
1Hel

Introd
both s
diffus
assess
Metho
slices.
VENC
6, for 
band (
sensiti
a mult
zero V

equati

magni
were u
32 cha
flip an
image
to do t
Resul
time c
55 set

len Wills Neurosci

duction   Multip
simultaneous ech
ion encoding gra

sment, here only
ods   The pulse s
. VENC=5 cm/s w

C=60-80 cm/s for
simultaneous ex
(normal) EPI  im
ivity maps for m
tiband VENC=0 

VENC acquisition

ion: (
∑

=∠=

Nc

icoilφ

itude and phase 
used to generate 
annel receiver co
ngle 16°, partial 
e shift [3] is appl
the reconstructio
lts    The results 
compared to con
ts of 6 images, at

Figure 2 

ience Institute, Un

plexed EPI is an 
ho refocusing (S
adient pulses. In
the multiband te

sequence, Fig. 1
was used for the
r the artery expe
xciting a corresp
mages VENC=0 w
multiband image 

acquisition, follo
ns. The phase im

exp(

1

1

∑

∑

=

=
Nc

icoil
icoil

icoil

M

iM φ

of the image of 
the phase image

oil. The acquisiti
Fourier factor=6

lied with modula
on with kernel si
show the ability
ventional EPI.  F
t consecutive tim

David
niversity of Califor

echo planar ima
IR) and multiban

n this work, a fas
echnique is appl
 incorporates the

e CSF and brain m
riment. Multiban
onding number 

were acquired at 
extraction and r
owed by a time-

mages of each co

)
)icoilφ

where M

each coil, and N
es and velocity c
ion parameters a
6/8, excitation m
ated Gs blipped p
ize=5. 
y to simultaneous
Figure 2 shows o

me points measur

Figure 

Multiband V
d Feinberg1,2, Liyo
rnia, Berkeley, CA,

aging technique t
nd (MB) techniq

ster multi-slice im
lied and evaluate
e MB excitation
motion experim
nd rf pulse facto
of slices.  A set 
the beginning to
econstruction, fo

-series of multiba
il were combine

icoilM  and icoilφ

Nc is the total num
curve were furth
are: matrix 96 × 

multiband sinc pu
pulses between e

sly measure velo
one set of 6 phas
red in 5.5 second

pos
time
mea
ima
Ref
39(4
163
ISM
Ack

3 

Figure 4

Velocity EPI
ng Chen1,2, and An
, United States, 2A
 
that acquires sev
ques [1]. Previou
maging sequence
ed in time-series
 pulse and a bipo
ent and 

or was 3 or 
of single-
o be used as 
ollowed by 
and non-

ed using 

 
are the 

mber of coils [2]
er corrected usin
96, in-plane reso

ulse duration= 5.
echo readouts to

ocity in 3D regio
se and magnitud
ds. Figure 3 show

sible allowing fo
e velocity imagi
asures velocity in
aging. 
ferences: [1] Fei
4) 1682-92, 200

3, 793-799, 1987
MRM 2012   
knowledgement

n Vu1,2 
Advanced MRI Tec

veral images sim
usly, the sequenc
e is proposed for

s velocity imagin
olar gradient pul

]. The constraine
ng phase from st
olution 2.0mm x
.12 ms, no phase

o improve the im

ons covering the
de images record
ws velocity vs ti
regions recorde
gating.  The bra
b2- s2/thalamu
in lower brain r
csf1- lateral ven
lateral vent. csf
cistern, csf6- ci
(ICA) velocity
velocity is inco
Discussion:  W
can be extende
acquisitions. O
and brain veloc
images are not 
but are measure
from off resona
acquisitions in 
expense of temp
results and ther
optimizations o
calibrations, ph
with longer ech
be implemented
development, 4

for whole brain c
ing is presented u
in multiple slices

inberg et al, Plos
08 [3] Setsompop
7, [5] Poncelet et

t:  NIH R44 NS07

hnologies, Sebasto

multaneously by 
ce was used for 
r velocity imagin

ng with multiple 
lse to simultaneo

ed phase differen
tationary fat. Th
x 2.0mm, slice th
e encoding (PE) 

mage reconstructi

e brain and CSF 
ded simultaneous
ime curves from
ed simultaneousl
ain motion resul

us, b3- s4/midbra
regions, as previ
ntricle (vent) ab
f3- third vent , c
isterna magna. F
- note in these p

orrect due to cali
We present a new

d to acquire mor
Of interest, the pu
city curves repre
comprised of tim
ed at 100ms fram
ance changes, co
alternate frames

mporal blurring be
refore substantia
of flip angle, spa
hase unwrapping
ho trains and vel
d for 3 vector co
4-6 times more sl
coverage [1, 6].  
using  multiband
s and gave a six 

s One 5, e15710 2
p et al MRM 201
t al, Radiology 1

73417 

opol, CA, United S

incorporating th
faster diffusion i
ng.  For prelimin
slice planes acq

ously encode ve

nce between VEN
e scanner was a 
hickness=3mm, 
undersampling. 

ion, and slice-gr

spaces and a six
sly in every 100m

m ROIs drawn on
ly at 10 frames p
lts: b1- top slice 
ain, b4- s5, pons
iously reported [

bove foramen of 
sf4-forth vent., c

Fig. 4 shows left 
preliminary resul
ibration errors an

w approach to 3D
re slices simulta
ulsatility variatio
esent physiologic
me segmented or
me rate. Possible
ould be normaliz
s for “phase cont
etween two fram

al improvements 
atial resolution, h
g, etc. Spatial res
ocity encoding o

omponents. With
lices in the singl
 In conclusion, a
d EPI acquisition
fold reduction in

2010 [2] Hammo
11 in press [4] F
185, 645-651, 19

States 

he accelerations o
imaging by addi
nary feasibility 

quired simultane
locity phase shif

NC of non-zero a
3T (Siemens Tr
TR=100ms, TE=
 FOV/3 control 

rappa algorithm i

x fold reduction i
ms TR, hence th
n images in CSF 
per second with 
 (s1)/centrum se
. Note increased
[4-5].  The CSF 
Monroe, csf2- p
csf5- cerebellarp
internal carotid

lts the baseline z
nd aliasing.  

D velocity imagin
aneously in real t
ons observed in t
c variations give
r temporally ave
e artifactual phas
zed using +/- VEN
trast” subtraction

mes. These are pr
should be possib

higher frame rate
solution can be in
on all 3 gradient 
h further  
le-shot sequence
a new technique
ns that simultane
n scan time of 4D

ond et al, Neuro
Feinberg et al, Ra
992 [6] Chen L e

Figure 1

of 
ing 

ously.   
fts in all 

and zero 
rio) with a 
=35-40 ms, 
aliasing 
is applied 

in scan 
ere were 
and brain 
no cardiac 

emiovale, 
d velocity 
results: 

post. horn 
pontine 
artery 

zero 

ng which 
time 
the CSF 
en these 
eraged data 
se drifts 
NC 
n at 
reliminary 
ble with 
es, velocity 
ncreased 
axes can 

e may be 
of  real-

eously 
D velocity 

Image 
adiology 
et al, 

2499Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)



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

        
     32
            
       D:20120402101238
       612.0000
       Half letter
       Blank
       396.0000
          

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

       CurrentAVDoc
          

     None
     18.0000
     Left
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1b
     Quite Imposing Plus 2
     1
      

        
     0
     1
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



