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(FE] HM 3T 7. 0T 0w 4R 2H 2458 B 4% ( cardiac magnetic resonance tissue tracking
imaging , CMR-TT) PP 53 5 ¥ | iR 3 (isoproterenol , 1SO ) 75 5 1) 700 8 8244 B3 RO DI BE 1940 1
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[ Abstract | Objective To investigate the value of 7. 0T cardiac magnetic resonance tissue tracking
imaging (CMR-TT) in evaluation of cardiac function in rats with early left ventricular remodeling induced by

isoproterenol (ISO). Methods Eighteen male healthy specific pathogen-free (SPF) SD rats were randomly
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divided into control (n=6) and model group (n=12). The rat model of early left ventricular remodeling was
- d™" ISO solution for 10 d. After modeling,

7.0T CMR cine sequence scans were performed immediately, and the post-processing software CVI42. 0 was

established by subcutaneous multipoint injection of 10 mg - kg™

used to analyze and compare the differences in each left ventricular (LV) function and myocardial strain
parameters between the 2 groups of rats. Enzyme-linked immunosorbent assay ( ELISA) was performed to
detect cardiac troponin [ (c¢Tn-1 ) and N-terminal B-type natriuretic peptide ( NT-pro BNP) levels in right
atrial transvenous serum. Pearson correlation analysis was employed to analyze the correlation of left
ventricular ejection fraction (LVEF), ¢Tn-] and NT-pro BNP levels with each overall myocardial strain
parameter of LV. Results The results of imaging, serology and pathology displayed that that the model group
showed obvious hypertrophy of the LV myocardium and different damage at each base of the myocardium,
resulting in a significant decrease in conventional cardiac function and myocardial strain parameters of LV,
which was the symbol of myocardial contractile dysfunction. Compared with the control group, heart mass
(HM) , heart mass index ( HMI), left ventricular end-diastolic volume ( LVEDV ), left ventricular end-
systolic volume ( LVESV) , left ventricular myocardial mass (LVM) , left ventricular end-diastolic maximum
wall thickness (LVEDTHmax) , and left ventricular remodeling index ( LVRI) were significantly greater in the
rats of the model group (P<0.05). LVEF, left ventricular global circumferential strain ( LVGCS), left
ventricular global radial strain ( LVGRS) , left ventricular global longitudinal strain (LVGLS), LVGRS-Mid-
cavity, LVGRS-Apical, LVGCS-Mid-cavity, LVGCS-Apical, LVGLS-Basal, and LVGLS-Apical decreased in
different degrees (P<0.05). The changes in LVEF and ¢Tn- | and NT-pro BNP levels were all correlated

with the changes in each overall LV myocardial strain parameter. Conclusion

CMR-TT can be used to

assess cardiac dysfunction in early left ventricular remodeling.
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B Z 0] HLP PR BRI BB
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H 1 ISO SR BC I, W 22 5 mg/ml; xif AR 4
TS AR 2 R AR FEER K o
1.3 SRERE RIS
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12 b, X P2 3 4 K BRAT O ERE L IR 4 . SRJT 7. 0T
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R E 2 EETEAN L0 E RS2 R A O E
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1.4 B#%er2oh

5, DICOM g X P S KR T A &
CVI42. 0 (it K Circle Cardiovascular Imaging 7\ #])
f1) short 3D EHeh 4T H MO IHRES B . T-3hiB
J2/2) ) S AR AN A A I 20 & 1O N M
R B A St RS, A% LVEF 220 % &7 5k oR 1
AR (left ventricular end-diastolic volume , LVEDV) | Z¢
D W KA (left ventricular end-systolic volume,
LVESV)  Z& .0 E £ %y ) & (left ventricular stroke
volume, LVSV ) | /2 .0 & .0 Il Jii & (left ventricular
myocardial mass, LVM) 175028 &7 5K B ok 38 BE JEL 3

(left ventricular end-diastolic maximum wall thickness,
LVEDTHmax ), F- 3 i1 5 72 .0 & 5 # 45 £ (left
ventricular remodeling index, LVRI) , LVRI J&$§ LVM 5
LVEDV g LLAE , W 3 i SO0 REZ I R

HWK, FIHIZH 2B ER (tissue tracking, TT) #4772
O E WU AE ST, 43300 2O 3 il P RO
VO O J2 T T 20 20 1 5 KRB0 ) BB, 0 B Bl
BB R AU WL AZ S A (8 1) A 2.0 B A
I 1a] 0 A% (left ventricular global circumferential strain,
LVGCS) 780> 5 B A 45 ] b 2% (left ventricular global
radial strain, LVGRS) | /& .0» & 3 (K 90 [0] [ 28 ( left
ventricular global longitudinal strain, LVGLS) DL fz 42 i0»
E & W BB R AR m R A (left
circumferential strain, LVCS) 4% [f] uf A% (left ventricular
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A2 BB i i 70 28 S 7 78 PR SR AR 19, T 2 1)
7 738 238 D) 3 3 M R o O s o o7 S AR A
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O DKL 3 mL Jf B, 2 B I, -80 CLRAE. ™
FEF R ELISA 2700 60 ) S8 U WY 45 19 Oy 2 4 U 1 375 +h
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R ML 58 LR, AR FE B, 43 SO0 I S5 A BEER K
U, WK AR+ FRE4R L 5 e (heart mass, HM) , T3
THE A0 T8 21 (heart mass index, HMI) , Bl BM 5
HM (L, B0 IER T 2 R R [E i 24 h,
1775 AR K- 21 ( hematoxylin-eosin, HE ) 4t {8, 1 &5 f4
(Masson) Jeff,, £ 200 5627 WA T, A& 20K
BRAC 0 3 O LA R 254 i AR AL TR AR TR s
1.7 %S 54

T BTREE ] Shapiro-Wilk £ 58 47 1E 25 70 A
B IR AT R ] v s fliR . O 225 MR
F R, S SHC R WIS B A ¢ £ 35 5E Welch
t ¥4 . iz i Pearson #H 3¢ 43 #7 ¥F 4 LVEF ., NT-pro
BNP (¢Tn- T 57702 & B A LN A8 2800 AH e
P<0.05 £REFHAGIHE L,

2 H#R

2.1 HHS R BB AIEAT

5 xF BE 2l L g, AR R4 K B LVEDV | LVESV |
LVEDTHmax .LVRI .LVM .HM .HMI 38 i 3 K , LVEF
FEAR, 26 A et 2% 2 L (P<0.05) ;LVSV \BM 22 7 ¢
Gt X (P>0.05) . [AlHF, AR BRI H NT-pro
BNP cTn- | &7 7ESiiT2% 2257 (P<0.01) . WL3E 2,

R2 MARREMODEEXSHREUERLR (1)
fahi A (n=6) BRI (n=10) offi  P{K

LVEDV/m 0.32+¢0.03  0.40£0.07 -3.13 <0.01
LVESV/mL 0.09£0.02  0.1320.03  -3.57 <0.01
LVSV/ml, 0.24:0.02  0.27:0.04 -2.02  0.06
LVEF (%) 73.74%3.10  67.86x4.36  2.88 <0.05
LVEDTHmax/mm 1.99£0.17  2.38+0.15  -4.89 <0.01
LVRI/g » mL™! 1.40£0.10  1.5420.13  -2.16 <0.05
LVM/g 0.45:0.07  0.61%0.07 -4.42 <0.01
BM/g 228.77+5.82  235.70+4.57  -1.79  0.12
HM/g 0.92£0.10  1.29+0.08  -5.44 <0.01
HMI/mg - g ™ 4.03:0.45  5.46:0.41  -4.61 <0.01
NT-pro BNP/pg + mL™'  162.01£71.47 259.56£59.25 -4.69  <0.01
¢Tn-1 /pg + mL,™! 514.75+132.67 793.36+115.40 —-4.43  <0.01

LVEDV: £.& Z4F K KI5 A2 LVESV : £ 2045 R %
ALVSV: £ &4 H 4k 3 LVEF: £ % 4 6 9 34
LVEDTHmax: £ £47 5k R MR K £ 4 F B LVRL: £
FEEMIGHGLVM: £ F S URE;BM: 4k T2 HM: 4
&S E s HMI: 48 & 35 4% ; NT-pro BNP « & 3k K 5% fis 44 Ik
AR ;eTn- T S HUILAS & & |

2.2 SRUE T A

A58 AU 20 K BRURH 488 T X6 BRZHL A o0 3 3 AR 00 JUL Y 7
LVGRS LVGCS , LVGLS 47 A [ % J& i i 11G, 3 o
LVGRS \LVGCS WYRFIRFERE 8o B3, 2R A 5ty

B (P<0.01) s LA 0217 Bl LN AR HLs , A 7R 2
KEZE0 3 I BeAs ) 4 A% ( LVGRS-Mid-cavity ) (220 %
TEBAR ] W 4% (LVGRS-Apical ) | 760> 2 3 B R[] i 2%
(LVGCS-Mid-cavity) | 4 0> 25 375 B B [ Jo7 4% ( LVGCS-
Apical ) 50 % FE R BN 1] i A8 (LVGLS-Basal ) | /60>
BN A2 (LVGLS-Apical ) B @ E AR T X HRZ, 22
FAGIFE L (P<0.05) , A KR A0 E B E
. A¢ ( LVGRS-Basal ) | 22 /0 = 3 JIC #K ¥4 ) B A8
(LVGCS-Basal ) . 72 0> 25 3T B 2 1] o7 7% ( LVGLS-Mid-
cavity) JTTHI B 225 (P>0.05) . WL 3 4,142,

®3 AAXREVEBEOCINLESHILE (1)
EIEL XAl (n=6) BEI(n=10) ff PIH

LVGRS( %) 51.79+4.18 40.27+3.72 5.74 <0.01
LVGCS(%) -24.51+1.03 -21.31«1.10 -5.75 <0.01
LVGLS(%) -16.97+1.02 -14.22+1.60 -3.75 <0.01

LVGRS: £ & #4k 26 B K ; LVGCS: £ £ #KIL G 2
% ;LVGLS: £/ F HR G B %

®4 MARREOCEETRONNESHLLER (v2s)
fiths ML (n=6) BUMAI(n=10) tffi  Pff

LVGRS-Basal (%) 52.53+15.47  44.29+5.07 1.58 0.14
LVGRS-Mid-cavity (%) 51.74+5.16 40.91+3.69 4.91 <0.01
LVGRS-Apical (%) 56.44+5. 60 37.34+7.41 5.42  <0.01
LVGCS-Basal (%) -24.13+3.35  -22.33+1.37 -1.52 0.15
LVGCS-Mid-cavity (%) -24.54x1.25 -21.61x1.14 -4.81 <0.01
LVGCS-Apical (%) -25.45+1.30  -20.18+2.10 -5.51 <0.01
LVGLS-Basal( %) -17.21+1.84  -13.45+2.06 -3.67 <0.01
LVGLS-Mid-cavity (% ) -15.22+3.52 -13.43+1.92 -1.33 0.21
LVGLS-Apical( %) -18.69+1.29  -16.41+1.37 -3.28 <0.05

LVGRS-Basal : £ & & &3 42 @ & % ; LVGRS-Mid-cavity ;
A BB ARG B K ; LVGRS-Apical : £ & £ &2 & B
% LVGCS-Basal: £ & % & & 3 3R & & % ; LVGCS-Mid-
cavity ; £ TR & B % ; LVGCS-Apical ; £ & T ik B3R
v B % ; LVGLS-Basal: £« & 2 J& 3 9 ¥ & % ; LVGLS-
Mid-cavity ; £ T E U@ B K ; LVGLS-Apical ; £ & F ik
BE R

2.3 AR MESH

PR LVEF 538 R0 fILN AR 80 2 [ 39471
AHSEPE (& 3) : LVEF 5 LVGRS 2 g F 1IEAH K (r=
0.811 0,P<0.01),5 LVGCS .LVGLS [a] } g 2171 3¢
(r=-0.8119,P<0.01;r=-0.721 7,P<0.01) ,LVEF
5 LVGCS Z [u] AH &P 5 5 5 I 4 K BRI ¥ H NT-pro
BNP .cTn- | 8 WS £ O0FEKEIER LN ZSEZ
(B Y 4E7E A 4% : NT-pro BNP ¢Tn- [ 5 LVGRS & i
A (r=-0.587 3,P<0.05;r=-0.781 8,P<
0.01),5 LVGCS .LVGLS [a] & B 2 F A5 (r=0. 585 2,
P<0.05;r=0.787 9,P<0.01;r=0.772 6,P<0.01;r=
0.548 9,P<0.05) , 91 NT-pro BNP 5 LVGLS 2 [a]4H
KB, 1M ¢Tn- [ )5 LVGRS 2 [a] A &M e o
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GIRATIEE L , B SCBOM , O LA B o i SR FERA &, 1] 5
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0, Az SE R I, R W R R . WA 4,
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U T M) A A L) 04 J5) SR SE I K 5 2 4
PR LA A Y TR, B CHF K2R R R i S5 3
Fefilh, &R CHF AR ALT- R e ER £, 7
ARE LR S O EEAE X LVEDV #5 i 3Y
m=20%", WM, LIIEESEL LVEF & LVESV
SETRN A0 B AL B T HEDR T, S R R LVEF
B JH & i LVESV K& O LB 0 ™ & L #l5 A
BT TR AR B 5, B 4 K R BT R BR A
LVEDV .LVESV . LVEDTHmax ., LVRI | LVM 4 Bf &g 3
K,LVEF F#A%, I3 7 NT-pro BNP ¢Tn- [ %+ B g,
T BB T O LA B AR K A R IRBE R YA IR I |
JRIEBIE] LT Al R K RS D E O R AT, T
FBR A DU B AR R O RS BT 4R T RE
B i, AL ) A5 B Ty o TR, AR Y 2H 5 X HE A 22 (0] )
LVSV JoH i 25 5, 35055 Uit o AR W] W A8 Ak, 22
O E M AL T

LVEF .LVEDV LVESV | LVSV /e it g & X |
W 72002 EF 4R T RE 19 T S8, 5.0 WUk s 11 51
RS AE T B0 4o A B PN AR 8 A ) 4 S e A
FEPARIIRE , B WO LA 45 S RE A X HE R , X i
K HLBA— OIS B A R B FL 4 T b A
2O TRE , 7R 00 L A8 9 g 0 L 2 25 RO LAY
REEVE A H B LVEF R 8 (IE# 80T &) o AR
TR, BRI S0 B KL LVEF 22 ] 2% 5 LA 53
2ETE S (R R A O 25 AR D REATY DR 1 o 4%
UEIEH (LVEF=50%) . S5EEAERFSE " 45 5 — 8, iE e
HZ A BRI R, ML, &
BN AR AT F 220 2 U T R e i EL A o = 1Y

R, RN OFFEHE 50 A R 45 )Ry Mg
HEFEAAIDC AL ST R T, A RO 2 B F ] S Tt
P T, BRSO ILSEAE R A% 3 BB A DL
75 B 5 3B I (speckle tracking echocardiography, STE) |
WAL 35 O WLFRIC ( tagging magnetic resonance imaging,
t-MRT) Jz CMR-TT Jii 1 N T2 o ASBFFER AT 2
CMR-TT, %58 Hii & 1 DL ATE T J0 7 1 AR G SRR 3
FEIRIIH 751, 755 L B2 7 91 MR i Bl T, R
B T2l o) i O AN S T A] E 3hia BR S
B WU AE Je A8 A2 55 O D RE S AL, 38 3 2 PEAG H
PR ULEFAESRERY F Y T [l e e A
FEASZ i s, G B oy HEse sy, BT RAT IR
L5y, IE ] PO AR AT 42 55 1 AR T 2
PEN S AEASE A, O A WF 5T R W 1 CMR-TT,
STE 5 t-MRI ] £ 4R 15 1.0 LW A8 2 80 2 (6] B A R 4
fg—EerE " o G, CMR-TT A5 32 2 B BT M 4
IR PEAL 25 280 L L LR A2 S8 A ) i i

CMR-TT S A5y 20 28 O LN AR, A0 46 A2 1] 20
1] 1) = A5 ] ) R AR B 2 K, 2O Bl R B A
HUL WU AR RE T I 28 XHE, BB B2 S e 2o .0 % 0 L
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