w

ho underw
ent M

R
I-guided laser ablation of hepatic m

etastases 
betw

een July 2011 and M
ay 2014. O

nly patients w
ith chart-docum

ented 
num

eric pain scores w
ere included in this study. W

e identified 45 patients 
w

ho had 85 laser ablations and fulfilled the inclusion criteria. All procedures 
w

ere 
perform

ed 
exclusively 

w
ithin 

an 
interventional 

M
R

I 
suite 

under 
general anesthesia. W

e recorded the num
ber of patients at each pain score 

level (0-10). W
e correlated the pain scores w

ith 8 param
eters related to the 

ablation procedures. These param
eters are: 1) Ablated liver segm

ent; 2) 
tum

or location in relation to liver capsule and/or diaphragm
; 3) num

ber of 
ablated lesions per treatm

ent session; 4) average largest diam
eter of 

tum
or; 5) num

ber of used laser fibers/num
ber of fiber repositionings; 6) type 

of prim
ary neoplasm

; 7) w
hether a biopsy w

as perform
ed in the sam

e session; and 8) w
hether a subcapsular hem

atom
a com

plicated the procedure.  
W

e com
puted the Pearson correlations betw

een the pain scores and the num
ber of ablated segm

ents, the average largest tum
or dim

ension and the 
num

ber of used laser fibers/num
ber of fiber repositionings. W

e used the Pearson test to check w
hether correlations are significantly different from

 zero.      
W

e used standard tw
o sam

ple W
elch–Satterthw

aite t-test to identify differences in pain  
betw

een single site ablations and m
ultiple site ablations, betw

een patients w
ho had sam

e 
session biopsies and w

ho did not, and betw
een patients w

ho had subdiaphragm
atic ablations, 

other capsular based ablations, and deep liver ablations. Additionally, the sam
e types of tests 

w
ere used for com

paring subjects w
ho developed subscapsular hem

atom
as and those w

ho 
did not. The types of prim

ary neoplasm
s w

ere treated as different factors and standard one-
w

ay fixed effect AN
O

VA w
ere fitted to determ

ine w
hether there is certain type of neoplasm

s 
that contribute significantly to the pain. In addition, a general linear m

ixed effect m
odel w

ith a 
random

 subject-specific intercept w
as fitted incorporating all the variables w

ith the pain scores 
treated as outcom

es.  
 R

esults:   
20 of 45 patients (44.44%

) reported no pain at all (pain score = 0) follow
ing M

R
I-guided laser 

ablation of their liver m
etastases. O

f the rem
aining patients, 20 (44.44%

) reported pain scores 
betw

een 
1-5. 

O
nly 

5 
patients 

(11.11%
) 

reported 
pain 

scores 
>5 

(Fig. 
1). 

Significant 
correlation w

as found betw
een pain scores and the average largest diam

eter of ablated 
tum

ors. The Pearson correlations betw
een the largest dim

ension of the ablated tum
ors and 

the pain scores at day 0 and day 1 are 0.4279 and 0.3679 respectively. The p-values for 
testing w

hether they are significantly different from
 zero are 0.0209 and 0.0496. The AN

O
VA 

test for the prim
ary neoplasm

 suggests that there m
ight be significant im

pact on the feeling of pain exerted by certain neoplasm
 types (p=0.0778). Table 

1 lists the sources of liver m
etastases treated in this series. The linear m

ixed effect m
odel fitting results further confirm

 these tw
o findings: the average 

largest diam
eter of ablated tum

or is significantly associated w
ith the pain scores (p=0.0239); ablation of m

etastatic m
elanom

a seem
s to lead to a 

stronger pain after procedures (p=0.0398). It is also w
orthw

hile noting that pancreatic neuroendocrine carcinom
a m

ight also lead to m
ore pain am

ong 
patients based on the m

odel fitting results (p=0.088).  
 D

iscussion &
 C

onclusion:   
M

R
I-guided laser ablation of hepatic m

etastases is a w
ell-tolerated procedure w

ith low
 post-procedure m

orbidity. 44%
 of the patient population in this 

study experienced zero pain follow
ing ablations. Additional 44%

 reported pain scores betw
een 1-5. This investigation show

s that the size of ablated 
tum

or is the m
ost significant predictor of post-procedure pain. There m

ight be a correlation betw
een the treated tum

or type and post-procedure pain w
ith 

m
etastatic m

elanom
a and pancreatic neuroendocrine carcinom

a show
ing a stronger correlation w

ith pain in our series. This finding should, how
ever, be 

interpreted carefully given the sm
all sam

ple size and w
arrants further evaluation on a larger cohort of patients. N

one of the other tested param
eters 

proved to be a significant predictor of post laser ablation pain. 
 

Prim
ary tum

or 
N

um
ber of 

patients 
C

olon adenocarcinom
a 

16 
R

ectal adenocarcinom
a 

5 
Pancreatic neuroendocrine carcinom

a 
8 

G
astric neuroendocrine carcinom

a 
2 

C
olonic neuroendocrine carcinom

a 
1 

M
elanom

a 
3 

Sarcom
a 

3 
Esophageal adenocarcinom

a 
2 

C
lear cell renal cell carcinom

a 
2 

Pancreatic adenocarcinom
a 

1 
G

astrointestinal strom
al tum

or 
1 

M
R

I-guided m
ediastinal biopsies: retrospective evaluation on 15 cases 

 

 J G
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 1, G
 Tsoum

akidou
1, E R
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3, E B
reton

3, A
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1D

epartm
ent of interventional radiology, U

niversity H
ospital, Strasbourg, France 

2C
enter for Applied M

edical Im
aging, Siem

ens C
orporate Research, Baltim

ore, M
D

, U
SA 

3iC
ube, Strasbourg U

niversity, C
N

RS, IH
U

 Strasbourg, Strasbourg, France 
 Purpose 

 To determ
ine w

hether M
R

I allow
s safe and accurate real-tim

e guidance for biopsies of 
m

ediastinal m
asses. 

 M
aterial and m

ethods 
 W

e retrospectively collected the procedural and histopathological data from
 all m

ediastinal 
biopsies 

perform
ed 

under 
M

R
I 

guidance 
betw

een 
February 

2010 
and 

January 
2014. 

R
egarding procedural data, w

e review
ed the size and location of the lesions, the position of 

the patient for the biopsy and the duration of the procedure (from
 the planning M

R
-scan to the 

last post-biopsy control). W
e also evaluated the tim

e necessary to position the biopsy needle 
(from

 local anesthesia to the first biopsy). R
egarding histological datas, w

e collected the 
results of all percutaneous biopsies and also those of surgical specim

en w
hen the patient 

underw
ent surgery in a second step. 

 R
esults 

 There w
ere 15 patients (7w

om
en/8m

en) included in this retrospective study. M
ean age w

as 74 
years old (18-82). Lesions w

ere located in the anterior m
ediastinum

 (n=13) and m
iddle 

m
ediastinum

 (n=2). M
ean size of the greatest axial diam

eter of the lesions w
as 7,1 cm

 (3,6-
11). B

iopsies w
ere perform

ed in supine position in 13 cases and in prone position in 2 cases. 
Total duration of procedure w

as 42 m
inutes on average (27-62), w

ith a m
ean tim

e to position 
the needle biopsy of 9,4 m

inutes (3-18). H
istological analysis revealed m

alignancy in 12 
cases, w

ith 4 of this 12 lesions being confirm
ed at surgery. These 12 biopsies w

ere all 
considered as true positive biopsies. O

ne biopsy w
as considered as true negative as histology 

revealed granulom
atous inflam

m
ation consistent w

ith a sarcoidosis, w
ithout any m

odification 
of the size of the lesion at 1-year follow

-up. O
ne biopsy w

as considered as false negative as 
percutaneous 

biopsy 
concluded 

to 
m

esotelial 
hyperplasia, 

w
hereas 

surgery 
revealed 

m
alignancy. Finally, one biopsy w

as not diagnostic as there w
as no clear histological result 

possible. The lesion turned out to be a thym
ic hyperplasia on a secondary C

T-guided 
percutaneous biopsy. G

iven these results, sensitivity, specificity, positive predictive value, 
negative predictive value and accuracy of M

R
I-guided biopsies in our study w

ere respectively 
92,3%

, 100%
, 100%

, 50%
 and 86,6%

. There w
as no im

m
ediate com

plication. 
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Fig.1: biopsy of a m
ediastinal m

ass using tw
o orthogonal view

s. The real-tim
e sequence show

 
good positioning of the needle’s tip inside the tum

or 
 

 
   Fig.2: biopsy of a m

ediastinal m
ass using a posterior approach. M

R
I clearly show

s the m
ass, 

the lung and the great vessels. 
 

 
      

Fig.3: biopsy of a m
ediastinal m

ass using an anterior approach. The good contrast resolution 
of M

R
I allow

s to avoid targeting the necrotic parts of the tum
or. 
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R
eference-less

PR
F Therm

om
etry 

treatm
entin

a
pre-clinicalThiel

IoannisK
arakitsios *,N

han Le, X
u X

iao
Institute 
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M
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Science 
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Technology

Technology, School of M
edicine, D

entistry  and N
ursing, U

niversity of D
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undee,
D

D
2 1FD

,U
nited K

ingdom

Purpose
M

R
-guided Focused U

ltrasound (M
R

gFU
S

utilizes
Proton R

esonance Frequency (PR
F) M

R
 Therm

om
etry 

m
apping and control of treatm

ent w
ith

m
ore robust to m

otion and displacem
ent of the tissue than the standard phase

Therm
om

etry.
The

aim
 of 

the present 
study

Therm
om

etry on pre-clinical Thiel em
balm

ed hum
an cadaver

M
aterial and M

ethods
The liver treatm

ent
w

as conducted 
B

one
System

, 
InSightec 

Ltd., 
Tirat 

C
arm

el, 
Israel

(SignaH
D

x, G
E M

edical System
s, M

ilw
aukee, W

I, U
SA

w
assonicatedfor 20 sec w

ith acoustic energies 1000
Therm

om
etry w

as used for treatm
ent m

onitoring

Fig.1:
Snapshots

of M
R

gFU
S

treatm
ent: (A

)M
R

 im
age of the FU

S beam
 

the liver, (B
)post-sonication PR

F m
ap show

ing heated area, (C
)

graph.

R
esults

A
 region of interest (R

O
I)

w
as

interpolated using a 2D
 polynom

ial (
generated (Fig.3).

A
bstract

PR
F Therm

om
etry forM

R
-guided Focused U

ltrasound
(M

R
gFU

S)
Thiel-em

balm
edhum

an cadaver
m

odel
X

u X
iao,A

ndreasM
elzer

Institute 
for 

M
edical 

Science 
and 

Technology
(IM

SaT),
D

ivision 
of 

Im
aging 

and 
Technology, School of M

edicine, D
entistry  and N

ursing, U
niversity of D

undee, D
undee,

Focused U
ltrasound (M

R
gFU

S)is a safe, controlled and non-invasive option
Proton R

esonance Frequency (PR
F) M

R
 Therm

om
etry forreal-tim

e tem
perature 

m
apping and control of treatm

ent w
ith

Focused U
ltrasound.R

eference-less Therm
om

etry 
m

ore robust to m
otion and displacem

ent of the tissue than the standard phase
aim

 of 
the present 

study
w

as 
to dem

onstrate 
reference

clinical Thiel em
balm

ed hum
an cadaver.

w
as conducted onM

R
gFU

S patient table (ExA
blate 2100

, 
Tirat 

C
arm

el, 
Israel)

em
bedded 

in 
1.5T 

M
R

 
scanner 

SignaH
D

x, G
E M

edical System
s, M

ilw
aukee, W

I, U
SA

) for the M
R

 im
aging

w
ith acoustic energies 1000,

2000J
(Fig.1). R

eference
for treatm

ent m
onitoring.

treatm
ent: (A

)M
R

 im
age of the FU

S beam
 path focusing on 

sonication PR
F m

ap show
ing heated area, (C

)post-treatm
ent

as
selected around the heated area,and it w

as fitted and 
interpolated using a 2D

 polynom
ial (Fig.2).A

 series of reconstructed tem
perature m

aps w
ere 

(M
R

gFU
S)liver

D
ivision 

of 
Im

aging 
and 

Technology, School of M
edicine, D

entistry  and N
ursing, U

niversity of D
undee, D

undee,

invasive option
that

tim
e tem

perature 
less Therm

om
etry is

m
ore robust to m

otion and displacem
ent of the tissue than the standard phase-referenced

m
onstrate reference-less

PR
F

00
C

onform
al

em
bedded 

in 
1.5T 

M
R

 
scanner 

) for the M
R

 im
aging. The liver

. R
eference-less PR

F 

path focusing on 
treatm

ent
tem

perature

and it w
as fitted and 

A
 series of reconstructed tem

perature m
aps w

ere 

Fig.2:
R

econstructed (A
)interpolated R

O
I outside the 

the heated area.

Fig.3:
R

econstructed (A
)tem

perature m
ap show

ing the tem
perature rise and (B

)tem
perature 

m
apsovertim

e
duringM

R
gFU

S treatm
ent.

C
onclusion

W
e dem

onstrated that reference -
hum

an cadaverfor liver treatm
ent

satisfactory.
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om

etry for C
linical H

ypertherm
ia: In V

ivo C
om

parison of FLA
SH

 and EPI D
ouble-Echo Sequences 
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atthew
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M
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erm
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 Purpose To develop a fast M

R
 therm

om
etry pulse sequence that is not affected by the tem

perature-related conduc-
tivity changes in tissue. For this, a double-echo segm

ented EPI sequence w
as developed and com

pared to conventional 
spoiled gradient echo sequence in a clinical setting during radiofrequency (R

F) regional hypertherm
ia (H

T) treatm
ent. 

M
aterials and M

ethods A
 double-echo segm

ented EPI pulse 
sequence (D

EPI) w
as developed for a clinical 1.5T M

R
 system

 
(Siem

ens Sym
phony). A

 schem
atic of the proton resonance 

frequency shift (PR
F) sequence [1, 2] is show

n at Fig. 1; here, the 
first echo is used to rem

ove system
atic phase changes due to 

tem
perature-related susceptibility changes in the tissue [3]. 

To 
test 

the 
sequence 

in 
a 

clinical 
setting, 

tem
perature 

m
easurem

ents w
ere perform

ed in 3 tum
or patients. Each patient 

received 5-9 H
T treatm

ent sessions in an M
R

-com
patible H

T unit 
(B

SD
 2000 3D

 M
R

I, Salt Lake C
ity, U

T) w
ith SIG

M
A

-Eye 
applicator w

ith 24 antennae (100 M
H

z, P
m

ax  = 1800W
, 75W

 per 
antenna). 

For 
com

parison, 
a 

double-echo 
FLA

SH
 

sequence w
as applied in an interleaved m

anner. 
Tem

peratures w
ere com

pared using the Passing and 
B

ablok 
m

ethod 
[4] for 

the 
linear regression 

and 
B

land-A
ltm

an plot [5]. 

R
esults and D

iscussion D
EPI show

s a m
ore inhom

o-
geneous background in the w

ater bolus of the hyper-
therm

ia applicator surrounding the patient (Fig. 2) and 
tw

ofold low
er m

agnitude SN
R

. In the tissue, how
ever, 

the 
heat 

distribution 
is 

clearly 
seen, 

and 
the 

tem
perature differences betw

een D
EPI and FLA

SH
 

(averaged over R
O

Is) never exceeds 1°C
. Linear 

regression (Fig. 3A
) show

s that D
EPI and FLA

SH
 

tem
peratures are identical w

ithin the m
easurem

ent 
errors. B

land-A
ltm

an plot (Fig. 3B
) show

s that the 
differences betw

een tw
o sequences are betw

een m
-2σ 

= (-1.13 ±0.05)°C
 and m

+2σ = (1.06±0.05)°C
 and the 

m
ean of the differences is m

 = (-0.035±0.016) °C
.  

C
onclusion The tw

o sequences can be used interchan-
geably 

for 
tem

perature 
m

onitoring 
during 

H
T 

treatm
ent. The higher m

otion sensitivity and low
er 

SN
R

 of the D
EPI does not significantly affect the 

precision of tem
perature m

easurem
ents, how

ever, the higher acquisition speed of the D
EPI sequence is advantageous 

for localization of R
F hot spots. In addition, high sam

pling rates allow
 for a use of D

EPI during therm
al treatm

ents 
w

ith fast tem
perate changes such as H

IFU
, R

F ablation, or LITT. 

R
eferences [1] Ishihara Y

 et al. (1995) M
agn R

eson M
ed 34:814–823 [2] D

e Poorter J et al. (1995) M
agn R

eson M
ed 

33(1):74-81[3] Peters R
D

 et al. (2000) M
agn R

eson M
ed 43(1):62-71 [4] Passing H

 et al. (1983) Clin C
hem

 C
lin Bio 

21:709-720 [5] B
land JM

 et al. (1986) Lancet 1(8476):307-310 
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Fig. 1 The schem

atic of the D
EPI sequence. The elem

ents high-
lighted in blue w

ere added to create the second echo; the ele-
m

ents highlighted in red w
ere added for the flow

 com
pensation. 

 
Fig. 3 A

. Linear regression. R
ed solid line is the regression line, thicker dashed 

black line is an identity line, thinner dashed black lines are the confidence 
intervals. B

. B
land-A

ltm
an plot. The red thick dashed line show

s the m
ean m

 of 
differences betw

een tw
o techniques and the black thin dashed lines show

 m
±2σ, 

w
here σ is a standard deviation of differences betw

een tw
o techniques. 

 
Fig.2 A

n exam
ple from

 a patient w
ith rectal cancer: anatom

ical im
age w

ith R
O

Is 
for tem

perature (red) and field drift correction (blue) and tem
perature m

aps from
 

D
EPI and FLA

SH
. 

Tem
perature distribution inside a cryoablation iceball studied using U

TE M
R

 signal 
intensity at 11.7T

 
 C
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verduin
1, Y

i Sun
1, Jurgen J. Fütterer 1,2, Tom

 W
.J. Scheenen
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niversity M
edical Center, N

ijm
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etherlands 
2 M
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 Institute for B
iom

edical Engineering and Technical M
edicine, Enschede, the N

etherlands 
 Purpose: To study the tem

perature distribution w
ithin a cryoablation iceball using ultrashort 

echo tim
e (U

TE) M
R

 signal intensity w
ith applications to cryoablation treatm

ent planning. 
 M

ethods: A
n M

R
-com

patible cryoneedle (IceR
od, G

alil M
edical) w

as inserted into a porcine 
m

uscle specim
en at room

 tem
perature in a 11.7T pre-clinical M

R
 system

 (BioSpec, B
ruker). 

Three fiberoptic tem
perature sensors (T1, N

eoptix) w
ere placed at one side parallel to the 

cryoneedle at lateral distances of respectively 0.5, 1.0 and 1.5cm
. Tw

o cycles of 10:3 m
in. 

freeze-thaw
 w

ere applied. C
ontinuous M

R
 m

onitoring w
as perform

ed by a single-slice axial 
U

TE sequence (TR
/TE = 30m

s/286μs, voxel size = 0.47x0.47m
m

, slice thickness = 1.5m
m

, acq. 
tim

e = 12s) positioned around the center of the iceball. For each tem
perature sensor, signal 

intensity (SI) values during the experim
ent w

ere recorded for three different voxels at the sam
e 

radial distance from
 the cryoneedle. SI 

w
as norm

alized to its baseline value 
before 

cooling 
and 

related 
to 

tem
perature. 

A
ll 

data 
points 

in 
the 

subzero tem
perature range w

ere fitted 
using an exponential fit. U

sing the 
curve fit, norm

alized SI values could 
be converted to tem

peratures to obtain 
M

R
 tem

perature m
aps of the frozen 

tissue. A
t each im

aging tim
e point, 

areas of the 0, -20 and -40°C
 isotherm

s 
w

ere extracted (Fig 1). 
 R

esults: U
TE M

R
 signal intensity decreased 

exponentially w
ith tem

perature (T) <0°C
. 

The signal decay w
as fitted by norm

alized SI 
= 1.38e0.05T (R

2=0.95). M
axim

um
 area of 

frozen tissue w
as 9.32cm

2 and w
as reached 

at 
the 

end 
of 

the 
second 

thaw
 

phase. 
M

axim
um

 areas encom
passed by the -20 and 

-40°C
 isotherm

s w
ere respectively 5.62 and 

1.58cm
2 at 10 and 7.5 m

inutes into the 
second freeze cycle. M

axim
um

 percentages 
of the -20 and -40°C

 isotherm
s relative to the 

entire frozen area w
ere respectively 68 and 

21%
 at 7.5 and 6.5 m

inutes into the second 
freeze cycle (Fig 2).  
 C

onclusion: W
e have show

n the feasibility 
of im

aging the tem
perature distribution w

ithin a cryoablation iceball using U
TE M

R
 signal 

intensity at 11.7T. This inform
ation could be useful to validate and im

prove cryoablation 
treatm

ent planning m
odels. Lim

itations of our study w
ere that the ex-vivo tissue w

as non-
perfused and at room

 tem
perature and only a sm

all tissue sam
ple could be used due to bore size 

constraints.  Further experim
ents investigating the reproducibility of our findings under clinically 

relevant circum
stances and using m

ultiple cryoprobes are currently being perform
ed. 

Fig. 1 – U
TE M

R
 im

age at the end of the first freeze cycle (left) and 
the sam

e im
age w

ith the 0,-20 and -40°C
 isotherm

s calculated using 
the curve fit overlaid (right). 

Fig. 2 – Percentages of the -20 and -40°C
 isotherm

s relative to 
the entire frozen area (<0°C

). 
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 PU
R

PO
SE 

H
igh intensity focused ultrasound (H

IFU
) therapy under M

R
 guidance requires tem

perature 
distribution im

ages around the target tissue. For tissues w
ith high w

ater content, resonance 
frequency shift of w

ater proton signal is available. O
n the other hand, this approach is not 

applicable to a voxel containing only fat. For solving this issue, w
e have proposed a novel 

technique using m
ultiple flip angle and m

ultipoint D
ixon m

ethods to use spin lattice 
relaxation tim

e (T
1 ) of m

ethylene or term
inal m

ethyl proton for fat therm
om

etry [1, 2]. In the 
present w

ork, w
e have exam

ined the usefulness of the prior inform
ation about the signal 

intensity and T1's of the fatty acid proton com
ponents in reducing the com

plexity of the signal 
processing.  
 M

A
TER

IA
L A

N
D

 M
ETH

O
D

S 
Proton spectra of bovine fat tissues in a glass capillary of 5 m

m
 in diam

eter w
ere observed 

w
ith a 11T M

R
 spectrom

eter at various tem
perature points to obtain the ratios of signal 

intensities as w
ell as T

1 's betw
een the different chem

ical shift com
ponents of fatty acids. 

Tem
perature of the sam

ple w
as raised from

 room
 tem

perature to 60℃
 and low

ered to the 
room

 tem
perature again. Signal intensities and T

1 's of 8 chem
ical shift com

ponents of the 
fatty acids w

ere obtained by using inversion recovery for each peak. Then the resultant signal 
intensity ratio and the chem

ical shift differences of the fat com
ponents w

ere used to sim
ulate 

the T
1  determ

ination w
ith the m

ultiple flip angle and m
ultiple gradient echo techniques w

ith a 
num

erical phantom
 w

ith 8 fatty acid com
ponents and w

ater The signal to noise ratio (SN
R

) of 
the phantom

 w
as set to10 for the total signal. 

 R
ESU

LTS 
The errors in estim

ating T
1 's of H

2 O
, C

H
2  and C

H
3  using a 3-com

ponent m
odel w

ith the prior 
ration inform

ation w
ere 1.2%

, 1.2%
 and 0.9%

, w
hile those w

ith 9-com
ponent m

odel w
ere 

0.02%
, 0.0%

 and 0.3%
, w

hen TR
 of 23 m

s and 7 echoes w
ith linear TE settings of 1.0 

through 7.0 m
s w

ere used. Sim
ilar results w

ere obtained w
ith different TR

, TE settings. 
 C

O
N

C
LU

SIO
N

 
The prior know

ledge m
arkedly reduced the T

1  estim
ation error. B

etw
een the 3- and 

9-com
ponent m

odels, the latter yielded better results. The error levels of both m
odels w

ere 
sufficient for evaluating fat tissue tem

perature. The use of the prior know
ledge seem

ed to be 
effective for fat tem

perature im
aging. Experim

ental verification is under progress. 
 [1]K

uroda K
, Iw

abuchi T, O
bara M

 et al. M
agn R

eson M
ed Sci 2011;10(3):177-183. 

[2]K
uroda K

, M
orita S, Lam

 M
K

 et al. Therm
al M

edicine 2012;28(4):87-96. 
 

Feasibility of M
R

Therm
om

etry of The K
nee Joint C

artilage under Therm
al Therapy

A
tsushi Shiina

1, K
enji Takahashi 2, Jiro N

akano
3, K

agayaki K
uroda

1,3

1C
ourse of Inform

ation Science and Engineering, G
raduate School of Engineering, Tokai U

niversity
2D

epartm
ent of O

rthopaedic Surgery, N
ippon M

edical School
3D

epartm
ent of H

um
an and Inform

ation Science, School of Inform
ation Science and Technology, 

Tokai U
niversity

PU
R

PO
SE:The aim

 of this study w
as to exam

ine feasibility of M
R

tem
perature im

aging of 
knee joint cartilage under therm

ally induced pain-relief therapy for osteoarthritis.
M

ATER
IA

LS A
N

D
 M

ETH
O

D
S:Proton spectra of cartilage segm

ent sam
ples collected from

 
an excised a porcine knee joint

w
as observed in

11T N
M

R spectrom
eter. The sam

ple w
as 

im
m

ersed in deuterium
 oxide (D

2 O
, 99%

, Sigm
a-A

ldrich) in a N
M

R sam
ple tube of 5 m

m
 in 

diam
eter. Trim

ethylsilyl propanoic acid
(TSP) w

as added as an internal reference. A
fter 

turning off auto m
agnetic-field-frequency locking and shim

m
ing, the proton spectra

w
ere 

evaluated at various tem
perature ranging from

 room
 tem

perature and 50 oC
. The m

easurem
ent 

conditions w
ere TR

, 4.09 s; TE, 6.50
Ps; FA

, 30 degree. 
    A

nother porcine knee joint sam
ple w

as place in lateral position
in a 3T clinical scanner 

and heated
in

a
therm

ostatic bath. Tem
perature of the bath w

as set from
 34 to 40 oC

. A
ctual 

tem
perature of

the sam
ple w

as m
onitored by a 4-channel

fiber optic therm
om

eter at the 
suprapatellar bursa

(C
h1),

m
eniscus

(C
h2), m

uscle (C
h3) and surrounding w

ater (C
h4). 

Proton M
R im

aging
w

ith a fast field echo technique w
as perform

ed in the saggittalslices w
ith 

the follow
ing conditions; TR

, 11.3 m
s; TE, 8 m

s; FA
, 15 degree; slice thickness, 5 m

m
; FO

V, 
30 cm

; and acquisition m
atrix, 212 x 161. A

fter com
pensating the static m

agnetic field drift 
approxim

ated by
a

first order plane estim
ated from

the phase change in the com
plex M

R
 

signals
in the bone m

arrow
regions

or in four olive oil tubes around
the sam

ple. Phase change 
induced by the w

ater proton resonance frequency shift in the aqueous tissues such as articular 
cartilage and m

eniscus w
as converted to tem

perature elevation
using a

coefficient of obtained 
in the spectrom

eter experim
ent. 

R
ESU

LTS:
The spectrum

 of the cartilage sam
ple exhibited only a w

ater signal w
ith a

tiny 
(0.02-0.03%

) fractions of other com
ponents. The tem

perature coefficient of the w
ater proton 

resonance frequency w
as approxim

ately -0.0108ppm
/ oC

 for both heating and cooling period.  
In the im

aging experim
ent, tem

perature of the suprapatellar bursa elevated from
 33.1 to 38.8 

oC
. That of the m

eniscus elevated from
 33.7 to 39.2 oC

. Signal to noise ratio in the m
agnitude 

im
age

w
as 34

at the articular cartilage
or

20
at the m

eniscus. The resultant tem
perature 

im
ages

in these tissues agreed fairly w
ell w

ith the actual tem
perature elevation.

C
O

N
CLU

SIO
N

:
The signal to noise ratio

in the cartilage
and m

eniscus w
ere sufficient for 

appreciating the therm
al shift of the w

ater proton resonance frequency. The tem
perature 

change of the w
ater proton resonance frequency w

as sim
ilar to the other aqueous tissues. Thus 

feasibility of noninvasive M
R

 therm
om

etry w
as clearly dem

onstrated. The m
agnetic field 

com
pensation should be im

proved in the regions w
ith a com

plex tissue structure.
Figure 

1 
M

agnitude 
(a) 

and 
tem

perature
elevation distribu-

tion (b)
of the porcine 

knee 
joint ex vivo at 3T. The yellow

 
squares 

in 
(a) 

delineates 
the 

R
O

I's
placed 

in 
the 

bone 
m

arrow
 

for 
field 

drift 
correction. 

The 
tem

perature 
elevation 

(b) 
in 

the 
cartilage 

w
as 5.7

oC
 .  
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M
ultinuclear ( 19F + 1H

) intravascular M
R

I at 3T 
Shashank S. H

egde
1, Li Pan

2, G
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raitchm
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1 Russell H
. M

organ D
ept. of Radiology &
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ept. of Electrical &

 Com
puter Engineering, Johns H

opkins 
U

niversity, B
altim

ore, M
D

, 2 Center for A
pplied M

edical Im
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altim

ore, M
D
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Purpose: O
ne of the challenges in the developm

ent of transplanted cellular therapeutic strategies is effective in 
vivo tracking of cells post-delivery. Fluorine ( 19F) M

R
I com

bined w
ith anatom

ic proton ( 1H
) M

R
I provides an 

effective m
ethod for tracking labeled cells 1. C

onventionally, surface and/or body radiofrequency coils have 
been utilized for the M

R
I com

ponent of such m
ultim

odal im
aging. Recently, using 3T intravascular M

R
I 

(IV
M

R
I) probes w

e have show
n high-resolution in vivo trans-lum

inal im
aging w

ith local signal-to-noise ratios 
superior to surface coils 2. H

ere, using an IV
M

R
I probe designed for both 1H

 and 19F M
R

I, w
e show

 high-
resolution localization of perfluorooctyl-brom

ide (PFO
B) m

icrocapsules in a porcine heart ex vivo. Localization 
is confirm

ed by com
puted tom

ography (C
T) of the m

icrocapsules. 
M

ethods: A
 3T IV

M
R

I loopless antenna w
as designed using either a 2m

m
 outer-diam

eter (O
D

) sem
i-rigid 

coaxial cable or a 0.8m
m

 O
D

 biocom
patible flexible nitinol cable. The sam

e resonant w
hip length, e.g. 40 m

m
 

w
as used, thereby allow

ing interchangeable operation at the 19F/ 1H
 Larm

or frequencies (116/123 or 128M
H

z) 3. 
A

 sw
itchable interface along w

ith its associated ‘coilfile’ enabled either transm
it/receive or receive-only 

operation
2. M

icrocapsules w
ere produced using a m

odified alginate m
icroencapsulation m

ethod w
ith the 

addition of 12%
 (v/v) PFO

B allow
ing for m

ultim
odality (M

R
I, 

CT) detection.  A
pproxim

ately 0.8cc of PFO
B capsules w

as 
injected into an ex vivo porcine heart (Fig. 1a). The IV

M
R

I probe 
w

as inserted into the brachiocephalic artery of the porcine heart 
im

m
ersed in saline and used as: (1) a receiver for 1H

 M
R

I on a 
Philips 3T (A

chieva) or a Siem
ens 3T (Tim

 Trio); and (2) in the 
transm

it/receive m
ode for 19F M

R
I on a Siem

ens 3T (Tim
 Trio). 

The proton and fluorine im
ages w

ere co-registered and overlaid 
to form

 a com
posite im

age. M
R

I w
as follow

ed by c-arm
 CT 

im
aging (A

rtis Zee, Siem
ens) to confirm

 the deposition of the 
radio-opaque m

icrocapsules.  
R

esults: Real-tim
e tracking of the IV

M
R

I probe insertion in the 
ex vivo heart w

as readily apparent on 1H
 M

R
I (bright line, 

Fig.1a). PFO
B capsules w

ere identified under 19F M
R

I at 0.8m
m

 
in-plane resolution (Fig. 1b, m

agenta and inset). 1H
 IV

M
R

I at 
0.2m

m
 resolution clearly delineates the vessel w

all (around p, 
Fig. 1b. 1H

 M
R

I: 3D
 TSE, TR/TE=298/14m

s, FA
=90°, voxel 

=0.2×0.2×4m
m

3, TSE fact. 6; 19F M
R

I: 3D
 TruFISP, TR/TE= 

4/2m
s, FA

=12°, voxel =0.8×0.8×5m
m

3, 32 avg.). The com
posite 

im
age (Fig. 1b) corresponds w

ell w
ith cone beam

 CT (CBCT) at 
the sam

e location (Figs. 1c, 1d. 70kV
, 20sD

CT). 
C

onclusions: W
e show

 that 3T IV
 M

R
I detectors are ideally 

suited to high-resolution (sub-m
m

) detection of both fluorine and 
hydrogen. M

ultinuclear IV
M

R
I probes provide an effective 

m
ethod to im

age and potentially m
onitor 19F-labeled cells in deep 

structures in vivo.  
Refs: (1) B

arnett B
P, et al. Radiology. 2011;258(1):182-91 (2) Sathyanarayana 

S, et. al., JA
CC Card Im

. 2010; 3:1158-1165. (3) El-Sharkaw
y A

M
 et al. M

ed 
Phys 2008; 35:1995-2006.  

 
Fig. 1: (a) Proton M

RI from
 an intravascular 

probe p inserted into a porcine heart ex vivo 
show

ing location of PFO
B capsules injection. 

(b) 19F IV
M

RI (inset) overlaid (m
agenta) on a 

1H
 IV

M
RI of the vessel at the injection site 

reveals capsules. (c) CBCT of the w
hole 

organ confirm
s location of the radio-opaque 

capsules (arrow
) and (d) reform

atted CBCT 
im

ages at the injection location are 
concordant w

ith (b). 
Support: 2011-M

SCRFII-0043, Siem
ens Corp. 

Incorporation of ultrasound instrum
entation and im

aging into an interventional M
R

I suite 
C
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M
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D
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, D
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M
ayo C

linic, R
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Purpose:A
 variety of M

R
I-guided interventions in the body, including liver, kidney and 

prostate procedures, w
ould benefit from

 the com
plem

entary strengths of ultrasound (U
S) 

im
aging for rapid setup, lesion localization, and procedure guidance. H

ow
ever, introduction of 

U
S instrum

entation into the M
R

I suite could present a safety hazard due to the risk of attraction 
to the m

agnet. Furtherm
ore, proxim

ity to the m
agnet and m

otion of the transducer w
ithin the 

m
agnetic field has the potential to com

prom
ise U

S im
age quality. The objective of this w

ork w
as 

to assess the safety, feasibility, and effect on U
S im

age quality of incorporating a solid-state 
laptop U

S m
achine into the interventional M

R
I (iM

R
I) suite for U

S- and M
R

I-guided 
interventions. 
M

ethods:A
 solid-state laptop-based U

S system
, the Sam

sung U
G

EO
 H

M
70A

, w
as tested in tw

o 
iM

R
I suites. O

ne suite w
as equipped w

ith a 1.5T Siem
ens M

agnetom
 Espree, the other w

ith a 
3.0T G

E D
iscovery M

R
750w

. The U
S system

 w
as tethered to the end of the M

R
I patient table 

during use w
hen the table w

as outside of the bore. To observe the effect of the m
ain m

agnetic 
field on U

S im
age quality, im

ages w
ere collected w

ith the transducer and subject located both 
inside the iM

R
I suite and outside the suite. U

S im
ages of both an A

C
R

 phantom
 and a hum

an 
volunteer w

ere acquired. In all settings, a curved transducer w
as used to acquire structural scans 

of the phantom
 and hum

an kidney as w
ell as D

oppler and pow
er D

oppler w
ith directional flow

 
im

ages. A
 linear array transducer and phased array transducer w

ere also tested in the hum
an 

volunteer at 1.5T. 
R

esults:B
y being tethered to the end of the table and carefully brought into and out of the M

R
 

suite, the U
S system

 rem
ained outside the 100 G

auss line. Phantom
 and hum

an volunteer im
ages 

are show
n in Figure 1. W

hen the U
S system

 w
as brought into the scan room

, no degradation of 
im

age quality or change in D
oppler m

easurem
ents w

as observed by visual inspection.
C

onclusions:
The results of this study indicate that the use of a solid-state laptop-based U

S 
system

 inside an iM
R

I suite is safe and feasible. O
f course, it is essential that the U

S system
 is 

confined to a safe distance from
 the m

agnet bore. D
espite this confinem

ent, w
e w

ere able to 
acquire im

ages both at m
id-table and at the bore entrance w

ith no visible degradation of im
age 

quality.

Figure 1:
U

ltrasound im
ages 

acquired outside (A
-

C
) and inside (D

-F) 
the 1.5T iM

R
I suite. 

N
o degradation of 

im
age quality is 

observed by visual 
inspection.  Im

ages 
depict an A

C
R

 
phantom

 (A
, C

), the 
hum

an kidney (B
, 

D
), and pow

er 
D

oppler w
ith 

directional flow
 in 

the hum
an liver (C

, 
F). 
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agnetic R

esonance, O
tto von G

uericke U
niversity M
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Purpose:The freehand technique represents currently the m

ost com
m

only used procedure to 
perform

 M
R

I-guided biopsy [1]. C
om

bining the advantages of the freehand technique w
ith 

the accuracy of the stereotactic guidance, the intuitive needle guidance, using the optical high-
precision M

oiré Phase Tracking System
, already dem

onstrated satisfying results in order to 
im

prove and expand the currently available technique [2]. In both procedures, the accuracy 
and procedure tim

e of needle placem
ent depends strongly on the needle artifact and thereby 

am
ong other things on the pulse sequence, the needle com

position and the needle orientation 
relative to the m

ain m
agnetic field [1]. U

sing the optical tracking system
, the accurate  

position of the needle could be reflected by a single line. Thus, the user w
ould be com

pletely 
independent of the proposed requirem

ents. The goal of this project is the developm
ent of an 

accurate instrum
ent calibration to precisely reflect the position and orientation of the needle in 

the M
R

I im
age independent of the needle artifact. 

 M
aterial and M

ethods: U
sing a self-constructed calibration board and 

self-w
ritten program

 in M
atlab R

2013a, the tip position and orientation of a 
ceram

ic needle, relative to its attached M
oiré Phase (M

P) m
arker, w

as 
determ

ined (see Fig.1). This additional inform
ation w

as added tow
ards a 

m
odified gradient echo sequence, capable of aligning the slice along the 

orientation of the needle w
ith its im

age centre at the needle tip. For 
evaluation, a 3D

 M
R

I im
age volum

e (FO
V

=128x128x16 m
m

) w
as acquired 

w
ith the m

odified gradient echo sequence. It w
as assum

ed, that the artifact 
of the ceram

ic needle is caused through the lack of w
ater protons at this 

position and is independent of susceptibility. U
sing the Interactive Front 

End (R
esearch Prototype by Siem

ens H
ealthcare), the displayed needle 

position and orientation in the resulting 3D
 M

R
I volum

e w
as evaluated. 

The calibration experim
ent w

as repeated five tim
es.

 R
esults:

The difference of the x, y, and z coordinates betw
een the center 

of 
the 

im
age 

and 
the 

instrum
ent 

tip 
am

ounted 
x=1.06±1.08  m

m
, 

y=1.59±0.94 m
m

 and z=0.86±1.24 m
m

, leading to an overall error of 
� ∆x ��

∆� ��
∆� ��

�����
����	mm

. The deviation of the orientation 
of the im

age plane tow
ards the orientation of the needle tips accounted for 

ĳ= 1.27±1°.
 C

onclusion:
The overall error of �����

����	mm
 represents prom

ising 
results. H

ow
ever, the calibration board itself needs to be im

proved for an even higher 
accuracy. In the next step, these inform

ation need to be transform
ed into a suitable line, 

reflecting the actual position and orientation of the needle and being thus com
pletely 

independent of the proposed requirem
ents above. Thereby, the accuracy can be im

proved and 
even sm

all lesions are puncturable. 
 R

eferences: [1]W
eiss C

R
, N

our SG
, et al.: JM

R
I 27(2): 311-325, 2008. [2] K

ägebein U
, G

odenschw
eger F, et 

al.: ISM
R

M
, 2013.
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Fig. 1 Ceram
ic needle 

w
ith attached M

P M
arker

N
eedle 

C
enter 

Fig. 2 Resulting slice

O
peration of a R

FID
 based navigation during M

R
I 

F. G
üttler, A

. H
einrich, M

. Sonnabend, U
. T

eichgräber 
U

niversity H
ospital Jena, D

epartm
ent of R

adiology, Jena, G
erm

any  
 Purpose: 

M
R

I-com
patible 

optical 
tracking 

solutions 
are 

w
ell 

established i.e. in neurosurgery. R
adio-frequency identification 

(R
FID

) allow
s the identification of m

ultiple transponders (tags) in 
translation and rotation allow

ing 6 D
O

F. In contrast to optical 
tracking 

solutions, 
the 

R
FID

-based 
system

 
does 

not 
need 

a 
perm

anent line of sight during operation. This is a great advantage 
and need according to various studies describing problem

s caused 
by 

optical 
tracking 

system
s. 

The 
M

R
-com

patibility 
of 

R
FID

 
transponders could be proved in several studies, i.e. focusing the 
use of R

FID
 for patient identification system

s 4-5. The purpose of the 
study is to evaluate the suitability of a novel R

FID
-based tracking 

system
 (Passive R

FID
 Positioning System

, A
m

edo sm
art tracking 

solutions, G
erm

any) for intraoperative M
R

I. Therefore the spatial 
accuracy and signal-to-noise ratio (SN

R
) according to the N

ational 
Electrical M

anufacturers A
ssociation (N

EM
A

) standard M
S 1-2008 

w
as quantified. 

 M
aterial and M

ethods: The R
FID

 receiver system
 (reader) w

as 
m

odified to fulfill M
R

I-com
patibility according to A

STM
 standard 

F2503, therefor the Pow
er-over-Ethernet com

ponent w
as replaced 

w
ith an optical fiber for netw

ork com
m

unication and the voltage 
source w

as replaced by a lead-accum
ulator. A

ll cables and the 
housing of the reader excepting the antenna w

ere shielded w
ith 

braided copper foil. The influence of the R
FID

 system
 on M

R
I 

(M
A

G
N

ETO
M

 Sonata, Siem
ens, G

erm
any) w

as analyzed for a 
phantom

 of 1kg H
2O

 (dist.) w
ith 1.25g N

iSO
46H

2O
 and 5g N

aC
l. 

The SN
R

 (n=720) w
as m

easured w
ith a H

A
STE- (TR

= 3000m
s, 

TE=60-63m
s, ETL 256) and a TrueFISP-sequence (TR

=12.9m
s, 

TE=2.15m
s, flip angle 70°). A

 voxel size of 1x1x3 m
m

, 2x2x4 m
m

 
and 2x2x10 m

m
 w

as used. The reader w
as positioned 90 cm

 to 210 
cm

 (step 10 cm
) from

 the isocenter of the M
R

I. D
uring the 

m
easurem

ents, the reader continuously sent R
F signals at 865.7-

867.5 M
H

z. In a second experim
ent the R

F signal w
as changed 

from
 865.0-869.0 M

H
z (step 0.5 M

H
z) and a distance of 90 cm

, 
150 cm

 and 210 cm
 from

 the isocenter of the M
R

I. The specific 
spatial resolution (n=225) w

as m
easured w

ith and w
ithout perm

anent line of sight (LO
S) betw

een antenna and 
R

FID
 tag (A

LN
-9640 Squiggle Inlay, A

lien Technology, B
utterfield, U

SA
). A

n optical tracking system
 (Polaris 

Spectra, N
D

I, C
anada) served as reference system

. 
 R

esults: C
om

pared to the SN
R

 of reference m
easurem

ent, a SN
R

 of 8-10%
 could be m

easured for the 
unm

odified reader (Fig 1). A
fter m

odification no significant change of the SN
R

 could be observed w
ith 

increasing distance of the R
FID

 system
 from

 the isocenter of the M
R

I (Fig 2). A
lso the R

F signal of the reader 
does not significantly influence the SN

R
 of the M

R
I (Fig 3). The specific spatial resolution deviates on average 

by 9,0 m
m

 w
ith LO

S and 11,6 m
m

 w
ithout LO

S from
 the reference system

. 
 C

onclusions: The installation of an R
FID

 system
 including transponders and receivers in the m

agnet room
 in 

close distance to the m
agnet has low

 of non-relevant influence on M
R

I. H
ow

ever the spatial accuracy have to 
be im

proved for an application as tracking system
 in intraoperative M

R
I. 

Fig. 1: SN
R before m

odification (left), after m
odification 

(m
iddle) and reference m

easurem
ent (right) for a H

ASTE- 
(upper row

) and TrueFISP-sequence (low
er row

). 

Fig. 3: The percentage difference (±15%
) betw

een RFID
 system

 
and reference m

easurem
ent (w

ithout RFID
 system

) for varying 
frequencies of RFID

 system
 w

ith 90 cm
 distance from

 isocenter 
of the M

RI is show
n. 

Fig. 2: The percentage difference (±15%
) betw

een RFID
 system

 
and reference m

easurem
ent (w

ithout RFID
 system

) for varying 
distances from

 isocenter of the M
RI is show

n. 
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Purpose:  
V

enous throm
boem

bolism
 (V

TE) is a com
m

on cause of m
orbidity and m

ortality in hospitalized and surgical 
patients. Prolonged surgeries and interventions predispose patients to V

TE through venous stasis and som
etim

es 
venous injury. The risk of V

TE is high in patients w
ith active cancer. To reduce risk, perioperative 

pharm
acological and/or m

echanical V
TE prophylaxis is recom

m
ended for cancer patients undergoing surgical or 

interventional procedures.   

M
agnetic resonance im

aging (M
RI) is increasingly used in interventional oncology for diagnostic or therapeutic 

procedural guidance w
hen alternative im

aging m
odalities do not adequately delineate m

alignancies (Figure 1).  
Extended periods of im

m
obilization during M

RI guided interventions necessitate M
RI com

patible devices for 
intraprocedural m

echanical V
TE prophylaxis. Such devices are not com

m
ercially available. W

e describe a 
m

odification to a standard sequential com
pression device (SCD

) for com
patibility in an interventional M

RI 
(iM

RI) setting.  

M
aterials:  

K
endall SC

D
™

 700 system
, a standard device routinely used at our institution for V

TE prophylaxis during non-
M

R-guided interventions w
as used. The system

 consists of the controller labeled "M
R

-unsafe” and "M
R-safe" 

tubing extensions and single-patient use leg sleeves.  

To satisfy M
R safety requirem

ents, the controller w
as installed outside of the M

R intervention area and only the 
com

pression sleeves w
ere brought into the scanner room

. The SCD
 controller w

as placed in the M
R control room

 
and connected to the com

pression sleeves in the m
agnet room

 through the w
ave guide using three tubing 

extensions attached serially (Figure 2). The SCD
 controller pressure sensor w

as used to m
onitor adequate 

pressure delivery and detect ineffective low
 or abnorm

al high pressure delivery, due to air leaks from
 the system

 
or tube kinking.  

The com
pression sleeves w

ere applied to the patients' low
er extrem

ities and V
TE prophylaxis w

as provided using 
the above m

entioned device for all M
R-guided ablations perform

ed at our institution.  

Thirty eight patients underw
ent M

R-guided cryoablation of m
alignant lesions under general anesthesia betw

een 
M

arch 2011 and D
ecem

ber 2013 using G
alil M

edical cryo system
.  The target lesions included bone (n=6), breast 

(n=10), kidney (n=5), liver (n=8) and soft tissue (n= 9). A
s per our institutional guidelines, SCD

 w
as indicated 

for V
TE prophylaxis during ablation procedures.  

R
ESU

LTS: 
There w

as no evidence of device failure during the M
R-guided procedures due to loss of pressure in the extension 

tubing assem
bly. N

o interference w
ith the anesthesia or interventional procedures w

as docum
ented during all 38 

ablations.  

C
onclusion:  

A
lthough the controller of a standard SC

D
 is labeled as “M

R-unsafe”, the SC
D

 can be used in interventional M
R

 
settings by placing the device outside the M

R scanner room
, for exam

ple, in the M
R control room

. U
sing serial 

extension tubing assem
bly did not cause device failure. The described m

ethod can be used to provide 
perioperative m

echanical throm
bophylaxis for high risk patients undergoing M

R-guided procedures. 

 

Figure 1- 82 year old fem
ale patient, stage IV

 bladder cancer and borderline renal function presented w
ith a 

grow
ing solitary liver m

etastasis. The liver is the only site of disease progression. (a) A
xial T2-w

eighted fat-
saturated M

R im
age of the liver show

ing a sm
all hyperintense hepatic lesion in segm

ent V
II/V

III (arrow
). (b) 

N
on-enhanced CT scan at the sam

e level show
ing difficulty in differentiating the hepatic lesion (curved arrow

) 
from

 the adjacent vessels rendering CT-guided ablation less desirable.  

 

b 
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Figure 2- Provision of SCD
 during an M

R-guided renal m
ass ablation. The patient is in prone position and all 

IR
 and anesthesia procedures are perform

ed from
 the “front side” of the m

agnet. Photographs of the “back side” 
of the m

agnet show
ing the serial tubing extensions (open arrow

s) w
hich connect the com

pression sleeves 
(applied routinely on the patient’s legs inside the m

agnet) to the controller (not show
n) via the w

ave guide in 
the w

all (double thin arrow
s). The position and length of extension tubing is checked at the start of each 

intervention to m
ake sure the patient can easily go in and out of the m

agnet.  

G
eneration of D

istinct A
rtifacts along C

onductive Structures in Spin-E
cho Phase 

Im
ages by A

pplication of Sequence-T
riggered D

irect C
urrents 

Frank Eibofner, H
anne W

ojtczyk, H
ansjörg G

raf, Stephan Clasen 
D

iagnostic and Interventional R
adiology, U

niversity H
ospital Tübingen 

Purpose: V
isualization of m

etallic devices in interventional M
R

I is m
ostly perform

ed by use 
of susceptibility artifacts. B

ecause device susceptibility is fixed and sequence param
eter 

variability is lim
ited by acquisition tim

e and contrast, artifact sizes are often hardly 
controllable and differentiation in inhom

ogeneous tissue is difficult. A
pplying direct currents 

(D
C

) to a m
etallic device allow

s generation of artifacts w
hich are controllable by am

perage. 
W

ith triggered D
C

, distinct dephasing artifacts can be generated in spin-echo (SE) phase 
im

ages. 
M

aterials and M
ethods:  A

 current in a straight conductor generates a concentric m
agnetic 

field w
hose z-com

ponent is effective in M
R

I. A
pplication of a triggered D

C
, e.g., during a 

tim
e period betw

een R
F excitation and refocusing, results in non-static field inhom

ogeneities. 
Then, spins acquire a phase offset dependent on the distance to the conductor and on 
am

perage, also in SE im
aging. A

dditionally, false spatial encoding can be avoided if the 
current is sw

itched only at tim
es w

hen no read-
out and slice-encoding gradients are active. A

 
w

ater phantom
 containing a brass conductor 

(connected to a D
C

 pow
er supply, triggered by 

the sequence, w
ater equivalent susceptibility) and 

a titanium
 needle (serving as susceptibility 

source) w
as used to dem

onstrate the feasibility of 
this approach. G

radient-echo (G
E) im

ages w
ere 

acquired for com
parison.  

R
esults: W

ithout D
C

, the brass conductor is only 
visible because of sm

aller proton density. The 
titanium

 needle show
s typical susceptibility 

artifacts in SE (Fig.1) and G
E im

ages (Fig.2). 
W

ith triggered D
C

, the phase offset of the spins 
near the conductor becom

es visible in SE and G
E 

phase im
ages. H

ow
ever, reliable differentiation of 

susceptibility and D
C

 artifacts is only possible in 
SE phase im

ages w
here effects from

 static field 
inhom

ogeneities are not visible due to rephasing. 
The artifact caused by a constant D

C
 is sim

ilar to 
the titanium

 needle's susceptibility artifact. The 
extension of the triggered D

C
 artifact in the phase 

im
ages is controllable w

ith am
perage (Fig.3). In 

m
agnitude im

ages, artifact sizes increase slightly 
due to intravoxel dephasing. 
C

onclusion: A
 reliable and distinct localization of 

a m
etallic conductor can be achieved by the 

application of triggered D
C

 in SE im
aging. 

M
agnitude and phase im

ages, w
hich display the 

position of the conductor free from
 static field 

inhom
ogeneities, could be acquired in a single 

scan and superim
posed. This approach m

ight be 
helpful for accurate tracking of interventional devices, especially if the device is already 
connected to an external current generator as w

ith radiofrequency ablation. 
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Purpose. C
onventional M

R
I-guided radiofrequency (R

F) ablation requires a dedicated ablation catheter 
to deliver R

F energy w
hile m

onitoring treatm
ent efficacy by separate im

aging detectors and/or to perform
 

therm
om

etry. H
ere, w

e report on the developm
ent of a single 3T loopless antenna

1,2 integrating both 
functions to: (a) deliver R

F energy; (b) m
onitor tem

perature changes; and (c) provide high-resolution 
(~300µm

) im
aging to confirm

 targeting and localized delivery of therm
al therapy.  

M
ethods. Experim

ents w
ere conducted on a 3T Philips Achieva, w

ith a λ/4, 2.2m
m

 diam
eter loopless 

antenna
1 inside bovine tissue and 

pig aorta specim
ens im

m
ersed in a 

3.5g/l saline bath. A
 non-m

agnetic 
R

F sw
itch w

as used to connect the 
loopless antenna to the M

R
 scanner 

via a detuning/m
atching box during 

M
R

I or an R
F pow

er am
plifier 

used for R
F heating/ablation. For 

ablation, R
F energy (110M

H
z, 30-

60W
) w

as applied for up to 2-
6m

in. M
R

I (gradient or turbo spin-
echo, TSE; standard T

1 /T
2  

m
apping) and/or M

R
 therm

om
etry 

(8s tem
poral resolution; proton 

resonance frequency-PR
F shift m

ethod; 2D
 gradient echo M

R
I) w

as perform
ed pre- and post-ablation 

w
ith the antenna sw

itched to the scanner.  
R

esults. Pre-ablation M
R

I of bovine tissue (Fig.1a) show
s uniform

 contrast. D
uring R

F ablation, tissue 
heating >30°C

 is overlaid in red (Fig. 1b). H
igh resolution M

R
I post-ablation show

s hypo-intense signal 
(Fig. 1c; yellow

 ellipse) and a ~10%
 decrease in T

1 , consistent w
ith delivery of a therm

al lesion, verified 
by exam

ination post-M
R

I (Fig. 1d). Fig. 2 show
s a 150µm

 pre-ablation M
R

I of an aorta specim
en (Fig. 

2a), and 250µm
 M

R
 therm

om
etry w

ith delivery of therm
al therapy above the antenna (red; Fig. 2b).  

D
iscussion. The loopless antenna can be configured 

to receive high-resolution M
R

I signals at 3T, locally 
deliver an R

F ablation to the specim
en, m

onitor 
therapy delivery, and then im

age the outcom
e post-

ablation. M
R

I excitation could also be done using the 
probe w

ith adiabatic excitation
3 or spatially-selective 

B
1 -insensitive pulses 4 (w

ith M
R

 therm
om

etry to 
m

onitor device safety during procedures). A
 single 

device deployed in this w
ay avoids size-lim

itations, 
device-coupling concerns, and safety issues 
associated w

ith m
ultiple conductor probes. B

asically 
the device could serve as a com

plete detection, 
therapy delivery and m

onitoring vehicle.  
References: (1)  O

cali O
 et al. M

agn R
eson M

ed 1997; 37: 112-118. (2)  El-Sharkaw
y A

M
 et al, M

ed. 
Phys. 2008; 35:1995-2006. (3) Sathyanarayana S et al, JA

C
C

 C
ard Im

. 2010; 3:1158-1165. (4) Erturk M
A

 
et al. M

agn R
eson M

ed 2014; 72: 220-226. 
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Fig 1. (a-c) M
R

I of bovine tissue pre-ablation (a), during ablation (b), and (c) 
post-ablation. R

ed voxels in (b) indicate a tem
perature rise greater than 30°C

 by 
M

R
 therm

om
etry. The antenna location is annotated in (a); yellow

 ellipse in (c) 
depicts tissue changes due to R

F heating. (d) Photograph of the tissue post-
experim

ent show
ing tissue discoloration due to ablation. (M

R
I sequence in (a) 

and (c): 4-slice 3D
 G

R
E, TR

/TE=150/5m
s, FA

=40°, voxel size: 0.3x0.3x2m
m

3, 
FO

V
: 50x50x8m

m
3, duration: 69s). 

	
  

Fig 2. (a) H
igh-resolution M

R
I of a porcine aorta (4-slice 

3D
 TSE; resolution, 0.15x0.15x2m

m
3; 170s). (b) 

Tem
perature im

age (PR
F shift m

ethod; 0.25x0.25x6 m
m

3 
resolution; 8s) Tem

perature scale is in °C
.
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Purpose:  Evaluate the use of a sterilizable interventional M
RI coil for procedures w

ithin the bore of the 
m

agnet. 
M

ethods and m
aterials:  The iCoil (Clinical M

R Solutions, Brookfield, W
I) is a 3 coil receive only array that 

is designed for interventional applications.  The 3 coil array has an S/I (superior/inferior) dim
ension of 

216m
m

m
 (8.5 inches). The central coil has a w

idth of 229 cm
 ( 9 inches) that accom

m
odates a finished opening 

in the packaging of 150m
m

 (5.9 inches) left/right(L/R) and 177.8m
m

 ( 7 inches) S/I.  The 2 outer coils L/R 
dim

ension is a bit narrow
er at 203m

m
 (8 inches) to give a little boost in SN

R.  The opening is large enough to 
accom

m
odate interventional procedures such as needle placem

ent for cryoablation, laser ablation and biopsy 
applications. A

 unique feature of the coil is that it is encased in a w
aterproof polyethylene m

aterial w
ith a low

 
profile thickness (< 13m

m
) for com

plete access to the opening.  To keep the profile low
, m

ost of the 
com

ponents are located in a rem
ote gatew

ay. A
dditionally, the cable is designed to quick disconnect allow

ing 
for replacem

ent of the coil and not the hardw
are.  Finally, the coil is designed to be usable in both the Siem

ens 
and G

E M
R platform

s. 
R

esults:  The iCoil w
orks w

ell across both platform
s.  W

e utilized the iCoil m
ostly on the Siem

ens Espree M
RI 

platform
 due to m

ore open configuration of the bore and in-room
 m

onitor setup.  Sterilization w
as perform

ed in 
the specially designed cham

ber using M
etriCide O

PA
 plus solution.  The im

aging w
as not quite as good as an 

8-channel coil, but the open, low
-profile design m

ore than m
ade up for the slight decrease in im

aging quality.  
Even in situations w

here the coil did not have to be sterile the w
aterproof design m

ade clean up easier if prep 
solution or blood w

ere spilled on the coil.  W
e have utilized the iCoil in at least 30 different procedures from

 
liver, prostate and extrem

ity procedures w
ith good functionality and im

age quality in each situation.   
C

onclusion:  The iCoil w
orks w

ell for interventional M
RI procedures and facilitates better sterility during the 

procedure w
ith larger opening for needle placem

ent. 

Sim
ultaneous contact-free m

onitoring of the cardiac and respiratory cylce in real-tim
e 

during M
R

I using an optical tracking system
 

Falk Lüsebrink
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1 
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niversity, M

agdeburg, G
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any 

Purpose: This contact-free m
easurem

ent constitutes a novel approach to m
onitor the cardiac 

and respiratory cycle sim
ultaneously in real-tim

e during m
agnetic resonance im

aging (M
R

I). 
Sw

itching of the gradients and the m
agnetohydrodynam

ic effect due to the static m
agnetic 

field disturbs electrocardiographic m
easurem

ents, w
hile optical based m

ethods are not. The 
purpose of this w

ork w
as to evaluate the practicability of this approach to m

easure 
physiological param

eters. 

M
aterial and M

ethods: A
 m

ock M
R

 scan of the head w
as 

conducted of eight subjects for approxim
ately ten to fifteen 

m
inutes. They w

ere placed in a 3 T M
R

 system
 (M

agnetom
 

Skyra, Siem
ens, Erlangen, G

erm
any) and their heads w

ere 
fixated w

ith a cushion inside a 32-channel head coil (H
ead 

32, Siem
ens, Erlangen, G

erm
any). A

n M
R

 com
patible 

cam
era system

 (M
R

 384i, M
etria Innovation, M

ilw
aukee, 

W
I, U

SA
) w

as used to m
easure head m

ovem
ents. The 

cam
era w

as placed in the center of the bore facing directly 
dow

nw
ards on the subject’s head. A

 m
oiré phase tracking m

arker w
as attached to their nasal 

bridge (Fig. 1). Physiological param
eters w

ere extracted from
 the subjects’ head m

otion in 
real-tim

e. 

R
esults: 

The 
assessm

ent 
of 

detected heart beats has been 
perform

ed by calculating the 
sensitivity 

(Se) 
and 

the 
positive predictive value (+

P): 

   
  

  
 
  

 
     

 

  
 

  
  
 
  

 
     

 

w
here TP is the num

ber of 
true positives, FN

 the num
ber 

of false negatives and FP the 
num

ber of false positives of 
all subjects. Processing tim

e 
per cam

era fram
e is less than 

0.4 m
s. 

C
onclusion: The detection of cardiac and respiratory signals is possible sim

ultaneously and 
reliably in real-tim

e using this innovative m
ethod (Fig. 2). It enables contact-free m

onitoring 
of vital signs and the application for real-tim

e triggering to acquire data w
hich is insensitive to 

physiological m
otion seem

s possible. 

A
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Figure 1: Subject w

ith m
oiré phase tracking 

m
arker attached to his nasal bridge. 

 
Figure 2: D

em
onstration of a subject’s head m

otion. The raw
 signal is show

n in the upper, 
the processed signal for the heart beat detection in the m

iddle and the processed signal for 
the respiration in the bottom

 graph. R
ed circles represent detected heart beats and blue stars 

detected respiration cycles. The red dashed line indicates a threshold based on the m
edian of 

the detection heart beats. 
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Signal / SD

 
N

oise 
SN

R
 

%
 

difference 

U
niform

ity(signal 
m

ean H
igh/signal 

m
ean L

ow
) 

40 channel W
ireless-C

ableless 
C

O
M

B
O

 coil 
1778.0/2.2 

808.2 
156%

 
2451.3/1027.5=59%

 

32 ch O
EM

 Spine C
oil +18 

channel O
EM

 anterior B
ody 

coil 
1537.6/2.1 

732.2 
141%

 
2442.0/1194.8=65.7%

 

32 channel O
EM

 posterior 
Spine coil 

1345.9/2.6 
517.7 

100%
 

(base) 
2475.5/801 =49%

 (base) 

Table 1. Perform
ance of R

F coils em
ployed on M

R
 phantom

 study. 

 

Fig. 4: Com
parison between a 40ch W

ireless Com
bo 

array(left) with a 50 ch. O
EM

 Body coil(right):                     
Seq: T2 H

aste Axial IPAT 2 

A
 40 channel W

ireless T
orso-Pelvic A

rray C
oil for Parallel M

R
 Im
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A

pplications at 3.0 T 
Seunghoon, H

a
1,Szym

on R
zeszow

ski 1, H
aoqin Zhu

1, Labros Petropoulos 1 
1Research and D

evelopm
ent, IM

RIS Inc., M
inneapolis, U

SA 
Introduction:     M

ultichannel arrays w
ith a large num

ber of channels are the preferred R
F coil technology  for abdom

inal im
aging applications, ow

ing 
to their ability to uniform

ly cover large im
aging regions w

ith im
provem

ent is SN
R

, and are optim
um

 for utilizing parallel im
aging. H

ow
ever, the presence 

of all large num
ber of channels w

ith their associated electronic and cabling including cable traps increases significantly the w
eight that the coil structure 

exerts on a frail patient, w
hich can be on the excess of 20lbs (10kg) or m

ore w
hile restricts patient accessibility w

hich is needed for interventional 
applications.. A

s a result, m
assive coil arrays and their associated cabling can be used for diagnostic im

aging applications but their significant w
eight and 

space restrictions  im
pede or prohibit the applications for utilizing M

R
 for interventional or surgical procedures.   

In order to address this problem
, an ultralight m

ultichannel w
ireless torso array coil w

ithout cabling that is ideal for interventional M
R

 application on the 
abdom

en/pelvic region. Specifically, a 40 channel novel w
ireless-cableless com

bo torso-pelvic coil technology is presented. The proposed design 
incorporates an 8 channel ultralight w

ireless anterior torso-pelvic array coil w
ith a 32 channel cableless posterior phased array coil.  The total w

eight of the 
w

ireless coils is less than 8 ounces (200gram
s) w

hich is 90%
 lighter than a traditional cabled coil of the sam

e size, w
hile the posterior coil is cableless and 

it em
bedded into the diagnostic table.  A

s the results indicate below
, the 40 channel w

ireless-cableless com
bo design, com

pares favorably to a cabled 
traditional phased array design w

ith the sim
ilar num

ber of channels  in term
s of coverage (FO

V
), im

age quality, and parallel im
aging on a 3.0 T M

R
I. The 

advantages of the proposed design include the significant w
eight reduction of the entire com

bined structure, the elim
ination of R

F heating issues caused by 
cables and cable baluns, and the increase of available usable space inside the bore of the m

agnet. Furtherm
ore, because of the absence of pream

ps and 
interconnecting cables, the w

ireless coils have large openings on the top and the side parts of the coil and are 
intentionally optim

ized for interventional and intraoperative procedures, as w
ell as  m

ulti-m
odal im

aging such as 
R

adiation Therapy, X
-ray, C

T, or PET com
bining w

ith M
R

I [3]. 
M

ethods:    Figure 1 illustrates the 40 channel phased array w
ireless coil consisting of 8 elem

ents covering on the 
anterior part, w

hile 32 elem
ents are nested on the table. The anterior w

ireless coil design consists of 4 row
s w

ith 2 
elem

ents per row
, w

hile the cableless posterior coil consists of 8 row
s of 4 elem

ents each. Since the w
ireless coil 

requires no m
atching, the perform

ance of the coil depends on the sensitivity of each elem
ent w

hich is directly 
correlated to the unloaded Q

 of the coil. For each elem
ent of the anterior w

ireless coil the unloaded Q
u w

as 
m

easured to be greater than 180 m
easured at 3.0T. Each of the 32 elem

ents of the posterior coil is tuned to 123.2 
M

H
z, m

atched to 50 Ω
 and isolated from

 each other via pre-am
p decoupling. The w

ireless array coil elem
ents 

w
ere also tuned to 123.2 M

H
z w

ith passively detuned circuits. A
ll elem

ents incorporate an R
F fuse for patient 

protection. M
utual coupling betw

een adjacent elem
ents is resolved by a com

bination of geom
etric and capacitive 

decoupling techniques [4]. The isolations w
ere m

easured below
 -15 dB

 from
 next neighbor coil elem

ents. The ratio of unloaded and loaded quality Q
 factor 

(Q
u /Q

L ) for the each elem
ent of the coil array is 4.8.  The coils are placed on a vest style holder w

ith side straps that enable side access for interventional 
applications. 
R

esults:     U
sing a body coil phantom

 doped w
ith a N

aC
l and C

uSo4 solution, the 40 channel w
ireless-cableless com

bo phased array coil w
as tested for 

its im
aging perform

ance on a Siem
ens M

agnetom
 Skyra 3.0 T.  Table 1 depicts a com

parison betw
een the 40 channel w

ireless-cableless array coil, a 50 
channel O

EM
 cabled body array coil and a 32 channel O

EM
 cabled coil. O

ur proposed coil design is superior in SN
R

 by10%
 but lack in uniform

ity -10%
 

w
hen com

pared to the O
EM

 body array equipped w
ith 10 m

ore coil elem
ents. A

s table 1 indicates, the 40 channel w
ireless-cableless com

bo array coil 
outperform

s the 32channel cabled O
EM

 coil in uniform
ity by 10%

 and SN
R

 by 56%
.  A

fter passing all the required safety tests, the w
ireless array coil w

as 
further evaluated using volunteer im

aging including parallel im
aging w

ith IPA
T factors up to 3 or (2x2 isom

etric). Fig. 2 displays volunteer im
ages of the 

torso areas using the 40 channel w
ireless-cableless com

bo array using sequences suitable for body 
array im

aging w
ith or w

ithout breathhold. Furtherm
ore, figures 3 and 4 show

 a com
parison betw

een 
the 40 channel coil w

ith a 50 channel O
EM

 B
ody m

atrix coil. U
sing a set of sequences targeting 

torso, spine and pelvic areas of the volunteer, the results indicate that the im
age quality, uniform

ity 
and SN

R
 of the 40 channel w

ireless-cableless com
bo array are equal or better than the traditional 

cabled 50channel O
EM

 B
ody array coil.       

C
onclusion:     A

n ultralight 40 channel w
ireless-cableless com

bo phased array torso/abdom
en 

coil has been presented.  The absence of cables, electronics and cable traps for the coil resulted in 
reduction of the w

eight of the coil by as m
uch as 90%

 w
hen com

pared to a cabled phased array coil 
w

ith the sam
e num

ber of channels. In addition, the proposed design has 56%
 better SN

R
 and 10 %

 
better uniform

ity w
hen com

pared w
ith the 32 channel O

EM
 m

atrix coil. V
olunteer im

aging w
ith IPA

T 
up to 3 or (2x2 isom

etric) on the torso, pelvic and spine area reinforces the proof that the proposed 
design is better in diagnostic im

age quality w
hen com

pared to a cabled O
EM

 coil.  The elim
ination of 

cables and active com
ponents leads the proposed design to im

prove patient access, coil quality and 
reliability.  A

dditional benefits include ultralight w
eight, low

er cost, superior access for interventional 
and surgical applications (such as spine interventions, liver ablations, etc.), and com

patibility w
ith 

m
ultiple im

aging m
odalities and system

s.   

R
eference:   
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ardy C
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iaquinto R

O
, Piel JE, R

ohling K
W

, M
arinelli L, B

lezek D
J, Fiveland EW
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D

arrow
 R

D
, Foo TK

. “128-channel body M
R

I w
ith a flexible high-density receiver-coil array.” 

J M
agn R

eson Im
aging. 2008 N

ov;28(5):1219-25 
  

Fig.1: 40 Ch. W
ireless com

bo array 

Fig. 2 T2 torso im
age using the 40 ch. wireless coil: Im

age 
on Left T2 H

aste C
oronal IPAT3 no breath-hold. Im

age on 
right T2 H

aste Axial IPAT 2 no breath-hold 

 

Fig. 3:Com
parison between a 40ch W

ireless Com
bo array(left)  

with a 50 ch O
EM

 Body coil(right): Seq: T2 H
aste Coronal IPAT 3 
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Purpose M

agnetic resonance im
aging (M

R
I) is a pow

erful tool used to assist m
any different 

interventional applications. R
TH

aw
k, w

hich is an open, flexible research environm
ent that w

as designed 
to m

inim
ize latency and increase interactivity of real-tim

e im
aging, allow

s developers to build and 
custom

ize advanced M
R applications. This M

R
I platform

 can be especially significant in applications 
such as electrophysiological (EP) interventions, high-intensity focused ultrasound (H

IFU
) ablation, and 

convection-enhanced drug delivery (C
ED

), enabling real-tim
e device guidance, feedback m

onitoring, 
and device control. 
 

 
M

ethods 
and 

A
pplications 

The 
R

TH
aw

k 
real-tim

e 
platform

 enables the developm
ent of custom

ized pulse 
sequences, 

im
age 

reconstruction 
pipelines, 

and 
visualization 

tools. 
Pulse 

sequences 
are 

designed 
in 

SpinB
ench, a G

U
I-based design tool (Fig. 1). Sequences 

can be tested throughout the design process using a fully 
featured 

interactive 
B

loch 
sim

ulator. 
The 

im
age 

reconstruction architecture uses a pipeline topology to 
provide 

an 
adjustable 

environm
ent 

expressed 
in 

JavaScript. RTH
aw

k includes an extensive library of 
building 

blocks 
to 

create 
com

plex 
sequences 

and 
reconstructions. C

ustom
 blocks can be easily integrated 

into the libraries.  
The R

TH
aw

k platform
 enables on-the-fly sw

itching 
betw

een 
different 

sequences. 
M

ulti-threading 
is 

autom
ated for high-perform

ance processing. The dynam
ic 

nature 
of 

the 
platform

 
allow

s 
sequences 

and 
reconstructions to interact, and to integrate a variety of external 
inputs including H

IFU
 inform

ation, real-tim
e updating of scan 

planes to track catheter positions, etc. Post-processing steps can be 
further integrated directly into the reconstruction.  

U
nique interfaces for each application are built w

ith Q
t. G

U
I 

elem
ents can be connected to the control and reconstruction 

pipeline 
for 

custom
 

interactions 
w

ith 
im

m
ediate 

feedback. 
Interventional devices can be readily integrated w

ith R
TH

aw
k for 

real-tim
e feedback and control. R

TH
aw

k has been successfully 
used at research institutions for a variety of applications including 
catheter tracking, M

R
-guided H

IFU
, EP ablation, and C

ED
 (Fig. 2). 

 C
onclusions 

R
eal-tim

e 
M

R
I 

is 
a 

pow
erful 

tool 
that 

can 
com

plem
ent 

and 
guide 

interventions, 
but 

the 
dem

anding 
technological requirem

ents can delay or preclude its integration 
w

ith 
m

any 
interventional 

applications. 
R

TH
aw

k 
is 

an 
open 

platform
 that can em

pow
er researchers and device m

anufacturers to 
custom

ize the M
R

I integration, enabling low
-latency real-tim

e 
im

aging in m
any interventional applications.  

 
Figure 1. Pulse sequence design in SpinB

ench. A
 

2D
 

slice-selective 
excitation 

and 
16-interleave 

spiral readout are designed. The slice profile and 
off-resonance 

response 
are 

sim
ulated 

using 
the 

integrated B
loch sim

ulator. 

 

 
Figure 

2. 
Interventional 

applications 
using RTH

aw
k. (a) Catheter tracking. 

(b) Real-tim
e tem

perature m
apping for 

H
IFU

 (V
. Rieke, U

CSF).  (c) EP ablation 
(G

. W
right, Sunnybrook, Toronto). 

(a) 

(b) 
(c) 
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Purpose A
 novel m

ethod that significantly accelerates the localisation of m
ultiple m

arkers 
em

bedded w
ithin an interventional tool is presented. This im

provem
ent is achieved using 

only three one-dim
ensional projections and a novel solution to the `peak-to-m

arker
’ 

correspondence problem
. Faster localisation enables higher tracking sam

pling rate that in turn 
im

proves the in
te

r
v

e
n

tio
n

is
t’

s
 e

y
e-hand coordination and leaves m

ore tim
e for im

age 
updating. The m

ethod m
ay be used for tracking w

ireless as w
ell as w

ired m
arkers that use a 

single receiver channel.  
M

aterials and M
ethods R

ecently, a solution based on three 1D
 projections has been 

suggested [1], but it im
poses severe constraints on the tool m

ovem
ent and on the 

configuration and num
ber of m

arkers. The key issue in any m
ethod that uses 1D

 projections 
is to rem

ove fictitious points generated in the process of m
arker reconstruction. Standard 

m
ethods to rem

ove surplus points use additional projections but their scanning tim
e is 

prohibitive. Instead, the solution proposed here uses a know
n geom

etrical arrangem
ent of the 

m
arkers em

bedded w
ithin a device. The essence of the solution is the search for the pre-

defined path that passes through all the m
arkers. O

nly know
n distances betw

een the m
arkers 

along the path are used for the search. The algorithm
 is im

plem
ented as a recursive linear 

search.  
R

esults The m
ethod w

as validated using M
onte C

arlo sim
ulations and by experim

ents 
perform

ed in a 3T M
R

 scanner. The m
ethod w

as used in a preclinical evaluation of M
R

I 
guided prostate biopsy Fig 1.  The evaluation involved m

iniature R
F m

arkers (3x3x8m
m

), a 
custom

ized G
R

E sequence, robot, phantom
 and an M

R
-com

patible m
oving platform

 [2]. 
A

cquisition tim
e w

as 15 m
illiseconds, w

hich represents a tim
e saving of 400%

 com
pared to 

other m
ethods. The com

putational tim
e to localise 5 m

arkers w
as around 1m

s. The m
axim

um
 

error w
hen using up to 5 m

arkers w
as w

ithin the 0.5m
m

. D
ynam

ic tracking tests proved the 
reliability of the m

ethod w
hen the m

arkers m
ove at a speed anticipated in interventional 

procedures. 

    
  

 Fig. 1 a) System
 setup: robot, probe and phantom

;            b) M
R

 scan after firing show
ing a hit 

C
onclusion D

ue to its speed, generality and robustness the m
ethod m

ay be incorporated in 
m

any interventional M
R

I guided procedures such as navigation and m
otion com

pensation. 
Im

portantly, the m
ethod does not im

pose restrictions on the interventional tool m
ovem

ent.  
R

eferences 
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iniaturizing floating traps for suppression of induced R
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Purpose: A

t present, conductive devices inside patients undergoing M
RI present a significant safety risk in the 

form
 of unw

anted heating around said devices. M
any beneficial M

RI exam
s and interventions are currently 

contraindicated due to the presence of a conductive device. W
ork in the 

past has created specialized interventional devices, to allow
 for specific 

procedures to be carried out safely under certain stringent conditions 
[1,2]. In general though, M

RI-based interventional procedures involve a 
catheter w

ith several conductors running along the length. To effectively 
suppress currents flow

ing on conductors inside the patient, traps should 
be distributed along the length inside the patient. This w

ork proposes 
using a m

iniaturized version of Seeber’s floating trap concept, to suppress 
current on any conductor passing through the lum

en of the trap [3]. In 
future, the authors envision em

bedding several m
iniaturized floating traps 

into a catheter w
all, thus suppressing RF current form

ation on any 
conductor (including guidew

ires, as w
ell as transm

ission lines to coils at 
the tip) running dow

n the catheter lum
en. This w

ork aim
s to dem

onstrate 
that a distribution of m

iniature traps can theoretically suppress dangerous 
currents to a safe level, and experim

entally verify the functionality of m
iniature traps. 

M
ethods: U

sing know
ledge of trap geom

etry, the theoretically induced im
pedance on a w

ire passing through a 
floating trap w

as calculated from
 the inductance and resistance of the trap. A

s the trap is m
iniaturized, the ratio 

of trap inductance to resistance inside the trap goes dow
n, and theoretically induced im

pedance is significantly 
reduced. It w

as calculated that a m
iniature copper trap w

ith 9F (3m
m

) outer diam
eter, 1m

m
 lum

en and 2cm
 in 

length can induce at m
ost 42

Ω
 of im

pedance if perfectly tuned. A
 sim

ulation w
as then carried out in 

M
A

TLA
B, to calculate the relative heating of an unm

odified conductor and several other conductors w
ith 

various m
iniature trap distributions along their length. A

 conservative induced trap im
pedance of 35Ω

 w
as used 

in sim
ulation. Relative heating is the 1g-averaged SA

R in a cube around the conductor tip, under application of 
a unit RF electric field tangent to the w

ire. Several conductors of various lengths w
ith different trap densities 

w
ere investigated, beginning w

ith 0 traps and w
orking up to a catheter m

ade entirely of traps. Each SA
R value 

w
as norm

alized to the m
axim

um
 SA

R produced w
ith 0 traps in place. Follow

ing this sim
ulation, tw

o sizes of 
m

iniature trap w
ere built; both 1.4 cm

 long, trap 1 w
ith 20m

m
/6m

m
 outer diam

eter and lum
en, and trap 2 w

ith 
3m

m
/1m

m
. The induced im

pedance of these traps w
as then m

easured using a netw
ork analyzer. To date, the 

change in induced current pattern on a w
ire due to a single trap has also been m

easured experim
entally in a 

phantom
 and com

pared w
ith a com

m
ercial M

ethod of M
om

ents sim
ulation (FEK

O
, E&

M
SS, South A

frica) [5]. 
R

esults: The m
easured induced im

pedance of traps 1 and 2 w
ere 252Ω

 and 38Ω
 respectively, as com

pared to 
the calculated ideal values of 283Ω

 and 42Ω
. Figure 1 show

s results of the M
A

TLA
B sim

ulation of trap 
density vs. conductor length; the im

portant result here is the dark blue region on the left of the im
age. This 

indicates that for any conductor length, traps inducing 35Ω
, spaced at m

ost λ/4 apart can reduce heating to less 
than 10%

 of the m
axim

um
 heating achieved w

ith an unm
odified w

ire. The induced current w
ith a single trap in 

place w
as reduced as predicted by FEK

O
, w

ithin the error of the current m
easurem

ent. 
C

onclusion: This w
ork has show

n that the im
pedance induced by floating traps and the effects of 

m
iniaturization can be accurately m

odeled based on geom
etry. Further i t w

as show
n w

ith bench-top and 
phantom

 experim
ents that these properties are realizable in a fabricated catheter-sized trap. In sim

ulation it w
as 

show
n that several catheter-sized traps distributed along a catheter inside the body could effectively suppress 

heating to a safe level. M
ore experim

entation is required and ongoing to further experim
entally verify the 

current suppression abilities of several traps inside a dielectric body. 
R

eferences: [1] W
eiss et al. M

RM
 2005 [2] Ladd &

 Q
uick, M

RM
 2000 [3] Seeber et al. Concepts in M

R 2004 
[4] A

STM
 F2181-11a [5] G

riffin et al. M
RM

 2014 

Figure 1: Sim
ulated heating of various conductor 

lengths (vertical axis) and trap densities (horizontal 
axis). Both axes are scaled to w

avelength. 
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 ch
em

ical sp
ecies. 

B
ased

 o
n

 th
e sig

n
al o

f each
 flip

 an
g
le ex

citatio
n

 T
1

 w
as estim

ated
.

R
esu

lts. 
F

ig
. 1

 sh
o

w
s

 so
d

iu
m

 acetate
 m

ap
s

 b
ased

 o
n

 th
e

 A
R

M
A

 

resu
lts

 (cf. F
ig

. 2
). T

h
e

 m
easu

red
 o

ffsets
 b

etw
een

 th
e

 p
eak

s
 (2

.8
9

 - 

2
.9

7
 p

p
m

)
 m

atch
ed

 th
e

 ex
p

ectatio
n

s. T
h

e
 v

ariab
le

 flip
 an

g
le

 T
1

 

estim
atio

n
 (F

ig
. 3

) o
v

erestim
ated

 T
1

 slig
h

tly
 (co

m
p

ared
 to

 IR
 d

ata). 

M
R

 tem
p

eratu
re

 im
ag

in
g

 (M
R

T
I) w

as
 in

 g
o

o
d

 ag
reem

en
t w

ith
 th

e
 

th
erm

al p
ro

b
e m

easu
rem

en
t (F

ig
. 4

) after in
jectio

n
 w

as fin
ish

ed
.

C
o

n
clu

sio
n

. D
u

rin
g

 M
R

 tem
p
eratu

re
 im

ag
in

g
, h

ig
h

 reso
lu

tio
n

 P
R

F
 

can
 b

e
 o

b
tain

ed
 fo

r
 each

 sp
ecies

 at each
 tim

e
 p

o
in

t fro
m

 A
R

M
A

 

p
ro

cessin
g

 o
f

 th
e

 ech
o

 train
 [4

]. B
y

 u
sin

g
 ech

o
-sh

iftin
g

, h
ig

h
er 

sp
ectral b

an
d

w
id

th
 d

ata
 can

 b
e
 accu

m
u
lated

 o
v
er m

u
ltip

le
 tim

e
 p

o
in

ts 

to
 u

n
w

rap
 p

eak
s. T

2
*

 co
u
ld

 b
e

 u
sed

 fo
r lo

n
g

 term
 tem

p
eratu

re
 an

d
 

d
rift

 co
rrectio

n
 an

d
 co

m
b
in

ed
 w

ith
 sim

ilar
 in

fo
rm

atio
n

 fro
m

 T
1

 

m
ap

p
in

g
. A

d
d

itio
n

ally
, th

e T
2

*
 an

d
 T

1
 m

ap
s can

 b
e an

aly
zed

 to
 assess 

tissu
e d

am
ag

e [3
-6

].
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p
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0
. [2

] M
aier F

, et 
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ro
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] T
ay

lo
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A
, et al. N

M
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io
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] T
ay
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h
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0
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o
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M
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] T
o
d
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 N
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et al. M
ag

n
 R

eso
n

 M
ed
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(1
), 2

0
1

3
.

  

G
R

R
F

G
P

G
S

F
ig

. 1
 

R
eal-tim

e 
m

o
n

ito
rin

g
 

o
f 

T
C

A
 

ab
latio

n
. M

ag
n

itu
d

e im
ag

es o
f can

in
e liv

er 

o
v

erlay
ed

 w
ith

 n
o

rm
alized

 so
d

iu
m

 acetate 

sig
n

al (co
lo

red
) after in

jectio
n

.

F
ig

. 
2

 R
eal-tim

e sp
ectra o

f a p
ix

el in
sid

e 

th
e ab

latio
n

 reg
io

n
 after in

jectio
n

. F
o

u
rier 

tran
sfo

rm
 

(F
T

) 
o

f 
th

e 
sig

n
al 

(so
lid

 
lin

es, 

b
lu

e), F
T

 o
f th

e ex
trap

o
lated

 sig
n

al at T
E

 =
 

0
 (d

o
tted

 lin
es, b

lu
e), an

d
 F

T
 o

f th
e sig

n
al 

o
f 

each
 

sp
ecies 

at 
T

E
 

=
 

0
 

(d
o

tted
 

lin
es, 

g
ray

). 
P

eak
 

p
o

sitio
n

s 
o

f 
w

ater 
(red

) 
an

d
 

so
d

iu
m

 acetate (g
reen

) an
d

 th
e sh

ift (b
lack

). 

F
ig

. 3
 R

eal-tim
e T

1
 m

ap
 after in

jectio
n

.

F
ig

. 4
 

A
b

so
lu

te 
tem

p
eratu

re 
o

f 
th

erm
al 

p
ro

b
e 

(g
reen

) 
an

d
 

M
R

T
I 

tem
p

eratu
re 

d
ifferen

ce (b
lu

e) d
u

rin
g

 a T
C

A
 in

jectio
n

.

W
ireless hybrid passive and active tracking for autom

atic im
age plane alignm

ent 

M
. N

eum
ann

1, E. B
reton

1, L. C
uvillon

1, L. Pan
2, E. R

othgang
2, A

. H
engerer 2, M

. de M
athelin

1 
1IC

ube, Strasbourg U
niversity, C

N
RS, IH

U
 Strasbourg, Strasbourg, France 

2C
enter for Applied M

edical Im
aging, Siem

ens C
orporate Research, Baltim

ore, M
D

, U
SA 

Purpose 
A

utom
atic 

im
age 

plane 
alignm

ent 
increases 

heavily 
the 

tim
e 

efficiency 
of 

percutaneous 
interventions 

under 
M

R
I 

guidance. 
Existing active [1,2] and passive [3,4] tracking approaches rely 
respectively on additional electrical hardw

are or on direct detection 
in the M

R
 im

ages. In this w
ork a hybrid tracking approach for 

autom
atic im

age plane alignm
ent com

bining detection in M
R

 im
ages 

(passive) and in im
ages from

 an R
G

B
-D

 sensor (active) is presented. 
The tracking perform

ance is evaluated using an M
R

 com
patible 

testbed.  
M

aterial and m
ethods 

A
ll im

aging experim
ents are perform

ed in a 1.5T system
 (Siem

ens 
A

era) using an interactive, real-tim
e, m

ulti-slice TrueFISP sequence 
(B

eat_IR
TTT [5], Siem

ens C
orporate R

esearch &
 Technology). The 

hybrid tracking approach is im
plem

ented w
ithin a custom

 softw
are 

interface on an external PC
 that is connected via Ethernet to the M

R
I 

console PC
. The hybrid tracking m

arker consists in a cylindrical M
R

 
contrast-agent filled m

arker used for detection w
ithin M

R
 im

ages, 
equipped w

ith 2 colored balls at its distal ends for detection w
ithin 

R
G

B
-D

 im
ages (Fig.1). Tw

o orthogonal M
R

 im
age planes are 

alternately acquired and autom
atically aligned to the detected m

arker 
positions. For this purpose, the detected poses of the m

arker from
 

M
R

 im
ages and R

G
B

-D
 sensor im

ages are com
bined (Fig.2) using 

an inform
ation filter, im

plem
ented to com

bine data w
ith different 

acquisition frequencies. In case of failed probe detection (line-of-
sight obstruction / probe outside M

R
 im

age plane) in one m
odality, 

the probe can still be tracked in the com
plem

entary m
odality. In 

order to translate the detected m
arker position from

 the R
G

B
-D

 
sensor 

to 
the 

M
R

I 
fram

e 
of 

reference, 
an 

online 
registration 

approach 
is 

im
plem

ented 
allow

ing 
to 

determ
ine 

the 
rigid 

transform
ation betw

een M
R

I and R
G

B
-D

 sensor fram
es in the 

beginning of the intervention. The precision quality of the developed 
approach is evaluated using an M

R
 com

patible testbed on w
hich the 

tracking m
arker can be m

ounted (Fig.3): the position sensor provides 
a ground-truth m

arker pose w
ithin the M

R
I scanner fram

e. 
R

esults 
W

ith a m
ean translation speed of 15.1 m

m
/s, the root m

ean square error betw
een detected hybrid 

m
arker position and the ground-truth w

as 5.7 m
m

, w
hich is on the order of the pixel size and the 

im
age slice thickness. C

om
bination of both tracking sensors allow

s for robust tracking.  
C

onclusions 
The hybrid w

orkflow
 com

bines the tracking perform
ance of a passive approach based on M

R
 

im
ages w

ith the high frequency m
easurem

ents of an active approach using an R
G

B
-D

 sensor. 
Their com

bination allow
s for flexible and reliable tracking w

ithout heavy instrum
entation, and 

can be easily introduced into the clinical w
orkflow

. Such plastic low
 cost probe prototype can be 

chem
ically sterilized or m

ade single use. 
R

eferences: [1] Q
ing et al., ISM

R
M

 2010; [2] V
iard et al., EM

B
C

 2007; [3] D
eO

liveira et al., ISM
R

M
 2008; [4] 

M
aier et al., ISM

R
M

 2011; [5] Pan et al., ISM
R

M
 2011. 

 
Fig.1: 

H
ybrid 

tracking 
m

arker 
prototype consisting in a passive 
M

R
I 

m
arker 

surrounded 
by 

2 
colored 

balls. 
Fig.2: H

ybrid w
orkflow

: pseudo 
axial (green) and sagittal (red) M

R
 

scan 
planes 

are 
alternately 

acquired. R
G

B
-D

 sensor based and 
M

R
 im

age based detection results 
are 

fused 
and 

scan 
planes 

are 
accordingly aligned to the tracking 
target. 

 
Fig.3: M

R
 com

patible testbed 
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A
 C

om
parative M

ethod to E
valuate the Perform

ance of different R
esonant M

R
 M

arker 
D

esigns 
E. Pannicke, M

. K
aiser, G

. R
ose, R

. V
ick 

Institute for M
edical Engineering, O

tto-von-G
uericke U

niversity M
agdeburg, G

erm
any 

 Purpose: R
esonant M

R
 m

arkers tuned to the Larm
or frequency can be used for instrum

ent 
visualization. Tw

o m
ethods are generally used to prove the perform

ance of the M
R

 m
arker. 

O
ne m

ethod is to obtain an M
R

 im
age using a low

 flip angle sequence [1]. Thereby, a 
com

parison w
ith already im

plem
ented designs is only of lim

ited value since the signal 
intensity is highly dependent on several param

eters, e.g. used M
R

 sequence, protocols and 
im

age post-processing. Secondly, electrical param
eters can be determ

ined by m
easuring the 

scattering param
eters through inductive coupling to a vector netw

ork analyzer [2]. H
ow

ever, 
experience has show

n that the resonance frequency and quality factor of an M
R

 m
arker is 

relative to its electrical environm
ent. Thus, w

e dem
onstrate a m

ethod for m
easuring the 

am
plification of the 𝐵𝐵!  field caused by the resonant M

R
 m

arker. 

M
aterial and M

ethods: Tw
o different resonance M

R
 m

arker designs w
ere com

pared: a 
hom

ogeneous Sw
iss R

oll ([3], D
esign A

) and a heterogeneous resonator, consisting of one 
dedicated inductance and capacitance (D

esign B
). The M

R
 m

arkers w
ere tested w

ithin a 
𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂!  solution inside a 3T M

R
 scanner (M

A
G

N
ETO

M
 Skyra, Siem

ens A
G

 H
ealthcare 

Sector, G
erm

any) using a TSE sequence (𝑇𝑇𝑇𝑇/𝑇𝑇𝑇𝑇
=
14  𝑚𝑚𝑚𝑚/  4000  𝑚𝑚𝑚𝑚, m

atrix  512×357, 
slice  2  𝑚𝑚𝑚𝑚

, FO
V  180  𝑚𝑚𝑚𝑚

×124  𝑚𝑚𝑚𝑚
). The transm

itter (TX
) voltage w

as increased from
 0𝑉𝑉

 
to the scanners reference voltage in 5𝑉𝑉

 steps for the purpose of determ
ining a 𝐵𝐵!  field m

ap 
according to [4]. The M

R
 im

ages w
ere reconstructed offline in order to obtain a non-clipped 

range of signal intensities. The 𝐵𝐵!  field am
plification 𝐴𝐴 w

as determ
ined by fitting the signal 

intensities vs. the transm
itter output voltages to the function given in [4]. 

R
esults: 

The 
obtained 

am
plification 

factors are show
n in Fig. 1(a) and (b). 

B
oth designs have significant differences 

in 
the 

am
plitude 

and 
shape 

of 
the 

am
plification. W

hereas the pattern of 
design B

 is heterogeneous w
ith areas of 

field am
plification (𝐴𝐴

>
1) and dam

ping 
(𝐴𝐴
<
1), the pattern of design A

 consists 
only of hyperintense areas. The profile 
of 

design 
A

 
show

s 
enhanced 

signal 
intensity only inside the Sw

iss R
oll. 

C
onclusion: A

 different w
ay to estim

ate 
the perform

ance of a resonance m
arker 

in 
a 

realistic 
setup 

inside 
the 

M
R

-
scanner w

as suggested. This approach 
enables 

a 
qualitative 

and 
quantitative 

com
parison 

of 
different 

M
R

 
m

arker 
designs. 
R

eferences: [1] Ellersiek, et al., Sensors and A
ctuators B

: C
hem

ical 02/2010; 144(2):432–
436.; [2] N

opper R
, et al., IEEE Trans. Instrum

. M
eas 2010; 59(9):2450–7.; [3] K

aiser, et al., 
21

st ISM
R

M
 2013; 1836.; [4] A

lecci M
, et al., M

R
M

 2001; 46(2):379–85. 
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Fig. 1 𝐵𝐵!  am
plification m

ap of m
arker A

 (a) and B
 (b) as w

ell 
as profile through the center of the M

R
 m

arkers A
 (c) and B

 
(d), respectively 

(a) 
(b) 

(c) 
(d) 

Feasibility Study of a Single-L
ayered R

esonant M
R

 M
arker Fabricated by T

hin Film
 

T
echnology 

M
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. D
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. R
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1 

1Institute for M
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icro- and Sensor System
s, 

O
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niversity M

agdeburg, G
erm

any  
Purpose: R

esonant M
R

 m
arkers used for instrum

ent visualization im
prove the hand-eye-

coordination during interventional procedures. H
ow

ever, m
ost studies are focused on w

ire-
w

inding coils tuned w
ith the help of SM

D
 capacitors [1,2]. Such fabrication technologies are 

not applicable in term
s of clinical use. Thus, the feasibility of a single-layered resonant m

ark-
er fabricated by thin film

 technique w
as evaluated. 

M
aterial and M

ethods: The M
EM

S-based fabrication 
process, described in [3], involved seven process steps 
starting w

ith (1) spin coating and curing of PI-2611, a 
polyim

ide precursor (H
D

 M
icroSystem

s, N
ew

 Jersey, 
U

SA
), resulting in thin film

s of 2.6  𝜇𝜇𝜇𝜇
  in thickness. 

Subsequent to (2) plasm
a surface treatm

ent im
proving 

m
etal adhesion, (3) a 1  𝜇𝜇𝜇𝜇

 thick layer of copper is 
deposited by a sputtering process. Further processing 
steps com

prise (4) photolithography, (5) w
et chem

ical 
etching and (6) a final coating/curing of PI-2611 for electrical insulation and biocom

patible 
m

arker sealing. Finally, (7) a dry etching process allow
ed for separation of the resonant struc-

tures and delam
ination. The highly flexible foil (Fig. 1) w

as w
rapped around a carrier elem

ent 
(7  𝑚𝑚𝑚𝑚

 in diam
eter), w

hereas the single loops (L) and electrode surfaces (C
) w

ere aligned on 
top of each other. Electrical param

eters, such as resonant frequency  𝑓𝑓!"#    and quality factor  Q, 
w

ere m
easured according to [4] w

ithin different m
edia (air, 𝐶𝐶𝐶𝐶𝐶𝐶𝑂𝑂!  solution, 0.9%

  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 solu-
tion). The M

R
 m

arker w
as tested inside a 3T M

R
 scanner (M

A
G

N
ETO

M
 Skyra, Siem

ens A
G

 
H

ealthcare 
Sector, 

G
erm

any) 
using 

a 
TSE 

sequence 
(𝑇𝑇𝑇𝑇/𝑇𝑇𝑇𝑇

=
14  𝑚𝑚𝑚𝑚/  4000  𝑚𝑚𝑚𝑚

, 
trix  512×357, slice  2  𝑚𝑚𝑚𝑚

, FO
V  180  𝑚𝑚𝑚𝑚

×124  𝑚𝑚𝑚𝑚
) w

ith varying transm
itter (TX

) voltages. 
The am

plification 𝐴𝐴 w
as determ

ined according to [5].  

R
esults: The m

easured resonant frequencies and quality fac-
tors depend on surrounding m

edia (Fig. 2). They range from
 

116.3 to 120.5  𝑀𝑀
𝑀𝑀𝑀𝑀 and 14 to 15.8, respectively. The am

-
plification 𝐴𝐴 of the  𝐵𝐵

!  field in proxim
ity of the M

R
 m

arker is 
show

n in Fig. 3. The M
R

 m
arker generated an asym

m
etric 

profile w
ith hyperintense (𝐴𝐴

>
1) and hypointense (𝐴𝐴

<
1) 

areas. Signal voids inside the structure occurred due to elec-
trom

agnetic shielding of the m
etallic electrode surfaces. 

C
onclusion: The feasibility of single-layered M

R
 m

arkers 
fabricated by thin film

 technique is dem
onstrated. D

ue to the 
broad bandw

idth, the influence of the surrounding tissue on 
the resonant frequency is reduced. Further studies have to be 
conducted regarding m

iniaturization of the proposed design. 

R
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usse H
, et al., JM

R
I 2007; 26(4):1087–96.; [2] El-Tahir A

, et al., 20
th 
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R

M
 2012; 2947.; [3] D

eckert, M
, et al., 11. M

agdeburger M
aschinenbau-Tage, 2013, 

ISB
N

: 
978-3-940961-90-7; 

[4] 
N

opper 
R

, 
et 

al., 
IEEE 

Trans. 
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M
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59(9):2450–7.; [5] A
lecci M

, et al., M
R

M
 2001; 46(2):379–85. 
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Fig. 1 (a) design of M

R
 m

arker, (b) M
R

 m
arker on 

carrier elem
ent  

15m
m

 

 
Fig. 2 R

eal part of m
easured input im

pedance 
𝑍𝑍! (𝑓𝑓) w

ithin different m
edia 

 
Fig. 3 A

m
plification 𝐴𝐴  of the 𝐵𝐵

! field in the prox-
im

ity of the M
R

 m
arker 

(b) 
(a) 
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C
 

C
 

C
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 O
bjective:  To design an R

F body coil and m
ethod for 

im
proving B

1 uniform
ity and low

ering local SA
R

 
w

ithout com
prom

ising transm
it efficiency.    

 B
ackground:  M

R
I guided interventions often require 

extended fields of view
 (FO

V
).  Strong R

F gradients 
and consequential local SA

R
 intensities com

m
onplace 

w
ith conventional, circularly polarized birdcage body 

coils in m
ost clinical scanners lim

it both the success 
and safety of the M

R
I procedure, especially at 3T.  

Introduction of R
F field conducting or m

odifying 
biom

edical devices further exacerbate these problem
s.   

N
ew

 transm
it technologies and m

ethods are needed. 
 M

ethods:  A
 dozen new

 body coils including TEM
 and 

loop arrays w
ere designed, sim

ulated and com
pared to 

a conventional, high-pass (H
P), circularly polarized 

body coil representative of those in m
ost com

m
ercial 

M
R

I system
s.[1]  R

F(B
1 and E) field shim

m
ing w

as applied w
ith the m

ulti-channel coils.  For all 
coils, B

1 fields and SA
R

 w
ere calculated (R

EM
C

O
M

 X
FD

TD
) in the D

uke hum
an m

ale m
odel 

and norm
alized to global average SA

R
.   Tw

o of the 45cm
 long x 60 cm

 diam
eter, heart-centered 

body coils sim
ulated are show

n in Figure 1. 
 R

esults:  In general the body coils com
posed of arrays of independently driven elem

ents (m
ulti-

channel) applying per-elem
ent adjustm

ent of transm
it signal phase and m

agnitude (B
1 and E-

field shim
m

ing) im
proved on the uniform

ity of the B
1 excitation and SA

R
 fields. N

ot all of these 
coils m

aintained the transm
it efficiency of the bird-cage reference how

ever.  A
 body coil 

com
prised of tw

o, interleaved z-axis rings of eight (2x8) elem
ents, each adjusted independently 

in phase and m
agnitude (B

1 shim
m

ing) w
as found to be one of the better solutions considering 

transm
it efficiency, B

1 uniform
ity, SA

R
 m

inim
ization, and practicalities of im

plem
entation.  B

1 
and SA

R
 results of the 2x8 channel TEM

 coil are referenced to the birdcage coil in Figure 1.    
 C

onclusions:   Sim
ulations predict that new

 2 x 8 elem
ent and sim

ilar TEM
 body coils and EM

 
shim

m
ing m

ethods com
bine to significantly im

prove B
1 field uniform

ity and to lim
it local SA

R
 

intensities, w
ithout com

prom
ising on transm

it efficiency.  R
F field control in phase, m

agnitude, 
tim

e and space facilitated by such 3D
 distributed , m

ulti-channel transm
it coils can also be used 

to optim
ize uniform

ity, SN
R

, contrast and SA
R

 conditions over regions of interest for tracking or 
localizing M

R
I guided interventions. 
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Fig 1.  Calculated B1 and SA

R
 for 

birdcage and m
ulti-channel TEM

 coil. 

 
 Purpose C

om
putational m

odeling is often used to evaluate radiofrequency (R
F) induced heating in patients w

ith m
edical devices 

undergoing m
agnetic resonance im

aging (M
R

I). A
s part of the evaluation, electrom

agnetic sim
ulations are used to calculate the 

electrom
agnetic (EM

) field generated by the R
F coil used during M

R
I. A

ccurate m
odeling of both the m

agnetic and electric fields is 
particularly im

portant for evaluating m
edical devices that are partially im

planted or have external com
ponents in contact w

ith the body. W
e 

present initial validation results for a test configuration consisting of an R
F birdcage coil loaded w

ith an ellipsoidal phantom
 intended for 

evaluating interactions betw
een R

F coils and partially im
planted 

interventional devices. 
M

ethods A
 com

m
ercially available high-pass birdcage body coil 

(M
ITS1.5, Zurich M

ed Tech, Zurich, Sw
itzerland) w

as used for the 
m

easurem
ents (1). The coil is com

posed of 16 rectangular strips 
(“rungs”) laid out w

ith cylindrical sym
m

etry (diam
eter = 740 m

m
). 

The rungs w
ere connected at each end by 32 distributed capacitances 

(Fig. 1a) (2). The coil w
as shielded by a m

etallic enclosure and w
as 

driven at tw
o ports (I and Q

 in Fig.1a) in quadrature m
ode. The 

nom
inal resonant frequency of the unloaded physical coil w

as 
fr =63.5 M

H
z ± 1 M

H
z. EM

 field data collection w
as perform

ed 
using a robotic m

easurem
ent system

 (D
A

SY
 5N

EO
, (3)). The net 

input pow
er w

as set to obtain a m
agnetic field m

agnitude of 1 A
/m

 at the isocenter of the coil. The com
putational m

odel w
as im

plem
ented 

w
ith the com

m
ercially available xFD

TD
 softw

are (R
em

com
 Inc., State C

ollege, PA
), w

hich has been extensively used for EM
 sim

ulations 
(4). The com

putational birdcage coil m
odel w

as geom
etrically equivalent to the physical coil (Fig. 1b). B

oth the coil and the shield w
ere 

m
odeled as perfect electric conductors (PEC

). In the num
erical m

odel, the 16 distibuited capacitors, located in each of the tw
o the rings of 

the coil, w
ere m

odeled as PEC
 rectangular slabs w

ith lum
ped elem

ents com
posed of a 460 Ω

 resistor and 64 pF capacitor in parallel. To 
drive the coil, the tw

o (I and Q
) ports w

ere placed in the gaps of one of the tw
o rings 90° apart, as in the physical coil. B

oth ports w
ere fed 

by voltage sources w
ith a series resistance of 50 Ω

. In both the physical and num
erical coils, the ellipsoidal phantom

 consisted of a 
plexiglass container (6 m

m
 thick, 750 m

m
 long and 400 m

m
 w

ide) w
ith a plexiglass device support and a port. The device support and port 

allow
 for evaluation of a partially inserted catheter (Fig. 1a). The physical phantom

 w
as filled to a depth of 90 m

m
 w

ith a 2.5 gr/L N
aC

l 
saline solution w

ith a conductivity of 0.47 S/m
. The conductivity w

as verified w
ith a com

m
only used conductivity m

eter (Y
SI m

odel 30, 
Y

SI Incorporated, Y
ellow

 Springs, O
hio 45387 U

SA
). In the num

erical sim
ulation, the dielectric constant 3.2 w

as used for the plexiglass. 
A

 conductivity of 0.47 S/m
 and dielectric constant of 80 w

ere used for the saline solution. The frequency response and the EM
 analysis 

w
ere perform

ed using broadband and resonant sinusoidal excitations, respectively. Figure 1c show
s the rectangular area and three lines 

selected for the electric field evaluation inside the phantom
 at a saline depth of 54 m

m
.  

R
esults For the physical coil, the resonant frequency w

as 63.5 M
H

z w
ith S

11  
equal to -19dB

 for the Q
 and -16dB

 for the I port. The num
erical m

odel had a 
resonant frequency of 62.6 M

H
z w

ith S
11  equal to –8.8 dB

 for the Q
 and -9.0 dB

 
for the I port. The total net input pow

er required to generate a m
agnetic field 

m
agnitude of 1 A

/m
 at the isocenter w

as 374 W
 for the physical coil and 345 W

 
for the num

erical m
odel. W

hen com
paring the net input pow

er betw
een I and Q

 
port, there w

as a 17%
 difference for the m

easurem
ents and a 20%

 difference for 
the sim

ulations. Figure 2 show
s the m

easured and sim
ulated electric field m

ap. 
W

ithin the area evaluated, the percentage error betw
een m

easurm
ents and 

sim
ulation w

as less than 30%
. 

D
iscussion 

and 
C

onclusions. B
ecause of the asym

m
etric loading of the 

cylindrical phantom
 w

ith respect to the source positions (Fig 1b), both the 
num

erical and physical coil show
ed an asym

m
etric behavior of the tw

o ports. 
The m

odel w
as able to closely replicate the total net input pow

er required by the 
coil and the im

balance betw
een the tw

o sources. A
 variation of less than 30%

 in the electric field w
as observed betw

een the physical and 
num

erical coil w
ith the exception of the central asym

m
etry in the m

easurem
ents. B

ecause of the hom
ogeneity of the electric field 

m
agnitude along device support, the ellipsoidal phantom

 could be used for m
easurem

ents of R
F-induced heating along leads w

ith 
controlled exposure conditions. Further evaluation is underw

ay to determ
ine the source of the discrepancies in the electric field asym

m
etry 

betw
een sim

ulated and m
easured results. 

The m
ention of com

m
ercial products, their sources, or their use in connection w

ith m
aterial 

reported herein is not to be construed as either an actual or im
plied endorsem

ent of such 
products by the D

epartm
ent of H

ealth and H
um

an Services. 
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F

igure 1: (a) M
ITS1.5 physical coil loaded w

ith the ellipsoidal phantom
 

and the ER3D
V6 electric field probe (3). (b) com

putational m
odel. (c) 

Position inside the ellipsoidal phantom
 of the selected area and three 

lines at a saline depth of 54 m
m

. 

 
F

ig 2: M
easured and sim

ulated m
ap of electric field  

m
agnitude. D

ata norm
alized to obtain a m

agnetic field of 1 
A/m

 at the isocenter of the coil 
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Purpose:12-lead ECG

 traces are
the standard for physiologically m

onitoring patients w
ith ischem

ic histories. 
Reliable intra-cardiac ECG

 traces (EG
M

s) are required
for electro-anatom

ic
m

apping (EA
M

) of electrical 
circuits in the heart during electrophysiology

procedures. Both 12-lead ECG
s and EG

M
s are perturbed by M

RI,
excluding interventions in severely ill patients. W

e developed m
ethods to rem

ove M
agnetohydrodynam

ic 
(M

H
D

) artifacts from
 both 12-lead ECG

s and EG
M

s
[1,2].W

e also developed M
RI-com

patible 12-lead ECG
 

and EA
M

 system
s, w

hich acquired
clean ECG

/EG
M

 traces during low
-duty-cycle M

RI sequences
(TR>20 

m
sec). The current study m

easures the m
agnitude and spectrum

 of gradient-induced voltage in high-duty-cycle 
M

RI sequences and attem
pts to rem

ove this noise
by evaluating its dependence on M

RI gradients.
M

aterials &
 M

ethods: A
 m

odification of the hardw
are used in [1] enabled m

easuring gradient-induced 
voltagesover 0-24 kH

z and w
ithin +/-10V

, together w
ith the M

RI gradient w
aveform

s. 12-lead ECG
s w

ere 
m

easured in 10 volunteers at 3T. A
19-param

eterequation for induced voltages on each ECG
 electrode 

𝑉𝑉𝑘𝑘 (𝑡𝑡 )w
as derived, expanding previous w

ork [3,4]. 𝑉𝑉𝑘𝑘 (𝑡𝑡 )=
𝑝𝑝1𝑘𝑘

𝜕𝜕𝐺𝐺𝑥𝑥
𝜕𝜕𝜕𝜕 +

𝑝𝑝2𝑘𝑘
𝜕𝜕𝐺𝐺𝑦𝑦𝜕𝜕𝜕𝜕 +

𝑝𝑝3𝑘𝑘
𝜕𝜕𝐺𝐺𝑧𝑧
𝜕𝜕𝜕𝜕 +

𝑝𝑝4𝑘𝑘 𝐺𝐺𝜕𝜕 (𝑡𝑡 )+
𝑝𝑝5𝑘𝑘 𝐺𝐺𝑦𝑦 (𝑡𝑡 )+

𝑝𝑝6𝑘𝑘 𝐺𝐺𝑧𝑧 (𝑡𝑡 )+
𝑝𝑝7𝑘𝑘

𝜕𝜕𝐺𝐺𝑥𝑥
𝜕𝜕𝜕𝜕 𝐺𝐺𝜕𝜕 +

𝑝𝑝8𝑘𝑘 𝐺𝐺𝜕𝜕 2+
𝑝𝑝9𝑘𝑘

𝜕𝜕𝐺𝐺𝑦𝑦𝜕𝜕𝜕𝜕 𝐺𝐺𝑦𝑦 +
𝑝𝑝10𝑘𝑘 𝐺𝐺𝑦𝑦 2+

𝑝𝑝11𝑘𝑘
𝜕𝜕𝐺𝐺𝑧𝑧
𝜕𝜕𝜕𝜕 𝐺𝐺𝑧𝑧 +

𝑝𝑝12𝑘𝑘 𝐺𝐺𝑧𝑧 2+
𝑝𝑝13𝑘𝑘

𝜕𝜕𝐺𝐺𝑥𝑥
𝜕𝜕𝜕𝜕 𝐺𝐺𝑧𝑧 +

𝑝𝑝14𝑘𝑘 𝐺𝐺𝜕𝜕
𝜕𝜕𝐺𝐺𝑧𝑧
𝜕𝜕𝜕𝜕 +

𝑝𝑝15𝑘𝑘 𝐺𝐺𝜕𝜕 𝐺𝐺𝑧𝑧 +
𝑝𝑝16𝑘𝑘

𝜕𝜕𝐺𝐺𝑦𝑦𝜕𝜕𝜕𝜕 𝐺𝐺𝑧𝑧 +
𝑝𝑝17𝑘𝑘 𝐺𝐺𝑦𝑦

𝜕𝜕𝐺𝐺𝑧𝑧
𝜕𝜕𝜕𝜕 +

𝑝𝑝18𝑘𝑘 𝐺𝐺𝑦𝑦 𝐺𝐺𝑧𝑧 +
𝐶𝐶𝑘𝑘  , w

here 𝐺𝐺𝜕𝜕 ,𝐺𝐺𝑦𝑦 ,𝐺𝐺𝑧𝑧  are the three M
RI gradients, 𝜕𝜕𝐺𝐺𝑥𝑥𝜕𝜕𝜕𝜕 , 𝜕𝜕𝐺𝐺𝑦𝑦𝜕𝜕𝜕𝜕 , 𝜕𝜕𝐺𝐺𝑧𝑧

𝜕𝜕𝜕𝜕  
are their tim

e derivatives and 𝑝𝑝1𝑘𝑘 …
𝑝𝑝18𝑘𝑘  , and 𝐶𝐶𝑘𝑘 are constants. Thisequation allow

sestim
ating

induced 
voltageseven in electrodes w

hich are farthest(>20 cm
) from

 m
agnet iso-center. Least-squares regression of this 

equation to ECG
s m

easured during 3-4 second training 2D
 SSFP, 2D

 G
RE and 3D

 FSE sequences, after 
subtraction of a clean ECG

 R-R (“tem
plate”),  provided the coefficients 𝑝𝑝1𝑘𝑘 …

𝑝𝑝18𝑘𝑘
and 𝐶𝐶𝑘𝑘 . The equation w

as 
then used to rem

ove noise from
 ECG

s in real-tim
e during 30-200 second m

ulti-slice scans of these sequences.  
Fig.1:

G
radient-induced voltage recorded at Left Leg 

during transverse 3D
 FSE. (A

) Induced voltage spectrum
 

ranges over 0-24
K

H
z, peaking at 1

K
H

z. (B) Enlarged 
view

 
of 

induced 
voltage 

versus 
recorded 

gradient 
w

aveform
s.~0.5 V

oltinduced voltage (top green trace) 
is>100 tim

es the real ECG
 voltage

(5 m
V

). 19-param
eter 

fit (top
black trace) fits >95%

 of induced voltage.
Fig.2:G

radient-induced voltage recorded in 6 precordial 
leads (V

1-V
6) during transverse 2D

 G
RE. (A

) Regions 
of ECG

 obtained
w

hen M
RI is not pulsing, used for the 

ECG
 tem

plate,
surround im

aging region (black line)
w

hich has strong induced voltages
(Red traces). Blue 

traces show
 ECG

s cleaned of induced voltagesusing 19-
param

eter equation.(B) Enlarged view
show

s quality of 
rem

oval 
of 

induced 
voltages, 

w
ith 

Q
RS 

com
plexes 

clearly identified (arrow
s).

R
esults:Figures 1

&
 2 show

 the broad frequency spectrum
 and large m

agnitude of the induced voltages.The 
success of the 19-param

eter equation in fitting this noise and restoring a clean ECG
 is dem

onstrated.The fit 
coefficients vary, as predicted, w

ith electrode position, sequence, sequence param
eters and slice orientation. 

Residual artifacts
rem

ain at the beginning and end of each im
aging interval, a result of

strong “ring-dow
n” 

signals observed at these tim
es.W

e hope to rem
ove som

e of these events w
ith hardw

are sw
itching [1,2].

C
onclusion:

The success of a novel approach in rem
oving 12-lead ECG

 gradient-induced
voltage during

high-
duty-cycle M

RI sequencesw
as dem

onstrated, allow
ing accurate

physiological m
onitoring

during intervention.
R

eferences[1] Tse,
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Purpose: M
onitoring R

F exposure is critical to M
R

I safety. C
om

m
ercial M

R
I scanners do not reliably 

estim
ate R

F specific absorption rates (SA
R

), and m
ay im

properly restrict M
R

I scanning
1. Scanner 

SA
R

 cannot be used for gauging exposure w
hen testing interventional leads and devices used in 

M
R

I 1,2. A
ccurate scanner-independent R

F dosim
etry of both body-average and local SA

R
 are thus 

essential for ensuring regulatory com
pliance and M

R
I safety, but are presently non-existent. W

e built 
a dosim

eter and transducer to m
easure body-average SA

R
 in 3T scanners, and tested it in Philips, G

E 
and Siem

ens scanners, and in hum
ans 1,2. To m

easure local heating (∝
local SA

R
) for interventional 

M
R

I coils, w
e used R

F radiom
etry

3,4 based on Planck’s radiation Law
. The tem

perature w
as m

easured 
in the sensitive region of a 3T loopless antenna based on the R

F noise recorded w
ithout M

R
I.  

M
ethods. For body SA

R
, an R

F transducer com
prising  2 orthogonal loops as a body load, and a 

spherical M
R

I phantom
 to set the M

R
I flip-angle (Fig. 1a), w

as placed in the scanner and connected to 
a high dynam

ic range R
F pow

er 
m

eter. Transducer pow
er w

as 
calibrated vs actual pow

er deposited. 
W

hole-body absorbed pow
er w

as 
m

easured in 26 subjects vs body 
w

eight and body m
ass index (B

M
I). 

 
To m

easure local heating, w
e 

built a radiom
eter receiver to 

m
easure the R

F noise from
 a 3T 

M
R

I loopless antenna. It w
as calibr-

ated vs tem
perature in a gel phantom

. Local heating (ΔT) using the antenna for R
F excitation w

as 
m

easured by radiom
etry, and by fiber-optic therm

al sensors and M
R

I therm
om

etry for com
parison. 

R
esults. A

 single linear calibration curve sufficed for w
hole body dosim

etry on 3 Philips, 3 G
E (Fig. 

1b), and 2 Siem
ens (Fig. 1c) 3T scanners w

ithin ∼3%
 accuracy. W

hole-body pow
er varied approx. 

linearly w
ith patient w

eight and B
M

I. The loopless antenna radiom
eter linearly tracked tem

perature to 
w

ithin ±0.3°C
 (Fig. 2). R

adiom
etric, com

puted, and M
R

I therm
om

etric m
easures of peak ΔT agreed. 

The radiom
eter m

easured peak 1g-averaged ΔT in a tissue (R
F) equivalent phantom

 w
ithin ±0.4°C

.  
D

iscussion: O
ur 3T w

hole-body  R
F dosim

eter accurately m
easures R

F exposure independent of the 
scanner. A

ctive internal M
R

I detectors serving as R
F radiom

eters can ‘self-m
onitor’ local tem

perature 
free of M

R
I or the com

plications of added therm
al transducers. Together, these technologies could 

allow
 m

onitoring of both body-average and local R
F exposure for regulatory com

pliance and safety 
testing of interventional devices and leads. 
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Fig 1. (a) 3T M
R

I w
hole-body SA

R
 transducer. (b) Pow

er calibration curves for 3 G
E, 3 Philips, &

 (c) 2 Siem
ens scanners. 	
  

Fig 2. 3T loopless antenna radiom
eter tracks local tem

p. to ±0.24°C
. 

A
ntenna is m

ost sensitive to heating at junction (inset: M
R

 therm
om

etry).  	
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 O

bjective:  To better understand the R
F fields effecting success and safety of M

R
I 

 B
ackground:  R

adiofrequency safety is one of the m
ost im

portant and least understood aspects 
of M

R
I. R

F safety issues are further com
plicated by the introduction of biom

edical devices and 
M

R
I guided interventions.   The first step to im

proving success and safety of iM
R

I is a better 
understanding of R

F field propagation, loss and consequential heating in the hum
an anatom

y. 
 M

ethods, R
esults and D

iscussion: 
B

1:  R
eferring to Figure 1, a uniform

 
m

agnetic flux density, (T) excite field over an 
R

O
I is the prim

ary objective of a body coil.  
A

s can be seen, destructive interference 
patterns of the short Larm

or w
avelength 

traveling w
aves in the body lead to a 

nonuniform
 excite field over the w

hole body. 
E:  A

ccom
panying the B

1 field, the E field, 
(V

/m
2) is sim

ilarly non-uniform
 and 

propagating through the entire body.  
SA

R
: The pow

er loss density, (W
/kg) is half 

the dot product of displacem
ent current losses 

to the tissue dielectric and conduction current 
losses to the tissue conductor integrated over the full body. This SA

R
 is also highly non-uniform

, 
w

ith highest local values trending tow
ard the body periphery closest to the body coil elem

ents.   
dT/dt: A

n increase in heating over tim
e, (C

/s) results from
 the SA

R
 in tissue, and follow

s a 
sim

ilar distribution m
isleading som

e into believing that SA
R

 is predictive of therm
al contours. 

T:  Tem
perature, (C

) is the appropriate m
etric for predicting and determ

ining safety in the M
R

I 
exam

.  A
bsolute tem

perature m
agnitude (not SA

R
 and not dT) is the cause of burns, pain, and 

system
ic therm

al stress (heat stroke).  Contrary to regulatory guidelines (1) and therefore 
industry and clinical practice, SA

R
 alone predicts neither the m

agnitude nor the location of true 
therm

al hot spots or system
ic stress.  SA

R
 m

ust be equated to tem
perature through an accurate 

bioheat equation (2) to determ
ine the safety of an R

F transm
it system

 and protocol, especially 
w

hen R
F conductive interventional devices are introduced.   

 C
onclusion:  B

y tracking tem
perature rather than SA

R
, safety w

ill be im
proved.  These topics 

w
ill be covered in com

prehensive detail at our upcom
ing ISM

R
M

 Safety W
orkshop (3) 
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F fields, SA
R

, and tem
perature 

calculated for the D
uke m

ale m
odel inside a 

45cm
 long, heart centered, circularly 

polarized body coil w
ithin a 3T m

agnet. 
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Fig.1 (Top)Toroidal drive dipole 
visualization and (bot) m

onopole 
drive w

ith Leveen R
F ablation probe 

visualization at 3T in pig cadaver. 

E
lectro/m

agneto/therm
al A

coustic ultrasound generation in iM
R

I D
evices 

G
. Scott, M

. Etezadi-A
m

oli,  H
. N

an, M
. A

liroteh, A
. A

rbabian, P. Stang, J. Pauly 
Electrical Engineering, Stanford U

niversity, CA
, U

nited States 
 

Purpose: Interventional devices can be visualized actively w
hen integrated as m

icro-transceive elem
ents w

ithin 
a transm

it/receive array system
 that localizes RF pow

er deposition for device safety.  EP catheters, w
hich have 

exposed tips and long insulated shafts, act as insulated dipole antennas w
hen driven by a toroid exciter [1].  

Liver ablation devices have short insulated shafts and can be driven as m
onopole antennas [2].  In both cases 

(Fig. 1), it is the RF current flow
 to the tip that allow

s for B1 generation and visualization near the tip.  
H

ow
ever, these sam

e RF currents should also be capable of generating ultrasound (U
S) signals by therm

al, 
electric and m

agnetic interactions. W
e dem

onstrate the generation of U
S signals at classic ablation frequencies 

or by m
odulated 64 M

H
z and discuss possible applications for added device safety m

onitoring or tracking. 
M

ethods:  A
 variety of device m

odels w
ere em

ployed: Leveen probe, EP-style exposed tip, and bipolar coax tip 
(Fig 2a-c). For RF ablation tests in 0.5-1M

H
z, a ground pad provided a return path and up to 100W

 RF pow
er 

(typical of ablation) w
as transm

itted to the Leveen or EP probe im
m

ersed in saline.   W
e used frequency 

m
odulated continuous w

ave (FM
CW

), and stepped frequency CW
 (SFCW

) [3,4] covering output signal 
bandw

idths of 250-400kH
z, sufficient for 5 m

m
 range resolution. Therm

o-acoustic signals w
ere detected at 

double the input RF frequency, and electroacoustic signals from
 m

etal-electrolyte interface interactions occur at 
the fundam

ental. W
ith a m

agnetic field present, Lorentz forces generate a m
agneto-acoustic signal. For 64 M

H
z, 

w
e injected pow

er into the bipolar coax tip, and am
plitude m

odulated at ~1 M
H

z w
ith FM

CW
, SFCW

 or pulses 
(Fig 2d).  This generates a heat function oscillating in the ultrasound band around 1 M

H
z.  Signal transm

ission 
and detection w

ere program
m

ed w
ith a M

edusa control system
 [5], and an O

lym
pus V

303 detected the U
S. 

R
esults: Fig. 2e show

s the generated therm
o-acoustic (red) and electroacoustic (blue) resulting from

 a single 
10m

s long FM
 chirp, using device (a) at depth of 7 cm

.  M
agneto-acoustic U

S [3] w
ill be present in a m

agnetic 
field. Fig 2f show

s a therm
o-acoustic signal from

 1 M
H

z A
M

 m
odulated 64 M

H
z in device (c) using pulse 

trains and achieving >1000 SN
R w

ith 100W
 drive.  These should be detectable at 100m

W
 levels. 

C
onclusions: D

evice structures suitable for iM
RI visualization can also generate therm

o-electrom
agnetic 

ultrasound.  This opens interesting options for additional therapy m
onitoring or tracking w

ith iM
RI. 
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Fig 2: a) EP m

odel, b) Leveen c) bipolar electrodes. d) 1 M
H

z 
am

plitude m
odulated 64 M

H
z. e) 1 M

H
z Therm

o-acoustic (red) 
and electro-acoustic (blue). f) 64 M

H
z therm

o-acoustic U
S. 
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