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1. Glioma grading proton MRS

(Grade B)
2. Glioma viability,radiation necrosis
(Grade B)
3. Glioma metastasis proton MRS (Grade B)
A, proton MRS (Grade B)
5. Meningioma, shwannoma, metastasis, hemangiopericytoma, subependymoma, central
neurocytoma, pilocytic astrocytoma (Grade C1)
MRS
Glioma grading
glioma viability radiation necrosis
Glioma versus Metastasis
MRS  MRI MRI MRS
Glioma grading
MRS
GBM(87 ) meningioma 57 39 glioma 22
Grading AUC 94% long echo  96%(short echo) [1] 205
SVMRS TR/TE=1500-2000/25-35 135-144
90 MR 126 deta
training set Gradingl/ll 30 11 29 1V(31) sensitivity
specificity ~ 95% 93% [2] Gradelll gradelV accuracy
90 SVMRS TR/TE=1500/135
Prospective 66 Gradel(13)
gradell(30) gradelll(7) gradelV(16) multi-voxel MRS Cho
voxel Cho/Cr+0.49Lac,Lip/Cr AUC 96%
1.8  sensitivity specificity 96% 88% [3] 66
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CSI TR/TE=1000/65

Glioma grading MRS data perfusion MRI sensitivity specificity,
predictive value CBV, MRS
Cho/Cr, Cho/NAA grading  sensitivity MRS
Cho/NAA 1.66 sensitivity specificity — 73% 63% perfusion MRI

[4] 160 patients CSI TR/TE=1500/144

Glioma proton MRS
Cho/Cr 2 Lac/Cr
[5] 27 patients SVMRS TR/TE=2000/272

Cho/Ref NAA/Ref tumor malignancy [6] 17 glioma
menigiomas SVMRS TR/TE=2000/272

MRS brain mass NAA/Cho Cho/Cr, lipids
tumor grading [7] gliomas 60 cases 7  SVMRS
TR/TE=3000/20, 270 STEAM

MRS lipids methylene high grade glioma low-grade glioma

glioma grading [8] 20 patients SVMRS STEAM
TR/TE=2000/11-15 ms
High grade glioma  Cho/NAA Cho/Cr low-grade glioma [9] 27

CSI TR=1500/TE=135

glioma viability radiation necrosis

43 43 glioma MRS Cho
50% irradiation sensitivity

72% specificity 82% [10] 43 CSI TR/TE=2000/272

25 glioma25 Cho/NAA(>1.17) Cho/Cr(>1.11)

sensitivity89% specificity83%
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[11] 25 T SVMRS TR/TE=

20 glioma Cho/Cr 1.5
sensitivity 64% specificity 83% [12] 20 D-CSI
TR/TE=1500/270
glioma rCBV
[13] 19 CSI  TR/TE=1000/144
Low grade glioma MRS 14
progression MRS MRS
MRS [14] 14

Low grade glioma SVMRS TR/TE=2000/144

Glioma versus Metastasis

Gliobalstome 2 metastasis 24 LPA  pattern 1.3ppm 0.9ppm
80 sensitivity 80% specificity
metabolite [15] 47 SVMRS
TR/TE=2.0/30ms

High-grade glioma metastasis MRS Lipids
Cr lipids glioma
[16] 31 glioma 25 SVMRS, TR/TE=2000/136, 30

Meningioma low-grade astrocytoma anaplastic astrocytoma GBM metastasis
MRS 84% GBM Metastasis 82%
[17] 108patients SVMRS TR/TE=2000/30

MRS
GBM(87 ) meningioma 57 39 glioma 22
Grading AUC 94% long echo  96%(short echo) GBM
64% [1]
205 SVMRS TR/TE=1500-2000/15-35 135-144
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Brain abscess necrotic brain tumors diffusion weighted images  proton MRS

[18] 14 SVMRS TE=135 270
20 abscess 29 DWI H-MRS
ADC 0.9 +/- 1.3 x 10 mm/s MRS
succinate, acetate, alanine, and glycine MRS sensitivity 96%
specificity 100% ADC MRS 76%  sensitivity  100%
[19] 52 SVMRS TR/TE=3000/144
Meningioma shwannoma metastasis Hemangiopericytoma  menigioma

[20] 43patients (meniongioma 19 schwannoma
13 metastasis 8 hemangiopericytoma 3) SVMRS, TE=34/TR=2000ms STEAM and PRESS

Subependymoma CENTRAL neurocytoma Subependymal giant cell astrocytoma pilocytic
astrocytoma ventricle tumors MRS [21] 9
SVMRS TE=272

Low-grade glioma Focal cortical developmenta malformations(FCD) MRS
[22] 18 FCD DNT glioma 10 CSI TE=270 16x16 FOV=16cm
Proton MRS MRI MRI
mass lesion MRS 164 spectroscopic
data set proton-MRS 15.4
6.2 16% [23] 176

SVMRS TE=135

20 glioma Cho/Cr 1.5
CE-MR specificity 67%
sennsitivity ~ 86% 100% [12] 20 TR/TE=1500/270 D-CSI
MRS  perfusion-weighted MRI brain tumor [24] 55

glioma or metastasis SVMRS TR/TE=2500/30
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MRS High grade glioma low grade glioma
Cho/Cr ADC [25] D CSI TR/TE=1500/135

ADC MRS
[26] 49 SMRS TR/TE=1500/135

Intra-ventricular meningioma MRS High Cho low Cr, NAA Ala
[27] 2 SVMRS TE=136

Gliomatosis cereberi MRS stable case  progressive case
Cho/NAA biopsy [28]
SVMRS, CSI TE=135

Ttumefactive demyelinating lesion MRS pattern high grade brain tumor
[29] 1 CSl TE=144
Gliomatosis cereberi normal Cho myo-Ins
[30] SVMRS and CSI TE=20 135
MRS MRI
MRS study MRS
MRI
MRS study MRI MRI
MRS  equivocal
23) MRl MRS 15.4%
Review study
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MRS

biopsy MRI
MRS MRS
MRS study cost effectiveness
biopsy

MRI MRI MRS

DNA grade

grade MRS

MRS
PubMed

Key words MRS Brain tumor

MR spectroscopy Brain tumor

Magnetic resonance spectroscopy & Brain tumor
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1.
2.
3.

MRS (Grade C1)
NAA lactate (Grade C1)

( Grade C2)

1)1.5-T

2)TE=270 135

3)CslI

4) diffusion-perfusion mismatch

1)NAA  lactate
NAA viability
2.02ppm CoA
- (N-acetylaspartylglutamate) 1)
lactate lactate

2)NAA/Cr, Lactate/Cr
Cr

NAA/lactate  NAA/cho, lactate/cho

3)
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1)
lactate NAA
Al

5)6)
Lactate

2)

ore
core

NAA
NAA
9

perfusion mismatch
viable

Choline
Choline

MRS

lactate NAA
lactate
[Nicoli F]
lactate
lactate
lactate
lactate
NAA
[Nicoli F]
8)

[Nicoli F]
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NAA Cr
Grade A
NAA Grade A
(Grade B,C1)
dysmyelination,demyelination, neuroal
degeneration, white matter rarefraction, hyperammonemia, mitochondrial disorder

proton MRS (Grade B C1)
MRS
MRS>MRI (A ),

MRS=MRI (B ), MRS<MRI (C )

MRS
1. 1), NAA : 2), Cr

1), NAA

3.

MRS
4. 1), dysmyelination; 2), demyelination; 3), neuronal

degeneration; 4), white matter rarefraction; 5), hyperammonemia; 6), mitochondrial disorders.

1.
1-1), NAA
NAA [1] NAA
MRI
( A)
NAA neuronal marker

NAA

1-2), Cr
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Cr deficiency syndrome (1),Guanidinoacetate
methyltransferase (GAMT) deficiency, (2), creatine transporter (CRTR) deficiency, (3),
arginine:glycine amidinotransferase (AGAT) deficiency

GAMT deficnency

(1) GAMT deficiency.

MRS Cr 3.7-3.9 ppm  guanidineacetate (GAA, precursor of Cr)
[2,3] Cr
MRI [2,3] T2 [4,5] Cr
MRS Cr [3,5] ( A)

(2) CRTR deficiency.

MRS Cr 3.7-3.9 ppm  GAA peak [6] Cr
MRI
[7] [8] Cr
MRS [7] ( A)
(3) AGAT deficiency.
MRS Cr MRI [9] Cr
Cr
MRS [9] ( A)
1-3). NAA, Cr
Cho, mins mins
Glutamine/glutamate Cho 4-5)
2.
1). NAA
(1)Canavan disease.

Canavan disease  aspartoacylase NAA 1990
[10] NAA [11,12] Cr, Cho
WM rarefraction mins [11,12] MRI

T2 ( A)
(2)Salla disease

Salla disease N-acethylneuraminic acid (NANA) NANA

NAA 1.5T MRS NAA (+34%) [13] Cr
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(+47%) Cho (-35%) loss of

axons and myelin sheath, astrogliosis Cr astrogliosis  Cho

decreased membrane synthesis turnover MRI

(dysmyelinating pattern) Pelizaeus-Merzbacher disease (PMD) [13]
PMD MRS

NAA PMD NAA, Cr Cho (

B)

3.

1)Sjogren-Larsson”s syndrome (SLS).
SLS fatty aldehyde dehydrogenase
MRS 0.9, 1.3 ppm long chain fatty
alcohols [14, 15] 0.9 ppm T2 value short TE
[14] MRI
T2 ( B)

2)Succunate dehydrogenase (SDH) deficiency.

SHD (complex Il ) MRS
2.40 ppm  succinate [16] GM, BG
MRI T2
U-fiber ( A)

3)Maple syrup urine disease (MSUD).

MSUD
MRS 0.9-1.0 ppm  branched chain amino acid, keto acid
[17] NAA Lac MRS
T2, DWI (MSUD edema) (
B)
4) (Galactocemia)
Galactitol (Gal-ol) MRS Gal-ol
3.67, 3.74 ppm [18] NAA/Cr, Cho/Cr mins/Cr
MRI U-fiber T2 (
A)
5)Nonketotic hyperglycinemia (NKH).
NKH (EIEE) MRS
3.55 ppm Short TE mins
T2 long TE [19] NAA, Cr, Cho MRI
valuolating myelinopathy DWI
( C)
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6)Ribose-5-phosphate isomerase (RPI)

RPI polyols
MRS polyols 3.6 ppm
(D-arabitol), 3.8 ppm (ribitol) Short TE duplet
spectrum long TE atabitol [20] MRI
T2 ( A)
4. MRS
4-1)dys- or hypomyelination
MRI
Pelizaeus-Merzbacher disease (PMD) MRS
[21, 22] NAA
oligodendrocyte precursor cell NAA axon density
mins, Cr, glutamine Cho
B
PLP PMD MRI  dysmyelination
MRS PMD NAA, Cr, mins Cho [23] NAAG
MRS NAAG
Hypomyelination with atrophy of the basal ganglia and cerebellum (H-ABC) NAA, Cho
mins, Cr [24] MRI

C

4-2)demyelination.
adrenoleukodystrophy (ADL), metachromatic leukodystrophy (MLD),
Alexander disease, Krabbe disease

MRS Cho axonal and neuronal
degeneration NAA mins, glutamine>Cr
lipid&protein 0.9-1.3 ppm Macrophage
Lac (ADEM, MS,
)
ALD CoA MRI
T2 MRS NAA, Glutamate
(neuron marker) Cr ( ) Cho, mins, Glutamine (glial marker),
lipid+Lac [25] C
Krabbe disease [3-galactosidase cerebroside MRI
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T2 MRS NAA mins, Cr

(astrogliosis), Cho (active demyelination) WM>GM [26]
C
Alexander disease glial fibrillary acidic protein (GFAP)
MRI T2 Ufiber
MRS NAA mins, Lac Cho Cr
[27] C

4-3)Neuronal degeneration.
Neuronal degeneration
NAA MRI NAA

Neuronal ceroid lipofuscinosis (CLN)

(PME) Infantile form (CLN1) MRS NAA, Cr
mins Energy metabolism (Cr) (mlIns)
[28] (frontal cortex) MRS GABA, Glutamate (neuronal
loss ) [28] C

4-4)White matter rarefraction.
White matter rarefraction, cystic degeneration vanishing white matter
disease (VWM) sulfite oxidase deficiency/molybdenum cofactor deficiency

VWM  elF2B oligodengrocyte, astrocyte
MRI CSF MRS
CSF Lac, glucose
[29] B

4-5)hyperammonemia.

hyperammonemia ( )
astrocyte -
astrocyte MRI
T2 MRS Glx (glu+gin)
mins, Cho
[30] A

4-5)mitochondrial disorders.

Mitochondria (TCA cycle)

Lac MELAS (mitochondrial myopathy,
encephalopathy, lactic acidosism and stroke-like episodes), MERRF (myoclonus epilepsy with
ragged red fibers), Kearns-Shy , Leigh DNA

MRI MRS
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neuronal dysfunction and loss NAA, Glutamate Cr Energy

metabolism Lac, Alamine [31] CSF  4.0mmol/I
Lac MRS Lac B
high Lac
MRI LM,
MRS NAA mins, Cho Lac
[32] B
MR (MRS)
[l
MRI MRS MRI
MRS MRS>MRI (A
), MRS=MRI (B ), MRS<MRI (C )
(a, b, c, single or multi voxel d, e,
)

. Martin E, et al. Absence of N-acetylaspartate in human brain: impact on neurospectroscopy.
Ann Neurol 2001; 49: 518-521.
a), 3Y, boy, b), 2T; c), SV; d) PRESS, 6000/30; ), LCModel.

2. Sijens PE, et al. H chemical shift imaging of the brain in guanidine methyltransferase deficiency,
a creatine deficiency syndrome; guanitinoacetate accumulation in the gray matter. Eur Radiol
2005; 15: 1923-1926.

a). 3Y GAMT def.; b). 1.5T, Siemens; c), MV; d). 1500/135; e), unknown.

3. Ensenauer R, et al. Guanidinoacetate methyltransferase deficiency: differences of creatine

uptake in human brain and muscle. Mol Genet Metab 2004; 82: 208-213.
a), 7Y GAMT def; b), 1.5T, Bruker; c), SV (GM); d), PRESS 3000/30/96; ). LCModel.

4. Leuzzi V, et al. Brain creatine depletion: Guanidinoacetate methyltransferase deficiency
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(improving with creatine supplementation). Neurology 2000; 55; 1407-1409.
a). 4Y GAMT def.; b), unknown; c), SV (GM, WM); d), STEAM 2000/30/13.7/256
(TR/TE/TM/NEX); e). unknown.

5. Ganesan V, et al. Guanidinoacetate methyltransferase deficiency: new clinical features. Pediatr
Neurol 1997; 17: 155-157.
a), 5Y GAMT def.; b), unknown; c), SV (BG); d), long echo; e). unknown

6. Sijens PE, et al. H MR spectroscopy of the brain Cr transporter defect. Mol Genet Metab 2005;

86: 421-422.
a), 8Y CRTR def.; b). unknown; c), MV; d), 1500/135; e), GAA/Cr ratio

7. deGrauw TJ, et al. The clinical syndrome of creatine transporter deficiency. Mol Cell Biochem
2003; 244: 45-48.
a). 7Y CRTR def.; b). 1.5T; ¢) SV (FWM); d). PRESS 2000/35; €), unknown.

8. Mancini GMS, et al. Two novel mutations in SLC6A8 cause creatine transporter defect and
distinctive X-linked mental retardation in two unrelated Dutch families. Am J Med Genet 2005;
132: 288-295

MRI

9. Battini R, et al. Creatine depletion in a new case with AGAT deficiency: clinical and genetic

study in a large pedigree. Mol Genet Metab 2002; 77: 326-331

a). 5Y AGAT def.; b). 1.5T, GE; c), SV (WM, GM, Cerebellum); d). STEAM, short echo; e),
unknown.

10. Grodd W, et al. In vivo assessment of N-acethylaspartate in brain in spongy degeneration
(Canavan disease) by proton spectroscopy. Lancet 1990;336 (8712): 437-438.
a). 7M, Canavan disease; b), 1.5T, Siemens; c), SV, (occipital); d), PRESS 1500/135, 270; e),
unknown.

11. Gripp KW, et al. Imaging studies in a unique familial dysmyelinating disorder. AJNR 1988; 19:
1368-1372.
a), 8M, Canavan; b), unknown; c), SV (BG, WM); d), STEAM, 1600/20/30 (TR/TE/TM); e),
unknown.

12. Van der Knaap MS, Volk J. Magnetic resonance of myelin and myelin disorders.2005; 874.
a). A boy with Canavan at 4M and 1Y; b), 1.5T; c¢). SV (WM); d), STEAM 6000/20; e), unknown.

13. Vorho TV, et al. A new metabolite contributing to N-acethyl signal in H MRS of the brain in
Salla disease. Neurology 1999;52:1668-1672.
a), 8 patients with Salla disease; b), 1.5 T, Siemens; c), SV (LPWM&LBG); d), 6000/135,
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270/50; e). T2

14. Mano T, et al. Proton MR spectroscopy of Sjogren-Larsson syndrome. Clinical and MRI/MRS
findings in FALDH-deficient patients. AJNR 1999;20:1671-1673.
a), 2 patients with SLS (5, 6Y); b). 1.5T; c), SV (WM, GM, BG); d). STEAM 2000/18, 140,
270/128; e). Cr ratio

15. Van Domburg PHMF,et al. Sjogren-Larsson syndrome. Clinical and MRI/MRS findings in
FALDH-deficient patients. Neurology 1999; 52: 1345-1352.
a). 6 patients with SLS (7-15Y); b). 1.5T, Siemens; c), SV or MV; d). 2500/30, 4000/135 for SV,
20007135 for MV; e), unknown.

16. Brockmann K, et al. Succunate in dystrophic white matter: a proton magnetic resonance
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prostate specific antigen (PSA)

1-

Gleason score 5)
1-

MRS MRS
6)
MRS (total metabolic atrophy)
1-4
(CC/C>0.5 )
45%
68% 7% 7)

2-
2- Point-RESolved Spectroscopy PRESS
PRESS-CSI
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