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Magnetic resonance spectroscopy
1

Magnetic resonance imaging (MRI) ‰¥â‡√‘Ë¡π”¡“„™â‡¡◊ËÕ
ª√–¡“≥ 30 ªï∑’Ëºà“π¡“π’È‚¥¬„™âÀ≈—°°“√¢Õß nuclear magnetic
resonance (NMR) ∑’Ë„™â„π∑“ß‡§¡’‡æ◊ËÕÀ“‚§√ß √â“ß¢Õß‚¡‡≈°ÿ≈
µà“ßÊ „πªí®®ÿ∫—π°“√„™â MRI ∑”„Àâ‰¥â soft-tissue contrast
∑’Ë¥’∑’Ë ÿ¥„π°“√∑” diagnostic imaging  Õ¬à“ß‰√°Áµ“¡∂÷ß·¡â«à“

®–¡’°“√ª√—∫ª√ÿß‡∑§π‘§À≈“¬Õ¬à“ß°Áµ“¡°“√µ√«® Õ∫
≈—°…≥–¢Õß‡π◊ÈÕ‡¬◊ËÕ‚¥¬ MRI °Á¬—ß¡’¢âÕ®”°—¥ ‡™àπ °“√·¬°
√–À«à“ß cerebral infarction ·≈– low grade glioma  ¥—ßπ—Èπ
®÷ß‰¥â¡’°“√æ—≤π“‡∑§π‘§∑’ËÕ“»—¬À≈—°°“√¢Õß NMR ‰¥â‡ªìπ
magnetic resonance spectroscopy (MRS) ́ ÷Ëß™à«¬„π°“√«‘π‘®©—¬
·¬° §«“¡·µ°µà“ßÀ≈—°√–À«à“ß MRI ·≈– MRS °Á§◊Õ§«“¡∂’Ë

Magnetic resonance spectroscopy (MRS) ‡ªìπ‡∑§π‘§∑’Ë
non-invasive „™â„π°“√«—¥√–¥—∫¢Õß “√™π‘¥µà“ßÊ „π‡π◊ÈÕ‡¬◊ËÕ
¢Õß√à“ß°“¬ ´÷Ëß„πªí®®ÿ∫—ππ‘¬¡π”¡“„™â„π°“√™à«¬«‘π‘®©—¬
¿“«–º‘¥ª°µ‘∑“ß¥â“π‡¡·∑∫Õ≈‘´÷¡∫“ßÕ¬à“ß ‚¥¬‡©æ“–
Õ¬à“ß¬‘Ëß∑’Ë‡°’Ë¬«¢âÕß°—∫ ¡Õß „™â„π°“√™à«¬∫Õ°¢âÕ¡Ÿ≈‡°’Ë¬«°—∫
‡¡·∑∫Õ≈‘´÷¡ √«¡∑—Èß°“√¥”‡π‘π¢Õß‚√§·≈–°“√µÕ∫ πÕß
¢Õß‚√§µàÕ°“√√—°…“Õ’°¥â«¬ ‡¡·∑∫Õ‰≈∑å∑’Ëæ∫‰¥â„π MR
spectrum ¢Õß ¡Õß¡’¡“°¡“¬À≈“¬™π‘¥ ‡™àπ N-acetyl
aspartate, creatine, choline  myoinositol, amino acids ·≈–
lipids ‡ªìπµâπ  N-acetyl aspartate ‡ªìπ neuronal marker
choline ∫àß™’È∂÷ß normal energy metabolism ¿“¬„π ¡Õß
Myomositol ‡ªìπµ—«∫àß™’È ”À√—∫°“√∑”ß“π¢Õß‡´≈≈å‡°≈’¬
 à«π amino acids ·≈– lipids ®–æ∫‰¥â„π°√≥’∑’Ë¡’§«“¡º‘¥ª°µ‘
‡°‘¥¢÷Èπ °“√‡¢â“„®∂÷ß∫∑∫“∑Àπâ“∑’Ë¢Õß “√·µà≈–™π‘¥∑”„Àâ
 “¡“√∂π”¢âÕ¡Ÿ≈ MR spectrum ¢Õß ¡Õß¡“„™â„Àâ‡ªìπ
ª√–‚¬™πå„π∑“ß§≈‘π‘°‰¥â

Magnetic resonance spectroscopy (MRS) provides
metabolite/biochemical information about tissues non-invasively
in vivo. MRS has been used clinically in the investigation
of neurological and neurosurgical disorders. In vivo proton
spectroscopy allows the detection of certain metabolites in
brain tissue, such as N-acetyl aspartate, creatine, choline,
myoinositol, amino acids and lipids. N-acetyl aspartate is
a neuronal marker. Choline indicates the normal energy
metabolism of the brain. Myoinositol is considered a glial
marker, while, amino acids and lipids are encountered in brain
abscesses and necrotic processes. Understanding roles of
these metabolites will help in defining the nature and extent
of brain diseases.
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(frequency) ¢Õß MR signal  ‚¥¬ MRI „™â high spatial resolution
 √â“ß‡ªìπ anatomical images  à«π MRS ®–· ¥ß¢âÕ¡Ÿ≈
∑“ß‡§¡’¢Õß‡π◊ÈÕ‡¬◊ËÕ

MRS ®—¥‡ªìπ‡∑§π‘§∑’Ë non-invasive „™â„π°“√«—¥√–¥—∫
¢Õß “√™π‘¥µà“ßÊ „π‡π◊ÈÕ‡¬◊ËÕ¢Õß√à“ß°“¬ ∑—Èßπ’È‚¥¬°“√∑’Ë
magnetic resonance ®–∑”„Àâ‡°‘¥ spectrum of resonance
´÷Ëß —¡æ—π∏å°—∫°“√®—¥‡√’¬ß‚¡‡≈°ÿ≈∑’Ë·µ°µà“ß°—π (different
molecular arrangement)  “√∑’Ë “¡“√∂µ√«®À“‰¥âµâÕß≈–≈“¬
„ππÈ”®÷ß‡√’¬°«à“ çsolutesé çmetabolites (‡¡·∑∫Õ‰≈∑å)é
·≈– çosmolytesé  °“√µ√«®À“‡¡·∑∫Õ‰≈∑å¥â«¬ MRS π—Èπ
‡¡·∑∫Õ‰≈∑å®–µâÕß¡’§«“¡‡¢â¡¢âπÕ¬à“ßπâÕ¬ 1 mM ®÷ß®–
 “¡“√∂µ√«®«—¥‰¥â (∑’Ë 1.5 T)  ªí®®ÿ∫—π MRS ∑’Ëπ‘¬¡„™â‡ªìπ H1
(proton) spectroscopy ¢âÕ¡Ÿ≈∑’Ë‰¥â®“° MRS ®–· ¥ß„π√Ÿª¢Õß
line spectra ‚¥¬∑’Ëæ◊Èπ∑’Ë„µâ peak ∫àß∫Õ°∂÷ßª√‘¡“≥¢Õß “√
π—ÈπÊ  à«π·°ππÕπ®–· ¥ß‡¡·∑∫Õ‰≈∑å·µà≈–µ—«∑’Ë‡°‘¥
frequency shift ·µ°µà“ß°—π‰ª‚¥¬· ¥ß‡ªìπ parts per million
(ppm) (‰¡à„™à‡ªìπ§à“ absolute shift) ‡¡◊ËÕ‡∑’¬∫°—∫ “√¡“µ√∞“π
 “√¡“µ√∞“π∑’Ëπ‘¬¡„™â ‰¥â·°à tetramethylsilane (TMS) ∑—Èßπ’È
TMS ¡’ 4 methyl groups π—Ëπ§◊Õ¡’‚ª√µÕπ 12 µ—«∑’ËÕ¬Ÿà„π
 ‘Ëß·«¥≈âÕ¡∑“ß‡§¡’ (chemical environment) ‡™àπ‡¥’¬«°—π·≈–
¡’ peak ¢π“¥„À≠à ®÷ß°”Àπ¥ TMS ‡ªìπ 0 ppm  (√Ÿª∑’Ë 1)
„πªí®®ÿ∫—ππ‘¬¡π” MRS ¡“„™â„π°“√™à«¬«‘π‘®©—¬¿“«–º‘¥ª°µ‘
∑“ß¥â“π‡¡·∑∫Õ≈‘́ ÷¡∫“ßÕ¬à“ß ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß∑’Ë‡°’Ë¬«¢âÕß
°—∫ ¡Õß  ·≈–¬—ß„™â„π°“√™à«¬∫Õ°¢âÕ¡Ÿ≈‡°’Ë¬«°—∫‡¡·∑∫Õ≈‘́ ÷¡
¢Õß‡π◊ÈÕßÕ° (tumor) ‰¥âÕ’°¥â«¬

‡¡·∑∫Õ‰≈∑å∫“ß™π‘¥∑’Ëæ∫„π MR spectrum1-4

„π spectrum ¢Õß ¡Õß‡¡◊ËÕ„™â echo time (TE) 30 msec
®–æ∫ peak À≈—°Ê À≈“¬ peak ‡√‘Ë¡®“°¢«“‰ª´â“¬ ‰¥â·°à
N-acetyl aspartate (NAA) ∑’Ë 2.02 ppm, glutamate ·≈– glutamine
√«¡∑—Èß gamma amino butyric acid (GABA) „π™à«ß 2.05-2.5
ppm, creatine (Cr) ∑’Ë 3.02 ppm, choline (Cho) ∑’Ë 3.22 ppm
·≈–  myoinositol (Myo) ∑’Ë 3.56 ppm

N-acetyl aspartate (NAA)
‡ªìπ “√∑’Ë∂Ÿ° —ß‡§√“–Àå¢÷Èπ¿“¬„π‰¡‚µ§Õπ‡¥√’¬¢Õß

‡´≈≈åª√– “∑„π ¡Õß®“°°“√‡°‘¥ acetylation ¢Õß free
aspartate ¥â«¬‡Õπ‰´¡å L-aspartate N-acetyltransferase ·≈–
∂Ÿ° catabolized ‚¥¬‡Õπ‰´¡å aspartoacylase ®“°π’È®÷ßπ” àß Ÿà
‰´‚∑ª≈“ ¡ „πªí®®ÿ∫—ππ’È∫∑∫“∑¢Õß NAA ¬—ß‰¡à‡ªìπ∑’Ë∑√“∫
·πà™—¥ ·µà‡™◊ËÕ«à“

ë ‡ªìπ osmolyte ∑’Ë™à«¬°”®—¥πÈ”ÕÕ°®“°‡´≈≈åª√– “∑
ë ‡ªìπ acetate contributor „π°“√ √â“ß myelin sheath
ë ‡ªìπ·À≈àßæ≈—ßß“π∑’Ë ”§—≠„π‰¡‚µ§Õπ‡¥√’¬
ë ‡ªìπ “√µ—Èßµâπ ”À√—∫ N-acetylaspartyl glutamate
ë ‡ªìπ ligand  ”À√—∫ metabotropic glutamate
„π√–∫∫ª√– “∑°≈“ß¢Õß¡πÿ…¬åπ—Èπ NAA ®—¥‡ªìπ

°√¥Õ–¡‘‚π∑’Ëæ∫„πª√‘¡“≥∑’Ë¡“°‡ªìπÕ—π¥—∫ Õß√Õß®“°
glutamate ‚¥¬ª√‘¡“≥¢Õß NAA §‘¥‡ªìπ 0.1 % ¢ÕßπÈ”Àπ—°
 ¡Õß (wet weight) NAA ®–æ∫Õ¬Ÿà¿“¬„π‡´≈≈åª√– “∑
‡ªìπÀ≈—° ·≈–®“°°“√∑’Ë¡’ª√‘¡“≥ Ÿß®÷ß “¡“√∂µ√«®«—¥‚¥¬
H1-MRS ª√“°Ø‡ªìπ singlet peak ∑’Ë 2.02 ppm ·≈–‡ªìπ
peak ∑’Ë¡’§«“¡‡¢â¡ Ÿß ÿ¥∑’Ëæ∫„π ¡Õßª°µ‘ ®“°°“√∑’Ë NAA
Õ¬Ÿà¿“¬„π‡´≈≈åª√– “∑ (∑—Èß„π cell body ·≈– axon)  NAA
®÷ß∂Ÿ°π”¡“„™â‡ªìπ neuronal marker  ‡æ◊ËÕ∫Õ°∂÷ß§«“¡Àπ“·πàπ
√«¡∑—Èß§«“¡Õ¬Ÿà√Õ¥ (viability) ¢Õß‡´≈≈åª√– “∑ „π gray
matter ·≈– white matter ®–æ∫ NAA ‰¥â„πª√‘¡“≥∑’Ë‡∑à“Ê °—π

Glx
∫π∫à“¥â“π´â“¬¢Õß NAA peak Õ“®æ∫ peak ‡≈Á°Ê

Õ’°À≈“¬ peak ‰¥â ´÷ËßÕ“®‡°‘¥®“° secondary peak ¢Õß NAA
‡Õß À√◊Õ‡ªìπ peak ¢Õß glutamate ·≈– glutamine √«¡∑—Èß GABA
´÷Ëß‚¥¬∑—Ë«‰ª·≈â«·¬°ÕÕ°®“°°—π‰¥â¬“°∑’Ë 1.5 T ®÷ß¡—°æ∫
‡ªìπ°≈ÿà¡¢Õß peak √«¡‡√’¬°‡ªìπ Glx „π™à«ß 2.05-2.5 ppm
‡ªìπ∑’Ë∑√“∫°—π¥’«à“ glutamate ‡ªìπ “√ àßºà“πª√– “∑™π‘¥
°√–µÿâπ∑’Ë∂Ÿ°À≈—ËßÕÕ°¡“®“°‡´≈≈åª√– “∑ ·≈–„πª√‘¡“≥∑’Ë
¡“°¬—ß¡’ƒ∑∏‘Ï‡ªìπ “√æ‘…µàÕ‡´≈≈åª√– “∑ (neurotoxin) Õ’°¥â«¬
¥—ßπ—Èπ∂â“ “¡“√∂«—¥ª√‘¡“≥ glutamate ‰¥âπà“®–¡’ª√–‚¬™πå
Õ¬à“ß¡“°„π°√≥’∑’Ë‡°’Ë¬«°—∫ neurodegeneration, stroke ·≈–
°“√‡√’¬π√Ÿâ „πªí®®ÿ∫—π¥â«¬‡∑§π‘§ phase-rotation STEAM ∑”„Àâ
 “¡“√∂·¬° glutamate ®“° glutamine ‰¥â‚¥¬„™â TE 3.7 msec

√Ÿª∑’Ë 1 MS spectrum ∑’Ë‰¥â®“° ¡Õßª°µ‘„πæ◊Èπ∑’Ë 8 µ“√“ß‡´πµ‘‡¡µ√

∫√‘‡«≥ anterior cingulated cortex (Cho=choline; Cr=creatine;

Glx-glutamate ·≈– glutamine; Lip/Lac=lipids/lactate; Myo=

myoinositol; NAA=N-acetyl-aspartate (¥—¥·ª≈ß®“°‡Õ° “√

Õâ“ßÕ‘ß≈”¥—∫∑’Ë 1)
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Creatine (Cr)
‡ªìπ “√∑’Ë„™â∫àß™’È∂÷ß normal energy metabolism ¿“¬„π

 ¡Õß  ‚¥¬ª°µ‘®–æ∫„π§«“¡‡¢â¡¢âπ Ÿß∫√‘‡«≥ gray matter
¡“°°«à“ white matter   Cr peak ®–Õ¬Ÿà∑’Ë 3.02 ppm (√«¡ creatine
·≈– phosphocreatine) ·≈–Õ“®æ∫ peak ‡æ‘Ë¡‡µ‘¡∑’Ë 3.94 ppm
‰¥â  ‚¥¬∑—Ë«‰ª·≈â«„π‚√§µà“ßÊ ¡—°‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß
√–¥—∫ Cr ¥—ßπ—Èπ®÷ßπ‘¬¡„™â peak ¢Õß Cr ‡ªìπ§à“¡“µ√∞“π
„π°“√‡ª√’¬∫‡∑’¬∫°—∫‡¡·∑∫Õ‰≈∑åµ—«Õ◊ËπÊ ‡™àπÕ—µ√“ à«π¢Õß
Cho:Cr ·≈– NAA:Cr Õ¬à“ß‰√°Áµ“¡Õ“®¡’‚Õ°“ ∑’Ë®–æ∫«à“
§«“¡ Ÿß¢Õß Cr peak ≈¥≈ß‰¥â‡™àπ°—π ‡™àπ „π°√≥’¢Õß
°“√‡°‘¥‡π◊ÈÕßÕ°„π ¡Õß ‡ªìπµâπ ·≈–®“°°“√∑’Ë Cr ‰¡à‰¥â
∂Ÿ° √â“ß¢÷Èπ„π ¡Õß ¥—ßπ—Èπ‚√§„π√–∫∫Õ◊Ëπ¢Õß√à“ß°“¬∑’Ë‡ªìπ
systemic °ÁÕ“®¡’º≈°√–∑∫µàÕ Cr „π ¡Õß‰¥â

Choline (Cho)
Choline ‡ªìπ‚¡‡≈°ÿ≈∑’Ë¡’ à«π ”§—≠„π‡¡·∑∫Õ≈‘´÷¡¢Õß

 “√®”æ«° phospholipids „π‡¬◊ËÕ‡´≈≈å ®÷ß‡ªìπ “√∑’Ë –∑âÕπ
„Àâ∑√“∫∂÷ß°“√À¡ÿπ‡«’¬π¢Õß‡¬◊ËÕ‡´≈≈å (membrane turnover)
À√◊Õ®—¥‡ªìπµ—«∫àß™’È§«“¡Àπ“·πàπ ·≈–§«“¡·¢Áß·√ß (integrity)
¢Õß‡¬◊ËÕ‡´≈≈å §«“¡‡¢â¡¢âπ¢Õß Cho „π white matter
®– Ÿß°«à“„π gray matter ‡≈Á°πâÕ¬  °“√∑’Ë¡’ª√‘¡“≥¢Õß Cho
‡æ‘Ë¡¢÷Èπ®–∫àß™’È«à“¡’°“√ √â“ß‡¬◊ËÕ‡´≈≈å‡æ‘Ë¡¢÷Èπ·≈–¡’ cell
proliferation §«“¡‡¢â¡¢âπ¢Õß Cho Õ“®‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡“°
„π°√≥’∑’Ë¡’°√–∫«π°“√¢¬“¬µ—«¢Õß‡π◊ÈÕßÕ°„π ¡Õß
„π peak ¢Õß Cho Õ“®¡’ à«π¢Õß phosphocholine ·≈–
glycerophosphocholine √à«¡º ¡Õ¬Ÿà¥â«¬ ‚¥¬ peak ¢Õß Cho
®–æ∫∑’Ë 3.2 ppm

Myoinositol (Myo)
Myoiositol  “√®”æ«°πÈ”µ“≈´÷Ëß®—¥‡ªìπ osmolyte

À≈—°„π ¡Õß ‚¥¬ Myo ‡ªìπ‡¡·∑∫Õ‰≈∑åµ—«·√°∑’Ë®– Ÿß¢÷Èπ
„π°√≥’∑’Ë ¡Õß‡°‘¥¿“«– hyperosmolar state  Myo ¬—ß®—¥‡ªìπ
µ—«∫àß™’È ”À√—∫°“√∑”ß“π¢Õß‡´≈≈å‡°≈’¬ (glial function marker)
¥—ßπ—Èπ®÷ß¡—°æ∫«à“§«“¡‡¢â¡¢âπ¢Õß Myo ®–‡æ‘Ë¡¢÷Èπ„π°√≥’∑’Ë
¡’‡π◊ÈÕßÕ°¢Õß‡´≈≈å‡°≈’¬ (glial tumors)  ‡°‘¥°“√Õ—°‡ ∫ ·≈–
Alzheimerûs disease   peak ¢Õß Myo ®–æ∫∑’Ë 3.56 ppm

πÕ°®“°‡¡·∑∫Õ‰≈∑åÀ≈—°Ê ∑’Ë°≈à“«‰ª·≈â«¬—ßÕ“®æ∫
peak Õ◊ËπÊ ‰¥âÕ’°„π°√≥’∑’Ë¡’§«“¡º‘¥ª°µ‘„π ¡Õß µ—«Õ¬à“ß‡™àπ

ë Lipids  “√®”æ«°‰¢¡—π®–æ∫‡ªìπ peak ∑’Ë¡’≈—°…≥–
°«â“ß (broad peak) Õ¬Ÿà√–À«à“ß 0.8-1.5 ppm   “√°≈ÿà¡π’È®—¥
‡ªìπµ—«∫àß™’È¢Õß°“√‡°‘¥°“√ ≈“¬¢Õß‡¬◊ËÕ‡´≈≈å ´÷Ëß®–æ∫‰¥â
„π°√≥’∑’Ë‡°‘¥ ‡π◊ÈÕßÕ°, abscesses À√◊Õ radiation necrosis

ë Lactate ‚¥¬∑—Ë«‰ª·≈â«„π ¡Õßª°µ‘®–æ∫ lactate
‰¥â„πª√‘¡“≥∑’ËπâÕ¬¡“° lactate ‡ªìπ‡¡·∑∫Õ‰≈∑å∑’Ë‡°‘¥¢÷Èπ
®“°°√–∫«π°“√ anaerobic respiration ¥—ßπ—Èπª√‘¡“≥¢Õß
lactate ®÷ß¡—°®–‡æ‘Ë¡¢÷Èπ∑”„Àâæ∫‰¥â‡¥àπ™—¥„π ¿“«–∑’Ë¡’

anaerobic glycolysis ‡°‘¥¢÷Èπ ‡™àπ ¿“«– brain ischemia,
hypoxia, seizure, metabolic disorders ·≈– macrophage
accumulation πÕ°®“°π’È lactate ¬—ß – ¡‰¥â„π‡π◊ÈÕ‡¬◊ËÕ∑’Ë¡’
°“√‰À≈‡«’¬π¢Õß‡≈◊Õ¥πâÕ¬ ‡™àπ „π∫√‘‡«≥¢Õß cysts, necrotic,
cystic tumours ·≈– pressure hydrocephalus ‡ªìπµâπ „π high
grade tumors ‡™àπ glioblastomas ́ ÷Ëß‡®√‘≠®π‡°‘π§«“¡ “¡“√∂
¢Õß blood supply °Á®–‡°‘¥ anaerobic glycolysis  ∑—Èßπ’È peak
¢Õß lactate ®–¡’≈—°…≥–‡ªìπ double peak Õ¬Ÿà∑’Ë 1.33 ppm
´÷Ëß peak ¢Õß lactate ®–™’È¢÷Èπ„π°√≥’∑’Ë„™â TE 30 msec  ·µà®–
°≈—∫™’È≈ß∂â“„™â TE 144 msec

ë Alanine (Ala) Ala ‡ªìπ‡¡·∑∫Õ‰≈∑å∑’Ë¬—ß‰¡à·πà„®π—°
‡°’Ë¬«°—∫Àπâ“∑’Ë„π ¡Õß ·µàπà“®–¡’∫∑∫“∑„π citric acid cycle
æ∫≈—°…≥– peak ‡ªìπ double peak Õ¬Ÿà∑’Ë 1.48 ppm  ∫“ß§√—Èß
peak ¢Õß Ala Õ“®∂Ÿ°∫¥∫—ß¥â«¬ peak ¢Õß lactate ´÷ËßÕ¬Ÿà
„°≈â°—π peak ¢Õß Ala Õ“®æ∫‰¥â„π meningioma ∫“ß™π‘¥

°“√π” MRS ‰ª„™âª√–‚¬™πå∑“ß§≈‘π‘°1-5

®“°°“√∑’Ë‚√§À√◊Õ¿“«–º‘¥ª°µ‘∑’Ë·µ°µà“ß°—π “¡“√∂
æ∫«à“¡’ MR spectrum ∑’Ë·µ°µà“ß°—π‰¥â ·≈–®“°§«“¡‡¢â“„®
∂÷ß§«“¡À¡“¬¢Õß “√·µà≈–µ—««à“‡ªìπµ—«∫àß™’È¢Õß ‘Ëß„¥ ∑”„Àâ
°“√Õà“π MR spectrum  “¡“√∂π”¡“™à«¬„π°“√«‘π‘®©—¬
À√◊Õµ‘¥µ“¡°“√¥”‡π‘π¢Õß‚√§‰¥â µ—«Õ¬à“ß‡™àπ

‡π◊ÈÕßÕ°„π ¡Õß
MRS  “¡“√∂„™â„π°“√ª√–‡¡‘π§«“¡√ÿπ·√ß¢Õß‚√§‰¥â

∑—Èßπ’È‡π◊ËÕß®“°‡¡◊ËÕ‡π◊ÈÕßÕ°‡æ‘Ë¡®”π«π‡´≈≈å¡“°¢÷Èπ®– àßº≈
„Àâ‡°‘¥°“√·¬àß∑’Ë·≈–∑”≈“¬‡´≈≈åª√– “∑ ¥—ßπ—Èπ®÷ß¡—°æ∫«à“

ë ¡’°“√≈¥≈ß¢Õß NAA ·≈– Cr  ‡π◊ËÕß®“°‡´≈≈å¡–‡√Áß
·∑π∑’Ë·≈–∑”≈“¬‡´≈≈åª√– “∑ NAA ´÷Ëß‡ªìπ neuronal marker
®÷ß≈¥≈ß πÕ°®“°π’È°“√∑’Ë‡´≈≈å¡–‡√Áß¡’Õ—µ√“‡¡·∑∫Õ≈‘´÷¡ Ÿß
®÷ß∑”„Àâ‡°‘¥°“√¢“¥æ≈—ßß“π – ¡ ∑”„Àâæ∫«à“ Cr ≈¥≈ß

ë ¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß Cho, lactate ·≈– lipids  °“√‡æ‘Ë¡¢÷Èπ
¢Õß Cho Õ“®„™â‡ªìπµ—«∫àß™’È¢Õß recurrent tumor ‰¥â °“√∑’Ë
‡´≈≈å¡–‡√Áß¡’°“√‡®√‘≠‡µ‘∫‚µÕ¬à“ß√«¥‡√Á«∑”„Àâ√–¥—∫ Cho
‡æ‘Ë¡ Ÿß¢÷Èπ  lipids ®–æ∫„π à«π∑’Ë¡’‡π◊ÈÕµ“¬ (necrotic portion)
¢Õß¡–‡√Áß  à«π lactate ®–æ∫‰¥â‡π◊ËÕß®“°°“√‡®√‘≠¢Õß
°âÕπ‡π◊ÈÕßÕ°¡“°‡°‘π§«“¡ “¡“√∂„π°“√ àß‡≈◊Õ¥·≈–Õ“À“√
®π‡°‘¥ anaerobic glycolysis

ë „π°√≥’∑’ËºŸâªÉ«¬‰¥â√—∫ radiation ·≈–‡°‘¥ radiation
necrosis °Á®–æ∫‰¥â∑—Èß  lipids ·≈– lactate

ë Meningiomas Õ“®∑”„Àâæ∫«à“¡’ alanine ∑’Ë 1.48 ppm
Cerebral ischemia ·≈– infarction
„π°√≥’∑’Ë ¡Õß‡°‘¥°“√¢“¥‡≈◊Õ¥ ‡´≈≈å®–„™â°√–∫«π°“√

anaerobic glycolysis  ∑”„Àâ‡°‘¥°“√ – ¡¢Õß lactate  ́ ÷Ëß°“√∑’Ë¡’
lactate ‡æ‘Ë¡¢÷ÈπÕ¬à“ß‡¥àπ™—¥®—¥‰¥â«à“‡ªìπ≈—°…≥– ”§—≠¢Õß
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¿“«– cerebral hypoxia ·≈– ischemia  ∂â“‡°‘¥°“√µ“¬¢Õß
‡´≈≈å (infarct) °Á®–æ∫ lipids ‰¥â

Trauma
‚¥¬∑—Ë«‰ª·≈â« MRS ‰¡àπ‘¬¡π”¡“„™â‡ªìπ„π acute setting

¢Õß head injuries Õ¬à“ß‰√°Áµ“¡„π°√≥’∑’ËºŸâªÉ«¬‰¥â√—∫°“√√—°…“
®πÕ¬Ÿà„π¿“«–ª≈Õ¥¿—¬·≈â« Õ“®„™â MRS „π°“√ª√–‡¡‘π
§«“¡√ÿπ·√ß¢ÕßÕ—πµ√“¬∑’Ë¡’µàÕ‡´≈≈åª√– “∑ ·≈–™à«¬„π
°“√§“¥°“√≥åº≈≈—æ∏å„πºŸâªÉ«¬·µà≈–√“¬Õ’°¥â«¬ ‚¥¬‡©æ“–
Õ¬à“ß¬‘Ëß„π√“¬∑’Ë¡’ diffuse axonal injury °“√∑” imaging
Õ“®∑”„Àâª√–‡¡‘π§«“¡√ÿπ·√ß¢ÕßÕ—πµ√“¬∑’Ë¡’µàÕ ¡Õß
µË”°«à“§«“¡‡ªìπ®√‘ß‰¥â  °“√æ∫ lactate À√◊Õ lipids ®–∫àß™’È«à“
ºŸâªÉ«¬¡’ prognosis ∑’Ë‰¡à¥’

Infectious disease
Brain abscesses ®–∑”„Àâ‡°‘¥°“√·∑π∑’Ë·≈–∑”≈“¬

‡´≈≈åª√– “∑‡™àπ‡¥’¬«°—∫ non-glial tumors  ¥—ßπ—Èπ®÷ß àßº≈
„Àâ‰¡àæ∫ NAA

ë Bacterial abscesses ®–æ∫‡¡·∑∫Õ‰≈∑å ∑—Èß lactate,
cytosolic acid, alanine ·≈– acetate

ë Toxoplasmosis, tuberculoma ·≈– cryptococcoma
∑—Èß 3 °√≥’®–¡’µ—«∫àß™’È∑’Ë ”§—≠ §◊Õ Cho ®–≈¥πâÕ¬≈ßÀ√◊Õ
‰¡àæ∫  „π°√≥’¢Õß toxoplasmosis ®–æ∫ peak ¢Õß lactate
·≈– lipids Õ¬à“ß‡¥àπ™—¥  à«π‡¡·∑∫Õ‰≈∑åª°µ‘µ—«Õ◊ËπÊ ¢Õß
 ¡Õß®–≈¥≈ß   à«π tuberculoma ·≈– cryptococcoma ®–¡’
lactate §àÕπ¢â“ßπâÕ¬

ë MRS ¡’ª√–‚¬™πå„π°“√„™âµ‘¥µ“¡ºŸâªÉ«¬ ·≈–
ª√–‡¡‘πº≈°“√√—°…“¥â«¬¬“µâ“π‰«√— 

ë ¡’ºŸâ π„®∑’Ë®–„™â MRS „π°“√«—¥·≈–ª√–‡¡‘πº≈
¢Õß HIV infection µàÕ ¡Õß ·≈– neuro-cognitive function
Õ¬à“ß‰√°Áµ“¡ MRS ¬—ß‰¡à‰«æÕ„π°“√∑’Ë®–µ√«®‡®Õ HIV
encephalitis „π™à«ß·√°Ê ¢Õß°“√µ‘¥‡™◊ÈÕ  „π°√≥’∑’ËºŸâªÉ«¬‡√‘Ë¡¡’
neurocognitive deficits ·≈– AIDS dementia complex
®–æ∫«à“ MR spectrum „Àâº≈ positive ‰¥â  ‚¥¬®–æ∫«à“¡’
Cho ‡æ‘Ë¡¢÷Èπ ·≈– NAA ≈¥≈ß ∑—Èßπ’È‡æ√“– Cho ‡ªìπµ—«∫àß™’È∑’Ë
¥’∑’Ë ÿ¥¢Õß white matter abnormalities   à«π°“√≈¥≈ß¢Õß NAA
°Á®– —¡æ—π∏å‚¥¬µ√ß°—∫§«“¡√ÿπ·√ß¢Õß°“√‡°‘¥ dementia

Pediatric metabolic disorders
MRS ¡’∫∑∫“∑∑’Ë ”§—≠„π°“√«‘π‘®©—¬ ·≈–µ‘¥µ“¡¥Ÿ·≈

ºŸâªÉ«¬∑’Ë¡’ metabolic disorders ´÷ËßºŸâªÉ«¬°≈ÿà¡π’È¡’À≈“¬°√≥’∑’Ë¡’
°“√∑”≈“¬¢Õß gray matter ·≈– white matter  Õ¬à“ß‰√°Áµ“¡
metabolic disorders  à«π„À≠à®–æ∫„π‡¥Á°ÕàÕπ ¥—ßπ—Èπ
®÷ß§«√µâÕß‡ª√’¬∫‡∑’¬∫®“° MR spectrum ¢Õß‡¥Á°ÕàÕπ∑’Ëª°µ‘
´÷Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ºŸâ„À≠à®–æ∫«à“‡¥Á°ÕàÕπ¡’ NAA πâÕ¬
·µà¡’√–¥—∫¢Õß Cho ·≈– myoinositol  Ÿß

Hepatic encephalopathy
≈—°…≥–¢Õß MR spectrum ∑’Ëæ∫„π hepatic encephal-

opathy ®–¡’√–¥—∫¢Õß myoinositol ∑’Ë≈¥≈ßÕ¬à“ß¡“°  √–¥—∫
¢Õß Cho °Á≈¥≈ß ·µà√–¥—∫ glutamine ‡æ‘Ë¡¢÷Èπ (°“√∑’Ë¡’¿“«–
µ—∫«“¬∑”„Àâ¡’ ammonia „π‡≈◊Õ¥ Ÿß ´÷Ëß¡’§ÿ≥ ¡∫—µ‘‡ªìπ
neurotoxin ·≈–∑”„Àâ‡√àß°“√‡ª≈’Ë¬π glutamate ‰ª‡ªìπ
glutamine)

Alzheimerûs disease
∂÷ß·¡â«à“ MRS ®–‰¡à¡’§«“¡‰«„π°“√µ√«®æ∫ Alzheimerûs

disease ‚¥¬‡©æ“–„π™à«ß·√°‡√‘Ë¡ ·µà‡¡◊ËÕ‚√§¡’§«“¡√ÿπ·√ß
¡“°¢÷Èπ°Á®–æ∫§«“¡º‘¥ª°µ‘¢Õß MR spectrum ‰¥â ‚¥¬‡©æ“–
„π°√≥’∑’Ë‚√§¡’§«“¡°â“«Àπâ“®πÕ¬Ÿà„π√–¥—∫ advanced √–¥—∫
¢Õß NAA ®–≈¥≈ß ·≈–√–¥—∫ myoinositol ®–‡æ‘Ë¡¢÷Èπ
°“√‡æ‘Ë¡¢÷Èπ¢Õß myoinositol ®–æ∫‰¥â„π°√≥’¢Õß Downûs
syndrome ‡™àπ°—π ´÷Ëß„π°≈ÿà¡π’È¡’ dementia ∑’Ë¡’§«“¡§≈â“¬§≈÷ß
°—∫ Alzheimerûs disease   à«π dementia ∑’Ë‡°‘¥®“° “‡Àµÿ
Õ◊ËπÊ ®–‰¡àæ∫°“√‡æ‘Ë¡¢÷Èπ¢Õß myoinositol  ¥—ßπ—Èπ®÷ß “¡“√∂„™â
myoinositol ‡ªìπµ—«∫àß™’È∑’Ë„™â·¬° Alzheimerûs disease
ÕÕ°®“°¿“«– dementia ∑’Ë‡°‘¥®“° “‡ÀµÿÕ◊ËπÊ

 √ÿª

®–‡ÀÁπ‰¥â«à“§«“¡‡¢â“„®‡°’Ë¬«°—∫‡¡·∑∫Õ‰≈∑å∑’Ëæ∫‰¥â„π
MR spectrum ¢Õß ¡Õßπ—∫«à“¡’§«“¡ ”§—≠„π°“√™à«¬„Àâ
‡√“ “¡“√∂π”‡Õ“ MR spectrum ∑’Ë‰¥â®“°°“√∑” MRS ¡“„™â
™à«¬„π°“√«‘π‘®©—¬‚√§ ·≈–µ‘¥µ“¡º≈°“√√—°…“‰¥â¥’¬‘Ëß¢÷Èπ
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