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Dynamic Susceptibility Contrast MRI with
Echo Planar Imaging Using 1.0T System:
Comparison of different EPI sequences

Chika Tsuchida", Hiroki Yamada'’,
Hisashi Kumada'', Masayuki Maeda'’,
Yoshirou Koshimoto'', Hirohiko Kimura'’,

Yasutaka Kawamura'’, Jun Okamoto?,
Osamu Takizawa® and Yasushi Ishii'

Dynamic susceptibility contrast MRI has been performed
using the gradient echo sequence on conventional MR im-
agers. On echo planar imaging (EPI) devices, not only gra-
dient-echo EPI but also spin-echo EPI allow for the moni-
toring of contrast agent-induced changes in susceptibility.
The purpose of this study was to evaluate the contribution
of each EPI pulse sequence to susceptibility-induced
AR2(") through the first pass of a bolus of Gd-DTPA. Thirty
healthy volunteers were examined with a 1.0T superconduct-
ing MRI unit (IMPACT, Siemens)using EPI. For dynamic
susceptibility contrast MRI, we used gradient echo EPI(TE
= 60), spin echo EPI (TE = 60)and asymmetric spin echo
EPI (TE = 88). Regional relative CBV (rrCBV) maps were
generated. On the rrCBV map generated with gradient echo
EPI, the high-intensity area of the brain surface was more
conspicuous than that generated with spin echo EPI. The
rrCBV map generated with asymmetric spin echo EPI rep-
resented the contrast between those generated with spin echo
EPI and gradient echo EPI. The rrCBV rate between gray
matter and white matter with gradient echo EPI was signifi-
cantly higher than that with spin echo EPI. We suggest that
the rrCBV map calculated with spin echo EPI tends to re-
flect capillary blood volume and the rrCBV map calculated
with gradient echo EPI tends to reflect total blood volume.
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Gradient echo EPI, spin echo EPI, asymmetric spin echo EPI
Z H\v72DSC MRIIZ & 9 % 6 1 72irCBV map % Fig. 11271
$". Gradient echo EPIIZ X ArrCBV map (Fig.1A) T3 il
\Zi 2 72rCBV DB\ IS E B T4 4. Spin echo EPITC
IR DICBV B4 RS T 2 \EH I 3HE TL {, BHEA

Fig.1 (A)48-year-old female. (B)43-year-old male. (C)45-year-old female.
The rrCBV maps of healthy subjects with gradient echo EPI(A), asym-
metric spin echo EPI(B), and spin echo EPI(C). On the rrCBV map
generated with gradient echo EPI, high intensity area of the brain sur-
face was more conspicuous than that with spin echo EPI. The rrCBV map
generated with asymmetric spin echo EPI represents the contrast be-
tween those with spin echo EPI and gradient echo EPI.
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rrCBV rate

7z (t-test, p < 0.05). F/2, RED
rrCBV rateld W FNOEEIZ BT
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B 72 (t-test, p < 0.001).
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Fig.2 The average rrCBV rate (cortex; cortex of the temporal lobe/white matter, putamen;

putamen/white matter)with each EPI sequence. The rrCBV rate of cortex is significantly
higher than that of putamen with all EPI sequences. The rrCBV rate of cortex and putamen
with gradient echo EPI is significantly higher than that with spin echo EPI.
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Fig.3 Schematic drawing of the vessel size dependence of AR2 and AR2'. AR2 peaks
for microvessels around Radius = 5um. AR2" exceeds AR2 at all radii, reaches a pla-

teau for macrovessels(10).
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offsete 3 G (ZEML ERTIREIZ 2V TR SR OMET A3 82
Th5h.

5 HMRI T HEPLZ ]\ 2 72dynamic susceptibility con-

X

1) Maeda M, Itoh 5, Ide H, et al: Acute stroke in cats: comparison
of dynamic susceptibility-contrast MR imaging with T2-and
diffusion-weighted MR imaging. Radiology 189: 227-232, 1993

2) Rosen BR, Belliveau JW, Chien D: Perfusion imaging by nuclear
magnetic resonance. Magn Reson Q 5: 263-281, 1989

3) Belliveau JW, Rosen BR, Kantor HL, et al: Functional cerebral
imaging by susceptibility-contrast NMR. Magn Reson Med 14:
538-546, 1990

4) Edelman RR, Mattle HP, Atkinson DJ, et al: Cerebral blood flow:
assessment with dynamic contrast-enhanced T2*-weighted MR
imaging at 1.5T. Radiology 176: 211-220, 1990

5) Rosen BR, Belliveau JW, Buchbinder BR, et al: Contrast agents
and cerebral hemodynamics. Magn Reson Med 19: 285-292, 1991

6) Villringer A, Rosen BR, Belliveau JW, et al: Dynamic imaging
with lanthanide chelates in normal brain: contrast due to mag-
netic susceptibility effects. Magn Reson Med 6: 164-174, 1988

7) Guckel F, Brix G, Rempp K, et al: Assessment of cerebral blood
volume with dynamic susceptibility contrast enhanced gradient-

FHE9HE 11 H25H

filLy % 863

trast MRIIZ 1S, Wli{3 0 U9 A Asusceptibility artifact & 51}
RFVEVIHEEOH A, E6I1C, REBENEL 5
Fh, T8 ORGERRLE, BELBIZS KRR L%
WEEE B, L L, EPNIEIN M SRE T4k ’%‘
UL WITHRIE % W HEIC L, DSC MRIDAHMEA I &
HWIGETH S, —MxIZ, EPUIS/NILD S THF %2 1.5TE
L OEEMRERE CTHW LN TE LS, 4hobitbhon
AR HI1X1.0TZ VT H BAFA2rCBV mapd*i3 5L, 4%
BER L, ol ThsrEEZLNE,

T

DSC MRI (2452 T, spin echo EPIEE T/ MEEE & v
7, LN ZMREEL KMy 2 eEX LN, —
7#, gradient echo EPIEETUE, 55 2LATKE £, MHINAE4S
RDIMAEHE %S4 2 £ & 2 54172, asymmetric spin
echo EPIi% Tldspin echo EP1{%: J:g;racliem echo EPIEL D ]
M7 b7 A FOFBERLZ. 4%, FREEPIZHv
72DSC MRI %479 ¥y, €M »’c‘*ﬂc’)%ﬁﬁ AERIZ) X
T, WBEORIRE T 508 55 LEbhb,

echo imaging. J Compu Assist Tomogr 18: 344-351, 1994

8) Sorensen AG, Buonanno FS, Gonzalez RG, et al: Hyperacute
stroke: evaluation with combined multisection diffusion-weighted
and hemodynamically weighted echo-planar MR imaging. Ra-
diology 199: 391-401, 1996

9) Edelman RR, Wielopolski P, Schmitt F: Echo-planar MR im-
aging. Radiology 192: 600-612, 1994

10) Boxerman JL, Hamberg LM, Rosen BR, et al: MR contrast due
to intravascular magnetic susceptibility perturbations. Magn
Reson Med 34: 555-566, 1995

11) Kennan RP, Zhong J, Gore JC: Intravascular susceptibility con-
trast mechanisms in tissues. Magn Reson Med 31: 9-21, 1994

12) Weisskoff RM, Zuo CS, Boxerman JL, et al: Microscopic sus-
ceptibility variation and transverse relaxation: theory and ex-
periment. Magn Reson Med 31: 601-610, 1994

3) BRHIEST © PETIZ X & BHORERICHHIGE. /NGTEZHR | ik
SPECT/PETDFIAE. 98-117, 1995, A/ AN a—H, Hut



