
Magne Mø

1The In

Introductio

Dynamic c
integrity in 
measured, a
volume frac
standardizat
reproducibi
objective of
ability to e
glioblastom

Materials a

Patients: A
the study. In
MRI: DCE
high tempor
DCE analy
was estimat
Temporal r
directly com
two and 20
sampling by
same down-
Total meas
time-series 
Region-of-i
automatical
experienced
Ktrans, ve, vp 
median valu
sampled (i.e
Simulations
range of kin
synthetic ti
temporal re
Statistical a
One-way A
(obtained a
each Ts and
test. Differ
DCE seque
response to
separately 
sequence p
dependent r
.01 were co

Summarize

Temporal r
effect of red
a sample pa
increase in 
the highest 
pixels with 
Total acqui
their estima
minutes wa
 
Conclusion

Based on sy
patients in 
time should

[1]. Larsson

 
Temporal re

ørk Kleppestø1, Ch

ntervention Centr
Norway

on  

ontrast-enhanced
brain tumors. Dy
and established t
ctions in the ext
tion of acquisiti
ility of DCE deri
f the current stud
estimate standard

ma multiforme.  

and Methods 

A total of 101 DC
ndividual patients

E data was acquir
ral resolution (2.2

ysis in patient dat
ted using an autom
resolution analys
mparable DCE tim
0 times resulting 
y a factor of n w
-sampling schem

surement time an
for both the pixe
interest(ROI) an
lly defining tum
d neuroscientist. M

and kep, for the 
ues and as pixel-w
e. pixels with kep 
s: A reference A
netic parameters 

issue response cu
solution or trunca
analysis:Mean, st

ANOVA was used
at Ts

min and Tacq
m

d Tacq was tested
rence in paramet
ences was tested 
o variations in 
and combined 

parameter groups
response differen

onsidered signific

ed results 

resolution requi
ducing temporal r
atient. Insufficien
uncertainty of th
value of kep that 
kep>1/2Ts) of app
isition time requ
ates. From simul
s observed in the

ns 

ystematic simulat
order minimize u

d be at least 5 min

n H et al. JMRI 2

equirements i
hristopher Larsso

re, Oslo Universit
y, 3Departement o

d (DCE) magneti
ynamic changes i
tracer kinetic mo
travascular extrac
ion protocols an
ived metrics but 
dy was to system
d kinetic paramet

CE-MRI measurem
s were imaged be
red using a 3D s
2 s – 3.4 s). 
ta: The DCE tim
mated AIF detect
sis: The effect of
me series with a r
in an effective te

was performed by
me.  

nalysis: The effe
l-wise tissue resp
nalysis: FLAIR 
or masks from t
Masks were co-re
original and for 
wise correlation a
≥ 1/ 2Ts) was est

AIF was generated
randomly chose

urves and the A
ation level, the ki
tandard deviation
d to investigate d
ax) and the value

d using Wilcoxon
ter values from 
with Mann-Whit
Ts and Tacq w

for the two di
s to detect possi
nces. Probability 
ant for all tests.  
 

irements: Figure
resolution from 3
nt temporal resolu

he parameter estim
can be reliably m

proximately 7% o
uirements: Short 
lations, Tacq was 
e clinical data. 

tions and clinical
uncertainties due
nutes.  

008; [2]. Tofts, P

in dynamic c
on1, Raimo Aleks

Rasmuss
ty Hospital, Riksh
of Neuro-oncolog

ic resonance ima
n signal intensity

odels used to esti
cellular space an

nd analysis appr
results are typica
atically investiga
ters through sim

ments from 15 pa
etween 4 and 9 tim
aturation recover

me series were ana
tion algorithm [3]
f reduced time re
range of different
emporal resolutio
y averaging the d

ct of variations i
ponse and the AIF

and post contr
the high intensit
egistered to the D
the down-sample
as function of dow
timated across all
d by applying a 
en from intervals
IF were then do
inetic parameters 
n (SD) and upper
dependence of Kt

es obtained at 
n signed rank 
two different 
tney test. The 
was analyzed 
ifferent DCE 
ible sequence 
values of p < 

 1 shows the 
3.4 s to 68 s in 
ution resulted in 

mates. Sampling t
measured is kep

ma

of tumor pixels ac
total sampling tim
not found to hav

l data it is recom
e to sampling erro

PS et al. J.Magn R

contrast-enha
si Salo1, Jonas Va
sen1, and Atle Bjø
hospitalet, Oslo, N
gy, Oslo Universi

 

aging (MRI) is 
y (SI) following a
imate the volume
nd plasma. Clinic
roach. Theoretic 
ally not linked to
ate the effect of v

mulations and in 

atients with histo
mes before-, duri
ry (SR) based gr

alyzed using the 
]. 
esolution was sim
t temporal resolut
on (Ts) of 3.4 s t
dynamic images 

in total measurem
F, giving dynamic
rast T1-weighted
ty clusters comm

DCE images, and 
ed and truncated 
wn-sampling-, an
l examinations as
dispersion mode

s representing cli
own-sampled or 
 were estimated u
r 10 percentile va
trans, kep, ve and vp

under-estimation
time had little eff
ax=1/2Ts= 3 min-1

cross all 101 DCE
me resulted in an
ve significant eff

mmend to use a te
ors and to ensure

Reson.Imaging; 1

Figure 1. Ktrans m
There are no ob

anced MRI of
ardal1, Kine Mari 
ørnerud1,2 
Norway, 2Departm
ity Hospital, Riks

used to assess b
an intravenous bo
e CA transfer co
cal interpretation
studies have ad

o clinical relevan
varying temporal 
clinical DCE da

logically confirm
ng-, and up to 15
adient echo (GR

extended Tofts m

mulated by succe
tions. The image 
o 68 s (patients 
from n consecuti

ment time (Tacq)
c time series with
d images were 
mon to both the 

ROI values extra
series. ROI stati

nd truncation fact
 a function of Ts.
l and reference ti
nically observed 
truncated as des

using the same m
alues were calcul
p on Ts and Tacq. 

n of kep and Ktran

ffect on the estima
1. Using Ts= 30 s
E-MRI acquisitio
n over-estimation
ffect on vp but a 

emporal resolutio
e that tumor “ho

999;[3]. Bjørneru

maps generated w
bservable differen

f glioblastoma
Bakke2, Knut Lo

ment of Physics, 
hospitalet, Oslo, 

brain hemodynam
olus of a paramag
onstant across the
n and utility of D
ddressed factors 
nce in a defined p

resolution and to
ata from a patien

med glioblastoma 
 months after rad
E) sequence [1] 

model [2] and the

ssive averaging o
series was tempo
1-7) and 2.2 s to
ive time-points, a

was investigated
h Tacq = 1, 2, 3, 4 a
pre-processed to
images, followe

acted from the pa
stics was perform
or. Finally, the nu
 

issue response cu
values. Gaussian

scribed above for
ethodology as for
lated for all kinet
Differences betw

s and over-estima
ated parameters f
s only resulted in
ns.  

n of Ktrans and kep 
significant reduc

n of the order of
t-spots” are not m

ud A and Emblem

with of different t
nces in tumor Ktr

a multiforme
ote3, Petter Brand

University of Osl
Norway 

mics and blood-b
gnetic contrast ag
e capillaries, CA
DCE is limited b

affecting the a
patient populatio
otal sampling dur
nt population su

multiforme were
dio-chemotherapy
at 3T (Philips A

e arterial input fu

of images, thereb
orally down-samp
o 44 s (patients 8
and AIFs were su

d by truncating th
and 5.2 minutes. 

o remove B1-ef
ed by manual ed
arametric images 
med in terms of w

number of tumor p

urves were gener
an noise was add
r the clinical da
r the clinical data
tic parameters fro
ween reference k

ation of vp and al
for Ts ≤ 10 s. Usi
n under-sampling

p and increased u
ction in vp with T

f 10 seconds for g
missed. Total DC

m KE. JCBFM 20

temporal resolut
rans values at Ts < 

e 
al3, I. Andre 

lo, Oslo, 

brain barrier 
gent (CA) are 
A distribution 
by a lack of 
ccuracy and 

on. The main 
ration on the 
ffering from 

e included in 
y.  

Achieva) with 

unction (AIF) 

by providing 
pled between 
-15). Down-
ubject to the 

he tail of the 

ffects before 
diting by an 
representing 
whole tumor 
pixels under-

rated using a 
ed, Both the 

ata. For each 
a analysis.  
om all ROIs. 
inetic values 

lso a general 
ing Ts =10 s, 
(in terms of 

ncertainly in 
Tacq below 5 

glioblastoma 
CE sampling 

010 

tions, Ts. 

15 s 

1967Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)


