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Fig. 1. Functional activation maps
with visual stimulation. {a) obli-
que axial image. (b) coronal im-
age. Axial (@) and coronal (b) func-
tional MR images show activation
areas in occipital lobes bilaterally.
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Fig. 2. The proton spectrum from
single voxel using STEAM pulse
{2000/20) for MR spectroscopy
guided by activation mapping. (a)
before visual stimulation (b) after
visual stimulation. Lactate peak is
elevated after visual stimulation
but NAA/Cr ratio is not changed ;

d
0.0

Fig. 3. The proton spectrum from
single voxel using PRESS pulse
{2000/135) for MR spectroscopy
guided by activation mapping. (a)
before visual stimulation. (b) after
visual stimulation. Lactate peak is
elevated after visual stimulation
shows inversion on PRESS pulse
sequence with TE of 135.
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Table 1. The Change of NAA/Cr Ratio and Lactate Elevation in
MR Spectroscopy with PRESS Sequence Using Visual

Stimulation
Subjects NAA/Cr Lactate elevation
Before After After
Before
1 1.84 2.05 11.92
2 2.00 1.73 14.96
3 1.82 1.91 8.14
4 1.72 1.82 6.49
5 2.07 2.00 14.08
6 1.86 2.15 2.75
7 1.22 1.55 8.03
Mean 1794027  1.88+0.20 9.48+4.38
o &
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oL} 7<}§}° susceptibility)el ®17Fsk
35 T7HA ol F 71e A
BOLD &3}

(hyperoxygenation) &

inhomogeneity)
gradient-echo MRIel 4 A
(functional mapping) &2 L& sA = o] &

Fig. 4. Lactate metabolite images
(a,b} after visual stimulation.
These maps present the evidence
of lactate elevation in both occipi-
tal lobes and are consistent with
BOLD effect images in Fig. 1.

2} H-2r} ghd olu Ak iAol vle) £= o‘(glucose o Ab&
| =

3
o] wom i o]i= lactated] WA ZeshA Hoh8 - 13).
Zre]an $lefl A Ay gk npe} Fhe] ¥ EAY sz 2HHQl Al

< %"T—j“} s °l Ed 2ol ofaf alojupn odrprd Ee] Al7lo

thA] 3 ]%fﬂ o°] Ao} »f A3t dAFS A2 gheds}A] 23t
the A3E 28 5 ol
Prichard$el Azfel ofstnl A7}
‘] the] lactates7HE FHasol ov 2k5 Aol v af 245 =2+
57%°] Z7 et 7hAshet e Bt 9l 2w (9). Frahm&
Oi/q b8 A2k 2 55 5 0.38mMel A 0.64mM9] lac-
tateZ7he AL 4-6% F 2HAad-S B sy 3loh(10).
gh & f oAb Al e] wstelA] ghale Frgd}lac
tate 7742 o ot 1 5Tl = 29 7& Fo] AAE o5
7] wtoll 2L F4bEol lactates IHA s obvt ek A5F lac-
tateZ7}aF 94 NAAYCrzte of& E 3ol HWH AegFo]ar A]
ko] 2)toll whet o] HAFEo] 35y 72 WA 8] 4l ac-
quisition3l+2 U224 noise levelz}e] o] 31 &3 2
L} STEAM® PRESS 5 71| A3-5-8 A3 vlugre gy A
A& =4 v ‘i“”LP wil el A % Prichard<l
Frahmze A3E58 2 0TolA Falsl Zojng gog vzt
Aol A o] o] L asrfa AbE R
A 74 2=l 9'15& o "}‘ He- o) wsts ghaker) 918tet Te-
99m-HMPAOEH Y A& Folste] dixlo Mo S9 18 ¥
¥ SPEOTZ 55}] oo}y L sl o 5hA HpHl L o]v] M Ell

E

H

7b 9l ek (14.15). - ﬂ& o] #Akstar Al kel A2l fMRI
Folgd ol o 42 l °‘t}

HAABOLD A fM x2S el 7] SlE phe
ol o] &4 5 gl Ak ¥ %é } o) Azpr} A ate] b cd bl
s e L I e e b R o B R e e I E R I T

—50 -



71sH xp7|B2eeiatsin) of OLA:

v ool mpe} o ApEhE-E Wk 3 gliz bl A 9] ol )
sl A slek el & o) BOLDES: o) olef
MRS, thapgaled abxieg] o} & vl 4| & Z7)}A 052 0] 83k 0 7 4
=] 717;14 cd Aol tﬁl 4 °J Aol ot ke
Aledo) Wol x| 1 i F8uo) Hr}
4s

CERERES.

matrix size7} 16 x 162 ’H
& A= b AR J""‘ b
lofof 7 1R} 4% o] 48 tissue characteriza-
tionwalel T1. T2zke] W3} vl 22 SPRCT/IMRI/
fMRSel 2|8 Al 7}#] 2 s'}% Ars u)spake] of A ek o)y
B0 o)k Ak @l Al eF o] Abel] S48 gl 7] Be] uhalyl

AR Lo
'}I\‘ Alt}’—ﬂ /\}'-”- ]

\‘1

1
SEOEES

ki

Ak, 530 N

12l

rat

P_T)_%

1. Ogawa S, Tank TW, Menon R, et al. Intrinsic signal change ac-
companying sensory stimulation: functional brain mapping
with magnetic resonance imaging. Proc Natl Acad Sci USA
1992;89:5951-5955

2. Fox PT, Raichle ME, Mintun MA, Dence C. Nonoxidiative giu-
cose consumption during focal physiologic neural activity.
Science 1988;241:462-464

3. Fox PT, Raichle ME. Focal physiological uncoupling of cere-
bral blood flow and oxidative metabolism during somatosenso-
ry stimulation in human subjects. Proc Natl Acad Sci USA
1986;83:1140-1144

4. Kwong KK, Belliveau JW, Chesler DA, et al. Dynamic magnet-
ic resonance imaging of human brain activity during primary
sensory stimulation. Proc Natl Acad Sct USA 1992;89:5675-
5679

5. Bandettini PA, Jesmancicz A, Wong EC, Hyde JS. Processing s-
trategies for time-course data sets in functional MRI of the hu-
man brain, Magn Reson Med 1993;30:161-173

6. Baumgartner R, Scarth G, Teichtmeister C, Somorjai R, Moser

Mz} x| SHEYS 0|EE Al

10.

11.

12.

13.

14.

—
Ul

[

Ixpoll 2ls 59 mE2| AL E Bs)

E. Fuzzy clustering of gradient echo functional MRI in the hu-
man visual cortex. JMRI 1997;7:1094-1101

. Choe BY, Hahn SR, Lee KS, Choi KH, Kim BS, Shinn KS.

Metabolic alteration of acute cerebral infarction evaluated by
localized, after-suppressed in vivo 1H MRS, Journal of the
Korean Neurology 1995;13:417-424

.Chen W, Novotny EJ, Zhu XH, Rothman DL, Shulman RG.

Localized 1H NMR measurement of glucose consumption in
the human brain during visual stimulation. Proc Natl Acad Sci
USA 1993;90:9686-9900

. Prichard J, Rothman D, Novotny E, et al. Lactate rise detected

by 1H NMR in human visual cortex during physiologic stimu-
lation. Proc Natl Acad Sci USA 1991:88:5829-5831

Frahm |, Kruger G, Merboldt KD, Kleinschmidt A. Dynamic
uncoupling and recoupling of perfusion and oxidative metabo-
lism during focal brain activation in man. Magn Reson Med
1996;35:143-148

Hennig |, Ernst Th, Speck O, Deuschl G, Feifel E. Detection of
brain activation using oxygenation sensitive functional spec-
troscopy. Magn Reson Med 1994;31:85-90

Kruger G, Kleinschmidt A, Frahm J. Dynamic MRI sensitized
to cerebral blood oxygenation and flow during sustained acti-
vation of human visual cortex. Magn Reson Med 1996:35:797-
800

Frahm ], Merboldt KD, Hanicke W, Kleinschmidt A, Boecker
H. Brain or vein-oxygenation or flow? On signal physiology in
functional MRI of human brain activation. NMR Biomed
1994;7:45-53

Woods SW, Hegeman IM, Zubal IG, et al. Visual stimulation
increase Technetium-99m-HMPAO distribution in human vi-
sual cortex. ] Nucl Med 1991; 32:210-215

. Weber DA, Cabahug C, Klieger P, et al. Effect of visual stimu-

lation on the redistribution of iodine-123-IMP in the brain us-
ing SPECT imaging. ] Nucl Med 1991;32:1866-1872



Hel 2|

J. Korean Soc. Magn. Reson. Med. 3:47-52(1899)

Metabolic Changes on Occipital Cortex during Visual Stimulation
with Functional MR Imaging and 'H MR Spectroscopy

Tae Kim', Tae Suk Suh’, Bo Young Choe’, Sung Eun Kim?
Heung Kyu Lee', Kyung Sub Shinn'

'Department of Biomedical engineering, Catholic University Medical College
“Magnetic Resonance Imaging Center, Catholic University Medical College

Purpose : The purpose of this study was aimed to evaluate the BOLD(blood oxygen level dependent) con-
trast fMRI{functional MR imaging] in the occipital lobe and to compare with the metabolic changes based
on 'H MRS (MR spectroscopy) and MRSI (MR spectroscopic imaging) before and after visual stimulation
Materials and Methods : Healthy human volunteers(eight males and two females with 24-30 year age) par-
ticipated in this study. All of the BOLD fMRI were acquired on a 1.5T MR with EPI during supervised vi-
sual stimulation in the occipital lobe. The red flicker with 8Hz was used for visual stimulation. After
imaging acquisition, the MR images were transferred into unix workstation and processed with home
made analysis software based on the correlation coefficient method. Proton MRS data sets were acquired
from the same location based on the activation map. MRSI {magnetic resonance spectroscopic imaging)
was also acquired to analyze the lactate changes before and after stimulation.

Results : The activation maps were successfully produced by BOLD effect due to visual stimulation. NAA
(N-acetyle aspartate)/Cr (creatine) ratio varied only from 1.79+0.28 to 1.88 +0.20 in activation area be-
fore and after stimulation. However, the signal intensity of lactate was elevated 9.48 +4.38
times higher than before activation. Lactate metabolite images were consistent with the activation maps.
Conclusion : The BOLD contrast fMRI is enough sensitive to detect the activated area in human brain
during the visual stimulation. Lactate metabolite map presents the evidence of lactate elevation on the

same area of activation.

Index words : functional MRI, spectroscopy, metabolic image, lactate
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