Opyyn Monouiin lunowcnax Yxaan Comeyyn

Contrast-enhanced MR imaging of brain tumors:
Comparison with T1-CUBE and 3D fast spoiled
gradient recall acquisition in steady state sequences
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Abstract: We compared the gadolinium enhancement characteristics of a
heterogeneous population of brain tumors imaged by T1-Cube and 3D fast
spoiled gradient recall acquisition in steady state (3D FSPGR) at 3-tesla MR
imaging with time-dependent changes. Previous studies, reported that the
CNR of brain metastasis on SPACE was significantly higher than that for
MPRAGE at 3T MRI. In this study, we acquired T1-Cube images before and
after 3D FSPGR images because a longer delay after injection of contrast
agent results in greater enhancement, so 3D FSPGR images would be expect-
ed to exhibit greater enhancement than T1-Cube images. However, the overall
mean CNR value and most tumor subtype mean CNR values were higher on
T1-Cube images with both order sequences. Gd enhancement of the same
heterogeneous population of tumors was higher using T1-Cube than 3D FSP-
GR, and suggest the superiority of T1-Cube to 3D FSPGR for the detection of

metastatic brain lesions.

Background and purpose: T1-Cube (GE HealthCare) is
a relatively new 3-dimensional (3D) fast spin echo (FSE)-
based magnetic resonance (MR) imaging sequence that
uses a variable flip angle to acquire gap-free volume scans.'
We compared the gadolinium enhancement characteristics
of a heterogeneous population of brain tumors imaged by
T1-Cube and 3D fast spoiled gradient recall acquisition
in steady state (3D FSPGR) at 3-tesla MR imaging with
time-dependent changes.

Materials and methods: A totally 91 lesions from 52 pa-
tients with brain tumors ((17 patients with metastasis (51
lesions), 17 with high grade glioma (HGG, 19 lesions), 7
with primary central nervous system (CNS) lymphoma (10
lesions), and 11 with meningioma)), the two sequences
in 3T MRI (Discovery 750, GE Healthcare, Milwaukee,
WI) were examined after administration of contrast agent
(Gd-DTPA, 0.1 mmol/kg). Scan parameters for T1-Cube
images (TR/TE 500 ms/15.1ms, bandwidth 50 kHz, slice
thickness 1.2 mm, matrix 384x256, echo train length 18,
flip angle 15, number of excitation 1, FOV 24x24 cm, ac-
celeration factor 2x2, number of slices 160, scan time 4
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minutes 5 seconds. Scan parameters for 3DSPGR images
(TR/TE 10.4 ms/4.4ms, bandwidth 31.25 kHz, slice thick-
ness 1.2 mm, matrix 384x256, flip angle 15, number of ex-
citation 1, FOV 24x24 cm, acceleration factor 2x2, number
of slices 160, scan time 3 minutes 34 seconds. Fifty-one
(metastasis 32, HGG 11, meningioma 5, PCNSL 3) of the
91 lesions (56.04%) were depicted with T1-Cube first, and
40 (metastasis 19, HGG 8, meningioma 6, PCNSL 7) le-
sions (43.96%), with 3D FSPGR first. We measured the
contrast-to-noise ratio (CNR) which is the signal intensity
(SI) of a tumor and normalized by SI of the white matter
for each sequence on the pre and post contrast 3D FSPGR
and post contrast T1-Cube images. Two neuroradiologists
measured ROIs (a hand-drawn polygonal ROI was defined
as large as possible contrast enhanced area to exclude ne-
crotic areas of the lesion) twice separately.

Results: The mean CNR was significantly higher on T1-
Cube images than 3D FSPGR images for the total tumor
population (Tab.1) (2.23%1.4; 1.99+1.55; P<0.0001) and
the histologic types, i.e., metastasis (2.36+1.62; 2.02+1.58;
P <0.001) and HGG (1.79+0.89; 1.34+0.71; P < 0.05). By
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the analysis concerning with sequence order, the first T1-
Cube (Fig.1): mean CNR was slightly larger (2.18+0.73;
2.124+0.67; P<0.0001) and the first 3D FSPGR (Fig.2):
mean CNR significantly higher (2.28+0.16; 1.82+0.42;
P<0.014) on T1-Cube images than on 3D FSPGR imag-
es. The difference in mean CNR was both of larger (56.3-
1094.3 mm?; 2.12+1.47+1.07; P<0.05) and smaller (10.6-
50.7 mm?; 2.60+1.71; 2.4941.80; P<0.011) tumors in the
metastatic group (Fig.3).

Fig.1: T1-Cube first. Well-enhanced lesions (lung
metastases) on a sagittal T1-CUBE image (a) and the
corresponding sagittal 3DFSPGR image (b). Multiple

small and well-enhanced lesions are more clearly revealed
on the T1-CUBE image than on the 3DFSPGR image
(arrows)

Fig.2: 3D FSPGR first. Appearance of small enhanced
lesions (lung metastases) on an axial T1-CUBE image (a)
and the corresponding axial 3DFSPGR image (b). A small

nodular lesion was barely detectable above background

on 3DFSPGR (arrow).

Tab.1: Comparison of CNR as measured by T1-CUBE
and then 3DFSPGR for all tumors.

T1-Cube CNR FSPGR CNR  Pvalue
223+140 1.99+155 P<0.0001
2.18+0.73 2.12+0.67 <0.0001
2.28+0.16 1.82+042  P<0.014

Data are mean = SD for 91 all lesions and first CUBE: meta-32, HGG-11,
meningioma-6, lymphoma-3, first SPGR: meta-19, HGG-8. meningioma-3,
Ivmphoma-7

All tumor

First T1-Cube
Furst FSPGR

-251 -

Tab.2: Comparison of CNR as measured
by T1-CUBE and then 3DFSPGR
for large and small metastatic tumors.

T1-Cube CNR FSPGR CNR P value

Small metastatic
tumor

2.49+1.80  P<0.011

Large metastatic
tumor

P<0.05
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Fig.3: Column bar shows CNRs for 4 brain tumor types.

HGG: high grade glioma, PCNSL: primary CNS lympho-

ma, *(<0.05); **(<0.01): significant difference (P < 0.05,
Mann—Whitney U test) between tumor groups.

Discussion: Previous studies, reported that the CNR of
brain metastasis on SPACE was significantly higher than
that for MPRAGE at 3T MRI.!? In this study, we acquired
T1-Cube images before and after 3D FSPGR images be-
cause a longer delay after injection of contrast agent re-
sults in greater enhancement, so 3D FSPGR images would
be expected to exhibit greater enhancement than T1-Cube
images. However, the overall mean CNR value and most
tumor subtype mean CNR values were higher on T1-Cube
images with both order sequences.

Conclusion: Gd enhancement of the same heterogeneous
population of tumors was higher using T1-Cube than 3D
FSPGR, and suggest the superiority of T1-Cube to 3D
FSPGR for the detection of metastatic brain lesions.
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OAPXJTAA IDMXUX DMUMD - TAUXAMLLIMIT YCPINT

B Xasparnax apra 6a TyH
POHKONENKWHBIN XOHOIT HAar yoaa apbcaH [0op 3cBan
cyocaHno  gycriaap  TapbX  X3parnaHa. Amnyntam

» D00 BHOTEX, Pooow, 199004, Cassr-Neeplype
np B0, o 4143 x 208,
TECH e 913 56016

Banamanuir 1,5-2 mn TapuaHbl ycaap LUMHIMaNX POHKO”EMK”H

apbcaH [oop TapuHa. banomanuiH yycman eHreryi TR ETRERN e et PEXCMEINUMNTI N
- o us " PACTBOP ANA BHYTPMBEHHOIO U

TyHranar, ragHbl AMap HaraH xonburyn Banx Ecton. NOAKOXHOrO BBEAEHWSA

Avnyntan Banomanunr Hatpua xnopuaobiH 400 wmn
M30TOHUK yyCMana Xuix HawmpyynaH cyocaHa oycnaap
TapuHa. YycmarnbiH HWAT 333anxyyHuar 4-6 uarumH
TYpLU cyacaHa aycnaap XMnHa.

CTEPUNEHO
5 AMNYN MO 1 MA

0,5 M (500 000 ME)

Tepen BypuiH LUanNTraaHT VXMUAH yed HacaHo Xyparcaso — apbcadH pnoop 1-3 ymaa Tapux 3acBan
PonkonenkuHbir 1-3 xoHorunH 3antam 0,5-1,0 mr—p cyacaHn TapbX xaBcapcaH aMynnras XunHa, XyHa
ABLUTaM V>KNUnH yen PoHkonenkunHbl 1—-3 83K amMuunras xumHa. 3anx amuunras 0,5 mr—p 24 uarnmH
3anTan cyocaHn oycnaap @ yaaa TapvHa. 33nX aMuYunrad XoopoHAoo 48 uaruinH 3antam XMnHa.

PoHKONEMKMHbIr XyyXO84 CyacaHd aycnaap TapbX XaparnaHa. PoHkonemkuHbir xaparnax Byayysy Hb
HacaHO Xyparcam, xyyxasa wxun BanHa. Banamanuir HaTpun XNopyabIH U30TOHMK yyCcManaap LLUWMHIaMX
XUNHA. Banamanuir xuix Har yaaaruiiH TyH, W30TOHUK YyCMarbiH 833MXYYHWM XaMXa3 XYYXOUAH HacHaac
xamaap4 eep eep banHa.

AHX yoaa WnNapcaH HIBYSNT LOOPONTOT YYLUMMHBI CYPbESrUH yen eBepMell OfoH XUMW 3achnbiH
aMyunrasHun cyypuH nasp PodkonenkuHbir 0,5 mr—p 48 uarvmH 3amTtain 3 yoaa cyacaHd aycnaap
TapbX X3ParnaHa.

BeepHuin acuinH ycapxuincad Ba xacar raspbiH Tapxman XopT xaBapbiH yend PoHKONenkyHbl 33mX
amyunraar napaax Bananaap xmnHa. YyHA:

— Bangmanuir xaranraanel emHe 0,5 mr—p 24 uaruiiH TypLu Har yoaa cyacaHp 3cBan apbcaH Ooop
TapbX X3pParnaHa.

— B nonoo XOHOrWAH 33X OapxnanbiH XMMYW 8MYMNraar axHUn 4 00n00 XOHOTUAH Typr Har eHxeen 2
Mr—p cyacaHa TapbX XUH3. 3anX amuunraar 1-2 capbiH apaa AaBTaH AByynHa.

B 3cpar 3aanT

BanomanuinH Havpnarag opcoH anb Har GooucT acsan VitepnemkvH—2-T X3T M3Opar rax BeBYTeH
acyyMXua WN3pXWANCaH, 8Crary XepeHreHO XapLuwnTawm, XUP3MCaH, ayTOMMMYHHbl amrartan Ganx,
3ypxHu pytaransiH |l 3apar, 6eepHun apxar aytarpan [IB-IA, yywru—3ypxHui gytaransid il 3spar,
anarHui aytaronbiH 3UcUAH ye waT, BeepHun apTepuiH ypbadwuncaH mexaHuk ambonuaauaap
apunaxryn apTepy—BEHWUAH LLaxanT yycaX, aBackynAap xaBOap 3cBan beepHuin xopryin xaBnap, 6espHui
3CWINH XOPT XaBapblH 3UCUMIH ye waT BonoH yynuHxant xanbap, yCapXumincaH TapXviHbl FaMTan.

B bBycan amuinH 6anamanyyaran xapunuaH Heneenex
PonkonenkuHbir Bycan 6yx TepnuitH amuiaH Banamanyyaram xaBcapy xaparnax bonHo. Bep amuiH
BanamanTan PoHKONEnKMHbIM HAr TapuypT, dnakoHO XonbX xaparnax bonoxryw.

3MUYUMH KOPOOP OMroHO Mownron 3m UMnake
Konyepn

B Yinosapnary
“Buotex”, Cankt-Tletepbypr xot, OXY

Ipyyn maHaniH nasnax 1800-1923
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36BX6H BMUYKMWH JKOPOOP OJITOHO.

BFLUID nycislH IAHTIH
AMUH XYY, TIFOKO3, 3p;13¢ 00 1MC 00JIOH B1 amMuH15M

XOOpOH/I Hb XOJIMX 30pUyJIaiTTai,
TycraapnaracaHs 2 xacraac¢ OypacoH
BFLUID nycibiH HIWHT3H.

Ja3a xacarT: Dpasc 6oaucyya, aMuH
XYYV aryyJcaH.

Hoox xacart: Dpasc 6oaucyyn, Bl
aMUH]I3M, TITHOKO3 aryyJicaH.

XAHTANTTAH XOMIKIFTIBP WIIXTYH Oaliradaradc UIANTTAANCAH THKIINMHAH IYTATIIBIH VI,
LYCaH Naxb YYPruiiH TYBIIMH XOHIeH XIMA3IH Daraccan yea, MiC 3acan IMUHArIIHUIL eMHe
00T0H mapai VeI, SMUTYYISTIINIH 3aXEIH BCHUIH CYACAAD AMUH XYUTYYA, 3pIac 00InCyya,
Bl aMuHa3M, LIMHTIHUET HEXHe.

X3parisx 32401

K3parmaxuiid eMHe X0Ep X3CcrHiid rona faifraa maeir 3a11aH X0€p yYCMaTBIT calTap XOIHHO.
Hacana xyparaauiin cpouiia TyH S00MI-uiT 3aXelH BCHHITH cymac(unyy, OYranraHel BCHHIH
Noporuox apra.  cynac, waraiiHaac 1331 Saiipaax BeHMiH cynac)-Ha aycnaap tapusa. Hacann xypardasa 500
Tyu MI-HiH Iycasr 120 OpaHM MHHYTAAC HX XYTAUAATaap CPIMEH Xypdaap IycaaHia, OHmep
HACTAH, MOH XYHI OBYTIH 3MUIYYIdryadil AyCiAbiH XYDPABID YAaalupyynax ilaap.uararai.
OMuTyyIarauita Oucnita Oaitman, 6ueHitd skuH 60OT0H HACHHI TOXHPYYIAH TYHT 30XHIYYITAX

X3parTail. Xouoruiin 0201 ryn: 2500mn Gaiixa.

HH OYTI3INIIXYYHHHT SMYHAN 32aBap, 30BJOMMK, 3SMHHH 32aBPBIH 1aryy 3sMUYHITSHI X3P3MI3IH).

Haiipnara
2330 x3¢3r He 3pa3c 00AKC, AMMH XYUWIHIH YyCcMan, 400 X3C3r Hb apadc doauc, Bl aMuHaiM, [IHOKO3bIH yyCMan
ATyYYTHY,
SHIXYY IMHIH OYTI3rA3XYYH Hb dapaax 00aMCyyabir aryyiHa.
2 @ a0 xocan (3prac Boje, AMHH XYWIHIH yyemall)
L-Jlettiun 2.100 p L-Apruann 1.575 p
) L-Hsoneiinmn 1.200 p L-Tuctunun 0.750 rp
L-Banun 1.200 rp L-Axanun 1.200 mp
L-ITmsun T'mapoxmopun 1965 p L-Tpom1x 0.750 rp
(L-JIuspmTait Tommexyiin - 1.573 rp) L-Cepun 0.450 rp
L-Tpcomnn 0.855 rp Lo 0.885 rp
v - L&
: L-Tpuntoan 0.300 rp E ?cnaprmu AR 3 i 23 P
g L-Metnonun 0.585p X- ,TyTaMHHbIl{xw}jﬂ % 0"501 rp*
ogp cyypsr Kamuitn ®ocpar 0501
2 AucTrmercii 0.202 rp b iy P
Xoép cyypsr Harpuiin @ocdar 0.771 rp
(L-Iucreiinraii Tormxyio 0.150 rp) Pifiider
L-Dervmanaeim 1050 rp Harpuiin nutpar runpar 0.285p
L-Tuposus 0.075p Harpwiin L-maktar 1.145 mp
@ ooy xacar (spiese GojMe. 1HHoKRosRHE yyenmat Goiod Bl aMuHmsM)
ooz 37.499 rp Haiipeix cyasdar ruapar 0.70 mr
Kanuitn xnopun 0317 rp* Trnamuss! xopug 0.96 mr
Kampmmite xnopua ruapar 0.184 rp T'mapoxmopun
Margmite cynbdar ruzpaTt 0.308 p (TraMHHTAH TIHIPXYHIT 0.75mr)




@ 0ip yyeMmILI XOULCOHEL JUpad

Dpasc Gogucyya AMEH XyUIyya
Na™ 17.5 MDx Huiit ueneer amMuu xyunyys 15.00 rp
K" 10 MOk HuiiT azor 2.35p
Mg?' 25 M3k Opayynarzamryii / opayyiIarnax
Ca®t 25 M3k aMHH XYYV 1.44
cr' 17.5 M3k Canbapnacan rHHIKHT AMUH
SO 25 M3k XYUIYYA 30% (xuH KMH)
TyvyHsL XY"—IPL'I_* 8 MOK
L-JTakrar- 10 M9k AMHHIOM
IMutpar3- 3 M3k
P 5 mMob TuaMuHEBL XTTOPHT 0.96 Mr
n 2.5 MEMOIB Muapoxnopua
(TmaMuHTAa TIHISXYHIT 0.75Mr)

Hyype ye Huiir unuasr 210 krkan
Imoko3 3750 p Vypruiis 6yc uirisr 150 kran
I'mrokospie koHUIEHTpann — 7.5% Vypruiia Oyc nnunar / azor 64

B1 amurnay(thiamint), 'TPP(thiamini pyrophosphate) Gonos supar, cynsgant

XOOPUHILBIH XAMaapil Lunps, SR UMy Al
[Hapxaaar komWTTON WHEAYFTIITHIR i ompex Oa gapaax Burasus B (rwavian). TPP ALY (“_8)’ B
fia CFS onooms Tynmmmn amuy(thiamine )-nop DMLY
200 XWHK, SMUANT33HEH  eMue  GomToH
180 m ! 5 Japaa  apxar Spanr  CyILARIILIIL
e oo | oHOO(CES)-T YHAK MeH ITycaH Taxh
. : D1 amuos(thiamine ), TPP(thiamine
e . pyrophosphate)-mite TYRIIHHT
120 . 143 | XOMAKCOIL  DIDXYY CyIanraannl  yp
100 | 5 ayHn,  Bi o ammmzsv(thiamine)-uiin
W | 2 IMYHATOIAH Japaa mycan gaxe DBl
e I aMusaaM(thiamine), TPP(thismine py-
e ‘ rophosphate)-miin TYBIITHIT
4 z 1 | | i | HX3CCIHFIP apxar Apair,
W e ' | " N ‘. . | : 0. | cymmanTnm or100 Oyypu,
o l l I I al l ! 41| ' I I I I1 1. l I osvwnyyuarnmiin smusayvia wipsx
I 2 3 4 s 6 7 8 apxar  SApATT,  CVARAANT  Oypor
B I asHITE BAHEY THAMIUHE TYBUDE  ® aemuraeiii TApaaxe THaMIvHE TyRuny: B ey ssndi smues TPP Tysumms
Wysicrsan aapaase TR ramns s vaemit esmex CFS onoo Wi zapante CFS onoo AULIPCIH,

@ X>parmarail xonbooToll BoITrooMIKION

Banrrax: XopommxuiiH eMHO ragHa TafbiH YYTbID HIIK, XOEp xacruiin roag Oaiiraa maueir 3aanaH xoép
VYCMANBIT calTap XomwmHO. Hsr X3csr yycMamsr Heree X3CTHHH VyCMamTaH XOMIUITYIT33p JaHraap Hb
XIP3rIaK OONOXTYi.

Xolp yyeMansIr Xomux apra (Xop yycManbir 3aaBaT Xoanx EeToit).

Xo€p xacruiia rong 6airaa TOBUITH JaLbIT 3a41aH J00A XICTHHT AapHA.
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@ Omaep HACTAH, JKHP3MCIH, XOXYYI 3MITT3H, XYYXAIT X3P3TIIIX

Ouaep HACTAN IMUAYYIIMHUHH (U3NONOTMITH Yiln axuanaraa uxasuadd Oyypcan, 1, feep, 3ypxHuil yiia
QKHTIATaaHel eepwieNTeec IMANTraalaH HapHilH XgHANTaH Jop TYHT Oyypyymax, OycIBIH XypPIBID
yHaalpyynax 33psr apra Xam33 aBaxbll' 36BI6X X3P3rTail.

KupsMeaH, XeXyyaI 3MICTIEH, XYYXI3 X3pIrisx arnyuryii 6aiinan Torroornooryii.

Dmuiin OyTIICIIXYYHUHT IMUMIH 332BAP, 30BAOMIK, DMUIH 32ABPBIH JATYY IMUHITIIHI XIPITIIHD,
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