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How is this spectra evaluated?
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Fig. 1. Evaluation of spectrum

(a) Spectrum from a lesion, (b) Cho/t-Cr : normal value and value of
this case in the same conditions, (c) Interpretation of data : three pat-

terns can be considered.
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Fig. 2. Proton MRS of glioma showing low t-Cr
Proton MRS of a glioma case acquired under TR 2000 ms, TE 144 ms. In
this case, Cho/t-Cr ratio cannot be calculated because t-Cr is too low.

Table 1. Conditions of Data Acquisition

Magnetic field 1.5T, 3.0T

strength

Sequence PRESS*!, STEAM*2

TR Long (>5000 ms), Short
(1500~2000 ms)

TE Short (20~40 ms), Long

(144 ms, 288 ms)

Number of signal 64, 96, 128, 256

average (NSA)
Spectral bandwidth
Number of samples
CHESS pulse

1000 Hz, 2000 Hz
512, 1024

50~60 Hz (1.5T), 120~
140 Hz (3.0T)

*1 PRESSY : point resolved spectroscopy
*2 STEAM? : stimulated echo acquisition mode

DAXRTZ FIVTod 5. R#WOREZHRER,
TiREFNC LD TR PREWIEE EH L, T8
DB L D TE PRWIZEREL TW5B I &
Y VIV
2. 3 I K UMUK OREFIRERE]

Fig. 5(a)iC TE % 40 ms, 72 ms, 144 ms, 288
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Fig. 3. Relation between T1 relaxation and spectrum
Proton MRS of a healthy volunteer’s white mater obtained with different TR (TE 144 ms). In-
fluenced by T1 relaxation, higher signal intensity of metabolites is obtained with longer TR.

TE 144ms -,

' ' " ' ! TE288 ms ™

4‘.0 310 2‘.0 110 (I)
chemical shift / ppm
Fig. 4. Relation between T2 relaxation and spectrum
Proton MRS of a healthy volunteer’s white matter obtained with differ-
ent TE (TR 2000 ms). Influenced by T2 relaxation, lower signal intensi-
ty of metabolites is obtained with longer TE.
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Fig. 5. Curve fitting for calculation of T2 relaxation time

(a) : Signal intensity of the metabolites and tissue water in the normal brain white matter with
TE 40 ms, 72 ms, 144 ms, and 288 ms (TR 2000 ms). When curve fitting is performed with a sin-
gle exponential function (Eq. I ), good fitting curve can be obtained in tissue water but not in

metabolites.

(b) Calculated without TE 40 ms (TE 72 ms, 144 ms, and 288 ms), good curve fitting is ob-

tained in both tissue water and metabolites.
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Fig. 6. T2 relaxation time of metabolites and tissue water in normal
white mater, low and high grade glioma

T2 relaxation time differs not only between normal white mater and glio-
ma, but also between low and high grade glioma in every metabolite. T2
relaxation time of the tissue water of low and high grade glioma is longer
than normal. Moreover, T2 relaxation time of the NAA of low and high
grade glioma is significantly shorter than normal.
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Fig. 7. Relation between signal intensity and data acquisition conditions
The signal intensity under different T1 and T2 relaxation is shown. If
data is acquired with TR=o0 and TE=0, signal intensity directly
reflects proton density without influence of relaxation.
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Fig. 8. Peak phase change around 1.33 ppm with different TE
Phase change patterns of the peak around 1.33 ppm under different TE based on our experience.

A phase change pattern depends on a disease.

THNE TIRMOMEXHETEHLEE 2
%. LAL, TR 7000 ms DA o305 i e %
Be b mERKEZZET S L, RSTH
2000ms D TR BB THH EE 2T
5.

213, PRESS v —/ A, TR 2000 ms
E & ¢, TE % 72 ms, 144 ms, 288 ms & Z 1L
¥, BOENIART PVvT—ah b, NEE
#EED A WTC Eq. MICXDEEET-> TV
5.

2 Smetsbulite
Cometavotite = Cuater X (—) X < ) -Eq. T
e [ n Swater q

Cuetavotite |3 FRF P DYEFE (mmol/kg wet weight)
TH 5. Cater [ IHMKOEETH D, 35mol/
kg wet weight & L T\ 41010 0 Speanoie (3 781
ELIRHWOBZHETH Y, Swater IZTE
L7 KDESHRETHAS. nid &R O
FEPICHETLHHEFEOBTH LS. NAA
(2.02ppm) & t-Cr (3.02 ppm) D HIZHH

FT501F -CHsO=>D H T T THY, Cho
(3.22 ppm) DEFICHFE T 5D -N-(-CHs)s
DIMEOH KT CTHAH. £/, Kik H0
D2 H RFEPEFICEHFS L TW5BL
O, Eq TIZ2 L WO RELA->TWAB. &
15, E5%®EL, TE 72 ms, 144 ms, 288 ms O
F—20 5 Eq. I T T2 2 R DT TefE
R IEEFT > T, THERIZINEICE < O
KefH A B9 5720, flilEL TWwiz\. Fig. 91Z
TR 2000 ms 73 EAEIC & OREHEL KT
DEBRE LR AR, S, AR
FOREEEMEICEE S S ), normal volun-
teer ® Cho OF — % %# AT, &N (Eq.
I CEVFHEY I 2=V a VLR TH
%. TiigfEs XU T2 B FOW S5 OFIE %17 -
o (EfE) 32.0mM Th 574, TR
2000 ms, TE 144 ms O&METTF—2 25 L
T BROMIE T\ WEHEICIE 4.9 mM
TH o7z, TIBFEHIED A TIE 5.1mM T
Hote. koT, THiEMMIENEEMEICE 2

129



HigREE  5830%& 3 5 (2010)

HEBIBDOTPEWEE 25, T MM IE LB B ICBRROMRICERNALETH 5.

DHEIT->72HEH1F 1.8mM &7 D, BEfEICKE J7xHbH, LCModel Tid, =24 )bdD 90 /8
GEDWiz. TOT &id, T2 Mo 8 ik WADT A VI DG S HEPEIE SN TW 472
OTREWT EHRIRL TS, FTHY, ENEFROPELMHIEL TWAHHIF

WA, WM % proton MRS O ALY 7 Tl BEICE 213, B oK
F & LCLCModel? 7% < O CHA SN FHABOBERLE TS 5% LEESIh T
T\w5b. L#L, LCModel I X V) % & % f##r HDTHS.

SN o))
1 | 1 ]

[\S]

R ORE 2RO H 55 ORIBE R %
EADE, V—FUBREDO R L L THKZ
OB E I ETHER (V-7 miglk) =
MAL, REWREZLEOEREISHEREIC
HOTEIZONREr L Lmw. L,
- WIS L A, {5 OMBUCIZRAMEH O P

Conc. (mmol / kg wet weight)

Value T ICEE T ALERDS.

(=]

@

Fig. 9. Simulation of quantification
Quantification value of Cho with or without

w1 w© MRS % BN NEHFELEKE (EBILOER)
Tk x4 1%, proton MRS %5 MRI ~ & hn &

relaxation compensation using Eq. II. Quantifi- LU CHRIRZBINICEN L OERAE 763 L& 2
cation without relaxation correction (a), with TW5. B4R O MRI B iC vt 4 5 proton

T1 relaxation compensation (b), with T2 relax-
ation compensation (c). The quantification

MRS OEMFEHR & L TCOHRE % [Grade T :

value with both T1 and T2 relaxation compensa- W, Grade T : A%, Grade I : FEIAY
tion is true value. D=L Table 2 ICE 7. & Drh

Table 2. Degree of Requirement of Proton MRS (Table is modified from reference 13)

* Brain abscess (differentiation of ring enhancing lesion)
¢ Differentiation between radiation necrosis and tumor recurrence
 Evaluation for efficacy of radiation and/or chemotherapy

Grade 1 ¢ Grading of glioma
necessary » Hyperlactatemia (MELAS, Leigh encephalomyelopathy)
» Other differentiation between tumors and cerebrovasucular disease, degenerative disease
and encephalitis

» Differential diagnosis for complex tumors (central neurocytoma, malignant lymphoma, etc.)

Grade 2 * Differentiation between intra-and extra-axial tumor

useful * Grading of meningioma (atypical/anaplastic) or differentiation from hemangiopericytoma

« Evaluation for extent of invasion in patient with primary brain tumor
¢ Evaluation for disease activity in patient with multiple sclerosis
¢ Psychiatric disorder such as schizophrenia

Grade 3 * Neuropediatric disease such as autism and hyperactivity disorder

supplementary ¢ Evaluation of severity or disease activity for encephalitis or encephalopathy

¢ Possibly useful for autopsy imaging
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Proton magnetic resonance spectroscopy (MRS) is useful in clinical practice because it enables
noninvasive analysis of biochemical information in normal and pathological conditions of the human
body. However, difficulty in interpretation and clinical application of obtained spectrum have limited
its use for clinical examination.

We consider relaxation time and metabolite quantification as key factors in interpreting the spec-
trum and discuss about these 2 factors using our and reported data.

Because signal intensity is influenced by T1 and T: relaxation in addition to metabolite concentra-
tion, the spectrum obtained in specific conditions does not show true signal intensity. If metabolite
concentration would change dramatically, the influence of T1 and T relaxation could be disregarded,
but generally, metabolite concentration changes slightly. Therefore, care must always be taken with
regard to change in relaxation time for correct evaluation of metabolite concentration in both semi-
quantification and quantification studies. We believe that proton MRS is useful in clinical practice and
able to be added to routine diagnostic imaging if clinicians know correct methods of interpretation.
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