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AbcTpakT

MopaTouure wTo ce go6HBaaT npH cHH-

TAPOT.

meTtaboauTi co in vivo *H-MRS u co asannsa Ha
CMEeKTPHTE Aa C& NPECMEeTaaT OHOCHTE Ha N0Bp-
WHHATE NOA COOABETHHTE NMHKOBH, JIEHTH Kaj

A(Cho) n A(Cho)/A(Cr).
Marepujan u merogu: Bea menurtanm 5 na-
unenTH (3M/2)XK), oa 25-52 rog sospact. Cure

kaze MRI no cexsenua H NpoToxos 3a enuen-
CHH (spc Ir ns cor p2 iso EPI) xako u MR cnexk-
TpHTe Gea cHuMenn co cexseHuara CSI SE 135,

H caukHTe Gea ofpaboTyBaHM co codrsef

MAameT0 Ha MarHeTHO pEe30HAHTHAaTa CIHKa : Numarls/4, Bepsnja Syngo MRC 15.

(MRI) (Magnetic Resonance Imaging), ce kopuc- :

Tar 3a foGusame MR cnextps wa ronem 6pof | oo oo co. npaseHa criopeBa Ha CHMETP!

COeAHHEHHM|a KOM IITO ce A06HBaaT BO TEKOT Ha ' HHTE BOKCEJIH HA COOABETHHTE MUKOBH LITO

MeTaboANTHYKHTE NpeTEopOH BO Mo3okoT(MRI | AO/KAT HA MCTIUTYBaHMTE MeTaGOMHTH oA .

1H. - 3
in vivo 'H-MRS ). Co noMow Ha oBaa HeHHBa3HB | BaTa M leCHATA CTPaHA HA XHIOKAMNANHATA

Ha METOZAA MOXe Zia Ce aHaTH3NpaaT onpejeneH : ruja. Hecrure Gea nocrasesn ToYHo Han ness

6poj coeguHenHja co BOAOPOAHY aTOMH OFHOC- : ‘o O/ MCIUTYBAHHOT BOJYMEH O/ COO/BETH

MO NPOTORM KAKO M APYTH Japa KOMIUITO MoXke | TknBo (ROI op anrregion of interest). MoToa

Aa ce avanuaupaar co MRS (Magnetic Resonance | anRANRa e CTIEKTPHTe Gewe HaBpuiena ac

Spectroscopy), kou fasaart curians Bo MR cnex- | Haumja Ha MMKOBMTe BO chekTapoT M Gea |

| AeHH NHKOBH 0f caensuTe Metaboautu: N
Uen: llen e pa ce NpHKDKAT HCOHTYBaHH -

Peayaratu: Henurysamarta Gea spuienn

(N-auerun acnaparurcka kucemmuna) 2,03-2

. ppm; Cr (kpeatin) docdokpeatun 3,05ppm;
: amuH 3,23 ppm,, ¥ Gelle NPOUEHeT peaTHEH)
{ €OOAHOC NOMefy OBHE MeTa60MHTH BP3 OCH
cepuuse MeraGonnri A(NAA)/A(Cr), A(NAA)/ : wa nospmmnmTe mog KpHsHTe Kow ce B0 e
i JleMa KOHIEHTpaluja BO HCMHTYBAHOTO TK)
: (ROI). Hcro Taka Gewe npuMeneTo T.H. XaHTe
. BO pasM.o.

NANHEHTH CO HAO/A 33 XHNOKAMNAJHA CKJAepo3a

3aknyvok: JlepuHUTHBHHTE pesynTaTi

! omaa CMeKTPOCKONCKAa aHANK3a NOKKaa Ha
: JeHa QoxanHa pejyKuMja Ha HeBpoHanH
: mapkep NAA/ Cr r.e. 'H- MRSI nokaka Ham:
Ha Magnetom Essenza Tim (25x8). CnexTpuTe : pame Bo OHOCOT Ma HHTEHSHTETOT Ha HeE
| HaNHHOT Mapkep N-auetTunacnaprar/(kpea
. ® pocdokpeaTnn) Ha JNIeIHPaHHOT XHIIOKaM'
: AHanusara co XaHmepoeomo npasuno noxam
© Jiexa 0BO] aroJ e sHavumeano Hamasen. Cro
| HeKOM NMOCAeAHH HajefyBara 0BOj Haop e (
¢ HHPHKaHTeH 20 90% Ka) nagueHTHTE co M-T

Kayunw 36oposu: ITpoTon Marxerna pe

. HaHTHA CNeKTpOCKOnHja; enHJIelCHja; TeM
: panHa enuaencuja
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stract

he data provided In the recording of a Mag- parison of symmetrical peaks corresponding vox-

: els which are attributable to the examined me-

* tabolites of the left and right hippocampal region.

ng the metabolic transformation into the : They were placed directly above the lesion of the

1 (MRI in vivo *H-MRS). This non-invasive : tect volume of relevant tissue (ROI from English

. *region of interest”). Then analysis of spectra was

: carried out to assign peaks in the spectrum and

iclel that can be analyzed by MRS (Magnetic : ;154 gther peaks were found in the following me-

: tabolites: NAA (N-acetyl aspartic acid) 2,03 - 2,04
: ppm, Cr (creatine), phosphocreatine 3,05 ppm,
Aim: The aim is to show the studied metab- choline 3,23 ppm and was calculated relative ra-
s in vivo 1H-MRS and by analyzing the spec- : tig of these metabolites on the basis of the area

o calculate the relations of the areas under under the curves which are in greater concentra-

. tion in the test tissue (ROI). The Hunter rule was

lites A(NAA)/A(Cr), A(NAA)/A(Cho) and also applied.

 Resonance Imaging (MRI), is used for ob-
ng MR spectra of many compounds obtained

10d can analyze a certain number of com-
1ds with hydrogen atoms or protons and oth-

nance Spectroscopy), which provide signals
R spectrum.

respective peaks, strips in the following me-

ho) /A(Cr).

Material and methods: 5 patients were ex-
ned (3M / 2H) of 25-52 years old. All patients
1 a diagnosis of hippocampal sclerosis in
ch MRI sequence protocol for epilepsy (spcir
or p2 iso EPI) and MR spectra were record-
vith the sequence CSI SE 135, the Magnetom
enza Tim (25x8). Spectra and images were

go MR C 15.
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Conclusion: Final results of the spectroscop-

: ic analysis showed reduced focal reduction of
: neuronal marker NAA / Cr Le. 'H-MRSI showed
: a decrease in the ratio of intensity of the neu-
° ronal marker N-acetilaspartat / (creatine and
. phosphocreatine) of harmed hippocampus. The
: analysis by Hunter rule shows that this angle is
. significantly reduced.

cessed with the software Numaris / 4 version

Key words: Proton Magnetic Resonance

Spectroscopy; epilepsy; temporal lobe epilepsy
Results: The tests were carried out by com- :
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Introduction

The data provided In the recording of a Mag-

netic Resonance Image (MRI) (from Eng. Mag- : and takes place through complex chemical mec

netic Resonance Imaging) or MR image, used for : anisms where various macroscopic changes o

obtaining MR spectra of many compounds is 0b- | cyrs in the anatomical structure of the nervot

tained in the course of metabolic transformation : tissue with characteristic cell heterogeneity (2)

into the brain,

In Table 1, are the most important metabo- : and approaches for testing of chemical and bic

lites that may be determined by means of Mag- | chemical transformation into special anatomica

netic Resonance Spectroscopy, MRS (from Eng. : functional or clinical (locations) parts of tissu
. such as lesions, tumors or other histopatholog
Examined metabolisms and used sequenc- : jcal changes. To obtain adequate data for thes
: chemical changes, MRS developed various MF
: sequences of different RF (Radio Frequency) an
: the magnetic field gradient G at the fixed magne!

i field of the instrument Bo.

Magnetic Resonance Spectroscopy).

es in MRI and in vivo 1H-MRS

With this non-invasive method, MRS can ana-
lyze a certain number of compounds of hydrogen
atoms or protons or other nuclel, because they
give signals in MR spectrum,

The metabolism of the brain is very comple

It is therefore necessary to develop methoc

In everyday medical practice of radiologist:

many different sequences are used and therefor

Proton 'H 63,9 112 99,98

Phosphorus »p 25,9 12 100,00

Natrium “Na 16,9 3/2 100,00

Carbon B3C 16,1 1/2 1,1

Deuterium ‘D 9,8 1 0,02

Nitrogen "N 6,5 12 0,37 ‘
Oxygen 70 8,7 5/2 0,04 !
Fluorine 7F 59,8 12 100,00

Lithium 7Li 24,9 3/2 92,50

Table 1. Cores active in MRS, spins and frequencies and finding in nature (Barker etal.) (1)

GE; GE) GE, GE. GE- GE4 GE: GE. GE.GE..GE,

&= TE

SE

Fig. 1A. Schematic echo planar sequence

>
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A}’

,'—)'ortant problem is the standardiza-
LJuences and data collection tools by °
_netic Scanners).
~ractice, the literature often encounters :
2quences Point RESolved Spectroscopy :
; Bottomley, 1984) (3) and STimulated °
Acquisition Mode (STEAM; Frahm et al, :
) (4).

Proton Magnetic Resonance Spectroscopy of Brain (1H-MRS ) in patient with temporal lobe epilepsy

The most common way of analyzing the spec-
tra is to calculate the relationship of the areas un-

¢ der the respective peaks, strips in the following

metabolites A (NAA) / A (Cr), A (NAA) / A (Cho)
and A (Cho) / A (Cr) . With reference solutions
(standards) of known concentration and using
standard solutions and analysis phantoms, the

: absolute concentration of important metabolites

in brain tissue can be determined (5).

terial and methods

n our work we always used sequence and :
acol epilepsies (spc ir ns cor p2 iso EPI), and
ipectra were recorded with the sequence CS| :
35, on Magnetom Essenza Tim (25x8).
‘ig.1A, presents the standard EPI sequence :
- Echo Planar Imaging, EPI - which in Sie-
s Is referred to as EPI SE, ie. spc_ir_ns_cor_ :
s0_EPI)
‘or the simplest analysis of MR spectra, the :
so called Hunter angle is used. It is an angle
ght line, which describes the slope of the :
troscopic profile in MR spectrum of peaks of
ibolites, which are synthesized in the white :
er of the brain.

(A)

?§i5939g§§

This technique is known as in vivo Magnetic

: Resonance Spectroscopy, because it is non-inva-
: sive method and It is used for testing of various
. disorders in the body and in various organs as
* additional diagnostic method of standard MRIL
i Measurements can be made to the specific vol-

ume whose dimensions can be 2 x 2 x 2, This

. small volume is known as voxel by analogy to

the lowest point in the two-dimensional image,

¢ which is known as a pixel. The spectrum that is

obtained from the tests is the sum of the sepa-

- rate IR spectra of metabolites in the body that are

found in higher concentrations (Fig. 1A).

4 35 3

25 2 15

Chemical shift / ppm

A.2a) Linear combination (sum) of the individual MR spectra of major metabolites are found in the
biochemical transformations and b) Separate MR spectra of these metabolites (6)

psy and Neurology, Year 15/16, Number 47 /48
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2]

Right
hippocampus

Left

hippocampus

Fig. 3A. (Patient D.L) MR in range
from 0 to 4.5 ppm, 1,5T.

Results

Studied metabolites in vivo 'H-MRS
N-acetyl aspartate

is given in Table 1. After the water this is most

sue (Clark 1998; Gasparovic et al, 2001) (8,9).

tate to acetyl-CoA by a reaction catalyzed by as-

iological role of NAA.

However, there Is general agreement that

primarily synthesized in the mitochondria, i
: precursors found in mitochondria and therefo
i itis assumed that this compound is synthesize
. in neuronal mitochondria, although there is fi
| formation that can be found in their cytoplasr
: There are many other facts that are unexplaine
and that can be found in a number of synoptic aj
: ticles of this metabolite (11).

Similar to many trials of metabolites using |

vivo 1H-MRS, in all examined patients this me
: tabolite gives most intense peak of 2,02 ppm.(T:
: ble1)

Creatine and phosphocreatine

Together with creatine and phosphocreatin

: give remarkable peak at about 3,03 ppm (Fi
2A). This peak is due to the three hydrogen nucle
. of methyl group of creatine or phosphocreatine
. Often observed another peak at about 3,94 ppm
. This singlet derives from metile hydrogen atom
. of creatine group (Govindaraju et al. 2000) (12
. Because of the similar structure of these com
© pounds, occurs overlapping of their peaks an
. therefore the strip about 3,03 ppm Is assigned a
: amount of absorption of protons and of the cre.
© atine and phosphocreatine.

Analysis of MR spectra of metabolites

All above indicated parameters, principle:

and knowledge in the actual moment, 5 patient:,
: were examined (3M/2F) of 25-52 years old. Al
The molecular structure of this compound patients with a diagnosis of hippocampal sclero
- sis the MRI sequence and epilepsy protocol (sp
prevalent compound and because if this it occurs ' Ir ns cor p2 iso EPI) and MR spectra were record

most often as the most intensive peak in the MR ed with the sequence CSI SE 135, the Magneton

spectrum of nervous tissue as a single peak in : Essenza Tim (25x8). Spectra and images wer¢

about 2 ppm (Fig.1A), this intense peak due to processed with the software Numaris / 4 versior
three hydrogen nuclei of the acetyl methyl group :

of the NAA. In addition, a careful analysis of the : by the most characteristic peaks typical MR spec

spectrum shows and other peaks derived from : 2 In tested patients.

this compound and about 2, 49 and 2, 67 ppm. ?

For NAA is often considered that is a marker for : SYmmetrical peaks corresponding voxels that are

active nerve tissue (Meyerhoff et al. 1993) (7). :

But, there are many cases where the level of NAA : Tight hippocampal region. They were placed di.

shows the change of condition of the nervous tis- | ectly above the lesion of the test volume of the

: relevant tissue (ROI from Eng. region of interest)

Otherwise, NAA Is synthesized from aspar- The voxel positioned just above mesial tempo

: lobe to cover big part of the hippocampusin a b

partate N-acetyltransferase (10). The analysis of : to avoid partial-volume effects of surro

the results of previous studies show that there js | Structures, including the amygdala, cereb

still no agreement on the subcellular location of : 'd and parahypocampal gyrus, With the B

this compound in the brain and around the phys- : transform, the output signal (FID) transl/z“

. anappropriate MR spectrum. ,

Syngo MR C 15, First, the assignation was madu

The tests were carried out by comparison o

attributable to the examined metabolites left anc

Then by analysis of spectra, the 2
Epilepsy and Neurology, Year 15/16,8
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the spectrum was carried out. The
re found by the following metabolites:
-acetyl aspartic acid) 2,03-2,04 ppm; Cr
~ne) phosphocreatine 3,05ppm; choline .
‘ppm., and relative ratio of these metabolites
calculated on the basis of the area under the
es which are in greater concentration in the :
it tissue (ROI).

iscussion

Studies show that creatine and phosphocre- :
ine are found in white and in gray matter and :
all types of tissues of the brain parenchyma, :
cluding to neurons, astrocytes and oligoden- :
ocytes. Although in the past it was belleved
at the content of creatine and phosphocreatine :
the brain had been due to supply through the °
sod from other organs, the new findings sug-

" Buonocore (11).

| smpounds of choline

-dle 2. invivo M

RS of a voxel in a patient wi

2,02

st that there is a possibility of local synthesis
these compounds involved with local synthe- :
; in energy metabolism (13) of the nervous tis-
¢ of the brain. For other aspects of these com- :
unds has a number of new data discussed in :

: Fig. 4A. Graphic display of normal MRS in white

eat overview paper of ]. Maddock and Michael matter of the brain and of the Hunter angle (16)

intensity of the peaks of choline is considered
an indicator for the accumulation of breakdown
products of myelenic shell, which occurs during
intensive or active demyelination (Yue et al
2009) (15).

The results of the relative ratios of the con-
centrations of metabolites are given in Tables 4.

. The so-called Hunter rule was also applied (Alex-
© ander Lin, 2005) (16).

i
D i T et T3]

c.oFLI--.--n
Cr 3

. - "™ -L-nu'

: Cho i Lactate
M-. ‘-i-.—;—.'
I o-:-c '

Lipid
: 3 2 7
L

Many different merged into brain tissue

: Ratio of the reference metabolite NAA / Cr is
! made. Reference metabolite has a value 1 and the
ratio of the areas is compared in terms of the con-

ntain polyatomic residue (group) of choline. centration of this metabolite (2).

ne hydrogen atoms choline residue that are :
irt of the structure of the trimethyl ammoni- :
n group consisting of trimethyl groups with
ree hydrogen atoms, give an intense peak at :
wout 3,21 ppm. In brain cells, the phosphoryl
oline (PCho) and glicero phosphoryl choline :
PCho) are the primary sources of this intense :
- ak The joined components are phospholipids :

‘the component and myelin membranes of the
ain parenchyma cell (Boulanger et al. 2000) :
4). Other derivatives of the brain membranes :
Ivc Jower concentrations and therefore cannot
- detected by this type of MR spectra. Because
.these features, peaks that are observed in the
sctra represent an indicator of the changes In °
+ cell membranes of brain tissue. The increased :

th hippocampal (left),

p—— e R T "v".‘f"—l"-:"‘ S

| 3,04 1,17 4,10 5,10
10 3,22 1,21 3,70 4,78
2 3,93 0,52 5,00 4,10

“hemical shift; A - Peak area

llepsy and Neurology, Year 15/16, Number 47 /48
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%39

NAA 2,02

Table 3. in vivo MRS of a voxel in a patient with hippocampal

(right).

4,90 —— .‘ ke,

Cr 3,04 0,89 5,00 4,75
Cho 3,22 0,96 4,90 5,02
2 3,93 0,56 10,80 9,53

& = Chemical shift; A - Peak area

The table below shows the relative relation between the areas of signals due to major metabolites:

A(NAAYA(CT)

Table 4. Normal and pathological values of the relation areas to major metabolite

2,0 <1,6
A(NAA)/A(Cho) 1,6 <1,2
A(Cho)/ A(Cr) 1,2 >1,5

*-According to: (http://spInwarp.ucsd.edu/neuroweb/Text/mrs-TXT.hnn)
Table 5. Normal, pathological values and determined relative ratio of the areas to major metabolites in

tested cases

A(AA)IA(Cr) A ur 2,0

<1,6 1,44

A(NAA)/A(Cho) 1,6 <1,2 1,36
A(Cho)/ A(Cr) 1,2 >1,5 1,05

Moreover, the application of Hunter rule indicates that the angle is less than 45 °,
Table 6. Normal, pathological values and certain relation surfaces of some important metabolites in tested

cases.

A

AA)/A(Cr) » 2,0 <1,6 1,47
A(NAA)/A(Cho) 1,6 <1,2 1,57
A(Cho)/ A(Cr) 1,2 >1,5 0,94

The calculated ratio of the areas in the ap- Conclusion

propriate metabolites are lower than normal. It

relates primarily to the relation A(NAA)/A(Cr) of

the peak areas of N-acetyl aspartate and creatine. ; Showed reduced focal reduction of neuronal

Final results of the spectroscopic analysis : marker NAA/Cr ie. *H-MRSI showed a decrease

showed reduced focal reduction of neuronal in the ratio of intensity of the neuronal marker
marker NAA/Cr i.e. 1H-MRSI showed a decrease :

in the ratio of intensity of the neuronal marker : °f harmed hippocampus. The analysis by Hunter

N-acetyl aspartate/(creatine and creatine phos- ruleshowsthatmisangleissl@iﬂcanuyreduced.
phate) of affected hippocampus. Moreover, the :

analysis with Hunter rule shows that this angle ;onc}l)uc‘tjed . fal? additional test method is u
(Fig. 4A) Is significantly reduced. According to : “0ubted proof factor to confirm the lesion

some recent investigations, this finding is signifi- loss of pyramidal cells in M-TLE.

cant to 90% in patients with TLE M (17).

Final results of the spectroscopic analysis

N-acetilaspartat/(creatine and phosphocreatine)

Metabolic spectroscopic investigation, which was

Epilepsy and Neurology, Year 15/16,
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