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Single Breathhold and Free Breathing TSENSE Technique in the Evaluation of Cardiac Volumetry Image Quality YANG
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[Abstract] Objective: To assess the impact of TSENSE technique underwent various acceleration factors and free
breathing in the accuracy of cardiac volumetric measurement and image quality. Methods: Fifteen patients underwent steady-
state free precession (SSFP) cine MRI for short axis images of global heart scans. Pulse sequences used included true fast
imaging with steady-state precession (trueFISP) combined with GRAPPA, true FISP with TSENSE of various acceleration
factors ranged from R=2 to 4,single breathhold,and free breathing real time TSENSE (R=3). Volumetric assessment in-
cluding ejection fraction (EF) ,end-diastolic volume (EDV) and end-systolic volume (ESV) was performed and measured in
each sequence. Contrast-to-noise ratio (CNR) of the image at the position of papillary muscle was used to assess the imaging
quality. Results: Compared with GRAPPA ,no significant statistic difference of these TSENSE sequences in the measurement
of EF,EDV and ESV was observed (P>>0. 05). Images of all pulse sequences could be used for diagnosis,among which, the
quality of GRAPPA and TSENSE (R=2) were the best. Conclusion: A single breathhold or free breathing SSFP cine-MRI
with TSENSE can precisely evaluate the cardiac volumetry. SSFP cine MRI with TSENSE (R=3) was the optimal tech-

nique for routine clinical application.

[Key words] Magnetic resonance imaging; Parallel imaging; Cardiac volume

2o 0 B FRR N B 46 ) 68 RO JIE 52 55 149 12 Wi
WA AEESEME. ME MR 2B s H
7 B TF K MR 780 % 25 BRI 5 0 T8 H A 4 A
P e s M R R 2 Hez IR
BRI OO RE R TR bRl . B L 2
RHEfa A B ik 3h (ture fast imaging with steady
state, trueFISP) H3 5 4t & GRAPPA (generalized au-
tocalibrating paitrally panallel aqusrtions) 4 RAE K #R
i PR PR A trueFISP AL §2 45 4 TSENSE (time-

{EF BAL:200032 |, S B2 M I v L B B AT R & ELR 2
B B B (R
EZEB A AWM A979—) Lo MmN LR F NGO M

MR W58 TAE.
BIAEE .5k E B E-mail: zhangzy@shaphe. org

adaptire sensitiring encoding) 3% AR ¥E A [7] 0 2 A 7 K
H i R AT TSENSE(RT-TSENSE) Frill] £ & %%
BRI 6 A 22 701 L& 9 i EHR BT & . B AE N
I A A4 bR g mT 58 9 MR HL B2 300 2 0 = T BE Y 7 3% .

M#EHE

FEFE 2005 4F 10 H ~2006 4F 7 H 470 JIF @ 2 4
Kt Bk 15 1. 55 12 ], 2 3 L 4R % 13~78 %,
¥158.5 %, HhJogs BtEgm# 2 4, .0 JUEESE 8
10 51, WL KR 3 Bl BT A AR 5% G 1 2% 2 S 1 )
2.

KA S 1. 5T (Magnetom Avanto, Siemens AG,
Erlangen, Germany) 4 248 s AL AL BE 358 45 mT/m,



T2 Sz 2007 45 7 A% 22 %45 7 #]  Radiol Practice, Jul 2007, Vol 22, No. 7 715

Pl 200 mT/(mes), fF5REMM 14 6 HiER
AT £ B A 2 A R 4 I 2 Bl B 0T o0 v 1T 45 SR T
IRIFA M TLL R B LT

SR FH S Se A BN F R . R D 1 4 A
AT ) I E e w KA (R s 0 L 7E TR O LR
2 TR 1T KT S DY O 4 4 5 1 TR AE Y
i U D7) TR 0 L ) R AR A5 DA TG 20 R 114 7 3 i
PEMG . Kofr & Y17 5t GRAPPA AN [A) i [ 7
TSENSE(R=2,3,4) & H HFF W, RT-TSENSE %5 &
trueFISP Z2 i il Ha 52 . AN [) 22 K 3 AR 4 0 JIE K /1
et SR TR R B R 2 806~ 10 J2) K2R, 3
BT A0 s [ — 0 191 R A ) 2 08 )28 45 )7 90
HESHE 1L,

k1 BYHEARABESK

PR B GRAPPA TSENSE RT-TSENSE
TR(ms) 47.7 42.9 68.3
TE(ms) 1.13 1.43 1.05
WAEH O 80 70 55

M 4B TR 109 X192 89192 86192
K = 8 ¥ B4 18 15 —

R 930 965 1302
Jeik B F 2 2.3.4 3

T e 2 il 52 el o B RE R T 20 BT SRR (A
gus Syngo MR 2004 V) #4740 81, 28 N 11 BRI
H SR 45 G 5 8 & 5K A S A48 R AR L P 2
P 2% 25 RO N B A LSk VR O e N S A=
SR B 20 B R o R B S A = A
153 %% Celection fractor, EF) , F 7 & Hi 25 1 (end-di-
astolic volume, EDV) F1 Ui 45 K ¥ 45 #1 Cend-systolic
volume, ESV),

PEFEFL K U2 T W 6 45 5 40 R  XF L e S
H (contrast noise ratio, CNR)

SDyosie

Sl A STy 73 590 A 20 i RO UL B9 45 5 988 22

CNR= D

R FHEF 5K K 55 AR AR - {H 5 SDoiee 48 75 3570 1 75 19 15
SR EEAREZE . CNR TR 3 245 TSENSE £ AR
F Ry 3.4 B0 H B IFIES ) CNRES R 2y 2 B
ZMH 5 CNR gy, [ HAH

F B EL A O I MR 32 W7 22 56 3 % R % R
PEATPEAY AR e R . 3 4 R B Dh R, TG B
W PR GRE A T AR A5 2 43 - DR VR R B R OR
M2 W) ER AR T R U5 1 . PhRE W 2
GH AT R 2 B0, B 5 0] L2 s 0 43, O 32 0 i
(CRAEIZWD L M 12 BE O RE A2 BT o BEUS R 22 AN B
Bz,

3BT B D0 Dy fig 2 B0MH L R FH Bl AL IX 40 8 3 O 22
SrMT. 5 FRP A SPSS 11,5 B {4, P<<0. 05 Jy 2

FAGIFE L.
& R

L. LT Rg i 45 51

15 5] £ 35 1 58 iU b A 2
DRSS EE5 R L% 2.

LGN S5 R BOR & R F 8 BTN A Y EF,
EDV f1 ESV HZE R ¥ T B EFHE X (P>0.05),
2B BT — B

2. ER i A B

5 A0 EMG B O UG 16 B A5 5 5 B R TR 4%
Eb M RS 0 5 R DL 3.

ARAL R B O WUE 5 0k B e & b W] B 22
H(P>0.05), IMJfF 5 i B O WU 3 {5 5 58
FEAEA ) 22 5, I L35 & B T, W1 RT-TSENSE
A 2 A B R L (P<T0. 05) R4l 22 57
B it E X, M CNR fE R=3,R=14 } RT-
TSENSE 4 [M JC 22 7 ob, e 22 R BA W& M, H
i) GRAPPA 5% B 1% CNR £ & . 1fi #£ TSENSE
J7 5] o B R R CNR R R (181 1.2)

SEEEREH AL Ryl

R2 ARFACHESHNELR

15 4% GRAPPA TSENSE(R=2) TSENSE(R=3) TSENSE(R=4) RT-TSENSE

EF 0.46140.199
EDV 124.871+35. 091
ESV 71.771440.190

0.45740.190 0.45540. 191 0.45740.177
122.664+34.246  124.129+31.536 120.45+34. 150
71.043438. 303 62.943434. 628 69.743437. 316

0.44240.190 0.173
122.007+£35. 221 0.225
72.036+37.627 0.479

%3 ARFAGTEEACNRER

F5 4% GRAPPA TSENSE(R=2) TSENSE(R=3) TSENSE(R=4) RT-TSENSE P&
B UAS 5 Rk 79.47+16.83  79.08+17.51  80.94421.40 83.06%£22.38 85.07£15.21 0.078
O R AT 5 IR L 340.19452.54 348.35£53.72 347.39+56.50 345.83450.40 325.03£60.36 <C0.001

S/ fEAEE £ K 260.72+£45.26 269.27450.78 266.45452.48 262.774+47.96 239.96+£58.94 <0.001
CNR 149.80451.52 53.60£12.18  35.04409.50 25.16+7.3 32.9347.92
CNR T M4 & — — 34.63% 53.06% 38.56%

<0. 001




716 TR S2 2007 4 7 HEE 22 %5 78] Radiol Practice, Jul 2007, Vol 22,No. 7

Image-Quality
B Noise
OArtifact

TSENSE  RT-TSENSE @
R=4

GRAPPA TSENSE
R=2

TSENSE
=3

Bl R—:FZARRERFIKERBEE, B FIHAF7 B Lo R A 58535 & o 7T 3 ; GRAPPA B1E Lok & e th %
% v ,R=2 8} TSENSE B# %k /i #5 GRAPPA 3% ;R=4 ot TSENSE B¢ # ¥ ,R=3 #= 4 ot @& LT L4 %;RT-

TSENSE B¢ L Ll @ pestibng 2 . a) GRAPPA; b) R=2; ¢) R=3; d) R=4; e) RT-TENSE, & 2

]—gj"fﬁ‘%*]—gji‘a

R R R AR A B BAL, BRI A5 BAL B R Fe s SRS Y 7 B T 9% ; GRAPPA B Lo # o 44% % ,R=2 & TSENSE
B 1% B Ak %5 GRAPPA #35 ;R=4 8 TSENSE B¢k F3 m ,R=3 fo 4 6 @42 LT W44 % ; RT-TSENSE B2 L Ll

S REF s £, a) GRAPPA; b) R=2; ¢) R=3; d) R=4; e) RT-TENSE, 3
GRAPPA B¢ % %16 ,.R=4 att§ TENSE 55 B4 2% £,

BG4 PF 2 45 R Bow T A e 50 347 12 Wik ae L B
R E BT 8. 284 R4 L GRAPPA F1 i i A
TR 2 B TSENSE J3 %1 B4 5 & 5 4. B PF %
TSENSE & (9 % Lt i 25 . 75 07 W i 135 4 R ef 4%
i R RECE 3,

it

JRAE LI A O JUE FL R 8 B A iy s ] R[] O
J1,0m trueFISP ¥ %1454 GRAPPA B R ZBF R H
ALTT 6~8 s+ HBLYCTR UR B F1HZ BOH IR 58 4
O 22 BRI AT BE i AR PR B B T R R T
i #% B it U 57 BT SO VE R A RER HE— 2 4R
1 IR i B R R S8 I AL AT 7

P v MR RS 8 L - A5 58 J5 1 32 B0 i 2 7 i

B mE®a 5B E, &5+

FIUI e, H H 32 F AR A BR ) & SAR (specific ab-
sorption rate) $& & B, AT REFH AL ILE L
JEE AR SR 1Y B T B LR B 9 ) 25 465 AR T 1 ISR T 1%
HE— 2 5 i R WY W A T R AR ] Ry
S (simultaneous acqusition of sparial hamonics,
SMASH) £ R I SENSE £AR . 9 F 51 53 (19 f K
AFTE T : SMASH & kT K =5[] 3 ik 47 & g
SENSE 4 T Gt 17 F # . GRAPPA j& SMASH
FORMY R Rg ke o LA B T K 25 () 51 2 35 i A
PLAE TR A5 MR LU AR LA K el 3 480 [ 28U R ARG A 36 7
FEME &N R4 ) f°) . TSENSE B time-adaptive
SENSE, j& SENSE i A it i itk 84 , 5% I i ]+ 528 )
gt K23 1) G fith 26 H AR (K2 [] 1 A5 B0ORT A8 B0 A7 2 55
A A B () 58 B SR 48O IF 45 & T 8 5 MR 1 B SR AR



T2 Sz 2007 45 7 A% 22 %45 7 #]  Radiol Practice, Jul 2007, Vol 22, No. 7 717

A T B KR IR 1% th . TSENSE # R of — 2 2
FET EGB i) 43 B T LR B AE T - 4 PR UM
B2 B Rz B a2 1 U G T PR UCR AR
7 9 Bl I 5 Hsf [0 VK38 0 30t A o T 40 o) A1 /N 490 B8 R 4
JIT S TR 32 Ph R 5 4k P8 UM 5 B 5 TR ) SR 4R O
%5 MR EMGE o] 554 Bt e,

FEA L F ST TSENSE B 5358 i 40 4
e R=2 IR 29 20 s, R=3 I Ky 13 s £47,R=
(5 N e KON s AT AR 80 5T Wt o R 7 e o
FIH . % GRAPPA 5 17 4 Bl A2 394 . 75 2 5
R 6~8 WX T IERAMEE 5 9% 55 - 45 A e AR K fE
FEERG A b B 5 2 18 i UG AT VB 5

AR 2] v I O T BB AH DG H8 A S 5UFE & T 91 () TG B
25 5 LU0 B R B 0 T 4 SR 1 — S PR AR 4 R0 DL AR
SCHR AR E A RS, BB CNR R 32 03T 4 ok A
GRAPPA 1 TSENSE(R=2) 14 i & . W&
T E S B2 (5 5 S EE (signal-noise rate,
SNR) FEAIG S R i . A AR B ST 45 R B
JRAE R=4 [ UGS 18 2, (L0 9 BT 5 A mT 9% L
JIT N0 Dy REFE B 2 450 5 H A 51— SobE 4 T R 4R
I ) B G 6 L 2 AE 10 s N, A BFSE KW R>4
i, B % CNR # R [ 50 % AL, Bnill EF f1 EDV {8
WU o HE T 6 2 T 4% SNR R R 0 P R 5 15 48 1
7 T & 7 AR W0 WLRE S 9, A2 52 0 f K i EDV
EARUE. [ PPIRCR A TR O E R A O D RE T
7 T A A A TG 22 S H L e ke B0 W A
BB KA SR B R DR L,

AWFFE E B H W E TR TS A I R 0 40
A RS HOR £ B XHZ T 5 K% B0
AL A s AR 5T AR UE [F] — R 35 J2 JEE A [ A o 77 9 B
WEFAEE—E2%5%. HCONREKRAEZLHZIELE
JUAR] R 5 AR 1 P47 SR 4 b I R (EL DD 1Y
JUAT PR 14 00 8 5 X6 AL 4 P 30 40 S, i CNR
(B 5 S PR A7 AE— 5 i 22 TR BU AR BF 9 SR B & 0
PR TLE AN . HIEFIMR P 2 O EE A
Ik D B AU SO R AR 4 B4 R>4 B
BT B B R SO A I — Y . ARF R A

BN T TEDUR TAE %
AT O, 5% Pl TSENSE $ A 5 40 el i 57 141 3%
S AT LA S S ol A 5 5 T B
TR BB BRI 42 . MR R T 40 1) 25 45 F
9t LI PR B PR T R 3 W AT T
TR B R B S B S TR T A O G
R=4 i} TSENSE Hifi. 1 T TSENSE H 52 % H 1
B 1T 2 I O 3 S WU I B 240
L HESR B FE T P A« L L 41 4t
B L5 A A T L AR R AR A
SE K

[1] Barkhausen J,Goyen M,Ruhm SG,et al. Assessment of Ventricu-
lar Function with Single Breathhold Real-time Steady-state Free
Precession Cine MR Imaging[]]. AJR,2002,178(3):731-735.

[2] Moon JC, Lorenz CH, Francis JM, et al. Breathhold FLASH and
FISP Cardiovascular MR Imaging: Left Ventricular Volume
Differences and Reproducibility[ J]. Radiology,2002,223(3) ;789-
797.

(3] BRaR L. AT B L 4R 14 B Bk 5 & R win 5e [T, E A
[ 2 TR 2 4% . 2005, 24 (6) 1 649-652.

(4] EFM IR, 8 3L IR IR A 1 26 18 B A7 R BRI ] BB Y7
PA2E4,2005,26(6) :19-21.

[5] Niendorf T, Sodickson DK. Parallel Imaging in Cardiovascular
MRI:; Methods and Applications[ J]. NMR Biomed. 2006,19(3) ;
325-341.

[6] Kellman P,Epstein FH, McVeigh ER. Adaptive Sensitivity Enco-
ding Incorporating Temporal Filtering (TSENSE)[]]. Magn Re-
son Med,2001,45(5) ;:846-852.

[7] Guttman MA, Kellman P, Dick AJ, et al. Real-time Accelerated
Interactive MRI with Adaptive TSENSE and UNFOLD[J]. Mag
Reson Med.2003,50(2):315-321.

[8] Kunz RP, Oellig F, Krummenauer F, et al. Assessment of Left
Ventricular Function by Breath-hold Cine MR Imaging: Compari-
son of Different Steady-state Free Precession Sequences[]]. J
Magn Reson Imaging,2005,21(2) ; 140-148.

[9] Reeder SB, Wintersperger BJ, Dietrich O, et al. Practical Approa-
ches to the Evaluation of Signal-to-noise Ratio Performance with
Parallel Imaging: Application with Cardiac Imaging and a 32-chan-
nel Cardiac Coil[J]. Magn Reson Med.,2005,54(3) :748-754.

CIC R A3 :2006-10-26 & [0 H 11 :2007-01-24)



