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ABSTRACT

Brain tumors have the high mortality rate especialy in children. Thereforeit isrequired to improve early diagnosis
of them. At thismoment biopsy isto characterize them as a gold standard. However it isan invasive method. Since
mr spectroscopy datais specific, we decided to study if we could make differentiation between brain tumors and
normal tissues with metabolites concentrations using MRS without biopsy. Material and M ethods : Totally 25
peopleincluding 8 normal person and 17 patients were studied using a Siemens 3T symphony magneton. | ndividu-
als were subjected to the pulse sequence of point_resolved surface coil spectroscopy (PRESS) with TE of 135 ms
and the pul se sequence of Stimulate echo method (STEAM) with TE of 35 ms. FOV was selected as 160 x 160 mm for
both of them. Conclusion : Cho, Cr, NAA, Cho/Cr and Cho/ NAA were compared between two groups of patient and
normal cases usingKuskal — Wallis test with spss software. Cho and Cr metabolites obtained by STEAM pulse
sequence could be as biomarkers for differentiation between brain normal tissues and tumors.
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INTRODUCTION

Braintumors havethe high mortdity rateespecialy
inchildren™, Thereforeitisrequiredtoimproveearly
diagnosisof them. Some scientistsdeclare MRScould
reveal pathol ogy and tissue specificityinformation’s
ofbrain®4,

Nowadays MRI iswidely used in medical diag-
nostic. However it showsonly anatomicinformation
without information about tissue biochemistry and
metaboliteindices®. ThereforeMRI information mostly
are not only enough for early detection but also for
characterizingof braintumors. At thismoment biopsy is
to characterizethem asagold standard. However itis
aninvasivemethod. In addition sometumorsarenctin
accessfor biopsy. For examplelow gradegliomamay

occur throughout the brain and we shoul d pay attention
tothesite, ageand presenceof disseminated diseasd® .

Fortunately magnetic resonance spectroscopy
(MRS) hasability to providemetabolicinformationin
vivo. Thistechnique usesradio frequency wavesand
magnetic field to provide metabolites spectrumsuch as
Cho, NAA, Cr, Myo-inositol and lactatein safe and
non-invasive conditionfor patient.

In M agnetic resonance spectrum the horizontal x-
axisillustratesfrequency chemical shift localizingthe
metabolitein partsper million (ppm). Thevertical y-
axigllustrates concentration for themetabolites®. Since
thistype of spectrumisspecific, wedecided to study if
we could make differentiation between brain tumors
and normdl tissueswith metabolites concentrationsusing
MRSwithout biopsy.
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Integration of MRI and MRSfindingsinduding ana
tomica and metabolisminformation respectively could
guideustoward thismaingod. Somestudiesput stress
tothisidea

Hollingsworth et al (2006) and Ahmad shokry
(2012) used MRSfor differentiation betweenlow grade
and high gradeglioma®®.

Martin Wilson et a (2013) found the combination
of lipids, glutamineand Myo-inositol could predict sur-
viva inacohort of children with brain tumors?.Tina
young poussaint, and Diana Rodriguesfound alinear
rel ationship between Cho signal and tumor cell abun-
dance™. Stadelbar et al (2006) showed acorrelation
between thetumor infiltration and changesinNAA, Cho
and Cho/NAA ratiol*¥. Cohen et al (2005) showed
NAA fdl inhighgrad gliomd*2.

MATERIAL AND METHODS

Totally 25people (12 femalesand 13 maleswith
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ages ranging from 11-81 years, mean age of
48.68+3.7 years) including 8 normal person (2fe-
males and 6 males with ages ranging from 11-80
years, mean age of 59.31+8.29 years) and 17 pat-
ents with mean age of 43.82+3.58 (10female and 7
mal) were studied using a Siemens 3T symphony
magneton. Water suppression was applied before
getting spectrum. Patientswere subjected to the pulse
sequence of point_resolved surface coil spectros-
copy (PRESS) with TE of 135 ms andthe pulse se-
quenceof Stimulate echo method (STEAM) with TE
of 35 ms. FOV was selected as 160 x160 mm for
both of them. Spectrum was generated by SYNGO
software. According to the above pul se sequences,
N-acetyl aspartate (NAA) resonating at 2.02 ppm,
choline (Cho) at 3.22 ppm, creatine (cr) at 3.02 ppm
and myo_inositol (myo) at 3.56 ppm were pro-
duced™!, The metabolitesconcentrationsaong with
Cho/Cr, Cho/NAA ratios were compared between
two groups of patient and normal cases usingKk uskal

TABLE 1: H MRSdata of 25 casesfor brain metaboliteswith singlevoxel spectroscopy in two separ ate pulse sequences of

STEAM and PRESS

H MRS sequence

Ei;:;et STEAM PRESS Tumor
(y)/sex TE30m = TE 135m se grade
Cho Cr NAA Cho/Cr Cho/NAA Cho Cr NAA Cho/Cr ChdNAA

1/1/F 4177 135.00 261.67 31 .16 5190 13200 270.00 .39 19 N
2/65/M 83.85 10150 214.00 .83 .39 66.00 59.65 53.95 111 1.22 N
3/70/M 70.20 41.60 172.00 169 A 165.50 166.50 179.00 .99 92 N
4/56/M 19.19 67.85 188.70 .28 .10 4115 5700 75.35 72 55 N
5/80/M 86.90 472 64.80 18.41 1.34 9220 6267 52383 1.47 1.75 N
6/76/M 73.35 50.70 115.00 1.45 .64 25,77 20.61 40.90 1.25 .63 N
7/75/M 61.05 3933 3313 1.19 N
8/39/F 4.86 54.60 .09 14533 32,67 123.33 4.45 1.18 N
9/35/M 204.87 9453 239.00 217 .86 218,00 7020 40.90 3.11 5.33 Low
10/34/M 239.00 187.00 393.00 1.28 .61 214.00 14050 22250 152 .96 Low
11/57/F 27295 12240 97.70 2.23 2.79 211.63 173.17 75.70 1.22 2.80 Low
12/33F 108.00 74.30 291.00 1.45 .37 168.00 133.67 106.00 1.26 1.58 Low
13/47/M 215.00 160.00 356.00 134 60 270.67 224.33 13243 1.21 2.04 Low
14/24/F 4630 96.40 99.30 A48 47 3773 5640 5593 .67 .67 Low
15/29/M 12150 149.00 404.50 .82 .30 130.53 14800 96.85 .88 1.35 Low
16/60/F 34.10 16.80 105.00 2.03 RN 4620 4743 83.60 .97 55 Low
17/53/M 30.80 64.90 197.00 A7 .16 124.40 2040 8550 6.10 1.45 Low
18/51/F 16367 12433 231.67 1.32 .71 123.00 85.13 83.33 1.44 1.48 Low
19/57/F 136.00 59.10 5240 2.30 2.60 95.73 4771 56.27 2.01 1.70 High
20/32/F 156.00 17.60 8.86 7470 76.70 90.97 .97 82 High
21/60/F 86.75 65.25 157.00 133 .55 129.60 5297 64.13 2.45 2.02 High
22/48/M 14000 4.04 280.00 34.65 .50 119.90 36.05 80.01 3.33 150 High
23/56/M 76.65 65.15 162.00 1.18 A7 58.15 57.02 63.80 1.02 91 High
24/58/F 44.13 8217 71.79 54 .61 6.31 2.82 2.28 2.24 2.77 High
2511/F 156.00 75.50 144.00 2.20 1.15 9113 71.07 7017 1.28 1.30 High




216

Evaluation of Cho, Cr and NAA in brain tumor diagnosisusing MR spectroscopy

RRBS, 9(6) 2014

Reguler Peper ==

TABLE 2 : Metabolites mean value in normal and tumorcases for both pulses sequences of STEAM and PRESS

Mean value +standard deviation

HMRS<squence  Signal N Low High
Cho 51.108+9.59 143.61+28.23 106.181+14 31
STEAM Cr 56.17+11.21 108.96+15.54 52.99+8.96
NAA 148.45+28.31 241.41+38.03 156.89+27.86
Cho 72.77+£12.90 154.41+23.65 76.90+12.37
PRESS Cr 5550+12.96 109.92+19.35 48.14+7.36
NAA 94.66+20.82 98.27£15.82 57.05+8.47

— Wallis test with spss software. Reports of at |east
3 expert radiologists were used for making practi-
cal differentiation between two groups and among
different tumors.

For PRESS transverse magnetization isproduced
by the 90° pulse and refocused by the first 180° pulse
and then by the second. PRESSisT2_weighted tech-
nique. For STEAM three subsequent 90° pulse are
used.

RESULTS

TABLE 1 revealsconcentrations of three metabo-
litesincluding Cho, Cr, NAA and ratiosof Cho/Cr and
Cho/NAA for 18 patientsinvolved with brain tumors
and 8normal individuas. Thesedatawereclassfied on
the base of STEAM and PRESS pulse sequences.
Grouping of tumorsto low and high gradesweredone
onthe baseof radiologist reports.

Figure 1 showsmr spectroscopy of brainlow grade
glioma. Itisshownlow level of NAA and increase of
Cho. However dataanaysisfor all patients does not
put stresson that.

TABLE 2 mean values of Cho, Cr and NAA for
normal and tumor caseswith both pulsesequencesadong
withtheir sandard deviations.

TABLE 3revealsmean values of Cho/NAA and
Cho/Cr ratios for normal and tumor cases with two

TABLE 3: Cho/Cr and Cho/NAA ratios for normal and
tumor cases with STEAM and PRESS methods

HMRS , Mean values+standard deviation
equence 1210 N Low high
STEAM Cho/Cr 2.6441.55 1.35+£0.18 6.01+3.76

Cho/NAA 0.4940.11 0.71+0.23 0.84+0.26
Cho/Cr 3.81+2.20 1.83+0.52 1.77+0.26
PERSS Cho/NAA 1.1840.24 1.82+0.44 1.52+0.20

P<0.05, 2 df

pul se sequences of STEAM and PRESS.

TABLE 4 reveals non parametric statistical
analysis results with Kuskal —Wallis test between
normal and tumor casesin both pulse sequences of
STEAM and PRESS. Only Cho and Cr changeswith
STEAM and Cho change with PRESS method are
significant.

TABLE 4 : The results of non-parametric analysis with

Kuskal-wallis test between normal and tumor case
sincluding STEAM and PRESS methods

HMRS sequence signal sig

Cho 0.048
STEAM Cr 0.054
NAA 0.150

Cho/Cr 0.21

Cho/NAA 0.32
Cho 0.057
PRESS Cr 0.154
NAA 0.305

Cho/Cr 0.37

Cho/NAA 0.1

p>0.05, 2 df

TABLE5: Theresultsof parametricanalysiswith Kuskal-
wall istest between nor mal and tumor casesincluding STEAM
and PRESSmethods

HM RS sequence signal sig

Cho 0.55

Cr 0.02

STEAM NAA 0.1
Chofcr 017

Cho/NAA 0.27

Cho 0.4

Cr 0.64

PRESS NAA 0.07
Cho/Cr 0.38

Cho/NAA 0.27
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(A)
Figurel: Forty-seven yearsold malewithlow gradetumor inleft temporal lobeof brain figure (A) showsvoxel on thelesion;

(B) revealssingle voxel M R spectroscopy of theleft temporal lobe using STEAM sequencefor TE=30 msec. It isshown
increaseof Cho, and decreaseof NAA.

TABLE 5 showstheresults of parametric anay-
siswith mann withney test between two popul ations
of normal and tumor cases. Only Cho and Cr changes
with STEAM method aresignificant.

DISUSSIONAND CONCLUSION

Our study on 25 personsincluding 17 patientsand
8normal casescouldn’t approve MR Spectroscopy as
an accuratesgnatureto differentiate braintumorsfrom
itsnormal tissues. However it wasfound Cho and Cr
could beasthereevantbiomarkers. TinaYoung et a
(2009) established linear relati onship between Chosignd
and tumor cell abundance™?. Itisalmost closeto our
results. Mostly Chowashigher in center of tumor and
got down toward peripherd. Increase of cholineisdue
to proliferation and density of tumor cellg*"*8. Alsoin-
crease of Cho showscdl membranesynthesis. Thereis
arel ationship between mitotic activity and malignancy
so increase of choline means tumor
devel opment!*8, However sometimeslow gradeglioma
showsincrease of cholind®®. itisduetoahigh density
of cell in tumor with no proliferation and necrosis.
Also cerebral infarction, inflammation and MS are
other diseases with sign of cholineincrease. There-
foreit is not specific finding!*3.Our study reveaed
Cr changes between normal and tumors cases are

(B)

significant.

Wefound thetype of pul se sequenceisanimpor-
tant factor sothat STEAM could reved thesignificant
changesfor Cho and Cr concentrations between nor-
mal and tumors casesbut PRESS couldn’t. Therefore
research on pul se sequences could guide scientiststo-
ward making adefinitedecisonif MRSisasignature
techniqueor not.

Wecouldn’t find any significant changes for NAA,
Cho/NAA and Cho/Cr ratios between under study
popul ations. However malignant tumors make neuron
destruction causing alossof NAAM, |t wasnot sig-
nificant inour study. NAA isresonating at 2_2.5ppm.
Gliomacould havewidedigtributioninbraintissuewith
keeping normd shapein MRI. Therefor itisnot trueto
compare NAA level between two hemispheresin or-
der to get true diagnosig*4. Some scientists reported
NAA, Cho/Cr and Cho/NAA ratios could beindexes
for differentiation among braintissuesincludingnorma,
low and high gradetumors2%4., It couldn’t be approved
by our study. However itisvery complicated and needs
more study even with new designed pul se sequences.

We used at least 3 expert radiologists report for
classifying tumorsto low and high grades. It shows
it issoon to judge if we could replace pathol ogy by
MRS.

On the whole Cho and Cr metabolites obtained
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by STEAM pulse sequence could be as biomarkers
for differentiation between brain normal tissuesand
tumors.
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