o kol x|Hof| cHst ML, Mxe] 3T AMx} xPI|SHE
Zhn} QX X7 |SHI[™e| H|m: Preliminary Study

o
loi
ol
N
O
ne
04
0k
ra

=5 : 3T MR 7|71% ol-&ste], #l F1oll hAYSE 4] Fadeoll thetod, AW, 2] A
o] ABAWH #7583 (magnetic resonance spectroscopy: MRS)E #53F ¥, A
9] 21718 (nuclear magnetic resonance, NMR) Z~#Ef& 7|50 2 vagho @2y,
A Fel 2 Rdkel] §lo] MRSE] A8 7 & YobEarat ¢ °3‘:‘r

CHat S Wi - # F9lol] h3idt 126019] A SNG4 $%=5, A4 75
=5, 7 ¥ =1, 2 JZ3¥E n=1D<= ez 3.0T AW, A2l +82 MRS 2 9T
NMR Z#E=]5 3 S13iek. NMRe] v]=9} gt AW, Al A2 MRSellA 32
He v]ae] SR dotigton, 54 AgE cllSshs =0l thete] LopEgit

23} - AN MRSE NMR3} 9IS 20.6%, Sol% 82.6% 123, 67.7%° A3es 5
gom (p =0.096, McNemar test), A4x2] MRS+ AW MRS+ RIZE 57.1%, S°ol%
92.6%, 1elaL, 82.3%°] B EE H3rt (p = 0.362, McNemar test). AH7He] 2~HE
22| Zoli= NMRellA Algtll 752 7350l A &4 Fdell nl#l 3.5-4.0 ppmoell
A frelaiAl B =25 230 (p=0.026).

ZE : AEHoZ NMR o] &3 3124 £4 2 A 42 2 Adel] ko] & 740l
A 7o g A= AE, AW Bl A2l MRSE sldell 2185]7] SlaiAe B 7164 o
Ae Ao sh= 2o A7

of ik, 1L}, B A

ol

N = S o] g3 A olFoAA R A ALl Al
= a
[9)

[

HA
AW (in vivo) FAA(CH) #7138 339 (magnetic A
%]}

H [e] H =2 =] 1= o 1

resonance spectroscopy: MRS)S i %49 3}gtzlel & g gle ol tiete] ER-S Fojof 3 Jlo Azt
A, 5 AR Agetde FRE AFeh(1). 12y A (2).

11]LH MRS+ =493, 22 13 79 24027 E ¢ TYoA TS BEHogid MRS 4o #et 23}
o RIghek AL o R QA Yol A o] dATtE FAQle] A A gom, A GAaFA H27]FH (nuclear magnetic
S Y HE S YO R o] Folx gtom Bt 22 &4 resonance, NMR)& o] &sto] ot T4 YA T4 14
dol B2 A= FAE AL ATh(2-5). webd MRS 8k A7t AIAIH o SlTh(6, 7). NMR% MRS 2A|7} 5
o] B AEe] A9e T2 E0U TS Eo] =43k = 7IHezA §7] g5t B4 A4 EA | F&38HA AHEE

cHstx}7 |32l mtstE|x] 12:107-114(2008)
Z3eka oo 34l stat
o] A= 2006W % 7Skl A of st T4 Qd gl o] A o' o] Fol3lS
A 9120084 99 109, A = 220084 114 14
FAAA o8], (700-721) T 57+ 45 271 50, ZAEistad d4delstat
Tel. (053)420-5390 Fax. (053)422-2677 E-mail: knuhrad@yahoo.co.kr
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T AE Aelth9). o] AFdAE 3T MR 71718 o]&3}d],
A el 2 d T tate], WA, 2 AA
9] MRSE 85% & NMR ~HEHS 7302 vugtow
M, T A Ade 9lo] MRSS A8 7HsdS gob
Bz} &k
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A Tl w1249 &
d8kate] vo)= 41-634 (Hit 54 + 164 M
o "HgHozr HdaAA A F (
(n=5), 7M4 4F (n= 1) 2 HZALE (n=1)2o=
ot AE Hgo diste] AE st ‘ﬂt’éﬂa?ﬂ?‘ioﬂ’ﬂ A
HEEig g s A3 Eﬁ BE 3 A
AP EoE AT

'"H MRS dHlo|EE &7] $814 3.0T Signa Excite
Twinspeed MR Scanner (GE Medical Systems,
Milwaukee, U.S.A.)& A3t om, WA 5 39S o] &
atef, AU MRSE 538t Al T4 U] 44 &
oA =S F3 AU MRS o sgshs Ads
Aozl AAELE 247 30 mLE Atd SehaE &4 2
Bt 3-4 = Wgae] Rt BaE ANELS 244
b ool A7 EEH S Aldstth AAbE A9
HAAE A2 Az fA8 AA MRS HolHE 7]
a4 3.0T Signa Excite Twinspeed MR Scanner (GE
Medical Systems, Milwaukee, USA)E AH&&tl o 44
(birdcage) @9 FHIZYE o]&at5ith. MRIA dojzl =
W E2AE g '"H MRS #4499 (volume of
interest: VOI)& A4t on, ojuf FepE £7]9 T4
o #AF9E dAst] §71¢ xWo] XA REE 519
t}. VOIE= 4.5em (1.5emx 1.5em X 2em) 27]¢] E-4l (voxel) <
M7dstel 'H MRSE Aldstint. 42k 278 S 3ol A
AR Eqo0= 71 Wol ARl 9lE PRESS(Point
Resolved Spectroscopy) F2:38-& AL&-3to 7474]3 647+
g v A7Ete] MR ~2¥ERS A, ojw ¥Eg &
(Hy0) 9a& AA 7 AsiA gk8t4 ol & /ﬁE—’.‘i
(Chemical Shift Selective Saturation: CHESS) ¥ 3

ot
>
2
>
>
tm 4

IH o

= = 1
T8 He i

& AFEsIST 'H MRSE 9S o AFE-3H matrix 37|&
256 %256, NEX+ 8, TR 2000 msec, TE+ 30 msec, &
FE (spectral width)E 2500Hz, A8 5 (number of
data point)© 2048 34th. Y4 A EE NMR
Spectrometer (Unity Plus 300NMR Spectrometer,
Varian Co.) 2 243}t

oF o] WA delel g We Eedtairh gelst
MR Z~¥EJ9 33 & FA&Ah. 74 2HEHS 0-0.5,
0.5-1.0, 1.0-1.5, 1.5-2.0, 2.0-2.5, 2.5-3.0, 3.0-3.5, ¥
3.5-4.0 ppm22Z 7] SNR Fto] 5oldoz #ase= 3¢
& 9v gl FAaR jAeela, 72t 939 NEE dofR e
o, NMR ¥=29 dAs= AW 2 A9 MRS 94&
olr gttt Ay dA F% (Mucinous cystic neoplasm,
MCN)& 8 74 A #u4d E4 (intraductal
papillary mucin producing tumor, IPMT) ©. 25§ 7Hda}
ol Efo] ¥ 9art gleA dolrskth, ~HE ] ¢
o] A & Fashed dojxe] FATAY o AEe
Fisher s exact testZ o]

3k} AEAAT.

NMRe| o] &8 AHe] di= FAAZT oJsf Fio] ¢
sl AAR v F71E9 94 A 12HFALdAT Y,
Elemental Analyzer, Flash EA 1112 seriese)S %3] =1

Y2 doh g,
2 3

F 119 AAS=FE AU MRS AA9) MRS 2 A
A1¢] NMR 29 EfS dglom 0.5 ppm @9 = 4.0-3.5,
3.5-3.0, 3.0-2.5, 2.5-2.0, 2.0-1.5, 1.5-1.0, 1.0-0.5, ¥
0.5-0 ppm9] 1A= s A3}= Table 190 A5

NMR®] 4% 1.5 - 1 O ppm TZFell A 109, 4.0-3.5 ppm
7l A 6ell, 3.5-3.0 ppmel A 44, 1.0-0.5 ppm T3l A
39, 3.0-2.5 ppm T-7rlA 1o, 2L, 2.5 -2.0 ppmelA

[
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Fig. 1. Bar graph shows the number of peak of in vivo, in
vitro MRS and NMR.
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gy S| H|Yof| cHEt M

1 Btk AAS MRSS 4% 4.0-3.5 ppm TF7HllA 10
o, 3.5-3.0 ppmolA 24, 1.5 - 1.0 ppm T7tolA 7o,
1.0-0.5 ppm FZtllA 165 ®ych AW MRS 4%
4.0-3.5 ppm TZHlA 44, 3.5-3.0 ppmoﬂ/‘i 54, 1.5-1.0
ppm -7l A 54, 2.0-1.5 ppm T-7HlA 14, 28 AL, 1.0-
0. 5 ppmol A 14 & (Figure 2).

% 96701 0.5 ppm FHE ol #3F F NMRE 71&
OEKL ol AW MRSE W2% 29.6%, 5°1% 82.6%, YA
01] =8 40.0%, SA95E 75.0%, 283, 66.7%9 4%

Z B2¥oH(p =0.096, McNemar test), *ﬁﬂ]ﬂ MRSE A

Table 1. Summary of Spectra of in Vivo, in Vitro MRS and NMR

Y|, 2| 3T LYx} X7 | SUES = LMX x| SHI(H| vlm
A MRS+ RIAE 57.1%, 5°1%92.6%, ¥AHd5&
76.2%, =3 l5& 84.0%, 121 82.3%9] BEEE BT

(p = 0.362, McNemar test), (Table 2).

A7kl ~#FE 9 lol= NMROIA IPMTE 74-$-olA
HalA FA Foko e 3.5-4.0 ppmolA FJEHA Be
22 B3t (p=0.026), (Figure 2 and 3).

T8 9aEN A3 g4 42.80+0.66%, 4 6.75+

0.15%, 222 30.17+£1.18% % A2 11.55£0.26% = YEl%:
oo 12709 AEE FAAXE bE dEF 24E 24 0x

o= T
73t AdAT+d) s A7 glucose (C4Hp206) ¢t fucose

, . ppm*
No. Age Sex Diagnosis Mode
40~35 ~30 ~25 ~2.0 ~15 «~1.0 ~0.5 ~0
1 41 F MCN in vivo MRS X X X X X o X X
in vitro MRS X X X X X o X X
NMR X X X X X 0 X X
2 65 M MCN in vivo MRS o X X X X X X X
in vitro MRS o X X X X o X X
NMR X X X X X o) X X
3 48 M MCN in vivo MRS X X X X X X X X
in vitro MRS o) X X X X o) X X
NMR X X X X X o) X X
4 59 M MCN in vivo MRS o o X X X o o X
in vitro MRS o X X X X o X X
NMR X 0 X X X o X X
5 52 M MCN in vivo MRS 0 0 X X X o o X
in vitro MRS o X X X X o X X
NMR X X X X X 0 X X
6 62 F IPMT in vivo MRS b 0 X X X X X X
in vitro MRS o o X X X o o X
NMR o o X X X 0 o X
7 69 M IPMT in vivo MRS o) X X X o X X o)
in vitro MRS o) X X X X o) X X
NMR o o X X X o X X
8 66 M IPMT in vivo MRS X o X X X o X X
in vitro MRS o o X X X 0 X X
NMR o 0 X X X o X X
9 60 F IPMT in vivo MRS X 0 X X X o X X
in vitro MRS o X X X X o X X
NMR o 0 X X X 0 X X
10 62 M IPMT in vivo MRS X X X X o X X X
in vitro MRS o X X X X X X X
NMR o o X X X 0 o X
11 42 F  Lymphangioma in vivo MRS X X X X X 0 X X
in vitro MRS o) 0 X X X X X X
NMR o 0 o X X o o X
12 40 F pseudocyst in vivo MRS X X X X X X X X
in vitro MRS X X X X X X X X
NMR o 0 X X X o o X

* O presence of significant spectral peak of more than 5 signal to noise ratio, X no significant spectral peak. MRS: magnetic resonance
spectroscopy; NMR: nuclear magnetic resonance; IPMT:intraductal papillary mucin producing tumor
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o] Wrh(10, 11). 713 WY’ (magnetic resonance

A LY S5 24 gxeE A

imaging: MRI)2
[

A
T THster f&otAw, Welust BN FukE e A2
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o] 71l el 55 e ¢ glth(12-14)
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o
o
fitl
=

ool ursl A MRSE lA4HS A AE
Bele AL A, ARHoR 24% 4 Qone %4

F&3 AA o AT, 15-23).

ol wig- 7HeE HAL W

e wRE Yo
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F 59 gy FEF § 9loH,

2.5 ppm Atole] Wl 1.5 ppm ©]/d
&2 Has #AE & 9o g2 FH 9

Table 2. Comparison of in Vivo MRS and in Vitro MRS for Correlation with NMR Result

TP TN FP FN SN SP PPV NPV Accuracy
in vivo MRS 8 57 12 19 0.296 0.826 0.400 0.750 0.677
in vitro MRS 16 63 5 12 0.571 0.926 0.762 0.840 0.823

MRS: magnetic resonance spectroscopy; NMR:nuclear magnetic resonance; TP: true positve; TN: true negative; FP: false positive; FN:
false negative; SN:sensivity; SP: specificity; PPV: positive predictive value; NPV: negative predictive value
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Fig. 2. In vivo (), in vitro (b) MRS and NMR of mucinous
cystic neoplasm (patient No. 1). Two dominant peaks are
seen between 1.0 and 1.5 ppm and between 4.0 and 5.0
ppm.
|
(IS L I I I L B B B L B B B B R
8 7 6 5 4 3 2 1 -0 pPR®
C

-110-



w Sote] sleol thet 4
EiS Tua stglen, o)ydt a5 Ay WIS 9
g g gAtEAEd 71908 AR FAT. 1y 5
A A o] A9 A HA Ao Fleolut s
o] &3 {A o]FoAEr FFHo=Z MRS By A 4
g0l Fu¥7] HeiMe, A T4 TS ey e
71E9 g B A AkeA AT - gl Fitel o
gto] B & Fojof & Ao AZHT

NMRE o]&3te] ofyd 4o 4 T4 #isted o8
3 A AREC] o T BA gon 1 23 FE
agbel] =3 5o 9Ith(6, 7). Boss & (7)< Hiol WAy
A T A FAFE sk fEsitta skl
Ty o] Ay dAHoRE Bl g A Fk
i3l 3 Tesla®] AAGE o] &3sto], AW &2 AA 2 MRS
o] Ago] 7}EdrtE Lopr e Aollar, T3 NMRE o] &3}
o] kol wE el ThsAdd digte] dolRe AP RALY
470l o, o A9 ARl A= g3t 2k

AR, 3 Tesla®] 12-¢S o] &g A ] MRS+ Burn &
(24)¢] EHol oJatd fudel e 9 3.5-4.0 ppmel
HAE B AFAR Frd = AolE BT YA

o
Aol AW 2 A MRS EF A4 o2 NMRI =2
o7 §l&& BYew (p ) 0. 05 McNemar test), A2
MRS 44 82.3%9 4A= ATk, ool whaf A
MRSE NMR¥}&= 67.7%9] H]—’;ﬂ IO b9 dAEE H

2| 3T 2

LM} 27| SYE2E L Y7} XIS HI || Bl

now B3| 40%9] 9 FA dE5ES HA 71
3+ 6}74]x40] g 740; Ag Lgcq -1 %9‘2;‘ =
o] &3k AA| o MRS7} o]Rt} =2 o Q
oA, g o AFEY 72 ix}
Ho] YA ol dist AW MRSE A
g A TAHeRE AZtE
E4, NMR ~HE#HgAN 42 T4 ~dEHS F2
1.5-1.0 ppm, 4.0-3.5 ppm, 12|31, 3.5-3.0 ppmellA] <]v]
Qe IAE BHYoew 1.5-1.0 ppm< lactate, valine,
butyrateE FH 7IQlsh= A o2 AZHE W 4.0-3.0014] 24
st ¥3E X593 creatine/creatinine] A UoE Ao
2 AZEY(T7). o]yd F2& AAHE] U4 B Al

od) e PwdE e AAHeE A7} 11.55+0.25%
g wel, B& Pl oplite] TYsle] 9ee & 4 9k &
S LEd F 99 2% nne wgon dit olgR

[¢]

O:

o] giiolof M FaEeAztetel =of 22 él"i_r ] NMR
o] 3-4 ppmolA Yo 9A9 F83 o] HE oz
A¥o A8 'H NMRY 5.2 ppm F¢ A5E o] & 513
0}—'—’— )\)\q—.

AR, FHlF7E ZobA FF A7 dasAA R, [PMTY
3% HAA G %l Hls] NMRAIA 4.0-3.5 ppmel A
SE R =y i, olE ANYE B4 Ay g EE AL
= dgRY Exd 7)9stE Aoz Azhy

o,

ﬁg
%0, MF
¥

BT 2006 Sep
Acg Tm: 22:26

f\ | | A

b
' ﬂWWW

215000
1250

RERAIN

uw 00
SR G i A Hr'l Im

b

Fig. 3. In vivo (), in vitro (b) MRS and NM R of IPMT (pa-
tient No. 6). Double dominant peaks are seen at 0.9 and 1.2
ppm and multiple peaks are also seen between 3.0 and 4.0
ppm on in vitro MRS and NMR, however in vivo MRS
shows poor SNR.
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Fig. 4. NMR spectra of mucinous cystic neoplasm (a), IPMT (b), lymphangioma (C) and pseudocyst (d). Domminant peaks
between 1,2-1.4 and 4-5 ppm are seen commonly. There are some differnces between 2.5 and 4.0 ppm, which suggest the

possibility of differential diagnosis by NMR.
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Comparison of in Vivo, in Vitro 3T MR Spectroscopy and Proton NMR
Spectroscopy for the Fluid from Cystic Tumor: Preliminary Study

Hui Joong Lee, Jong Yeol Kim, Yongmin Chang
Department of Radiology, Kyungpook National University, School of Medicine

Purpose : The aim of this study is to determine possibility of application of in vivo proton (‘H) magnetic
resonance spectroscopy (MRS) in distinguishing cystic mass arising around pancreas by comparison of in
vivo MRS, in vitro MRS using 3T MR machine, based on nuclear magnetic resonance (NMR).

Materials and Methods : We obtained spectra of in vivo MRS, in vitro MRS and NMR from abdominal
mass arising around pancreas (mucinous cystic neoplasm =5, intraductal papillary mucin producing tu-
mor =5, pseudocyst= 1, and lymphangioma = 1). We estimated existence of peak of in vivo MRS, and in
vitro MRS concordant to that of NMR. We also evaluated differential peak for predicting specific disease.
Results : Correlation of presence of peak with NMR showed showed sensitivity of 29.6%, specificity of
82.6% and accuracy of 67.7% on in vivo MRS (p = 0.096, McNemar test), sensitivity of 57.1% and speci-
ficity of 92.6% and accuracy of 82.3% on in vitro MRS (p = 0.362, McNemar test). The spectra of NMR
for IPMT showed more frequent peaks at 3.5-4.0 ppm (p=0.026).

Conclusion: Although chemical analysis, using NMR could be regarded as possible tool to differentiate
cystic masses, in vivo and in vitro MRS need further technical evolution for clinical application.

Indexwords : Magnetic resonance (MR)
Spectroscopy
Cystic tumor
Nuclear magnetic resonance
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