
1NMR

Back
diagn
mono
comp
short 
to tra
volum
conce
two m
invers
2) a d
CSF 
MR p
MRI p
the Q
a UT
side o
T1-qu
invers
avera
96x96
collec
were 
IR pr
proto
was u
Dual-
echoe
of 4.8
SOS 
resolu
Post-
Signa
the be
the p
factor
used 
Using
obtain
mask
This 
sodiu

The c
can b
The S
when
calcu
T2short
does 
in the
echo 
Peri-V
(55.3
voxel
also b
gives
poten[1] A LMag. R

R Research Unit, 

kground Sodium
nosis and progn
o-exponential T
pared to tissue (

T2 components
aditional 1H imag
me effects toget
entrations in pe
methods of sup
sion recovery (I
dual echo sequ
signal and the r

protocols 
protocols were 

Q-body coil (in p
E sequence wit
of the head for q
uantification- T1
sion pulse was
ages, acquisition
6) with a nomin
cted, covering t
placed bilateral
otocol- After fin
col was run at a
used and 2 aver
-echo protocol- 
es with short ec
8ms, 2 averages
protocol- The s

ution of the 23Na
-processing an
al-to-Noise Ratio
est CSF suppre
hantoms as cal
r I= (1-2*exp-TI/T

to segment the
g FSL each 23N
n a resampled v

k by 1 voxel (in 
Peri-V region h

um concentration

clear nulling sug
be neglected in t
SNR measured 
n compared to th
lated by taking 
t(WM)=2ms and
not explain the 

e Peri-V region (
times would su

V concentration
±6.6mM) ) (P<0
 size as the sta
be tested as the

s good CSF sup
ntially increasedLu et al,  Proc. IntlReson Med (2005) 

Evaluat
Bhavan

Department of N

m magnetic res
osis of a numbe

T2 decay (T2=5
(20-40mM). Intr
s (T2long~15ms, T
ges. Voxels on 
ther with the hi

eri-ventricular re
ppressing the C
R) sequence to

uence exploiting
resultant effect o

run on a 3T Ac
lane reolution1x
th a 2D-radial (
quantification. 
1 was establish
s a 180° block 
n bandwidth=90
al voxel size of 
he whole brain
lly in frontal whi

nding the T1 val
a FOV of 220x2
rages were colle
A multi-echo S

cho spacing to b
s were collected
standard SOS p
a scan was kep
nd analysis 
o (SNR) measu

ession. T1 correc
ibration referen

T1WM + exp-TR/T1W

e ventricular CSF
Na scan was the
ventricular mas
23Na space) in 

had a <55% pro
n in Peri-V regio

ggests that the T
this region.  
in CSF regions

he Dual Echo (
the difference 

d T2long(WM)=15
huge difference

(due to partial v
btract less CSF

ns using the IR
0.05),. This is a
andard sequenc
ese may increas
ppression comp
d sensitivity to pe. Soc. Mag. Reson. Acknowledgemen

tion of cerebr
na Shantilal Solan
Neuroinflammatio

U

sonance imagin
er of neurodege
55ms) and dom
racellular 23Na in
T2short~0.2-3ms)
the order of 4m
gh intensity of 

egions (Peri-V), 
CSF signal to 
o eliminate CSF 
g the difference
of CSF contami

hieva TX Syste
x1mm2). A fixed
stack of stars –

ed by running a
pulse design w

0Hz/pixel.  The 
10x10x10mm3 

. A non-linear le
te and grey ma
lue for CSF, TI 

220x150mm, a n
ected. 
OS sequence w

be sampled. Th
d. A difference m
protocol was als
t at 4x4x4mm2 t

urements in CSF
cted total sodium
ces2. Images fr

WM) applied to al
F using SPM8 (
en registered to
k for each 23Na
all dimensions 

obability of cont
ons for the IR a

TI used does in

s using IR and 
p<0.05). The IR
in the magnetiz

5ms). The IR an
e in SNR, there
volume) in addit
F, shorter echo t
R protocol were
an indication of 
ce would need t
se tissue SNR w

pared to the sub
eri-ventricular cMed. 19 (2011) [2ts: Philips Healthc

rospinal fluid
nky1, Frank Riem
on, UCL Institute 
UCL Institute of N

ng (MRI) in the
enerative diseas
minates image
n contrast exhib
)1,. 23Na-MRI, pa
mm3 are used to
the CSF signal
a common site

enable a more
based on explo

e in T2 relaxation
nation in Peri-V

m (Philips Heal
d tuned volume 
–SOS)) k-space

a SOS sequenc
with a duration 
field of view em
(reconstructed 

east squares fit
tter (WM and G
was calculated

nominal voxel si

with the above g
e shortest TE w
map was compu
so run to calcula
to allow direct c

F regions were 
m concentration
om the IR proto
l images on a v

(thresholded to 5
o the PDw imag
a acquisition (sf.
and subtracting
aining CSF for 
nd SOS sequen

deed correspon

Dual echo (E1-
R sequence has
zation remainin
nd E1 have 88%
efore the reducti
tion to incomple
times would affe
e close to thos
less CSF conta
o be run to fully
whilst still allow
btraction metho
changes, which w2] Christensen JD eare, The MS Societ

d suppression
mer1, Claudia A. M

of Neurology, Lo
Neurology, Londo

 
e brain has rec
ses, including m

contrast owin
bits a bi-expone
articularly at 3T
o get adequate 
l may lead to in
e for MS lesion
e accurate qua
oiting T1 relaxat
n. These metho

V regions was as

lthcare, Best). A
coil (Rapid, Ge

e trajectory. 4% 

ce with an arra
of 0.69ms. Ot

mployed was 2
to 2.3x2.3x10m

t routine in Mat
GM) and in 2 reg
d to enable its e
ize 5.75x5,75m

geometrical dim
was 0.19ms and
uted between th
ate Peri-V sodi

comparison of th

compared for th
n (TSC) maps o
ocol were correc
voxel by voxel b
55% probability
ge. The registra
.net/projects/nift
g the original ve

both IR and SO
nce using FSL. 

nd to the T1 mea

-E10) is shown 
s the same voxe
ng after each re
% and 94% of t
ion in SNR mus
ete subtraction (
ect tissue more)
se found in tiss
amination in the
y validate this e

wing suppression
od based on T2 w
will be of particu

et al. Magn Reson Mty, CBRC.  Phantom

n techniques i
M. Wheeler-Kings
ondon, United Kin
on, United Kingdo

ently been dev
multiple sclerosis

g to its high 
ential behaviour
, has intrinsicall
signal at reaso

naccuracies in t
s. Hence with t
ntification of to
tion differences 
ods were comp
ssessed. 

Axial T2-weighte
ermany) was use

sodium agar p

ay of inversion r
ther sequence 
20x220mm2, w

mm3), to allow re
tlab was used to
gions of ventricu
effective elimina
m2 with 6mm sl

mensions was ru
d was used as th
he first echo and
um concentratio

he IR and the st

he IR and Dual-
of the brain were
cted for the effe
basis) before co
y).  
ation parameter
tyreg)3. A Peri-V

entricles, leaving
OS sequences.

asured for CSF 

in Fig 2. The IR
el size but a sh
espective TE ( S
he original sign

st be largely due
(54% of original
).  
sue (mean 26.4
 voxels due to 
xplanation. Lon

n of long T1 CSF
weighting, and 
ular importanceMed 1996.[3] Dursms- G D Kenny 

in sodium MR
shott1, and Xavier
ngdom, 2Departm
om 

veloped for its u
s (MS). 23Na in C
concentration 
, with both long 
y low SNR in co

onable scan tim
the determinatio
this in mind we

otal 23Na in tiss
between CSF a

pared in terms o

ed 1H (PDw) sca
ed for all 23Na im
hantoms (33mM

recovery times 
parameters we
ith an acquisitio
easonable scan
o calculate a T1

ular CSF to find 
ation (TI=32.6m
ice thickness, th

un with 250Hz/p
he first sampling
d echo 10 (TE=4
on without any 
andard sequenc

-Echo sequence
e calculated, fol
ects of the invers
ncentrations we

rs were then ap
V mask was als
g just the Peri-V
 Each mask wa

Results and
Fig 1 (a) sh
mean T1 of G
be 23.9±0.9
respectively.
have T1’s c
Fig 1 also s
SOS (b), IR 
ventricular C

and hence the 

R sequence pro
orter TE. The d
S(TE)=So* (0.6*
al from WM rem

e to the effect of
 CSF magnetisa

4±1.7mM) and 
CSF suppressio
ger IR pulses a
F4. These result
may potentially
 in the study of selin et al, Image V

RI at 3T 
er Golay2 
ment of Brain Rep

use in the 
CSF has a 
(>100mM) 

g and ultra-
omparison 

mes. Partial 
on of 23Na 

e proposed 
sue: 1) an 
and tissue; 
of residual 

ans of the brain
maging and dat
M and 66mM) w

(TI= 10, 20, 30
ere: TE of 0.31
on matrix of 22x
n times in vivo. T

1 map from the 
the respective T

ms). An inversio
he shortest ach

pixel bandwidth
g point, followed
43.39ms). 
suppression/su
ce. All scans we

es to determine
llowing standard
rsion recovery p
ere calculated. T

pplied to the 1H
so generated by
V region in the r
as used to find 

d discussion 
hows a represe
GM, WM and CS
9ms, 21.2±0.9
. The agar pha
comparable to 
shows sodium-
(c) and Dual Ec

CSF is clearest 
partial volume a

ovides lower SN
difference in sig
*exp-TE/T2short+ 0
maining respec
f the IR pulse o

sation remaining

were significa
on. Sequences 
as suggested by
ts demonstrate 
y lead to more a
periventricular Vision Comput 19 

pair and Rehabilit

n were acquired
ta was acquired
were placed on 

0, 40 and 55ms
ms, TR=120ms
x22 (reconstruc
Thirty-two slices
acquired data. 

T1 relaxation tim
on recovery SO
ievable TE of 0

h in order to allo
d by an echo sp

ubtraction. The s
ere ~15mins.  

e which protocol
d procedures th
pulse on WM. (s
The PDw scans

 ventricular ma
y dilating the ve
resulting mask (
the mean and 

entative T1 map
SF were calcula
9ms and 46.8
ntoms were fou
tissue (22.5±0

-weighted imag
cho (d). The nul

in the IR TSC
affecting these v

NR in the CSF 
nal due to TE c
.4*exp-TE/T2long)), 
tively. This diffe

on any CSF rem
g after E1-E10, 

ntly lower than
running on the 

y Beaulieu et al
that the IR seq
accurate results
WM lesions. (2001)  [4]Beaulie

tation, 

 using 
d using 

either 

s). The 
s, n=2 
cted to 
s were 
ROI’s 

mes.  
S (IR) 
.37ms 

ow ten 
pacing 

spatial 

l gives 
at use 

scaling 
s were 

asks to 
entricle 
(fig 2). 
SD of 

p. The 
ated to 
8±1ms 
und to 
.2ms).  
es for 
lling of 

C map. 
voxels 

region 
can be 

using 
erence 

maining 
longer 

n SOS 
same 
 could 
uence 
s, with eu et al, 

1702Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


