
P

r

w

M

M
r

t

p

R
b
w

p

m

D
m
r
m
I

t

n

b

R

2
A

1Global Applied

Purpose: Recei
data acquired w
quantitative ana
sensitivity (B1

-)
receive B1 field 
image. Here we
sensitivity is the
Theory: The p
weighted (PD) i
Sn is the signal f
α is the flip ang
sensitivity or sin
M0 are separabl
frequency range
Methods: A 4m
readout gradient
a quadrature tra
thickness=5mm
conventional B-
proton density w
applied (σ=0.4c
combined image
correction of the
Results: Fig 1-
brain using the 
were used to cre
in Fig 1-b. Fig
proposed metho
sum-of-square i
showing individ
mid slab coro
corrected image
CUBE images
significant asym
side due large
correction, the im
Discussion: In 
method can be 
receive sensitivi
method are sele
It is assumed th
only high spatia
the receive sens
assumption like
needed for body
are obtained for
image reconstru
intensity correc
intensity correc
especially in hig
from the recei
sensitivity corre
image. If the s
sensitivity could
but in most case
T1 or T2 which
insensitive sequ
References: [1]
Sacolick et al., 
2011. 
Acknowledgem

d Science Lab, GE

ive sensitivity ch
with phased array
alysis of MRI im
. A number of m
inhomogeneity.

e use the Bloch
en used for imag
arameters of B-
image. The sign
from the n-th co
gle and E1=exp(-
n(α) term can be
e in the spatial f

e. Therefore, a he
ms optimized B-S
t for B-S B1

+ ma
ansmit and 16ch
, spacing=5mm
-S processing an
weighted, are av
cm-1) to remove 
e is produced by
e target CUBE im
-a shows the B
B-S B1

+ mappi
eate the transmit
g 2 shows the
od. For simplic
image is shown
dual channels. F
onal image alo
e using the pro
s before corre
mmetry with hig
ely to the rec
mages were mor
this work, we
used for meas

ities. The imagin
ected to generate
hat the proton d
al frequencies an
sitivity by low-p
ly holds in brain

y images. The re
r each individual
uction in paralle
tion. A simple 
ction cannot be
gh field MRI be
ve sensitivity. 

ection but the tr
signal equation 
d be obtained fr
es the signal equ
h are not often av
ences can be use
 Milles et al., C
MRM 63:1315-

ment: Research s

Intensity C
Mohamm

E Healthcare, Menl

haracterization i
y coils. It is also 
mages. In high 
methods have b
. This will comp

h-Siegert (B-S) B
e intensity corre
-S B1

+ mapping
al equation for s
il, Rn is the rece
-TR/T1). Assumi
e measured by th
frequency doma
eavily low-pass-
S pulse [3] was a
apping. Brain im
h receive Nova 
, matrix=64×64

nd then the Tx se
veraged togethe

proton density 
y a sum-of-squa
mages, acquired 

B1
+ maps of a v

ing method. The
t sensitivity map

e block diagram
city of presenta
n at each step in
Fig 3 shows the
ong with the 
posed method. 
ection demonst
gher signal on 
ceive sensitivit
re homogeneous
e have shown h
uring both tran
ng parameters o
e a proton densit
density contrast 
nd can be separa
pass filtering. W
n, further investi
ceive sensitivitie
l channel can be
el imaging in ad

low pass filter
e used for rec
cause it cannot s
The proposed 

ransmit inhomog
of the final i

rom the B1
+ ma

uation is depend
vailable. Alterna
ed to create a un

Comp. Med. Imag
1322, 2010 [3] 

upport from GE

orrection at 7
mad Mehdi Khalig
lo Park, California

is needed for im
beneficial for ac
field MRI the 

been proposed fo
plicate the intens
B1

+ mapping m
ection of subsequ
g sequences are 
spoiled gradient 
ive sensitivity o
ing relatively lo
he B-S B1

+ map
ain with Rn dom
-filtered version 
added to a conve

mages of 4 volun
Head coil (Nov

, BW=31.25 kH
ensitivity is deriv
r to increase th
contrast, leavin

ares over all cha
with FOV=22cm

volunteer 
ese maps 
ps shown 
m of the 
ation, the 
nstead of 
e original 

intensity 
The T2-
trated a 
the right 

ty. After 
s. 
how B-S 

nsmit and 
f the B-S 
ty image. 
contains 

ated from 
While this 

igation is 
es, which 
e used for 
ddition to 

which is some
ceive sensitivity
separate the tran
method will a

geneity will rem
image is known
ps and consequ

dant on tissue pro
atively, parallel 
iform transmit f
g. & Graph. 31:
Khalighi et al., 

E Healthcare. 

Fig 

Fig 

7T using Bloch
ghi1, Michael Zein
a, United States, 2R
United States 

 
mage reconstructi

ccurate image in
image intensity 

for intensity corr
sity correction a

method [2] to co
uent scans. 
selected to gen
echo sequence 

f the n-th coil, M
ng TR and smal

pping method. W
inating the low 
of Rn M0 will be
entional gradient
nteers were acqu
va Inc, Boston, 
Hz, FA=20 deg,
ved from the B1
e SNR. The tra
ng the receive s
annels, which is 
m, 0.1mm isotro

etimes used for 
y measurement 
nsmit sensitivity 
achieve receive 

main in the final 
n, the transmit 

uently corrected,
operties such as 
transmit or B1-

field. 
81-90, 2007 [2]
MRM in press, 

1: B1+ maps with

2:The block diagr

h-Siegert B1
+ M

neh2, and Brian K R
Radiology Deaprtm

ion using parall
ntensity correctio

y is affected by 
rection [1], whi
at high field MR
ompute both tran

nerate a proton 
is give by Eq. 1

M0 is the proton 
ll flip angle, we

We assume that t
spatial frequenc

e a good approxi
nt echo sequence
uired on a 7T sca
 MA) in corona
, TE=7.7ms and

1
+ map for each 

ansmit sensitivity
sensitivity map 

then interpolate
opic resolution, T

r 
t 
y 

 
l 
t 
 
 

 
 

h B-S method are u

ram of receive se

Fig 3: Receiv

Mapping 
Rutt2 
tment, Stanford Un

el imaging such
on, which is nec
both transmit s

ch do not distin
RI due to large B
nsmit and receiv

density 
1 where 
density, 

e could write Sn 
the receive sensi
cy range and M0
imation to the pu

e after the slice-s
anner (GE Healt
al planes with F
d TR=850ms. T
slice. The B-S i
y is then divide
behind. The fin
ed over a 3D vo
TR=3500ms, TE

Sn = R

used to create the

ensitivity estimati

ve sensitivity corr

niversity, Stanford,

h as ASSET or S
cessary for segm
sensitivity (B1

+)
nguish between
B1

+ inhomogenei
ve sensitivities. 

≅ Rn M0 sin(α). 
itivity Rn and pr
0 dominating the
ure receive sensi
select gradient an
thcare, Waukesh
FOV=22cm, 16

The B1
+ map is 

mage magnitude
ed out, and a lo
nal receive sensi
olume and used 
E=89ms. 

Rn M0 sin(α)
1−

1 − E1

e Tx sensitivity fo

ion using B-S met

rection on CUBE 

d, California, 

SENSE from 
mentation and 

 and receive 
transmit and 

ity across the 
The receive 

The transmit 
roton density 
e high spatial 
itivity, Rn.  
nd before the 
ha, WI) using 
6 slices, slice 

obtained by 
es, which are 

ow pass filter 
itivity of the 
for intensity 

− E1

cos(α)
(1)

or each slice. 

thod. 

images at 7T 

3361Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


