/—h

PRESS 12

AHIVIROIVFRZ )V 7a v MRS :

el ]\ D% O 7= e i ) R 1 B 9 2 B

AR ®—1 5 2,
s 1, hms &L
LN EH &L, RIFRAL
e 3 354 AR 25,

(.

IR AL LERTYRE B AL 23— 7 ) —y 7t 27—  4ETFHBREZEPERT
374y FATIVZ PRI A %8/

R BRI R R A

FL&®IC

BiyZ iR proton MR spectroscopy (MRS) O
BE G & 2RIy TV (2.6
ppm) &2V VAREHEY (3.2ppm) TH 5.
BNZHR B R0 B3 W SN A B HRIRICIT B E IS
JIVBDEENTEY, i MRS CTHlE
TAHT ENTEDY., —F, RNIREOSE,
AL 7 TUBENRD, b DIl
BEDOER & BiE A RE 9 5 a ) RN 231
gAY, 2O MRS THIES N/ (3 /+
yVTFV) 7 L VER (E—7 TR 5
UV VAT EHET A EHREINTE
N2, B EOBI O L L, BHEOH
HLHFETES. LrLaiile g e L
MRS OWIEL, BT ASLABEHROH IO
Bl b w03, T—HOBEOMEPHEL
W, ELICRIVF IR VIVEEIC LB MRS O
HERRARWC &b, HFROFO—K &
toTWh., £ZT, JIVET7 7/ F L%
%L L CHiZAR MRS e &2 2 b s & THl
FERFH & A7 FOVOE LB FHE L, BE

Pr OB K, AW L
KHpd0 L, JlEsET 1,
BB SC B, hn i T4,
B KEle, W RS
BE IS

SEIMAIR At

IRFFEIAEATE O A 2D 72 7RIS D\ TRRGRY L 72

5 &

1. WER 5

BIED 1.0% 7 T/ #K (52 mmol/1) F
A7 7V P ABHRLDICHEL, ZORME S 7
FUVTIVIRAR BV THA, BB XX EEKOF
BRI B KDL/ (Fig. 1). IEFAIZIE
AP BT L7 T V/BEREEEL X% 13
mmol/1 T VY, HWROMENIT VLT W&
LLT1.0% (52mmol/l) IR CTEREIT-
7z.
2. BER%EE & E S

HH451E (X 1.5 7 A5 MRI #§& (Philips £k
%1 Achieva 1.5T A-series dual gradient Release
2.6) T, %Z{F3A)LiTit 32 ch SENSE torso
cardiac coil Z# M\ 7=, MRS gy —4 v AL
3D-point-resolved spectroscopy (3D-PRESS)
B % 72OV F R 2Lk, TR 1300 ms,
TE 122 ms®, jnEE$ 4 [[, k-space shutter
HY, A5A4 AR 12mm, A5 4 A 5KT,

*+—")— K proton MR spectroscopy, prostate, citrate, acquisition time, k-space shutter
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Fig. 1. VOI placed on Ts-weighted image

The citrate solution (52 mmol/1) is in the cen-
ter bottle, and lactate Ringer’s solution is in the
others. FOV (grid ; 54 mm X 36 mm) is placed
in the center of bottle. VOI (rectangle) is
around the FOV.

BEFREOKRE S (AL 72 MRI Tid FOV
s 20 13 36x54 x60 mm?3 {anterior-posteri-
or (AP) xleft-right (RL) X feet-head (FH)} &
L, Co#ifz ABmky I V7 OgE LI
(volume of interest: VOI). HE#EKkY I V7
@ shim TR {3 3D-PRESS & TR & [/ Ul 43 3%
EEINDHEDIT/mo T TORETEY
Uy 7 28 4x6 (BEEITR X AR &
5L 1IR7EILOMEFEIZIX9 X 12 mms
(APXRLxFH), fifflickO~Fr U v 7 A
5X7 T1AHR7XIV7.2X7.7%x12mm3 DKL &
Tole. INLOFBTYH YTV ITT—RH
12512 CThHVy, MEICETLHRFHEITEKRY I
VUKL Gy, WIEN 845 11 B Th - 7.
3. T—RUHE

Bonicr —2ITELEICHIEL T\ % Spec-
troview (Philips) THABEA{T->7/=. T—X
w7 — ) TEBE, T ABEBCE WTTRE
AX =Y 3 VR, RLEERO TN LR
L7z ff&EDR-IZEE TV, FEITEATD
otz esvIERTH I, N—vFibav
v’ 2 — & T Microsoft Excel 2010 (Microsoft)

AW TEHREZ AT - 7.

JIVBY— 7 mOfE TS (signal-
noise ratio: SNR) ##lliE4 52 & T, AX”
FVOBEBF L. 7T VBT TGO
HOCTHLOY =7 RO GBS A7z,
V—7 DE SO 7 T VY — 7 &L L
oo JIVBO—>OVY— 7 5% Cit_1_peak_
H, Cit_2 peak H & L, R#MEH O — 7 34
TE L 75\ 8-10 ppm FEIBEOE#E(F 7 (standard
deviation:s.d.) & / 4 X &% 28 s.d._8-10
ppm & L7-¢ % (Fig.2), VI VBV —7/ 5
@ SNR %

SNR ={(Cit_1_peak H+Cit_2 peak_H)/2}
/s.d._8-10 ppm

LERLIC.
4. wEtEAE

BERNCBE 59 5 F 7085 A—2 DD b,
TR, hr%MEI%E (number of signal acquisition :
NSA), &k X7 DOEED shim TR, k-space
shutter fff H © 4 #%& , sensitivity encoding
(SENSE) #HOFEAZZEL I THELX I
7x-72 (Table1l). %4 3[EIFTHOHEL, £D
SFEHEN S 7 T U/BY — 75D SNR #EH L
7o B, BRYIVIPEMEICEIN, KD
FAENE S 7 Hz LU RIS 7% - 727 — 2 BG4
L7z

Shim TR &%, MRS BIERTICITHN 5B
VIV 7OV AT, M IE 3D-PRESS
V= 2O TR LR UEICERES N TV 5.
COMME, @E Y IV IEARME & EURRE
T EDEELWEEZLNTVAENLLT
H5. SEFEHL 7 MRI %£& <%, shim TR
IEBOMEE ATIT AT EDFRETHD, 2D
x2S/ AHT LT, SNRICED LS8
BNk LR L7

k-space shutter {Z 2\ T, 3D L k-22f]
IZBWTRAEOFE A FRE 3 5575 T, “2H
SREEA AR S SIS I R O FE 2N FTRE T
HY, HEHEEICEETEHRIN TS/
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Fig. 2. Assessment of citrate peaks
SNR of citrate peak is defined as follows ;
{(Cit_1_peak H+Cit_2_peak_H)/2}/s.d._8-10 ppm.

Table 1. Parameters for Assessment

Parameters Value
TR (ms) 1100, 1200, 1300, 1400
NSA 1,2,3,4,5,6

shim TR (ms)
k-space shutter
SENSE

255, 500, 1000, 1300
Yes, No
Yes (factor 2), No

NSA :number of signal acquisition, SENSE : sen-
sitivity encoding

A—=RTH5%. O k-space shutter & H%hiC
L CMRS I ZT- 72 BE L, EHTL 728
& & T, SNR NOFEL Bz,

%72 SENSE (CBI L Cid, BZIRICHV %38
# O FOV Ok & & Ci¥ SENSE 2P T & 7
W7z &, SENSE 75 §f H 7] 68 7% & /N © FOV
(AP xRL X FH : 50 x 67 x 60 mm3) 2 & 0 i
%%ﬁ/)f:.

1. TR
TR % 100ms C &1C 1100 ms 7» 5 1400 ms

78

FCEASHTBEDT 7 b AOFHAE % Ta-
ble 2 12, TR 7 1100 ms & 1300 ms D FE D
77V DAY V% Fig. 31TRY . #Hl
FERERE TR 6 100ms & 720 40 &AL L
oo 7IVEBY— 7@ TR ARV EER
L, JAXFTROPEWIZERAD L. L7
75 TSNR (2 TR AEWTE RIFTh - 72
2. InFEmEIEL

EEE A 1EL D 6 BN S & 72D
7 7 b AOFHEEA Table 312, JnE[EE A
2MEABDBEDT 7/ F LDANT F vk
Fig. 4 {Z/R¢. @RI IINE 1 [Y%7-0 14

40 B L7z, MEAEST L7 T VBE —
7EEELL R, A4 REWA L, SNR
DEAPRONT.

3. Shim TR

Shim TR % 255ms 7 5 1300 ms {Z 214k <
®I/-BEDT 7/ b LAOFHHNE % Table 4 12,
shim TR 7% 255ms & 1300 ms OO 7 » v/
FLADAXRY )% Fig. 512779 . Shim TR
AL} T SNRICEEII R oNah- /2.
4. k-space shutter 7 4%

k-space shutter #H D & L7-%&, L &
L7sBEa D7 7/ F ADOFHIE % Table 5 1277
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Table 2. Relationships between SNR of Citrate-peak-height and TR

Acquisition Time Peak Height of Citrate Noise SNR SNR/SNRo
TR
1100 ms 7mlls 3981.1 34.3 116.8 0.859
1200 ms 7mb50 s 4140.3 32.4 128.0 0.942
1300 ms 8m29s 4312.8 31.7 135.9 default
1400 ms 9mo8 s 4509.5 30.2 149.3 1.098

SNRo : SNR using default parameters

Table 3. Relationships between SNR of Citrate-peak-height and NSA

Acquisition Time Peak Height of Citrate Noise SNR SNR/SNRo
NSA
1 3m25s 4824.3 53.7 90.4 0.669
2 5m06 s 4631.0 49.4 94.9 0.702
3 6 m48 s 4680.3 39.2 122.8 0.908
4 8m29 s 4674.3 34.8 135.2 default
5 10 mlls 4673.3 30.4 155.3 1.149
6 11mb52s 4691.0 25.5 190.6 1.409

SNRo : SNR using default parameters
NSA : number of signal acquisition

Table 4. Relationships between SNR of Citrate-peak-height shim TR

Acquisition Time shim Time Peak Height of Citrate Noise SNR  SNR/SNRo

shim TR
255 ms 8m29s Omlbs 4749.2 27.7 171.2 1.058
500 ms 8m29 s 0m24 s 4747 4 29.1 163.3 1.009
1000 ms 8m29 s 0m45s 4815.4 30.2 161.0 0.995
1300 ms 8m29s 0mb5s 4826.9 30.2 161.8 default

SNRo : SNR using default parameters

Table 5. Relationships between SNR of Citrate-peak-height and k-space Shutter

Acquisition Time Peak Height of Citrate Noise SNR SNR/SNRo

k-space shutter
Yes 8m29 s 4749.2 30.2 161.8 default
No 10m52 s 4892.8 34.2 144.4 0.892

SNRo : SNR using default parameters
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Table 6. Relationships between SNR of Citrate-peak-height and SENSE

Acquisition Time Peak Height of Citrate Noise SNR SNR/SNRo
SENSE
No 10m42s 5199.0 25.5 203.9 default
Yes 6m24 s 902.2 18.9 47.7 0.234

SNRo : SNR using default parameters

TR=1100 ms

(Cit_1_peak_H + Cit_2_peak_H) / 2 = 3981.1
s.d._8-10 ppm = 34.3

TR=1300 ms

J (Cit_1_peak_H + Cit_2 peak H)/2=4312.8
1 s.d._8-10 ppm = 31.7

9. k-space shutter # b D & 95 Z LT &
D, BERREA 2 5 23 BEMHETE /2. SNRIC
BIL T, VI VB —/&EIdmETIZEAY
KMo 72h, shutter BY DI DB ) A X
37 <, FERMIZITSNR BRI & 7m - 7.
5. SENSE

SENSE %V (factor 2.0), 7sL & L7 L &
D7 7 AOFHEA Table 6 12, %7
SENSE % 1 (factor 2.0), 7L D7 7/ F A
DAY )% Fig. 6 IZ7~x9. SENSE &% D
(factor 2.0) T, 4 7% 18 M€ Wi A fHiE T
Xl Ll 7 VvBY -Gk 25
D1 ERWICHA L. £/ VOI g ffir

80

Fig. 3. Relationship between spec-
tra and TR

The height of citrate peak is larger
and the noise is smaller on longer
TR sequence.

Citrate peak height and noise are
shown as averaged values.

BHDBRLICE AT —F7 7 7 FOPETAN
7 PVBRH R E Al

% £

TV P LERRE L THENS A= 2B
b8, WERRBEMEO AR L INEIC DWW T
5t L 7-. k-space shutter # H&hiC4 52 & &
shim TR #f < EET S Z &id, SNR &K
BT e LICHIER R O RGN - 7.
TR %4 $5Z & EMAREEH ST & T
NERH A a3 5 2 &P TE/2n, SNR R
KFd5ZEt7e>72. SENSE#HDIZT 5
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NSA=2

: (Cit_1_peak_H + Cit_2_peak_H) / 2 = 4631.0
s.d._8-10 ppm = 49.4

NSA=4

- (Cit_1_peak_H + Cit_2_peak_H) /2 = 4674.3
| s.d._8-10 ppm = 34.8

shim TR=255 ms

(Cit_1_peak_H + Cit_2_peak_H) /2 =4749.2

— o~

s.d._8-10 ppm = 27.7

shim TR=1300 ms

(Cit_1_peak H + Cit_2_peak_H) /2 = 4826.9
s.d._810 ppm = 30.2

C & CHsHEME A ATREZZ S, VR LICES LA

Fig. 4. Relationship between spec-
tra and NSA

The heights of citrate peaks of both
spectra are almost same. The noise
is smaller on larger NSA sequence.
Citrate peak height and noise are
shown as averaged values.

Fig. 5. Relationship between spec-
tra and shim TR
Changing shim TR does not affect
the SNR of citrate spectra. Citrate
peak height and noise are shown as
averaged values.

T —F7 7 7 ek < FHi SR EE e A7 BV k-space shutter # A %12 L 72 F77 SNR 1T B
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SENSE: factor 2

SENSE: no

Fig. 6. Relationship between spectra and SENSE
The spectra are degraded especially in center voxels.

HCT®H - 7=. shutter I& L D EE L 7 \WPUFE O
BEE, MHESBICLDESDEHL /A4 XS
BELGENTWAS. COWMHPDESEZEL
T, JAXPBERL - EE BN
(Table 5). shim TR (X4 EID 7 7 v F AFEER
TREAZZ{SHTL SNR AL L 72 &
SHEHRIC /s 5 7= (Table 4, Fig. 6). A4{k T
USR8 O AR AR IS D /85 A —
REEZAH.

IFEER AR+ & 7 TVEBRY — 7 @i A1t
L7awm, /A XEEAD LT ZEDHERT
%7- (Table 3, Fig.4). Thid, ZE7r (v
DEEPTEdoTizd L HERIL 72

SEOFEIERKFE LY, TR SmERBZELD
B> SNR BT EMRII &F 2, ZOEAFDME
EHhHHARFE Y20 O SNR B2 HH
L, Bataf7-7. TR ZZ b4, HEKH
1l BHEEIE S E 15% D SNR B4 & 7x -
7o F/IEEE ARG 3 C & CHIER R
70, 15%EME%472 D O SNR i % i T
?%j’k 9%&733“) oo Ko Tﬁf’aﬁﬁﬁﬁ@ﬁﬂ’]f
Z TR #FfET 5 L0 S INFEEEZ RS L7
DM SNR OB LI ERNWET 2 5. EwD
i, KD B 5T &, BITE R % BAE L o
BEIGHTES. £, NS WHRZERO
Ba, fodmia o v ES D SNR # B
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IFICRO T DL . O X DGR, I
BREBAHEPT L) TREEDNELHTH S &M
fxns. bbAHA, HEOEEITE, TR %
LRT 5T & THREOHBIC k- TSNR 2K
TIaaELLH 5.

SENSE #% i\ 7z MRS Q#8134 72\ 238,
AR AE IR €3 SENSE % ff F§ L multi-voxel
THEAEOKD MRS % JIE L 72 &5 0835 59.
Dydak 53, %R 75 ¢ 7 THI MRS
(PRESS £, FOV=230mm?) #MET 5 &
W 26 5 5 OIC% L, SENSE fH Tl
65 30F & 1/4 1ICHEfMTE, TDEEDSNR
BEBEHEOBEIZ /21K TLZE®mEL T
L. COWFES S, IR T SENSE %t
L7z MRS 2BEERIGHTE 5D Tid i &%
Z, SEOBRFNERICED. LiArLSEOE
BafERCld, SENSE 24 5 &7 TV
U7 @HPKIBIE T L, RAamRMmiiny
BULICKBT—F7 577 FOFETARY b
WM K E < ELn7z (Table 6, Fig. 6). Fijiz
fRat 4 & L7z MRS Tid, FEMBIC HA~HIEH
B 2SR /)N X\ 72601C SENSE #pfH 5 5 &
78NV ORNEA T L7 D, RREES AT O
WAL UIC K K BFERBESET L2 & BHER
TEAH. T—F 7577 OB RZIFRT < /&
DT, HiZlE T SENSE Z 4t L 7= MRS ©
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HETHL W EE2 S, REEELEDH/2D
T d ARER WV FOV ZH W5 A L wn
2, WiszED MRS T FOV %K % & #iiz i
R ORENE 5 ORARLERG T ADH B & %
FZFReF <, HWEPITAXNY FILOBEBMMET T
%720, JAV FOV TOMGHI S EITH 7 h -
7z
LENET 7 P ADOBEIEBTH YD, AETIER
LB NHBT LA D S, 5l S E A
ERTOBPEZITV, HBLL /8L 58 LR
iR L HLEND L. RN Z EF <A
AL TR ED L0, SEE L 7-H
HOPE L2 +HERL T S PEELE 2
b7z,

] i

7 7V F NEEIZI\WT, k-space shutter
HERICISHT L&, shim TR #E < RET
HIEIZED, JZVBEBANY VD SNR &
EFS#5T &L/ m b MRS HIE KR
R A LN TE.
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Multi-voxel Proton MRS in the Prostate using PRESS : A Phantom Study to
Reduce Acquisition Time

Shunichi MOTEGI!, Yasushi KAjJi2, Yasutomo KATSUMATAS,
Takeru MITA!, Reiko ITou!, Yumie IKEDA!,

Kaori O0TAKE!, Miyoko HORIKOSHI!, Shizuka KITAZUME!,
Kouji TAKEI!, Fuminari KUMASAKA*, Yoshiaki KASE?,
Hidetoshi YAMANAKA?Y, Haruyuki OGURA®, Tomohiro MAGARI®,
Nozomu KANO®, Hikaru ToMITA®, Isao KUROSAWAS

maging Center, Kurosawa Hospital Health Park Clinic
Yanaka 188, Takasaki, Gunma 370-1203
2Department of Radiology, Dokkyo Medical University School of Medicine
3Philips Electronics Japan, Ltd.
4nstitute for Preventive Medicine and 5Department of Urology, Kurosawa Hospital

Proton magnetic resonance spectroscopy of the prostate is used to detect prostate cancer and as-
sess the grade of malignancy. It also provides spectroscopic information regarding metabolites that
can be used as potential biomarkers for cancer, but acquisition of the spectra of the entire prostate
takes a long time. Therefore, we evaluated the signal-to-noise ratio (SNR) for citrate peak in a phan-
tom using different parameters to reduce acquisition time. Using a k-space shutter and shortening
shim repetition time, we obtained good SNR spectra of the phantom in a short acquisition time.
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