
1CR

Introd
(bolus 
summa
parame
data [2
describ
 

A gam
functio
contras
transit 
model 
 

We pro
a gamm
the hea
networ
it is sym
 

Metho
DSC-M
square
 

Data A
follow
mm FO
change
cerebra
remove
for var
Fusion
 

 

Result
shows 
plotted
the fit 
the pat
 

Overal
althoug
is little
values 
(due to
iteratio
with α
executi
 

The co
compa
errors 
for the 
 

Conclu
to two
compo
 

Ackno
(Engla
 

[1] Cal
[2] Tof
[3] Tho

 
Formu
RSS 
Mean e
Mean i
Mean e

DS

R-UK and EPSRC 

duction      First-p
arrival time, time-

ary measures could
eters describing th
2].  In both applica
be DSC-MRI first-

mma-variate functio
on of the form At–1

st into a periphera
times of these reg
as a series of α m

opose a new mode
ma-variate.  The id
art), while a more
rk (e.g. the lungs).
mmetric, has a fin

od   The gamma-v
MRI data.  Since a
s fitting.  We also 
Acquisition and P
ing parameters: m
OV, 40 dynamic p
es were converted
al ventricles was s
e recirculation dat
riations in the arriv
n 3.1.3 on a Mac Pr

ts and Discussion
an example fit to 

d on separate axes 
of the cosine-base
tterns seen in the w
ll the three cosine-
gh a paired t-test is
e to be gained by i
has little impact.  

o the number of t
ons per pixel mean

α = 2 is preferred am
ion time. 
osine-based mode

arisons between th
for the Gamma-va
 Log-Normal mod
usions   In this stu

o established mod
onents (mixing cha
owledgements W
and) grant C1060/A
lamante F, et. al. J
fts PS, et. al. J Ma
ompson H K, et. a

ula 

execution time/pix
iterations per pixel
ex. time per iterati

SC-MRI first-p
Matthew R Or

Cancer Imaging C

pass contrast-time 
-to-peak, maximum
d in principle be (n

he tissue properties
ations the success
-pass data and dem
on of the form Atα

1exp(– (ln(t) –μ)2/(
al vein, after whic
gions will not be id
ixing chambers wi

el to describe DSC
dea behind this is t
e symmetric funct
  Other symmetric

nite duration in tim
variate function, th
all these models ha
compare the execu

Processing   Four
multi-slice FE-EPI w

points at 1.5 sec/v
d to concentration 
selected and an R
ta leaving only the
val time of the con
ro 2.26 GHz Quad

n   The mean over
the mean curve f
to better show the

ed models, and the
whole data set. 
-based models hav
s not significant fo
including α as a f
The execution tim

terms in the form
ns that this pattern
mong the cosine-b

els have lower er
he cosine and non-
ariate model are 8

del they are 18% la
udy we have presen
els.  Further wor

ambers/capillary be
We acknowledge th

A10334 and also N
J Cereb Blood Flow
agn Reson Imag. 19
l. Circ. Res. 1964,

Cos-Ga
Aexp(–μ
0.6596 

xel (ms) 130 
l 436 
ion (ms) 0.32 

pass curve fitt
rton1, James A d'A
Centre, Institute of 

curves from DSC
m peak value, etc.)
noisily) estimated 
s (mean transit tim
of the technique 

monstrate that it giv
α–1exp(–μt)/Γ(α) is
(2σ2)) [4], which i
h the contrast pas

dentically distribut
ith equal exponent

C-MRI data that is 
that the gamma-va
tion (the raised-co
c functions (e.g. a 

me and the convolu
he log-normal fun
ave the same num
ution time, numbe

rteen patients with
with 45 echoes and
volume.  Magnevi

changes assumin
OI drawn to inclu

e first pass curve, w
ntrast.  Fitting wa
d-Core Intel Xeon.

r pixels of the RSS
from one patient.  
eir fit accuracy.  T
eir similarity with e

ve very similar err
or all comparisons 
fit parameter with 
me per iteration of 

mula with the conv
n is not seen in th
based models due t

rrors than the gam
-cosine models are
84% larger than th
arger (p = 0.0098).
nted a novel mode
rk is needed to es
eds) and therefore 

he support received
NHS funding to the
w Metab. 1999, 19
999, 10(3):223-23
 14:502–15. 

amma α = 1 C
μt)⊗(1 – cos(κt))  

0
5
1
0

ting and mode
Arcy1, Keiko Miyaz
f Cancer Research,

Surrey

C-MRI data can be
) can be derived [1
from the data the

me, blood volume 
depends on how w
ves improved fits t
s widely used for 
is empirically mot
sses through the ri
ted or have the sam
tially distributed tr
based on the conv

ariate is appropriat
osine function) is 
Gaussian) are feas
tion can be analyti

nction and three co
mber of unknown p
er of iterations for 
h advanced gliobla
d SENSE factor 2
ist contrast agent 

ng exponential sign
ude the whole brai
which was fitted p
s implemented in 
 

S was reported fo
The cosine and n

The residuals plot i
each other.  These

rors: α = 2 is sligh
between these mo
these models, and

f the cosine-based m
volution written o
he overall executio
to its fitting accura

mma-variate and 
e significant (p<0
he Cos-Gamma α
. 
el for describing D
stablish if the com
if the model param

d for the CRUK an
e NIHR Biomedica
9(7):701-35.   
2. 

Cos-Gamma α = 2
   Atexp(–μt)⊗(1 –

0.6434 
54 
143 
0.38 

elling is impro
zaki1, Nina Tunari
, Sutton, Surrey, U
y, United Kingdom

 
e characterized by 
1].  In this applicat
mselves.  A less w
and blood flow), 

well the model fun
to clinical DSC-M
fitting first-pass c
ivated and has no 
ight-heart, the lun
me mean value, wh
ransit times [5] is u
volution between a
te for describing tr
potentially better 

sible and perhaps m
ically solved givin
osine-based mode

parameters it is suf
the fitting to conv

astoma multiforme
, TR/TE = 1554/40
was used at a dos
nal dependence an
in, excluding the v
pixel-wise using al
IDL (Research Sy

or each patient and
non-cosine models 
indicates the impro
e figures are repres

htly better than α 
odels.  This implie
d that restricting α
models is longer f
ut), although the 
on time.  Overall,
acy and more impo

log-normal mode
.05).  In particula
= 2 mode1, (p = 

DSC-MRI first-pass
mponents of the m
meters derived hav
nd EPSRC Cancer
al Research Centre
 
 

 Cos-Gam
– cos(κt))      At2ex

0.6644
360 
705 
0.51 

oved with a no
iu1,2, David J Colli

United Kingdom, 2C
m 

fitting a suitable 
tion the fitting pro

widely used applic
in a similar mann
nction describes s

MRI data compared
contrast changes in
physical interpret

ngs and the left-he
which means that th

unsatisfactory. 
a raised-cosine fun
ransit times throug

suited to modelin
more theoretically
ng a function that c
els with α = 1, 2 a
fficient to compar

verge, and the exec
e (GBM) were im
0 ms, flip-angle = 
se of 0.2ml/kg, de

and a relaxivity of
ventricles and any
ll five models.  A 
ystems Inc, Bould

d the mean over th
 have been 
ovement in 
sentative of 

= 1 and 3, 
es that there 
α to integer 
for larger α 
number of 
 the model 
ortantly, its 

els, and all 
ar the mean 
0.016) and 

s data that gives im
model correspond
ve a direct physica
r Imaging Centre i
e and the Wolfson

[4] Stow RW
[5] Mischi M

mma α = 3 
xp(–μt)⊗(1 – cos(

ovel cosine-ba
ins1,2, and Martin O
Clinical MRI Unit

function to the da
ocedure is essentia
cation is to fit a mo
ner to the methodo
such data.  In this 
d with two establis
n DSC-MRI data 
tation.  First-pass c
eart before it arriv
he commonly cited

nction (of the form
gh regions that ope
ng transit times th

y plausible, but the
can be easily and q
and 3 were evalua
re the residual sum
cution time per eva

maged at DSC-MR
 75o, 25×4mm axi
elivered at 3ml/se
f 4.4 mM/ms. Fro
y pathology.  A cu
delay parameter w

der, Colorado) runn

he 14 patients is g

mproved fitting ac
d to the transit of
al interpretation. 
in association with
n Foundation. 
W, Hetzel PS. J App
M, et. al. Physiol M

Gamma-variat
(κt))     Atα–1exp(–μ

1.1834 
74 
220 
0.34 

sed function 
O Leach1 
t, Royal Marsden H

ata, from which su
ally a de-noising op
odel to the data th
ology routinely use
abstract we propo

shed models. 
[3].  Less often us
curves arise after a
es at the brain or 
d interpretation of 

m A(1 – cos(κt)) fo
erate as simple mix
hrough tissues con
e raised-cosine has
quickly evaluated.
ated by comparing

m of squared errors
aluation of the mo

RI with a Philips A
ial slices, 962 acqu
ec using a power i
om each data set a
ut-off time was m
was included in th
ning in Windows 

given in the above

ccuracy and speed 
f contrast through

h the MRC and De

pl Physiol. 1954, 7
Meas. 2008, 29(3):2

te Log-Norm
μt)/Γ(α)     At–1exp

0.7611 
58 
209 
0.27 

Hospital, Sutton, 

ummary parameter
peration, in that th

hat includes specifi
ed to fit DCE-MR
ose a new model t

sed is a log-norma
a bolus injection o
other tissues.  Th

f the gamma-variat

or 0< t < 2π/κ), an
xing chambers (e.g
ntaining a vascula
s the advantage tha
   
g how well they f
s (RSS) from least
del function. 

Achieva 3T and th
uisition matrix, 224
injector, and signa
a slice through th

manually selected t
he model to accoun
XP under VMwar

e table.  The figur

(for α = 2) relativ
h different vascula

epartment of Healt

7(2):161-7. 
281-94. 

mal 
p(–(ln(t)–μ)2/(2σ2)

rs 
he 
ic 

RI 
to 

al 
of 
he 
te 

nd 
g. 
ar 
at 

fit 
t-

he 
42 
al 
he 
to 
nt 
re 

re 

ve 
ar 

th 

))

1949Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


