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N-acetyl aspartate(NAA, 2.0ppm), Choline(Cho, 3.2ppm),
Creatine complex(phosphocreatine + creatine, Cr 3.0ppm),

Table 1. Histopathologic Diagnosis in 81 Patients

Histopathologic Diagnosis Number of patients(n)

Glioma 48
Advantage, GE Medical Systems, Milwaukee, USA)e¢}| 4] Low-grade 17
circular polarized (CP) head coilg A}-8-3o] MRI9} MRS High-grade 31
£ Al sloich 2 wAAH(three orthogonal planes)2] Tl Lymphoma 9
T27}2 MR o|n|A & A% F 13 i] Foko] FAlFolA Meningioma 8
8ml(2x2x2cm®)¢] VOI(Volume of interest)E Al aled Central Neurocytoma 4
PRESS(pointed resolved spin echo spectroscopy) 7| ¥ o} Medulloblastoma 3
4393 (TR 2000msec, TE 270msec, 128 acquisitions, acqui- PNET(Primitive 3
stion time 44 162) MR 24 =9 3ich. 203 33l Neuroectodermal Tumor)
= 271402 $ak(lactate)oltt oPo| AL Jeoupled o Mictastasis 2
*P&l’?“’]‘ A== $J4k b (phase reversal) & #els)7] 2 Others 2
| Fig. 1. Ganglioglioma
Chot a. T2-weighted axial MR image
shows the tumor of heterogeneous
high signal intensity in the left
frontal lobe with VOI of 2X2X2
cm?.
b. H-1 MR spectrum of the tumor.
Choline (Cho) level is markedly
Cr increased, whereas N-acetyl aspartat-
NAA3 e (NAA) level is decreased.
Lac
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Chot

Fig. 2. Lymphoma

a. T2-weighted axial MR image
. shows the tumor of slightly high
signal intensity in the left frontal
lobe with surrounding edema.

b. H-1 MR spectrum of the tumor.
Choline (Cho) level is markedly el-
evated, whereas N-acetyl aspartate
(NAA) level is markedly decreased.
Peak of broad band (1.3ppm-—1.7
ppm)} suggesting lipid signal (Lip) is
also detected. The lipid signal pre-
sumably resulted from contami-
nation from scalp fat tissue.

Lip
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lactate(Lac, 1.3ppm) 3} lipid(0.8—1.5ppm)2] 34 2= ]
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o) Ak} 7|24 @A ste] 3atE A ER RS S s
1 HEEE FHskednh o]24HE] NAA/Cry], Cho/Cru|9}
Lac/Crve| & 73 7t &< 7}, 2= A533 255 iLdo
A vl BA3tedc). Student unpaired t-test(SPSS/PC+
ver 4./01)-& AH&-3to] SA A 2lske]c).
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RE Fofol|A] oA Tol Alagle] NAAE #4433l Chot
lactate= Z7}5t9l.en Cre FHAsi vt S71she tefst A&
71& 19t adelx] NAA/Cri]= 74431 v Cho/ Crvl 2}
Lac/ Cro) &= Z7}3}= H]| Bo]#& a]l 478 R elv}(Figs. 1 and
2).

@Zoll A Cho/Crvl= 55 M Nz A, 223 5+
=t V& 35 Sd 55 [ vlsl f234 =2 #& 23
o Lac/Cr¥] 94 5+ Ve, &5 =} V& W &

# [xch foshl ¥& 4§ B9 37 Cho/Crel9}
Lac/ Crol&= a5d ZFol ol A5 Fol vl& #2
3 =& 45 R (Cho/Cr:24 £0.7 vs. .7+ 08, p
€0.05:Lac/Cr; 1.3+ 1.9 vs. 0.4 + 0.6, p<0.05). &)t H7
NAA/Crol& 15+ 23] A3 ZFTHEch 32 AHFgS 1B
ot EAH R fo8t ao]l= %itHTable 2, Figs.
3-6).

ZZ e 9l F Selloll A & Cho 735 & 5 el
5ol Al Lac #a1x& 18 5 9l 2m 3ol lipid 2
5 & 5 dsdch(Fig. 2). HFEoll A= 8dlF 4ol =

Table 2. Metabolite Ratios of Gliomas:Low-grade vs.
High-grade Gliomas (mean + SD)

Cho/Cr

Grade I 0.799 + 0.348 1.706 + 0.755 0.399 £ 0.639
Grade I 0.705 £ 0.356 2.316 = 0.471 1.581 * 1.640
Grade V. 0.724 + 0.062 2.373 + 1.340 1.221 £0.218

p{0.05;Cho/Cr — Grade I vs. I, N, I+ IV
Lac/Cr — Grade Il vs. IV, I+ IV

Grade NAA/Cr Lac/Cr

Crt

Cho

Fig. 3. Low-grade(grade II) Astroc-
ytoma

a. T2-weighted axial MR image
shows tumor of high signal inten-
sity in the left thalamus.

b. H-1 MR spectrum of the tumor
N-acetyl aspartate (NAA) level is
decreased. Creatine (Cr} level is
more markedly increased than chol-
ine(Cho). Lactate (Lac) is also elev-
ated.

-
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Fig. 4. Glioblastoma multiforme(grad-
e V)

a. T2-weighted axial MR image
shows tumor of high signal inten-
sity in the right thalamus.

b. H-1 MR spectrum of the tumor
measured in central portion of rela-
tively low signal intensity

Choline (Cho) level is markedly
increased, whereas N-acetyl aspartat-
e (NAA) level is markedly decreas-
ed.
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Fig. 5. Low-grade oligodendroglioma
a. T2-weighted axial MR image

shows tumor of high signal inten-
sity at the right frontal cortex.

b. MR spectrum of the tumor
N-acetyl aspartate (NAA) is moder-
ately decreased, whereas choline
(Cho) is markedly increased.

Small peak of lactate (Lac) is also
noted.

Fig. 6. Anaplastic oligodendroglioma
a. T2-weighted axjal MR image dem-
onstrates the tumor of high signal
intensity at the left frontal cortex.
b. H-1 MR spectrum of the tumor
Choline (Cho) level is markedly
increased, whereas N-acetyl aspartat-
e (NAA) level is markedly decreas-
ed. Lactate (Lac) level is markedly
1ncreased.




[ Fig. 7. Meningioma

Chot a. T2-weighted axial MR image
shows a meningioma of iso signal
intensity with adjacent hyperos-
tosis.

b. H-1 MR spectrum of the tumor
Very high choline (Cho) peak is
seen. Small alanine (Ala, 1.5ppm)
peak is also noted.

Ala
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Fig. 8. Medulloblastoma

a. T2-weighted axial MR image
demonstrates the tumor of inter-
mediate signal intensity in the
midline of posterior fossa.

b. H-1 MR spectrum of the tumor
shows very tall choline (Cho) peak,
very low N-acetyl aspartate (NAA)
and slightly elevated lactate(Lac).
Lact

ppm

Fig. 9. Central neurocytoma

a. T2-weighted axial MR image

shows the tumor of intermediate
| signal intensity within the lateral
ventricle near foramen of Monro.

b. H-1 MR spectrum of the tumor
shows very tall choline (Cho) peak,
markedly decreased N-acetyl aspar-
tate (NAA) and elevated lactate
i (Lac).

hot
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NAAS A&t 7|5 HAx govt A17%4] (neuron) i
of EAhsked A7k ] 5ol Feddivia deA 9lch duk
Moz TR Foflle EATHA @om T Fokel A
A "4 3] Ao e ol Fok A E b 7 A A
73 A Ze] Zhae} Wl weddich Cr £l phosphoc-
reatine®} creatine 5o U7+ 2R o oA A}
o FedFheh(13, 14). ol FFollA F71sAY ZFAstke ol
g 278 2 5 3lo] Demaerel(1)2 2t FF2] 76%, %
A FoFe) 66% A4 FAaskdar ot Foke @A 5%l A,
a3 oA e 10%9A4 Foskalcka Bagh b,
Fulham 5-(5)-2 spin echo 7]®-& Ab&-3le] 38% 4] Z7}&}
Aot Bustgch Chod A2 S §A34Y 2818
o] Wt 7 AH24l glycerophosphocholinee]t} phos-
phocholine compoundel] &J3t 7.8 o] EAe| Al Fof
AlE SAA] A Erte] Ao Fodsl= 7Hsd ATA (precur-
sor)?] & FEF vz, Tl A EHErt 2 4
Aol gFsiAY A 2EGo] &ighe ukedghel(15, 16). =§
Cho?| 27} AX7} Fokol A&} AE 7R} 55
71% &kch(17). Lact 3714 djAH anaerobic metabolism) vt
sl 2H-&-(glycolysis) F7}el oa] 45 ch(18—20). FF
oA Lac7t A5 o) fre F%] AW FHd &) &
Aated Fohd A Abelr) st 1A At FEs)
2pgo] F7tely) witeltt. A2 Sijens F(21)L freto®
2e] Ao)H gl 4 Rol= Lac FAE Fok2 Eolzlal o
Ahd Z7HE A RO FALE o) SR A o
ghebw AZA T 9)vH(21). Lacvl #FAlEl 23d] &45lng
oFd Fofell rct obAd Fofell A £3] Balch wbd Fofo =
5-El Lacg AA37|ol F53 76 Fo] o o)z o
+ % Avk22). oA FF 2 EHNA FF 0.9ppmT}
1.3ppm¢} g2 A (lipid) HIXE & 5 sledl o= #
A WpikEol| 93k 7o 2 Alxdte FalE 2v]gici(23). MR
AANME = 5 e 2719 A4 FHeA = 0.9ppmH 1.3
ppmAte]ol| A x|upe] g AdlER S Bl 4 glo] of3) o
A kg 7hdaled 288 £ 4 slvks Rt ok (24).
RS FHAE Z5F WE T, YT E 39|, HgebE 2
o], Aolgt 249} &) 3 FolH| 253 PNET 27} 1), & 16
ol A Auhg Akl AMEH o] Al ot
o] 8o 2] alanine(Ala, 1.47ppm)-S A3 B pEo] glEd]
(1, 10, 25), o] H5utE FoF Alx2| Soldql AArE 1wk
g Fx Y Er] b 22 oAt iAke] Aol E o’
Fx slek 2t xpakge] W) ska o133 alanine # a1
ofo] A3t IA= LA FFH). & ATl x 842 ¥
FUHEF 4elol A alanine A E & 5 Y2 HA] Hel
ghA] o}l 3ol AfAe WAY gl

W2 AFS 4 ¢ NAA/ Chovl9} & LacrA7t 1%
o] ot 5o}l dWBAL Balthy B waly gloh(1-8). B A3
2] WEo]| 9)o}4 NAA/Cr, Cho/Cr3} Lac/Crul7} W& ¥

FHBU n8Y BLQ H1 AV|SHEY

A9 FAF Hol glo] AFF BE 1THF B Ao &
£ $3& B H1 MRSS] A~ E3]o] F2] ot w PR o
A7) S-S #ald 5 ek Cho/Crvl9} Lac/Crvl7}
v 0=t Vo 255 ZF Ale]ollAe f27 2lol7t gl e
Y ZEH AFe A ATF el vlE FosA B2 FRE
B ol Ax wFe| T #Ae 7% F UL ¢ 5
AL ol 7|&] A5 == Aok

25F 2FAA E o= vlf F2& Cho X+ A
Foold] o FeklME vebd  glo] T EFAME
¥ Cho A7k Hasgleni(l, 4, 15, 26), H5LEAw
A} w)% %2 Cho A7} Barsjgleh(l, 2, 27). ¥ahsg
AAF Alels $F22 ¥& Choxl= HH o7 Foko) 43}
nhE abedabA] efom thal H<ehEie] & choline phos-
phoglyceridex] & "l gt 7122 A 5 9Jch(28). & A+
AAE vy L Cho HIAE HpoFa} Foh 25 A
B ol b o} o) Yol = AN ES, a8 PP
A= & 4 sdsdeh o}ES HA] T M 2344 (cellularit-
y)ell 71818k 7o) ohd 7} A zigict.

£ A7 FAH 22 A, single voxel H-1 MRS7|4 &
Agsie] B A ol ofe ¥91E AN F Hoke 4, 5
A, 8em®o]ake] 2he & ZAME 5 QAY voxel 21719 &
A, A, 21 TEE AHEste] T2} 32 diAL 249 o] ¥
etk A & F Adrkh depi] £ A6l vy
2 3 2 TES 7H & A AR TS ZAH = el 9
k. eolzidr FAELE FH3] AsiAE, MRS 94 71
(MRSI), voxelZ7]2} 7}4, B TEE A143l5 2 3= 7|y
29 palel, o) o83 T Be U4 ATV W Ao
2 A7

ZAEM o2 H-l MRS F% 2H79] SA4A 278 el
WA Bohd 284 mFH TS wAsked 98
Z U8 7oz Yzt
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In Vivo H-1 MR Spectroscopy of Intracranial Solid Tumors

Su Ok Seong, Kee-Hyun Chang, In Chan Song, Moon Hee Han,
Hong Dae Kim, Kyung Mo Yeon, Man Chung Han

Department of Radiology, Seoul National University College of Medicine

Purpose:To assess the ability of in vivo H-1 MRS to determine the degree of malignancy
and to characterize the histopathologic type of intracranial solid tumors.

Materials and Methods: In vivo H-1 MR spectra of the pathologically-proven 81 intracranial
soild tumors (low-grade glioma 17 cases, high-grade glioma 31 cases, lymphoma 9 cases, men-
ingioma 8 cases, central neurocytoma 4 cases, medulloblastoma 3 cases, PNET 3 cases, met-
astasis 2 cases, others 4 cases) were analyzed. H-1 MR spectroscopy was performed on a 1.5T
MR unit using PRESS sequence with a TR of 2000ms, a TE of 270 or 135ms and a voxel size of
2x2x2cm? for all spectra. N-acetyl aspartate (NAA)/Creatine complex(Cr), Choline complex
(Cho)/Cr, and lactate (Lac)/Cr ratios were measured on the peak heights of each resonance
and compared among the different tumors.

Results: All intracranial solid tumors demonstrated decreased NAA, elevated Cho and lac-
tate, and variable Cr levels. All tumors showed increased Cho/Cr and Lac/Cr, whereas
NAA/Cr level was decreased. Mean Cho/Cr and Lac/Cr ratios were significantly higher in
high-grade gliomas than in low-grade gliomas. However, NAA/Cr ratio showed no significant
difference between low-grade and high-grade gliomas. Very high Cho peaks were seen in
lymphomas, meningiomas, medulloblastomas, and neurocytomas in addition to high-grade
gliomas.

Conclusion: H-1 MRS may be useful in differentiating between low-grade and high-grade
gliomas, however cannot characterize the histologic types or subtypes of tumors.
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